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Editorial

Computer Science is pervasive to the scientific endeavor. There is no area or field of
study which, nowadays, can thrive without the use of computational resources, models
and algorithms to analyze ever growing amounts of data in increasingly complex ways.
This trend is clearly reflected in the selection of papers included in this volume of
Research in Computing Science.

This issue presents both new and improved algorithms and methods as well as
applications to other fields of study. Accepted works range from improved algorithms
for solving classical computational problems, to the application of known models and
techniques on biomedical challenges.

All submitted papers were reviewed by two or more independent members of the
editorial committee. This volume contains revised and corrected versions of the 31
accepted papers.

Our deepest gratitude goes to all the parties involved in the creation of this volume:
Foremost to the authors of the articles for their dedication to the excellence of the works
presented. We are also grateful for the hard labor the members of the editorial board
invested in the evaluation and selection of the highest quality papers amongst many
others of high value. Our special and profound gratefulness to the Centro de
Investigacion en Computation of the Instituto Politecnico Nacional (CIC-IPN) for their
invaluable collaboration in the publishing of this issue. The submission, review, and
selection processes were enabled by the widely adopted tool EasyChair,
(www.easychair.org) free of charge.
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Elizabeth Lépez Lozada
Federico Furlan Colin
CIC-IPN, Mexico
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Algoritmo esteganografico basado en automatas
celulares y en la sustitucion de los bits menos
significativos

Uriel Lopez, Humberto Davila, Luis Zapata, Marco Ramirez

Universidad Auténoma de San Luis Potosi,
Coordinacién Académica Region Altiplano Oeste, México
tulio.torres@uaslp.mx

Resumen. En esta investigacion se presenta un nuevo algoritmo de
esteganografia para imagenes, utilizando la sustitucién de los bits menos
significativo y la regla local 90 de autdmatas celulares. Este algoritmo es capaz
de cifrar y ocultar los pixeles de la imagen en un proceso combinado. El factor
PSNR indica que no existe una distorsion severa en la imagen esteganografica,
lo que en esta area se interpreta como a menor distorsion de la imagen
esteganografica, mayor es la probabilidad de pasar desapercibida y que no sea
analizada. Sin embargo, en caso de que la imagen oculta sea extraida, ésta se
encuentra protegida por una clave secreta. Este algoritmo transforma la imagen
secreta a una imagen cifrada con distribucién uniforme y sin correlacién. Este
algoritmo esteganografico puede ser una nueva opcion para ocultar y proteger
imagenes relacionando ambos procesos.

Palabras clave: esteganografia, automatas celulares, PSNR.

Steganographic Algorithm Based on Cellular Automata
and the Replacement of Less Significant Bits

Abstract. This research presents a new steganography algorithm for images,
using the least significant bit replacement and local rule 90 of cellular automata.
This algorithm is able to encrypt and hide the image pixels in a combined process.
The PSNR factor indicates that there is no severe distortion in the steganographic
image, which in this area is interpreted as the less distortion of the steganographic
image, the greater the probability of going unnoticed and that it is not analyzed.
However, if the hidden image is extracted, it is protected by a secret key. This
algorithm transforms the secret image to an encrypted image with uniform
distribution and no correlation. This steganographic algorithm can be a new
option to hide and protect images by relating both processes.

Keywords: steganography, cellular automata, PSNR.
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Uriel Lépez, Humberto Davila, Luis Zapata, Marco Ramirez
1. Introduccion

En nuestra vida digital actual, hay una demanda latente por seguridad para garantizar
que nuestra informacioén confidencial no sea observada por personas sin autorizacion.
Para ello se han desarrollado diversas técnicas, resolviendo diferentes aspectos de este
problema. La esteganografia es una de las metodologias con las que se cuenta para
ocultar y proteger nuestra informacién en algin objeto llamado portador. El objetivo es
que la informacidn pase inadvertida estando oculta en el portador. La naturaleza de los
datos a esconder y el objeto portador puede no ser la misma, es decir, podemos ocultar
un archivo de audio en una imagen, un texto en un audio etc.

Existen diferentes técnicas para aplicar la esteganografia, una de las més conocidas
es la sustitucion de los bits menos significativos. Esta técnica consiste en reemplazar
los bits menos significativos del portador por los bits del archivo secreto. Por lo tanto,
en el caso de que el portador y la informacion secreta sean imagenes, la percepcién de
la imagen portadora puede ser distinta cuando se monte la imagen secreta, incluso
puede revelar ciertos patrones de ésta. La imagen resultante de sobreponer en la imagen
portadora la imagen secreta, se le llama imagen esteganografica.

Para evitar que la informacién sea simplemente revelada al momento de ser extraida
del portador, varios esquemas han propuesto cifrar la informacion secreta para después
ocultarla en el portador [1-3] haciendo dos procesos independientes. Dado que las
imégenes digitales pueden tener una gran cantidad de datos, una alta correlacion
adyacente [4] o pueden ser totalmente redundantes; los algoritmos de cifrado suelen
tener varias operaciones de confusion y difusion e iteraciones para poder romper la
correlacion adyacente. Lo que incrementa el costo computacional.

Es por eso que en esta investigacion, se ha desarrollado un algoritmo que relaciona
ambos procesos: criptografia y esteganografia; capaz de sustituir los valores de la
imagen secreta con influencia de los bits de la imagen portadora y una llave inicial para
lograr una mayor dispersion de los valores, y al mismo tiempo ocultar la imagen secreta.
Gracias a la regla local 90 de autématas celulares, con operaciones simples se logra una
gran dindmica capaz de cifrar imagenes altamente redundantes, para obtener imagenes
con histograma uniforme. El algoritmo estd basado en un sistema de encriptacién
Ilamado ESAC (Encriptacion basada en la sincronizacién de autématas celulares) en la
versién que se muestra en la Ref. [5], con algunas modificaciones y mejoras, que
pueden hacer de este algoritmo una nueva propuesta para el area de esteganografia.

2. Materiales y métodos

2.1. Autématas celulares

Un automata celular es un modelo matematico para un sistema dinamico, que
consiste en una red organizada de celdas que adquieren distintos estados o valores.
Evolucionan a pasos discretos cambiando su estado, de acuerdo a un algoritmo llamado
regla local, donde intervienen los valores de la celda y los de sus vecinos.

La regla local 90 es clasificada como de clase 111 [6], lo que quiere decir que es de
patron caotico, por lo que ha sido utilizada para crear generadores de nimeros
pseudoaleatorios y criptosistemas [5]. Es una de las reglas de los automatas celulares
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elementales, para su célculo se considera una vecindad de radio uno y dos estados
{0,1}, puede ser descrita con la siguiente expresion:

xitJr1 = A(xit—1 + xit+1)a @

donde t representa el tiempo e i la posicidn del automata. Por lo tanto, el cdlculo de esta
regla equivale a calcular una operacion XOR entre las celdas que estan a los extremos
de la vecindad.

2.2.  Generador de numeros pseudoaleatorios y funcién de procesamiento

En la Ref. [7] se utilizo la regla local 90 y el fenémeno de sincronizacion que ésta
presenta, para proponer un sistema de cifrado de datos llamado ESAC y un Generador
de Numeros Pseudo-Aleatorios (GNPA). EI GNPA funciona introduciendo dos
vectores booleanos x y y de longitud n y n+1 bits respectivamente, para obtener la
secuencia aleatoria t, utilizando la funcién h que es con la que se denomina a la
evolucion hacia atras del autémata celular. La Fig. 1 presenta un diagrama a bloques
del GNPA.

X Y
| N bits | (N+1) bits
| I
| |
| |
[ MSB |
‘ x ki ‘ x4
[ (]
N hits Nhits [T
4 —- | T | —-
1 bit
N blts (N=1) bits
LSB
N bits l(.\'ﬂ) bits
h
lN bits
t
—

Fig. 1. Forma basica del generador de nimeros pseudo-aleatorios.

El sistema se retroalimenta y la secuencia generada t ocupa el lugar del vector x, y
la anterior x toma el lugar de y, para lo cual de la anterior version se toma el bit menos
significativo y se concatena como el bit més significativo. En la Ref. [8] se evalud su
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desempefio pasando todas las pruebas de NIST (National Institute of Standards and
Technology).

En la Ref. [5] este generador se modificé para disefiar una funcién de procesamiento,
capaz de intercambiar los coeficientes de pixeles idénticos, por valores diferentes en
funcion del tiempo. Es totalmente reversible gracias a la regla local 90 y a las
retroalimentaciones que utiliza. En este caso, el lugar del vector X, es utilizado por los
bloques en claro m, y el vector y es llamado z, para diferenciar su uso. El bloque
resultante se llama 7.

Después de la primera iteracion, z se calcula con la retroalimentacion, utilizando el
bloque m resultante, se le concatena el bit menos significativo del vector z anterior. De
esta manera aunque los bloques de texto en claro m, y m, sean iguales, son procesados
con vectores z diferentes, resultando 7, y /m, diferentes entre si.

Esta funcion puede ser simplificada a ecuaciones de un solo tiempo, sin la necesidad
de evolucionar el autémata, utilizando I6gica booleana. Las ecuaciones (2) resultantes
se muestran a continuacion, para el caso de 8 bits.

m—x m

Z, I
o Zy

Fig. 2. Funcion de procesamiento, utilizando el generador de nimeros pseudoaleatorios.

Original Procesada

oo ooi+ern

<] <]
125(»(256 1.08X 8-bit image 0 (0,0) IZSExZSE 1.08X 8-bit image 160 (0,0)

a) b)

Fig. 3. Caso particular a mejorar: a) Imagen solida con todos los pixeles m=0, b) Imagen sélida
procesada.

m; = my @ 2z,

M, = my @z Oz

Mz = my D mz D zy,

My = my @z, Dz3 D zs, (2)
Mg = my @ mz D ms D 2, D z,

Mg = My D meg Dz, D z5 D zy,

m; = my @msPm,; P zg,

Mg = mg Dz © z5s D z; D 2o,

donde @ representa la operacion XOR.
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Uno de los aspectos a mejorar de esta funcidn, es el hecho de que no todos los bits
se combinan de igual manera como lo hacen los mas significativos, donde las
ecuaciones involucran mas bits. Este detalle se puede ver en el caso de una imagen
solida donde todos los pixeles son igual a cero, m=0. La versioén procesada de esta
imagen se muestra en la Fig. 3.

2.3. Método propuesto

Para implementar el sistema esteganografico se utilizé el lenguaje de programacion
LabVIEW de National Instruments, trabajando con iméagenes de 8 bits. Para solventar
los problemas antes vistos en la funcion de procesamiento, se realizaron cambios en la
conformacion de los bloques, donde se hicieron pruebas ocultando 2, 3 y 4 bits en la
imagen portadora, nombrando a cada version como V1, V2 y V3 respectivamente. La
imagen portadora debe ser de dimensiones mayores a la imagen oculta, para que ésta
no pierda informacion, es decir si se almacenan dos bits de la imagen oculta, la
portadora debe ser 4 veces mas grande que la imagen a ocultar.

El método propuesto de esteganografia para el caso de 2 bits se calcula de la
siguiente manera:

1) El bloque a procesar m de 8 bits se conforma con los 6 bits mas significativos
de la imagen portadora, puestos en las posiciones de m; a mg. Los bits m, y
mg Son ocupados por bits de la imagen oculta.

2) Se genera una secuencia pseudoaleatoria z, con los vectores X y y.

3) Seprocesan el bloque my el vector z.

4) Al bloque 7 resultante se le extraen los bits 7, y mig.

5) Los bits 71, y 7ig se concatenan a los bits del pixel de la imagen portadora en
la posicion de los bits menos significativos, formando asi un pixel de la imagen
esteganogréfica.

6) Se repite el proceso para el siguiente par de bits de la imagen oculta.

En la Fig. 4 se puede ver un diagrama de este método.

Bits de la imagen portadora

Bits de la imagen oculta

Pixel de la imagen
esteganografica

»
>

Bits 7y 8

Fig. 4. Diagrama de bloques del algoritmo esteganografico propuesto.

3. Resultados

A continuacion, presentamos el andlisis de las imagenes esteganograficas obtenidas,
utilizando las diferentes versiones V1, V2 y V3. También se realizd un anélisis
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estadistico de las imagenes ocultas en su version procesada, donde se obtuvieron los
histogramas y coeficiente de correlacion.

Estas pruebas se realizaron para diferentes tipos de imagen, las cuales son
ampliamente utilizadas en el procesamiento de imagenes como lo son: Lena, mandril
y pimientos, como imagenes ocultas de dimensiones de 256 x 256 pixeles a 8 bits.
Como imagen portadora se utilizé la imagen de avion a 8 bits y de dimensiones de
512 x 512 para el caso de ocultar 2 bits por pixel, 768 x 256 para el caso de 3 bits por
pixel, y por dltimo de dimensiones 512 x 256 para el caso de 4 bits. La Fig. 5 muestra
las imagenes de prueba.

Fig. 6. a) Imagen portadora, b) Imagen esteganografica con la imagen de Lena oculta.

3.1. PSNR

La métrica PSNR es utilizada para medir la calidad de imagenes tras un
procesamiento. Para el caso de esteganografia, mientras mayor sea este valor menor es

Research in Computing Science 148(10), 2019 16 ISSN 1870-4069
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la probabilidad de que por inspeccion visual se realice un ataque [9]. En esta
investigacion se utiliza para medir la calidad de la imagen esteganografica, debido a
que se suele distorsionar cuando se monta la imagen oculta, lo que puede levantar
sospechas y que la imagen sea sustraida. La Fig. 6 muestra la imagen portadora utilizada
y la imagen esteganografica resultante, ocultando dos bits por pixel de la imagen
de Lena.

La Tabla 1 muestra los valores de PSNR obtenidos para cada imagen en las
diferentes versiones del algoritmo

En otras investigaciones [10-12] obtienen valores de PSNR mayores a los
reportados, pero es muy probable que sea por las dimensiones de imagenes que se
utilizan. En estas investigaciones la imagen portadora tiene una capacidad en bits mayor
que la minima requerida para ocultar la imagen secreta. En esta investigacion siempre
se utiliz6 la minima capacidad de bits en la imagen portadora, por lo tanto, todos sus
pixeles contienen datos de la imagen secreta.

Por otra parte, la imagen oculta resultante del procesamiento se puede ver en la Fig.
7, donde se ilustra el caso de una imagen sélida en color negro, con todos sus
coeficientes igual a m=0.

Tabla 1. Célculo del PSNR de la imagen esteganografica en las diferentes versiones del
algoritmo, con diferentes imagenes ocultas.

Imagen V1 (dB) V2 (dB) V3 (dB)
Lena 41.4259 36.4046 29.2256
Mandril 41.4327 36.3845 29.8222
Pimientos 41.4135 36.4111 29.6882
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Fig. 7. Resultado de la nueva funcion de procesamiento, a) Imagen original sélida y b) Version
procesada de a).

Como podemos ver, ahora no muestra patrones, evoluciona de una manera mas
uniforme.

3.2 Andlisis de histogramas

El andlisis de histogramas revela la frecuencia con la que se presentan los valores de
los coeficientes de los pixeles de una imagen. Por lo tanto, una imagen cifrada debe
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presentar un histograma uniforme, lo que indica que logré ocultar la redundancia de la
imagen original, que puede usarse como estadistica para revelar informacién de la
imagen oculta. En este analisis, todas las imagenes de prueba que se procesaron
presentaron un histograma uniforme para todos los valores de la codificacion, en este
caso 8 bits. La Fig. 8 muestra el histograma de la imagen de los pimientos y su versién
procesada.

3.3  Correlacién

El célculo de correlacion nos ayuda a determinar si una imagen cifrada es
independiente de su imagen original. Utilizamos el célculo del coeficiente de
correlacion de Pearson, el cual sefiala que si el valor del indice es menor a |0.3]| no
existe una correlacion entre las sefiales [13]. La Tabla 2 muestra el resultado de calcular
el coeficiente de correlacién a las imagenes procesadas con su respectiva imagen
original, para todas las versiones.

Original completamerte recuperad

Al Al
- = 5 - 2
&l i | =
IIS(IISG 1.08X 8-t image d9  (0,0) 'Zm 108X 8-bitimage 201 (0.0}
a) b)
Original hictogram count |s™m AEREE histogram count v
200
0 I | |
0 100 ] £ T
ampiitude
c)

Fig. 8. Analisis de histogramas. a) Imagen original, b) Version procesada de a), ¢) histograma de
a) y d) histograma de b).

Tabla 2. Célculo de correlacion de las imagenes ocultas procesadas.

Imagen V1 V2 V3

Lena -0.0002887 -0.0021166 -0.0019959
Mandril 0.0015039 -0.0002760 0.0004766
Pimientos -0.0032853 -0.0005435 -0.0015039

Como podemos ver no existe correlacion entre las imagenes, lo cual nos indica que

no hay una dependencia entre las imagenes procesadas y su version original.

Research in Computing Science 148(10), 2019

ISSN 1870-4069




Algoritmo esteganogréafico basado en autématas celulares y en la sustitucion de los bits...
4. Conclusiones

En este trabajo se presentd una propuesta para un algoritmo esteganografico capaz
de esconder y cifrar la imagen oculta. El utilizar la sincronizacion de autdmatas
celulares con los bits de la imagen portadora y el generador de ndmeros
pseudoaleatorios, proporciond una dinamica mayor a la de la funcion de procesamiento,
logrando trabajar con imagenes altamente redundantes. La imagen procesada pasé un
analisis estadistico basico y la imagen portadora se mantuvo en los limites de calidad.
Por lo que podemos concluir que esta propuesta puede representar una opcién viable
para aplicaciones de seguridad. La regla local 90 para autématas celulares brinda una
dinamica interesante para aplicaciones de esteganografia debido a su comportamiento
y a que es reversible.

A futuro esperamos estudiar mas a fondo de este algoritmo y de ser necesario mejorar
el sistema. Una de las metas es lograr que con el fenémeno de sincronizacién la imagen
oculta tienda a ser similar a la imagen portadora, para que al momento de ser extraida,
no se visualice como una imagen cifrada, sino como una imagen similar a la portadora.
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Resumen El problema de coloreado de grafos pertenece a la clase de
problemas NP-Dificil, por lo que a menos que la clase de problemas
P sea igual a la clase NP, no existe un algoritmo polinomial que lo
resuelva. A pesar de su elevada complejidad, el desarrollo de algoritmos
para este tipo de problemas son de suma importancia por el hecho de
que los problemas NP-Dificil aparecen en casi todas las areas de las
ciencias de la computaciéon como aprendizaje de méquina, las redes de
computadoras, los sistemas operativos, sistemas de informacién, entre
otras. En este trabajo proponemos una implementacién paralela, basada
en CUDA, de un conjunto de variantes de un algoritmo evolutivo hibrido
para el problema de coloreado de grafos. Dicho algoritmo se caracteriza
por mezclar técnicas de computo evolutivo con heuristicas de bisqueda
local, con el objetivo de encontrar soluciones cercanas a la 6ptima. Los
resultados experimentales muestran que nuestra propuesta de implemen-
tacion paralela es capaz de consistentemente encontrar buenas soluciones
y al mismo tiempo reducir el tiempo de ejecucién de los algoritmos
evolutivos tradicionales.

Keywords: NP-dificil, coloreado de grafos, optimizacién combinatoria,
metaheuristicas, algoritmos paralelos, CUDA.

Parallel Hybrid Algorithms for the Problem of
Graph Coloring

Abstract.The graph coloring problem belongs to the problem class
NP-Hard, so unless the problem class P is equal to the class NP, there
is no polynomial algorithm to solve it . Despite its high complexity, the
development of algorithms for these types of problems are of the utmost
importance due to the fact that the problems NP-Hard appear in almost
all areas of computer science as machine learning , computer networks,
operating systems, information systems, among others. In this paper, we
propose a parallel implementation, based on CUDA, of a set of variants of
a hybrid evolutionary algorithm for the problem of coloring graphs. This
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algorithm is characterized by mixing evolutionary computation techni-
ques with local search heuristics, with the aim of finding near-optimal
solutions. Experimental results show that our parallel implementation
proposal is able to consistently find good solutions and at the same time
reduce the execution time of traditional evolutionary algorithms.

Keywords: NP-hard, colored graphs, combinatorial optimization, me-
taheuristics, parallel algorithms, CUDA.

1. Introducciéon

La version de decision del problema de coloreado de grafos es uno de los
21 problemas que Richard Karp [1] demostré que pertenecen a la clase NP-
Completa. Los problemas que pertenecen a esta clase se caracterizan por su
complejidad, y por el hecho de que un algoritmo que resuelva cualquiera de ellos,
podria ser usado para resolver a todos los deméas problemas que pertenecen a
dicha clase [1].

Existe otra clase de problemas conocida como NP-Dificil [2,3] que esta com-
puesta por problemas aun maés dificiles que los problemas NP-Completos. La
complejidad extra radica en el hecho de que a diferencia de los problemas NP-
Completos, los problemas NP-Dificil no se pueden verificar en tiempo polinomial.

Dado que el problema de coloreado de grafos en su versiéon de busqueda
pertenece a la clase de problemas NP-Dificil, es muy poco probable que exista un
algoritmo de complejidad polinomial que lo resuelva. Por lo anterior, el problema
ha sido abordado utilizando una gran variedad de técnicas algoritmicas entre las
que se encuentran los algoritmos metaheuristicos. Una alternativa particular-
mente prometedora consiste en utilizar algoritmos evolutivos hibridos [4,5,6,9,10]
que combinan algoritmos evolutivos tradicionales con esquemas de busqueda
local. En la literatura se muestra que este tipo de herramientas han dado buenos
resultados [7], sin embargo, estos algoritmos suelen ser extremadamente costosos
en términos de su tiempo de ejecuciéon, por lo que se propone desarrollar una
version paralela que utilice la tecnologia de tarjetas CUDA, con las cuales se
espera una mejora significativa.

El resto del presente articulo se organiza de la siguiente manera. En la
Seccion 2 presentamos una muestra de los trabajos que proponen algoritmos
para el problema de coloreado de grafos. En la Seccion 3 formulamos el problema
de coloreados de grafos como un problema de minimizacién del numero de
aristas monocrématicas del grafo. En la Seccién 4 presentamos la especificacién
del algoritmo hibrido paralelo propuesto. Los resultados experimentales que
caracterizan el desempeno del algoritmo propuesto en términos de la calidad de
las soluciones y el tiempo de ejecucion se presentan en la Seccion 5 y finalmente,
en la Seccion 6 se presentan las conclusiones finales y los trabajos futuros.
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2. Algoritmos metaheuristicos para coloreado de grafos

2.1. Bisqueda de vecindario variable

La busqueda de vecindario variable o variable neighborhood search (VNS), se
basa en la idea de un cambio dindmico del vecindario dentro de la biisqueda local.
Procede por una metodologia descendente que a través del vecindario hacia la
exploracién del 6ptimo local. Este método se mueve de la solucién actual hacia
una nueva, si es que implica una mejora en ella. De esta manera, la variable
optima se mantiene obteniendo vecindarios prometedores [11].

Avanthay [12] en 2003 introdujo una adaptacion del método VNS para el
problema de coloreado de grafos. Proponiendo una técnica que probo ser efectiva
en determinar soluciones de alta calidad.

2.2. Algoritmos hibridos

Este tipo de algoritmos o técnicas son conocidos por combinar multiples
estrategias, ya sean del mismo tipo o diferentes para resolver un problema,
también son llamados algoritmos meméticos.

Galinier [4] en 1999 realiza una propuesta utilizando un algoritmo hibrido pa-
ra el problema de coloreado de grafos, combinando nuevas clases de operadores de
cruza especializadas. Los resultados experimentales demostraron que el algoritmo
de coloreado hibrido garantiza una mejora en los resultados dentro de su operador
de busqueda tabu, demostrando la importancia de la cruza dentro del proceso
de la busqueda. Ademas de realizar experimentos acerca del comportamiento
del algoritmo referente a la evolucion de la funcién de evaluacion, asi como la
diversidad de la poblacién. Al principio es evidente la necesidad de preservar
la diversidad para que la busqueda sea eficiente. Concluyendo con la afirmacion
del gran potencial que existe al utilizar este tipo de algoritmos para problemas
combinatorios.

Mientras que en 2010 Zhipeng [13], propuso un algoritmo de metaheuristica
hibrida la cual integra buisqueda tabt dentro de un algoritmo evolutivo para
resolver el problema de coloreado de grafos. En su trabajo destaca la importancia
de la diversidad de los individuos. Utiliz6 una técnica greedy para cruzar a
los individuos llamada greedy partition crossover (GPX), combinandolo con un
operador de cruza multi-padre adaptativo, el cual demuestra obtener mejores
resultados que con un operador de cruza de dos padres, ademés agregd una nueva
funcién de “calificacion de bondad"que considera la calidad y la diversidad de
los individuos.

2.3. Algoritmos paralelos

El procesamiento paralelo es definido como ejecucién concurrente o simul-
tanea de instrucciones en una computadora. La motivaciéon obvia de la pa-
ralelizacion es incrementar la eficiencia del procesamiento. Existen multiples
aplicaciones que requieren de grandes cantidades de procesamiento y anélisis.
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A pesar de que el uso del paralelismo es un tema reciente con tarjetas graficas,
en 1994 Lewandowski [14] introdujo el paralelismo en su trabajo por medio de
una computadora paralela y un algoritmo hibrido para el coloreado de grafos, el
cual combina una versiéon paralela del algoritmo Morgenstern S-Impasse, con una
basqueda exhaustiva Branch and bound. Lewandowski menciona que los resulta-
dos obtenidos pueden ser comparados con dos heuristicas secuenciales simples:
el algoritmo de saturaciéon de Brélaz (Dsatur) y el algoritmo de Leighton RFL
(Recursive Largest First). En general el algoritmo propone que un gestionador
de procesos empiece realizando la biisqueda exhaustiva paralelizada dentro de
un grupo de procesadores, mientras que en otro grupo en paralelo se realice la
heuristica S-Impasse.

Por otro lado, en 2007 Szymon [15] propuso otro algoritmo paralelo con
recocido simulado para el problema de coloreado de grafos, utilizando multiples
procesadores trabajando de forma concurrente en cadenas individuales con el
objetivo de minimizar la funcién de costo y guardar la mejor solucién encontrada.
La coordinacién del algoritmo es por medio de un modelo esclavo-maestro en el
cual un procesador es es responsable de recolectar las soluciones, elegir la solucién
actual y distribuir la cantidad de unidades esclavas. Los experimentos revelaron
que el rendimiento depende mucho en escoger adecuadamente el proceso de en-
friamiento, asi a la generacién inicial con un coloreado que se ajuste al problema.
Ademaés de demuestra que el modelo utilizado dentro del algoritmo alcanza su
punto 6ptimo, cuando el niimero de esclavos es relativamente pequeno.

3. Planteamiento del problema

En el contexto de la teoria de grafos, los objetos del problema de coloreado
de grafos se representan por medio de un conjunto de vértices V', y las relaciones
son modeladas por un conjunto de aristas E entre vértices. Para el problema de
coloreado de grafos, dos nodos u,v € V tal que (u,v) € F no pueden pertenecer
a la misma clase. Una forma de distinguir las clases es utilizando un conjunto
de colores, y a la divisién en clases se le conoce como coloreado [16].

Formalmente, la version de biisqueda del problema de coloreado de grafos se
define por un grafo no dirigido G = (V, E), un namero de colores disponibles k
y consiste en encontrar una funcion f: V — {1,2,3,..,k} tal que el tamano del
conjunto de aristas monocromdticas |M| es minimizado, donde M = {(u,v) :
(u,v) € E'y f(u) = f(v)}, es decir, que el conjunto M contiene todos los pares
de nodos adyacentes cuya funcion de asignacion de color, sea la misma.

Existen dos variantes de este problema, en la primera el valor k& (ntmero de
colores) es fijo y se desea minimizar el nimero de aristas monocromaéticas. En la
segunda versién, k es variable y se requiere encontrar el valor minimo de k, tal
que el nimero de aristas monocromaticas es igual a cero.

Debido a que el problema de coloreado de grafos pertenece a la clase NP-
Dificil, a menos que la clase de problemas P sea igual a la NP, no es posible
disenar un algoritmo que se ejecute en tiempo polinomial capaz de resolverlo.
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Por lo anterior, se han utilizado técnicas metaheuristicas [8,17,18] no polinomales
para intentar encontrar buenas soluciones.

En el caso particular de los algoritmos hibridos, el principal cuello de botella
radica en que cada individuo realiza una etapa de busqueda local de manera
secuencial. Para resolver este problema, se propone paralelizar la btisqueda local
para que todos los individuos puedan progresar al mismo tiempo. Reducir el
tiempo de ejecucion es en particular importante cuando las instancias son muy
grandes, o en casos en los que se requieren resultados en el menor tiempo posible,
como lo es en los problemas de planificacion.

4. Algoritmo evolutivo hibrido paralelo

En este trabajo se propone paralelizar en la plataforma CUDA variantes
del algoritmo implementado por Galinier [4], por lo anterior, se concluyd que
debido a que la memoria disponible dentro de la tarjeta CUDA es limitada,
el implementar la técnica de busqueda tabi no es una opcién viable debido al
consumo excesivo de recursos de computo que esta implica. Por lo tanto se pro-
pone el utilizar dos técnicas distintas para implementar la busqueda estocastica
y caracterizar el impacto que puede llegar a tener el tipo de bisqueda dentro del
algoritmo evolutivo. Las técnicas propuestas son: ascenso de colina y metropolis.

La parte que se desea paralelizar dentro del algoritmo genético hibrido es
la bisqueda local. En el articulo de Galinier realiza la bisqueda de cada uno
de los individuos dentro de un ntmero fijo de generaciones, causando un re-
tardo considerable en el tiempo. Mientras que en este trabajo se realiza la
busqueda local de cada individuo de forma paralela (asincrona). Mediante el
uso de los hilos CUDA, cada hilo toma un individuo realizando su busqueda
independiente, mientras que para evitar que el algoritmo avance, se utiliz6 una
barrera CUDA, la cual garantiza que el algoritmo contintie una vez que todos
los hilos hayan terminado de ejecutarse y avanzar a la siguiente generacién. La
poblacion resultante serd compuesta por 6ptimos locales que conformaréin la
nueva generaciéon de individuos. Lo que respecta a la condicién de parada, se
utilizan dos aspectos: un nimero fijo de generaciones o cuando tres generaciones
den los mismos resultados.

Se puede observar en la Figura 1 la metodologia propuesta del algoritmo
genético hibrido paralelo, para resolver el problema de coloreado de grafos.

Ademés del algoritmo genético junto con las busquedas locales, se propone
analizar las distintas jerarquias de memoria de la plataforma CUDA (global,
compartida y local) en conjunto con variaciones en el tamafio de la poblacion,
numero de bloques, e hilos, para ambas estrategias de busqueda local, mediante
experimentos exhaustivos para caracterizar el desempeno de cada algoritmo en
términos del ntimero cromético, y el tiempo total de ejecuciéon. Para esto se
utilizaran tanto experimentos estandarizados (benchmarks), como instancias
generadas de manera aleatoria.
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Fig. 1. Propuesta paralela para solucionar el problema de Coloreado de Grafos.

5. Resultados experimentales

Para la implementacién de los experimentos se utiliz6 una computadora
ASUS, con un procesador intel core i7 de 7,,, generacién, la cual cuenta con
una tarjeta grafica GEFORCE GTX de NVIDIA, esta tarjeta contiene 768
nicleos CUDA, indispensables para la implementacion en paralelo del problema
de coloreado de grafos. Por otro lado, el algoritmo genético hibrido se codifico con
python 3.6, junto con la extension para CUDA en python llamada numba, con ella
fue posible realizar la paralelizacién de python bajo ciertas restricciones, como
lo fueron las estructuras aceptadas por numba dentro del kernel. Esto generé un
cambio en la implementacién del algoritmo paralelo respecto al secuencial. Lo
que corresponde a las pruebas implementadas para el problema de coloreado de
grafos, en este trabajo se realiz6 mediante el uso de dos tipos de experimentos: el
primero fueron los grafos mas conocidos para el problema de coloreado de grafos
(benchmarks), y el segundo fueron grafos aleatorios generados con el modelo
Gilbert G(n,p), en el que cada arista tiene una probabilidad independiente 0 <
P < 1 de aparecer en el grafo. Estos dos tipos de grafos fueron los utilizados en
las pruebas bajo diferentes esquemas de configuraciones CUDA.

Las pruebas de los grafos aleatorios se realizaron en dos partes; la primera
consistié en una comparacion de las distintas configuraciones CUDA con ambas
basquedas locales, con los resultados obtenidos fue posible identificar a los re-
presentantes de cada biisqueda local. Una vez que se obtuvieron dichos represen-
tantes, en la segunda parte se analiz6 el comportamiento del problema dentro
de diferentes esquemas, es decir, que se compararon los algoritmos greedy, el
algoritmo genético hibrido secuencial y los representantes de las configuraciones
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CUDA, todas ellas en base a los resultados de las pruebas con grafos aleatorios.
Esto con el objetivo de analizar cual fue el algoritmo que brindé los mejores
resultados.

5.1. Experimentos con grafos benchmarks

Los grafos méas conocidos para el problema de coloreado (benckmarks) que
fueron utilizados en las pruebas, son los que se muestran a continuacién en
la Tabla 1, asi como los datos correspondientes de cada uno de ellos, como:
el nombre del grafo, el nimero de nodos y el nimero cromético. Este ultimo
se refiere al menor numero de colores encontrado hasta la fecha para colorear
dichos grafos.

Tabla 1. Grafos benchmarks utilizados en pruebas.

Nombre ‘Num. Nodos‘ X ‘

myciel3 11 4
mycield 23 5

2 — Fullins_3 52 5
Jean 80 10
Anna 138 11
DSJ1C250.5 250 28
DSJC500.5 500 48
1ed50_15¢ 450 15
1e450_25¢ 450 25
flat300_28 300 300 31

El algoritmo genético hibrido paralelo disenado para la plataforma CUDA,
nos brindo la oportunidad de utilizar las diferentes jerarquias de memoria con
las que 5cuenta la plataforma, dando la posibilidad de observar en que medida
y como afecta la condiciéon de competencia por los recursos, a medida que se va
distanciando la memoria. Por lo anterior, se realizaron las pruebas correspon-
dientes con cada biisqueda local tomando en cuenta el aspecto de la memoria,
el nimero de hilos, y por tdltimo el nimero de bloques utilizados en el kernel
CUDA, dependiendo del tamafio de la poblaciéon (128 6 256). En la Tabla 2 se
observa como fueron organizadas estas configuraciones.

Tabla 2. Configuraciones del AGH-CUDA con respecto al tamafo de la poblacion.

| Poblacién 128 [ Poblacién 256 |

2 Bloques con 32 hilos|2 Bloques con 64 hilos
1 Bloque con 64 hilos |1 Bloque con 128 hilos

El motivo de utilizar diferentes tamanos de nimero de bloques y nimero de
hilos, fue que en la literatura se menciona que la paralelizacion en CUDA tiende
a dar buenos resultados si los hilos son multiples de 32 en cada bloque, debido a

ISSN 1870-4069 27 Research in Computing Science 148(10), 2019



Jessica G. Urrea Guerrero, Xiomara P. Zaldivar Colado, Rolando Menchaca-Méndez

los warps (hilos en ejecucion en el procesador). Experimentar con esto permitio
analizar los diferentes resultados y el comportamiento del algoritmo. Por otro
lado, lo que respecta al nimero de colores utilizado en el algoritmo paralelo,
fue el mismo que con los otros algoritmos (nimero cromaético x), dando como
resultado, la mejor configuracion que fue capaz de encontrar, con el minimo
nimero de aristas monocromaticas.

Con el objetivo de poder realizar una comparaciéon a profundidad sobre cada
algoritmo, en las Tablas 3 y 4 se encuentran los resultados de los algoritmos
greedy, el algoritmo genético hibrido secuencial, y los resultados del algoritmo
genético hibrido paralelo con cada una de las diferentes configuraciones CUDA
y buisquedas locales.

Tabla 3. Comparaciéon de resultados de todas las diferentes estrategias para resolver
el PCG.

myciel3 mycield 2-Fullin-3 Jean ‘ Anna
Tiempo |[NAM| Tiempo [NAM| Tiempo [NAM| Tiempo NAM‘ Tiempo NAM
smallest last 0.00082774| 0 [0.00141325 0 |0.00390942] 0 [0.00752094| 0 .01270669 | 0
Independent set 0.0015182 | 0 ]0.00352569| 0 |0.01781993| 2.5 [0.04130497| 3.2 |0.1002692 | 2.8
Secuencial-Metro-128 0.01187162] 0 [0.03661599| 0 |0.12785444| 0 [0.23786497| 0 |0.74481041| 0
Secuencial-Metro-256 0.02434862| 0 |0.07471681| 0 |0.26140914| 0 [0.47922232| 0 |1.51863251| 0
Secuencial-AC-128 0.0118885| 0 ]0.03630571] 0 [0.13015926] 0 ]0.24174876] 0 0.757967 0
Secuencial-AC-256 0.02403321] 0 |0.07381628] 0 |0.26248481| 0 ]0.47692354| 0 |1.50307961| 0
Global,128,2,32 AC 0.01186512] 0 |0.03740296] 0 |0.13064239] 0 ]0.24175212| 0 |0.75179014| 0
Global,128,1,64 AC 0.01216662] 0 |0.03750648] 0 |0.12895861| 0 ]0.23986328| 0 |0.75629468| 0
Global,256,2,64 AC 0.02403724| 0 |0.07341001] 0 |0.2646903 | 0 ]0.48102677| 0 |1.50167754| 0
Global,256,1,128 AC 0.02499306] 0 [0.07186005| 0 0.24993515| 0 |0.45770319] 0 1.4683805 0
Compartido,128,2,32 AC 0.01167412] 0 ]0.03760276] 0 |0.13293967| 0 ]0.24412897| 0 |0.75360692| 0
Compartido,128,1,64 AC 0.01166618| 0 ]0.03751254] 0 |0.13184466] 0 ]0.24494262| 0 |0.74899721| 0
Compartido,256,2,64 AC 0.02343147| 0 |0.07029381 0 ]0.25618696| 0 |0.45926509| 0 1.44184403| 0
Compartido,256,1,128 AC  ]0.02343309| 0 |0.06873243| 0 [0.24993711] 0 [0.48649487| 0 1.4972954 | 0
Local,128,2,32 AC 0.01405582| 0 [0.03124785] 0 |0.12654028) 0 |0.22807615| 0 |0.7185735 0
Local,128,1,64 AC 0.01249394| 0 [0.03593137| 0 |0.13434041| 0 [0.23275118] 0 |0.72014003| 0
Local,256,2,64 AC 0.02394104| 0 ]0.07450573] 0 |0.25841138| 0 [0.47673178| 0 |1.51734428| 0
Local,256,1,128 AC 0.02343206] 0 [0.07030921] 0 |0.25619063| 0 [0.46083097| 0 |1.52664618 0
Compartido,128,1,64 AC 0.01166618| 0 |0.03751254| 0 |0.13184466| 0 ]0.24494262| 0 |0.74899721| 0
Global,128,2,32 Metro 0.0124676 | 0 ]0.03668928| 0 |0.1294549| 0 |0.24205575| 0 |0.76824338| 0
Global,128,1,64 Metro 0.01208477| 0 |0.03680036] 0 |0.13353307| 0 ]0.24884129| 0 |0.75777636] 0
Global,256,2,64 Metro 0.02383668| 0 | 0.0747021 0 ]0.25820274| 0 |0.47802968| 0 |1.49112074| 0
Global,256,1,128 Metro 0.02343116] 0 |0.06561277| 0 |0.2483758| 0 |0.5311223| 0 |1.44964225| 0
Compartido,128,2,32 Metro |0.01245883| 0 [0.03904974| 0 |0.12496932| 0 |0.23276341] 0 |0.72482629| 0
Compartido,128,1,64 Metro |0.01217918| 0 ]0.03811331| 0 |0.13223476] 0 ]0.24504087| 0 |0.76275992| 0
Compartido,256,2,64 Metro | 0.0241441 0 ]0.07400806] 0 ]0.26549172] 0 |0.47712281| 0 |1.51675532| 0
Compartido,256,1,128 Metro|0.02424293| 0 |0.07539182] 0 [0.25961161| 0 [0.47422667| 0 |1.44497166 0
Local,128,2,32 Metro 0.01562073] 0 ]0.03428657| 0 |0.12965605| 0 [0.23118894| 0 |0.72170324| 0
Local,128,1,64 Metro 0.01249373] 0 ]0.03593302] 0 |0.12805967| 0 [0.23275688| 0 |0.72170436 0
Local,256,2,64 Metro 0.02342687| 0 |0.06873183| 0 |0.25306246| 0 [0.45769961| 0 |1.43717144| 0
Local,256,1,128 Metro 0.02414665| 0 [0.07439873| 0 |0.27027705| 0 |0.47712581] O 1.5648118 | 0

Gracias a las Tablas 3 y 4, es posible observar desde un panorama general
cual fue el algoritmo que brindé los mejores resultados en ambos aspectos de
evaluacion (tiempo y NAM). El algoritmo genético secuencial con la busqueda
local de gradient descent y una poblacién de 128, es el que demuestra sobresalir
en ambos aspectos, se puede observar que hay una pequena mejora en el niimero
de aristas cuando la poblacién aumenta a 256, pero los resultados en el NAM
no representa una mejora en proporcion al tamano de la poblacién, ademas de
ser ejecutado en el doble de tiempo.
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Tabla 4. Comparacion de resultados de todas las diferentes estrategias para resolver
el PCG (cont.).

DSJC250.5 DSJC500.5 le450 15c¢ le450 25c¢ flat300 28
Tiempo |[NAM| Tiempo | NAM Tiemch NAM Tiempl; NAM| Tiempo NAM
smallest last 0.144186 |6042.8|0.57685297|25722.2|0.15067627|9309.2|0.16575511|3342.9|0.19865119|8394.2
Independent set 0.67416017|3264.3 |4.24918582|13733.8|1.69596386|7320.3|2.27669196 | 3277 |1.28648229|4735.8

Secuencial-Metro-128 34.0076456| 127.6 |211.857908| 367.6 |73.8724133| 436.5 |71.5198407| 84.2 |51.0609503| 142.3
Secuencial-Metro-256 68.2377067| 123.4 |424.012502| 365.3 |144.784495| 431.6 | 139.28404 | 81.8 |97.6175751| 138.6

Secuencial-AC-128 33.8509865| 109 207.811258| 346.7 |73.6341539 412.1 | 73.747267 65.7 |53.1880474| 124.8
Secuencial-AC-256 70.7350266| 107 |443.754476| 344.4 |153.223014| 411.5 |145.053515| 64.5 |107.512961| 123.7
Global,128,2,32 AC 34.1717166| 126.5 [213.940944| 367.6 |72.9817449| 433.4 |73.1647449| 83.3 |51.7450323| 139.3
Global,128,1,64 AC 34.3502736| 126.5 [214.641463| 365.1 | 73.133162 | 437.3 |70.9769254| 83.7 |51.8578098| 140.4
Global,256,2,64 AC 64.92534 | 123.9 |413.151073| 362.5 |139.837441| 437.2 |139.158007| 81.4 |99.3718972| 138.8
Global,256,1,128 AC 64.9549603| 124 |411.359283| 364.6 |139.243994| 431.9 |138.284741| 81.6 |97.7830749| 137.3

Compartido,128,2,32 AC | 34.288105 | 126 |216.863896| 363.2 |74.5060439| 438 |72.5581412| 82.9 |56.5781646| 138.3
Compartido,128,1,64 AC [34.5847636| 124.2 |213.416294| 365.5 |73.0850838| 436.6 |72.7328963| 83.4 [52.5269308| 140.1
Compartido,256,2,64 AC [68.1067633| 124 [427.984928| 365 [144.212103| 433 [138.417273| 82.6 [98.2642722| 138.1
Compartido,256,1,128 AC|67.4484771| 121.7 |429.068003| 361.4 |139.036223| 434.1 |142.060453| 82.1 |100.116905| 136.3

Local,128,2,32 AC 32.9921419| 125 |207.696505| 364.8 | 70.207198 | 434.6 |70.5585664| 82.7 |50.3506656| 142.5
Local,128,1,64 AC 33.0202579| 125.2 |204.747229| 365.8 |70.6045974| 436.5 |72.2004636| 82 |49.8178983| 141.3
Local,256,2,64 AC 67.0653446| 123.4 |430.594769| 362.3 {145.049938| 431.2 |148.267676| 82.8 |101.732809| 138.4
Local,256,1,128 AC 67.0821071] 122.8 |412.174914| 363.9 | 141.39629 | 431.6 |137.739474| 82 |98.5904665| 138
Compartido,128,1,64 AC |34.5847636| 124.2 |213.416294| 365.5 |73.0850838| 436.6 |72.7328963| 83.4 |52.5269308| 140.1
Global,128,2,32 33.7784859| 126.2 |211.159676| 366.7 |71.5544534| 434.9 |72.8595934| 82.3 |51.8439337| 141.2
Global,128,1,64 33.7664801| 123.7 |214.284681| 365.6 |70.9570144| 437.9 |71.6842514| 82.8 |52.8520553| 140.2
Global,256,2,64 66.5663851| 123.5 |421.985079| 363.5 {145.053013| 437.5 {149.404148| 82.5 |101.116071| 140
Global,256,1,128 65.5345762| 123.7 |411.801365| 366 |138.462901| 433.1 | 139.13256 | 83.6 |102.435103| 138.6
Compartido,128,2,32 32.2797088| 125.5 |205.5653325| 367.1 | 69.78218 | 434.8 |69.8541036| 81.8 |54.7158808| 139.6

Compartido,128,1,64 33.6483535| 125.1 |213.496964| 366.8 |71.8928846| 435.7 |71.8097772| 83.2 |51.7925991| 141
Compartido,256,2,64 66.5423517| 122 |430.630632| 360.9 |141.605158| 432.6 |142.871373| 82.6 |100.438336| 138.9
Compartido,256,1,128 63.3256643| 125.3 [421.142926| 362.3 | 142.19439 | 437 |141.475995| 80 [100.910794| 140.2

Local,128,2,32 32.3939242| 127 |206.529582| 363.1 |70.2711495| 434.9 |69.1058066| 82.8 |48.9696568| 139.9
Local,128,1,64 32.3908168| 127 [207.107711| 364.2 |68.9168411| 439.2 | 69.597785 | 82.9 |48.9541056| 141.6
Local,256,2,64 64.4675533| 123.4 |415.066547| 362 |142.391495| 432.7 |136.831269| 80.7 |99.8263281| 138.3
Local,256,1,128 67.2900504| 122.6 |444.546514| 361.6 |144.741161| 436.1 |141.839243| 82.2 |99.9947874| 139

Respecto a los resultados con el algoritmo genético paralelo, es posible obser-
var que la configuracién mas cercana al algoritmo secuencial, es aquel que utiliza
memoria local, con resultados que muestran una ligera mejora en el tiempo, pero
con un mayor numero de aristas monocrométicas. Por lo que se puede suponer
que la memoria local es que es muy pequena, y por lo tanto, es muy probable que
realice varias copias de diferentes datos de la matriz, generando una competencia
por los recursos al pasar por el bus, es decir que al existir esa competencia, esto
hace que los distintos hilos se formen en el bus para obtener los datos a la
memoria global, perdiendo por completo la paralelizacién del algoritmo.

Con el objetivo de medir la estabilidad de los algoritmos, se realizo el calculo
de la desviacion esténdar de los 10 resultados obtenidos con cada una de las
diferentes semillas, ademaés del calculo de la desviacién estandar de cada grafo,
utilizando maultiples semillas.

5.2. Experimentos con grafos aleatorios

Ademas de los grafos benchmark también fueron creados 160 grafos aleatorios
distintos. Para crear dichos grafos se propuso utilizar el modelo Gilbert G(n,p),
el cual funciona por medio del niumero de nodos del grafo (n) y una probabilidad
(p), en la que cada arista tiene una probabilidad de que exista o no dentro del
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grafo. En la Tabla 5 muestra el nimero de grafos que fueron creados, cada uno
con probabilidades de 0.4 a 0.7 con variaciones en el numero de nodos:

Tabla 5. Grafos aleatorios utilizados en pruebas.

l Grafo ‘Probabilidad Numero de nodos

10 Grafos| 0.4-0.7 20
10 Grafos| 0.4 -0.7 40
10 Grafos| 0.4 -0.7 60
10 Grafos| 0.4-0.7 80
10 Grafos| 0.4 -0.7 100

Asi como en los grafos benchmark, en los grafos aleatorios fueron utilizados
las mismas estrategias de busqueda local (smallest last e independent set),
ademas de los mismos criterios de evaluacion: el tiempo en segundos, y el nimero
de aristas monocromaéticas, éste ultimo como con los grafos benchmarks, una
vez que se fija el numero de colores (k) en el algoritmo genético hibrido, los
nodos cuyas etiquetas (colores) sean mayores a k, son sumados como aristas
monocromaticas.

Los experimentos con grafos aleatorios se dividié en dos partes; la primera
consistié en comparar las distintas configuraciones CUDA, para obtener repre-
sentantes para cada una de las estrategias de busqueda local. Para realizarlo, se
tomd los resultados de los grafos de 20, 60 y 100 nodos, los resultados ganadores
fueron aquellas que ganaban en dos de tres casos para cada estrategia, ademas
de que fue dividida en las dos categorias de evaluacion: tiempo y ntimero de
aristas monocromaticas. En la Tabla 6 muestra a los representantes ganadores.

Tabla 6. Representantes de las configuraciones CUDA.

Ascenso de colina Metropolis
Criterio|Configuracion CUDA Criterio| Configuracion CUDA
Tiempo | P128,1B,64H memoria local | Tiempo | P128,2B,32H memoria local
NAM |P256,1B,128H memoria global| NAM |P256,1B,128H memoria global

Una vez que se obtuvieron a los representantes de las configuraciones CUDA
para cada busqueda local, fue posible avanzar a la segunda parte de la experimen-
tacion, en la cual, se crearon graficas que comparan los resultados del algoritmo
greedy, secuencial, y los representantes de las configuraciones CUDA.
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6. Conclusiones y trabajos a futuro

6.1. Conclusiones

Los resultados demostraron que con grafos benchmarks, el algoritmo secuen-
cial es el que brinda el menor tiempo y menor niimero de aristas monocromaticas.
La hipotesis resultante del analisis de estos resultados, es que existe un bajo
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desempeno en la calidad de nimeros aleatorios paralelos, a comparacién con
los generadores de ntmeros aleatorios secuenciales, por lo cual esto afecta la
calidad de resultados de las estrategias de busqueda local dentro del espacio de
soluciones. Mientras que en los experimentos con grafos aleatorios, en la mayoria
de los casos existe una clara superioridad de los algoritmos genéticos hibridos pa-
ralelos, demostrando la hipotesis inicial, que el paralelizar los algoritmos reduce
el tiempo de ejecucion.

Ademaés se demuestra que los algoritmos evolutivos hibridos paralelos son
capaces, en general, de encontrar mejores soluciones que los algoritmos voraces.
Esto se debe, principalmente, a la capacidad de los algoritmos evolutivos de
realizar una exploraciéon més extensa del espacio de posibles soluciones, y de
explotar las diferentes regiones del espacio de soluciones a partir de las busquedas
locales. Los algoritmos voraces, por su parte, tienden a quedar atrapados en
optimos locales que pueden ser arbitrariamente malos.

Con el propdsito de caracterizar el impacto de incrementar el nimero de
hilos, el tiempo de ejecuciéon del algoritmo, asi como la calidad de las soluciones
al incrementar el tamano de la poblacion, se realizé un conjunto de experimentos
donde vari6 el nimero de hilos desde 64 hasta 128.

Ademaés de caracterizar el namero de hilos, se analizé el impacto de utilizar
diferentes esquemas de memoria de la tarjeta grafica en el tiempo de ejecucion
del algoritmo. Los resultados muestran que la configuracién con una poblacion
de 256,1 bloque, 128 hilos con memoria global y metrépolis fue la que presentd
un mejor desempeno. Esto se debe principalmente a que una poblacién grande
asegura contener mas puntos dentro del espacio de busqueda, mientras que la
busqueda local metrépolis da la oportunidad de repartir los puntos, ademas de
que la nobleza que brinda esta btisqueda permite no quedar estancados en 6pti-
mos locales, como encontrar nuevos caminos a posibles soluciones potenciales.

Es importante resaltar que debido a las condiciones de competencia generadas
dependiendo de la distancia y limitacién de la memoria, asi como el uso constante
de los buses de comunicacién, no permitié observar una disminucién del tiempo
de ejecucion del algoritmo propuesto de manera proporcional al niimero de hilos.
Por esto ultimo, es importante seguir investigando sobre nuevas implementacio-
nes que hagan un uso mas eficiente de la arquitectura CUDA con el fin de
mejorar, atn mas, el tiempo de ejecucion.

6.2. Trabajo a futuro

Como trabajo a futuro se pretende aplicar la herramienta de software desarro-
llada para resolver problemas reales que pueden ser modelados como el problema
de coloreado de grafos. En particular problemas en el contexto de planificacion
de tareas [19], planificacion de grupos de trabajo [20], disefio de compiladores
[21], reconocimiento de patrones [22], redes de computadoras [23,24].

Disenar, implementar y caracterizar experimentalmente nuevas estrategias de
busqueda local especificamente disefiadas para plataformas de hardware con me-
moria restringida como las tarjetas CUDA. En este mismo sentido, es importante
seguir investigando sobre algoritmos concurrentes que reduzcan las condiciones
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de competencia que se presentan cuando varios nucleos de ejecucién intentan
acceder a la memoria compartida.

Extender la investigacién reportada en la presente a otros problemas de

optimizacion combinatoria que pertenezcan a la clase NP-dificil como cobertura
de vértices, conjunto independiente, conjunto dominante, ciclo Hamiltoneano,
entre otros.
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Resumen. Esta investigacién presenta los resultados obtenidos tras
analizar e identificar locuciones verbales en la variante diatépica general
del espanol mexicano. Centrandose en el estudio morfosintactico de estas
locuciones, las cuales son un tipo especifico de unidades fraseoldgicas,
que se componen de un verbo y una o més partes de la oracién (varia-
bles). El propdsito de esta investigacién es identificar automaticamente la
existencia de locuciones verbales en textos planos (noticias), utilizando
diferentes métodos supervisados de aprendizaje automético. Entre los
hallazgos mas relevantes es posible destacar que el clasificador J48 fue el
que mejor desemperfio demostré con un 76.74 % de exactitud, superando
a los métodos de clasificacién probabilisticos y vectoriales. Los hallazgos
demuestran que la existencia y uso de estas expresiones en textos escri-
tos en espanol mexicano es frecuente; asi también, comprueban que la
identificacién automaética de locuciones verbales es una tarea lingiiistica-
computacional compleja.

Palabras clave: unidades fraseolégicas, locuciones verbales, identifica-
cién automatica, métodos supervisados, aprendizaje automaético.

Analysis and Identification of Mexican Verbal
Phrases

Abstract. This research presents the results obtained after analyzing
and identify verbal locutions in the general diatopic variant of Mexican
Spanish. Focusing on the morphosyntactic study of these locutions, which
are a specific type of phraseological units, which are composed of a
verb and one or more parts of the sentence (variables). The purpose of
this research is to automatically identify the existence of verbal phrases
in plain texts (news), using different supervised methods of machine
learning. Among the most relevant findings, it is possible to highlight that
the J48 classifier showed the best performance with 76.74 % accuracy,
surpassing the probabilistic and vector classification methods. The fin-
dings show that the existence and use of these expressions in texts written
in Mexican Spanish is frequent; likewise, they verify that the automatic
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identification of verbal phrases is a complex linguistic-computational
task.

Keywords: unidades fraseoldgicas, locuciones verbales, identificacién
automatica, métodos supervisados, aprendizaje automatico.

1. Introduccion

La habilidad de la comunicacién se desarrolla mediante informaciéon que se
adquiere, capta y memoriza a lo largo de la vida. Dicha informacion es represen-
tada en forma de frases, expresiones, dichos, que permiten formular una idea o un
concepto, y que son el campo de estudio de la fraseologia, el cual es independiente
de la lingiiistica que agrupa diversas disciplinas como la morfologia, la sintaxis, la
semdntica, la pragmatica, la sociolingtiistica y la psicolingiiistica [21]. La palabra
“unidad” hace alusién a la propiedad, de estas expresiones, de actuar como un
bloque y “fraseoldgica” se refiere a que estdn formadas por varias palabras [14].
éstas son unidades léxicas compuestas, o combinaciones de palabras, que poseen
una amplia gama de construcciones lingiifsticas como los modismos (tormenta
en un vaso de agua, barrer bajo la alfombra), las expresiones fijas (in vitro, por
lo general, rock and roll), sustantivos compuestos (aceite de oliva, abrelatas), y
muchas mas.

En la lingiiistica espafiola se emplean diferentes variantes terminolégicas que
hacen referencia a las unidades fraseoldgicas tales como: “unidad fraseoldgica,
fraseologismo, modismos, locuciones, expresiones fijas, dichos, frases hechas,
expresiones idiomaticas, expresiones, frases, refranes, proverbios, modos de decir,
aforismos”, entre otras. En [18] aparecen hasta 64 denominaciones diferentes.
En este trabajo, se empleard el término “unidad fraseoldgica” debido a que goza
de una gran aceptacién en la filologia espafiola y es conocido en la fraseologia
internacional. Ademads, de que es el término mas adoptado por la mayoria de
los investigadores y aceptado por la lingiiistica soviética, pionera en el estudio y
consolidacién de la fraseologia como disciplina cientifica [6].

Este trabajo de investigacion esta delimitado en analizar locuciones verbales,
como objeto de estudio, para la variante diatépica general del espanol mexicano.
Algunos ejemplos, que ilustran este tipo de expresiones, son los siguientes:

1. a) colgar los tenis
b) acabarse la candela
2. a) zafarse un tornillo
b) perder el norte

El ejemplo (1) significa morir y el segundo, perder la razén. Las expresiones
(1a) y (2a) son locuciones verbales para el caso del espafiol de México, mientras
que (1b) y (2b) son locuciones verbales para el espafiol de Espafa; note que
existe variabilidad 1éxica entre ambas variantes diatépicas del espanol. Como se
nota en los ejemplos (1) y (2), éstos proporcionan un significado diferente al
que los 1éxicos, separadamente, aportan. Este hecho nos remite a la no composi-
cionalidad como rasgo propio de las unidades fraseolégicas. Tal como menciona
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Gonzélez Rey [11] “el sentido idiomdtico de la expresién no reside, pues, en la
no composicionalidad de sus componentes, sino en la no interpretacién literal
del enunciado”.

El estudio realizado, consiste en el andlisis morfosintactico de las locucio-
nes verbales con el objetivo principal de identificar semi-automaticamente en
un texto plano (noticias) si existe presencia o no de este tipo de estructuras
lingiiisticas, basdndonos en la no composicionalidad. Tome en consideracién el
siguiente ejemplo:

3. Maria colgo los tenis anoche.

El ejemplo (3) tendria dos significados, uno literal y uno composicional, que
dependen del contexto y utilizacion que se esté dando. Entonces la problemética
reside en identificar de manera automatica y computacional la interpretacién de
“colgar los tenis” en el contexto dado, es decir, determinar el sentido composi-
cional de la expresién identificada.

2. Unidades fraseoldgicas

La fraseologia, considerada como el reflejo del patrimonio cultural incluso
folklérico de una comunidad lingiiistica, ha adquirido durante las uiltimas décadas
un estado de investigacién en la lingiiistica tedrica [16]. Por mencionar algunos de
los trabajos centrados en la fraseologia espanola se puede encontrar un trabajo
pionero presentado en [5], asi como los trabajos relacionados [25,6,10]. Todos
estos autores coinciden en que la unidad bésica de analisis de la fraseologia es la
Unidad Fraseoldgica (de aqui en adelante UF), también llamada fraseologismo.
Las Unidades Fraseoldgicas (denotadas por UFS) pertenecen a lo que en [7] se
denomina “discurso repetido”, caracterizdndose, sobre todo, por los tres rasgos
siguientes:

= Su cardcter poliléxico, es decir, que estan formadas de al menos dos categorias
gramaticales; caracteristica que las distingue de las palabras simples.

= Su fijaciéon, que implica su memorizacién como si constituyeran un todo
inseparable, tal y como se almacenan las unidades simples.

= Su idiomaticidad u opacidad léxica, al ser una agrupacién de por lo menos
dos palabras, su significado no es necesariamente deducido del significado de
cada una de las palabras que la componen.

Para ejemplificar estas caracteristicas considere la siguiente oracién:
4. Juan dejo con el ojo cuadro a Maria al regalarle flores.

En el ejemplo (4), la expresién: “dejé con el ojo cuadrado” estd formada
de cinco categorias gramaticales, un verbo, una preposicién, un articulo, un
sustantivo y un adjetivo, ese es su cardcter poliléxico. Si se cambiara la palabra
“ojo” por otra parte de la cara, para los hablantes nativos del espanol mexicano,
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seria una expresién totalmente diferente y posiblemente no entendida dado que
la expresion es concebida y entendida como un todo y, en algunos casos, los
elementos que la componen no se pueden modificar; a eso se refiere la fijacién.
El significado de la frase es “impresionar”, el cual no puede ser semanticamente
inferido de los componentes léxicos “dejé”, “con”, “el”, “ojo” y “cuadrado”,
justamente esa es la idiomaticidad de la expresion.

Los autores [24,19], dedicados al estudio de las Variantes Fraseoldgicas (que
denotaremos como VF), reiteran que las VF vienen prefijadas, es decir, que
la variacion estda determinada y limitada, por lo que no se puede alterar y es
conocida por los hablantes. Zuloaga [25] distingue dos tipos de variantes de las
unidades fraseolégicas (UF): las sinénimas y las que varfan completamente su
designacién con la modificacion de algunos de sus componentes. Ejemplos para
la primera variacion, son el (5) y el (6); mientras que, para el segundo grupo, el

(M) y (8).

) llorar como una Magdalena
) estar en un mar de ldgrimas
) estirar la pata
) colgar los tenis
c) entregar el equipo
) tener buena fama
) tener mala fama
) bajar el liston
) subir el listén

Para el caso del ejemplo (5), la unidad fraseoldgica (5a) es sinénima de
la unidad fraseoldgica (5b), el significado es llorar demasiado. En la unidad
fraseolégica (6), el significado es morir y éstas (6a, 6b y 6¢) son sinénimas. El
ejemplo (7a), significa tener buena reputacién, mientras que el (7b) lo contrario.
En (8a) el significado es disminuir las exigencias y en (8b) aumentarlas.

Con este hecho, se nota que las unidades fraseoldgicas tienen cambios mor-
foldgicos, sintacticos y léxicos. Un cambio morfolégico es en el cual uno de los
componentes de la unidad fraseolégica sufre alguna alteracién. Estos cambios
pueden ser de género, de niimero, de cuantificacién, de determinacién. Por ejem-
plo: (9) mds pobre que un perro por (10) mds pobre que los perros; (11) romper
en pedazos por (12) romper en mil pedazos; (13) ponerse gallo por (14) ponerse
gallito; (15) andar de pata de perro por (16) andar de pata de perrito; (17) volver
el agua al rio por (18) wvolver las aguas a los rios. Las variantes sintdcticas se
dan cuando surgen cambios o alteraciones en el orden de los elementos de la
UF, pero que no influyen en la lexicalizacién de la UF. Por ejemplo: (19) mover
cielo y tierra por (20) mover tierra y cielo; (21) del derecho y del revés por (22)
del revés y del derecho. Las variantes fraseoldgicas mas frecuentes son aquellas
que sustituyen un elemento léxico por otro. Por ejemplo: (23) me importa un
pepino por (24) me importa un comino o por (25) me importa rédbano. Por
tanto, la problemaética de las unidades fraseoldgicas viene del hecho que no son
totalmente fijas [13,1,8,16]. Ademds de los cambios que las unidades fraseoldgicas
tienen, existen diferentes clasificaciones de éstas.

Research in Computing Science 148(10), 2019 38 ISSN 1870-4069



Analisis e identificacion de locuciones verbales mexicanas

Las clasificaciones de las unidades fraseolégicas han surgido, la mayoria, como
resultado de los problemas practicos a los que se ha tenido que enfrentar el
lexicografo al incluir la informacion fraseolégica en la elaboracion de diccionarios
[6]. Las investigaciones sobre la fraseologia espanola han surgido a comienzos de
los afos cincuenta con [5] y que dio la primera clasificacién de las UFS. Poste-
riormente, en [7] se establecid la distincién entre la técnica libre del discurso y el
discurso repetido. Trabajos basados en las investigaciones alemanas y soviéticas
son los presentados en [22,25,15,3,4,23]. En el trabajo [22] se abordé la fraseologia
de las lenguas romances, mientras que en [25] se mejora y complementa la
clasificacién del trabajo presentado en [5]. Posteriormente, en el trabajo de [6]
se propone una clasificacién de las UFS a partir del trabajo [12], y ademds toma
en cuenta caracteristicas de los trabajos anteriormente mencionados; enseguida
a esta clasificacién, aparece la clasificacién de [21].

2.1. Locuciones verbales

Las locuciones, son definidas en [5] como una “combinacién estable de dos
0 mas términos, que funciona como elemento oracional y cuyo sentido unitario
consabido no se justifica, sin més, como una suma del significado normal de los
componentes”. Las diferentes definiciones de locucién en espanol han seguido esta
caracterizacion y se han divido segun la funcion oracional que desempenen, inde-
pendientemente de que sean conmutables por palabras simples o por sintagmas.
En el trabajo [6] se distinguen los siguientes tipos de locuciones: las nominales,
las adjetivas, las adverbiales, las verbales, las prepositivas, las conjuntivas y las
clausales.

Una Locucién Verbal (denotada, de aqui en adelante, por LV) es una UF que
contiene un verbo en el centro de su graméatica. Desde el punto de vista sintéctico,
expresan procesos y actian como los predicados, con o sin complementos. Estas
UF'S, al igual que los verbos, se combinan con el sujeto y los complementos para
formar una oracién. En el trabajo [20] se define a una locucién verbal como un
grupo de palabras en las que al menos una es un verbo que funciona como nicleo
del predicado, es decir, expresiones idiomaticas de significado no composicional.
Son sintagmas fijos e idiomaticos cuya interpretacién no se obtiene de la suma
de sus partes, tomadas por separado. Definicién que se considera a lo largo del
desarrollo de esta investigacién.

Las LV permiten ciertas modificaciones de orden sintagmético y/o para-
digmético creando también los grados de fijacién [13]. Por ejemplo, la LV (26)
dormir como un tronco, significa dormir profundamente, y acepta modificaciones
paradigmadticas (dormir como un bendito, dormir como piedra), observando
que su grado de fijacién no es alto (no totalmente fija). Sin embargo, no es
aparentemente posible definir a priori las variaciones realizables de una unidad
fraseolégica verbal. En el trabajo de [5] se hace énfasis que en las UF no hay
presencia uniforme o ausencia de restricciones sinticticas, dado que no todas
las unidades fraseoldgicas exhiben la misma versatilidad sintdctica. En [6] se
postula que las secuencias de la misma estructura sintactica no aceptan las
mismas variaciones. Tomando en cuenta estas caracteristicas, centramos nuestra
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atencion en la identificacién de locuciones verbales, pues es una tarea que implica
un reto importante en términos de la identificacion y clasificacién semantica. En
[2] se realiza un estudio gramatical asociado a las locuciones verbales en espanol.
Dicho estudio, “recoge y analiza una muestra de locuciones verbales del espanol
distinguiéndolas claramente como tales de otras unidades fraseoldgicas que suelen
confundirse con ellas”.

Las siguientes secciones presentan los experimentos computacionales reali-
zados al intentar detectar automaticamente si existe una locucién verbal en un
texto plano, es decir, sin etiquetas o preprocesamiento alguno.

3. Marco metodoldgico

En cuanto a los avances actuales en la tarea de identificacién automatica de
Locuciones Verbales (denotadas por LVS) para el espaiiol, se ha considerado el
género periodistico mexicano y las LVS mexicanas (al denotar locuciones verbales
mexicanas, se hace referencia a que son entendidas y utilizadas en México; esto
no excluye que se empleen en otro pafs de habla espanola). Por lo tanto, en
esta seccion primero se describiran los recursos léxicos construidos para la tarea
propuesta. El enfoque para la identificacién de LVS estd basado en técnicas
supervisadas de aprendizaje automatico, un area de la inteligencia artificial que
concierne al estudio de sistemas computacionales que pueden llegar a aprender
a partir de datos supervisado. Por lo tanto, también se incluye en esta seccién
una parte que describe los clasificadores empleados en los experimentos.

3.1. Recursos léxicos

Los métodos de aprendizaje automético supervisado asumen que se tienen
datos anotados manualmente con los cuales se puede adquirir (aprender) co-
nocimiento. En este caso, se necesitan corpora etiquetados manualmente por
expertos indicando si cierto texto tiene o no una locucién verbal. Por lo tanto,
se ha construido un corpus supervisado para los experimentos propuestos en
este articulo, seleccionando relatos periodisticos que contengan y no contengan
locuciones verbales. Los relatos periodisticos estan escritos en espanol mexicano
y han sido recolectados durante el periodo del 2007 al 2013 de los periédicos
mexicanos pertenecientes a la Organizaciéon Editorial Mexicana!. Para este fin,
primero se han extraido todas las locuciones verbales de un diccionario, versién
papel, denominado “Diccionario de Mexicanismos”. Se ha seleccionado este dic-
cionario porque sus elementos léxicos datan de la mitad del siglo XX y principios
del siglo XXI (sincrénico), y compara lo que se dice en México con lo que se dice
en otros paises de habla espafola y sobre todo con el espanol de la Peninsula
Ibérica (contrastivo), indicando la realidad de uso sin excluir neologismos ni
palabras de otras lenguas (descriptivo).

! Organizacién Editorial Mexicana, conocida como OEM, es la compaiifa de medios
impresos méas grande de México y una de las editoras de peridédicos méas grande de
Latinoamérica.
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En particular, se han recolectado 1,406 locuciones verbales de dicho diccio-
nario que han sido almacenadas en una base de datos, considerando que éstas
podrian ser posteriormente empleadas para la identificacion de su uso regular en
el género periodistico mexicano.

Con el uso de técnicas de recuperacién de informacién se han encontrado
3,164 textos informativos, recolectados de la Organizacién Editorial Mexicana,
que contienen al menos una ocurrencia de alguna de las unidades fraseolégicas
seleccionadas. Este proceso considera la ocurrencia original de la LV y/o alguna
de sus variantes morfolégicas. Por ejemplo, la LV (27) darse por vencido con
sus variantes morfolégicas (darse por vencida, darse por vencidos, darse por
vencidas, darnos por vencidos, darnos por vencidas). Para este propésito, se
han lematizado ambos conjuntos de datos, la LV y el texto de la noticia, con la
finalidad de ser capaces de encontrar las variaciones de la LV en el texto objetivo.

Como consecuencia del conteo de la ocurrencia de las LVS mexicanas en
el corpus recopilado, se ha construido un corpus etiquetado que ademaés pue-
de utilizarse como corpus de entrenamiento para los métodos de aprendizaje
automaético supervisado, con el objetivo de identificar si una noticia contiene
o no una LV. Los contextos recopilados han sido manualmente anotados por 5
anotadores humanos, con un grado de acuerdo entre anotadores superior al 80 %.
El proceso de la anotacién manual realizado por estudiantes de computacién
dedicados a la lingiifstica computacional ha consistido en que un experto en
lingiiistica explique que es una locucién verbal y proporcione detalladamente sus
caracteristicas. Esta explicacion fue basada en ejemplos, con el fin de diferenciar
estas unidades fraseolégicas de otras. Cada anotador humano fue encargado de
clasificar manualmente, de acuerdo a las caracteristicas de las LVS (descritas
en la seccién 2), cuando un texto plano contenia una LV (Clase 1) y cuando el
texto no contenia una LV (Clase 2). El resultado de clasificacién de las 3,164
noticias inicialmente recuperadas correspondié a 1,959 textos informativos para
la Clase 1 y 1,205 para la Clase 2. Cada clase con 117,715 y 63,600 palabras,
respectivamente.

En los experimentos realizados, todos los textos fueron representados me-
diante un vector de frecuencia de “n-gramas” de palabras, con n = 1,2 y 3.
Frecuencias superiores a dos, para los “n-gramas” fueron consideradas en el
vector de caracteristicas. El corpus fue utilizado tanto para el entrenamiento
como para las pruebas por medio de un mecanismo de validacién cruzada a 10
pliegues (10 fold-cross validation).

3.2. Clasificadores empleados

Las técnicas de aprendizaje automatico supervisado son capaces de aprender
el proceso humano para identificar las unidades fraseolégicas verbales con base en
las caracteristicas alimentadas por el corpus manualmente anotado. Con el fin de
tener una perspectiva del tipo de clasificador que puede tratar mejor el problema
de la identificacién automatica de locuciones verbales, se han seleccionado los
siguientes cuatro algoritmos de aprendizaje (cada uno perteneciente a un tipo
de clasificador diferente: Bayes, Lazy, Functions y Trees [17]):
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1. Naive Bayes: es un clasificador probabilistico basado en el teorema de Bayes
y algunas hipdtesis simplificadoras adicionales.

2. K-Star: Este es el clasificador de los k vecinos més cercanos con una funcién
de distancia generalizada.

3. SMO: Se trata de un algoritmo de optimizacién secuencial minima para la
clasificacién de vectores de soporte.

4. J48: Es un algoritmo usado para generar un arbol de decisién.

4. Resultados experimentales y discusion

En esta seccion se presenta la exactitud obtenida por cada clasificador cuando
se trata de clasificar si existe o no una LV en un texto plano. Se ha usado la
exactitud que una medida de evaluacién estandar y una descripciéon completa de
ésta puede ser consultada en [9].

En la Tabla 1, se muestran los porcentajes de las instancias que fueron clasifi-
cadas correcta e incorrectamente. Esta tabla, basicamente, muestra el promedio
ponderado de los diferentes clasificadores empleados. La diferencia entre los
valores de exactitud obtenidos por los clasificadores muestra que el rendimiento
es bastante aceptable para ser una técnica computacional que se ejecuta de
manera automatica.

Tabla 1. Porcentaje de instancias clasificadas correcta versus incorrectamente.

Calsificador | Tipo Instancias Instancias
correctas (%) |incorrectas( %)
Naive Bayes | Bayes 74.05 25.95
K-Star Lazy 71.14 28.86
SMO Functions 75.32 24.68
J48 Trees 76.74 23.26

Es importante remarcar que, en el estado del arte, las técnicas basadas
en vectores de soporte obtienen regularmente los mejores resultados, lo que
en este caso no resulto asi. Es altamente probable que la técnica basada en
arboles de decisién (J48) haya tomado ventaja de las estructuras de decisién
para proponer un mejor rendimiento sobre el resto de las aproximaciones. En
particular, el uso de multiples tipos de “n-gramas” es un factor relevante en
el proceso de clasificacién que utiliza J48, puesto que asume la presencia de
una gramatica al considerar que una cierta palabra va antes o después de otra.
Los valores obtenidos (alrededor del 76 %) indican que se han podido extraer
algunas relaciones suficientemente generales como para generar hipotesis de
comportamientos de los algoritmos de arboles J48 ante distintas situaciones,
lo cual ha validado que se obtiene un porcentaje de efectividad similar para
cada ejecucion promediada mediante la aplicacién del mecanismo de validacién
cruzada.
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En cualquier caso, el experimento realizado demuestra la factibilidad de
aplicar métodos computacionales para automatizar una tarea que puede incluso
ser compleja para un ser humano, puesto que determinar sin ayuda de los seres
humanos si una determinada frase es una locucién verbal o no, definitivamente
no es una tarea sencilla. Los resultados obtenidos son alentadores y se espera
mejorarlos con la ayuda del enfoque lingiiistico.

5. Conclusion

En los dltimos anos se ha incrementado el interés por la fraseologia, una
disciplina de la lingiiistica aplicada, debido a su importancia en diversas areas
del procesamiento de lenguaje natural como la traduccion y el anélisis de sen-
timientos, por citar algunos ejemplos. ésta pone en relieve diferentes aspectos
tanto sociales como culturales de estas combinaciones de palabras. Las unidades
bésicas de andlisis en la fraseologia son las unidades fraseoldgicas o frasemas.
Ciertas combinaciones de palabras no se pueden separar; pueden existir ciertas
variantes, usos y modos de empleo de acuerdo a cada lengua, sin embargo, siguen
estando unidas.

El andlisis y estudio de las unidades fraseolégicas, en especifico locuciones
verbales (que en este trabajo se han denominado locuciones verbales mexicanas),
pone en relieve la complejidad y riqueza de la lengua espanola. Este articulo se ha
enfocado principalmente a su estudio e identificacién, expresandolo al presentar
un conjunto de experimentos dedicados a su identificacion automatica en textos
planos.

Para poder aplicar el enfoque basado en maquinas de aprendizaje supervi-
sado, se ha recolectado una serie de unidades fraseolégicas mexicanas usando
el Diccionario de Mexicanismos. Estas unidades fraseoldgicas han servido co-
mo consultas de un sistema de recuperaciéon de informacién que arrojé como
respuesta un conjunto de textos (noticias) que contienen ocurrencias de dichas
secuencias de palabras. Sin embargo, tal y como era esperado, no todas las
secuencias hacen referencia a una locucién verbal, y por tanto, fue necesario
etiquetar manualmente todos y cada uno de los textos recuperados de Internet.
El corpus supervisado que se obtuvo se utilizé como conjunto de entrada para
cada uno de los clasificadores a evaluar.

Los siguientes, fueron los cuatro tipos de algoritmos de aprendizaje supervi-
sado que se analizaron: Naive Bayes, K-Star, SMO y J48. Se compararon estos
clasificadores supervisados con el objetivo de determinar cuél de ellos presenta
el mejor rendimiento. Se observa que la revisién 8 del drbol de decisiéon C4.5
fue la que obtuvo el mejor resultado para la tarea ejecutada en este articulo,
obteniendo un valor de 76.74 % de exactitud (instancias correctamente calsifica-
das). Este resultado es ligeramente mayor que el algoritmo SMO el cual obtuvo
un valor de 75.32 %, mientras que Naive-Bayes y K-Star obtuvieron, 74.05% y
71.14 %, respectivamente. Se estd interesado en mejorar el rendimiento obtenido
mediante el andlisis de otras caracteristicas que se pueden utilizar en el proceso
de clasificacién, por ejemplo, el grado de cohesién interna entre los compontes
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de la locucion verbal, o la posible baja correlacién de dichos componentes con
respecto a las palabras que se encuentran en el contexto de la locucion verbal,
sin embargo, este tema es considerado como trabajo futuro.
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Abstract. Web published news written in the Spanish language, were
analyzed by using categories that are related to its content, such as:
"Culture’, 'Sports’ and ’Finances’, or they are classified very generally
as is the case of ’National’ or ’International’. The large content of doc-
uments generated the need to provide the user with an analysis of such
documents, particularly in circumstances where in search engines are
involved. First of all, a pre-process was applied to allow the mining of
texts, which includes the lemmatization, homologation of synonyms and
representation of documents with a Boolean method. This pre-process
also includes a dimensional reduction of the obtained matrix. Secondly,
different classification methods were applied to compare their perfor-
mance in order to find the one that best assigns the category to the
news.

Keywords: natural language processing, machine learning, text mining,
classification, dimensionality reduction.

1 Introduction

Today there is an accelerated growth of information published on the internet
that can be recovered from multiple sources, topics and formats. In this work a
categorization of news that was published on the Mexican web sites is analyzed
by applying Natural Language Processing (NLP) techniques. This web sites
publish thousands of informative articles, and it is an opportunity area to apply
text mining. Given the large volume and diversity in the type of information
published, it becomes necessary to create automated tools that facilitate the user
navigation, retrieval, synthesis and analysis of documents. For that reason in this
work the analysis of categories was carried out looking for a classification model
with Bayesian Networks, Support Vector Machine and Multilayer Perceptron.

A particular characteristic of this type of information is the size of data to be
analyzed. For example, after the application of NLP techniques, we obtain a big
table with thousands of attributes. This matrix used to be a sparse matrix and
consequently it is an excellent candidate for the application of dimensionality
reduction techniques . In this paper the Correlation-Based Feature Selection
(cfs_subset_eval) method was used for this purpose [3].
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2 Related Work

This section explore the main researches related to news classification and the
results obtained in them.

Different works have been carried out to categorize documents and news,
such as the work presented in [5], where they use decision trees method, Naive
Bayes, and Support Vector Machine, to classify news in Thai, obtaining a better
F1 result equal to 95.42%, with the Support Vector Machine and modeling the
documents under the information gain format. In contrast with this work, the
results are similar but with a better time model creation because of the use of
dimensional reduction.

The authors [10] propose a method of classifying web pages using a neural net-
work, applying an analysis of main components, obtaining an average accuracy of
up t0 93.81% in sports news. On the other hand, this paper presents a comparison
with other classification algorithms that showed different perspectives in the
obtained results.

In another project, the researchers [9], categorized Indonesian news that talks
about business, politics or sports, they used the technique of support vector ma-
chines, under the information gain model with the whom the achieved 98.057%
accuracy. In comparison to this work, this paper uses not just 3 classification
labels, it uses 6 of them.

3 Methodology

The goal of this section is to explore the elements used in this work, begin-
ning with a general definition of natural language processing, classification and
dimensionality reduction is provided. Also the specific classification algorithms
used and (cfs_subset_eval) method are explained in a concrete way.

Natural Language processing is an empirical science that belongs to the area
of humanities, relies heavily on different techniques of computer science and
artificial intelligence, it is responsible for creating different models of spoken or
written language to transform them into formal patterns that can be under-
stood by computers, as well as being used in the construction and evaluation
of hypotheses; once these models are obtained, they can be used to process the
data sets by applying different techniques of machine learning that support the
fulfillment of objectives such as automatic translation, elaboration of summaries,
analysis of feelings, grouping, among others [11]. There are several techniques,
but the most valued in this work are the following.

— Boolean representation of terms per document: It consists of a model of
vector space in which text documents are transformed into a format that
is suitable for analysis on a computer, so that it can be used to process
documents, apply text mining algorithms and interpret the results generated.
Within this model, each text document is represented by a vector where each
characteristic is a term or a word, which has a value of 0 if the word is not
found in the news, and 1 when it is found in the document [7].
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— Elimination of stop words: The stop words are a set of words that provide
little or no semantic meaning in the texts, they are generally the words that
appear most frequently in a language and contain prepositions, pronouns,
auxiliary verbs, etc. Eliminating stop words is a basic step in pre-processing
to perform text mining, which, as the name suggests, consists of removing
the stop words from the set of characteristics of the texts [1]. The catalog
used contains 613 stop words in Spanish.

— Homologation of synonyms: Process of reduction of dimensions that is done
grouping the words that have the same meaning. The synonyms dictionary
contains the 3,820 most used words in Spanish according to the Royal Span-
ish Academy, each with an average of 3.7 synonyms, and a total of 14,103
synonyms of which 9,341 were used.

— Lemmatization: Change of each word by its simple form that must be an
existing word, consists of eliminating the inflections, prefixes, suffixes, con-
jugations, and so on, trying to maintain the original meaning of the words.

Classification is a problem where it is received a set of training records that
contain characteristics or attributes within the tuple and a classification label,
from which we look for a classification model that allows us to identify the label
that corresponds to the news on ones records that are arriving but with an
unknown class [4].

Dimensionality reduction allows to reduce the dimensions used to search and
describe classification models, this process is very useful when we work with a
data set where the records (tuples) are very long (more than 20,000 attributes
in this work), since it allows us to identify the subset of characteristics that
have a high impact to determine which class each record belongs to, and thereby
generate a compact and efficient classification model with low processing costs
both in computational resources and in execution time [6].

Bayesian Networks consists of models in the form of directed graphs that
include probabilistic information, where each of the nodes represents a random
variable and the edges contain the relationships and indicate the probabilities
of occurrence. These networks apply concepts of probability, graph theory, com-
putation and statistics, when their edges are not directed they are known as
Markov chains that are characterized by modeling independent events [2].

Support Vector Machine (SVM) is a set of supervised learning algorithms
developed by Vladimir Vapnik and his team at AT & T laboratories. A SVM is
a model that represents the sample points in space, separating the classes into
2 spaces as wide as possible by means of a separation hyperplane defined as the
vector between the 2 points, of the 2 classes, closest to the one that is called
vector support.

Multilayer Perceptron (MLP) is a supervised learning algorithm, which uses
a function when it is training in a data set (See Equation 1). In this equation,
n is the number of dimensions for the entry and m is the number of dimensions
for the output:

f(z): Ry = Rp. (1)
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Correlation-Based Feature Selection: This algorithm uses the correlation or
co-variance of the attributes. Basically computes the correlation matrix between
all the attributes and, based on that, selects those attributes that are strongly
correlated with the classification label but weakly correlated between themselves
[3]. This algorithm is useful for sparse matrices, but it takes a high time and
consumes a lot of memory.
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= SECCIONES 28 de mayo de 2019 l %lglu e Torredn

!|ecciones sin encanto, ni propuesta

Un andlisis revela conflictos partidistas como una constante

AGENCIAS CIUDAD DE MEXICO, lunes 27 de maye 2019, actualizada 7:38 am

Fig.1. News categorized in ’National’ that should be classified as ’Politics’. The
translation from Spanish to English is described below, nacional: national; Elecciones
sin, encanto ni propuesta: Elections without charm or proposal; Un andlisis revela
conflictos partidistas como una constante: An analysis reveals a constant partisan
conflict.

4 Dataset

In this work the database analyzed was Noti-Explorer [8] that corresponds to a
set of news in spanish published in free sites on the Internet, which can be seen
to have categories that may be clearly related to its content, such as: ’Culture’,
‘Sports’ and ’Finances’, or they are classified very generally as is the case of
"National’ or 'International’. This database contains news published on Mexican
websites, with documents written in Spanish.

Particularly, this database is too large (258,726 news collected until May
13, 2019) and continues to grow with the daily collection of news, and con-
sequently only the news published from January 1,2019 to May 13, 2019 were
analyzed. In order to train the classification models, news tagged with the follow-
ing categories were used: ’Science and technology’, ’Culture’, ’Entertainment’,
"Finances’, "Health’ or 'Security’. Disregarding those with very general categories
such as: 'National’, ’International’, or the name of any Mexican state. Table 1
shows the number of documents by category. Images 1 and 2 show examples of
news that should belong to the categories of "Politics’ and "Security’ respectively,
but were labeled as 'National’.
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After the pre-processing, the news have an number of words average of 127,
with a maximum of 886 and a minimum of 14. Figure 3 shows a graph with the
distribution of the news size.

Table 1. Number of documents by category.

CATEGORY Number of documents
Aguascalientes 3.185
Baja California 655
Ciencia y Tecnologia 646
Coahuila 2.119
Cultura 122
Deportes 6
Durango 630
Entretenimiento 2.311
Finanzas 647
Internacional 2.028
Nacional 3.084
Nayarit 49
Salud 67
Seguridad 2.248
Sonora 1.120
Tamaulipas 41

5 Results

This work was done in two steps. First, pre-processing procedures were imple-
mented having a huge attention to the natural language techniques. Second, the
results of the classification algorithms are showed.

In the pre-processing step, natural language processing (NLP) and dimen-
sionality reduction techniques were applied. That was done in order to reach
a better structure of the data for the use of the classification algorithms. The
following Natural Language Processing techniques were used:

— Elimination of stop words

— Lemmatize

— Homologation of synonyms

— Boolean representation of terms per document

Additionally, after the implementation of the procedures above, a sparse
matrix was obtained where the rows are news and columns words included in
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Fig. 2. News of ’Security’ categorized as ’National’. The translation from Spanish
to English is described below, nacional: national; Encuentran asesinados a policias
plagiados en Jalisco: They find murdered plagiarized police in Jalisco.

the new (attributes). At the end of this matrix, the classification label was added.
Finally, a matrix of 21,087 columns and 6,040 rows were created.

At the end of the step, dimension reduction was applied with the cfs_subset_eval
algorithm to the matrix obtained. This process found 80 of 21,087 attributes
are strongly correlated to the classification label but weakly correlated between
themselves. This subset of data is appropriate to train classification algorithms
that work better with few attributes such as Bayesian networks, as well as to
run tests with the other algorithms.

After the pre-processing step, the matrices obtained were given as an input to
the classification algorithms. Each algorithm had particular performances which
are described in the following paragraphs.

Support Vector Machine trains the model with 80% of documents and per-
form tests on the remaining 20%. The total generated dimensions was 21,087.
The average precision obtained was 83.42%. The precision detail by category is
shown in Table 2.

Table 2. Precision achieved with Support Vector Machine by category.

CATEGORY Precision
Ciencia y Tecnologia| 89,75%
Entretenimiento 60,57%
Finanzas 90,00%
Salud 98,92%
Seguridad 63,55%
Cultura 97,76%

The Multilayer Perceptron achieved the best performance with a precision of
94.4628% over the whole data set taking an approximate time of 15 minutes to
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Fig. 3. Word count distribution of the news.

train the model, classify the test samples and calculate the accuracy. 80% of the
data was used for training and 20% for tests, choosing them randomly. Another
test was generated by adding a reduction in dimensions in the pre-processing,
reducing the processing time to approximately 5 seconds. The test results carried
out are in Table 3.

Table 3. Results generated with the multilayer perceptron model.

Number of Documents|Number of Dimensions|Precision
2.195 21,087 87,01%
6.040 80 81,98%
6.040 21,087 94,46%

The Bayesian network obtained 82.46% accuracy on the 6,040 documents
and the 80 dimensions resulting from the reduction of characteristics. The model
trained with 10 fold cross validation. In this case, the 21,087 matrix could not
be analyzed because it required too many RAM memory (it reached more than
28 Gb of RAM).

6 Conclusion

Summarizing, it was possible to label the news documents up to 94% accuracy.
The natural language processing techniques applied in the pre-processing step
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allowed a better scenario for the classification and reduction algorithms. The
classification by category was applied to the news that are with very general
categories to give the user an idea of the content of the documents and reduce
the search space as well as providing more information to generate an analysis.

The classifier that showed the best performance was the multilayer per-
ceptron. Particularly, reduction of dimensions help us to generate classification
models such as Bayesian Networks, which are complex to calculate with many
attributes, while reducing processing time in the execution of learning algo-
rithms. Reducing the dimensions in a general manner reduces the accuracy of
the classification, but improves the time required for model creation.
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Abstract. Applications of robotic vision have had great advances within the
artificial intelligence through the processing of images, as well as the automated
systems (robots). A comparative analysis of some interest point detector
algorithms will be performed, the next analysis will be about a robotic operating
system called ROS, by means of a 2D object detector system. For this purpose,
a physical architecture will be carried out to carry out the experimentation within
a controlled work environment, in order to demonstrate which algorithm will
work best in the future for the development of object recognition systems,
implementing this system on Robots.

Keywords: detector, interest points, ROS, artificial vision.

1 Introduction

The artificial vision in these days has been realized through systems that detect
characteristics of the objects and classify them by means of neural networks which
decide what type of object is, by means of a comparison of weights or learning units
which are updated every that an iteration within algorithm.

Deep learning is based on a set of algorithms for machine learning that attempts to
model high-level abstractions in data using architectures composed of multiple non-
linear transformations [1].

But there is also the way to segment artificial vision in various stages which are
essential to divide the number of processes into more concise processes, such as those
shown in Figure 1. This is to perform optimal recognition in robotic systems, contrary
to only have neural networks for recognition what it is to load a neural network with
points or characteristics that are a stage of artificial vision can achieve, that the
recognition is more precise and with a minimum of variety to the conditions in which
find the object.

In this way it is necessary to take into account which are those algorithms that can
extract the most important characteristics to be able to make a good detection, so after
having said information the recognition is achieved instantaneously with a neural
network or applying the concept of deep learning.

It is proposed to analyze and compare object detection algorithms under rotation,
translation and light conditions to conclude which of them is the best for the task and
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thus be able to have the analysis data and say which one to use in the future for object
recognition.

Read an image
or scene

Pre-process

Border detection
into the image

Segmentation

Extraction of
interest points

Recognition and
location

Interpretation

Fig. 1. Stages of artificial vision.

2 Theoretical Framework

2.1  Interest Point Detector and Feature Descriptor

Many algorithms that focus on robotic vision are based on the location of the points of
interest or key points in each image, as well as calculating a description of the
characteristic of the pixel region surrounding the point of interest. This contrasts with
methods such as correlation, where a larger rectangular pattern is passed over an image
within the pixel intervals and the correlation is measured at each location.

The point of interest is the anchor point, as it often provides the attributes of scale,
rotation and illumination invariance for the descriptor.

A point of interest can be composed of several types of corners, edges and maxima,
as shown in Figure 2.

B AN R E

Fig. 2. Interests point [2].
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2.2 Interest Points Detectors

FAST

It is a corner detector that is characterized by producing very stable relevant points.
This method belongs to the category AST (Accelerated Segment Test), It is the most
efficient computationally corners detector that exists so far. This algorithm works
through circular windows centered on each of the points of the image. For a point to
be detected as a corner there must be a minimum number of points within its window
that are a threshold amount more clear than the center or another threshold amount
darker than the center [4].

The segment test criterion operates considering a circle of 16 pixels’ candidate for
the return p. The original detector classifies p as a corner for automatic detection of
high-speed corners 5 if there is a set of n contiguous pixels in the circle that are all
brighter than the intensity of the candidate pixel Ip plus a threshold t, or everything
else dark than Ip - t, as illustrated in Figure 3.

n It was chosen to be twelve because it supports a high-speed test that can be used
to exclude a large number of non-corners: the test examines only the four pixels in 1,
5, 9 and 13 (the four directions of the compass). This detector itself exhibits high
performance, but there are several weaknesses:

— Do not reject so many candidates for n <12.

— The choice of pixels is not optimal because their efficiency depends on the
order of the questions and the distribution of the appearances of the
corners.

— The results of the high-speed tests are discarded.
—  Multiple features adjacent to each other are detected.

SIFT

The SIFT algorithm is an artificial vision algorithm originally published by David
Lowe in 1999, which is responsible for extracting distinctive features from grayscale
images. It is used primarily for reconnaissance tasks. The selected points are invariant
to scale, rotation and partially invariant to changes of point of view and illumination.
The extraction algorithm is based on the location of the maximum and minimum of a
Gaussian difference applied in the space of scales. This feature extraction allows the
algorithm to be executed in a hierarchical way so that the characteristics are calculated
from a pyramid of images with sampling between each level [2].

Detection of extremes in space-scale
D(x,y,0) = L(x,y,ko) — L(x,y,0). (@)
Here:

L(x,y,0) =1(x,y) * G(x,y,0), 2
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() @A)

G(xy,0) = 2ma?

Exact location key point

apT 1 82D (4)
= _— T ———
D(x) =D+ o x+2x 3z *

Here D and its derivatives are always evaluated at the point in question and x = (x,
y, o) T is the position relative to it.
Deriving the previous approximation and equaling it to zero, we obtain:

D™t oD
52_(TET*E)' ®)

The previous formula is replaced with the first Taylor series of grade 2, to obtain
the local maximum value:

10DT

D) =D+35 % (6)
0°D 9?%D

= — —_—= 7

Traza(H) %2 + 377 a+pB, )
_ 0°D 0°D _

Det(H)—W*a—yz—a*ﬁ. (8)

Let o = r.p, the condition is reduced to:

Traza(H)? (r+1)?
Det(H) T

)

See that as the relation r between both eigenvalues increases, so does the relation
between the square of the trace of the Hessian matrix and its determinant.

Orientation assignment
By assigning an orientation to each point of the image based on local characteristics of
the image, the key points can be described relative to these orientations and in this way
achieve invariant characteristics to the rotations.

Where to calculate the gradient m (x, y) is:

m(x,y) = ,(AL,C)2 + (ALy)2. (10)

Here m (X, y) equals to:

m(x,y) = JILex+1,y) —Lix — L,y + [Llxy + D) — L(x,y - D] (11)
Where to calculate the phase 6 (X, y), we use:

Research in Computing Science 148(10), 2019 58 ISSN 1870-4069



Comparative Analysis of Interest Point Detectors Algorithms on Robotic Operative System

AL,
6(x,y) = (A—Lx) (12)
Here 0 (x, y) equals:
Ly + 1) —Llx,y—1)
0(x,y) = (L(x +1,y)—Lx—-1y)) (13)
SURF
The SURF algorithm consists of the following phases:
—  Detection of interest point.
— Assignment of orientation to interest point.
— Calculation of descriptors associated with interest point [2].
Detection of Interest point
H(P; o) = [Lxx (p, o) ny (p, o) ny (»,0) Lyy (»,0) ] (14)

Where Lxx (X, o) is the second-order convolution of the Gaussian, 6%/(0x?) g(c) with
the image | at point x, and similarly for Lxy (p, o) Lyy (p, o).

The approximations of the partial derivatives are denoted as Dxx, Dxy and Dyy,
and the determinant is calculated as follows:

det det (Haprox) = DyxDyy — (0.9D,,)". (15)

Assignment of orientation to interest point

The first step to grant the mentioned orientation consists of the calculation of the
answer of Haar in both directions x and y.

Fig. 3. Calculation of the answer Haar. Black: -1 White: +1 [2].

After having made all these calculations, integral images are used again to proceed
to the filtering through the Haar masks and thus obtain the answers in both directions.
Only 6 operations are necessary to obtain the answer in the x and y directions. Once
the wavy responses have been calculated, they are weighted by a Gaussian value of o
= 2.5s centered on the point of interest.
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Fig. 4. The sliding sector window used in SURF to calculate the dominant orientation of
HAAR [2].

Calculation of descriptors associated with points of interest

In summary, each of the sub regions is represented by a vector of components:

v:<z ox,y oy, y loxl ). |ay|>. (16)

ORB

ORB is based in part on the BRIEF descriptor, thus the name Oriented Brief, since
ORB adds orientation to the BRIEF method and provides other improvements as well.

In BRIEF, as shown in Fig. 5, the sample points are specified in a random
distribution pattern based on a Gaussian distribution about the center point within the
31 x 31 patch region; the chosen number of sample points is 256. Selected sample
point-pairs are compared to each other to form the binary descriptor vector. The value
of each point is calculated via an integral image method to smooth a 5 x 5 region into
the point value.

The ORB pattern shown in Fig. 5 is based on choosing point-pairs that have high
statistical variance within a bounding 31 x 31 image patch, where the smaller 5 x 5
gray image patch regions are centered at the chosen interest points. Then each 5 x 5
region is smoothed using an integral image method to yield a single value for the
point [2].

Fig.5. (Left) An ORB style pattern at greatly reduced point pair count resolution, using < 32
points instead of the full 256 points (Right). A BRIEF style pattern using randomized point-
pairs [2].

It is a collection of tools, libraries and conventions that aim to simplify the task of
creating complex and robust robot behavior across a wide variety of robotic platforms.
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The computation graph level

In the Figure 6 shows the computation peer-to-peer of the ROS process.

Fig. 6. Computation graph levels [3].

3 Methodology

This section explains how the system is working. The interaction begins when the user
enters the system the find_object_2d, which in turn has the folder configuration that
ROS manages, that is, the system itself controls the hardware of both the webcam and
the computer that functions as the server of the own system, that is why there is a direct
and parallel interaction with the system and the devices, working together it receives
the images taken from the test object in order to have the data that finally arrive at the
find_object_2d system and are processed with the algorithms SIFT, SURF, FAST,
ORB which will detect if the camera captures the object or not, the architecture of the
system is shown in figure 6.

3.1  Functionality of the System the Find_object_2d

The find_object_2d system works from the communication of the webcam node which
is in the variable /usb_cam/image_raw, it is necessary to have installed the webcam
driver compatible with ROS, if you do not have the driver, you must use the following
command [3]:

$ sudo apt-get install v4l-utils

Once having the webcam driver, the next thing is to start the communication of
nodes within ROS, as shown in the figure 7:

$ roscore
Plug your USB camera into your PC, and launch the ROS usb_cam driver:
$ roslaunch usb_cam usb_cam-test.launch

Then the next step is to run the object detector node. The following command will
start the object detector node:

$ rosrun find_object_2d find_object_2d image: =/usb_cam/image_raw
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Finally, after inserting the above commands without any problem, the detector
system will show the following window as shown in figure 7.
The window is divided into 3 panels.

In the first panel the images of the events captured by the camera are inserted and
those images will be compared with the image in panel 2 if they are in both panels the
same object the algorithm must detect if there is a match object.

In the third panel are the basic configurations of the detector system. In that panel the
different algorithms will be inserted, to perform the comparative analysis of interest
point detectors, the option to perform the insertion of the algorithm is Feature 2D.

o Find-Objact

Objects ®® Camera (0 Hz-0 Hz) SURF/SURF 136 features parameters

Update objects | e

Fig. 7.Main window of the The_find_object 2d system [3].

3.2 Considerations

To perform the comparative analysis of the different algorithms, the following
hardware and software points were taken into account.

Hardware

—  With a computer with the following minimum characteristics.
o Intel processor with a speed of 2 to 3 GHz.
o RAM memory with a minimum capacity of 2 GB, recommended 4 GB.
o Hard disk with a minimum storage capacity of 500 GB.
o Have common input / output peripherals (mouse, monitor, keyboard).

— Count a digital camera with a minimum resolution of 640 x 480 pixels with
USB input.

—  (Optional) Infrared sensor with VGA camera (Kinect Xbox). Said device will

be implemented to calculate distances between the object and the image
receiver if the system requires it.

Software

— Linux distribution operating system recommended an Ubuntu LTS version
16.04.

— Activate updates of Ubuntu LTS 16.04, to update devices drivers
— Install ROS Kinect kame.
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4 Obtained Results

Table 1. Characteristics of a controlled environment in the experimentation test.

Change 1 2 3 4 5
Illumination 75% | 75% | 75% | 40% | 40%
Angle of rotation 0° 0° 45° 0° 0°
Number of objects 1 3 1 1 3

Table 2. Analysis of points by pixels in the SIFT and SURF algorithms.

SIFT SURF
Objects Averag max min average max min
e
One object 95.065% | 98.571% | 81.904% | 87.582% | 97.619% 81.008%
Three objects 90.906% | 98.571% | 64.577% | 91.482% | 97.058% 85.401%
A rotated object 87.197% | 97.744% | 67.057% | 83.66% | 95.555% | 60.191%

In the table 2 show data of points by pixel that means the interest points that every
algorithm, that is to say the quotient of the interest points on all points detected.

In section of the algorithm SURF where the average is 91.482% shows an increment
with regard to the algorithm SIFT is for this reason that the algorithm SURF detects
better than algorithm SIFT. Every point by pixel is a right matching that means interest
point and finally detected objects.

A characteristic of the algorithm SIFT is the quantity of points by pixel to detect
objects and it’s not the more important to detect a matching or interest point.

The implementation in the algorithm SURF about of points eliminated with a
condition of maximum between scales neighbors change the maximum interpolating
between scale and the octave position.

Table 3. Analysis of points by pixels in the FAST and ORB algorithms.

) FAST ORB
Objects _ i
average max min average max min
One object 2.352% 3.253% 0.216% 75.370% | 85.106% | 59.788%
Three objects 1.177% 3.770% | 0.0714% | 73.635% | 82.954% | 57.971%
A rotated object 0.604% | 1.449% | 0.0907% | 74.378% | 82.954% | 61.111%

In the table 3 show data of points by pixel of FAST and ORB algorithm to detect
objects in this proof we observe interesting results although the FAST algorithm
detects a big quantity of data or points by pixel, the percent to detect interest points is
low because is more sensible by the conditions environment we lost the umbral and
this situation changes the result of matching.
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Another example was ORB algorithm because if you change the rotation or
illumination on the object, you have a partial matching that is to say in the next 3
seconds approximately the algorithm loses interest points to detect the object.

However, the answer of ORB algorithm is faster than FAST algorithm. But FAST
algorithm has a better detection of points by pixel than ORB and it’s less sensible on
rotation of objects.

5 Conclusions

In conclusion, every algorithm has characteristics that improve the detection of objects
through of interest points but some algorithms weren’t showing results waited in the
theory.

The SIFT and SURF were constant in their results but the SURF algorithm have a
better performance than SIFT, with less points by pixel was able to detect all objects
in a short answer of processing and all environments of proof. But the best conclusion
about of SURF algorithm was the invariability of rotation, illumination and kind of
object is for this reason that SURF has an important position in the artificial vision as
detector of interest points for the recognition of objects in uncontrolled environments.
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Abstract. This paper presents the fusion of two paradigms of neural
networks: the Convolutional Neural Networks from deep learning and
the third generation Izhikevich neuron. This fusion has the purpose
to replace the multilayer perceptron layers, that usually represent a
computational cost and a large training time, for a paradigm created
to classify with a single neuron. The experimentation is carried out
in the classification domain, predicting the directions of rotation in a
simulator of self-driven vehicles. The experiments show similar results
to the multilayer perceptron model in the evaluation metrics but the
training time is reduced.

Keywords: Izhikevich neuron, convolutional neural network, deep learn-
ing, steering classification.

1 Introduction

Deep Neural Networks is one of the most used techniques nowadays for the object
detection and classification in digital images, because they do not require specific
parameters for each type of image, they adapt to the image in a automatic.
However, one of the great disadvantages of this paradigm is the slow training
process, which even with hardware of great processing capacity, requires hours
or days of processing. Another limitation is the need for large databases to train
and be able to perform the task successfully.

To reduce the training time of a Deep Neural Network, several solutions
have been proposed. One way to reduce time is to reduce the training data, a
related paper is [4] in which it is proposed to make a selection of representative
data with heuristic values granted by human experts, this method decrease the
training time without affecting the performance of the neural network. There
are also more intelligent proposals in which techniques accelerate the learning of
the network. For example in [18] is proposed to use an optimization technique
based on Particle Swarm for the backpropagation, decreasing training epochs.
Another way to accelerate learning is by intelligently tuning of the training
parameters using sophisticated techniques like the shown in [17], which presents
an optimization of the learning rate, and likewise to the previous proposal,
decreasing the training epochs.
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A less sophisticated but effective alternative to reduce training time is to
increase the hardware used for this task, for example in [7] a framework is created
to distribute the processing in a cluster of servers. And on the other hand, the
use of deep neural networks in embedded systems has been very difficult due
to the need for powerful hardware, which has forced to improve the devices in
which these systems are used, as in the work of [10].

Although the proposals of the state-of-the-art present acceptable results there
are some complications. In the first place, using only representative data might
cause the network not to be able to classify correctly those objects that are not
very recurrent in the training data or that resemble the most common ones. On
the other hand, although intelligent methods for learning acceleration are the
ideal technique to reduce the training epochs, it implies a second processing and
as is well known, the convergence of the Particle Swarm algorithm requires a long
time due the complexity of O(n - p+ Cof - p) where n is the dimension of the
problem p is the population size and Cof is the cost of the objective function.
For this reason, although they reduce epochs, training time can be increased.
Finally, enhancing hardware is not the best option when you do not have the
necessary resources.

A solution proposal more to the problem is the implementation of a updated
neuronal paradigm. In this document is proposed the fusion of a Convolutional
Neural Network for the extraction of information from digital images and the
Izhikevich Neuron [8] used as a control model. The combination of the deep
learning paradigm and the third-generation neuron allows a reduction of the
training time without using algorithms or additional methods to the training of
this neuronal model. The fusion of these paradigms allows to reduce the number
of neurons in the classification layers (multilayer perceptron) thus causing a re-
duction of the processing without affecting the performance in the classification.

The following sections of the document sections are organized as follows. The
Section 2 describes the theoretical concepts necessary to understand the func-
tioning of convolutional layers in a deep neural network. The description of the
third generation Izhikevich neuron is shown in the Section 3, as well as the fusion
of this with the convolutional layers. The data used for the experimentation, the
methods of evaluation and the configurations of the experiments are presented
in the Section 4. Finally the results obtained and the comparison is made in the
Section 5 and the conclusions in the Section 6.

2 Background

2.1 Convolutional Network

This type of neural network has great advantages of automation in the task
of extracting image information. In this paradigm, no known image processing
filter is applied, but through the training, it learns the image processing filters.
In general, the first convolutional layer learns to detect edges, while the second
can learn to detect more complex shapes that can be formed by combining
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different edges, such as circles and rectangles. The third layer and beyond learn
much more complicated features based on the characteristics generated in the
previous layer [14].

The Convolutional Neural Networks (CNN) are based on the convolution
of signals in two dimensions and on the detection of filter-based characteristics
(called kernel) that they learn through training. To extract the information, the
kernel performs the 2D convolution operation, expressed in the Equation 1, to
the input image. Where N and M are the dimensions of the image, n; and nq
represent the column and row indices of the pixel being processed, k1 and ko the
kernel indexes [12]:

N—-1M-1

711,712 Z Z x klka)h(nl —ki,ne — kz)
Ka—0 k1 =0 (1)

0<n <N-1,0<ny<M—1.

To train the convolutional layers, the backpropagation of the error technique
is used through the convolutional layers. This is very similar to the backprop-
agation for a multilayer perceptron network, the difference is that the weight
connections are scattered, since the different input areas share the same weights
to create a map of output characteristics. In general, the feature map is obtained
through the function expressed in (2). Where w represent the kernel weights
and a a first feature map obtained. On the other hand, the kernel weights are
adjusted by calculating the descendant gradient which is expressed in (3). Where
L represents the error function:

2 2
- Z Z W(3—m)(3—n) * A(i—1+m)(j—1+m)> (2)

n=1m=1

OL 0S;;
8w” Z Z Si; 8wzjj ' (3)

j=1j=1

In the generality of the Convolutional Neural Networks, there are layers
of dimensionality reduction; Max Pooling layers are given by a discriminant
function where the maximum value is selected in each region of the image
by moving a kernel through it, thus generating a new feature map of smaller
dimensions to the original. The function of this filter is given in (4), where n is
the kernel dimension, N is the dimension of the image and u(-) is the window
function:

nxn
a; = maxla,
J N><N( [

u(n,n)). (4)

On the other hand, there exists layers of Average Pooling, which follows the
same principle as the previous one, with the difference that in this, the kernel
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take an average of the region according to (5) [16]:

nxn
2 q

NXN
XT' (5)

a; =

2.2 1Izhikevich Neuron

This model emulates the pulsation behavior of a certain type of neurons known as
cortical. The model combines the biological plausibility of Hodgkin-Huxley-type
dynamics and the computational efficiency of integration and firing neurons
(spiking networks) [9]. This neuron has the ability to perform non-linear classifi-
cation unlike its predecessor, the simple perceptron. The model in question has
been evaluated in multiclass [15] and non-linear applications [13].
Algorithmically this neuron depends on a series of parameters, which are
distributed in three equations [6]; (6) represents the energy gain of the neuron,
in (7) recovers the energy through time and finally (8) emulates the pulse of the
neuron to reach a certain threshold and the restart of the neuron gains [5]:

d
cd%’ = k(v —v) (v —vy) —u+1, (6)
du
o = alb(v - v,) — ), (7)
vV c,
Uzvpeak:{uequd. (8)

The weight adjustment is one of the contributions of [5] to Izhikevich’s
original model. This adjustment is given by calculating the difference in pulses
obtained and expected, multiplied by the inner product of the synaptic weights
w and the inputs x, scaled by the learning rate . However, this method works
correctly for the binary classification, but for a classification of multiple classes
it is necessary to make an extension of this function using the medium, as shown
in (9):

3

3=

Aw =« -
i=0

(y—9)* (w x z). (9)

In general, an Izhikevich neuron is trained through N epochs, for each the
calculation of synaptic currents I is made based on the inner product of the
weights and the inputs plus the bias, this synaptic current serves input for the
calculation of the membrane potential of the v neuron that accumulates through
1000 iterations, achieving y pulsations. The algorithm of a single epoch is defined
as shown in Algorithm 1.
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Algorithm 1 Izhikevich neuron algorithm.

Input: z € R",y € Z
Output: y € Z
I [(wxz)+1)*>+0
u <40
V4 Uy
for i + 0 to ¢« = 1000 do
v v+[k'(v7v7~)7cgv7vt)fu+l]
u  d[b(v — vr) — u]
if v > Vpear then
v c
u+—u+d
y<—y+1
end if
end for

E(w) + 5> (yi— )’
i=0

Aw + o E(w) - (w X )

return y

Here x € R”™ represents the input vector, y € Z the number of pulses emitted
by the neuron and 3’ € Z the expected pulses. w € R™ represents the weights
that match the inputs. The variable v € R represents the membrane potential of
the neuron and u € R represents a variable of membrane recovery, which explains
the activation of ionic currents k € R and the inactivation of ionic currents, and
provides negative feedback to v.

3 Convolutional Network and the Izhikevich Neuron
Fusion

As mentioned in the Section 1, the use of another type of neuron than the percep-
tron in the classification layer reduce the training time. To extract information
from digital images, it is still necessary to use a Convolutional Neural Network,
however it is possible to replace multilayer perceptron layers, in this case by a
spiking Izhikevich neuron.

In general, the fusion occurs when the numerical information obtained in
the process carried out by the CNN is extracted. This numerical information is
introduced as a synaptic vector to the Izhikevich neuron, similar to how it is
done with the simple perceptron. The neuron performs the process mentioned in
Algorithm 1 during training N epochs to adjust the weights w. Unlike the percep-
tron, the Izhikevich neuron does not return predictions given by the function o (-)
where 3y’ € R — [0, 1] or by the function tanh(-) where y’ € R — [—1, 1], but this
neuron returns pulses which comprise y' € Z — [0, 00]. So in the implementation
was necessary a transformation of the labels of each class.
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The implementation was handled as two dependent modules, a function was
implemented that communicates both modules. From the CNN, extract the
vector of characteristics obtained from the image and in the opposite direction
normalize the cost function (Mean Squared Error mentioned in the Section
4) obtained from the Izhikevich neuron and introduced into the CNN for the
backpropagation. The fusion of these modules is seen in Figure 1.

/- PREDICTION
CNN _( FEATURE | 1ZHIKEVICH v -
MAP "]  NEURON
/
A

ERROR Yw

RATE / COST

FUNCTION |~

Fig. 1. Network fusion scheme.

3.1 Model Setup

As mentioned earlier, Izhikevich neuron depends on a series of constant param-
eters. These parameters must be configured in an appropriate way to achieve
good classification results, experiments were performed with the configurations
proposed by [3] and [15], however the best results were obtained with the con-
figuration proposed in [5]. The parameters used are shown in Table 1.

Table 1. Parameters of the Izhikevich neuron.

Parameter| Value
a 0.03
b -2
C 100
d 100
[ -60
vt -40
c -50
k 1.7
Upeak 35
[eY 1.07°
w 0.0

Although the original model proposed by Izhikevich establishes the value of
the bias 6 as a constant, the observation of the antecedent paradigms is that
they update this value of bias in a similar way to the weights w, for this reason
the experimentation was carried out using a proposed update of 6 expressed in
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(10), in such a way that it adapts to the data and it is not necessary to do the
tuning manually for each case:

0=0+a-(y—y)  (wxz). (10)

The CNN shares some parameters of the Izhikevich neuron as the learning
rate a. This proposed model has layers of pooling, in total it has 3 of these,
one of max pooling (Equation 4, Section 2.1) with kernel of dimension N = 3.
The other two consist of layers of average pooling (Equation 5, Section 2.1), of
dimensions N = 4 and N = 2. The justification for this configuration is the
reduction of obtained characteristics, since this way a vector of 384 input values
for the Izhikevich neuron is achieved. When leaving the configuration without
pooling layers, a vector of 588,800 input values is obtained, which can greatly
affect the behavior of the pulses. the whole of this proposed model can be seen
in Figure 2.

t

1 izhikevich neuron

2x2 av. pooling kernel

71 3x3 kernel e
__4x4 av- pooling kernel

//SXS kernel «— :/—/17 =

% 3x3 max pooling kernel
o 3x3kernel =

5x5 kernel

Sx5 kernel

=

[ Normalization |

!

Fig. 2. Proposed model.

As shown in Figure 2, the proposed model is composed of two blocks given by
the Convolutional Neuronal Network and Izhikevich neuron. In the CNN block
it appears as input an image of size 66 x 200 with 3 channels (RGB). Layer 1
(C1) convolves the input image with 24 filters of size 5 x 5 obtaining 24 size
feature maps 62 x 196 without reduction:

2 4 4
Cl@j =0 <Z Z wanﬂl . .T?;l+m7j+n + b) . (11)

d=0 m=0n=0
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To make the output of the nonlinear linear operation, it is advisable that the
convolution output is passed through a Linear Units Rectifier (ReLU) o(z) =
max(0,x). Layer 2 (C2) convolves previous maps with 36 filters of size 5 x 5,
obtaining 36 feature maps of 58 x 192. Layer 3 (C3), the convolution is carried
out using 48 filters of 5 x 5, obtaining 48 maps of 54 x 188. Data reduction is
done from layer 4 (P4) of Max Pooling (4) with filter size 3 x 3 getting the same
48 feature maps but with size 18 x 62:

(12)

P4i,j = Imax J L .
C3ij+1 C3it1,j+1

Layer 5 (C5) convolves through 64 filters of 3 x 3, obtaining 64 maps of 16 x 60.

In layer 6 (P6), the reduction is made through the filter Average Pooling (5) of
size 4 x 4, obtaining 64 maps of 4 x 15:

N—-1N-1

> Citmjin

PG j = == : (13)

Layer 7 (C7) convolves with 64 filters of 3 x 3, obtaining 64 maps of size 2 x 3.
Layer 8 (P8) reduces the size of the maps with a filter Average Pooling of 2 x 2,
obtaining 64 maps of 1 x 6. Finally, layer 9 (F) crushes the maps obtained in P8
of size d x m x n in a one-dimensional vector, F : P8IXmxn i, Pglx(dxmxn)
Given the output of F, the CNN output vector consists of 384 values.

In the Izhikevich block, x represents the vector F. The = entry is processed
by the operations performed in the Algorithm 1, The output of the block consists
of the pulse train y’ € [0,100] given by the activation function (8), similar to a
multilayer perceptron in the discrete domain. The pulse trains are interpreted
as the discrete prediction obtained from the proposed model, to evaluate the
prediction a transformation processes are performed, which is detailed in Section
4.1. The synaptic weights w is a vector of the same length of the inputs x, through
the inner product and the control of a hyperparameter 6 calculates the synaptic
energy of the neuron, it is accumulated during 1000 iterations generating a pulse
when it exceeds the threshold vpcqi. The total of pulses obtained in the neuron
is recognized as the prediction, this serves to calculate the loss function which
is used for the adjustment of the weights w (9) and retropropagated to the
convolutional block.

The convolutional block is adjusted by the optimization algorithm Adam [11],
once the Izhikevich block obtains the error function, it is retropropagated to the
previous block to do the adjustment of the synaptic weights in the training
iteration ¢ (14), where « is the learning rate, (m;) the exponential moving
average of the gradient (loss function), (v;) is the squared gradient and ¢ a
hyperparameter of the algorithm:

Wi wi_q — M (14)

(Vi +€)
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4 Experimental Setup

4.1 Data

As an experimental purpose, it was proposed to work with images captured in
the Udacity simulator, which is used for the development of autonomous vehicles.
The information provided by this simulator is a pattern of three images obtained
from simulated cameras mounted on the vehicle, directed towards the front of the
road, the three cameras remain perpendicular to the vehicle and are distributed
to the center and one in each respective position of the edges side of the car, these
images are shown in Figure 6. Each image has a resolution of 320 x 160 pixels
and is trimmed to remove 60 pixels containing the sky and 25 pixels containing
the front of the vehicle. Coupled with this pattern of three images, there are
as a class an angle of the steering wheel, which represents the expected action
depending on the shape of the road.

(a). Left camera. (b). Center camera. (c). Right camera.

Fig. 3. Images obtained from manual driving in the Udacity simulator.

It is worth mentioning that this angle of rotation of the steering wheel is
represented in radians and comprises in a closed interval of y = [—0.41,0.41] so
there is a total of 83 classes if only two floats are considered, as shown in Figure 7.
A limitation is that this model has only a single classification node, so a problem
of 83 classes is an unfair challenge for a single neuron, and on the other hand
increasing the number of Izhikevich neurons would represent a computational
cost equal to or greater than the Multilayer Perceptron. Therefore, the Equation
(16) is proposed to perform the transformation of this angles to N classes. For
example in Figure 4b, the angles were divided into 3 intervals conformed by the
expressions mentioned in (12). In the same way it can observe the intervals of
10 classes in the Figure 9. This transformation allows experiments to evaluate
the performance of the proposed model as the complexity of the problem rises:

classes classes

F@) = {658 (min + Pstptinecli) <y < (g + Wamtmesl .4 1)), (15)

0 if y < —0.13,
fly) =14 1if —0.13 <y <0.13, (16)
2 if 0.13 < y.
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(a). Original data with 83 (b). Transformed data to (c). Transformed data to
classes. 3 classes. 10 classes.

Fig. 4. Steering wheel angle as class.

However, classification with the Izhikevich neuron returns only positive in-
tegers, which are defined as pulses. Therefore, the normalization of the data is
proposed using (17) to obtain values in the closed interval y' = [0,100], in order
to compare the output pulses with the real classes of the database:

y = " Imin g, (17)
Ymaz — Ymin

Now, if the angles (classes) of the database were scaled with (17) to be
represented as pulses, both these angles and the output pulses of the neuron
need to be rescaled to the interval y = [—0.41,0.41] to be later interpreted.
To perform this scaling process, is used the inverse algebraic of (17), whose
expression is shown in (18):

/

=Y.
100

The driving database was created with a total of 11,343 instances, which
contains a total of 34,029 images. Although the three views are offered, in
this experiment it is not the case to predict the exact angle of rotation, for
which reason only the image captured by the central camera will be taken
into account. For the training parameters, different combinations were made to
evaluate the amount of data that can be classified correctly. These experiments
involve evaluating both models in training through 50, 100 and 200 epochs
to evaluate the learning behavior. The performance test is also carried out in
classification, evaluating the classification for 3, 5 and 10 classes, each experiment
with their respective validation set equivalent to 20% of the total training lot,
using only data that was not used for the training.

Y (ymaa: - ymin) + Ymin- (18)

4.2 Evaluation

For this experimentation, two types of evaluation are required; The first type
is to measure the rate at the proposed model learns from training data and
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backpropagation. To perform this measurement it is necessary to graph the
values obtained of the cost function through each training epoch. This cost
function is given by the Mean Squared Error expressed in (19), the metric obtains
the mean of prediction error taking the difference between the expected output
and the obtained output. As a support to this metric, it is also proposed to
evaluate with the metric of the Root Mean Square Error in (20), observing that
one of the classes is negative and the MSE may present variations:

n

1

MSE == =Y/ -Y;)? 1

SE= 3 = -y, (19)
1TL

MSE= =) =(Y/-Y;)2 2

RMS n; (Y/ =) (20)

The second type of evaluation measures the quality of the prediction. There-
fore, it is proposed to use the metrics derived from the confusion matrix. The
main diagonal represents the true positives (TP), that is, the prediction hits.
However, to calculate false positives (FP) it is necessary to add the values of
the x column except the value belonging to the TP. For the calculation of false
negatives (FN) it is the same procedure but now with the sum of the row x. The
first metric derived from the confusion matrix is the recall expressed in (21), this
metric measures the percentage of patterns that were correctly classified among
all the patterns. The second metric is precision, this metric expressed in (22) is
similar to the previous one and measures the percentage of success for a single
class. Finally, the F measure metric is shown in (23). This method combines
precision and recall to obtain a balanced measure:

TP
ll=——— 21
reca TP L FN (21)
TP
pr@Cl’SiOn = m, (22)
L Ston, - Il
Fmeasure — 2 - precision - reca (23)

precision + recall”

5 Results

The implementation of this fusion was developed in the Python 3.4 language
using the Tensorflow 1.1.0 and Keras 2.2 libraries supported by CUDA 8.0 and
cuDNN 5.1 drivers for the CNN. The implementation of the Izhikevich neuron
was done in Python tOo without the support of the mentioned libraries. The
environment used for this experimentation consists of an Intel Core 17-7700
with 4 cores 8 threads 3.6 GHz, SSD storage 120 GB and a GPU Titan X, 3072
cores CUDA 1075 MHz 12 GB RAM. All under the Xubuntu 14.04 Trusty Thar
operating system.
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In order to compare the experimentation of the proposed model, the deep
neural model Pilotnet [1,2] was evaluated. This model was designed to train with
the 83 classes mentioned in Section 4.1, but it was evaluated in the same way as
the proposed model.

5.1 Training Results

As mentioned in the Section 4.2, the experimentation was carried out under the
criteria of training and classification quality. For this first experiment, the MSE
and RMSE cost metrics were plotted to measure the rhythm of learning of the
proposed model. In short, the graph should show a slope that tends to 0, it
indicates that a better classification is being done in the validation stages after
a training period. In Figure 13 shows the comparison of the gradients obtained
in the training of 100 epochs.

— MSE —— MSE
RMSE | RMSE

0.10 A

0.10 1
0.051

6 2'0 4‘0 6‘0 Bb 160 o 20 40 60 80 100
Epoch Epoch

(a). Training with 100 epochs and 5 (b). Training with 100 epochs and 3
classes. classes.

Fig.5. Mean Square Error and Mean Quadratic Error obtained during the
training of the proposed model.

The gradients obtained in the previous experiment are acceptable since they
trend to 0. However, by zooming in on the graph, an erratic behavior in the
rhythm of learning is appreciated. These variations depend to a large extent on
the dispersion and balance of the classes. Although the gradient is maintained or
grows, it remains in acceptable values to make a good classification. The erratic
behavior mentioned above can be seen in Figure 14, where a comparison is also
made with the gradient of the Pilotnet model.

Observing the graph of the gradient, a great difference can be seen between
the learning of both neuronal models. On the other hand, it is appreciated that
the proposed model reaches a minimum learning point in which despite adding
training epochs this does not improve the results. This observation does not
represent a disadvantage, this is an advantage to demonstrate that this neuronal
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—— Pilotnet
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Fig. 6. Cost function in training with 100 epochs and 10 classes.

paradigm requires fewer training periods, however it is limited by capacity and
data. Now, the training time is clearly shorter in the proposed model. The time
that take to train in the experiments are shown in Figure 15.

—— Pilotnet
Izhikevich

20000 1

15000 -

Time (sec)

10000

5000 -

T T
50 100 200
Epoch

Fig. 7. Time of training for both models.

The time graph shows a big difference in the time it takes to train both
models. This is due to the reduction of complexity with respect to the comparison
model. To better visualize the time obtained in the experiments, Table 2 is
shown, where the time is in seconds for each experiment.
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Table 2. Time that took the experiments.

Model Training Time (sec)
[ Proposal 50 epochs ]| 189.19 |
[ Pilotnet 50 epochs [ 5,925.55 l
[ Proposal 100 epochs [ 378.53 ]
[ Pilotnet 100 epochs [ 11,954.79 ]
[ Proposal 200 epochs [ 774.40 ]
| Pilotnet 200 epochs | 23,719.89 |

5.2 Classification Results and Comparison

Given the reference, the experimentation was carried out equitably with 100
epochs of training for both models. This evaluation is done for 3, 5 and 10
classes with the intention of evaluating the maximum capacity of the Izhikevich
neuron for the classification. The results obtained are shown in Table 3.

Table 3. Results obtained for both models in classification with 100 epochs of
training.

Metrics
Model Precision Recall F-Measure
Proposal 3 classes 0.991 0.983 0.987
Pilotnet 3 classes 0.999 0.994 0.996

W l
l [ [ |
1 1 1 l
| | | |
Proposal 5 classes | 0.855 [ 0.845 [ 0.849 |
| | | |
1 1 1 l
1 1 1 |

Pilotnet 5 classes 0.991 0.966 0.966
Proposal 10 classes 0.740 0.741 0.740
Pilotnet 10 classes 0.911 0.897 0.903

Although the model that classifies through the multilayer perceptron presents
slightly results, this considerably increases the training time. The proposed
model requires much less time of the referent model, even though the perfor-
mance results in classification are very close in case of 3 classes. Although in
the case of increasing the number of classes reduce its classification capacity,
depending on the problem to be treated, it could be considered as a faster
option. Recalling that this generation of neural networks are in research for
new applications.

Another aspect to consider is that the Izhikevich neuron depends on a series
of constant values. Although for most of these constants there is a recommended
value, in the specific case of the threshold (6) it is observed that for most of
the neuronal paradigms this parameter must be adjustable as the weights (w).
As a proposal to contribute to the development of this neuronal paradigm, an
update of the threshold is proposed given the function expressed in (10). It
is worth mentioning that the experimentation reported here was implemented
considering the aforementioned update and showing good results.
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6 Conclusions and Future Improvements

As demonstrated in this research, one way to reduce the training time of a Neural
Network is to use an alternative to the Multilayer Perceptron Network commonly
used for classification. This simple but effective solution is able to reduce training
time considerably due to the remarkable decrease in neurons to be processed. As
presented in this article, the Izhikevich neuron is able to correctly classify the
patterns obtaining metrics very close to those of the reference model in a problem
of medium complexity with 3 classes. Although in the literature is reported that
this type of neuron turns out to be useful for binary nonlinear classification,
thanks to the adjustment of the Convolutional Neuronal Network it can improve
the results allowing classifying with more classes.

Although the experimentation shown here consists of not extensive training
sets with the full number of classes, the improvement of this proposed model
will be able to result in problems of classification in Big Data, which is planned
as a future work. Similarly, the dynamic adjustment of the parameters of the
Izhikevich neuron, such as the one shown in the Section 3.1 Equation (10), is an
aspect to be improved since it depends to a large extent on experiments prior,
and as is well known, a neural network is a non-parametric algorithm.
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Resumen. La deteccion e identificacion de peatones, asi como su rastreo, es un
problema abierto en el &rea de la vision artificial que se ha atacado de formas
muy diversas. Este trabajo presenta una propuesta para la deteccion de peatones
utilizando técnicas de analisis de imagenes para la extraccion de caracteristicas
de un peat6n basadas en histograma de gradientes orientados y patrones binarios
locales los cuales, son extraidos de una region de interés previamente detectada,
combinados e ingresados a una maquina de soporte vectorial que funge como
clasificador entre muestras de peatones y no peatones. Un rastreador basado en
el algoritmo MeansShift es implementado por su eficiencia en el procesamiento
del rastreo y la identificacion de las nuevas ubicaciones de cada uno de los
objetivos detectados.

Palabras clave: deteccién de objetos, gradientes orientados, patrones binarios,
MeansShift, soporte vectorial.

Detection and Tracking of Pedestrians using Feature
Vectors of Oriented Gradient Histograms and Local
Binary Patterns using a Support Vector Machine

Abstract. The detection and identification of pedestrians, as well as their
tracking, is an open problem in the area of artificial vision that has been worked
in many different ways. This paper presents a proposal for the detection of
pedestrians using image analysis techniques for the extraction of characteristics
of a pedestrian based on histogram of oriented gradients and local binary patterns
which are extracted from a region of interest previously detected, combined and
entered to a vector support machine that functions as a classifier between samples
of pedestrians and non-pedestrians. A tracker based on the MeanShift algorithm
is implemented for its efficiency in tracking processing and identifying the new
locations of each of the detected targets.
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Keywords: object detection, oriented gradients, binary patterns, MeanShift,
vector support.

1. Introduccion

La deteccidn y el rastreo de objetos han representado un reto en el area de la vision
artificial desde hace varias décadas, siendo actualmente de los mas estudiados gracias
al desarrollo de hardware mas potente que permite un mejor desempefio en las tareas
necesarias para llevar a cabo la deteccion de los objetos de interés y su rastreo.

En este trabajo se aborda una propuesta de solucién a la deteccion de objetos que
excluye aquellos que no correspondan con la descripcidn de un peaton y posteriormente
llevar a cabo el rastreo del objetivo utilizando una caja de contenido.

La deteccién de objetos en una toma aleatoria ha sido estudiada empleando
diferentes algoritmos, generalmente sustrayendo el fondo con diversas técnicas de
anélisis de imagenes y modelos de color, por ejemplo, Leykin [9] presentdé una
propuesta en el 2010 empleando un modelo basado en la temperatura del color para la
sustraccion del fondo y la deteccion de los objetos visibles. Por otro lado, Zheng et al.
[1] trabaj6 en el 2017 una propuesta de actualizacion continua empleando un modelo
de color RBG y aplicando promedios sobre cada pixel, de forma tal que, al evaluar una
imagen con un objeto mévil, dicho modelo genere una diferencia probabilistica sobre
los pixeles en el fotograma evaluado. En el 2016 Lacabex et al. [5] realiz6 la deteccién
de objetos en su sistema empleando una resta directamente entre el fondo y los
fotogramas actuales en un modelo RGB, aplicando posteriormente dos umbralados en
cada canal de color: uno bajo y uno alto; tras lo que aplico una operacién de correlacion
entre ambos.

Existen otros trabajos que no realizan una blisqueda de objetos en la imagen, sino
que evaltan directamente la existencia de peatones, como en el caso de Yi et al. [2]
donde se empled una blisqueda por contorno y formas a través de un algoritmo de
maquina de estados algoritmica (ASM) [11] y un modelo probabilistico basado en una
distribucion Gaussiana.

Lim y Kim presentaron en el 2013 una deteccion de peatones basada en la extraccion
de caracteristicas empleando el histograma de gradientes orientados [6] (Histogram of
Oriented Gradient, HOG por sus siglas en inglés) para posteriormente realizar la
clasificacion utilizando el algoritmo AdaBoost propuesto por Viola y Jones [10]. Por
su parte, Li et al. [7] realizaron un trabajo con algunas similitudes al de Lim et al., sin
embargo, la principal diferencia fue el uso de una maquina de soporte vectorial (Support
Vector Machine, SVM por sus siglas en inglés) las cuales se basan en la construccion
de hiperplanos que separan las muestras en clases linealmente separables utilizando los
Ilamados vectores de soporte.

Existen diversas propuestas para realizar el rastreo de un objetivo; entre aquéllas que
se basan en peatones tenemos ejemplos como: el trabajo de Chen et al. [8] en el cual el
rastreo se realiza en cada fotograma con la deteccién continua de objetivos y la
diferencia entre ambos para determinar las nuevas ubicaciones a través de una deteccion
de orientacion de movimiento. Por otra parte, el trabajo de Li et al. [7] también incluye
un rastreador basado en una combinacion entre los algoritmos de rastreo Camshift [13]
y el filtro Kalman.
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En nuestra propuesta, se aplica una separacion de los canales de color empleando los
canales de intensidad, luminiscencia y los tres canales RGB extrayendo la informacion
atil de cada canal, realizando un umbralado y sumandola posteriormente para obtener
los objetos existentes en la toma.

Ademas, se empled una clasificacion entre peatones y no peatones utilizando un
clasificador SMV, con la diferencia de que es alimentado por vectores de caracteristicas
HOG y patrones locales binarios (Local Binary Patterns, LBP por sus siglas en inglés)
[4] los cuales describen las caracteristicas de textura en una imagen. Finalmente se
utilizé un algoritmo MeanShift [12] para llevar a cabo el rastreo de los peatones
encontrados, basado en la bisqueda por ventana de histograma de color que describan
a los objetivos y su centroide.

2. Metodologia

El modelo de solucién se basa en diversas etapas secuenciales que corresponden a
los procesos necesarios para segmentar las caracteristicas, de forma que el sistema
pueda detectar y rastrear a los objetivos en los fotogramas procesados mostrado en la
Fig. 1.

Entrada Lectura de Obtencién: Sustraccidn Detector Extraccién de Clasificador

» | » — —»| —>
de video fotograma RGB, HSL, HSI del fondo de objetos vectores HOG y LBP VM
Iy
Muestra negativa ¢Peaton?
r'y
Objetivo
perdido Muestra positiva
Objetivo
Marca del encontrado | Aplicacién de Extraccion de _ Lectura de Inicializador
objetivo Meanshift histograma de color  [¥ fotograma de rastreo

Y

Fig. 1. Diagrama de flujo del algoritmo de rastreo.

2.1. Deteccion de peatones

Empleando la lectura de los fotogramas de video se obtienen los canales HSL, HSI
y RGB (Fig. 2) mediante los cuales se realizan diversas operaciones de andlisis de
imagenes y de morfologia matematica para la deteccion de peatones.

El modelo propone tener siempre la informacion sobre el fondo de la imagen, de
forma que se pueda optimizar el proceso de deteccion de objetos.

Para identificar diferentes caracteristicas en la toma de acuerdo a los cambios de luz
y color de los objetos presentes en la toma extraemos los canales de luminiscencia,
intensidad, RGB y su conversion a escala de grises.
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Fig. 2. a) Fondo RGB. b) Fondo a escala de grises. ¢) Fondo en canal de luminiscencia. d) Fondo
en canal de intensidad.

Se emplea una operacion para obtener la media del fondo en cada uno de los canales
propuestos cuando no se han detectado objetivos para el rastreo (1), lo que permite la
reduccion del ruido generado por cambios de iluminacion:

n
pe =22 (1)
donde p, representa la media del fondo a través del tiempo, Zj.;(l) F; representa la
sumatoria del conjunto de fotogramas analizados donde no se ha detectado ningln
objeto y n es el nimero total de fotogramas analizados que cumplen esta condicion.
Para realizar la deteccion de los objetos en el fotograma actual se sustrae la media
del fondo a la imagen actual, aplicamos valor absoluto al resultado (2) y finalmente se
umbrala el contenido de la imagen obteniéndose una imagen binaria (3):

Ty = |Fj — il )

T; = {255Sip(x,y) 2u0Sip(x,y) <u, (3)

donde F; es el valor del fotograma actual, u, define el promedio del fondo, T; es el valor
del fotograma resultado de la resta, mientras que p(x,y) representa cada uno de los

pixeles presentes en T;.

Aplicando la Ec. (3), obtenemos objetos mas cercanos a los presentes dentro de la
escena en cada uno de los canales de color procesado, los cuales seran almacenados en
un Unico fotograma realizando la unién logica de las 4 imagenes binarias como se
observa en la Fig. 3, donde A4;, B;, C;, y D; son los planos binarios y U; es la union de
todos ellos (4).

Para eliminar las particulas que no son parte de los objetivos detectados sino
pequefios segmentos de ruido presentes en la toma, utilizamos un operador morfol6gico
de apertura (7),

A, = A®B, ®)
Az = AOB, (6)
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AoB = (A®B) OB, (M

donde A representa al conjunto de pixeles de la imagen procesada, B es el elemento de
estructura seleccionado (un cuadrado de 3x3 pixeles), La Ec. (5) muestra la operacion
de dilatacion del elemento de estructura sobre la imagen binaria y la Ec. (6) representa
la operacion de erosion del elemento de estructura sobre la imagen dilatada.

Fig. 3. a) Objetos obtenidos desde RGB. b) Objetos obtenidos desde la escala de grises. c)
Objetos obtenidos desde el canal de luminiscencia. d) Objetos obtenidos desde el canal de
intensidad.

Finalmente, la operacion de dilatacién extra es aplicada con el fin de ampliar los
objetos detectados y tener una mejor percepcion de ellos durante la seleccion de la
region de intereés, el resultado de estas operaciones se puede observar en la Fig. 4.

Fig. 4. a) Fotograma actual b) Uni6n de imagenes binarias c) Apertura morfolégica. d) Dilatacion
morfolégica con elemento de estructura cuadrado de 3x3 pixeles.

Con los datos obtenidos tras las operaciones morfologicas se tiene una descripcion
de los objetos detectados, lo cual permite obtener regiones de interés (Region of
interest, ROI, por sus siglas en inglés) sobre las cuales se determina si han sido 0 no
identificados los peatones entrantes a la toma. Las ROI se utilizan para analizar los
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objetos detectados y extraer sus caracteristicas mediante vectores dados por el
histograma de gradientes orientados y los patrones binarios locales.

2.1.1. Extraccion de caracteristicas HOG

El histograma de gradientes orientados se basa en el supuesto de que toda imagen
tendra los mismos cambios en su iluminacion sin importar si ésta es clara u obscura,
ademas, tiene un funcionamiento eficiente cuando se evallan imagenes con cambio de
escala; gracias a que otorga una descripcion de los gradientes dentro de la imagen y la
direccion de estos.

Dada una imagen en escala de grises dividida en celdas (para este caso contempladas
como 8x8) se determina el gradiente computacional descrito por las Ecs. (8) y (9):

G (6, y) = [-1,0,1] - [I(x = 1,y), 10, ), I(x + L], (8)
Gy (e, y) = [-1,01] - [ICx,y — 1), 106, ), 1Cx,y + D] )

La magnitud de cada pixel esté definida por la ec. (10):
G(0,y) =G (6, )2 + Gy (x,)?, (10)

mientras su direccion estd dada de la siguiente forma (11):

@(x,y) = arctan (11)

Ge(x,y)|

Convencionalmente se utilizan 9 contenedores que dispondran de todos los angulos
entre 0 y 180 grados. Cuando el angulo de un pixel entra dentro del rango del
contenedor, la magnitud de este es sumada al mismo y contemplada como 0 para todos
los demés, tal y como lo describe la Ec. (12):

hog; = {G(x,y)p(x,y) € contenedor(i)0 & contenedor (i). (12)

Agregamos cada uno de los valores obtenidos a los vectores de caracteristicas de
cada una de las celdas dentro de toda la imagen. Para poder tener una descripcion
correcta de todos los cambios de iluminacion y contraste, es necesario normalizar
localmente, por lo que debemos agrupar las celdas en grupos de mayor tamafio. Dado
lo anterior, el descriptor por bloques esta dado por la concatenacion de los histogramas
normalizados generados en cada celda. Estos bloques generalmente suelen
sobreponerse lo que significa que cada una de las celdas podré ser considerada en méas
de una ocasion para el descriptor final (Ec. 13):

hogp

VllhogglZ+€ (13)

donde hogj es el descriptor de cada bloque y € representa un pequefio valor constante
(teéricamente no importa cudl) agregado para evitar problemas numéricos en la raiz
cuadrada.

Entonces, el descriptor final estara dado por la concatenacion de cada uno de los
bloques dentro de los 9 contenedores.

hogp =
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2.1.2. Extraccion de caracteristicas LBP

Por su parte, LBP describe las caracteristicas de textura encontradas en un objeto
analizando los pixeles de forma local y otorga valores de peso en aquellos que tengan
una relacion de valor muy cercana y a su vez aleja otros que no tengan ninguna relacion
0 un parentesco.

™ | 5| 70 1| 70 | wmm (100100 1 1)

Ejemplo Umbralado Patrén

Fig. 5. Célculo de LBP.

Acorde al ejemplo anterior (Fig. 5) podemos determinar el valor del pixel central
con una méscara de 3x3 realizando un barrido con sus 8 vecinos otorgando un peso
binario a cada uno de ellos, con lo que para el caso anterior 10010011 estaria definido
como LBP = (10010011), = 147.

De esta forma podemos definir la textura de una imagen como la distribucién
conjunta de sus niveles de gris en una area local definida por la equidistancia entre el
pixel central (R) y los vecinos contemplados (P) (Fig. 6) que esta dada por la Ec. (14).

e @
. - PY
o e . .
e 00 . °
oeDe ¢ O o . [ .
e 00 * .
LR . ]
o .
LS
Puntos = 8/ Radio = 1.0 Puntos = 12/ Radio = 2.5 Puntos = 16 /Radio = 4.0
Fig. 6. Simetria circular para conjuntos de vecinos [3].
— yp-1 P
LBP = Zp=0 s(gp — gC)Z , (14)

donde s es una transformacion definida por el signo derivado de la diferencia entre g,
Y g, los cuales representan al pixel central evaluado y a cada uno de los pixeles vecinos
contemplados para la transformacion LBP respectivamente, mientras que 2 es el peso
asignado a cada uno de los vecinos.

Una vez obtenida la nueva imagen definida por la transformacion LBP se aplican
mallas en las direcciones X y Y, y se divide la imagen en secciones dentro de las cuales
obtendremos los histogramas LBP que seran utilizados como entradas para las SVM.

2.1.3. Clasificacion utilizando SVM

Las maquinas de soporte vectorial (SVM) son clasificadores que permiten trabajar
con muestras linealmente separables, como en nuestro caso se tienen dos tipos de
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objetos (peatdn o no peatdn). Este tipo de clasificador nos permite separar el problema
muy facilmente con las muestras adecuadas.

El clasificador esta dado por la relacion de las muestras etiquetadas (Ec. 15):

Y1 = {(h, Y1), (g, ¥2), ey (A V) ), (15)

donde (h;, ;) € Y1.n ¥ v; € {—1,1}; el conjunto 3, ., es linealmente separable si existe
un vector que satisfaga la Ec. (16):

Clase positiva

Clase negativa

Fig. 7. Clasificador maquina de soporte vectorial de dos clases [7].

Dado lo anterior y como se observa en la Fig. 7 se puede construir una matriz de
confusion (Tabla 1) que describa el problema de clasificacion en las muestras evaluadas
por la red neuronal una vez realizado el entrenamiento con muestras positivas.

Tabla 1. Matriz de confusion de la SVM para la deteccion de peatones.

Resultado de la

e Muestra — No peatén Muestra — Peaton
clasificacion

No peaton Verdadero Negativo Falso Positivo

Peat6n Falso Negativo Verdadero Positivo

Para el entrenamiento de la SVM se utilizan los vectores de caracteristicas descritos
anteriormente, realizando una concatenacion entre ambos descriptores para obtener un
solo vector de caracteristicas, el cual contiene toda la informacion sobre las muestras
ingresadas a la red neuronal. La Fig. 8 muestra las ROI identificadas en el objeto, las
cuales nos permiten identificar las zonas para el analisis de la SVM.
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Fig. 8. a) Objetos encontrados para el analisis de las ROI. b) Peat6n detectado con los descriptores
HOG y LBP.

2.2. Rastreo de peatones

Para realizar el rastreo, una vez encontrados los objetivos que cumplen con las
caracteristicas de ser un peaton, se utiliza un algoritmo MeanShift, que se basa en la
estimacion del kérnel de densidad en el histograma de color, el cual esta conformado
por los niveles obtenidos en el canal de matiz (Hue o H por su sigla en inglés) de la
imagen, para este caso se opto por emplear 64 contenedores para optimizar la velocidad
de procesamiento.

Se emplea un fotograma anterior para determinar la posicion en el fotograma actual
a través de un andlisis de la densidad del kérnel, el cual se basa en la obtencion de los
valores de distancia (ponderados) en un area de analisis circular a partir de una posicién
central determinada aleatoriamente en un area de bisqueda en una posicion cercana a
la original. De esta forma determina el centroide de la densidad actual, lo que muestra
el desplazamiento del objetivo entre un fotograma y otro.

Se obtiene la nueva ubicacion del objetivo aplicando iteraciones hasta encontrar el
méaximo local dentro de la nueva imagen y asignando la nueva posicién dada por la
Ec. (17),

_ZK(P_Pant)W(P)(P_Pant)

ap SKP — Pow(P)

17

donde, P,,,; Yy P representan la posicion anterior y actual respectivamente y w describe
el cambio en la regién de interés del candidato y el objetivo generado por los
histogramas de color de la Ec. (18),

hobj(I(P))
h(1(P))

w(P) = (18)

donde h,,; y he son los histogramas de color del objetivo y del candidato,
respectivamente.

La Fig. 9 muestra cuando un objetivo es detectado dentro de la ventana de bisqueda,
la cual actualiza la posicion de la caja de contenido y avanza al siguiente fotograma
para verificar que no existan nuevos objetivos dentro de la toma.
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Fig. 9. Rastreo de un objetivo con cambios de iluminacion.

3. Resultados experimentales

Las distintas secciones del algoritmo fueron probadas por separado y de forma
completa con la base de datos EPFL Multi-camera pedestrian video [], ya que dispone
de diferentes entornos para la comprobacién de su funcionamiento tanto en iluminacion
como en texturas y tipos de fondo. Cada escena fue grabada con 3 0 4 cdmaras con
diferentes ubicaciones de forma paralela, a una altura de 2 metros desde el suelo; los
peatones son personal del laboratorio de vision por computadora de la Escuela
Politécnica Federal de Lausana, mismo que realizé las grabaciones y compartid la base
de datos.

El sistema de rastreo desarrollado es capaz de detectar objetos en cualquier tipo de
entorno ya que tiene gran robustez ante cambios de iluminacion gracias a que el uso de
los canales de luminiscencia e intensidad proporcionan las caracteristicas de luz
ambiental en los fotogramas analizados, mientras que la integracion RGB brinda la
informacion necesaria para actualizar el cambio de color para cada regién de interés
encontrada. La Fig. 10 muestra el detector de objetos aplicado en dos areas diferentes,
una solo iluminada por luz artificial, mientras que en la otra se dispone Unicamente de
iluminacién natural. En ambos casos los objetos presentes son extraidos de
forma exitosa.

Fig. 10. a) Deteccion en entorno con luz natural. b) Deteccidn en entorno con luz artificial.

El uso de descriptores de caracteristicas tales como HOG y LBP es muy comun en
el area de la vision artificial, ya que los alcances para sus respectivas aplicaciones
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pueden ser muy amplios. La combinacién de ambos descriptores como entrada para un
clasificador tipo SVM (Tabla 2) mejord en gran medida la deteccion de falsos positivos
en comparacion con el uso de un solo descriptor como entrada al clasificador como se
observa en la Fig. 11.

Tabla 2. Precision del clasificador SVM con diferentes caracteristicas de entrada.

Extractor de

P Precisién Falsos negativos Falsos positivos
caracteristicas
HOG 89% 5% 6%
LBP 78% 14% 8%
HOGy LBP 92% 6% 2%

Fig. 11. a) Deteccion de objetos. b) Falso positivo detectado con HOG. c) Deteccién de objetivo
con HOG y LBP.

La precision del algoritmo se calcul6 realizando una deteccién de peatones en un
conjunto de 100 tomas en las cuales ya se tenia identificada la cantidad de peatones
presentes en cada toma, se considera correcto solo el caso donde se identifica un peaton
correctamente, un falso negativo es el caso donde un peaton no es identificado como
tal y un falso positivo es el caso en que un objeto es identificado como peatén
(comUnmente dado en sombras).

El algoritmo MeanShift tiene muy buen funcionamiento cuando los objetivos se
encuentran en entornos contrastantes; sin embargo, tiende a perderlos cuando estos
entran en zonas donde la iluminacién puede confundirlo con el fondo. En casos
extremos incluso se puede perder definitivamente, lo que originaria una nueva
busqueda desde la etapa de deteccion.

La Fig. 12 muestra la secuencia de rastreo de un objetivo con un fondo iluminado
por luz natural, la precision obtenida en cada una de las secuencias puede verse reflejada
en la Tabla 3.

Fig. 12. Rastreo de un objetivo Unico.
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Tabla 3. Porcentaje de rastreo exitoso en escenas con un solo objetivo.

Secuencia Precision
1 93%
2 92%
3 95%

En la Fig. 13 se aprecia el rastreo de varios peatones, apreciando el rastreo correcto
cuando se encuentran distanciados y la pérdida por oclusion en otros casos, la precision
obtenida en cada secuencia para este caso puede ser consultada en la Tabla 4.

Se probaron 3 tipos de escenas diferentes de 300 fotogramas para determinar la
precision del rastreo, contemplando el seguimiento desde la entrada hasta la salida de
cada objetivo sin la existencia de una nueva deteccion.

Fig. 13. Rastreo multiobjetivo.

Tabla 4. Porcentaje de rastreo exitoso en escenas con varios objetivos

Secuencia Precision
1 92%
2 90%
3 93%

Este tipo de rastreo permite la ubicacion de los objetivos de forma eficiente; sin
embargo, al ser dependiente del histograma de color, las oclusiones o encuentros entre
objetivos tienden a afectar en gran medida la nueva ubicacién de las posiciones,
ocasionando pérdida o confusion entre objetivos.

4. Conclusionesy trabajo futuro

La deteccion de objetos empleando una metodologia simbolica en combinacién con
técnicas de andlisis de imagenes, tuvo como resultado un sistema de deteccion de
objetos eficaz y robusto ante cambios de iluminacion, lo que permite utilizar el
algoritmo en cualquier tipo de fondo, ya sea con iluminacién natural o artificial.

Por otro lado, los descriptores de imagenes basados en HOG y LBP permiten la
invariancia al nivel de gris y al escalamiento, lo que los ha llevado a ser utilizados
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principalmente en la deteccion de rostros o tipos de texturas; la propuesta ayuda a
mejorar la precision para determinar la existencia de un peaton sobre cualquier tipo de
iluminacion y excluir objetos que no deben ser rastreados (como automoéviles, animales,
sombras, etc.). Debido al nivel de confianza que garantiza el clasificador SVM se puede
optar por utilizar un algoritmo de rastreo simple que no consume grandes recursos
computacionales como lo es MeanShift.

MeanShift tiene grandes ventajas, tales como un procesamiento rapido basado en el
histograma de color y por lo tanto aprovecha toda la informacion que brinda el modelo
RGB. También la busqueda se basa en un entorno local, lo cual facilita la ubicacion de
la nueva posicion. A pesar de esto, el rastreo tiene puntos a mejorar como la pérdida
por oclusion o la confusion de objetivos al confundir dos objetivos con un histograma
de color muy parecido.

El sistema puede mejorarse con pruebas de otros algoritmos de rastreo y la inclusién
de bibliotecas para el reconocimiento, con el fin de no perder aquellos objetivos que
hayan sido detectados al menos una vez anteriormente.
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Resumen. Este trabajo presenta la forma de implementar recursos de andlisis y
procesamiento de imagenes para obtener un registro de los inmuebles no
actualizados y registrados ante el registro publico de la propiedad y comercio,
con el fin de poder realizar un cobro justo a los contribuyentes, actualizando de
manera eficiente la base de datos correspondiente. Para el sistema se toma en
cuenta una referencia que permite obtener una base de bits, la cual se opera en la
matriz de pixeles obtenida a partir del anélisis de la imagen, después mediante un
suavizado de la misma y la funcién Gaussiana se obtiene una imagen que permite
determinar los bordes que componen una estructura o edificacion, para
posteriormente mediante una red neuronal analizar las lineas que conforman el
edificio tomando en cuenta las variables més significativas. El problema en este
tipo de sistemas es la determinacion de las medidas y la toma valores erréneos
durante la obtencion de los espacios de estudio. Con la propuesta realizada se ha
resuelto este problema a partir de iméagenes satelitales y una red neuronal,
generando de esta forma un cuadro de referencia encontrado a partir del estudio
de la matriz de la imagen.

Palabras clave: andlisis y procesamiento de imagenes, funcidn Gaussiana,
deteccion de bordes, redes neuronales, impuesto predial.

Design and Implementation of a System to Determine
the Property Tax through the Processing and Analysis
of Satellite Images

Abstract. This work presents the way to implement resources for analysis and
image processing to obtain a registry of the properties not updated and registered
with the public registry of the property and commerce, in order to be able to make
a fair payment to the taxpayers, updating of Efficiently the corresponding
database. For the system a reference is taken into account that allows to obtain a
bit base, which is operated in the matrix of pixels obtained from the analysis of
the image, then by smoothing it and the Gaussian function an image is obtained
which allows to determine the edges that make up a structure or building, and
then through a neural network analyze the lines that make up the building taking
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into account the most significant variables. The problem in this type of systems
is the determination of the measures and takes wrong values during the obtaining
of the study spaces. With the proposal made, this problem has been solved from
satellite images and a neural network, thus generating a reference chart found
from the study of the image matrix.

Keywords: image analysis and processing, Gaussian function, edge detection,
neural networks, property tax.

1. Introduccion

Uno de los principales objetivos al implementar metaheuristicas en problemas de
ingenieria, es el de resolver situaciones complejas y buscar soluciones factibles dentro
de un intervalo definido por las cotas de disefio. Con apoyo de técnicas heuristicas como
las redes neuronales, se logré encontrar las secciones que permiten obtener las
caracteristicas de interés para llevar a cabo el estudio de las regiones importantes de
una imagen, el analisis y procesamiento digital de imagenes permite suavizar el archivo
a trabajar y seccionar el area de analisis en regiones definidas como filas y columnas,
lo que da como resultado una matriz de pixeles, realizando de esta manera la medicion
de las coordenadas del inicio y termino de la regién de analisis, tomandolo como punto
de partida para la creacion de un cuadro de referencias a examinar. Una vez llenado
este requerimiento se puede regresar a la imagen suavizada con la que se determinara
por medio de la funcion Gaussiana los bordes altos de la imagen, encontrando asi los
bordes generados para las estructuras de interés.

2. Antecedentes y trabajos previos

En [1] se disefi6 un prototipo de sistema que usa distintos tipos de técnicas de
computacion para realizar analisis de imagenes mediante modelos de redes neuronales,
dicho sistema usa informacion numeérica (a nivel de pixel) para realizar tareas de
interpretacién de imagenes, identificando la presencia de ciertas estructuras oceanicas
en Africa e Islas Canarias.

Mientras que en [2], se desarrolla una herramienta computacional para el apoyo
médico que identifique si se tiene un tumor maligno o benigno, haciendo uso del
procesamiento digital de imagenes, asi como de las redes neuronales artificiales.

Por otra parte, en [3] se lleva a cabo el disefio de una herramienta geoespacial que
tiene la capacidad de detectar automaticamente objetos en fotografias satelitales usando
técnicas de procesamiento de imagen y vision artificial.

Ademas, en [4] se disefidé y construyd un sistema multibiométrico para la
identificacion de personal mediante vision artificial de iris y huella digital, la imagen
obtenida se manipula para extraer informacion a través de la transformada de Wavelet
de Haar y/o bifurcaciones y correlacion adaptiva en 2D, para su clasificacion se usan
redes neuronales.

De igual manera, en [5] se intenta relevar las superficies boscosas utilizando
procesamiento de imagenes satelitales para su posterior clasificacion y ordenamiento
de los recursos forestales en tierra del fuego.
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Asi mismo, en [6] se lleva a cabo el analisis y deteccion de edificios de forma
automatica/semiautomatica sobre imagenes aéreas y satelitales mediante la obtencion
de umbrales haciendo uso de herramientas de computo.

También, en [7] se trata el disefio de un sistema automatico de inspeccion que puede
mejorar este proceso de control de calidad en las empresas textiles, empleando analisis
de imagenes para eliminar las imperfecciones de las telas.

Ademas, en [8] se realiza la elaboracion de un software de procesamiento de
imagenes para los andlisis metalograficos para la determinacion y automatizacion del
estimado métrico del grano y fases de ferritico-perliticas en aceros de bajo contenido
de carbono.

Para finalizar, en [9] se llevo a cabo el desarrollo de una metodologia para
clasificacion digital enfocada a la generacion de cartografia referente a la Reserva
Nacional Valdivia empleando iméagenes satelitales, realizado mediante un método de
clasificacion supervisado y aplicando un algoritmo de méxima probabilidad.

Obtencién de imagen satelital

Ingreso de laimagen al sistema Red neuronal Artificial

Obtencién de lareferenda

Suavizado de |a imagen Funcion Gaussiana

Determinacién de estructuras

Obtencion de medidas Calculo de valoresde interés
mediante la referencia para el usuario

Fig. 1. Proceso considerado para el disefio del sistema

Respecto a los antecedentes mencionados, las desventajas son que los resultados
obtenidos son muy ideales y dificiles de llevar a la practica, sin embargo, esta
investigacion pretende contribuir a subsanar esta situacion, mediante la
implementacion de restricciones que permitan obtener resultados factibles y que
conlleven a utilizar esta metodologia para diversos disefios con procesamiento de
iméagenes y redes neuronales en ingenieria.

3. Metodologia

De acuerdo con el problema planteado, es posible adaptar el uso de las heuristicas
para encontrar las regiones necesarias en el sistema, ya que son métodos de
optimizacién y andlisis que es posible utilizar para hallar soluciones a problemas no
lineales o de complejidad analitica que son dificiles de especificar en un sistema no
inteligente.
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Basado en esto, se recurre al uso de las redes neuronales artificiales para el analisis
de imagenes, con lo cual se utilizan dos tipos de entrenamientos para la red utilizada en
este trabajo, coémo los son aprendizaje supervisado y aprendizaje por refuerzo.

Permitiendo asi, entrenar a la red de tal manera que sea capaz de llevar a cabo el
analisis requerido por el sistema y entrenandose asi misma constantemente con cada
uso. Para este caso se analiza el sistema de acuerdo con la figura 1.

3.1. Redes neuronales

Para la implementacién de una red neuronal artificial es necesario entender que estas
estan basadas en una red neuronal bioldgica, por lo que su elemento basico es la
neurona, por lo cual se busca generar una estructura que emule esta condicién. Un
sistema neuronal biol6gico este compuesto por millones de neuronas organizadas en
capas. En la emulacion de dicho sistema neuronal bioldgico, por medio de un sistema
neuronal artificial, se puede establecer una estructura jerarquica similar a la existente
en el cerebro.

Para llevar a cabo el disefio del sistema es necesario tener en cuenta el
funcionamiento de una red neuronal artificial, por lo cual es importante analizar la
estructura y arquitectura de las neuronas. Este trabajo se basa en una arquitectura de
neurona de McCulloch-Pitts, esta funciona de manera muy similar a como funciona una
neurona bioldgica. Para ser més precisos, es una unidad de calculo que intenta emular
el comportamiento de una neurona bioldgica, en la figura 2 se puede apreciar la
arquitectura de la neurona artificial.

x1
X2 wil
2 E S
X3
F
x4,
X5 2]

Fig. 2. Arquitectura de la neurona artificial.

Esta neurona artificial esta formada por los siguientes elementos:

—  X: Conjunto de n componentes denominados vector de entradas al sistema.

—  W: Conjunto de pesos sinapticos de la conexién entre la entrada y la neurona.

— X: Sumatoria de procesamiento de los valores de entrada.

—  0: valor umbral.

—  F: Funcion de activacion que proporciona el estado de activacién de la neurona
en funcién.

— S:salida de la neurona.

Dentro de la neurona se lleva a cabo el célculo de la siguiente ecuacion (1):
n
E WiX;. (1)
i=1
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Debiendo tomar en cuenta que la arquitectura de McCulloch-Pitts permite dos
posibles resultados 1 y 0, haciendo asi necesario el comparar el resultado obtenido con
el umbral de la neurona con el fin de detonar la funcion de activacién (ecuacion 2)
enviando por medio del axon el resultado de la red neuronal:

si{lsiyle; wix;= 00siy, wix; < 6. 2
i=1 i=1

Las neuronas funcionan como procesadores de informacion sencillos. De manera
simplista las dendritas constituyen el canal de entrada de la informacién, el soma es el
6rgano de computo, el axén corresponde al canal de salida, y a la vez envia informacion
a otras neuronas. Cada neurona recibe informacién de aproximadamente 10000
neuronas y envia impulsos a cientos de ellas.

3.2 Obtencion de la referencia

En esta parte del sistema se buscard la imagen satelital, que se utilizard como
referencia, en este caso para el analisis y como prueba del sistema. En esta seccion se
toma como referencia al Tecnoldgico de Estudios Superiores de Ecatepec, en especifico
el edificio de la divisién de informatica como ejemplo, como se muestra en las figuras
3y 4 respectivamente. Una vez obtenida la imagen es posible notar que en la parte
inferior derecha contiene una medida de referencia aproximada, que se tomara como
referencia en el sistema para aproximar una unidad de medida (véase figura 5).

Tecnolégico de Estudios Superiores
de Ecatepec

0 Sugeeir una ecicion

:
F— E -

D agreger oewios

Fig. 4. Imagen satelital de prueba.
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Tomando como ejemplo la imagen obtenida, esta es ingresada por medio del
asistente de exploracion de archivos del sistema, donde mediante el procesamiento de
esta imagen es posible detectar la posicion de la referencia que se tomara como parte
de los datos necesarios para el calculo de resultados.

<)) | || M|

Fig. 5. Referencia de medidas a tomar por el sistema.

Una vez obtenida la referencia, el sistema almacena el nimero de pixeles obtenidos
de la aproximacién métrica, con lo que genera una referencia visual que utiliza para una
vez detectados los objetos sea posible comparar las dimensiones de cada objeto con el
valor, generando una escala entre pixel por metro o nimero de pixeles en un metro de
la misma manera en que se obtiene la referencia de la imagen satelital, en este paso por
medio del procesamiento de imagenes se agrega dicha informacion. El resultado sera
algo similar a lo que se muestra la figura 6, en donde se puede ver el archivo en la etapa
de procesamiento, parte en que se agrega el referente visual para el analisis de las
dimensiones de las estructuras detectadas en la fotografia.

Fig. 6. Imagen satelital con referencia de medida.

La figura anterior ayuda a entender la importancia de la referencia de medida, ya que
el sistema genera la referencia a través del estimado de medida entregado por la
plataforma de donde se obtuvo la imagen. Basado en esto se obtendran las unidades de
medicidn requeridas para el sistema.

3.3  Deteccion de bordes

La deteccidn de bordes es una técnica de analisis y procesamiento de imagenes que
permite identificar objetos y aislarlos. Una vez obtenidas las salientes que conforman
los bordes de una figura, es posible llevar un conteo de los objetos que se muestran en
la imagen que se esta utilizando como objeto de estudio, con el fin de almacenar
mediante matrices las posiciones en coordenadas de cada punto encontrado como un
borde.

En este caso se estd haciendo uso de la Ilamada vision artificial, la cual es un
subcampo de las mateméticas que abarca muchas técnicas que permiten llevar a cabo
el tratamiento digital de imagenes. Con esta técnica se puede contar objetos especificos
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haciendo uso de la herramienta OpenCV. Durante el andlisis de imagenes es preferible
que exista un contraste claro entre los objetos que se estan buscando y el fondo. Esto
permitira al algoritmo realizar el analisis de una manera mas eficiente.

El proceso se divide en 5 fases:

1. Convertir la imagen a escala de grises

2. Filtrar la imagen para eliminar el ruido

3. Aplicar el detector de bordes

4. Buscar los contornos dentro de los bordes detectados
5. Dibujar dichos contornos

Durante la aplicacién de estos pasos se obtiene una imagen cada vez mas procesada,
dando como resultado un conjunto de matrices que contienen las posiciones en
coordenadas de cada punto encontrado como un borde. Este proceso estd siendo
aplicado por medio de OpenCV haciendo uso del lenguaje Python.

4.  Resultados y discusion

El conjunto encontrado se pinta sobre la imagen original, lo que permitird como
usuarios ver los bordes detectados por el sistema representados por lineas de color rojo
sobre la imagen original, se usa este color con el objetivo de que sean lo mas visibles
posible y que resalten tanto para el sistema como para el usuario, y con lo que al
finalizar, se puede visualizar los resultados en pixeles y la cantidad de objetos que se
detectaron dentro de la imagen, con lo que se genera el célculo de las medidas en
metros, como se muestra en la figura 7.

Fig. 7. Medidas en pixeles y conteo de objetos.

Para finalizar, como resultado se muestran las medidas obtenidas en metros
sobrepuestas a la imagen como se observa en la figura 8, que permitira realizar los
calculos correspondientes para encontrar los valores requeridos.

Fig. 8. Medicién de objetos.
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5. Conclusiones y trabajo futuro

Se ha logrado desarrollar el disefio de un sistema para la determinacion del impuesto
predial a través del procesamiento y analisis de imagenes satelitales, utilizando métodos
como las redes neuronales artificiales, andlisis y procesamiento de imagenes,
determinacion de medidas con respecto a matrices generadas a partir de imagenes. Es
posible destacar que el uso de las heuristicas en la implementacion del sistema disefiado
ha sido de mucha utilidad debido a la complejidad de la deteccion de ciertos
componentes requeridos por el sistema, dentro tanto de las imagenes como de las
matrices de bits utilizadas durante la deteccidn de estructuras.

Con el fin de continuar con el avance en el desarrollo alcanzado dentro de este
trabajo, se propone implementar otros algoritmos de Deep learning para la
actualizacién automatica de valores, que permitan al sistema trabajar mas
inteligentemente, para de esta manera lograr realizar el objetivo con mayor eficiencia y
asi el usuario pueda hacer uso de los resultados con base a informacién precisa.
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Ecatepec, en especifico a la division de informatica por el apoyo brindado.
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Abstract. This paper presents the development of an embedded system
prototype that performs the home security monitoring, through image
processing and classification algorithms to detect a human presence. If
a human presence is detected, the system will send an alert message to
the user. The embedded system is implemented on a Raspberry Pi 3 B,
supported by a Pyroelectric Infrared Radial (PIR) motion sensor and a
Raspberry Pi Camera V2. The algorithms are implemented in C language
and were designed to take advantage of the hardware resources of the
platform, through High Performance Computing (HPC) techniques. The
selected classifier is a multilayer perceptron. This classifier obtained an
accuracy of 96 %, approximately.

Keywords: image processing, domotics, embedded system, multilayer
perceptron, HPC, Raspberry Pi.

1 Introduction

Statistics from the nonprofit organization Observatorio Nacional Ciudadano in
Mexico indicates that only in the period March - April 2019, there was an
increase of burglary investigation processes from 6,734 to 7,017 [I], that is
an increase of 4.20%, in the number of investigation processes from March to
April 2019. The situation of burglary in Mexico generates the need for people
to keep their home safe. A possible solution to this problem is to develop
new technologies that allow home automation. These technologies focus on the
automation of processes within a building. This improves the quality of life and
comfort, inside the home. It also allows constant monitoring of the place, through
the Internet and the use of alarms, sensors or surveillance cameras. This domotics
development has driven the creation of security systems such as those that are
installed and monitored by private companies, which usually have a monthly
cost per service, or commercial devices that can be installed and configured by
the user. Some of these alternatives tend to be inefficient, and some others are
often expensive or cannot be obtained by the majority of the population.
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There are some papers proposed related to the home security monitoring
and human detection. All these applications are developed in a Raspberry Pi
platform and are supported by a camera and by sensors. The first paper A New
IoT Combined Body Detection of People by Using Computer Vision for Security
Application [2] presents a system developed on the Raspberry Pi platform with
sensor elements: Raspberry Pi camera and a Pyroelectric Infrared Radial (PIR)
sensor, which is used for motion detection. Once the image is obtained, the
algorithm of the Histogram of Oriented Gradients (HOG) extracts the object’s
features and a Support Vector Machine (SVM) is used for the classification and
learning of the human form. If a human presence is detected, the image is sent
to a smartphone over the Internet, using the Telegram application. The artificial
vision tool used for the development of this system is OpenCV. Regarding the
results of the proposed method, it is presented that it was obtained a detection
rate of 93.89 +5.3%.

The paper Human Detector and Counter Using Raspberry Pi Microcontroller
[3] presents a system that identifies humans entering a room through a door. The
system performs digital image processing using HOG as a feature extraction algo-
rithm and a SVM for the classification, based on the OpenCYV tool and developed
in the Python programming language. It is specified that it is supported on a
Raspberry Pi and uses a Raspberry Pi Camera, other sensors are a pair of PIR
sensors, to indicate to the system the capture of input or output images; and a
Bluetooth module (HC-05) to send the required data to another system through
serial communication. It is has an efficiency of 83 %. In addition, it is mentioned
that the use of Raspberry Pi platform avoided the use of desktop CPU and as a
result it was reduced the system power consumption and the cost.

In this paper it is proposed an embedded system for home security monitor-
ing, which is implemented in a Raspberry Pi 3 B platform using HPC techniques,
thereby taking advantage of the hardware and software resources of the platform.
The system detects the human presence and sends an alert message to the user.
This allows users to keep their home safe through the remote monitoring. The
system uses a motion sensor to perform the motion detection. The images are
obtained from Raspberry Pi Camera V2. Also the system implements image
processing and classification algorithms. This feature allows the system to im-
prove its robustness and to perform a reliable detection of human presence inside
the enclosure. Additionally, the system is considered to be scalable as a security
module of a robust home automation system. This system can include the control
of doors, windows, temperature, among other possible modules. The general
diagram of the proposed system is presented in Fig.

2 Methodology

Raspberry Pi is a suitable platform for home automation systems. This is the
selected platform for the implementation of the system. In [4] is mentioned that
Raspberry Pi is a platform that supports a large number of input and output
peripherals. Raspberry Pi is also suitable for interacting with different devices,
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Fig. 1. Proposed system.

allowing its use in a wide range of applications. On the other hand, the ability
to access the Internet makes the Raspberry Pi suitable for home automation
related applications.

The system is composed of four main modules:

1. Motion detection module: In this module the embedded system through
the AS312 PIR sensor detects movement and the Raspberry Pi Camera
Module V2 perform the acquisition of images.

2. Image processing module: In this module the image subtraction for mo-
tion detection is performed. Then the algorithms for the image segmentation
and the image feature extraction are performed.

3. Classification module: In this module the descriptor vectors obtained from
the image feature extraction are analysed by the classification algorithm.

4. Communication module: This module sends a notification to the user’s
device to notify the possible human presence.

Each of the previous modules will be described in the following sections.

2.1 Motion Detection Module

For the motion detection it was implemented a circuit for the AS312 sensor,
which is powered with 3.3 V. The circuit output depends on the activation of
the AS312 sensor, if the sensor detects movement the output will be high (3.3
V), otherwise if the sensor does not detect movement, the output will be low
(0 V). The sensor has a detection distance of 4 meters and a viewing angle of
60° approximately. The reading of the circuit output is performed through the
General Purpose Terminals (GPIO) of the Raspberry Pi. This reading allows
to send the signal to the system indicating if movement was detected or not.
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This signal is read through the WiringPi library, which is a GPIO access library
written in C language for the BCM2835, BCM2836 and BCM2837 System on
Chip (SoC) devices used in all Raspberry Pi platforms [6]. If movement is
detected the system will capture an image that will be processed by the next
system module. This image capture is performed through the Raspberry Pi
Camera Module V2, which is connected to the Raspberry Pi platform through
the Camera Serial Interface (CSI) and is controlled by the raspistill commands
of the operating system of the Raspberry Pi (Raspbian Stretch).

2.2 Image Processing Module

This module is divided into 4 submodules:

A. Image acquisition, grayscale conversion and noise filter application.
The image obtained by the Raspberry Pi camera V2 is in BMP format -Bitmap-,
which is a bitmap file, these kind of files are uncompressed and have 24 bits per
pixel, also this kind of image do not have any type of processing of data, or
alteration, so the original data is preserved [5]. Once the BMP image is obtained
a grayscale conversion, and then a Gaussian filter is applied to the image. This
filter allows to attenuate the noise and has a better frequency response. For
its implementation, a convolution operation is performed with a mask, with a
window size of 3x3 ([2)). Equation is used to obtain the mask and the value
of o is 1.0:
1 22442

G(xvy) = e 27 (1)

2mo?

0.0751 0.1238 0.0751
G = 10.1238 0.2042 0.1238 | . (2)
0.0751 0.1238 0.0751

To avoid using the floating point unit by the Raspberry Pi processor, an
approximation of (2)) is obtained in (3)):

L (121
G=1-(242) . (3)
121

This mask or kernel is multiplied by each pixel and its neighbors, in order
to homogenize the colors of nearby neighbors. This achieve the elimination of
white dots or white noise in an image, because the noise usually takes different
pixel values from those in a neighborhood of pixels.

The Broadcom BCM2837 processor of the Raspberry Pi 3 B card has four
cores, so the processing can be divided into four processing blocks. The Gaussian
filter is implemented by dividing the processing in parallel into four processes
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working on the same image (data parallelism). This allows to take advantage of
the resources provided by the platform. The implementation of this Gaussian
filter and all the algorithms that will be presented in the next sections are built
in C language, which is a programming language that allows the compiler to
generate the assembly code directly from the processor.

B. Motion detection in an image. Once the processing of the previous
modules was applied to a base image - which is captured at the first process of
the execution of the system -, this image is set as a background. Then if motion is
detected by the sensor movement a subsequent image will be captured. The mo-
tion detection in the image is performed through implementing the background
subtraction method, which is performed with the subtraction operation between
the two images, with this operation is obtained the pixel differences between two
images and thus be able to identify if there are differences between one scenario
and another. Mathematically, the subtraction can be represented as f =z — v,
where z and y are images respectively.

The simplest case to perform the subtraction and not to obtain negative
values is to apply the absolute value function :

fa=lz-y| . (4)

Considering that the subtraction has the property of being commutative.
The result of the subtraction between the two images must be a positive value.
For this the value obtained is verified, if it is negative, the result of the subtrac-
tion will be replaced by the value of 0, otherwise the value obtained from the
subtraction is assigned.

C. Image segmentation. This submodule is dedicated to the subdivision and
analysis of image regions for segmentation. The region corresponding to the
object of interest is represented with a pixel value of 255, while the region be-
longing to the background of the image adopts a pixel value of 0. First, the Otsu
segmentation algorithm is performed to obtain an automatic global threshold
depending on the analysis of the image pixels, it requires three parameters: the
image obtained from the motion detection module, its width and height. With
this operation the threshold is obtained and then it will be used in the image
thresholding. The Otsu method requires the values of the image histogram, and
are used to perform the consequent operations to get the maximum value. The
Otsu method allows segmentation of an image through discriminant analysis,
separating the image into two classes Cy and C; this classes correspond to object
and background. This method automatically finds the threshold of an image
using its gray segmentation levels [7]. Class values take values Cy = {0,1,...,u}
where u is the gray level and C; = {u+1,u+2,...,L — 1} where L is the number
of gray levels. To obtain the probability of occurrence of a gray level P; in a
digital image the following expression is used, where N is the number of pixels
in gray level of the image and f; is the number of frequency of pixels with the
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same gray level :

_ fi
P=4 (5)

The classes Cy and C are given by @ and @:

: P,

CO . WO(U)7 ) WO(U) 9 (6)
Py Pr,

Cri s (7)

wl(u) = Z Pi . (9)

Subsequently, the average for each class is obtained, given by po and g

a '

wo(u) ’

Lo = Z (10)
i=1

L .
1% P
H1127- (11)

w1 (u)

Once the means of the classes are obtained, the variance is obtained :

o =wo * (u1 — pr)® +wi * (p2 — pr)* (12)

where pp is the average obtained from the total pixels of the image in gray
levels. The threshold t* is selected by maximising the separation of classes from
the image and the coeflicient between the variance between classes is maximised.
The greater the variance between classes and the smaller the variance within
them, the discrimination will be better between the groups :

t" = MAX(0%(u)) 1<u<L . (13)
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Subsequently, the thresholding of the image is performed using the threshold
value obtained with the Otsu method. To do this, we proceed to verify if the
value of the pixel of the image to be thresholded is greater or less than the
desired threshold and depending on this, modify its value in 0 or 255 :

255 sil > w,

f(i,5) = (14)

0 sil <w.

To perform the image threshold, it is required to define a threshold value wu.
If the gray level value [ of an image f(4,7) is greater than the threshold wu.

After the Otsu threshold, the image is partitioned into subimages of specific
size. In this subimages the pixel values are ordered and if the neighborhood
is adequate, the area is dilated. The pixel values of the subimage are saved,
considering the binarized image obtained with the Otsu method and once the
values are sorted, a value of 0 or 255 is assigned to the analyzed pixel depending
on the relationship that it has with the neighbor pixels, related with the pixel
average. This processing of the white pixels allows to obtain a better image of the
section that belongs to the object. This operations require further processing,
thus operations are divided by four processes to take advantage of the hardware
and software resources.

Finally, the Sauvola method is used to complete thicken regions in the image
in addition to correcting shadows that are not related to the object. This method
is used to reduce light intensities in an image. This method uses the average
intensity of the values of a given region of pixels and their standard deviation.
This region is defined within a bxzb neighborhood or matrix, with a k parameter
which varies between 0.2 and 0.5. This is implemented in the equation
obtained from [§]:

T(z,y) = m(z,y) [1 +k (”(Z’y) - 1)} : (15)

where:

o(x,y): Is the standard deviation of the neighborhood.

R: Is maximum value of the standard deviation, R = 128 with the maximum
intensity being 255 in a neighborhood with b = 15.

— k: A value between 0.2 and 0.5.

— m(z,y): Arithmetic mean of the neighborhood.

— T'(x,y): Value of the threshold in the neighborhood.

The processing result images of image subtraction and the image segmenta-
tion submodule are presented in the following Fig.
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Fig. 2. Original image (a), substraction image (b), Otsu image (c), local threshold
image (d), Sauvola image (e).

D. Feature extraction. This submodule obtains the descriptors of the seg-
mented object. The invariant descriptors selected for this submodule are the
Hu moments which are descriptors that extract invariant features to transla-
tions, rotations, changes of scale and illumination. These invariant moments are
obtained from the geometric moments [7].

For the discrete case of an image f(i, j) the standard geometric moments are

obtained in ([16]):
]V[pq: § § Zp.]qf(la.]) \V/ paq:O71a27"' (16)
i

To obtain the central moments of the object (L7):

where Z and 4 correspond to the coordinates of the center of gravity of the
analysed object, which are obtained from the geometric moments of order 10,

01 and 00 (18):

m m
1=—2 5=—"" (18)
Mmoo moo
To obtain the invariants to changes of scale, each moment must be divided

by a normalization factor (19) that cancels the scaling effect [7]:

p+q

5 +1 forp+qg=2,3,. (19)
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Equation is used to calculate the normalized central moments:

I
Mlpq = # . (20)
Hoo
By obtaining the normalized central moments with , which allows to
obtain the seven invariant moments —Hu moments— (21)):

®1 = n20 + Mo2
b2 = (20 — Mo2)” + 40,
¢35 = (130 — 3m2)> + (321 — no3)?
¢a = (30 +m2)° + (M21 + M03)°
é5 = (130 — 3m2) (M30 + M2) [(M30 + Mm2)* — 3(n21 + no3)*] +
(3m21 — n03) (121 + M03) [3(7730 +m2)® — (21 + 7703)2]
¢6 = (120 — Mo2) [(7730 + 7712)2 —(n21 + 7703)2] + 411 (30 + N12) (121 + M03)
é7 = (3121 — m30) (M30 + M12) [(M30 + M2)* — 3(m21 + n03)?] +
(3m12 — m30) (21 + M03) [3(m30 + Mm2)* — (o1 + 7703)2] . (21)

2.3 Classification Module

Once the moments of Hu have been obtained from , they must be processed
by the classification module to determine if the shape obtained from the image
corresponds to a human form. For this, a classifier is required, in this case the
multilayer perceptron was chosen, because it allows the classification of linearly
non-separable patterns and it is adequate to solve biclass classification problems
[7]. The backpropagation algorithm is used for multilayer perceptron training.
The training of the network requires training patterns. This patterns correspond
to a group of feature vectors obtained from segmented objects of a set of training
images, which were processed with the algorithms of the previous modules. The
number of elements of the training set is 182, divided into 91 elements that
correspond to human form and the remaining 91 are non-human forms.

The 91 human forms were obtained from 6 volunteers, each person was
photographed in different positions resembling the walking position of a person,
see Fig.[3] On the other hand, the 91 images of non-human form are images of
ordinary objects that are commonly found in a house, such as pets, balls, lamps.

The final architecture of the neural network, after performing several tests,
is presented in Fig. [d which shows an architecture of 7 inputs, 5 neurons were
required in the hidden layer and only one neuron in the output layer. The 7 inputs
correspond to the 7 elements of the feature vector obtained from Hu moments
, these are the image descriptors. The activation function of the hidden layer
neurons is the hyperbolic tangent, which allowed the backpropagation algorithm
to train faster. For the output layer it is assigned the sigmoid function, because
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Fig. 3. Sample of human form images obtained from the set of 91 training elements.

of the output of the network is between 0 and 1 (1 correspond to human form
and 0 correspond to non-human form).

Before training, the feature vectors of the set of 182 images were normalized

with obtained from [9]:

, 11— exp_(zj‘:juj)
xh =

1+ exp i
where :17; corresponds to the normalized value, x; is the value to be normalized, p;
is the average of the corresponding dimension and o is the standard deviation
of the corresponding dimension. This normalization allows to obtain a set of
normalized data within the range of —1 to +1, which is the range of values that
allow the activation function hyperbolic tangent to obtain appropriate activation
values and to avoid values that can saturate the function.

Once the values of the normalized dataset are obtained these are labeled with
the value of 0 and 1 (human form: 1 and non-human form: 0). This dataset is
processed by the backpropagation training algorithm. The training parameters
were an o = 0.5 and a ) = 0.25. The algorithm converges when the error between
the target and the multilayer perceptron output is as small as possible, updating
in each iteration the set of weights and bias of each layer connection.
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Fig. 4. Final architecture used for the classification module.

2.4 Communication Module

The communication is a simple client-server architecture, in which the image
processing and classification server is implemented on the Raspberry Pi platform.
The communication is implemented using a socket. The client is implemented on
a computer with a Linux distribution, such as Ubuntu, which receives the status
of the home monitoring performed by the server, through port 5000. The server
and the client are developed under the TCP /IP protocol stack in C language.

3 Results

The performance of the classification model can be analyzed in a confusion
matrix in Table [[I This matrix is a table of NxN —where N is the number of
classes— that summarizes the level of success of the predictions of a classification
model. In the case of the multilayer perceptron designed and implemented, the
number of classes is equal to 2, because of the problem of recognizing a human
form, in this case, is a binary classification problem.

The confusion matrix obtained is a matrix of 2z2. And the results were
obtained using a test set of 46 elements. The dataset of 228 images is divided in
182 training set images and 46 test set images.

Table 1. Confusion matrix of the classification model.

Human form No human form
Human form 22 1

No human form 1 22
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The confusion matrix in Table [1| describes that the 23 images containing
human form were correctly classified 22 and incorrectly classified 1 image. And
the other 23 images that do not contain human form were correctly classified 22
and 1 incorrectly classified. Of the total of the 46 elements of the test set, 95.65%
were classified by the model correctly, while 4.34% were incorrectly classified.

The execution time in which the Raspberry Pi platform performs the im-
age processing, from the image acquisition module to the classifier module,
is approximately of 21 seconds per image. This was measured considering the
execution of the algorithms sequentially. Because of these results it was decided
to apply HPC techniques, based in data parallelism. These techniques improved
the performance, obtaining only 7 seconds of image processing, approximately.

The Raspberry Pi Camera V2 obtains an image in an amount of time of
approximately 1 second, this execution time was obtained due to the reduction
of the configuration time of the camera to only 500ms, which is the minimum
required for the camera. As a result the total execution time is approximately of
7 to 8 seconds per image. Also the PIR sensor reading is configured to perform
a sampling time of 0.5 seconds.

4 Conclusions

The development of the system on a SoC-based platform and the use of HPC
techniques allowed to obtain a better computational performance. This allowed
to take advantage of the available software and hardware resources of the Rasp-
berry Pi 3 B. Also the implementation in C language, contributed to obtain a
better performance.

About the image processing algorithms, the lighting changes on the test
scenario generated noise in the sample images. To avoid this it was necessary
to implement global and local thresholds in the image regions, in addition to
the Sauvola algorithm. This algorithms of the segmentation module obtained
an image without white noise or lighting changes, this result improved the
robustness of the system, because of the avoiding of inaccuracies. Also obtaining
the characteristic features of an object in an image through the Hu moments
allowed to avoid the problem of translations, rotations, changes of scale and
illumination.

The classification module required the soft-max normalization algorithm to
improve the separation of the descriptor vectors of each object detected in an
image. This normalization also improved the execution of the backpropagation
algorithm. The result of the classifier were satisfactory. It was obtained an
accuracy of approximately 96%. The result allows the system to be placed as
a reliable and robust application for home automation. In comparison with the
development presented by Othman and Aydin in [2], it has an accuracy of 93%,
approximately. And Mathur et al. in [3] presents a development with an accuracy
of only 83%. There is a significant accuracy difference and the development
presented in this paper is implemented taking advantage of the hardware and
software resources of the Raspberry Pi platform, through HPC techniques.
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Resumen. El area de la ingenieria de software se ha encargado de proporcionar
herramientas para mejorar los procesos de construccion de software y, por ende,
la calidad en el mismo, por lo tanto, para lograr esto, debe guiarse de métodos,
modelos y/o précticas que permitan alcanzarla. Este trabajo de investigacion
intenta proveer una revision de los instrumentos existentes en el mercado, que
permitan a una empresa desarrolladora de software alcanzar niveles de madurez
a nivel proceso o bien, contar con estrategias utilizadas para aumentar la calidad
de los productos de software.

Palabras clave: ingenieria de software, calidad de productos de software,
procesos, herramientas, madurez de procesos.

Study of Tools to Reach Software Quality Levels at the
Process Level

Abstract. The area of software engineering has been responsible for providing
tools to improve the processes of software construction and, therefore, the quality
in it, therefore, to achieve this, it should be guided by methods, models and / or
practices that allow to reach it. This research work tries to provide a review of
the instruments in the market, which allow a software developer to reach maturity
levels at the process level or to have strategies used to increase the quality of
software products.

Keywords: software engineering, quality of software products, processes, tools,
process maturity.

1. Introduccion

La calidad de software y las contrariedades que lleva consigo conseguir un nivel de
calidad aceptable, es un problema que tiene sus raices desde la llamada crisis del
software y para mitigar sus estragos, varias estrategias han surgido en los Gltimos afios
y han proveido técnicas que ayudan a una mejora de la calidad en los procesos de
desarrollo de software. Segun [1], la creciente preocupacién por la calidad en la
industria del software tiene como objetivo principal el desarrollo sistematico de
productos y servicios de mejor calidad y el cumplimiento de las necesidades y
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expectativas de los clientes. La calidad se software se puede representar de acuerdo con
el enfoque de evaluacion, ya sea a nivel de proceso, producto o calidad en uso [2].

Por lo tanto, el presente trabajo se centrard en el tipo de evaluacion a nivel de
proceso, tomando en consideracion que asi se asegura el desarrollo de un producto de
software de calidad y por ende, que posee la caracteristica de usabilidad; por lo anterior,
el objetivo de este trabajo es comparar las herramientas existentes en el mercado actual,
que permiten acceder a una guia para alcanzar un nivel de calidad aceptable en los
procesos de desarrollo, es por ello, que resulta favorable conocer cuéales modelos o
estandares poseen una visién integradora de la calidad del producto de software o cuales
resultan adecuados para el &mbito de una organizacion.

Este documento se encuentra distribuido de la siguiente manera: en la seccion 2, se
dan a conocer algunos modelos importantes a nivel de proceso para la calidad de
software, en la seccidn 3, se proporciona una discusion que permite dar resultados de
esta investigacion a través de un cuadro comparativo con base en caracteristicas
principales de los modelos descritos en la seccion 2 y sus apartados. Finalmente, en la
seccion 4, se establecen las conclusiones del trabajo realizado y comentarios acerca de
trabajos futuros.

2. Modelos a nivel de proceso para la calidad de software

Realizando el andlisis de investigacion de la bibliografia existente, correspondiente
al tema a abordar en este trabajo, es posible encontrar algunos modelos actualmente
reconocidos por la industria de la ingenieria de software, entre ellos, ISO/IEC 15504
(SPICE), BOOTSTRAP, DROMEY, IEEE / EIA 12207, COBIT (Control Objectives
for Information and related Technology, Objetivos de Control para Informacion y
Tecnologias Relacionadas), 1SO 90003, 1SO 20000, CMMI (Capability Maturity
Model Integration, Modelos de Madurez de Capacidades Integrados), PSP (Personal
Software Process, Proceso de Software Personal), TSP (Team Software Process,
Equipo de Procesos de Software), cuyo objetivo en comin es proveer una evaluacion
de la calidad del software a nivel proceso; dentro de los siguientes apartados, se realiza
una breve descripcion de cada uno de ellos, con el fin de conocerlos, resaltando sus
principales caracteristicas, objetivos y funciones.

2.1.  ISO/IEC 15504 (SPICE)

Permite adaptar la evaluacion para procesos en Pequefias y Medianas Empresas
(PYMES) y grupos de desarrollo pequefios, mediante la estructuracion en 6 niveles de
madurez: Nivel 0- Organizacién inmadura, Nivel 1- Organizacion basica, Nivel 2-
Organizacién gestionada, Nivel 3- Organizacion establecida, Nivel 4- Organizacion
predecible y Nivel 5- Organizacién optimizando. Su objetivo es llegar a que la
organizacion logre ser madura, lo cual, conlleva que la organizacién tenga procesos
definidos, responsabilidades definidas, prediccién de resultados, productos entregados
con calidad, que las entregas se den en los tiempos pactados, incrementar la
productividad, clientes satisfechos, y empleados felices [2].

ISO/IEC 15004 (SPICE) trata de una herramienta con los siguientes objetivos
determinados en [3]:
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—  Proponer y desarrollar un estandar de evaluacién de procesos de software.

—  Evaluar su desempefio mediante su experimentacién en la industria emergente
del desarrollo de software.

— Promover la transferencia de tecnologia de la evaluacion de procesos de
software a la industria del software a nivel mundial.

2.2. BOOTSTRAP

Es una metodologia de valoracion de la calidad que permite la mejora de procesos a
partir de 6 actividades bésicas: examinar la necesidad, iniciar proceso de mejora,
preparacién y direccién de la evaluacion, andlisis de resultados, implantacién y
finalizacion de mejoras [2].

Bootstrap Institute es el instituto que dirige los destinos de la metodologia y esta
constituido por: miembros fundadores, corporativos y demas integrantes; dentro de sus
principios estan: que la metodologia sea accesible a todos y crezca de forma que permita
mejoras, que la evolucion de la metodologia sea democratica, que provea un servicio a
la industria y que opere como una empresa no lucrativa [4].

2.3. DROMEY

Es un modelo adaptable para evaluar varias etapas del proceso de desarrollo, tales
como levantamiento de requisitos, disefio e implementacion. Se estructura con
caracteristicas y sub-caracteristicas de calidad; propone tres modelos distintos para cada
etapa de construccion del producto: modelo de requerimientos, modelo de disefio y
modelo de calidad de la implementacion, a partir de la evaluacion establecida en cinco
etapas, para caracteristicas como: eficiencia, confiabilidad, mantenibilidad,
portabilidad, facilidad de uso y funcionalidad [2].

Es un modelo de calidad a medida, propuesto por Robert Geoff Dromey en 1995. Su
proposito es el de trabajar con una estructura que permite construir y utilizar un modelo
de calidad practico para evaluar las etapas de determinacion de los requerimientos,
disefio e implementacion. Esta informacion puede ser usada para elaborar, comparar y
evaluar la calidad de los productos de software. Este modelo plantea la calidad del
producto por medio de la definicion de sub-caracteristicas que pueden ser medidas y
evaluadas como caracteristicas. También, permite aumentar el entendimiento respecto
de la relacién entre los atributos (caracteristicas) y los sub atributos de calidad [5].

2.4. |EEE/EIA 12207

Este estandar establece un marco de trabajo comudn para el ciclo de vida del
desarrollo de software, a partir del planteamiento de procesos, actividades y tareas que
pueden ser aplicadas durante la adquisicién, suministro, desarrollo, operacion,
mantenimiento y/o despliegue de un producto software [2]. IEEE/EIA 12207: Procesos
del Ciclo vital del software, se beneficia de una herencia que atraviesa un cuarto del
siglo del trabajo de estandares de proceso del software, el estdndar extensamente se
considera como el suministro de una base para el comercio mundial en servicios del
software. Al lado de la ISO 9.000, es probablemente el estdndar més relacionado con
la informacion importante con relacién a la tecnologia [6]. La Fig. 1, muestra la
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estructura del modelo, como se puede observar, consta de 3 partes, las cuales permiten
a una empresa ir incorporando el modelo progresivamente.

IEEE/EIA Part 0 IEEE/EIA Part 1 IEEE/EIA Part 2
Guide to Life Guide to Process

[EEEIEA Cycle Data Implementation
Front Matter
[EEE/EIA Body Body
S—
from Part 0

—
-
-
-

ISO/IEC 12207 :
- references quoted clause

to Part 0 e e e

Annexes [ Annexes

Fig. 1 Estructura IEEE / EIA 12207 [2].

25. COBIT

Se caracteriza por ser orientado a negocios y procesos, ademas de ser basado en
controles, trabaja con siete criterios de informacién que son definidos como
requerimientos de control del negocio: efectividad, eficiencia, confidencialidad,
integridad, disponibilidad, cumplimiento y confiabilidad [2].

COBIT se ha puesto en practica en muchos paises desde su introduccién en 1996.
Uno de los factores que dan popularidad a COBIT es que su extenso resumen, marco,
objetivos de control, guias de la direccién y juego de herramientas de realizacion son
gratuitos. El pago sélo se requiere para las guias de auditoria. COBIT parece hacerse
un marco influyente para el control y el gobierno de TI (Tecnologias de la Informacidn)
se certifican a por el significado y diversidad de las organizaciones en cual se ha
utilizado. Ademas, COBIT esté actualmente en su quinta edicion y consta de 3 niveles
de aplicacion [6].

2.6. 1SO 90003

Conjunto de estandares utilizados para el desarrollo, suministro y soporte del
software, cuyo propdésito es ofrecer una guia de aplicacién de la norma 9001 que
pretende ser utilizada para demostrar o soportar que la entidad (proyecto/empresa) esta
en capacidad de desarrollar software con criterios de calidad [2]. La 1SO 9001 cuando
es aplicada a auditorias del software, tiene cinco categorias [6].

La seccion 7.3 de la ISO 90003:2004 cubre una serie de subdivisiones que
proporcionan pautas detalladas para las fases del disefio y desarrollo de software, las
cuales son:

— 7.3.1. Design and development planning (Disefio y planeacion del desarrollo).
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— 7.3.2. Design and development inputs (Disefio y entradas del desarrollo).
— 7.3.3. Design and development outputs (Disefio y salidas del desarrollo).
—  7.3.4. Design and development review (Disefio y revision del desarrollo).

— 7.3.5. Design and development verification (Disefio y verificacion del
desarrollo).

— 7.3.6. Design and development validation (Disefio y validacion del desarrollo).

— 7.3.7. Control of design and development changes (Cambios del desarrollo y
control del disefio).

2.7. 1SO 20000

El objetivo principal de esta norma es el de avalar que la prestacion de servicios
gestionados de TI (Tecnologias de la informacién) de una empresa cuentan con la
calidad necesaria para brindar dichos servicios a los clientes. Se subdivide en dos
partes: "Especificaciones"”, publicada como 1SO 200001:2005, y "Codigo de buenas
practicas" publicada como ISO 20000-2:2005 [2].

La ISO 20000 es un instrumento potente para los que buscan la direccién del servicio
de calidad, si son empresas del sector de la T1, departamentos de la T1 o abastecedores
internos dentro de alguna otra clase de la organizacion o hasta otros tipos de
organizaciones orientado a servicios. Es relevante notar que, aunque el origen del
estandar se arraigue en una intencién de manejar servicios de la Tl, la versién actual no
contiene ningun impedimento para la utilizacion de ello para otros tipos de servicios.

La ISO 20000 se forma de una serie de documentos. ElI primer documento,
formalmente conocido como ISO/IEC 20000-1 (ISO/IEC 2011), es la Unica parte que
establece requisitos para un sistema de gestion del servicio, por lo tanto, estos requisitos
son los Unicos que deben cumplirse para obtener la certificacion. Los otros documentos,
aungue sean muy valiosos y provechosos para poner en practica el estandar, se pueden
considerar complementarios [7].

2.8. PSP, TSPY CMMI

En esta seccion se describe el uso de tres herramientas, que en conjunto permiten a
una empresa dedicada al Desarrollo de Software (DS), alcanzar niveles de madurez, se
consideran las mas actuales y utilizadas en el area de la IS (Ingenieria de Software), la
Fig. 2, muestra hablando en términos de calidad y madurez de software, una pirdmide
de la IS relacionada con los modelos de madurez PSP, TSP Y CMMI, en la que se
detalla el nivel de utilidad y de pautas para el uso de las estrategias para la gestién de
DS, partiendo desde la vista personal hasta la empresarial; primero en la parte mas baja,
se debe de comenzar aplicando la gestion a nivel personal, posteriormente a nivel de
equipos de trabajo, para poder lograr una integracién a nivel organizacional y
obteniendo un nivel de madurez como resultado de esta integracion de estrategias [8].
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Fig. 2 Pirdmide que expresa el nivel de aplicacion de las estrategias para la calidad de software
PSP, TSP, CMMI [Elaboracion propia].

Personal Software Process (PSP)

La demanda de la industria del software para lograr previsibilidad y consistencia
frente a los rapidos cambios es significativa. EI marco de trabajo PSP ayuda al
individuo a satisfacer estas demandas [9]. PSP es un proceso personal que, al estar
basado en los principios de mejora, ayuda a la gente a establecer sus metas personales,
identificar qué métodos utilizaran, medir su trabajo y analizar los resultados, para
ajustar los métodos que utilizan para cumplir sus metas [9].

PSP es un proceso definido para ayudar a realizar mejor el trabajo, cuyo objetivo es
obtener y reportar datos precisos y completos del trabajo que se realiza a nivel
individual, con el fin de mejorar el proceso individual, afectando de esta manera al
desempefio de todo el equipo [9].

PSP amplia el proceso de mejora a la gente que realiza el trabajo de desarrollo de
software, concentrandose en las practicas de trabajo de los ingenieros en una forma
individual, ensefiando cdémo manejar la calidad desde el principio de un producto. PSP
métricas propias de cada individuo, que permiten estructurar y ordenar el trabajo del
dia a dia. El resultado del trabajo personal, ademés puede ser llevado a un trabajo en
equipo TSP (Team Process Software), el cual es “comandado” por un sistema de
gestion de la configuracion y por supuesto, un Jefe de Proyecto quien evalla los
resultados y avances de los miembros del equipo [10].

Algunos de los objetivos del proceso PSP son:

- Introduce la disciplina y la medicion del proceso.
- Introduce estimacion y planeacion.
- Introduce al manejo de calidad.

Los principios de PSP, recopilados por [8] son:

1. Cada ingeniero es diferente, para ser mas eficiente, debe planificar su trabajo
basandose en su experiencia personal.

2. Usar procesos bien definidos y cuantificados.
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3. Los ingenieros deben asumir la responsabilidad personal de la calidad de sus
productos.

4. Cuanto antes se detecten y corrijan los errores menos esfuerzo sera necesario.

5. Es mas efectivo evitar los defectos que detectarlos y corregirlos.

6. Trabajar bien es siempre la forma mas rapida y econémica de trabajar.

Algunas de las principales caracteristicas se describen, de manera resumida, en el
siguiente listado:

—  Concentra la practica de una forma individual.
— Esde uso personal.

— Se aplica en proyectos pequefios.

—  Produce software de calidad.

— Administra tiempo.

—  Demuestra como manejar el control de calidad.

Los procesos, practicas y herramientas PSP se disefiaron para ayudar a los ingenieros
del software a hacer bien su trabajo, por tanto, permite aplicar métodos avanzados de
ingenieria a tareas personales diarias. Proporcionando métodos detallados de
planificacién y estimacion, muestra a los ingenieros como controlar su rendimiento
frente a estos planes y explica como los procesos definidos guian su trabajo [6].

Team Software Process (TSP)

TSP inici6 como una herramienta capaz de ayudarle a los equipos de gerentes de
proyectos, asi como a los ingenieros, a organizar y producir proyectos de software a
gran escala; se dio a conocer en 1996 y fue desarrollado por el ingeniero y fisico Watts
S. Humprey, el cual publicé el primer reporte técnico en el afio 2000 [11].

Humprey buscaba proporcionar a sus estudiantes de ingenieria de software, una
vision total del ciclo de vida del software [11].

Esta novedosa herramienta es considerada como una metodologia para administrar
el trabajo de mejora y desarrollo de los procesos de software, ademas de garantizar un
entorno de trabajo agradable y natural para los equipos. TSP brinda un conjunto de
pasos bien estructurados que indican qué hacer en cada fase del desarrollo del proyecto
y muestra como conectar cada fase para construir un producto completo, ademas brinda
una ayuda acerca de cémo conformar equipos para el desarrollo de software de calidad
[11]. Como toda herramienta, los objetivos que rigen la implementacién de TSP [12],
se listan a continuacion:

— Maximizar la calidad del software en detrimento de los costos.

— Formar equipos que sean capaces de planear y registrar su trabajo, establecer
metas bien definidas y sean aptos para realimentar su propio trabajo mediante
la medicién de éste.

— Brindar un punto de vista a los gerentes y lideres de proyecto acerca de como
monitorear y como motivar a sus equipos de trabajo para sacar su maximo po-
tencial.

—  Establecer una guia para el mejoramiento en organizaciones maduras; asi como
acelerar la mejora continua de procesos.
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Como toda metodologia que busca la continua mejora de procesos, TSP posee fases
en donde se describen una serie de pautas para ayudar a realizar un buen desarrollo de
software por parte del equipo de trabajo. Las fases descritas por [12] son mostradas en
la Fig. 3.

Lanzamiento

Requerimientos Implementacion

Fig. 3 Fases de TSP, descritas en [12], [elaboracidn propia].

Las principales caracteristicas de la herramienta TSP, descritas por Humphrey en
[11], son:

— Miembros expertos en papeles de liderazgo y pertenencia.

— Relaciones tranquilas y establecidas entre los miembros.

—  Los miembros se sienten atraidos por el grupo y son fieles.

— Los valores y metas del grupo son los de sus integrantes.

—  Los miembros estan motivados por hacer lo que puedan por el grupo.

— Lainteraccion y toma de decisiones tiene lugar en el ambiente adecuado.
— El grupo desea ayudar a cada miembro a adquirir su pleno potencial.

Capability Maturity Model Integration (CMMI)

CMMI es un modelo de procesos que contiene las mejores préacticas de la industria
para el desarrollo, mantenimiento, adquisicion y operacién de productos y servicios. Su
enfoque es la mejora de procesos, que provee a las organizaciones de los elementos
esenciales para un proceso efectivo y provee guia para la calidad de los procesos.
CMMI fue desarrollado por el SEI: Software Engineering Institute, Instituto de
Ingenieria de Software [2].

El objetivo de CMMI es crear productos de calidad que permita obtener resultados
medibles y repetibles. CMMI mide la madurez del proceso de desarrollo del software
en una escala del 1 al 5 (véase Fig. 4) e integra disciplinas como sistemas y software en
un solo marco de trabajo, describe formas efectivas y probadas de hacer las cosas, no
es un enfoque radical [8].

El modelo CMMI consta de 22 &reas de proceso. Las areas de proceso de Nivel 2 y
3 son las siguientes: Planificacion de Proyecto (PP), Seguimiento y Control de
Proyectos (PMC), Desarrollo de Equipos Integrado (IT), Gestion de Riesgos (RSKM),
Desarrollo de Requisitos (RD), Gestion de Requisitos (RM), Solucién Técnica (TS),
Integracion del Producto (Sl), Verificacion (VER), Validacion (VAL), Medicion y
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Analisis (MA), Gestion de la Configuracion (CM), Aseguramiento de Calidad de
Proceso y Producto (PPQA). CMMI es utilizado en mas de 5000 empresas de las cuales
24 son empresas ubicadas en el Perd. En su gran mayoria las empresas peruanas se
encuentran en nivel 2y 3 [8].

Niveles de madurez de CMMI

Mejora continua en los procesos

Procesos medibles y predecibles
Estandarizacion de los procesos en la
é organizacion, consistencia en |os proyectos

Proceso por proyecto,
documentacion definida

Proceso Impredecible,
époco control

Fig. 2 [llustracion de los Niveles de Madurez CMMI. [Recuperado de
http://rupandcmmi.blogspot.com/p/niveles-de-madurez.html].

En la Tabla 1 se muestra el cuadro comparativo correspondiente a los modelos de
calidad a nivel proceso, descritos en este trabajo, por consiguiente, es posible
determinar que los modelos relatados muestran, como principal objetivo, proveer a una
empresa desarrolladora de software las armas para construir software de calidad,
ademas de que cuentan con niveles para alcanzar la calidad de una manera progresiva,
del mismo modo se pueden adaptar a equipos de trabajo, tanto pequefios como grandes.
Lo ideal es conocer més a fondo cada herramienta y realizar un estudio detallado de
cada una, es decir, aplicar los modelos presentados en este trabajo o bien, entrevistar a
las empresas que los utilizan, para conocer los factores de éxito o fracaso de estos
modelos en la industria del software.

Por otro lado, un ejemplo de modelos para alcanzar un nivel de calidad de tipo
hibrido, es decir modelos de calidad a nivel proceso, producto y/o funcionalidad, Luis
E Mendoza , ver [13], propone MOdelo Sistémico de CAlidad (MOSCA), para evaluar
la calidad de los sistemas de software, integrando el modelo de Calidad del Producto y
el modelo de Calidad del Proceso, MOSCA fue probado en dos empresas venezolanas
desarrolladoras de software, utilizando el Método “Analisis de Caracteristicas por Caso
de Estudio”, con 3 fases para ir incrustando la calidad en los sistemas de software. Lo
anterior para destacar otra oportunidad de estudio, es decir, integrar aquellos modelos
que permitan implementar la calidad de software en sus tres horizontes; nivel de
proceso, producto o calidad en uso.
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3. Conclusiones y trabajos futuros

Es evidente que los procesos de desarrollo en una industria emergente, como el
software, que continuamente aporta nuevos escenarios tecnoldgicos, deben de contar
con una herramienta de evaluacion de la madurez de sus procesos, para que
continuamente este siendo evaluada; de tal forma que la entidad pueda nutrirse y asi

crecer y aportar conocimiento al resto del panorama industrial.

Tabla 1. Cuadro Comparativo: Modelos de Calidad Nivel Proceso.
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En este articulo, se proporciona una revision breve de herramientas que permiten ir
evaluando la calidad de los procesos de desarrollo de software. Dentro de la literatura
se encuentran algunos trabajos como en [2] and [5], que se ha encargado realizar un
revision mas exhaustiva a nivel de proceso, producto y uso.

Como conclusidn es posible afirmar que una empresa, del &mbito del desarrollo de
sistemas informaticos, que no cuente con algln sistema de gestién de calidad o de
evaluacion de sus procesos de desarrollo de software tiene la tarea dificil de situarse en
un mercado competitivo para tener éxito en cualquier licitacion pablica o privada; por
tanto, se vuelve indispensable que conozca aquellas herramientas que le permitan
iniciarse en el camino hacia la calidad en el desarrollo de software.

Un trabajo futuro para esta investigacion es aplicar los modelos presentados en este
trabajo o bien, entrevistar a las empresas que los utilizan, para conocer los factores de
éxito o fracaso de estos modelos en la industria del software.
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Abstract. Depression is a mental disorder manifested through a set
of psychological and physical symptoms, such as the presence of sad-
ness, apathy, hopelessness and irritability, among others. According to
the World Health Organization (WHO), depression is affecting more
than 300 million people worldwide, presenting a prevalence between
3 and 21%. One of the main problems of this high prevalence is the
incorrect classification of patients, since many cases are false positive
and false negative diagnoses. In this work it is proposed the study of
the behavior of five different classification techniques, random forest
(RF), conditional inference trees (cTree), K-nearest neighbor (K-NN),
support vector machine (SVM) and Naive Bayes, to identify depressive
states through the motor activity of patients contained in the Depresjon
dataset. The activity of this dataset is acquired through the smart watch
“Actigraph”, based on actigraphy. The evaluation of these classification
techniques is finally performed in terms of sensitivity, specificity, the
receiver operating characteristic (ROC) curve and area under the curve
(AUC), to know their performance to automatically detect depressive
patients. The results shown values of sensitivity, specificity and AUC,
statistically significant, specially for the RF method, which presents
sensitivity = 0.8148, specificity = 0.8158 and AUC = 0.8314. Therefore,
it is concluded that these classifiers are able to distinguish patients with
depression from controls, based on their motor activity, allowing the
development of a non-invasive diagnosis tool to support specialists in
the correct diagnosis of depression.

Keywords: depression, motor activity, classification, random forest, con-
ditional inference trees, K-nearest neighbor , support vector machine,
naive Bayes.

1 Introduction

Depression is a mental disorder which is manifested through a set of psychological
and physical symptoms. Among these symptoms are present the predominance
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of feelings related to sadness, apathy, hopelessness and irritability, besides the
deterioration in personal appearance, crying and insomnia. This disorder can
also be accompanied by other emotional and / or physical illnesses, such as
anxiety, alcohol and other substance abuse, systematic illnesses, eating disorders
and even some personality disorders [5].

According to the World Health Organization (WHO), in 2017 the depres-
sion was present in more than 300 million people worldwide, having a current
prevalence between 3 and 21 %. Mainly, this condition affects people from 15 to
45 years old and, in most countries, it occurs twice as many women as men. In
addition, this condition appears as the second cause of death in people aged 15
to 29, causing about 800,000 suicides per year [11].

This disorder is regularly classified into three main categories, mild, moderate
or severe, which help to make an adequate diagnosis. These categories depend
on the duration with which the symptoms occur and can range from transient
to persistent (the presence lasts for months or years) and, according to this
classification, the disease can rebound in different ways, interfering with the
work, the school, family, society, among others [8].

The diagnosis of depression also allows to receive a more appropriate treat-
ment according to the degree to which it occurs. However, according to the
literature, about 56 % of the cases are not diagnosed due to the lack of resources
and trained health personnel, together with the inaccurate clinical evaluation
and the mythification that is had of this disease by of patients, which is based
on stigma related to mental disorders caused by lack of education.

On the other hand, the problem of false positives and false negatives in the
diagnosis of depression continues to present itself in countries of all types of
income in a significant way, despite the extensive study that has been focused
on this disease, causing patients with depression do not receive any type of treat-
ment while healthy patients or patients with a condition other than depression
are diagnosed as positive and are subject to antidepressants [1].

Due to this diagnostic problem, different artificial intelligence (IA) tools have
been implemented that can contribute to improve the detection techniques of this
disorder. The main purpose of this approach is the development of tools that
allow to automatically identify when a patient presents depression from certain
type of information provided by the patient. To be able to carry out this task,
the AI tools are based on a previous training, which consists in submitting an
algorithm to an automatic learning that consists in the search of relationships
of a considerable number of examples of cases similar to those that they want to
classify, with the real diagnosis of those examples, being information of patients
with depression specifically for this case [14].

Based on this, the main contribution of this work is to study and compare the
behavior of different types of classification techniques to predict depressive states
through the activity of patients, measured with a smart band accelerometer,
this evaluation in terms of sensitivity and specificity, as a receiver operating
characteristic (ROC) curve and area under the curve (AUC), let to know the
performance to maximize the detection of depressive or not depressive states
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depending on what researchers want to develop for a particular application.
Additionally, this comparison allows the development of a real-time non-invasive
diagnosis. Automatic depression states can increase significantly the develop-
ment of an effective treatment and contribute to the prevention of this type of
psychopathology.

This work is organized as follows. In section 2 is presented the materials and
methods evaluated in this work, random forest (Rf), conditional inference trees
(cTree), K-Nearest Neighbor (K-NN), support vector machine (SVM) and Naive
Bayes. In section 3, the results obtained are shown. Finally, in section 4 these
results are discussed and the conclusions are briefly described.

2 Materials and Methods

This section presents the detailed explanation of the stages proposed by this
work, shown in Figure 1. Initially, a data preprocessing is applied to extract a
set of data to represent the behavior of the patients. These data are subsequently
subjected to five classifiers, RF, cTree, K-NN, SVM and Naive Bayes in order to
fin a model that allows to the automatic classification of patients with presence
of depression. Finally, the classification obtained by the different methods is
validated through a set of statistical metrics, such as the ROC curve, AUC,
sensitivity and specificity.

Data

. Classification Validation
preprocessing

Extraction

of data
from a
time lapse
Specificity

Fig. 1. Flowchart of the methodology proposed.

2.1 Data Description

For the development of this work, the Depresjon dataset is used, which is a col-
lection of data contained by the information of the motor activity from patients
with presence and absence of depression. These data have been deposited in the
“control” and “condition” repositories of the dataset, being possible to access in
http://datasets.simula.no/depresjon/ and / or can be directly downloaded from
http://doi.org/10.5281/zenodo.1219550.
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The information contained in the dataset is obtained from 55 patients, 32
controls (absence of depression, represented with 0) and 23 cases (presence of
depression, represented with 1). For the acquisition of the data, the actigraph
watch “Actiwatch” (model AW4, developed by Cambridge Neurotechnology Ltd,
England) is used, which consists of patients carrying it on their left wrist for a
series of days during the 24 hours. The Actiwatch measures the activity levels
with a sampling frequency of 32 Hz, recording movements over 0.05 g. Movements
are represented as voltage, which are stored as an activity count in the memory
of the Actiwatch, being the number of counts proportional to the intensity of
the movement. These activity counts are recorded in on minute lapses [3].

2.2 Data Preprocessing

For the preprocessing of the data, a specific time lapse was selected for each
patient from the total data acquired. That is, for each observation, 60 samples
are taken from a lapse of one hour, having a sampling frequency of one minute.
These samples are selected within the time range of 9 pm to 5 am.

It is important to note that this time period is selected due to its clinical
implication, which refers to the fact that subjects with depression tend to present
a greater amount of motor activity during that time, while control subjects do
not, meaning significant information for the distinction of case subjects.

2.3 Classification Methods

For this work five methods were selected to study the performance of different
categories of classifiers to detect depression episodes, represented by an outcome
with two possible values, 0 (controls) and 1 (cases). RF and cTree follow a
decision based approach which helps to take into account the time dependence,
on the other hand, K-NN and SVM is an instance based method to include all
the observation as a unit, while Naive Bayes is a probabilistic approach.

Random Forest This method is a well-know classifier proposed by Breinman
et al. [2], which uses two levels of randomness for the construction of the trees,
beginning with a bootstrapped version of the training data, known as bagging,
where a subset of the training data is used for each tree, based on the principle
of replacement and the remaining data is used to estimate the error, through
the out-of-bag (OOB) error. In the second level, a subset of features is randomly
selected and added to each node throughout the growth of the decision trees.
For each node, the best feature among a random subset of features is selected in
order to reduce the label error. This technique bases its classification technique
on taking the majority vote from all the decision trees. This process is recursively
repeated until the trees reach a defined depth or the number of samples in a node
does not exceed a threshold [15,10].
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Conditional Inference Trees This method based on recursive partitioning,
which is a fundamental tool to explore the structure of the data and developing
decision rules for predicting a categorical or continuous outcome. The conditional
distribution of statistics to measure the relationship between the input features
and the output is the bases for the unbiased selection among covariates measured
in different scales. In an algorithm that performs recursively partitions, a sample
is developed using non-negative integer valued case weights. In cTree, two main
steps are involved, (1) feature selection and (2) splitting. The step 1 consists
in the selection of the covariate of strongest association with the output for
splitting. Then, in step 2 a permutation test framework is developed to find the
optimal binary split for the selected covariate in step 1. These steps are repeated
recursively until the global null hypothesis of the independence between the
output and any of the features cannot be rejected at a pre-specified threshold,
which can be the p-value, to mention an example [12].

K-Nearest Neighbor This method present a non-parametric approach that
has been widely used in different statistical applications since the early 1970’s
The basis of this algorithm consists on, from the calibration dataset, a group of
K samples is found, which are nearest to unknown samples. To achieve this goal,
the Euclidean distance, || 7 — 7|, between a given set of queries and the inputs,
is calculated, and the K closest input points are identified for each query [6].
From the these K samples, the output of the unknown samples are determined
through the calculation of the average of the input features. The parameter K is
determined based on several calculations. Therefore, as a result of this classifier,
the k is a key element in the performance of the K-NN [9].

Support Vector Machine This method is based on statistical learning theory
proposed by Vapniket al. [13], where the goal is to achieve structural risk mini-
mization. A learning strategy to keep the empirical risk value fixed and minimize
the confidence range is applied in this approach. Its basis is obtained from the
optimal classification hyperplane with linear separability, which is mainly aimed
in binary classification problems. The objective is to find a hyperplane to cor-
rectly separate the two types of outputs without errors, while the separated data
points farthest from the classification surface are kept. To solve this problem and
get the classifier, a constrained quadratic programming problem is constructed
based on mini||w||?, sty;(w - x; +b) > 1, i = 1, 2, ..., n. According to the
statistical learning theory, the error-free separation helps to ensure that the
empirical risk is minimized, the distance between classifications is maximized
and the confidence range of the generalization bound is minimized, minimizing
the real risk. Therefore, SVM provides a good generalization ability.

Naive Bayes This classifier is based on the Bayes theorem, which consists
on Equation 1, where G = G, are the possible classes for a data point X and
Pr(G = G;|X) represents the posterior probability based on prior knowledge
combined with the observed data:
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Pr(X) '

The Naive Bayes model assumes that the inputs are conditionally inde-
pendent in each class, and the classifier does not consider correlation between
features, lowering the variance while the bias is increased and the overfitting
is avoided on the training set. The classification of a vector X with d features
is provided by taking the maximum posterior probability over all classes and
applying the Bayes’ theorem, as shown in Equation 2:

Pr(G = G| X) =

d
argmaxPr(G = G;) H Pr(X = X;|G = G,). (2)
G;eG j=1

Then, all the information used to classify an arbitrary data point can be
represented in a set of vectors, which is useful to carry out the classification.

2.4 Validation

For the validation stage, three parameters were measured, the AUC as a quantity
value of the ROC curve, the specificity and the sensitivity.

The ROC curve is a metric widely used for the evaluation of binary classifi-
cation problems, allowing to the graphic interpretation of the results based on
the shape of the curve, being possible to provide its quantitative value with the
AUC [7]. This parameter allows to measure the classification precision of the
model through the sensitivity and the specificity.

The sensitivity is defined as the proportion of samples with a positive condi-
tion that are correctly classified. This metric can be calculated with Equation 3,
where T'P represents the true positives and F'P represents the false positives [4]:

TP
D 3)
TP+ FP

The specificity is defined as the proportion of samples with a negative con-
dition that are correctly classified. It can be calculated with Equation 4, where
TN represents the true negatives and F'N represents the false negatives [4]:

sensitivity =

TN

speci ficity = TN T EN

(4)

Finally, the sensitivity and the specificity in conjunction represent the deci-
sion threshold of the ROC curve. The AUC can be calculated through trapezoidal
integration, as shown in Equation 5:

AUC:Z(l—ﬁi-Aa)+%[A(l—B)~Aa], (5)

where A(1—38)=(1-08;) — (14 Bi—1) and Aa = a; + ;1.
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3 Results

The results obtained from the performance of the classifiers are presented. Figure
2 shows the ROC curves calculated based on the performance of each classifier.
The ROC curves (a) and (b), which correspond to RF and cTree, respectively,
present very similar curves, besides being the ones that present the best behavior
in conjunction with the curve (d), which corresponds to SVM. The curve (c),
which corresponds to K-NN also presents an adequate behavior, although a little
less than the previous curves; while the curve (e), which corresponds to Naive
Bayes, is reduced significantly compared to the others.
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Fig. 2. ROC curves obtained using the (a) RF, (b) cTree (¢) K-NN, (d) SVM and (e)
Naive Bayes.

The quantitative results that justify the behavior of the ROC curves are
presented in Table 1, where are shown the values obtained from the statistical
metrics measured for each technique, related to the identification of patients
with depression. As is possible to observe, RF presents the highest values for
each metric, obtaining a sensitivity of 0.8148, specificity of 0.8158 and AUC
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of 0.8314. Naive Bayes presents the lowest AUC with a value of 0.5677 and
specificity with a value of 0.4606; however, its sensitivity presents a value of
0.7419, which is higher than the SVM sensitivity, since it obtained a value of
0.6364, being the lowest sensitivity.

Classifier Sensitivity Specificity AUC

RF 0.8148 0.8158  0.8314
cTree 0.7383 0.8090 0.8183
K-NN 0.7614 0.6693  0.7153
SVM 0.6364 0.7200  0.7924
Naive Bayes  0.7419 0.4606  0.5677

Table 1. Values obtained from the validation.

4 Discussion and Conclusions

In this work is presented the evaluation of five well-known classifiers. These clas-
sifiers are different approaches, probabilistic, decision based, deterministic, etc.
allowing the comparison in terms of sensitivity and specificity, to overcome the
depression episodes automatic detection using an activity signal. this evaluation
allows to conclude several specific points described below:

— The ROC curve allows to conclude that Naive Bayes is the one with worst
AUC, however, one possible way to improve the behavior of this classifier is
to increase the number of observations.

— Decision based approaches acquire the best AUC, however is necessary a
deep study of overfitting, given that is a common issue with this type of
algorithms.

— Random Forest outperforms other approaches, including other type of de-
cision based algorithms, nevertheless is one with more computational cost
when number of trees are increased.

— Random Forest outperforms in terms of sensitivity and specificity other
classifiers, however, in medical diagnostics commonly is more important
to increase sensitivity to find true positive states. Therefore, K-NN is one
possible solution at a lower computational cost, being the second one in
terms of sensitivity.

Then, it is important to remark that despite the classifiers it is possible to
develop an automatic detection of depressive episodes using the motor activity
signal on one hour intervals records without other type of processing. The results
obtained probe that independently, there is a particular behavior on patients
with depression in the body movements that can be modeled by these type of
classifiers.
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Therefore, this work allows the development of efficient tools for automatic

diagnosis of depressive episodes to help specialists in mental illness to recognize
the health status of patients based on the motor activity recorded by commonly
used smart bands.
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Abstract. An approach to automatic generation of a network of refer-
ence ‘views’ specifically structured for non-coordinate robot navigation is
presented. The reference views are selected from the input flow while the
robot moves along a random continuous trajectory in its environment.
The network is organized as an atlas that represents inner model of
the robot environment. It accumulates a ‘rich’ navigation knowledge
extracted from the flow of ‘poor’ views. No coordinate transformation is
involved, but fundamental topological concepts: the continuity of a robot
trajectory and discontinuities (‘heavy changes’) detected in the input
flow. Avoiding any explicit coordinate transformation becomes possible
using a local inversion of the knowledge hidden in the relation ‘robot
control — change of view’. Both techniques — the inversion and detection
of heavy changes — are specific for a particular robot architecture. The
approach was verified on a virtual static 2D-workspace.

Keywords: cognitive robotics, learning workspace from views, non-co-
ordinate environment modeling, visual navigation.

1 Introduction

This work is a step in a wider research about non-coordinate robot navigation.
It presents a biologically inspired approach that does not use coordinates of any
kind, neither for pointing a navigation goal, nor for an inner representation of
navigational knowledge. ‘Non-coordinate’ navigation used in this work, intends
to emphasize the fact that the commonly used term ‘non-Cartesian’ can still refer
to a coordinate system. The architecture proposed here covers both, the issue
of inner representation of geography, as well as learning the geography process
during exploration of the environment by robot.

Fig. 1 clarifies our goal. It shows a workspace with a virtual robot. The
workspace is static, bi-dimensional, and populated with obstacles. Fig. 1a shows
a supervisor’s view of an instance of such workspace with the robot shown as
a dark triangle. If the robot had a colour camera, its current view would be as
shown in Fig. 1b. But instead, robot has a sensor of 1D range images that scans
all directions in a 1D field of view and measures the distance to the first obstacle
along each direction, so the robot view for the same scene is shown in Fig. lc.
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Note that the distances represented by such views are not crude, but somehow
transformed due to technological reasons related to OpenGL.

The single view in Fig. la provides a human with full information about
geography of the environment, but the robot, at any time, has a much poorer
input: the one similar to the shown in Fig. 1c. By processing a flow of such ‘poor’
views, is constructed a data structure that contains a complete information about
the geography, equivalent to the one in Fig. la.

The inner workspace model of the robot is constructed as a set of reference
views from the input flow and is organized as an atlas of ‘neighbourhoods’.

VIEW FROM THE CAMERA OF SUPERVISOR

Fig.1. Three views for the same “robot-in-environment” scene: (a) A supervisor’s
view; the robot position and orientation is shown by a dark triangle at the bottom; the
dashed line is commented in Section 4. (b) A robocentric view by a colour camera. (c)
A robocentric view from a sensor of 1D range image. The lines between (a) and (b),
and between (b) and (c) connect the same objects on corresponding views.
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The process of learning the geography is based on driving the robot along a
continuous random trajectory and an analysis of the input flow of such views; at
the beginning, the inner model of workspace is initialized to a single reference
view that corresponds to an initial robot position on the scene. A test over any
pair of views, being applied to the pairs of adjacent views of the input flow, is
aimed to show semantic discontinuities in the flow. The positive responses of
the test are called ‘heavy changes’. Each neighbourhood is formed by a set of
views with no heavy change between them; the data structure that represents
a neighbourhood contains also information about entrances from and exits to
other neighbourhoods. This network is a dynamic structure: it is subjected to the
inclusion of new reference views, linking them to neighbourhoods, adding new
neighbourhoods into atlas, adding links (entrances or exits) between adjacent
neighbourhoods and merging neighbourhoods after detecting a loop closure of
the robot trajectory in its workspace.

The network represents a graph-based component of the robot navigation
knowledge. It can be used for solving non-local navigation tasks, meanwhile for
the local navigation a vision-guided control is assumed. Retrieving a command
for a desirable change of views is performed by the Kohonen associative memory,
[15]. Training the memory is accomplished by a set of ‘cause—effect’ pairs {robot
command; change of views}.

Navigation assumes self-localization, in contrast to SLAM, localization in the
scope of presented approach is non-coordinate; it is performed as a permanent
task that at any moment generates a pair {Current Neighbourhood (CN); Cur-
rent Reference View (CRV)}, where the components, respectively, stand for IDs
of the neighborhood which the current robot view belongs, and a reference view
in CN from which the current view can be reached by a robot control command.
An estimate of the command is constructed by associative memory.

For the sensor that produces images like the ones in Fig. lc, estimation
of the robot control command for a desirable change of views is as follows:
The associative memory is represented as a vector with components indexed by
possible distances to objects in a view. The vector representation is required
because each object in the field of view responds non-linearly to a robot control
according to the distance to this object. For two views that determine a required
change of robot state, any pair of matching objects in them contributes with its
own impact into the estimate of the command. This impact is computed by a
component of the vector of associative memory that corresponds to a distance
to this particular object. Amount of all impacts gives the required estimate.

Heavy changes are the milestones for the non-coordinate navigation. Detec-
tion of heavy changes is sensor-dependent. A corresponding technique for the
views like in Fig. 1c was presented in [14]. The relation of heavy change helps to
associate the robot views with some neighborhoods of the atlas: two close views
generated on a continuous robot trajectory belong to the same neighborhood if
there is no heavy change between them, and vice versa.

This work focuses on the logic of creating the network of reference views, this
approach was tested using a new version of the software presented in [14].
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The rest of the paper is organized as follows: Section 2 offers a review of
previous works. Section 3 describes a logic for learning the inner model of
workspace. Section 4 describes the structure of software and experiments on
it. Section 5 contains conclusions.

2 Related Works

2.1 Non-Coordinate Navigation

The attempts to understand how the human brain tackles the navigation tasks
have been undertaken in numerous works during several decades, mainly in
psychology. In robotics, it is an active theme for more than two decades.

An approach to navigation of autonomous systems in semi-structured envi-
ronments using natural language is based on a model called Generalized Ground-
ing Graphs (G3) [19]. The robot must be trained beforehand for recognizing
basic elements like: events, objects, places and paths. Then they can be used
to express a navigational goal in natural language as “go to next corner of the
room”. Closer ideas can be found in [2], where the robot must complete a task
which involves identifying an object and a position in an unknown environment.
Once the task and object are identified, the robot must go to a specific location.
In this work the robot learns using imitation learning. In both works, navigation
does not deal with a coordinate space.

A graph based model for a non-coordinate vision-guided navigation was
proposed in [13]. Other works on this topic are [8,9,18]. The model presented in
[13] (so called GT-model) is formed by two graphs: G, which stands for the robot
vision-to-action knowledge, and T that represents a geography or administrative
system imposed on G. G alone is quite similar to the view graph of [8,18], but
being enriched by geography graph T it obtains some new properties.

In formal terms, a GT-model is defined as pair {G, T}, where the components
satisfy the following properties:

- G = (Vg, Eg) is a directed graph with non-negative weights assigned to its
edges; intuitively, any node of Vg stands for a set of close robot views and
implicitly it represents a subset in a space of all robot states; the edges of
E¢ stand for some control rules that drive robot from one set of close views
to other.

- T = (Vr, Er ) is a directed graph with an unique source-node whereas
the set of its terminal nodes coincides with V¢; the nodes of V¢ stand for
geographic entities of the robot space, whereas the edges of E; are just
inclusions indicating that one entity belongs to some other.

In these terms, for example, “Move robot from the Mexico City downtown
to the Computer Research Center”, means to drive robot from one set of views
(downtown) to another (CRC) by means of the rules from Eg. Then, a formal-
ization of a non-coordinate navigation problem is as follows. Let «, f € V be
geographic entities and V,, Vg C Vg be their respective domains. The problem
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is: Find a path in G with minimal summary weight that begins inside V, and
ends inside Vg. This problem is called the extended shortest path problem (espp).
So an espp means search of a best route that connects two sets from Vg, however
not arbitrary ones but only those represented by some nodes of the geographic
graph T.

It turns out, [13], that a navigational problem in the form of espp under
some natural assumptions can be solved by a dynamic programming algorithm
of lower computational complexity than for a classic shortest path problem for
two nodes of graph G.

In spite of some advantages of the approach based on GT-model, its appli-
cation to robotics for the years after publication of [13] remained as an abstract
theory than a practical instrument due to the difficulties related to learning the
lowest, non-verbalizable level of geography.

Indeed, consider a geographic item that has an explicit name like North
America, Mexico City, The National Polytechnic Institute of Mexico, etc. It is
technically clear how to introduce such an item into a GT-model. But for the
lowest geographic level, each item should be represented by a data structure
that does not have neither a distinctive shape, nor a name. In this respect, this
work together with [14] represents a novel step to overcome obstacles for future
practical implementation of the non-coordinate approach to navigation of [13].

Note that in contrast to the verbalizable levels, the lowest-level geography
model is sensor-dependent: the higher levels can be the same, say, for a robot, a
blind person, as well as for a human who does not suffer any illness of sight; the
lowest level geography depends: for a blind person — on the stick which he/she
uses for exploration of the environment, for a normal person — on his/her vision.
This is why learning geography of the lowest level cannot be done in the same
way for all kinds of robots. But some common principles can be found.

2.2 SLAM and the Navigation Based on a Sketch of Path

The research line called Simultaneous Localization and Map Building (SLAM)
has a story of more than a three decades [4-6,11]. The aim of this approach is
to convert a set of robocentric views into a single map. This ‘map’ is understood
in a traditional, Cartesian meaning so that a human could read and use it.
The SLAM techniques involve statistical methods including extended Kalman
filter [3] and Rao-Blackwellized particle filters [10]. They allow feeding the map
creation while the robot moves smoothly.

An approach to robot guidance in an indoor environment is presented in
[1]. As a human-robot interface, it makes use of a sketch of a required robot
path; the robot task in a sense is an inversion of SLAM: starting from a poor
quality map (sketch), identify its landmarks in the robocentric views, and use
them for guidance. The sketch can be regarded as a single-task-oriented, “light”
navigational model of environment. The recognition is simplified due to the
indoor specific.

We adopt here the, employed in many SLAM works, idea about treating
loops, [7,12,17]. Detection of a loop-closure in a robot trajectory increases
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drastically the precision of the map under construction. In the scope of our
approach, detected loops allow to improve adequateness of an inner model of
the workspace.

Note that a single 2D view in Fig. la is equivalent to a 2D map, however
this way of presentation of the workspace is chosen here not because of some
limitations of our approach but just for illustrative and testing purposes. A map
like in SLAM not always allows an adequate representation of geography of a
robot environment. For example, it is inadequate for an environment similar to
a 3D-maze, or for a mountain cave of a complex structure. On the opposite, the
approach presented in this work is not limited to a 2D-environment.

Nevertheless, we believe that ideas of SLAM are very fruitful to be combined
in future with our approach especially for facing the robot dynamics that are
disregarded yet in our experiments.

2.3 Detection of Heavy Changes

Robot state for the workspace of Fig. 1 can be regarded as the pair {robot
position; robot orientation}. From a topological point of view, while robot moves
smoothly in workspace, a path in the space of robot states is mapped contin-
uously into a space of robot views. Some qualitative changes in the flow of
views are declared as Heavy Changes (HCs). Detection of HCs helps to organize
the inner model of workspace. As it was mentioned in section 1, a particular
technique for detection of HCs depends on the robot architecture. What a HC
means depends also on a semantic interpretation of objects in a current view: for
instance, in the flow of range images like Fig. 1c, the dynamics of distant objects
is not as relevant for HC as that of close objects. Then, detection of HCs in
a border zone between different neighbourhoods provokes a natural instability
of outcome. In these circumstances, providing the robustness of the atlas of
neighbourhoods formed by reference views is not an elementary issue.

A method for tackling this issue was presented in [14] for the virtual world
of Fig. 1. There the flow of 1D range images is subjected to the processing
that combines a transformation of each image into a string of symbols of an
alphabet with comparison of such strings by means of a technique based on the
Levenshtein distance [16]. Note that the Levenshtein distance is known nowadays
mainly for its role in detection of plagiarism.

Any symbol of the string is constructed as a singular point, that is as a
discontinuity of the first or second derivative of the range image; the alphabet
of singular points to code a range image includes {STEP UP, STEP DOWN,
ANGLE TOWARD ROBOT, ANGLE OUTWARD ROBOT} with obvious in-
tuitive meaning for each option. Since this alphabet is rather short for reliable
comparison of the strings, each symbol is supplied with an extended descriptor
to reduce the probability of errors while taking a decision on occurrence of a HC.

Computation of the Levenshtein distance for two strings leads to so called
Editorial Prescription (EP) that describes a simplest transformation of one
string into another by means of some elementary operations over strings. If,
for example, EP is empty then the strings are equivalent and there is no HC
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between corresponding views; otherwise a decision on occurrence of HC is taken
by a deeper analysis of EP. We refer the readers to [14] for further details.

Note that this approach cannot be applied directly to 2D images because the
technique of Levenshtein is oriented exclusively toward processing the strings,
so in general the detection of HCs is an open field for future research.

3 Inner Model of Environment

We start with some preliminary comments on the kind of robot sensor.

In experiments we deal with 1D range images, however the term ‘views’
does not refer to this particular kind of sensor. Note that, although different
kinds of sensors generate views that seem qualitatively different, sometimes
their information impact is almost equivalent. For instance, conventional video
snapshots like in Fig. 1b can be chosen as an input flow and although such input
seems rather different from the range images, the extraction of the range data
virtually equivalent to that represented in Fig. 1c can be easily performed by
processing the colour views as the robot moves in its workspace.

It is quite reasonable not using crude but somehow post-processed views to
make them more robust about noise, illumination, etc., as well as more compact
for storing. For example, instead of the crude range images similar to Fig. 1c,
the strings described in section 2.3 are stored in our experiments.

The network of reference views mentioned in section 1 represents an inner
robot model of its environment. It is constructed as a set of robocentric views
specifically organized to meet navigation needs. The inner model comprises
two databases: VIEWS that stores the set of reference views and ATLAS that
imposes a kind of topology on VIEWS and represents them in the form of a set
of neighbourhoods.

Each neighbourhood comprises three sets: the set {by,bs,...,b, }, where each
b; can be regarded as ID of a Reference View (RV) in VIEWS, the set of
entrances, and the set of exits.

The entrances and exits have the same format of pair {neighbourhood_ID,
RV_ID}, where the IDs refer to respective objects in ATLAS and VIEWS. For
an entrance, values of the components specify such objects from which the robot
can be moved to the Current View (CV) by a command, whereas for an exit
they stand for the objects to which the robot can be moved starting from a view
b; that belongs to the neighbourhood that owns the exit.

In its turn, the correspondence of a robot position to a neighbourhood of
ATLAS is the matter of the self-localization process mentioned in Section 1.
Mathematically, self-localization for non-coordinate navigation can be regarded
as correspondence: CV — {CN,CRV}.

All transformations of the inner model are carried out by a logic triggered just
at the moments when this correspondence fails to be established. The remainder
of this section presents this logic.

In a general case, CV does not belong to VIEWS, and hence it may not
belong to the set {by,bs,...,b, } of CN. However for a correct self-localization in

ISSN 1870-4069 145 Research in Computing Science 148(10), 2019



Josué Figueroa-Gonzalez, Georgii Khachaturov, Juan M. Martinez-Hernandez

a workspace, the reachability of CV from a reference view b; is required. Under
the assumption that the robot state in the CN yields view b; the reachability
means that, a single robot control command exists that moves robot from b; to
the state at which the CV has been produced, in other words, to the current
state.

It is the task of the associative memory mentioned in Section 1 to construct
an estimate of such command starting from a view b; and CV. If the norm of
the estimate is greater than a threshold, such estimate is rejected. If the same is
true for all b; € {by,ba,....b, }, the hypothesis of reachability of CV from CN is
rejected as well.

In the process of learning the inner robot model, supervisor randomly gener-
ates a succession of robot control commands. Robot executes each command and
gets a new CV; the new CV is subjected to analysis that leads to actualization
of self-localization pair {CN; CRV}, as well as to possible modifications of both
databases, ATLAS and VIEWS.

In this process, outcome of the following two tests completely determines
possible modifications of the model: the Test on Reachability (TR) of CV and
the Test on a Heavy Change (THC) between the previous view and CV.

A negative response of THC (no heavy change) means that CV corresponds
to the same CN as the previous one, and the set of neighbourhoods of ATLAS
remains the same. However, the result of TR is still important: VIEWS stays
unchanged for a positive response, but otherwise the previous view of the input
flow is added to VIEWS and included as a new element into set {by,ba,....b, }
of CN. Since CV has been just reached from the previous view by the current
robot command, this inclusion automatically provides the required reachability,
and the just added view becomes a new CRV.

For a positive response of THC (heavy change occurred) further logic follows
the block-diagram of Fig. 2: it starts from a straightforward search of an exit
among those already registered in CN. If an appropriate exit is found, then
CN must be substituted with the neighbourhood that the exit leads to. Just
as in the previous paragraph, actualization of CRV depends on the response of
TR: a positive response of TR is automatically accompanied with new CRYV,
whereas for a negative response, CV is included into VIEWS and added to the
set of views of the actualized CN and CV becomes a new CRV since a view is
reachable from itself.

If the search of exits fails, still a chance remains that robot has completed a
long loop and returned back to an old neighbourhood. So search of loop closure
is executed: CV is subjected to THC and TR with respect to the views of old
neighbourhoods. For closure, it is necessary to find an old view with a negative
response from THC and a positive from TR. Unfortunately, this condition is
not enough to avoid errors completely: similar views can be perceived as distant
states of robot. To reduce the probability of these errors, too uniform views
can be filtered out from the search as unreliable; next, the sensor system of
the robot can be enriched by a virtual compass (a sensor of orientation), which
allows filtering out the candidates with a strongly different orientation than a
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Segrch of Switch Current
nelghbour frolm Neighbourhood
registered exits (CN) to the found

neighbour

Detect a loop
closure

Introduce new Treat the loop
neighbourhood closure

Fig. 2. Block-diagram of transformation of the model after a heavy change.

current robot orientation. As an ultimate resource, robot can call supervisor for
help in doubtful cases.

If the search for loop closure fails, a new neighbourhood is introduced into
ATLAS and the CV becomes its unique view. A link is established between the
new neighbourhood and CN that is an entrance and exit are introduced into
respective neighbourhoods; and then CN is actualized to be the new neighbour-
hood.

Otherwise, if a loop is detected it is treated as follows. First, it is clear that the
CN turns out to be a new entrance to an Old Neighbourhood (ON), on which the
loop closure has just been detected. Hence a corresponding link — new entrance
to ON, new exit to CN — is introduced, but it is possible that this entrance is not
brand new because it had been introduced earlier to ON under a different ID. To
study this possibility, a view b; from CN is subjected successively to THC with
respect to the views of all entrances to ON. If an entrance E is found, whose
view component yields a negative response of THC, the hypothesis is accepted
that the neighbourhood component of E is identical to CN is accepted. Since the
views under consideration are topologically close each other, although the errors
of identification of views are still possible, their probability is much less than for
loop closure. As a consequence, CN and the neighbourhood indicated in E can
be merged into a single neighbourhood; depending on which neighbourhood is
chosen to absorb the other, one of the two neighbourhoods can be deleted from
ATLAS after merging. It also implies substitution of all references in ATLAS to
the deleted neighbourhood by the ones to the remaining neighbourhood.

The previous paragraph, in a simplified form, presents the idea of a surgery
of the inner model after a loop detection. In fact, a detected loop allows a deeper
surgery to be applied. Indeed, THC can be applied, for instance, to the entrances
of CN versus the entrances of entrances of E. Furthermore, the same idea can be
extended to the exits. It would help to establish more equivalent neighbourhoods
additionally to those of the previous paragraph.

Applying a deeper surgery makes the inner model to converge faster, but
even the simple surgery leads to the convergence of ATLAS: the model tends to
stabilize itself as the robot route becomes sufficiently dense in the workspace.
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4 Experiments

A newer version of the pilot software described in [14] was used for the experi-
ments. The functions implemented in the package include:

- Interactive creation of obstacles of the robot environment.

- Visualization of the environment and different kinds of robot views.

- Intuitive supervisor graphic interface for controlling robot.

- Training the Kohonen associative memory.

- Transformation of angle-distance plot to a string of singular points.

- Application of a technique based on the Levenshtein distance to the strings
of singular points for detection of a heavy change.

- Auto-localization process.

- Manipulations with the inner model of the environment.

- Serialization/Deserialization.

Using software comprises three stages: generation of obstacles inside the
workspace; training the associative memory and learning geography of the workspace.

For a generated workspace, just after the Kohonen associative memory has
been trained, the program automatically initializes: the robot position shown by
the triangle in Fig. 1a; the content of ATLAS of a unique neighbourhood and
the content of VIEWS to a unique view like the one in Fig. 1c.

Supervisor drives robot so that each mouse click is interpreted as a leading
point to be translated in a combination of rotation < 4° and displacement ahead
< 3% of the workspace size. About 80 commands are required to close a loop
shown by dashed line in Fig. 1a. The processing of each command of the sequence
follows the logic presented in Section 3.

1000
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700 /
600 /

Neighbourhoods in Atlas

Views in VIEW_NETWORK

Robot Control Commands

Merged Neighbourhoods

Registered Events
w
o
o

EREN"

Active Neighbourhoods

0 1 2 3 4 5 6 7 8
Completed Cycles

Fig. 3. Plot of statistics obtained during experiments.
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A typical experimental result of learning the workspace is illustrated by Fig.
3. It presents several statistics that show the dynamics of generation of the inner
model. The statistics are registered for a looped route that approximately follows
the dashed line of Fig. 1a. Supervisor leads the robot several times along the loop,
and the statistics are monitored as functions of the number of full revolutions.

The plotted statistics include the number of: (i) commands; (ii) neighbour-
hoods introduced into ATLAS; (iii) merged neighbourhoods; (iv) views intro-
duced into VIEWS. One additional plot shows the number of active neighbour-
hoods in ATLAS defined as ‘introduced neighbourhoods minus merged neigh-
bourhoods’ that is the difference (ii)—(iii). This plot shows an obvious tendency
for stabilization of the fragment responsible for the loop in question in the model
under construction.

5 Conclusions

The presented approach for a robot learning from its workspace employs a graph-
based model ideologically similar to the view graph, [8,18], or the graph G of
the GT-model, [13]. The inner model of workspace is constructed as a set of
reference views from the input flow, organized in an atlas of neighbourhoods.
Our approach is parallel to SLAM, but no coordinate transformation is involved
and no map of the workspace is build: the intention to avoid any coordinate
representation is the main bio-inspired motivation for this work.

Instead of a explicit use of coordinate transformation we deal with its implicit
substitute based on a local inversion of the cause-effect correspondence between
a robot control and a sensor response; to provide this inversion, a Kohonen
associative memory is used.

This work focuses on the logic of transformation of the inner model: adding
new reference views; agglomeration them as neighbourhoods; switching a current
neighbourhood; adding a new neighbourhood into the atlas and merging some
neighbourhoods detecting a loop closure on a robot trajectory. Two tests govern
learning the inner model: test on reachability of a current view from a reference
view, and test on a semantic similarity of two views. The former decides whether
a control exists that would provide a needed change of view; the latter determines
if robot still belongs to a current neighbourhood. Only similar reference views
(no ‘heavy change’ between them) constitute a neighbourhood.

The logic of creation of the inner model was tested on a virtual robot in a
2D workspace. The flow of input views in this case is represented by 1D-range
images. For this kind of virtual sensor the detection of heavy changes can be
effectively done, [14], by transforming each view to a string of singular points
and a subsequent comparison of such strings by a technique based on application
of the Levenshtein distance. The experiments carried out for this work give a
statistical confirmation of stabilization of the inner model of the workspace when
supervisor leads the robot many times along a cyclic trajectory.

This work proposes a novel method for automatic construction of a graph-
based model of workspace, formed by reference views. Using such models opens
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the way to solve navigation problems in natural terms. It can be done, [13],
by introducing an additional structure to represent the ordinary geographic
concepts. This issue presents a future research lines. Other lines for future works
are: replacement of the 1D robot sensor with other kinds of sensors; extension
of the technique from the 1D to 2D views, as well from a static to non-static
workspace, and more. As a challenging goal oriented to practice, we can mention
the development of a drone able to navigate automatically in a region after
learning it just by flying several times over it.
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Abstract. This investigation presents an image encryption system and its security
analysis, it is based on cellular automata and a substitution box. The joint of these
two techniques, allow to encrypt digital images with a high adjacent redundancy
and pass different statistical and differential tests and cryptanalytic attacks. The
synchronization phenomenon of cellular automata, is sensitive to initial
conditions, therefore has been used in Pseudo Random Number Generators
(PRNG) and cryptosystems. In this system, the synchronization phenomenon is
used to change the coefficients of the pixels, but the process is not equal for each
bit, thus the s-box is used to make the system robust and for compliance with the
bit independence criterion among others.

Keywords: image encryption, cellular automata, S-box.

1 Introduction

Nowadays, we can perform many operations for internet, thus facilitating processes and
optimizing times. But, this requires providing security to users, given that their data are
exposed on the transmissions or at the storage location. One of the techniques used to
protect information are cryptographic algorithms. This technique consists of making
the information unintelligible, in such a way that it can only be recovered using the
correct key.

Currently, image encryption is a very active field of research, due to the multiple
areas where it is required, for example: in the pay-television service, medical imaging
systems, videoconferences, military communications, video surveillance, among
others. Although there are several conventional encryption algorithms, such as AES
(Advanced Encryption Standard), DES (Data Encryption Standard) and IDEA
(International Data Encryption Algorithm), they have often been impractical for image
encryption, due to the intrinsic properties of these, such as large volumes, a strong
adjacent correlation, a high redundancy, among others [1]. Therefore, the security
problem extends because the algorithms for image encryption must provide perceptual
security and cryptographic security.

This has encouraged the search and implementation of new schemes for image
encryption, such as the large number of encryption systems with a chaotic approach [2,
3, 4]. That is why in this research the synchronization of cellular automata is combined
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based on rule 90, which is of discrete chaotic dynamics and the substitution boxes (S-
box) to provide a strong algorithm against cryptanalytic and statistical attacks and pass
the visual inspection.

2 Background

2.1 Cellular Automata

The concept of cellular automata (CA) was introduced in the decade of the 40°s by the
mathematician John von Neumann and Stanislaw Ulam [5]. The CAs are used to model
complex behaviors where local interactions are involved. In fact, CAs represent a class
of dynamic systems capable of describing the evolution of systems using simple rules,
without the need to use differential equations.

The cellular automata consist of an ordered set of cells, in the form of a grid, where
each cell has a finite number of states. The cellular automata form a grid of two
dimensions, where their cells evolve in discrete steps according to a local rule of update
applied uniformly, on all cells. At the beginning, a state is assigned to the cells at time
t = 0, where the new cell states will depend on their previous states and those of their
neighborhood, see Fig 1.

Space (i)
t=0
e Neighborhood of cell i
[*
=
‘ t=2

i-1 i i+1
Fig. 1. Space-time diagram of a one-dimensional cellular automaton.

The elementary cellular automata (ECA) are CA of one dimension, with two states
and neighborhood of radius 1. A local rule of cellular automata is the algorithm used to
calculate the next state of the cell. The ECAs differ among themselves, only by
choosing the local rule, they contain only three variables (cells) and each one can take
only two values (1,0), therefore there are only 8 combinations, resulting in 28 = 256
local rules and ECA different. For example, the local rule 90 is described by the
following expression:

xfH = A(xfg + xb). @)
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The phenomenon of synchronization occurs when, after a period of time, the
behavior of two dynamic systems approaches arbitrarily. In the case of CA, after a
number of steps in time t, the difference between the vectors x and y corresponding to
the controller and replicating cellular automaton respectively, will eventually result in
the zero vector 0 = (0,0 ... ,0). For this it is necessary that in each step, both vectors
evolve using the same local rule.

Fig. 2. Generator of pseudo-random sequences.

In Ref. [6] it was shown that a pair of ECAs that evolve using the local rule 90,
synchronize if the coupled coordinates are separated by a block of N = 2"-1 decoupled
sites, where n is a positive integer. Based on the phenomenon of synchronization, in
Ref. [7] the authors proposed a Pseudo-Random Number Generator (PRNG). The main
function is called h, and it requires two vectors x and y of n bits and n + 1 bits
respectively. To calculate a pseudo-random sequence, the function requires that the
cellular automaton evolve backwards. Such a situation is described in Fig. 2.

Where the XOR gates are represented with the circles that in the middle have a cross,
the connectivity of these represent the local rule 90, and the resulting vector is called
vector t.

In Ref. [8] a preprocessing function was created to exchange the values of the
plaintext, based on the pseudo-random number generator, making a modification in its
feedback, see Fig. 3. The process applied to images consists in receive each pixel
coefficient as if it were the vector x, the vector y will be replaced after each iteration
by the resulting vector 71, concatenating the least significant bit of the vector y
precedent as the most significant bit of the new vector. This function allows to break
the high adjacent correlation of the images, allowing a dynamic substitution of the
information.

m=>x m

Y

Fig. 3. Preprocessing function based om the h function.
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2.2  S-box

On the other hand, in cryptography, substitution boxes are a basic component in
symmetric algorithms. The boxes are used in cipher blocks to exchange the plaintext
and in this way hide the relationship between the encryption key and the encrypted
text [9].

The design and selection of a replacement box is a careful process, because it
requires to be resistant to attacks of cryptanalysis. See Fig. 4 shows the S-box used in
the AES encryption system, it has been tested and pass all the design principles.

0|12 |3 (4|5|6|7|8 9 |A|B|C | D|E|[F
63|7C|77 |7B |F2 |6B|6F (C5|30|01 |67 |2B|FE |D7 AB|76
CA|82|C9|7D|FA |59 |47 |FO|AD| D4 |A2|AF|9C A4|72|CO
B7 |[FD|93 |26 |36 |3F |F7|CC|34 |A5 |E5|F1|71|D8|31|15
04 |C7|23|C3|18|96|05|9A|07 |12 |80 |E2 |EB|27|B2|75
09 |83|2C|1A|1B|6E |5A|AD|52 |3B |D6|B3|29 E3 |2F |84
53|D1|00 |ED |20 |FC |B1|5B|6A|CB|BE|39|4A|4C 58 |CF
DO|EF |AA|FB |43 4D |33|85|45|F9 |02 |7F |50 |3C | 9F |A8
51 |A3|40 |8F |92 |9D|38|F5|BC|B6 |DA|21|10|FF |F3 |D2
CD|0C|13 |EC|5F |97 |44|17|C4 |A7 |7E |3D|64|5D|19|73
60 |81 |4F |DC|22|2A|90|88|46 |EE |B8 |14 |DE|5E |OB|DB
E0 |32 |3A|0A|49|06|24|5C|C2|D3 |AC|62|91|95 E4|79
E7|C8|37|6D|8D|D5|4E|A9|6C |56 |F4 |EA|65|7A AE|08
BA|78|25|2E|1C|A6|B4|C6|E8 |DD|74 | 1F |4B|BD| 8B |8A
70 |3E|B5 |66 |48 |03 |F6 |0E| 61|35 |57 |B9|86|C1|1D|9E
E1(F8|98 |11 |69 |DS|8BE|94|9B|IE |87 |ES|CE|55)|28 |DF
8C|A1|89 |0D|BF |E6 |42|68|41|99 |2D|OF |BO|54 |BB|16

nmgolelrlvolvwalusalwn~o

Fig. 4. S-box of the AES system in hexadecimal notation

3 Encryption Algorithm
3.1  New h Function

For the development of this image encryption algorithm, it is feasible to join both tools,
synchronization phenomenon of CA and substitution boxes. The preprocessing
operation is able to break the high correlation of the images and the substitution boxes
provide security against attacks of differential cryptanalysis and bit
independence criterion.

To increase the initial condition, a new version of the preprocessing operation was
performed, where three h operations are used. So that there is no correlation between
the original image and its processed version, see Fig. 5.
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Ly irLY:

Fig. 5. Improved preprocessing function with three h functions.
3.2 Description of the Algorithm
The algorithm to encrypt an image works in the following way:
1° Select a block of plaintext 24-bits long (3 pixels in gray scale).
2° The new preprocessing function is applied to the plaintext blocks of the image.

3° The preprocessed block is divided in blocks of 8-bits, the value of each block is
replaced using the S-box.

4° Subsequently, the columns and the rows of the resulting image are inverted in
such a way that the pixel (n, n) now occupies the place (0,0), calculating the
complement of each coordinate.

5° Finally, the preprocessing function with the transformed image is used again.

The secret key of this algorithm is at least 148 bits since two extended preprocessing
functions are used, therefore, given the current processing is not susceptible to breaking
using brute force attacks [10].

4 Results

The results of the security analysis applied to the encrypted images are shown in this
section. Various statistical tests, cryptanalytics attacks and the calculation of NPCR
(Number of Changing Pixel Rate) and UACI (Unified Averaged Changed Intensity)
indices were applied to validate the quality of the encryption. For the tests, we use
images widely used in the image processing with different characteristics: mandrill,
Lena and peppers. All in gray scale to 8 bits and dimensions 512 x 512 pixels.

4.1  Histograms

The first test consists of calculating histograms of both the plainimage and its encrypted
version, see Fig. 6. It shows the case of the Lena image, where we can see that the
histogram of its encrypted version is uniform, thus hiding the redundancy of data from
the original image.
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Fig. 6. Analysis of histograms a) Image of Lena, b) Image of Lena encrypted, c) Histogram of
the original image of Lena and d) Histogram of the encrypted version of Lena.

4.2  Correlation

The second test that was performed was the calculation of the correlation coefficient
between the original image and its encrypted version. This test tries to demonstrate the
independence that exists between the encrypted image and the original image.
According to the interpretation of this coefficient, there is no correlation between the
images if the result is close to 0. Table 1 shows the results of this test applied to the
three test images.

Table 1. Correlation coefficients between plainimages and their corresponding encrypted
version.

Image Coeficient
Peppers -0.0025700
Lena 0.0011410
Mandrill 0.0005676

4.3 NPCR and UACI

In the encryption of images, it is common to analyze the resistance of the algorithms to
differential attacks using two measurements: NPCR and UACI. Both measurements are
based on small changes in two images and encrypt them under the same key. To
illustrate this, let us assume that we have two encrypted images C* and C2?, whose
corresponding plainimages have only one pixel different from each other, and both have
been encrypted with the same secret key. The coefficients in the grayscale of both
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images in row i and column j are marked as C! (i, j) and C2 (i, j) respectively. The
NPCR and UACI indices are defined in equations (2) and (3).

D(i, j)
NPCR:N(C,€?) = ) ——x100% 2
Zu T 2
i o ZIC‘UJ)—C‘(U)I
UACI: U(CY, C?) = — g X 100% 3
[F] Fe1 ( )

where D (i, j) is determined in the following way: if C* (i, j) = C2 (i, j), then D (i, j) =
0, otherwise D (i, j) = 1, T is the total of pixels of the images and F denotes the
maximum value valid in the format of the image. For gray scale images at 256 levels,
the theoretical values are UACI = 33.464% and NPCR = 99.609%, [11]. It is important
highlight that to demonstrate the operation, a pixel will be modified to the image. The
results obtained for our algorithm are shown in Table 2, where the least significant bit
of the pixel m(255,255) was modified.

Table 2. Numercial results for NPCR and UACI.

Image NPCR UACI

Peppers 99.6235% 33.434992%
Lena 99.6021% 33.425587%
Mandrill 99.6128% 33.361058%

As is shown in the Table 2, the results in the most cases are upper than the theoretical
values, just in one case is lower for 0.0069%.
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Fig. 7. Chosen-plainimage attack applied to the test image of the peppers. a) Original image, b)
encrypted image of the peppers, c) solid image chosen, d) image mask and e) the recovered
image.
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4.4  Chosen-plainimage Attack (CPIA)

Finally, we performed the Chosen-plainimage attack (CPIA). In Ref. [12] they point
out that if a cryptosystem is secure against CPIA attack, it is also safe against other
cryptanalysis attacks such as cipherimage-only attack or known-plainimage attack.

This attack implies that the adversary is able to choose the plainimages and obtain
their respective encrypted version, but he does not know the secret key. The attack
begins by selecting the images to be encrypted, as can be seen in Fig. 7, the image of
the peppers is used, Fig. 7a) and a solid black image, Fig. 7c). Both images are
encrypted under the same secret key, the results are Fig. 7b) and 7d). Finally, an XOR
operation is performed pixel by pixel between both encrypted images, the result will be
what is called the recovered image, Fig. 7e). As we can see in our case the resulting
image does not reveal information of the original image.

5 Conclusions

In the present work, a new algorithm for image encryption was proposed, the quality of
encryption was measured with different tests and kinds of images, offering
cryptographic and perceptual security, in all the cases. Both tools, the synchronization
of cellular automata and the substitution boxes are complemented to securely encrypt
this information. This encryption system could be a feasible option to encrypt high
redundancy image, without revel any pattern. Therefore, it presents a better
performance than AES system in ECB (Electronic Code Book) mode.
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Abstract. It is known that virtual tutors have a wide range of functionalities,
which have been little exploited and applied in the educational field at the
primary level. However, these functionalities allow to offer mechanisms of
interaction with students through an interactive dialogue by using text to speech,
and even more sophisticated, the recognition and understanding of natural
language or speech. In this paper, a personalized virtual tutor for the primary
education scenario in Mexico is presented. This virtual tutor is called Mexican
Intelligent Pedagogical Agent for Schoolchildren (MelPeAS) and was created to
be used as a pedagogical support mechanism offering a unique attraction for
current and future generations of schoolchildren in Mexico. The virtual tutor has
been validated in practice in public primary schools of the municipalities of the
State of Mexico in Mexico. This validation is to analyze the impact of the user
experience from the obtained results having relevant information about the
reinforcement of topics taught within the classroom.

Keywords: education, intelligent agent, pedagogical agent, virtual dialogue,
virtual tutor.

1 Introduction

Interactive agents used for pedagogical purposes have demonstrated to induce a higher
motivation to learn on students. These agents known as pedagogical agents would
enhance learning when attracting attention through a dynamic interactive and
conversational mechanism with students by a bidirectional dialog. Pedagogical agents
look like anthropomorphic virtual characters used primarily for educational or training
purposes. The design of pedagogical agents has changed over time depending on the
desired objectives through their use. This field of research has emerged over the past
three decades to provide support and achieve an adequate teaching-learning process
according to the student and teacher needs. Apart of being able to communicate in a
verbal way, it is desirable that created pedagogical agents are full bodied, and can show
emotions or facial expressions even body motions in order to be able to communicate
in a non-verbal manner with students. There exist different ways to animate and
represent pedagogical agents, some of the most common are: using a cartoon-style
character, playing real videos or employing 2D or 3D models.

Pedagogical agents, which are able to show affective reactions, have expressive
behaviors, exhibit a personality, speak and listen to the user. These can offer a further
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dimension to the experience of human-computer interaction applications for learning
purposes. Their construction makes possible to extend the experience within the
learning environment by enhancing communicative setting, delivering a capability
where the spoken output can be enhanced by expressive talking agents that can
understand student speech and are capable to speech to them. The point of departure
for the approach described in this paper is that this agent technology can be used in the
development of an effective pedagogical agent in the form of an intelligent virtual tutor
for supporting and assisting the teaching-learning process within the first three grades
of primary education in Mexico.

Given the above, in this paper a virtual tutor prototype called Mexican Intelligent
Pedagogical Agent for Schoolchildren (MelPeAS) is presented, as a new tool based on
human-computer interaction techniques through the approaches of serious games [1]
[2] and educational software [3] [4]. That is, so that students into the first three grades
of primary education in Mexico can interact with it, while seeking to achieve
understanding and master the acquired knowledge in each theme of each block included
in all subjects that must be studied.

The interactive virtual tutor here presented is intended to support the teaching-
learning process within the classroom, not as a substitute for a real tutor or teacher, but
as a pedagogical support element even at home. This virtual tutor represents a new
working tool that can be used in teaching, and helps in the increase and remarkable
improvement of the educational quality from primary education levels, being one of the
first pedagogical agents developed in Mexico. This agent inhabits a serious game acting
as an individualized teaching-learning platform and intelligent tutoring system. With
the use of the virtual tutor (see fig. 1), it will be verified that it is feasible to provide a
supporting tool for the improvement of educational didactics, as well as a reinforcement
of the subjects taught in the first three grades of primary education in Mexico, seeking
to demonstrate that means of reinforcement exercises for the subjects included in the
current curriculum, a simple, creative, dynamic, intuitive and fun interaction
mechanism is achieved, which assists and supports the teaching-learning process by
impacting the user experience in a positive manner.

2 Pedagogical Agents and their Applications

Animated agents are graphical representations of characters used in computer interfaces
where a human-computer interaction in a more personalized way and natural style is
preferred to be present among users and agents. These virtual characters have been
created for a wide variety of computer applications such as virtual presenters, training
agents, and pedagogical agents. In pedagogical applications, users tend to prefer a
learning system which employs an animated agent to a similar one without an agent.
Animated pedagogical agents are often designed as human-like characters that facilitate
the learning process and support students in solving activities in learning platforms.
These kind of agents is also a useful tool as an aid for teachers in schools during learning
activities. The use of animated agents in pedagogical applications has been effective in
intelligent tutoring systems in which students can improve the learning experience by
engaging dialogue or conversation with agents, that is, a learning environment can be
enhanced with the addition of animated agents. When a pedagogical agent is facially
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animated within a learning platform students experience a more natural learning
process because the agent positively affects student’s perception of their own learning
experience by its presence.

5 ..,
lli iltilﬂ,ln

Fig. 1. Individual use of the presented pedagogical virtual tutor within a teaching-learning
environment for Mexican schoolchildren.

In [5] cited by [6], authors detail types of interaction that agents can display, which
benefit the learning context, and also described the following benefits that animated
pedagogical agents can bring to human-computer interaction applications:

— Pedagogical agents are able to provide to students how to perform a particular
task. They can virtually show how to complete a task into a virtual learning
environment.

— Pedagogical agents can act as navigational guides to students in complex
learning environments.

— Pedagogical agents can steer a student’s attention to something in the virtual
world by way of gaze behaviors and deictic gestures.

— Pedagogical agents can provide non-verbal feedback to a student’s input or
actions, as well as verbal feedback.

— Pedagogical agents are able to express conversational signals which people are
accustomed to in human-human interaction, for turn taking, expressing personal
opinions or acknowledging the user’s utterance.

— Pedagogical agents can convey emotion to the user which in turn may elicit
emotion from the user and serve to increase learning motivation.

— Pedagogical agents can serve the role of a virtual teammate, where working in
a team is an element of the task design. Here, the agent can either act as an
instructor, helping the student to accomplish a task, or substitute as a missing
team member, allowing the student to practice working in a team.

According to [7], an agent can exist within the learning environment, but it is also
possible for an agent to exist in a separate window. In addition, it is preferred that the
behavior be generated ideally online and in a dynamic way instead of being created
offline or manually. A dynamic behavior is better and corresponds to the changes into
the learning environment.

Previous efforts on pedagogical agents include empirical researches about their uses,
effectiveness, or limitations. The most representative examples of successful on agent-
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based learning applications are summarized in [8]. Some of these pedagogical
applications are the following:

— Hernan the Bug: the first agent developed to inhabit virtual environments
to help middle school students to understand botanical anatomy and
physiology.

—  Soar Training Expert for Virtual Environments (STEVE): this was designed
to interact with students in networked virtual environments and applied to
naval training tasks.

— Cosmo: a life-like animated agent with deictic believability that occupies
the Internet Adviser for helping learners on Internet packet routing.

— PPP Persona: it was created to guide the learner through web-based material
using presentation acts to draw attention to elements of the web pages, and
provide commentary via synthesized speech.

— JACK: a virtual human that exhibits a variety of different deictic gestures
as a virtual presenter who can point at individual elements on his visual aid
and integrates these gestures into his presentation, moving over to the target
object before his speech reaches the need for the deictic gesture.

— ADELE: an agent designed to operate over the web able to extend the
pedagogical capabilities of STEVE agent in a wider range of educational
problems.

— VINCENT: a tutor friend for on-the-job training to assist the student,
promote his confidence and motivate the student to learn.

Recent efforts on pedagogical agents show how agents and applications evolved in
order to provide better learning platforms and solutions with less restrictions, where
students expect agents to be believable as virtual mentors, be entertaining, easy to
communicate, helpful, and diversified. In [8], there are also explained some of the most
relevant agents, which are the next ones:

Automated Lab Instructor (ALI): this agent provides flexible guidance to
students interacting with virtual labs and had been applied to chemistry and
biology simulations and also its application to virtual factory teaching system
after that provided further evidence of its generality.

MASCARET: a pedagogical multi-agent system for training proposed to
organize the interactions between agents and to provide them reactive, cognitive
and social abilities to simulate the physical and social environment.

SKIP: a puppet agent used to improve science learning through the use of digital
puppets in peer teaching and collaborative learning settings.

Mediating Agent of MACES: an animated agent that has the role of providing
emotional support and promoting in student a positive mood.

MENTOR: a virtual teacher who monitors student activities and collaborates to
other guide agents of environment. It allows users to travel to virtual places to
perform educational activities, talk with other users and mentors, and build
virtual personae.

Kim and Baylor [9] review what students want from a pedagogical agent it is a good
teaching ability to be knowledgeable and the ability to give motivation being friendly
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and kind when using various instructional strategies in an interactive learning
environment. Students significantly learn better and have greater motivation when
working with two agents (split persona effect) than with one mentor agent. Mixed
design factors of pedagogical agent research significantly improve learning
performance and student behavior. A good example is described in [10], where a virtual
tutor called Ms. Readwrite gives hints and explanations to help children to figure out
answers while learning about phonological awareness, reading, spelling, and
comprehension. This virtual tutor helps children learn to recognize words, to read
fluently, and to understand what they read, providing engaging practice with
individualized support and focused hints. My Science Tutor (MyST) is described in
[11], representing an intelligent tutoring system designed to improve science learning
by students in 3rd, 4th, and 5th grades through conversational dialogs with a virtual
science tutor. Individual students engage in spoken dialogs with the virtual tutor Marni
during 15 to 20 minute sessions following classroom science investigations to discuss
and extend concepts embedded in the investigations. The spoken dialogs in MyST are
designed to scaffold learning by presenting open-ended questions accompanied by
illustrations or animations related to the classroom investigations and the science
concepts being learned.

As shown in [12], some of the motivation theories are used as part of the pedagogical
agent design. The most frequently used in pedagogical agent research is the social
agency theory as a theoretical framework, assuming that sounds and images in
pedagogical agents build social cues and trigger social responses improving deeply
learning in student activities. As a final argument, it is argued that a pedagogical agent
should tend to be a teachable agent able to learn while teaching. Blair et al. [13] defined
a teachable agent as a one that works by letting students teach them and then assessing
their knowledge by providing a series of questions to solve problems. In [14], it is
mentioned that learning-by-teaching pedagogy has been identified as one of the more
effective approaches to learning, because in a face-to-face learning-by-teaching
situation, the role of the learners is to teach their peers or instructors. In virtual
environments, learners take an active role by teaching a computer agent, which is
referred to as teachable agent. In this way, a virtual learning-by-teaching environment
is presented. A communication method was adopted in this system. The method
facilitates the interaction between the learner and the computer agent, specifically for
K-12 students’ mathematics learning.

According to [15], due to pedagogical agents are becoming more common and
complex, it is important to develop a better understanding of how best to combine
interactive agents with teachers and students, to complement and make the learning
process most effective and positive. Pedagogical agents should not be seen as taking
the place of teachers but as a supporting tool in the learning process within the
classroom [16].

3 Mexican Education Scene

In Mexico, a good quality education [17] can be sustained if it contains the following
attributes: relevance, pertinence, internal efficacy, external efficacy, quality,
sufficiency, good educational results, and equity. However, within education
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institutions at basic levels, despite the creation and implementation of new
methodological teaching proposals towards mastery of competences, in practice there
have been disadvantages, such as numerous groups, which is a cause that hinders a
good start-up of an adequate teaching-learning process.

An integral reform of education in Mexico [18] in each of the levels that integrate
basic education, must be focused on providing students with a learning scheme based
on the development and application of competencies. This learning scheme has been
involved in a lag due to the educational models and teaching-learning media that are
applied [19], where in general; the theory is reviewed and explained using media and
materials such as printed texts and digital or virtual resources. Students understand little
information and acquire knowledge that they do not know how to put it into practice
beyond the classroom. In this way, these resources have been very badly exploited,
leading to failure to inculcate the bases for the development of basic scientific training
and the acquisition of notions about information technology and communications.

Trying to remedy the problem above mentioned and as a point in favor, it is well
known that the new information and communication technologies have been little used,
incredible as it may seem, being partially or totally outside the educational processes,
since they reach to improve the educational didactics. In addition, these technologies
facilitate the achievement of a broad and better integral development of the students, as
much in their abilities of learning as of application of knowledge from basic levels of
education.

In Mexico, the use of computing applications within the educational didactic is very
little applied, or failing that, they are not correctly exploited in several of the school
levels, specifically in primary education. When developing computing applications in
the educational field, it is intended that their use provide an aid in teaching into the
classroom, or being a useful tool to assist learning at home. This fact, leads to use the
term, educational software, which is based on learning models, as well as concepts of
cognitive and constructivist psychology. On the other hand, there is a subcategory
known as virtual educational tutors, on which this paper is based.

The last integral reform of basic education in Mexico has as main challenge to raise
the quality of education in the country, through continuous improvement of
technological resources and high training of teachers and teaching to students, so that
both take advantage of innovation present in the use of new didactic resources into the
classroom. This may be possible through the incorporation of information and
communication technologies into the professional training and pedagogical processes
[20], taking for example the following ones:

— The use of digital tools and resources to support the understanding of
knowledge and concepts.

— To plan and manage research, using information and communication
technologies.

—  To use models and simulations to explore some topics.

— To generate original products with the use of information and
communication technologies, in which critical thinking, creativity, or the
solution of problems based on real life situations are used.

— To make responsible use of software and hardware, whether working
individually, in pairs or as a team.
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— To inculcate ethical, safe, and responsible use of Internet and digital tools
as well.

Within the plans and programs of study of basic education in Mexico, the
consolidation of a curriculum that encourages the development of competences in the
use of information and communication technologies, is in response to the social demand
and the quality of the Mexican public school [21]. To achieve this, it is known that the
improvement of the infrastructure and equipment of the primary schools, in particular
of their laboratories and workshops, is a priority. To do this, it must be based on digital
technologies to equip students and teachers of devices and technological links.

It should be noted that in the first three grades of basic education, it is where the
bases for the development of basic scientific training and the acquisition of notions
about technology are established as mentioned in [22]. The context is clear, any
educational reform should not evade digital skills standards, and through these it will
be possible to teach the proper use of information and communication technologies,
being the fundamental basis for the development and acquisition of skills [23].

4 Virtual Tutor for Mexican Schoolchildren

In an initial stage, there are some aspects to keep in mind while developing the virtual
tutor into the Mexican education scene, which are the following ones:

— The benefited primary schools are some of those belonging to the
municipalities of the State of Mexico in Mexico.

— The topics of the courses taken within the first three grades of primary
education will be considered according to the current curriculum, which are:
Spanish, Mathematics, Exploration of Nature and Society, Civic and Ethical
Education, and finally, Artistic Education.

—  Only some reinforcement exercises will be created, which will be taken as
models to create the remaining ones in a final version of the virtual tutor.

—  Students can choose the gender of the virtual tutor, as they feel better.

—  The voice of the virtual tutor will be synthetic and will be reflected through a
bidirectional dynamic dialogue, both to the student through text to speech and
to the tutor through speech recognition.

— The virtual tutor will not be able to express emotions neither verbally nor
visually. However, for a final future version this aspect will be fully covered.

4.1 Module Description

One of the most outstanding aspects in the design of the educational virtual tutor is the
human-machine interaction, with an attractive design to capture the attention of the
students, achieving an effective natural relationship in real time. The general outline of
the prototype is shown in fig. 2, which is composed of three interconnected modules
and multimedia components. The functionalities for each module are described as
follows:
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Fig. 2. General outline of the operation, design and implementation of the virtual tutor.

4.1.1 User Module

This module has a database where the basic data of the users will be registered, which
are their names, paternal surname, maternal surname, age, grade, gender, password that
will automatically generate the system, the school to which they belong, as well as the
municipality where they are located. Thus, the virtual tutor will have information about
each student to interact in a personalized and unique relationship.

4.1.2 Lesson and Reinforcement Exercise Module

This module is formed by a first database of images that are used in the reinforcement
exercises and the possible personifications of the virtual tutor (female or male), with a
caricature style; and a second database with explanatory videos on the topics that are
addressed into the curriculum of the first three grades of primary education in Mexico;
and finally, a third database with XML files based on the Java Speech APl Markup
Language, whose structure is in the form of a finite state machine, being considered for
making decisions corresponding to the actions performed by students and the virtual
tutor MelPeAS.

4.1.3 Text to Speech and Speech Recognition Module

This module performs the action of converting the text introduced by the student
through the keyboard or the options that he/she chooses to the personification of the
virtual tutor's voice, that is, text-to-speech conversion. In addition, it is responsible for
recognizing and processing the student's speech at the time the virtual tutor asks a
question and waits for a verbal response. For the functioning of this module authorship
code and open source solutions are used like the command line text to speech utilities
voice.exe from Eli Fulkerson and speech.exe from Balabolka. However, MelPeAS was
created to also use commercial software such as Microsoft Speech Platform, CereProc
and Amazon Speech Recognition Software.
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4.2  Implementation as a Pedagogical Agent

To personify the virtual tutor (see fig. 3), GIF images of caricatured appearance were
used, as well as the corresponding animation to represent the speech action according
to the case of the genre. The audio and speech animation in each GIF image are
synchronized to denote a better naturalness during the interaction with the student.

Synthetic voice @

GIF images

Virtual tutor

.
Interaction
algorithms

Fig. 3. Personification by means of synthetic voice and GIF image of the virtual tutor.

Once a student has started a session, he/she must choose in each subject the
respective block and topic on which he/she wishes to obtain a review information and
take the challenge of responding to a reinforcement exercise. This choice is made from
the window shown in fig. 4. Fig. 5 shows the window used to start an exercise or well
to exit to take another one from the window shown in fig. 4. The virtual tutor is
representing by a female character.

As it is possible to notice, Spanish was used as the interface language given in the
windows of the prototype as well as in the mechanism of interaction through the
bidirectional dialogue with the virtual tutor. This is because in Mexico Spanish is the
official language and the vast majority of schoolchildren who course the first three
grades of primary education are having their first approaches with a second language
such as English as a foreign language.

At the moment, only students can register and log in with the virtual tutor. However,
it is intended that the teacher can do it equally but in such a way that he/she can have
the options to add and modify lessons. A more ambitious challenge would be that this
prototype could be available via the Internet, as well as be able to run on various
platforms such as Android, 10S, Windows, and Linux systems.

Some primary schools from the municipalities of Atizapan de Zaragoza,
Tlalnepantla de Baz and Nicolas Romero from the State of Mexico in Mexico were
pilot testing scenarios. The prototype was presented to teachers and students from the
first grade of basic education, as shown in fig. 6, doing the following:

— It was explained to the students and teachers about the prototype, the objectives
that are sought to achieve, the benefits that this can have within the educational
field and the way of interacting with the virtual tutor.

ISSN 1870-4069 171 Research in Computing Science 148(10), 2019



Hector Rafael Orozco Aguirre, Gonzalo Ivan Riego Caravantes

T . e A LI
MENG EERCICIOS T

o
A Seleccione la materia, bloque y tema; para abrir el ejercicio correspondiente.
“ [ Nombre: Laura
) Grado: Primero
MNIATERIA
| P > | |
|
||
‘ ) -
/) =
7EMIAS

| Selecciona primero un bloque | ¥

Fig. 4. Menu of exercises according for each subject.
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Fig. 5. Welcome to the student.

— A demonstration of the operation of the prototype was given, explaining from
how it is executed, the content of each menu, the way they should register, how
to log in and use the exercises, as well as the interaction with the virtual tutor.

—  Once the explanation was completed, teams of students were formed to interact
with the virtual tutor prototype.
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Fig. 6. Testing interaction scenario between students and the virtual tutor.

An example of reinforcement exercise performed is given in fig. 7. It is observed
that the student must identify the animal shown by its name, in this case a gorilla. Other
example of reinforcement exercise is shown in fig. 8, where a student has to identify
the corresponding image to a body part asked by the virtual tutor. The virtual tutor is
representing by a male character.
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Fig. 7. Reinforcement exercise related to a Spanish course.
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Fig. 8. Reinforcement exercise related to a Nature Exploration course.

At the end of the dynamics of interaction by students and teachers with the virtual
tutor, was asked by 5 questions the appreciation of them with respect to the prototype
to collect their user experience, the first 3 of yes/no type, the fourth with two possible
answers, fun and boring, and for the last, the answer was left open. These questions
were the following ones:

Do you know how to use a computer (basic level)?
Does your elementary school have a computer room?
Do you know what a virtual tutor is?

What did you think of the prototype of the virtual tutor?
How do you think a virtual tutor should be?

In total, 147 students, 7 were 5 years old (5%), 125 were 6 years old (85%) and 15
were seven years old (10%) interacted with the virtual tutor, 72 boys (49%) and 75 girls
(51%). Table 1 shows the percentages in the collected answers for the first four
mentioned questions. Mainly, for the last question students coincided in their answers
saying that a virtual tutor should be friendly, human-looking, colored and not scary.
From the answers, it is verified that the user experience was positive and the proposed
virtual tutor fulfills his task as a support tool within the teaching-learning process, being
welcome and well appreciated by teachers and students.

s W e

Table 1. Answers and their percentages for questions to collect the user experience.

Question Answer 1 Answer 2
1 Yes (40%) No (60%)
2 Yes (80%) No (20%)
3 Yes (25%) No (75%)
4 Funny (94%) Boring (6%)
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5 Conclusions and Future Work

Nowadays, there are many interesting and sophisticating research works about virtual
tutors in support of children education, either in the teaching of a new language, as a
help in learning for children with disorders such as autism, among others such as
technologies for kindergarten children, and tools to teach them to read. Virtual
environments for children education both in Mexico and in other countries have been
created since the last three decades. However, it is always interesting the way in which
such works are addressed, so the application areas can represent an innovation and
contribution to the research field [24].

In this paper, a novel and interactive prototype of a virtual tutor was presented, which
can be used as a support tool within the teaching-learning process in the first three
grades of primary education in Mexico. For this, activities were created in which
students come to reinforce the knowledge that is taught within the classroom. In this
way, it is possible to bring information and communication technologies closer to
children in the form of a human-computer interaction solution.

The presented virtual tutor has as main purpose to support the reinforcement of
subjects taught in class, through reinforcement exercises, which allows generating a
social and emotional interaction, managing to foster a natural and real-time relationship
with students. To the authors’ knowledge, MelPeAS as a virtual tutor is unique and
original in the pedagogical agent research field and one of the first created in Mexico
for children education purposes.

It is worth mentioning that in its first prototype attempts, the virtual tutor here
presented was made known in the 2014 Mexican Space of Science and Technology:
The Era of Information and Communication Technologies, during the Workshop of
Sociable Robots and Virtual Tutors on October 12, 2014. This event was held in the
city of Toluca, State of Mexico in Mexico. From that day, the prototype was perfected
and extended until achieving in 2018 what was described and presented here. This paper
is one of the first related publications.

Proposing a prototype of an educational virtual tutor as a support tool that contributes
and positively impacts educational didactics at the primary level in Mexico, opens the
way to reflect and imagine new scenarios of information and communication
technologies application [25] in conjunction with the exploitation of serious games and
autonomous agents within the educational field [26] [27].

As work in the future, an extension of this prototype can be made to cover the other
three missing grades of primary education in Mexico. In addition, other variants are
possible to venture into other levels of education as at the university level, where the
subjects of study are more complex, but are not exempt from being reinforced with the
help of a virtual tutor.

As in similar works, a future extension for the prototype here exposed includes using
the virtual tutor to provide support for self-explanation. This extension would be in
terms of dialogues with students, where the agent makes questions to guide students in
the teaching-learning process. Additionally, other extension is concerned with the use
of a mixed short-term and long-term memory mechanism to create dialogues according
to the progress of the students and what the virtual tutor remembers to provide
customized feedback to them.
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Resumen. En la actualidad, el turismo representa una de las actividades
econdmicas de mayor importancia para México, debido a los ingresos anuales
que este produce. Sin embargo, la falta de tecnologia aplicada en este campo evita
el crecimiento del turismo debido a la falta de informacion de las zonas costeras.
En este trabajo, se desarrolla un modelo computacional basado en un Proceso de
Jerarquia Analitica por sus siglas en inglés (AHP), con la finalidad de obtener un
indice de evaluacion de costas. Para este modelo se utilizan pardmetros como la
temperatura, oleaje, radiacion solar, humedad y velocidad del viento, los cuales
fueron medidos y analizados. Este indice ayuda a proporcionar informacion
relevante para los turistas que se disponen a viajar a México.

Palabras clave: AHP, turismo, costas, procesamiento de sefiales, evaluacion.

Diffuse Model for the Evaluation of Appropriate
Conditions for Tourism in the Mexican Coastlines

Abstract. Currently, tourism represents one of the most important economic
activities for Mexico, due to the annual income it produces. However, the lack of
technology applied in this field prevents the growth of tourism due to the lack of
information on coastal areas. In this work, a computational model based on an
Analytical Hierarchy Process (AHP) is developed, with the purpose of obtaining
a cost evaluation index. Parameters such as temperature, waves, solar radiation,
humidity and wind speed are used for this model, which were measured and
analyzed. This index helps to provide relevant information for tourists who are
preparing to travel to Mexico.

Keywords: AHP, tourism, coasts, signal processing, evaluation.

1. Introduccion

El turismo es una actividad en expansién en el mundo con un crecimiento anual en
el nimero de viajeros y recursos econémicos que produce esta actividad [1]. En los
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altimos afios el turismo ha adquirido una importancia relevante como generador de
ingresos y como fuente de empleo, en especial para las economias emergentes a nivel
mundial. Segun la OMT [2], las llegadas internacionales anuales superan los 800
millones en todo el mundo, generando ingresos de aproximadamente 800 billones de
délares por afio.

En este aspecto, el turismo en México es una de las actividades econémicas mas
relevantes del pais y es una de las mas importantes en el mundo, ocupando el sexto
lugar a nivel mundial en llegadas de turistas internacionales con 42 millones de
visitantes en 2018 [3], lo cual contribuy6 con el 8.2 % del PIB nacional; cabe mencionar
que el 45% de esta actividad esta orientada a la zona costera [4].

Ao largo de la historia el turismo ha impactado sobre todo lo que ha tenido contacto,
hoy en dia las ciudades enfrentan retos complejos al lidiar con ella como el aumento de
la poblacion mundial y la transformacion digital. Ante esta situacion las ciudades y sus
gobernantes deben disefiar nuevas estrategias para mejorar aspectos como la
planificacion y gestion de sus territorios, con la finalidad de garantizar un desarrollo
sostenible, al minimizar efectos negativos en el medioambiente, fomentar el bienestar
econémico y elevar la calidad de vida de los pobladores.

En la literatura se pueden encontrar proyectos en los cuales se realizan
clasificaciones de zonas turisticas de acuerdo con determinadas variables como son la
urbanizacion, el riesgo, entre otras. Ranieri en 2016 [5] analiza las condiciones
oceanograficas en las playas de Salindpolis y actividades relacionadas con el ocio y la
ocupacion humana, con el objetivo de categorizar en términos de urbanizacién. En otro
estudio, Irene en 2010 [6] presenta un articulo en el cual se realiza la evaluacion
subjetiva de los riesgos ambientales asociados con un puerto turistico al sur de Italia,
comparando los resultados para proporcionar estimaciones de seguridad ambiental.
Estos trabajos analizan y clasifican de acuerdo con datos obtenidos de manera subjetiva
por lo cual los resultados se ven afectados por la percepcion de cada autor.

Por otro lado, diversos investigadores se han enfocado en la evaluacién del paisaje
en las zonas costeras. En Brasil, Cristiano (2016) [7], evalué el paisaje costero del
municipio de Torres, tomando en cuenta 26 parametros naturales y humanos para
clasificar las playas en 5 clases, siendo la clase 1 la de mayor atractivo paisajistico y la
clase 5 la menos atractiva. Los resultados pusieron de manifiesto una mala gestién de
las zonas costeras, con gran cantidad de basura en las playas, instalaciones de apoyo
turistico situadas en lugares inadecuados y vertidos de aguas residuales. En 2004, Ergin
[8] utiliz6 26 parametros para evaluar los paisajes de las costas en Turquia y Reino
Unido, a través de encuestas a turistas y expertos en percepcion del paisaje. Después
para el afio 2010 [9], realiz6 la evaluacion de 34 zonas costeras en la region occidental
del Mar Negro.

Los trabajos anteriores presentan un gran avance en el tema de las evaluaciones de
zonas costeras. Sin embargo, ninguno esta enfocado en crear una herramienta que tome
en consideracion las prioridades que tiene cada visitante para ayudar al crecimiento del
turismo. Ademas, la falta de tecnologia empleada para realizar las mediciones de los
diferentes parametros involucrados evita realizar evaluaciones objetivas.

Con el propésito de establecer las condiciones apropiadas para el turismo en los
litorales de México, el presente proyecto propone la creacidn de un indice de evaluacion
de costas utilizando un modelo de prioridades basado en un Proceso de Jerarquia
Analitica (AHP) y el procesamiento de pardmetros climéaticos y oceanoldgicos. Este
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indice tiene como principal ventaja el adaptarse a las necesidades de los diferentes
turistas que visitan una misma zona ya que permitira proporcionar informacion
necesaria para los visitantes que se disponen de viajar a las playas de Meéxico,
permitiendo encontrar los periodos adecuados y los sitios que sean de su mayor interés.

2. Requerimientos

Hoy en dia existen diversos criterios para establecer las actividades que se pueden
realizar en una zona determinada, los cuales se basan en las condiciones ideales de un
conjunto de parametros. Debido a esto, la siguiente seccidn explica las condiciones
necesarias para llevar a cabo determinadas actividades en las zonas costeras.

2.1. Analisis de factores

Normalmente, los factores de analisis son de gran relevancia para solucionar un
problema y estos a su vez constan de varios parametros que definen su importancia. En
este proyecto se consideran 4 factores principales. EI primero es la recreacion familiar,
debido a que ciertas playas no cuentan con las condiciones necesarias para ser visitadas
por familias. El segundo son las playas virgenes, este factor se refiere a la cantidad de
infraestructura disponible en el lugar y que facilita las necesidades bésicas de los
turistas (hoteleria, sanitarios, comunicaciones, etc.). El siguiente es la seguridad, el cual
es fundamental para brindar proteccidn a turistas que desconocen la zona. Finalmente,
la realizacion de actividades acuaticas, el cual proporciona un nivel de diversion
deseada al practicar actividades como el surf, buceo, pesca, etc. De esta forma los
factores lo podemos identificar de la siguiente manera:

—  F1: Recreacion Familiar,
— F2: Playas virgenes,

— F3: Seguridad,

— F4: Actividades acuéticas.

2.2.  Andlisis de pardmetros

El primer analisis esta basado en los parametros que integran cada factor. Como se
menciond con anterioridad, estos tienen diferente importancia dependiendo de las
necesidades del turista ya que no es la misma percepcion de aquellos que viajan en
familia a lo que prefieren sitios escondidos en lugares virgenes. En la Tabla 1, se
muestran una clasificacion de algunos parametros con base en aquellos que pueden ser
medidos con sensores y otros que solo pueden ser evaluados mediante encuestas.

En este trabajo, el analisis de los parametros que pueden ser automatizados es un
conjunto de estudio, ya que puede obtenerse informacion sobre ellos y establecer las
reglas sobre los niveles maximos o minimos que deben de presentar para obtener un
nivel tanto de seguridad como de aceptacién del turista. En la Tabla 2, se presenta la
clasificacion de los pardmetros con base en su rango 6ptimo, asi como las tolerancias
para su medicion. Estos valores fueron obtenidos de otros trabajos de investigacion
especializados en el turismo [10-12].
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Tabla 1. Tipos de parametros involucrados en el estudio de preferencias.

Institucional Automatizado Encuesta
- Crimen - Temperatura - Color del agua
- Guardavidas - Oleaje - Tipo de arena
- Contaminacién - Radiacion solar - Paisaje
- Venta informal - Humedad - Tipo de vegetacion

- Mantenimiento Velocidad del viento Atardecer

Tabla 2. Valores Optimos y limites difusos de cada parametro.

Limites tolerables

Paradmetro Rango Optimo  Unidades
a b c d
Temperatura (t) 25-30 °C 22 25 30 33
Oleaje (0) 05-2 m 0 0.5 2 3
Radiacion solar (r) 6.1-10.1 KW/m? 61 81 101 O
Humedad (h) 40-70 % 40 55 70
Velocidad del viento (v) 4-12 Km/hr 1 4 12 16

3. Modelo de evaluacion

3.1. Entradas difusas

Para realizar el andlisis de cada pardmetro, se propone la evaluacién previa mediante
una funcion difusa, misma que permita normalizar los niveles de medicion de cada
pardmetro en un rango de [0-1]. Con el fin de evaluar cada pardmetro, se han
desarrollado las siguientes funciones difusas, tomando en cuenta los limites tolerables
(a, b, ¢, d) establecidos en la Tabla 2:

x—22 33—x
= 2 ’ ) 1
20 max{(zs—zz'l 33—30) 0} @)
x—0 3—x
- R 2
u(o) max{(0.5—0'1'3—2>’0}' @)
() {(x—6.1 ) 10.1—x> O} 3
Hr)=max\e1—e1 "101-81)"" ) )
x — 40 70 — x
= 4
20 max{(55—40'1'70—40>’0}' @)
x—1 16—x
M(v):max{<4—1'1'16—12>’0}' ®)

3.2.  Proceso analitico jerarquico (AHP)

En este proyecto se utiliza el modelo AHP propuesto por Saaty [13], para realizar la
evaluacion de los litorales turisticos. Esta metodologia asigna un nivel de importancia
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a cada parametro dependiendo del factor que se esté evaluando, la interpretacién de las
escalas se muestra en la Tabla 3.

Tabla 3. Escala propuesta por Saaty en 1980 [14].

M
M . E

uy
Ig od xt

. ue F
Importancia ua + er + + + re

rt ue
| ad m

e rt
0 0

e
Escala 1 2 3 4 5 6 7 8 9

Posteriormente, se crea una matriz pareada (4 = a;;) donde las prioridades de
importancia dadas pueden ser asignadas entre parametros (%). Esta matriz es cuadrada,
b

reciproca y positiva; y se construye como se muestra a continuacion:

A=P P+ B, P P,

PP [ag ap tt Qip Gpp Gyttt Any

D Gni Qnz tt Gpp ] 6

M o wiwaws  wa o Wawn wn) (6)
w1 Wp Wn W1 Wy Wn e w1 Wy Wn

Una vez elaborada la matriz, se procede a calcular lo que se denomina como
eigenvector [15], el cual ayudara a determinar la prioridad de los pesos. Lo cuales seran
usados para calcular el indice de evaluacion de costas. Con base en lo anterior, la matriz
cuadrada B se calcula de la siguiente manera:

B=laj; a1 """ Q1p Qp1 Gpp """ Qap 113 Gpq Gpo Ann |
?< (@11 @1z """ Gin Gp1 G """ Gpn 121 (7)
P Qpp Apo °°° Qup ]

La sumatoria de las filas es determinada de acuerdo con:
n
Ci ZZ Buvl = 1,2, e, N (8)
j=1

Finalmente, la importancia de los pesos es obtenida normalizando el vector C;, como

se muestra en la siguiente férmula:
C; )
W = 7;}:1 C Vi=1.2,..,n 9)

Una consideracion importante que ofrece el método de AHP es medir el grado de
consistencia de la matriz de comparaciones pareadas. Si el grado de consistencia es
aceptable, puede continuarse con el proceso de decision y si es inaceptable, se debe
rehacer la matriz. Este grado puede calcularse por medio de la siguiente formula:
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Amax —n
CR= —>—

(n— 1)RI' (10)
donde A, €s el maximo eigenvalor de la matriz pareada, n es el tamafio de la matriz,
RI es el indice de consistencia aleatoria y CR es el radio de consistencia. El valor de RI
depende del nimero de elementos que se compara, tal y como se muestra en la Tabla
4 [16].

Tabla 4. indice de consistencia aleatoria.

Tamafiodela , », 5 4, 5 g 7 g 9 10
matriz
RI 0 0 052 089 111 1.25 1.35 1.4 1.45 1.49

El resultado obtenido por CR nos indica que, si este excede de 0.10 se tiene una
matriz inconsistente, por el contrario, si este es menor o igual a 0.10, la matriz tiene un
grado de consistencia aceptable.

3.3. Indice de evaluacién de costas

El indice de Evaluacion de Costas (IEC) es un valor difuso en un rango de [0-1], el
cual se ve afectado de manera negativa por la importancia del peso de cada parametro,
generando de esta forma un puntaje que nos indica que tan buena o mala es la
evaluacion de la playa para realizar alguna actividad turistica. El indice puede
describirse de forma matematica por medio de la siguiente férmula:

IEC=)" mowf, (11)
i=1

donde n es la cantidad de pardmetros, p;(k) es el valor difuso obtenido de las
ecuaciones definidas en la seccion 3.1; k refiere al parametro y W es la importancia del
peso calculado por el método de AHP. Reemplazando cada pardmetro en la ecuacion
11, se obtiene la siguiente expresion:

IEC = u(OWE + p(0)W® + u(MWT + u(W)W" + u(v)W?, (12)

donde t se refiere a la temperatura, o al oleaje, r a la radiacién solar, h a la humedad y
v a la velocidad del viento. Finalmente, el resultado obtenido serd el indice de
evaluacion de costas, donde mientras mas cercano esté a ““1” sera mas recomendable el
lugar y por el contrario mientras mas proximo esté a “0” menos recomendable sera
el lugar.

4.  Resultados y discusiones

Para comprobar la eficiencia del indice de evaluacidn de costas, se realizé una prueba
ejemplificando un viaje familiar, asignando la importancia a los pardametros y factores,
que resultan de mayor relevancia en este tipo de viajes. En este caso, las prioridades de
los factores elegidos de mayor a menor importancia son la seguridad, recreacion
familiar, actividades acuéticas y playas virgenes; mientras que los parametros méas

Research in Computing Science 148(10), 2019 184 ISSN 1870-4069



Modelo difuso para la evaluacion de condiciones apropiadas para turismo en litorales de México

relevantes para ellos son el oleaje, la radiacién solar, la velocidad del viento, la
temperatura y la humedad. El procedimiento y los resultados se muestran a
continuacion.

4.1.  Andlisis de comparaciones

De acuerdo con el orden establecido por la familia en la seccion anterior se
establecen las matrices de comparaciones. La Tabla 5 muestra las comparaciones entre
factores, definidos con base en los criterios de una familia. También, se muestra una
comparacion entre el método de normalizacién y el AHP (Eigenvector) siendo este
altimo mas preciso. Las tablas 6, 7, 8 y 9 tienen las respectivas matrices pareadas para
cada parametro, donde las comparaciones se realizan teniendo en cuenta el factor como
criterio de decision.

Tabla 5. Comparacion de los Factores con un CR =0.0348.

Factores F1 F2 F3 F4 Normalizado  Figenvector
F1: Recreacion familiar 1 5 1/3 4 0.2990 0.2669
F2: Playas virgenes 1/5 1 1/9 12/ 0.0524 0.0533
F3: Seguridad 3 9 1 6 0.5497 0.5911
F4: Actividades acuaticas ~ 1/4 2 1/6 1 0.0989 0.0887
Suma: 1 1

Tabla 6. Comparacidn de los pardmetros de acuerdo con F1 y un CR=0.085.

Parametros t o r h v Normalizado Eigenvector
(t) Temperatura 1 4 1/3 6 7 0.314 0.286
(o) Oleaje 1/4 1 1/5 3 5 0.1619 0.1197
(r) Radiacion 3 5 1 7 9 0.4282 0.5055
(h) Humedad 176  1/3 1/7 1 2 0.0624 0.054
(v) Viento /7 1/5 1/9 172 1 0.0335 0.0348
Suma: 1 1

Tabla 7. Comparacion de los pardmetros de acuerdo con F2 y un CR=0.0665.

Parametros t o r h v Normalizado Eigenvector
(1) Temperatura 1 3 1/5 1/3 2 0.126 0.1113
(o) Oleaje 1/3 1 1/9 1/6 2 0.0696 0.0578
(r) Radiacion 5 9 1 3 7 0.482 0.5245
(h) Humedad 3 6 1/3 1 4 0.2763 0.2535
(v) Viento 172 12 1/7 1/4 1 0.0461 0.0529

Suma: 1 1
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Tabla 8. Comparacién de los parametros de acuerdo con F3 y un CR=0.0841.

Parametros t o r h v Normalizado Eigenvector
(t) Temperatura 1 1/7 1/5 3 1/3 0.0816 0.0634
(o) Oleaje 7 1 3 9 5 0.4361 0.5128
(r) Radiacion 5 1/3 1 7 3 0.2849 0.2615
(h) Humedad 1/3 1/9 1/7 1 /5 0.0312 0.0333
(v) Viento 3 /5 1/3 5 1 0.1662 0.1290
Suma: 1 1

Tabla 9. Comparacion de los pardmetros de acuerdo con F4 y un CR=0.05975.

Parametros t o r h v Normalizado Eigenvector
(t) Temperatura 1 1/5 4 4 1/3 0.1705 0.1310
(o) Oleaje 5 1 8 8 3 0.4468 0.5167
(r) Radiacion /4 1/8 1 1 1/6 0.0454 0.0445
(h) Humedad /4 1/8 1 1 1/6 0.0454 0.0445
(v) Viento 3 173 6 6 1 0.2919 0.2633
Suma: 1 1

Para obtener los pesos finales de cada pardmetro es necesario multiplicar los pesos
obtenidos en la Tabla 5 por los pesos individuales de cada parametro con respecto a
cada factor. La Tabla 10 muestra los valores finales obtenidos por el método de AHP.

Tabla 10. Comparacion de los parametros considerando todos los factores y pesos.

Parametro

Factd) t 0 r h v Ff);szfcfrgse t 0 r h v
F1 0.2860 0.1197  0.5055 0.054  0.0348 | 0.2669 0.0763 0.0319 0.1349 0.0144 0.0093
F2 0.1113 0.0578  0.5245 0.2535  0.0529 | 0.0533 0.0059 0.0031 0.0280 0.0135 0.0028
F3 0.0634 05128  0.2615 0.0333  0.1290 | 0.5911 0.0375 0.3031 0.1546 0.0197 0.0763
F4 0.1310 0.5167  0.0445 0.0445  0.2633 | 0.0887 0.0116 0.0458 0.0039 0.0039 0.0234
Score Final 1 0.1314 0.3840 0.3214 0.0516 0.1117

4.2. Medicién de parametros

Las mediciones de los parametros fueron realizadas durante los dias del 2 de junio
al 12 de junio del 2019 en la ciudad de La Paz, Baja California Sur. La base de datos
se formo al medir los parametros cada 15 minutos durante 11 dias, obteniendo 96
muestras diarias y un total de 1056 muestras por cada uno. Los parametros medidos son
la temperatura, el oleaje, la radiacion solar, la humedad y la velocidad del viento. La
Figura 1, muestra graficamente el comportamiento de cada uno de estos, asi como los
limites permitidos que se establecieron en la Tabla 2.
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En la Figura 1, se pueden apreciar un comportamiento aleatorio en cada parametro,
los cuales sobrepasan los limites 6ptimos establecidos para cada uno; a excepcion del
oleaje el cual siempre se mantiene dentro del rango 6ptimo.

4.3. Indice de medicion de costas

Finalmente, para obtener el indice de Medicion de Costas se utiliza la ecuacion 12,
tomando en cuenta los pesos obtenidos en la Tabla 10, asi como el resultado de la
evaluacién de cada parametro de acuerdo a las funciones difusas establecidas en las
ecuaciones 1-5.

En la Figura 2 se muestra el resultado de la evaluacion de la costa de la Paz, Baja
California Sur. Como se observa, tuvo una evaluacion regular debido a que la mayoria
de los parametros estaban fuera del rango permitido. Sin embargo, como se muestra en
la Tabla 10 el oleaje es el que tiene mayor peso y esto hace que el indice sea regular ya
que este parametro siempre se mantuvo en el rango permitido. Analizando la grafica
por dia, observamos que la mejor evaluacion se da en los dias del 9 al 12 de junio de
2019, esto se debe a que la humedad y la velocidad del viento, permanecieron en mayor
medida en su rango 6ptimo; por lo cual el factor principal establecido en la seccion 4
por la familia, que es la seguridad, es mejor evaluada, obteniendo asi una mayor
calificacién en el indice.

indice de Evaluacion de Costas

1 T T T l T T T T
0.9 | | | | [Pemmn | | | | |
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07 T -, [ift 5 R dboo
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Fig. 2. Gréfica del indice de evaluacion de costas para La Paz, Baja California Sur.

5.  Conclusion y trabajo a futuro

El indice de evaluacién de costas presente en este trabajo es una herramienta
novedosa ya que es adaptativa a las necesidades de cada turista y a los parametros
presentes en cada costa. Este indice ayuda a los turistas a tener una mayor informacién
de la playa a visitar, que les ayudara a encontrar el periodo y la costa que mejor se
adapte a sus necesidades.

De acuerdo con la literatura, existen trabajos similares que se encargan de evaluar
diferentes caracteristicas de una playa; sin embargo, nos estan enfocados en ayudar al
turismo, por lo cual este modelo es innovador ya que conjunta todos los factores que el
turista necesita para indicarle si las condiciones en playa son buena o mala de acuerdo
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con sus preferencias. Como trabajo a futuro, se plantea el aumentar el ndmero de
parametros a medir, integrando otras técnicas y modelos computacionales para obtener
un mejor analisis y evaluacion de las costas.
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Abstract. Nowadays, with the big amounts of data that gets transmitted all the
time through the communication systems, and among the different technologies
that are in development in order to support future networks, many methods of
information processing such as channel coding strategies and multilevel image
transmission are being studied in order to be used with the oncoming
technologies. One of the most common problem in communication systems, is
how intrusive noise inherent to the channel during the transmission can be, as
well as the limited bandwidth available, especially in wireless channels. This
work presents a multilevel image decomposition using a wavelet transform, and
their transmission through an AWGN channel with polar codes as a channel
coding strategy, using different frame sizes (N=1024, N=512 and N=256) in
order to test how robust polar codes’ performance can be for multilevel image
decomposition in presence of noise during transmission.

Keywords: wavelet, multilevel image decomposition, polar codes, channel
coding.

1 Introduction

The need to improve communication systems for the exchange of information, has led
to different techniques to be created. Interms of 5G networks, these techniques become
paramount, since most of the services expected from it rely on high efficiency and
reliability [1]. One of these improvements comes from the work of C. Shannon in 1948,
which marks a starting point for the emergence of a new area of work: channel coding,
which involves techniques that allow the detection and / or correction of errors that may
exist during the transmission process. This can be done in different ways, as long as
the encoder and therefore the decoder, are able to identify the errors and correct them
afterwards.

Following this line, in 2009, Erdal Arikan made a proposal of a channel coding
technique [2], which involves the polarization of the channel, hence calling it Polar
Coding. Channel polarization takes the original channel and combines it in order to
separate the good channels (noiseless) from bad channels (with high noise) and then,
use good channels to transmit the information. This process allows Polar Codes to reach
a BER performance close to Shannon’s limit using a low complexity coding scheme,
making them so attractive to use as a standard channel coding technique for wireless
communications, such as 5G and others.

This paper focuses on analyzing the strengths of Polar Codes in terms of multi -level
transmission of wavelet processed images. Wavelets, in image processing, are
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algorithms that make a decomposition of the image and divides it in four different
components, each one containing different details. For this analysis, two wavelets were
used in order to make a comparison; these wavelets were: Haar [3] because it is the
simplest and most common in image processing, making it, in most platforms, the
default. The other one was Daubechies 15 [4], due to this being an extension of the
Haar wavelet.

The remaining contents of this paper are organized as follows. Section 2 gives some
background on wavelets, and a description of polar codes. Section 3 describes the
testing scheme for the polar codes. The results of the simulation are shown and
described in Section 4. And finally, Section 5 presents the conclusions of the work
along with possible future implementation of this study.

2 Wavelets and Polar Codes

Wavelets, for being mathematical functions, have been developed in different areas, in
image processing they allow to process the information into different frequency
components and analyze any discontinuity within the image. Some of these wavelets
are derivatives of the Haar and Daubechies transforms. In general, these wavelets
decompose the signals in half, having as a result two smaller signals, making it a very
simple, fast, and easier to revert.

EZW (Embedded Zerotrees Wavelet) is another algorithm used in image
compression [5]. It classifies the transformed coefficients in a tree, where the low
frequency coefficients are placed at the root and the higher frequencies get placed at
the next subbands of the tree. In [6] an EZW-Polar Code image coding method is
proposed in order to help finding more applications for image coding and polar codes.

In other way, as mentioned previously, Polar Codes separate the noisy channels from
the noiseless ones, a key step to construct Polar Codes is channel polarization, which is
linked to a specific channel parameter (error probability - Pe), in other words, if the Pe
changes, polarization changes too, Polar Codes are not universal. In this work, we build
Polar Codes according to SNR point selected.

3 Test Scheme

The flow chart in Fig. 1 shows the process of the testing system used for both wavelet
cases, which includes the transmission system, and the treatment of the image
used (Lena 512 X 512). It should be mentioned that the frame lengths used are 1024
bits, 512 bits, and 256 bits, making the channels’ lengths 2048, 1024 and
512 respectively.

As it is shown, in order to transmit the image using polar codes, first, it had to be
decomposed using the wavelet, which in this case, consisted of a one-level
decomposition, see Fig. 2. Afterwards, each resulting image was converted into a
vector, so it could be worked with during the simulations.

For all transmissions, an AWGN (Additive White Gaussian Noise) channel was
chosen, along with a SNR (Signal to Noise Ratio) that would be just the same as the
channel state; in this case, it ranged from 1 to 10 with A = 0.1. This with the purpose of

Research in Computing Science 148(10), 2019 192 ISSN 1870-4069



Multilevel Image Transmission using Polar Codes

having optimal channel states and SNR at all times and ensure as most as possible, the
integrity of the transmitted information. Because the channel is already established, as
well as its parameters, it means that the polar codes used for this scheme, are not
universal [5].

i Wavelet )
Original Image decomposition Image to Vector Polar Encoding
Inverse )
Wavelet Recover Image Polar Decoding AWGN Channel
Final Image

Fig. 1. Transmission system.

a) DB15 b) Haar

Fig. 2. Images after wavelet composition.

4 Results

A comparison of the BER (Bit-Error Rate) and FER (Frame-Error Rate) obtained from
the transmission simulation of both wavelets and three frame lengths is illustrated in
Fig. 3 to Fig. 5. For the 1024 bits frame, in both wavelet cases, once the SNR reached
+3dB, the error correction became almost optimal, correcting all errors, with the
exception of the DB15 wavelet, where it found 8 BERs and 1 FERs when the SNR
channel=3.8dB, from then on, the rest of the channel states did not encounter
more errors.

A similar situation occurred for N=512, where the error correction became optimal
at +3.4dB but for the Haar wavelet, at the SNR channel=3.7dB the BER = 8 and FER
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=1 and again, from then on, the channels became optimal. For N=256, the error
correction became optimal until the SNR reached +4dB.

Once the transmission simulation was over, the resulting images were recovered by
reconstructing the vector into the corresponding image matrix.

The generated errors according to the SNR in the previous graphic, can be
appreciated in the images as well. Fig. 6 shows an example of the differences in the
errors, where the image sent in the 1024 bits frame has almost half of the errors
compared to the resulting ones in both the 512 and 256 bits frame, however none of
them have errors once the SNR got higher than 3dB and 4dB respectively.
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Fig. 3. BER/FER — N=256 results.
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Fig. 4. BER/FER — N=512 results.
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Fig. 6. Images after transmission with and without errors (SNR: 1.7dB and 9.2dB).
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To make a comparison between the original image and the transmitted ones, it was
necessary to make a reconstruction of these obtained images by applying the
corresponding inverse wavelet transform to each one. Then three different comparison
parameters, such as, MSER (Mean Square Error Rate), PSNR (Peak Signal to Noise
Ratio) and SNR (Signal to Noise Ratio) were used in every image along with the
original. These results are displayed in Fig. 7 to Fig. 9.

Once the BER and FER got to zero, the resulting images were identical to each other
for each wavelet, as well as the original image. For example, the resulted DB15 image
from SNR channel at 3.7dB, is identical to the one obtained from the 9.5dB channel,
no matter the frame length. The same situation happened with the Haar wavelet
obtained images.

Making an analysis of the results in the previous graphics, it became predictable, in
all three cases: N=256, N=512 and N=1024, that once the BER and FER become zero,
the MSER, PSNR and SNR would start giving the same results. For N=256, with the
DB15 wavelet, this started in the SNR channel=4.0dB; for the Haar case, it started in
the SNR channel = 4.3dB. When N=512, this happened at the SNR channel = 3.5dB
except for the Haar wavelet, where in channel 3.7dB, the BER=8 and FER=1.

Finally, for N=1024, this situation was presented earlier, for Haar it started in the
3.1dB channel, and for DB15 in 3.3db channel, with the exception on channel 3.5,
where the FER=1 and BER=8.

These results exhibit a particular behavior of polar codes in terms of performance
versus frame lengths, where the smaller the frame the worse the performance, whereas
the longer the frame the better the performance gets. [6]
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Fig. 7. Image comparison results N=256
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5 Conclusions and Future Work

It can be concluded that since polar codes have better performance with long frames of
information opposed to small ones, such as the ones used nowadays (256 bits), this
coding technique is a strong option for 5G, due to the fact that more information can be
transmitted at once, and the optimal channel SNR can be reached more easily during
the transmission, meaning that the integrity of the information can be maintained as if
it were sent in smaller frames.

This test only included a single level decomposition, but hopefully it can open the
door to future studies that could involve the use of the frozen bits or frozen channels,
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where the decomposition of the image via wavelets play a more active role, meaning
that the wavelets would involve a greater level of decomposition and therefore,
the main component of the image is sent through the optimal channels and the rest of
the details are sent through the less optimal channels, making the transmission a bit
faster by lowering the redundancy, and ensuring that at least the main component will
be received without or at most, with minimal errors.

Following this line of transmissions using polar codes, this technique can be
implemented in SDR (Software Defined Radio) devices, as well as platforms, being
GNU Radio the main platform because of the extensive utilities it offers, and since it is
open source, the user can create as many tools as necessary.

References

1. ITU: Document 5D/TEMP/300 (Rev.1)

2. Arikan, E.: Channel polarization: A method for constructing capacity-achieving codes. In:
IEEE International Symposium on Information Theory (2008)

3. Haar, A., Zimmermann, G.: On the Theory of Orthogonal Function Systems. Fundamental
Papers in Wavelet Theory, pp. 155-188. doi:10.1515/9781400827268.155 (2009)

4. Daubechies, I.: Orthonormal bases of compactly supported wavelets. Communications on
Pure and Applied Mathematics 41(7), 909-996. doi:10.1002/cpa.3160410705 (1988)

5. Shapiro, J.M.: Embedded image coding using zerotrees of wavelet coefficients. IEEE
Transactions on Signal Processing 41(12), 3445-3462 (1993)

6. Ma, H.M., Chen, D., Zhang, C.: Embedded zerotrees wavelet image coding using source
polar codes. In: 2017 IEEE 17th International Conference on Communication Technology
(ICCT). d0i:10.1109/icct.2017.8359927 (2017)

7. Hassani, S.H., Urbanke, R.: Universal polar codes. In: 2014 IEEE International Symposium
on Information Theory. doi:10.1109/isit.2014.6875073 (2014)

8. Payommai, T., Chamnongthai, K.: Performance of polar code for image transmission. In:
2013 International Symposium on Intelligent Signal Processing and Communication
Systems. doi:10.1109/ispacs.2013.6704592 (2013)

Research in Computing Science 148(10), 2019 198 ISSN 1870-4069



ISSN 1870-4069

Prediction of Cancer using Microarrays Analysis by
Machine Learning Algorithms

José Luis Velazquez-Rodriguez®, Yenny Villuendas-Rey?,
Cornelio Yéafiez-Marquéz*

Instituto Politécnico Nacional, Centro de Investigacién de Computacion, Mexico
2 Instituto Politécnico Nacional, Centro de Innovacion y Desarrollo Tecnolégico en Computo,
Ciudad de México, Mexico

Abstract. The analysis of microarrays that contain information on biomolecules
related to different types of cancer is one of the current issues in international
scientific research due to the impact it has on public health worldwide. The
advances in this scientific research route have been impressive; the different
international research groups have applied sophisticated algorithms for machine
learning, data mining and related branches with the aim of finding solutions to
this problem. The present article contains a study of several the classification
algorithms used in the literature, and their application for the prediction of cancer
using microarrays analysis. More in detail, we tested six classification models,
over microarrays data. The application of the supervised classification algorithms
was done over the Weka 3 Software environment, using the Leave One Out
validation scheme. In addition, a nonparametric statistical test (the Friedman test)
identified the significant differences in the performance of the algorithms,
according to the experimental results obtained. The analysis of the hypothesis
tests of the experimental results indicates that the Support Vector Machine
models outperform others for the prediction of cancer.

Keywords: classification models, microarrays, cancer prediction, computational
intelligence.

1 Introduction

The analysis of microarrays that contain information on biomolecules related to
different types of cancer has great potential for medical diagnostic tests [1]. A
microarray contains the gene expression of an individual, which is known through
clinical diagnoses if it suffers, or not, a certain type of cancer. It is possible to train
Machine Learning algorithms in order to learn the relationship between the levels of
gene expression of a patient and their condition as to whether or not they suffer from
certain type of cancer; in other words, it is possible to diagnose whether an individual
suffers, or not, cancer, through the intelligent analysis of the microarray that contains
the information of the level of expression of their genes [2, 3].

The advances in this scientific research route have been impressive [4]; the different
international research groups have applied sophisticated algorithms for machine
learning, data mining and related branches with the aim of finding solutions to this
problem. They have been applied from effective algorithms such as random forests [5],
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through extensive comparative studies of dozens of gene classifiers [6], to the
application of next-generation neuronal models [7], guaranteeing with this intense
activity the validity and current status of this scientific research topic.

In this paper, we review several machine learning algorithmic solutions proposed in
recent years to analyze microarray data (section 2). We study some of the classification
algorithms used in the literature, and their application to the diagnosis of cancer using
microarray data (section 3). In addition, we used 10 microarray datasets (section 4) to
test all the classification models. The different datasets have imbalanced data, mixed
categorical and numerical attributes. Then, the numerical experiments performed in the
comparison between the different classification algorithms applied for different types
of cancer diagnoses were made. Finally, we offer the conclusion and some lines of
future work (section 5).

2 Background

We present some results that have been reported by international research groups,
derived from applying different algorithms of machine learning, data mining and
related branches, with the purpose of finding solutions to the problem represented by
microarray analysis. that contain information on biomolecules related to different types
of cancer.

Korucuoglu et al. [8] proposed a method based on Bayesian Networks, where
biological routes are taken for a Bayesian Network and each path is qualified for a
method equivalent to Bayesian-Dirichlet. The method was tested with datasets of
cancer cells microarrays.

Tan et. al. [9] claimed that by using a method to classify microarrays data it is not
only necessary to obtain good results, but also that the results can be easily interpreted,
and therefore he proposed a method based on Decision Trees for the analysis of
carcinogenic samples, which generates precise and easy to interpret rules.

The genome expression patterns generally consist of thousands of genes, and it is
necessary to extract the most significant genes. Cho et. al. [10] obtained significant
genes from representative vectors, and proposed a set of neural networks that were
trained with this set of significant genes to classify a dataset divided into three classes:
leukemia, colon and B-cell lymphoma.

Guyon et al. [11] constructed an efficient classifier for genetic analysis and drug use,
using training examples for cancer treatment and using data from normal patients. They
propose the use of Support Vector Machines for the elimination of recursive
characteristics.

Hu et. al. [12] observed that some types of cancer are related to each other while
there are others that are very differentiable. They use a dataset with information on
different types of cancer and a clustering method.

In the work of Ruiz et. al. [13] a heuristic is proposed for the selection of attributes
to datasets of genetic expressions. His method is based on the use of statistical
significance.

Despite the above proposals, there is a lack of experimental comparisons of several
classification algorithms over multiple microarray datasets, for cancer pre-diagnosis. In
this paper, we address this gap.

Research in Computing Science 148(10), 2019 200 ISSN 1870-4069



Prediction of Cancer using Microarrays Analysis by Machine Learning Algorithms
3 Datasets and Algorithms

In this section, a summary of applied classification algorithms and datasets related to
microarray are presented for the classification of cancer.

3.1 Datasets Related to Microarray

The used datasets include information about different types of cancer, such as leukemia,
colon cancer, adenocarcinoma, brain tumor, lymphoma, and others. The datasets used
in this paper were taken from online information provided by different repositories. We
used the microarray data related to standard classification datasets. In the following, a
description of each of the datasets used is shown.

Leukemia dataset: It is a dataset based on the monitoring of gene expressions by
DNA microarrays in humans with Acute Leukemia. Distinguish between two types of
conditions, between Acute Myeloid Leukemia (AML) and Acute Lymphoblastic
Leukemia (ALL). It contains 38 samples of which 27 are ALL and 11 AML, each
sample in turn contains 3051 expressions [14].

Colon dataset: The gene expression levels in colon tissue samples are shown in this
dataset. It contains 62 patients of which 40 have tumors and 22 are normal. Each sample
contains 2,000 human genes [15].

Adenocarcinoma dataset: The original dataset contained 16063 Affymetrix chip
genes, but they were reduced to 9.868 by the author of [16]. The Adenocarcinoma
dataset includes information on 76 patients, of which 64 have primary tumors and 12
metastatic tumors. The data of 9,868 genes are shown for each patient [16].

Brain Tumor dataset: This dataset contains 42 profiles of genetic expressions of
microarrays, divided into five different types of tumors of the central nervous system,
which are, 10 medulloblastoma, 10 malignant gliomas, 10 atypical teratoid/rhabdoid
tumor, eight primitive neuroectodermal tumors and four of human cerebellum. Each
profile contains 5,597 genes [15].

Breast Cancer 1 dataset: This dataset contains information on 78 people who
suffered from breast cancer [17]. It includes 34 patients who developed metastases
within the first five years (class 1) and 44 patients who remained disease-free for more
than five years (class 2).

Breast Cancer 2 dataset: This dataset complies with the two classes of the Breast
Cancer 1 dataset previously described, and a third additional class which includes 18
patients with germline mutations in the BRCAL gene (class 3). This dataset contains 96
patterns divided into three classes [17].

Lymphoma dataset: This dataset contains the gene expression levels of the three
most prevalent adult lymphoid neoplasms: 42 samples of diffuse large B-cell
lymphoma (class 1), nine observations of follicular lymphoma (class 2) and 11 cases of
lymphocytic leukemia chronic (class 3). The total samples are 62 and each contains
4,026 genetic expressions (attributes) [15].

National Cancer Institute (NCI) dataset: The data come from complementary DNA
microarrays. This dataset contains 61 samples that can be divided into eight different
tumor types samples: seven of breast cancer, five of central nervous system cancer,
seven of colon cancer, six of leukemia, eight of melanoma, nine of lung carcinoma, six
of ovarian and nine of kidney tumors. Each sample contains 5,244 genes [18].
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Prostate cancer dataset: This dataset contains the samples of 52 prostate tumors and
50 non-tumor samples, giving a total of 102 samples and each sample contains 6,033
genes [15].

SRBCT dataset: This dataset contains gene expression profiles for classifying small
round blue cell tumors in childhood (SRBCT) and contains four classes (12 samples of
neuroblastoma, 20 of rhabdomyosarcoma, eight of non-Hodgkin lymphoma, and 23 of
Ewing tumors family), obtained from microarrays containing 2308 genes [15].

Table 1. Description of the datasets used.

Imbalance analysis

Datasets Attributes Classes
Instances IR
1. Leukemia 3051 38 2.454 2
2. Colon 2000 62 1.818 2
3. Adenocarcinoma 9868 76 5.333 2
4, Brain tumor 5597 42 2.500 5
5. Breast cancer 1 4869 77 1.330 2
6. Breast cancer 2 4869 95 2.444 3
7. Lymphoma 4026 62 4.666 3
8. National Cancer Institute (NCI) 5244 61 1.800 8
9. Prostate cancer 6033 102 1.040 2
10. SRBCT 2308 63 2.875 4

Intable 1, a summary of the description of the datasets is given. The summary includes
the number of attributes, the number of instances, the Imbalance Ratio (IR) among
majority and minority classes, and the number of classes. For validation purposes, we
used the Leave One Out validation (LOO).

3.2 Performance Measures and Statistical Tests

Imbalanced datasets, or otherwise known as class imbalance problems, manifest their
presence when one or more class is underrepresented in the dataset. Some classic
performance measures produce a bias towards the majority class in this type of
imbalanced datasets. Therefore, these measures become inadequate for classification.
To evaluate the performance in this type of datasets, the use of the average True Positive
Rate for each class have been recently suggested [19].

Real Class
Positive Negative
Predicted | Positive True Positive False Positive
[ Negative False Negative True Negative

Fig. 1. Confusion matrix with data distributed in two classes.

The True Positive Rate (TPR) considers the total positive instances correctly
classified in relation to the total instances of the positive class for problems of two
classes (Fig. 1), in terms of True Positives (TP), True Negatives (TN), False Positives
(FP) and False Negatives (FN) is expressed in equation (1). Also, the True Positive
Rate is known as recall or sensitivity.
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TP
" TP +FN’

For a problem with k classes, the sensitivity of the classification in class j calculates
the probability of correctly classifying an instance of class j, taking the total of correctly
classified instances of class j in relation with the total instances of class j. For the
calculation of the sensitivity of the classification is shown in the following equation:

TPR )

Si=1 @)

where S; is the sensitivity (also recall or True Positive Rate) of the classification of
class j, n; is the number of instances correctly classified and ¢; is the total number of
instances in class j.

The minimum classification sensitivity is a measure that allows us to handle multiple
classes, and is expressed as follows [20]:

Minimum = {S;}. 3

Although minimum classification sensitivity only considers the lowest of all the
classification sensitivities calculated. On the other hand, the average classification
sensitivity per class [21] is a measure that gives the same weight to each of the classes,
regardless of the number of instances that each class has. For this reason, this paper will
use this measure of performance, and is denoted as follows:

k
1
Average sensitivity = Ez S;, 4)

i=1

where k is the class total and S; is the classification sensitivity for j-th class. This
measure of performance allows us to consider all classes without there being a
preferential bias to any class.

Below we provide an example with data distributed in three classes, and where the
average classification sensitivity and the minimum classification sensitivity are
calculated:

Real Class
Y

~ (NN

o|oofw]| X

X
Predicted Class Y
Z

3
8
5

Fig. 2. An example with data distributed in three classes.

Sy=>=02,8 = % = 0444, S; = = = 0.388,

0.2+ 0.444 + 0.388
Average = 3 = 0.3444,

Minimum = min{0.2,0.444,0.388} = 0.2.
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In order to recognize which of the classification algorithms obtained the best
experimental result, statistical hypothesis tests are used, which perform an analysis to
evaluate whether there is or not a significant difference in the performance obtained by
the models in the proposed datasets. For this paper the Friedman test, which is a non-
parametric test, will be used, since it is highly recommended for the type of the analyzed
data [22, 23].

Deepening, the Friedman [24] test can be viewed as an extension of the Wilcoxon
test to include data recorded in more than two time periods or groups of three or more
matched subjects. The test examines the ranges of the data generated in each time period
to determine if the variables share the same continuous distribution of their origin.

3.3  Classification Algorithms

Some of the most recognized classification algorithms in the state of the art are: the
decision trees, Nearest Neighbor, Naive Bayes, Random Forest, Support Vector
Machines (SVMs) and Sequential Minimal Optimization, which is a case of SVMs. In
the next section, these algorithms were used to evaluate the datasets proposed.

Starting with the descriptions, a decision tree (DT) [25] is a map of the possible
outcomes of a series of related decisions. The approach based on decision trees is a
method commonly used in machine learning. The objective of this approach is to create
a model that predicts the value of a target variable based on various input variables.
Learning based on this type of approach is the construction of a decision tree from
training columns, each labeled with its corresponding class. Some of the most used DT
is C4.5, which generates a decision tree from the data through partitions performed
recursively. C4.5 is a decision tree which is an extension of the ID3 algorithm.

Random Forests [26] are a combination of decision tree predictors, so that each tree
depends on the values of a random vector sampled independently and with the same
distribution. They are efficient for large data sets and can handle a large number of
features.

The Statistical-Probabilistic approach if often based on the Bayes theorem, from
which different methods have been inspired, such as Naive Bayes [25]. The Bayes
theorem tries to obtain the posterior probability in relation to the belonging of an
instance to a certain class. For this, a priori probability of a given class is evaluated
against the other classes.

Nearest Neighbor (NN) [25] or k nearest neighbor algorithm, is a supervised
classification method based on metrics, whose training phase consists of storing the
vectors of the training set. While in the test phase the distance between the stored
vectors and the test vector is calculated, finally the "k" closest instances are selected,;
the class that is repeated more times is selected.

Support Vector Machines address the principle of risk minimization structure, that
is why we can provide a generalized performance independent of the distribution of
patterns. The central idea of the Support Vector Machines is the adjustment of a
discrimination function that optimally uses the information of the patterns that separate
the classes [25].

Finally, SMO [27] or Sequential minimal optimization, was an implementation of
SVMs by John Platt. This model solves the problem of quadratic programming that had
the Support Vector Machines during the training process. Another advantage that SMO

Research in Computing Science 148(10), 2019 204 ISSN 1870-4069



Prediction of Cancer using Microarrays Analysis by Machine Learning Algorithms

has is that the amount of memory used in training is linear, so it allows the use of large
amounts of data.

4 Experimental Results and Discussion

In this section we present the experimental results of the classification models described
above in the microarrays data for the classification of different types of cancer. We
include k nearest neighbor (kNN using k = 3), a decision tree algorithm (C4.5), a
Random Forest with 10 base trees, a Support Vector Machine version (SVM with
polynomial grade 3 base) and SMO algorithm with polynomial grade 1 base. We used
the default parameter values offered in the WEKA software package.

For the division of data between the training set and the test for the classifiers, Leave-
one-out cross-validation (LOO) was used.

The results obtained are shown in the table 2, highlighting with bold the best results.

Table 2. Average True Positive Rate obtained by the classification algorithms.

Naive Random SVM

Datasets C4.5 kNN Bayes Forest (polynomial) SMO
Leukemina 0.936 0.981 0.863 0.818 1.00 1.00
Colon 0.755 0.741 0.811 0.859 0.869 0.834
Adenocarcinoma 0.479 0.526 0.541 0.500 0.700 0.684
Brain tumor 0.635 0.680 0.585 0.760 0.810 0.855
Breast cancer 1 0.454 0.526 0.579 0.594 0.587 0.632
Breast cancer 2 0.413 0.588 0.653 0.537 0.544 0.595
Lymphoma 0.727 0.992 0.858 0.925 0.962 1.00
NCI 0.329 0.625 0.455 0.534 0.492 0.644
Prostate cancer 0.862 0.862 0.635 0.853 0.902 0.882
SRBCT 0.781 0.869 0.947 0.955 0.989 0.989

Times Best 0 0 1 0 5 6

The Friedman test was carried out in order to find the best classification method in
a more appropriate way.

Table 3. Average Rankings of the algorithms (Friedman).

No. Algorithm Ranking
1 SMO 1.6
2 SVM 2.2
3 kNN 3.75
4 Random Forest 3.8
5 Naive Bayes 4.3
6 C4.5 5.35

Table 3 shows the average of ranges obtained by each classifier in the Friedman test,
where the best model was SMO. The Friedman test gives a probability of p =
0.000052, lower than the 0.05 significance value. But to validate if this model has a
significant statistical difference, p-values are obtained by applying the Post Hoc
comparison, where the Holm’s procedure rejects those hypotheses that an unadjusted
value of p < 0.05.
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Table 4. Post Hoc comparison Table (Friedman).

No. Algorithm p
1 SVM 0.473289
2 kNN 0.010177
3 Random Forest 0.008551
4 Naive Bayes 0.00125
5 C4.5 0.000007

In Table 4, the p-values that are less than or equal to 0.05 are marked (bold letters),
which are the values that the test rejects the hypothesis, in other words, that there is a
significant difference of the best ranked method (SMO) with respect to kNN, Random
Forest, Naive Bayes and C4.5 models. In contrast, the SVM model has a p-value greater
than 0.5, so the test does not reject the null hypothesis. Therefore, SMO has no
significant difference with SVM.

5 Conclusions and Future Work

In this document, we aim at evaluating several Machine Learning algorithms for breast
cancer pre-diagnosis, based on microarray data. The evaluations made allow us to
determine the best performing algorithms for this task.

The results that were obtained when analyzing the selected algorithms with
microarray dataset, the SMO model was the one that obtained the best results. But when
performing the Friedman test and the Holm post hoc test, it was shown that since there
is no significant difference with the SVM model, it is just as feasible to use SVM to
obtain good results. Considering these results, the best classifiers for this type of
datasets were the SMO and SVM models.

As a future work, we would propose an algorithm related to the models that had
better results (SVM and SMO) or a new algorithm different from those already
evaluated, and that competes with the evaluated classifiers, obtaining a better result and
obtaining a significant difference with the others. This new algorithm must be proposed
to manage dataset with a large amount of data, such as microarrays data.
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Resumen. El desarrollo de hardware en el sector mercantil es considerablemente
bajo respecto al desarrollo de software a nivel mundial, cabe mencionar que
México no cuenta con el impulso adecuado para implementar nuevas
arquitecturas dedicadas a la resolucion de problemas especificos en Hardware
para el perfeccionamiento de procesos o anlisis de datos de una manera dptima.
Consecuentemente y en pro de mejorar las estadisticas, el presente articulo
muestra el desarrollo y la implementacion de un procesador dedicado basado en
la arquitectura RISC que permite el procesamiento de datos en formato de punto
flotante consumiendo un solo ciclo de reloj por instruccion, ya que cuenta con
una Unidad de Punto Flotante (UPF) dedicada que permite la ejecucion de
operaciones entre numeros enteros y decimales siguiendo el estandar IEEE-754
para su procesamiento.

Palabras clave: procesador dedicado. IEEE-754. UPF. punto flotante.

Dedicated Processor for Data Processing
in Floating Point Format

Abstract. The development of Hardware in the commercial sector is
considerably low with respect to the development of Software worldwide, it is
worth mentioning that Mexico does not have the appropriate impulse to
implement new architectures dedicated to the resolution of specific problems in
Hardware for the improvement of processes or analysis of data in an optimal way.
Consequently, and in order to improve statistics, this article shows the
development and implementation of a dedicated processor based on the RISC
architecture that allows data processing in floating point format consuming a
single clock cycle per instruction, since it counts with a dedicated Floating Point
Unit (UPF) that allows the execution of operations between whole numbers and
decimals following the IEEE-754 standard for processing.

Keywords: dedicated processor. IEEE-754. UPF floating point.
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1. Introduccion

El desarrollo de nuevas tecnologias en el ambito computacional ha incrementado
debido al impulso de dos grandes actividades; el desarrollo de Hardware y el desarrollo
de Software. En el sector industrial, el desarrollo de hardware es considerablemente
bajo siendo ca. 19%, en comparacion al desarrollo de software que abarca ca. 81% del
mercado a nivel mundial [1], dichos porcentajes muestran limitaciones para
implementar nuevas tecnologias por la falta de hardware. Estadisticamente, el
continente europeo cuenta con un mayor desempefio desarrollando hardware en
comparacion con el continente americano [2], consecuentemente México carece del
impulso adecuado y necesario para implementar nuevas arquitecturas dedicadas a la
resolucion de problemas especificos en Hardware que ayuden al perfeccionamiento de
procesos o analisis de datos de una manera éptima y precisa.

Es necesario que desde el nivel académico se desarrolle hardware para el
funcionamiento eficiente de diversas aplicaciones de impacto e interés en el sector
industrial, significando que las tareas se realicen de una manera mas rapida, con un
menor consumo de potencia y/o minimizando el espacio en cuanto a recursos,
entendiéndose por hardware a la arquitectura fisica para el procesamiento de la
informacién, es decir, un procesador [3].

El presente trabajo comprende el desarrollo, desde el disefio hasta la simulacién de
un procesador dedicado para la ejecucion de tareas especificas realizando operaciones
en punto flotante y pretende impulsar un amplio panorama de nuevas tecnologias en
disefio y desarrollo de hardware, y por consecuencia, abrir camino hacia una ilimitada
fuente de ideas para el desarrollo de software.

La unidad légica aritmética del procesador disefiado realiza operaciones en formato
de punto flotante, siendo ésta su principal caracteristica, cuya ventaja es la precisién de
los resultados en comparacion de la unidad l6gica aritmética simple. Actualmente, las
operaciones con punto flotante son implementadas en distintas aplicaciones; de
telecomunicaciones, control industrial, procesamiento de sefiales, entre otras. A pesar
de la incorporacion de las computadoras en los campos mencionados, la falta de
sistemas dedicados que permitan la realizacion de diversas tareas especificas sin
desperdicio de recursos y eficiencia en su desempefio prevalece.

En la actualidad existen diversos procesadores dedicados desarrollados a nivel
académico; por citar dos de ellos se aprecia un proyecto publicado en 2013 a nivel
internacional en el congreso “International Conference on Advanced Electronic
Systems” (ICAES) desarrollado en la universidad VIT en India [4] el cual presenta un
co-procesador con una Unidad Légica Aritmética de arquitectura segmentada de punto
flotante para minimizar la potencia e incrementar la frecuencia de operacion con la
intencion de mejorar el rendimiento del disefio usando Verilog HDL, sin embargo
utiliza mas de un ciclo de reloj para poder ejecutar las operaciones basicas, mientras
que el segundo se trata de un proyecto académico desarrollado en la Escuela Superior
de Computo del Instituto Politécnico Nacional [5] donde se implementa un
microprocesador en VHDL de 16 bits de arquitectura RISC tipo MIPS con arquitectura
Harvard y una Unidad Logica aritmética simple con esquema de acarreo anticipado por
propagacion que no permite el procesamiento de datos en punto flotante, no obstante
cada instruccion ejecutada se lleva a cabo en un ciclo de reloj.
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El presente articulo muestra el disefio y el desempefio de un procesador dedicado de
32 bits de arquitectura tipo Harvard con una Unidad de Punto Flotante (UPF) disefiada
Unicamente para permitir el procesamiento de datos en formato punto flotante de
precision simple de acuerdo al estdndar IEEE-754 [6]; se realiza el disefio
implementando una filosofia orientada a procesadores RISC basados en MIPS,
modelando la arquitectura mediante lenguaje de descripcién de Hardware VHDL y
mostrando como caracteristica principal la ejecucién de una instruccion por cada ciclo
de reloj, es decir, posee una arquitectura monaciclo.

2. Disefio del procesador

Se disefié un procesador dedicado de 32 bits basado en la arquitectura RISC tipo
MIPS, cuyas principales caracteristicas son: los datos procesados nicamente seran del
tipo Punto Flotante, Gnicamente se realizaran operaciones sobre registros, cuenta con
una memoria de programa y una memoria para datos, asi como con un banco de
registros, solo contiene la Unidad de Punto Flotante (UPF) para realizar operaciones,
un Contador de Direcciones, el cual indica el conteo en la direccién al ejecutarse un
programa y un Contador de Programa (CP) para indicar direcciones de memoria. La
unidad de control es la encargada de controlar las sefiales destinadas al buen
funcionamiento de los componentes de acuerdo al tipo de instruccién implementada.
La Fig. 1 Muestra el diagrama a bloques del procesador dedicado, donde se puede
apreciar la arquitectura y la interconexion de cada componente.
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Fig. 1. Diagrama general a bloques del procesador dedicado de 32 bits en punto flotante.
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2.1. Formato de instrucciones

Para la definicién del formato de instrucciones, se considera la representacion de las
instrucciones del procesador formadas por una cadena de 32 bits cada una y el
procesamiento del tipo de dato en formato de punto flotante segln el estandar IEEE-
754 de precisién sencilla, estableciendo campos para cada tipo de instruccion de
acuerdo con la Tabla 1.

Las instrucciones tipo R son instrucciones de tipo aritmético-ldgicas; mediante el
cdédigo de operacion (op) indicado realizan una operacion en la UPF sobre los
contenidos en los registros fuentes 1 y 2 (rs, rt) escribiendo el resultado sobre el registro
final (rd) apoyandose del campo resultante (cr) para la definicidn del tipo de operacién.
Las instrucciones tipo Jump y Branch son instrucciones de salto; de tipo incondicional,
con 5 bits para el cddigo de operacion y los 11 bits menos significativos son para el
campo de direccién (dir), o de tipo condicional, donde se debe especificar dos campos
en los operandos (rs, rt) para realizar la diferencia, ademas de la direccion de salto,
respectivamente. Las instrucciones de transferencia de datos pueden ser de carga o
almacenamiento; el formato de la instruccion carga/almacenamiento cuenta con su
respectivo codigo de operacion (op), un registro fuente o destino (rd, rs) y la direccién
de memoria (dir).

Tabla 1. Descripcion de los tipos de formato de instruccion con sus respectivas definiciones.

Tipo de instruccién Formato de instruccién [ Definiciones
. op rs rt rd cr op Coédigo de operacién
Sobre Registro 5 bits 8 bits 8 bits 8bits | 3 bits rs Registro 1/ almacenamiento
Condicional o0 IS rt dir_ rt Reg!stro 2
salto 5 bits 8 bits 8 bits 11 plts rd Registro final / carga
incondicional op s/t_l s/t_l dlr_ cr C_ampo resultante
5 bits 8 bits 8 bits 11 bits s/u Sin uso
Carga op rd s/u dir dir Direccion de memoria
Transf. 5 bits 8 bits 8 bits 11 bits
de datos Almacenami op siu rs direccién
ento 5 bits 8 bits 8 bits 11 its

2.2. Set de instrucciones

El procesador dedicado maneja un total de 9 operaciones en el set de instrucciones
de tipo salto, aritmético-I6gicas y transferencia de datos; se pueden consultar en la
Tabla 2. Cabe mencionar que cada instruccién consume un ciclo de reloj en el
procesador y todos los operandos utilizardn su respectiva representacion en formato
punto flotante para ser procesados de acuerdo al estdndar IEEE-754.

Tabla 2. Set de instrucciones del procesador dedicado.

Tipo Codop Instruccion Nemdnico Ejemplo Significado
Store 00000 Carga LW LW rd, dir rd = Mem [dir]
Store 10000 Almacenamiento SW SW rs, dir Mem[dir] =rs
R 00001 Suma ADD add rd,rs,rt rd=rs+rt
R 00010 Resta SuB sub rd,rs,rt rd=rs-rt
R 00011 Multiplicacién MULT Mult rd,rs,rt rd=rs*rt
R 00100 Division DIV div rd,rs,rt rd=rs/rt
Branch | 10010 | Salto si es diferente BNEQ BNEQ dir If(rs!=rt) go to Dir
Jump 10001 Salto B B dir PC = Dir
11111 NOP NOP NOP -
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2.3. Formato del tipo de dato

De acuerdo con la intencién que el estandar IEEE-754 refiere, donde la
implementacion de cualquier sistema en punto flotante puede ser completamente
desarrollada a nivel software, a nivel hardware o cualquier combinacion entre estos dos
niveles, el formato del tipo de dato a ser procesado es el formato de precision simple
que sigue el estandar, donde la representacién de un nimero en coma flotante
contempla una parte entera y una parte decimal. Siguiendo el estandar, una vez aplicada
la conversién de dicha representacion al formato de precision simple [6], el cual posee
un bus de 32 bits dividido en tres campos reservados, el primer campo cuenta con el
bit mas significativo (bit31) indicando el signo del ndmero a ser representado, un
segundo campo que reserva 8 bits para representar el exponente (bit30 ... bit23) y un
altimo campo con 23 bits para representar la mantisa (bit22 ... bit0), el formato final
puede ser apreciado en la Fig. 2.

(1.853515625 x 2%) x (-1) = 118.625

Bit de Signo (S) | Exponente (E) Mantisa (M)
1 1000 0101 11011010100000000000000

Fig. 2 Representacion cientifica del nimero -118.625 y su respectiva representacién en formato
de precision simple de punto flotante segun el estandar IEEE-754 [7].

2.4.  Componentes del procesador

El procesador cuenta con siete componentes fundamentales para su funcionamiento:
el contador de programa, contador de direcciones, la memoria de programa, el banco
de registros, la memoria de datos, la unidad de control y la unidad de punto
flotante (UPF).

Contador de programa: registro que contiene la direccion de la consecuente
instruccion a ejecutar obtenida de la memoria de programa, dicho registro sera
incrementado automaticamente por cada ciclo de instrucciéon.

Contador de direcciones: permite el incremento de la direccion contigua a ser leida
por el contador de programa seguln se trate de la instruccion a ser ejecutada de acuerdo
al formato de instrucciones.

Memoria de programa: memoria de solo lectura; las instrucciones del programa a
procesar seran almacenadas en esta memoria. Su capacidad de memoria es de 2K x 4B,
la instruccion leida de la memoria es dirigida hacia la unidad de control, el banco de
registros y el contador de direcciones; cuenta con un bus de direcciones y un bus
de datos.

Banco de registros: conformado por 256 registros de 32 bits cada uno; cuenta con
dos puertos de lectura y un solo puerto de escritura, los puertos de lectura con 8 bits a
la entrada, Read Registerl y Read Register2, haciendo posible direccionar hasta 256
localidades del respectivo banco de registros, cabe mencionar que siguiendo la
implementacion de una arquitectura tipo MIPS donde el banco de registros direcciona
hasta 32 localidades, el presente disefio considera la implementacion del total de
localidades disponibles a partir de la capacidad de direccionamiento disponible sin
descartar la implementacion de una menor cantidad de registros basandonos en la
arquitectura MIPS donde Unicamente se podrian considerar los 4 bits menos
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significativos de los buses de entrada en los puerto de lectura; dichos puertos son leidos
através de las salidas Read Datal y Read Data2, respectivamente. El puerto de escritura
toma 8 bits de direccion a la entrada de Write Register, asi como 32 bits de datos para
la entrada de Write Data. Posee un bit de control denominado WE, el cual, si se
encuentra posicionado en alto, el banco de registros es capaz de escribir los datos
recibidos (Write Data) en el registro especificado (Write Register), en caso contrario es
de solo lectura sobre los registros fuente.

Memoria de datos: una memoria de lectura/escritura, su capacidad de memoria es
de 256 x 32 bits; debido a su ancho de palabra permite almacenar datos en formato de
punto flotante con precisién simple. Maneja dos buses de datos de 32 bits para entrada
y salida, asi como un bus de direccionamiento de 8 bits; considera una menor capacidad
de almacenamiento en comparacion con la memoria de programa, ya que el disefio del
presente procesador prospecta el tratado de una gran cantidad de instrucciones debido
a la naturaleza de su arquitectura.

Unidad de control: Para implementar la unidad de control como una maquina de
estados finita, primero se asignd un nimero a cada uno de los 9 estados, en este caso,
se usé un enumerado simple secuencial; el diagrama de la maquina de estados finita
implementada se aprecia en la Fig. 3. conteniendo nueve estados con su debida
representacion en binario (4 bits) para codificar el nimero de estado representado.

INICIO

Banderas en

OpUPF=0| |
OpuPF=1] |
OpUPF=2| |
OpUPF=3|

OpUPF=1
CompAnd=1
MuxCont=1

ReadData = 1 WriteData = 1

Muxsal=1
MuxOp=1
WriteEnable=1

WriteEnable=1

Fig. 3 Diagrama de la maquina de estados finita para la unidad de control.

La Tabla 3 muestra de manera general las banderas de activacion utilizadas por la
unidad de control por cada camino de datos respectivo de cada instruccion
implementada en el procesador.

Tabla 3. Bits de entradas y salidas manejados por la unidad de control.

Tipo R

Control Nombre de lasefial | Carga | Almacenamiento ADD | SUB | MULT | DIV Beq | B
Codop(4) 0 1 0 0 0 0 1 1

Codop(3) 0 0 0 0 0 0 0 0

Entradas Codop(2) 0 0 0 0 0 1 0 0
Codop(1) 0 0 0 1 1 0 1 0

Codop(0) 0 0 1 0 1 0 0 1

Salidas MuxCont 0 0 0 0 0 0 1 0
WriteEnable 1 0 1 1 1 1 0 0
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Tipo R
D SUB MULT DIV
1

Control Nombre de la sefial Carga | Almacenamiento
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Unidad de Punto Flotante [7]: se implement6é una unidad de punto flotante que
permite el procesamiento Unicamente de nimeros con el formato de punto flotante de
precision simple del estandar IEEE-754. Se trata de una unidad dedicada que realiza el
procesamiento de los operandos en un solo ciclo de reloj, sacrificando espacio debido
a una mayor densidad en cuanto a recursos de hardware, pero considerando una mejora
en el tiempo de respuesta, la arquitectura se observa en la Fig.4.

B A

MAcero

Verificar Operando en Cero Verificar Operando en Cero

DBcero = NaN DAcero

Verif8 Eﬂ M:‘> VerifA

Restar sesgo al exponente Restar sesgo al exponente
S ‘ exp ‘ mantisa S ‘ exp ‘ mantisa
[ T I } } }
 E—
Comparador “
+n n>>
1T
extensor ‘ ‘
| Compara |
signo
P o/
Op(1) ‘
1 1
\:ﬂ ﬁ I
Sel
Multiplicador Sumador/Restador

N B O

g e U
L . ‘ mantisa ‘ exp ‘ S ‘
g ‘ Normalizar

Sumar sesgo al exponente

buisor =] (op S o/

Fig. 4. Diagrama general de la unidad de punto flotante para el procesamiento de datos en formato
de precision simple de acuerdo al estandar IEEE-754.
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3. Campo de aplicacion

Para visualizar la operatividad del procesador, se incluy6 en la memoria de programa
una serie de instrucciones que permiten conocer el resultado de procesar parte del
funcionamiento de la primera iteracion en la etapa de entrenamiento de la red neuronal
ADALINE.

Una neurona ADALINE es una neurona simple de una unidad, recibe entradas de
varias unidades y una entrada de una “unidad” la cual siempre tiene el valor de +1 con
el objetivo de entrenar el peso del sesgo por el mismo proceso mediante la regla delta,
usado para poder actualizar los pesos de cada entrada ponderada [8].

El algoritmo de entrenamiento de una neurona ADALINE es el siguiente:
— Paso 0. Inicializar los pesos
— Pasol1. Mientras la condicion de paro sea falsa, realiza los pasos 2-6.
— Paso 2. Colocar la activacion de las unidades de entrada
— Paso 3. Calcular la entrada de la red hacia la salida de la unidad dada por:

i
Yin = b+ inwi.
1

— Paso 4. Actualiza sesgo y pesos
— Paso 5. Verificar la condicion de paro.

En términos generales, el procesador se encarga de ponderar los pesos por los valores
de las sefiales, realizar la suma acumulatoria y finalmente agregar el sesgo de la
neurona, es decir, realiza el paso 3 del algoritmo de entrenamiento de la red neuronal
con los valores que se muestran en la Fig. 5.

1.8875 O L0
25.726 O \
6.8174 O \\5'
- 0.076343 S \d‘f 0\
SO O oa%
0.32456 S,
1.2022 S, “Hs-b‘
Q —so— 137.09
- 3.8026 O _______5.0;; .
-2.4556 e o 0@7
- 1.2022 o oS
-1.2022 O / 136.09

Fig. 5. Neurona ADALINE con valores numéricos.

El listado de instrucciones incluido en la memoria de programa del procesador es el
mostrado en la Fig. 6.
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LW RO, x”00”
LW RI1, x”01”
LW R2, x702”
LW R6, x702”

; RO= MEMI[O] - Carga del nimero de muestras al registro 0
; R1= MEM[1] — Carga el nimero uno al registro 1
; R2= MEM[2] - Carga el nimero cero al registro 2
; R6= MEM[2] — Carga el nimero cero al registro 6

cICLO:
LW R4, x’0D”
LW RS, x703”
MULT R5, R4, R5
ADD R6, R5, R6
SUB RO, R1, RO
BNEQ RO, R2, X"04”

; R4= MEM[13] — Carga el valor del peso

; R5= MEM][3] -- Carga el valor de la sefial

; R5 = R4 * R5 — Multiplica el peso por la sefial

; R6 = R5 + R6 — Realiza la suma acumulatoria.

; RO = R1 - RO -- Resta el nimero de muestras menos uno
; if (R2!1=R0) go to CICLO - Si el nimero de iteraciones
es distinto al nimero de muestras, salta a la etiqueta CICLO,
en caso contrario, continda.

ADD R6, R1, R6 ; R6 = R1 + R6 — Suma el sesgo a la suma acumulatoria.
SW R6, x”FF” ; MEM[255] = R6 — Almacena en memoria el valor del registro 6.
LW R7, x’FF” ; R7 = MEM[255] — Carga el resultado final sobre el registro 7.

B x’0C” ; PC =12 — Brinca a la direccion 12

Fig. 6 Programa detallado embebido en la memoria de programa para realizar el procesamiento
del paso 3 del algoritmo de entrenamiento de la neurona ADALINE.

4. Resultados

Los resultados obtenidos en la simulacion del funcionamiento del procesador con el
programa ya embebido en la memoria utilizando el software ACTIVE HDL fueron los
mismos que los resultados esperados.
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Fig. 7 Simulacion del resultado final empleando el software ACTIVE HDL.
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5. Conclusiones

Los resultados obtenidos en la simulacion fueron los mismos resultados que los
esperados, cabe mencionar que siguiendo el estandar IEEE-754 para tratar los nimeros
en formato de punto flotante, fue posible implementar en hardware una arquitectura
dedicada capaz de procesar cualquier valor numérico existente en el formato
presentado; estrictamente, el procesador Unicamente maneja datos en punto flotante
debido a que a los nimeros enteros también los opera como datos en punto flotante.

El disefio del procesador dedicado de punto flotante fue basado en una arquitectura
tipo MIPS, permitiendo ejecutar cada instruccion del mismo set de instrucciones en un
solo ciclo de reloj procurando mejorar los tiempos de respuesta en comparacion con
otras arquitecturas, si bien, en ocasiones resulta complicado realizar comparativas entre
arquitecturas dedicadas que sean capaces de procesar un mismo programa, no se
descarta la elaboracién de dicha comparativa como trabajo a futuro con la finalidad de
evaluar el desempefio del presente procesador.

Como bien se sabe, la filosofia de la arquitectura de computadoras nos indica una
proporcionalidad en relacién densidad-tiempo, de modo que, al reducir el tiempo de
procesamiento, se incrementa la densidad de nuestro disefio y ello se ve reflejado en la
Unidad de Punto Flotante.

Hoy en dia existen diversas arquitecturas dedicadas al procesamiento de datos y al
andlisis de sefiales, pero el procesador presentado es un procesador dedicado para
diversas aplicaciones especificas, ya que podria ser implementado una en aparatos de
tamafio minimo que permitan la cancelacion de ruido, el promedio de diversos valores
para el diagnéstico y/o control de la hipertension o la diabetes, la seleccion de una sefial
con mayor intensidad, entre otras.
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Resumen. Este articulo propone el disefio de un sistema de gestion inteligente
basado en el paradigma de internet de las cosas (10T) para el caso de uso de cul-
tivos hidropdnico. Se propone la arquitectura de red y disefio de prototipos enfo-
cados a obtener la informacioén en “tiempo real” de los parametros clave que
desarrollo de los cultivos hidropdnicos de escala semi-comercial y de autocon-
sumo, asi como la primera version de la interfaz grafica para dispositivos moviles
que permitirdn la gestion del cultivo y toma de decisiones. La premisa del pro-
yecto es el desarrollo de una solucion modular, escalable, de bajo costo, facil
instalacion y uso.

Palabras clave: internet de las cosas, agricultura inteligente, 10T, redes inalam-
bricas.

Proposed Smart Management System Based on
10T for Hydroponics

Abstract. This article proposes the design of an intelligent management system
based on the Internet of Things (loT) paradigm for the case of hydroponic crop
use. The network architecture and design of prototypes are proposed, focused on
obtaining the information in “real time” of the key parameters that develop the
hydroponic crops of semi-commercial and self-consumption scale, as well as the
first version of the graphic interface for mobile devices that will allow crop
management and decision making. The premise of the project is the development
of a modular, scalable, low-cost solution, easy installation and use.

Keywords: internet of things, smart agriculture, 10T, wireless networks.

1. Introduccion

La agricultura es la tercera actividad econémica en el pais, cerca de 22 millones de
hectareas son dedicadas al cultivo, de las cuales, el 75.67% implementan algin nivel
de mecanizacion y de éstos 64.92% son cultivos de temporal [1].
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De la poblacion agricola, aproximadamente el 35% de los agricultores se encuentra
en el sector micro y pequefia empresa con lazos en el mercado interno y el 50% produce
para autoconsumo. A pesar de existir diversas soluciones importadas para el campo
agroalimentario tales como los invernaderos, equipos de monitoreo, de control
climatico y de riego, que ofrecen maltiples ventajas en la produccién, éstos son
enfocados a productores intensivos de escala industrial, los cuales requieren una alta
inversion inicial y personal altamente calificado en la tecnologia para su instalacién,
operacién y mantenimiento, por lo cual, su implementacién no ha sido generalizada
para productores de los sectores pequefia, micro empresa y huertos de autoconsumo,
quienes son mas vulnerables ante la variabilidad y el cambio climatico[2].

Dicho lo anterior, el principal reto en el campo agricola es satisfacer la demanda de
produccion de alimentos manteniendo los niveles sustentables de los recursos naturales
[3], por lo cual, la implementacidn de la ciencia y nuevas tecnologias en la agricultura
es pieza clave para disefiar soluciones de bajo impacto ambiental. En donde, el
desarrollo de soluciones basadas en Internet de las cosas (10T) y la agricultura de
precision (AP), han creado un amplio panorama de desarrollo de dispositivos y equipos
que satisfagan las necesidades de monitoreo y control de las diversas etapas dentro de
la campafia de cultivo, las cuales han sido implementadas y adoptadas con gran impetu
en multiples paises desarrollados [4].

La AP también es conocida como agricultura inteligente (o Smart Farming) dado
que se caracteriza por el monitoreo constante a través del uso de diversas tecnologias
de la Informacion y Comunicaciones (TIC) asi como de la automatizacion, aunando el
conocimiento cientifico y tecnoldgico con las metodologias agricolas. En donde el pa-
pel de Internet de las cosas (10T) ha sido ampliamente destacado [5 y 6].

El presente articulo se enfoca a describir el disefio del sistema enfocado en la primera
etapa de disefio de dispositivos 10T para captacion de la mayor cantidad de informacion
posible para que en una futura fase, implementar algoritmos avanzados para procesar
la informacion y realizar la toma de decisiones y autoconfiguracion de los parametros
clave que influyen en el desarrollo del cultivo [7 v 8].

2. Disefio del sistema

Las caracteristicas y requerimientos de los sistemas agricolas semicomerciales y de
autoconsumo suelen ser muy variables: la extension del cultivo, la distribucion de las
plantas, tipo de sistema hidropdnico. Por lo cual, para satisfacer las necesidades de mo-
nitoreo, control y gestién de los sistemas hidropdnicos antes mencionados, es necesario
que la solucién cumpla las siguientes caracteristicas: modular, flexible, configurable y
de bajo costo.

Se propone un sistema en el cual, se conjugan conocimientos y desarrollos de la
agricultura de precision e Internet de las cosas, con la finalidad de reducir costos en el
desarrollo de la solucion, pero ofreciendo las capacidades de gestidn de cultivos simi-
lares a las soluciones industriales y comerciales actualmente existentes (Fig. 1).
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Fig. 1. Esquema de la solucion de Agricultura inteligente basada en 10T y agricultura de precision.
2.1. Arquitectura de red
Inicialmente la arquitectura de red fue basada en el modelo de referencia definido

por el grupo de trabajo P2413 del IEEE-SA [9], al cual le fue agregado una cuarta capa
(intermedia a la capa de red y la capa de aplicacion) llamada capa de procesamiento de

datos. (Fig. 2)
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Fig. 2. Arquitectura de referencia loT de cuatro capas para el sistema de gestion inteligente para
cultivos hidroponicos “Pouani”.

2.2. Capade percepcion

En la capa de percepcion se encuentran los dispositivos capacitados por una serie de
sensores y actuadores, dedicados a la tarea de adquirir informacion del entorno del cul-
tivo dentro del invernadero y modificarla. Dentro de esta capa se definen dos tipos de
dispositivos: Nodo Sensor y Nodo de Riego. El disefio de los nodos se caracteriza por
constar de los bloques o unidades de alimentacion (por ejemplo, baterias), percepcion
(sensores y actuadores), procesamiento (uC) y de comunicacion (transceptores) cada
uno (Fig. 3-5). Estos nodos a su vez son gestionados dentro del invernadero por el nodo
Maestro.
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Nodo Sensor

La tarea principal del Nodo Sensor (Fig. 3) es recolectar la informacién del entorno
a través de diversos parametros clave que influyen en el desarrollo del cultivo, tales
como la lluminacién (Ix), temperatura (°C), Humedad (%HR) y temperatura de la So-
lucién Nutritiva (SN). Con la finalidad de obtener datos con mayor precisién, se pre-
tende ubicar el nodo Sensor en el mismo modulo hidropdnico en donde se coloca las
plantas.
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Fig. 3. Diagrama a bloques del Nodo Sensor.

Nodo de Riego

El nodo Riego (Fig. 4) obtiene informacién del estado de la Solucion Nutritiva en el
punto de concentracién de esta, es decir, en el tanque de Riego en donde se realiza
también el control del suministro de riego a cada médulo hidroponico a través de la
activacion y desactivacién de las electrovalvulas asignadas a cada uno.
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Fig. 4. Diagrama a bloques del Nodo Riego.

Dado que las condiciones de extension dentro del invernadero pueden ser muy va-
riadas, es decir, la cantidad de nodos dispuestos y la distancia de cada uno con respecto
al servidor pueden ser diversos, una comunicacion dentro del invernadero en topologia
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mallada pretende subsanar dicha heterogeneidad concentrando la informacién en pri-
mera instancia a un nodo maestro que posteriormente reenvie los datos al servidor.

Capa de red

En la capa de red se soporta la conectividad de los equipos, en donde son aplicados
diversos protocolos y tecnologias de comunicacion orientados a establecer la conexion
punto a punto de los dispositivos implicados en el proyecto para realizar la transferencia
de datos entre ellos. Se definié un caso minimo de topologia de red, el cual cubre las
necesidades de un huerto de autoconsumo o pequefio invernadero (Fig. 5) dividiendo
la solucion en dos areas de aplicacion: Intra Invernadero y Extra Invernadero.
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Fig. 5. Arquitectura general de red propuesta para el sistema de gestion inteligente para cultivos
hidropdnicos, caso minimo.

En el area Intra-Invernadero se define la conexion entre los nodos por medio de una
topologia de red mallada con la finalidad de tomar ventaja de sus capacidades de area
de cobertura, robustez y dinamismo. Dicha comunicacion mallada es gestionada por el
nodo Maestro (Figura 6), el cual asigna el identificador dindmico de los nodos, man-
tiene activa la red y concentra la informacién recaba en cada nodo.
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Fig. 6. Diagrama a bloques del nodo Maestro.

En el &rea Extra-Invernadero se considera la comunicacion de la informacién con-
centrada por el nodo Maestro hacia el servidor y de la interfaz de usuario al servidor.
Con la finalidad de reducir los requerimientos iniciales de instalacién, el Servidor es
configurado como punto de acceso inalambrico (WAP) para proveer la comunicacién
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local de los nodos maestro y de la interfaz de usuario al servidor (fig. 7), en caso de que
el usuario final cuente con la infraestructura, la conexion puede ser realizada a través
del protocolo Ethernet y hacer uso de sus servicios (fig. 8).
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Fig. 8. Comunicacion Extra Invernadero caso servidor conectado a la infraestructura del agricultor.

Dado que, el area destinada a un cultivo, el tipo de médulo hidropénico v la distri-
bucion de estos son muy diversos: entre agricultores, dentro de los mismos campos de
cultivo o invernaderos, asi como entre cada campafia agricola; se definié una topologia
de red modular en diferentes etapas, para satisfacer las necesidades previamente men-
cionadas, permitiendo que el mismo modelo pueda ser implementado en diversos casos,
desde huertos de autoconsumo hasta sistemas de cultivos desplegados en maltiples in-
vernaderos. En la Fig. 9 se muestra la topologia de red general de la solucion.
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Fig. 9. Arquitectura general de red propuesta para el sistema de gestion inteligente para cultivos
hidropdnicos, caso multiples invernaderos.

2.3. Capa de procesamiento y de aplicacion

En esta capa se definieron los algoritmos de tratamiento de los datos recabados por
los nodos Sensor y de Riego, mientras que en la capa de aplicacion se realiza la
implementacion y presentacién de la capa de procesamiento de datos para proveer los
servicios evolucionados.

Dicho procesamiento es realizado por el Servidor (fig. 10), el cual, almacena los
datos y de acuerdo con las acciones definidas, realiza la toma de decisiones de activa-
cion y desactivacion de los actuadores por medio del cambio de estado del circuito de
relevadores, para mantener el cultivo dentro de los valores 6ptimos para su desarrollo.

Servidor

I
I
I
HTTP GET/POST 1

Fig. 10. Diagrama a bloques de la funcionalidad del Servidor del sistema de gestion inteligente.

2.4. Protocolo de comunicaciéon Pouani

Durante el disefio del sistema de gestién basado en 10T para cultivos hidropénicos,
se definiod el protocolo de comunicacion a nivel de aplicacion “PouaniPonos”, para la
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definicién de la trama de comunicacion de los valores obtenidos durante la fase de per-
cepcion, asi como de los mensajes de configuracién de los nodos. Mas adelante profun-
dizaremos en el disefio de dicho protocolo.

Preprocesamiento de los datos

Para definir la capacidad de memoria de la trama, es necesario considerar los valores
minimos y méaximos que podria tener un pardmetro en los diferentes casos de configu-
racion y la precision del dato. Por lo cual, se propuso realizar un preprocesamiento de
los datos en cada nodo, con la finalidad de optimizar el espacio de memoria asignado a
cada valor del parametro obtenido en la capa de percepcidn.

Formato de trama

Una vez pre-procesados los valores, es necesario transmitirlos al servidor para rea-
lizar su procesamiento, almacenamiento y proporcionar los servicios. En la Fig. 11 se
muestra el formato de la carga til del nodo sensor y nodo riego en el caso de transmi-
sion de las lecturas obtenidas de acuerdo con el formato de trama para la pila de proto-
colos BLE. Podemos ver que, con el disefio minimo de la trama, se requiere 9 bytes de
los 32 bytes disponibles por el transceptor nRF24L01+, por lo tanto, contamos con la
capacidad de aumentar en un futuro el nimero de parametros asignados a la fase de
percepcion dependiendo las caracteristicas del proyecto.

Predmbulo | Direccion Campo de control de paguetes Carga util CRC
1 byte 3-5 bytes OIS 0-32 bytes (NRF24L01+) en BLE: 27-251 bytes 1-2 bytes
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Nodo Sensor sal
1B 2B iB iB 1B 1B 28
. Tipo  No. Serie def pl pH Temp p2
Nodo Riego sol
1B 2B iB iB 1B 1B 2B

Fig. 11. Diagrama a bloques de la funcionalidad del Servidor del sistema de gestion inteligente

Transmision del paquete — Creacion de la red mallada Intra-Invernadero

Como se menciono previamente, se establece el uso de una topologia de red mallada
dentro del invernadero como la adecuada para cubrir las necesidades de transmision en
dicha etapa, en especifico, una red BLE mallada. Por lo cual, los nodos sensores, de
riego y maestro deben ser configurados de tal forma que creen dicha red y transmitan
entre si los paquetes. El protocolo definido como ‘“PouaniPonos” sefiala el procedi-
miento de tratamiento de la trama y establecimiento de la comunicacion para el caso de
sistemas de gestion agricolas (Fig. 12).

Posteriormente se configuran en los segmentos de la memoria EEPROM los valores
predeterminados de los rangos que fungen como valores extremos para el monitoreo de
las variables del entorno (temperatura, humedad, iluminacion, pH, temperatura de la
solucidn), la informacion de identificacion del nodo (tipo de nodo y ndmero de serie),
configuracion de los pardmetros de control del sistema (periodos de muestreo, horarios
en los que la configuracidn es valida y estado del nodo).
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Después, se inicia la configuracion y gestion de la red mallada por el nodo maestro.
El cual, asigna de forma dindmica un identificador del nodo a los nodos esclavos (nodo
sensor y nodo riego), promoviendo el registro dindmico de ellos, permitiendo el ingreso
y egreso de nodos a la red (movilidad de los nodos).

La conexidn es actualizada periodicamente con la finalidad de mantener el enlace
entre los nodos y cumplir con los siguientes pasos:

1. Establecer canales de comunicacion en donde el nodo es receptor de mensajes de
configuracion provenientes del nodo maestro o retransmisor de mensajes de lecturas
obtenidas de otros nodos sensores o0 hodos riego (mensajes recibidos casos S y R).

2. Si recibe mensaje del nodo maestro (mensaje caso C), los valores son almacena-
dos en el segmento de la memoria EEPROM del microcontrolador dedicada a valor de
configuracion definidas por el usuario.

3. Realizar el muestreo de los valores del entorno a través de los sensores de acuerdo
con el periodo de muestreo configurado.

4. Procesar los valores obtenidos de acuerdo con los rangos definidos previamente.

5. Crear latrama con la carga Util en el formato disefiado para el mensaje con destino
al nodo maestro.

6. Establecer el canal de comunicacion al nodo mas cercano y transmitir el mensaje.

7. Regresar al paso 1.
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Ul
=) 5 a:
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trama BLE y dar
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Fig. 12. Diagrama a blogues del Protocolo PouaniPonos.

Extraccion de datos

Tras recibir los mensajes provenientes de los nodos sensor y de riego, el nodo maes-
tro extrae los datos contenidos en el campo de carga Util de la trama BLE y los convierte
a un objeto en formato JSON, para posteriormente transmitirlos al servidor mediante el
uso de los servicios REST.

Transmision del paquete — Red de comunicacion Extra-Invernadero
Posterior a la extraccién de los datos y su serializacion al formato JSON, el nodo
maestro requiere enviar los paquetes de mensajes al Servidor, en el cual, se establece
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una comunicacion en topologia estrella, la cual permite la conexion de maltiples nodos
maestros al servidor. Dicha red local es proveida por el servidor, el cual es configurado
como punto de acceso inalambrico (WAP) por medio del transceptor de tecnologia
WiFi incorporado.

La transmision de los paquetes se realiza a través del consumo de servicios REST
con la finalidad de agregar, eliminar, consultar y configurar los valores de configura-
cién, lecturas e informacidn de usuario a las rutas de los recursos asignados del servidor
para proveer los servicios de almacenamiento y procesamiento de los datos.

Servicio de almacenamiento del servidor

Tras recibir las peticiones de servicios REST a los URLSs definidos con los datos de
las lecturas proveidos por los nodos, se realiza el procesamiento de dichos valores para
visualizar la lectura del nodo de acuerdo con lo sensado (es decir, previo de ser pre-
procesada). Posteriormente los datos son almacenados en las tablas de la base de datos
del servidor de acuerdo con los modelos disefiados de la aplicacion REST.

Despliegue de datos en la interfaz de usuario

Después de que el usuario realiza el inicio de sesion en la aplicacién movil, la vista
inicial cumple con la funcién de desplegar la informacion de monitoreo de los cultivos,
la figura 13 muestra el diagrama de vistas de la interfaz grafica, en el cual, posterior a
que una vista es llamada, se realiza el consumo de servicios REST para la consulta de
los datos almacenados en la base de datos, estos son precargados y mostrados asincro-
namente en la interfaz de usuario.

Configuracion de datos en la interfaz de usuario

La interfaz de usuario permite peticiones de agregar, configurar y eliminar informa-
cién en el servidor a través del consumo de servicios REST. Dichas peticiones se rea-
lizan a través de las URLs asignadas que a su vez dirigen a los controladores que con-
tienen el procedimiento adecuado de tratamiento a las peticiones. Para posteriormente
actualizar los datos contenidos en las tablas de la base de datos.

Extraccion y envio de los datos de configuracién en el Servidor

Existe un segundo tipo de mensaje que implica a los nodos dentro del invernadero,
este es el mensaje de configuracion asignado a través de la interfaz de usuario. Para
obtenerlo, el nodo maestro realiza peticiones de consulta al servidor a través de los
servicios REST, en los cuales el servidor responde con un mensaje de configuracion en
formato JSON, que contiene los valores de previamente preprocesados con la finalidad
de reducir el tamafio de memoria asignada a cada pardmetro. Extrae los datos conteni-
dos en el mensaje en formato JSON de-serializandolo y asignando los valores a una
estructura de datos con propiedades, sin métodos.
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Fig. 13. Diagrama de vistas disefiadas para la interfaz grafica de dispositivos méviles

Dichos valores se asignan a la carga Util de la trama BLE (Fig. 14) para su posterior
transmision a todos los nodos dentro del invernadero que contiene los valores maximos
y minimos de los pardmetros, su estado (si estan habilitados), periodo en que se tomara
la muestra de sensado, hora de inicio y de fin en que la configuracion es valida y en el
caso del nodo riego, informacion referente a la actividad de riego (periodos de riego y
duracidn), en donde se transmitiran 21 bytes de datos.

Previamente, se define en el campo de encabezado de la trama BLE el tipo de men-
saje, siendo tipo “S”, el mensaje de configuracion para el nodo sensor y el tipo “R” el
mensaje de configuracion del nodo riego. Por lo que, al recibir el mensaje, los nodos
leen el encabezado de la trama, especificamente el tipo de mensaje y con ello filtran el
tipo de nodo destinatario de dicha configuracion y después se realiza la actualizacion
de valores de configuracién en la memoria EEPROM de cada nodo.

Trama BLE

Predmbulo | Direccién Ep e EE it R Carga util CRC

1 byte 3.5 bytes ol 0-32 bytes (NRF24L01+) en BLE: 27-251 bytes 1-2 bytes
=
N ~
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Tipo def  Temp Temp Hum Hum  TempSol TempSol IllumMax llumMin Periodo Hora Min Hora fin  min fin

Max Min Max Min Max Min Muestrec inicio inicio
1
bool

:,‘,tg " lbyte lbyte 1byte byte 1 byte 1byte 2 bytes 2 bytes 2 bytes 1byte lbyte  Llbyte 1byte
Nodo Sensor

Tpo  def  P1 Pl pH pH  TempSol TempSol P2Max P2 Min Periodo Hora Min Hora fin  min fin

Max  Min  Max Min  Max Min Muestreo inicio inicio
1

e ™ ibye lbye 1byte byte  lbyte  lbye  2bytes  2bytes 2 bytes ibyte  lbyte byt ibyte

Nodo Riego

Fig. 14. Estructura de datos del mensaje de configuracion de los nodos sensor y de Riego en
formato BLE.
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2.5. Configuracion y comunicacion con el servidor

El servicio de base de datos para contar con un historial del estado del entorno de los
cultivos (obtenidos por los nodos sensores y de riego) y el servicio web de aplicaciones
REST para proveer los modelos, controladores y urls necesarios. Como se menciond
en los capitulos anteriores, la base de datos fue disefiada sobre el gestor MariaDB que
permite crear modelos relacionales entre los campos definidos para la solucién, mien-
tras que los servicios REST fueron configurados sobre Django, permitiéndonos crear
modelos simples y controladores para proveer las acciones disefiadas a través de diver-
sas peticiones por medio del consumo de los servicios REST a través de una interfaz
de usuario o desde los nodos maestro.

2.6. Creacion de la interfaz de usuario

La interfaz de usuario permite la interpretacion del estado del cultivo a través de una
aplicacion, mostrando sus variaciones a lo largo de la campafia de cultivo. El usuario
puede apoyarse en ella para la toma de decisiones respecto a la activacién y desactiva-
cién de los actuadores para regular dichas variables. Con ello, el riesgo de dafio o aban-
dono durante su desarrollo o periodos criticos puede disminuir y potencializa la proba-
bilidad de obtener productos de mayor calidad y uniformidad.

Las Figs. 15 y 16 muestran las vistas de la interfaz de usuario creada para terminales
maviles bajo Sistemas Operativos Android. En las cuales se cubren las necesidades de
autenticacion bésica a través de una validacion de usuario / contrasefia, el despliegue
de la informacién del estado del cultivo a través de las lecturas de los nodos y los ser-
vicios de agregar, remover, modificar la informacién de los cultivos y la asociacién de
la informacion de ubicacién del cultivo y nodos.

De igual forma se configuraron validaciones de llenado de las formas para asegurar
que el usuario llene los campos, previo a solicitar las peticiones al servidor. Asi como
una vista para realizar las configuraciones de la informacién para conectividad con el
servidor de acuerdo con su direccién IP y puerto.

n4 QOO0® Lm955|04 8 QOU® smo9ss|falm OD® " 4 1956
N Iniciar Sesion Iniciar Sesion

INICIAR SESION INICIAR SESION

[ REGISTRARSE I REGISTRARSE

25345678 8 RION0
qwer T tyu.i

g h jk

vbnmQ¢@

Fig. 15. Vista de Error al intentar Iniciar sesion sin usuario o contrasefia (derecha) y vista del
formulario de Registro de usuario
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Fig. 16. Vistas de Configuracion y Monitoreo.

3. Conclusiones

Debido al rapido crecimiento de la poblacién y la alta demanda que esto produce, es
necesario desarrollar sistemas que apoyen las necesidades béasicas de los pueblos, por
ello, los sistemas de agricultura inteligente han destacado ampliamente por sus aporta-
ciones en el sector agricola en diversos paises, en donde las condiciones del entorno
son poco favorables, pero el acceso a la tecnologia y su implementacién en los cultivos
permite reducir la hostilidad y los riesgos durante el desarrollo y crecimiento de las
plantas, permitiendo que los métodos agricolas evolucionen de conocimientos empiri-
cos a ser métodos profesionales que puedan ser medidos cualitativa y cuantitativa-
mente.

El principal enfoque del presente proyecto es crear equipos que provean las herra-
mientas al sector agricola, que sean de facil acceso y uso, con la finalidad de reducir la
brecha tecnoldgica existente entre los productores agricolas de los sectores mini, mi-
croempresa y de autoconsumo respecto a los productores intensivos, los cuales cuentan
con una mayor capacidad adquisitiva para implementar soluciones de gestion y auto-
matizacién en sus cultivos.

Con lo cual el disefio de una solucion aplicable a la agricultura hidropdnica requirié
de multiples esfuerzos para cubrir los principales requerimientos para dichos sistemas.
El disefio modular de la solucion nos permitio desarrollar equipos capaces de crecer en
el sentido de la capacidad de adquisicion de los datos. Esto es, a nivel de prototipo, los
nodos pueden obtener la informacion de los parametros clave del entorno definidos en
el disefio, pero de acuerdo con las necesidades de monitoreo del agricultor, se dispone
de memoria y de puertos para agregar o modificar los sensores y actuadores, permi-
tiendo con ello crear diversos productos de monitoreo especificos a partir del disefio
base de los equipos.
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La topologia de red del sistema fue basada en un disefio modular y escalable, que
permita el crecimiento del sistema de acuerdo con las necesidades del productor. Por lo
que podemos definir el producto en un paquete de inicio que contenga los equipos mi-
nimos para modernizar el cultivo. Este paquete inicial contiene el nodo sensor, nodo de
riego, nodo maestro, servidor y aplicacién movil, los cuales proveen la gestion del cul-
tivo para un area de cobertura de un mddulo hidroponico. Posteriormente y de acuerdo
con el crecimiento del sistema de cultivo o la capacidad adquisitiva del productor, éste
puede obtener nodos sensores o de riego adicionales para ampliar la cobertura de mo-
nitoreo y gestion del sistema e incorporarlos sin necesidad de reconfigurar lared, siendo
un proceso transparente al usuario.

Ademas, es claro que la tecnologia avanza y con ellos los protocolos de comunica-
cién evolucionan, por ello se disefid un modelo flexible el cual permita, en un futuro,
modificar los protocolos de comunicacidn a tecnologias mas recientes con afectaciones
minimas para el usuario.

La definicion del protocolo de formato y tratamiento de la trama a nivel aplicacién
“PouaniPonos” pretende normalizar los métodos de comunicacion y tratamiento de los
datos para sistemas enfocados a la agricultura inteligente. Las ventajas del protocolo de
trama “PouaniPonos” permite la optimizacion del espacio de memoria asignado a la
carga til de la trama a través del preprocesamiento de los datos recabados y con ello
aprovechar dicho espacio de memoria para la transmision de maltiples parametros por
nodo. Asi mismo, el disefio de la topologia de red hibrida que aprovecha las fortalezas
de las tecnologias de comunicacién WiFiy Bluetooth para entornos agricolas, demostré
ser viable en condiciones de laboratorio. De acuerdo con la tendencia de comporta-
miento y respuesta en términos de funcionalidad, el siguiente paso en el desarrollo del
sistema, es implementar la solucion y pruebas en campo, con la finalidad de comple-
mentar el analisis y resultado del comportamiento de los equipos en condiciones reales.

Finalmente, se plantea un modelo general de cultivos hidropénicos. El cual, se es-
pera presente una base para futuros sistemas para agricultura inteligente, basados en
tecnologias de nueva generacién, los cuales eventualmente permitan a la mayoria de la
poblacién, contar con una fuente de alimento sustentable, eficiente y de mejor calidad
mediante el uso de sistemas de cultivos hidroponicos personales.
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Resumen. El presente trabajo propone el desarrollo de un sistema de monitoreo
y administracion inteligente de redes de transporte publico utilizando una
arquitectura de comunicacion hibrida basada en redes de nodos inaldmbricos que
utilizan IPv6 y red celular (LTE, LTE-M), esta destinado a describa los diferentes
elementos necesarios para la recopilacion de informacion, comunicacion,
procesamiento, almacenamiento y posterior despliegue de informacion.

Palabras clave: ciudades inteligentes, redes inaldmbricas de sensores, internet
de las cosas, nodos inaldmbricos, arquitectura de comunicacion.

Proposal of a Management System for
Optimization of Public Transport Networks

Abstract. The present work proposes the development of a system of intelligent
monitoring and administration of public transport networks using a hybrid
communication architecture based on networks of wireless nodes using IPv6 and
cellular network (LTE, LTE-M), it is intended to describe the different elements
necessary for the collection of information, communication, processing, storage
and subsequent deployment of information.

Keywords: smart cities, wireless sensor networks, internet of things, wireless
nodes, communication architecture.

1. Introduccion

Conforme las ciudades siguen creciendo en tamafio y poblacién, el disefio de redes
de transporte publico se vuelve complicado, dada la amplia diversidad en los origenes
y destinos de los usuarios [1]. Asi como la saturacion de la infraestructura vehicular en
las grandes ciudades a pesar de sus intentos de crecerla de acuerdo con la distribucién
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de la poblacién. Lo cual denota que, para reducir el tiempo de traslado de los usuarios
es necesario implementar soluciones viales alternativas al uso del auto-mévil,
aumentando la inversion en el transporte publico [2 y 3] realizando un andlisis integral
del estado del transporte.

Esto ha generado que, actualmente a nivel global, se busquen soluciones y desarrollo
orientado a transporte basadas en Internet de las cosas (IoT) que permitan, en una
primera etapa, monitorear los sistemas de transporte puablico, con el fin de optimizar el
despliegue de las unidades de transporte y con ello reducir el tiempo de traslado de los
usuarios a través de las ciudades [4 a 6]. Dichas propuestas de solucién son enfocadas
a informacidn recolectada de los recursos de los usuarios (datos recolectados por medio
de los teléfonos inteligentes) para crear una base de datos comun [3].

La Ciudad de México (CDMX) no se exime de estos problemas, dado que, su
poblacién (incluyendo los municipios conurbados del Estado de México), ha crecido
rapidamente en los altimos afios, lo que ha provocado que el tiempo de traslado entre
los hogares y oficinas de los habitantes de la ciudad sea mayor, siendo ubicado entre
las categorias de contendiente y con un nivel de aspiracion importante segin el indice
de movilidad urbana publicado por Deloitte [7].

En el presente articulo se presenta la primera parte de una plataforma escalable que
permite conectar diversas fuentes de monitoreo e informacioén mediante una red hibrida,
conformada por diferentes redes inalambricas.

Esta plataforma esta disefiada para adaptarse a las nuevas necesidades de la ciudad
conforme se implemente, ofrece una forma de intercomunicacion con sistemas nuevos
y existentes que permita iniciar la conversion a una ciudad inteligente, atacando,
primeramente, uno de los problemas mas importantes en este momento: El
transporte publico.

La propuesta se centra en resolver en primera instancia, el reto de conocer el estado
del transporte publico, dividiéndolo en tres partes esenciales: En la primera parte se
abordan los médulos generales de hardware y software necesarios para el correcto
funcionamiento del sistema, posteriormente se describe brevemente la arquitectura de
red que se utilizard y las tecnologias y protocolos necesarios para la operacion de la
red, finalmente en la tercera parte se describe la arquitectura general del sistema y se
define la forma de comunicar la informacion recopilada desde la red de autobuses a un
sistema de informacidn para su posterior despliegue a los dispositivos de los usuarios.

Mas adelante, se describe brevemente el analisis existente hasta el momento para el
desarrollo del sistema de informacion y las conclusiones obtenidas.

2. Desarrollo

Con base en las caracteristicas de los diferentes tipos de sistemas de transporte
analizados (Metrobus, Trolebus y RTP) y en las diferentes necesidades de los usuarios,
se propone una solucion modular, escalable y minimamente invasiva, la cual, utiliza
tecnologias de nueva generacién y bajo costo. Estas caracteristicas permiten que sea
posible la implementacion de los dispositivos de monitoreo y comunicacion de forma
sencilla, haciendo uso de infraestructura existente. A continuacién, se describen de a
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manera general los elementos que conforman el sistema a nivel de hardware y a nivel
de software.

2.1. Elementos del sistema

Como se menciond previamente, en la primera etapa, el sistema de gestion se
comportard mas como un sistema de informacion, en donde se recopilan datos de las
diferentes unidades de transporte y las diferentes estaciones, a partir de sensores
distribuidos en estaciones y unidades, asi como de datos recopilados desde los
dispositivos mdviles de los usuarios. Es importante recalcar que este sistema busca
concentrar y comunicar informacién de otros sistemas que se encuentran actualmente
en desarrollo y no busca sustituirlos, es decir, en primera instancia y a diferencia de
otros sistemas, no se recopila la totalidad de la informacidn desde los dispositivos de
los usuarios, en cambio se obtiene de la red de sensores en las unidades para su posterior
despliegue al usuario mediante una plataforma mévil.

Los elementos del sistema se dividen en: Mdédulos de monitoreo, que incluye los
médulos de autobis y maédulos de estacion; Aplicacién web y movil y Sistema de
informacion.

Monitoreo de autobus (A: Thread y B: Thread+LTE)

Con el objetivo de informar del nivel de saturacion de las lineas de transporte, se
implementardn modulos que capaces de obtener el nimero de usuarios en la unidad en
todo momento, de igual forma para conocer la ubicacion de las unidades se instalard un
médulo GPS el cual operard en conjunto con un transceptor BLE para detectar
dispositivos de microlocalizacion “Beacons™ para informar al usuario acerca de la
estacion en la que se encuentra por medio de una aplicacion web del sistema. Como se
puede ver en la fig. 1 se propone distribuir este monitoreo en dos tipos de mddulos de
acuerdo con el tipo de transporte en el que se implementara el sistema. Para sistemas
de transporte con estaciones sefializadas, por ejemplo: RTP, se utilizaran nodos de tipo
B, en cambio, para sistemas de transporte con estaciones con estructuras fija, ejemplo
MB, se pueden utilizar nodos de tipo A o B de manera indistinta.

El disefio de los nodos es conformado de la siguiente manera:

— Unidad de control.

Contadores de ascenso/descenso con deteccidn de direccion.

— Mddulo GPS

Maédulo de lectura de Beacons

— Modulo de comunicacion Thread

Médulo de comunicacion LTE (Solo tipo B)
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Maédulo de Autobus

Moédulo Madulo
LTE Thread + BLE
1 |
Unidad de Control
| | I
Médulo de || Almacenamiento | | Médulo
Alimentacion Interno GPS

Fig. 1. Diagrama del médulo central del autobus.

Con base en la gran diversidad de tipos de unidades de transporte, se definieron
diferentes modulos de monitoreo de ascenso/descenso, comunicados inaldmbricamente
con un modulo central mediante una red Bluetooth Mesh, otorgando una gran
flexibilidad para instalar los sensores necesarios en cada unidad. La fig. 2 muestra el
diagrama a bloques de los médulos de ascenso/descenso.

Modulo de Monitoreo

Unidad de

Médulo [ Control u

BLE

1 1
Contador Contador
Ultrasonico Infrarrojo

Médulo de
Alimentacién

Fig. 2. Diagrama del médulo de monitoreo ascenso/descenso del autobus.

Los médulos de monitoreo se distribuirdn en cada uno de los puntos de ascenso y
descenso de la unidad, siendo los encargados de obtener la informacién de ascensos y
descensos en cada punto de la unidad, y comunicarlos al médulo central de autobus
para calcular el nimero de personas actual dentro de la unidad.

Modulos de estacién

Como se menciono previamente, este sistema se enfoca en distribuir los dispositivos
en los autobuses, con el objetivo de garantizar versatilidad de la solucién, en otras
palabras, que todo sistema de transporte sea aplicable a la solucién con los menores
ajustes posibles. Sin embargo, es necesario para una correcta sincronizacion y
despliegue de informacion al usuario, colocar mddulos de identificacion en las
estaciones, estos modulos pueden ser completamente autbnomos y con minimo impacto
en la infraestructura actual. De acuerdo con el tipo de sistema de transporte en el que
se implementara la solucidn, se proponen dos tipos de maédulos:

Estaciones sefializadas

En el caso de las rutas que s6lo dispongan de estaciones sefializadas, se colocaran
“Beacons” en cada estacion, este dispositivo permitira, con base en la intensidad de
sefial, obtener la proximidad de los autobuses respecto a la estacion, esto es, si esta
Ilegando, saliendo o si esté parado en la estacidn. Este en conjunto con el médulo GPS,
se obtendré informacion de la ubicacién de la unidad; ademas este dispositivo permite
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a los usuarios que cuenten con la aplicacién movil en sus dispositivos, visualizar en qué
estacion se encuentran de forma automatica y sin consumir de su paquete de datos o su
mddulo GPS, siempre y cuando sean compatibles con el protocolo a utilizar en los
Beacons.

Estaciones de estructura fija

Para las estaciones con estructura fija como lo son estaciones de sistemas BRT
(Metrobuds, Mexibus, Algunos trolebuses, y autobuses del sistema M1) se colocara
adicionalmente al Beacon un médulo de comunicacién LTE, esto para brindar puntos
de redundancia adicional en la red y con ello garantizar que el sistema de informacion
siempre estard actualizado incluso sin autobuses con nodos tipo B disponibles “Fig. 3.

Modulo de Estacion

Modulo | | Modulo Moédulo
LTE Wi-Fi Thread + BLE
| 1

|
Unidad de Control

1
Modulo de
Alimentacion

Fig. 3. Diagrama de modulo de estacidn con estructura fija.

Estos modulos solamente actan como repetidores y nodos frontera de la red Thread
desplegada entre las estaciones y los autobuses, la caracteristica principal a resaltar en
estos nodos es la posibilidad de adaptarlo a la tecnologia de comunicacion a nivel de
internet que se tenga disponible en el lugar de instalacion, es decir, se puede
implementar la comunicacion del sistema a nivel de internet a partir de un médulo,
LTE, 3G, Wifi o Ethernet, entre otros.

Aplicacién Web

Para el despliegue de informacion a los usuarios se desarrollara una aplicacion web
la cual permita acceder a la informacion del sistema desde cualquier dispositivo
compatible, de igual forma se adaptara esta aplicacién web para que se ejecute como
una aplicacion en teléfonos inteligentes, primeramente, con sistema operativo Android
y posteriormente iOS.

La aplicacion mévil permitiria a los usuarios del transporte visualizar el estado de
las lineas incluyendo: tiempo de llegada del préximo autobus a una parada especifica,
nivel de saturacion del autobus (cantidad de personas/capacidad especifica), diferentes
rutas de transporte registradas en el sistema que paran en una misma parada, asi como
detectar automaticamente la parada en la que se encuentra mediante la deteccion del
“Beacon” instalado en la parada.

En el caso de los sistemas de transporte BRTS se puede desplegar la informacion de
los autobuses, asi como su tiempo estimado de llegada en los monitores instalados
dentro de las estaciones.

A los operadores y administradores de la red de transporte, la aplicacion les permitira
visualizar indicadores de uso de la red incluyendo ascensos y descensos por parada,
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nivel de saturaciones de los autobuses por estacion, ruta y hora, asi como el tiempo
entre autobuses.

Asi mismo se busca que la pagina permita a los administradores de la red, generar
indicadores de operacidn los cuales les permitan una mejor toma de decisiones con base
en el uso de la informacion recopilada por el sistema en “tiempo real”.

2.2. Sistema de informacion

La informacion recabada en los sistemas de transporte se comunicara mediante los
mddulos LTE con el sistema de informacién. Este es el encargado de procesar y
almacenar toda la informacién de la red de forma que esta pueda ser desplegada de
forma fécil y entendible mediante graficos e indicadores de las diferentes variables
del sistema.

El sistema de informacion se alojara en una nube privada y se gestionara mediante
el uso de servicios REST. Los cuales interconectaran los diferentes nodos del sistema,
asi como los clientes moviles, y aplicaciones web.

2.3.  Arquitectura de red

Para la comunicaciéon de los diferentes puntos de monitoreo se propone una
arquitectura de red hibrida conformada por una red de nodos inalambrica la cual brinde
una primera infraestructura de comunicacién entre las unidades de transporte y un
conjunto de enlaces LTE que permitan comunicar todos los nodos a un sistema de
informacion en la nube el cual distribuya la informacién a los usuarios de la red de
transporte (Fig. 4).

o
-
s
|
LTE-M LTE-M  LTE-M
Pk Thread gy i Nread |
N — — '

Fig. 4. Arquitectura de comunicacion bésica.

Dentro de las unidades de transporte es necesario colocar nodos de monitoreo en
diferentes puntos de la unidad, estos puntos se comunicaran inaldmbricamente
mediante una red Bluetooth Mesh. La informacidn se concentraré en el nodo principal
del vehiculo el cual comunicaré las variables monitoreadas con los nodos cercanos
utilizando la red Thread y en caso que el vehiculo disponga de un modem LTE se
enviard la informacion igualmente por este medio al sistema de informacion “fig. 5”.
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Fig. 5. Distribucion de nodos en unidades de transporte.

El uso de una topologia en malla permite agregar y configurar los elementos
necesarios para el monitoreo de forma dindmica con base en las caracteristicas del
transporte especifico a monitorear.

Para interconectar las diferentes unidades de transporte con las estaciones de
estructura fija y posteriormente comunicarse con el sistema de informacion, en las
estaciones se desplegaran nodos basados en Thread los cuales permitiran una
comunicacion directa entre estaciones y unidades de transporte optimizando la
distribucién de las variables monitoreadas en cada punto de forma independiente
ayudando con esto a alimentar los algoritmos de aprendizaje automatico que se
implementaran en la red de nodos “Fig. 6, de igual forma que en las unidades de
transporte se seleccionaran algunas estaciones especificas (con base en su ubicacién
geografica) para incluir en su nodo un modem LTE que permita comunicar los nodos
con el sistema de informacién.

Es importante mencionar que la red de nodos también obtendra variables de
configuracion y de control del sistema de informacion las cuales permitiran ajustar los
parametros de los algoritmos de aprendizaje automatico con base en las necesidades de
los usuarios (gestores de la red de transporte).

Fig. 7. Deteccion por proximidad en estaciones sefializadas.
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En el caso de las estaciones que no dispongan de las caracteristicas necesarias para
operar un nodo de comunicacién, como los son aquellas conformadas solo por un
letrero en una vialidad, se colocaran dispositivos de microlocalizacién "Beacons" los
cuales permitan a las unidades de transporte conocer y posteriormente reportar la
ubicacion de la unidad mediante el identificador de la estacion “Fig. 7”; y en el caso de
los usuarios con dispositivos moviles compatibles obtener informacion de las préximas
unidades de transporte mediante la aplicacion movil desarrollada.

Finalmente, los usuarios del sistema (pasajeros, operadores y gestores de la red de
transporte) visualizaran la informacion recopilada del sistema mediante una aplicacion
web en cualquier dispositivo compatible con conexién a internet.

2.4.  Arquitectura del sistema

Para la comunicacidn a nivel l6gico de todos los componentes del sistema se propone
una arquitectura de software modular la cual permite el monitoreo y la notificacién a
los mddulos mediante el uso de servicios REST para el primer caso y notificaciones
PUSH para el segundo.

Esta arquitectura se simplifica en gran parte en la comunicacion con los nodos
Thread debido a que este protocolo permite re direccionar las tramas de informacion de
forma directa gracias a la implementacion de IPv6 dentro de la comunicacién de los
nodos [8].

Los nodos distribuidos en los autobuses comunican la informacién recabada a través
de la red Bluetooth Mesh desplegada dentro del autobus, posteriormente esta se
comunica mediante la red Thread hasta alcanzar un nodo frontera a partir del cual se
comunicara al servidor Web haciendo uso de los servicios Web.

Una vez en el servidor esta informacién se procesard y se almacenara en la base de
datos del sistema de informacion y posteriormente, con base en la fuente de origen de
la informacién se notificara a los nodos y usuarios en las estaciones pertinentes
mediante los canales de notificaciones PUSH con lo cual se evitard que la aplicacién
Web y los nodos de la red estén realizando un “poleo” constante.

3. Implementacion

Hasta este momento se ha llevado acabo el anélisis y disefio de los mddulos de
monitoreo dentro del autobds los cuales manejan la cuenta de usuarios dentro de las
unidades de transporte, se desarrollaron 2 prototipos de este modo, el primero utilizando
el transceptor nRF24L01+ con el objetivo de comunicar los diferentes nodos instalados
dentro de una unidad. Debido al modularidad del sistema se pueden modificar las
caracteristicas de la red de sensores inalambrica, por ello el segundo prototipo se optd
por utilizar un conjunto de sensores y transceptores diferentes, en este segundo caso, se
agregd un sensor de corte infrarrojo en conjunto con los sensores de distancia
infrarrojos y un XBee S2C como mddulo de comunicacion entre nodos.
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Fig. 8. Disefio de PCB de mddulo de monitoreo usando XBee

Finalmente se disefié un mddulo adaptable al cual puede conectarse cualquier de los
dos transceptores, asi como los diferentes sensores analizados, este Ultimo disefio se
realiz6 en EAGLE y busca ser compacto y compatible cualquiera de los transceptores
probados, utilizando ZigBee a través de XBee mediante el modulo XB1 o mediante
BLE a través del nRF24L01+ usando el conector JP3.

@:Q@:Q@

SBHZOM-R

- o~
J I
o~ o
P -
< <
= =
> >
™~ o~

Fig. 9. Disefio de PCB de nodo de monitoreo en EAGLE

De igual forma se trabaja con tarjetas de desarrollo basadas en el NRF52840 para el
despliegue de los nodos de autobUs y de estacion, estos modulos son los encargados de
generar la red Thread en multiprotocolo con BLE para la comunicacion de las diferentes
unidades de transporte.
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4.  Conclusiones

El sistema propuesto se distingue de otras implementaciones similares en la
arquitectura de comunicacidn de los vehiculos de transporte la cual le permite al nodo
conocer el estado de los demas nodos ademas del suyo.

La propuesta tiene como principales ventajas:

Arquitectura facilmente escalable.

— Nodos inalambricos que permiten alta flexibilidad en la instalacion dentro de las
unidades de transporte.

Comunicacion de las unidades de transporte sin necesidad de conexion a internet.

— Posibilidad de utilizar diversos tipos de unidades de transporte y diversas rutas
dentro de un mismo sistema.

Como trabajo a futuro se desarrollara la red de comunicacidn entre autobuses y
estaciones basada en el protocolo Thread, se desarrollaran los modulos de
comunicacién LTE-M y se desarrollara el sistema de informacion con las tecnologias
de comunicacién necesarias para poder verificar el correcto funcionamiento del
sistema, igualmente se desplegaran algunos nodos en vehiculos designados los cuales
se monitorearan en un camino definido dentro de la ciudad esto con el fin de realizar
pruebas de operacion en un entorno real y verificar la funcionalidad del sistema.

Se considera en una siguiente etapa visualizar la posibilidad de integrar el pago del
servicio de transporte a través de la plataforma, asi como fungir como credencial de
identificacion para el acceso a la ruta de transporte. Esto puede ser desarrollado
mediante la implementacién de NFC o a través de algin cédigo bidimensional
dindmicos (QR, PDF417, etc.).

Finalmente consideramos que es importante el desarrollo de soluciones enfocadas a
IoT, entre ellas a Smart Cities que permitan la integracion de la diversa infraestructura
existente a las nuevas tendencias en sistemas de informacién, de forma que se puedan
optimizar los diferentes servicios que ofrecen las ciudades, reduciendo, en el caso del
transporte publico, los tiempos de traslado y mejorando la eficiencia en el consumo de
combustible, mejorando paulatinamente la calidad de vida de los habitantes.
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Resumen. Se plantea el desarrollo de un prototipo de sistema embebido
para la asistencia en el desplazamiento de personas con discapacidad
visual. Este sistema estard montado en un computador de placa redu-
cida, el cual, sea capaz de tomar una fotografia del entorno en el que
se encuentra el usuario del sistema, para posteriormente procesarla y
detectar los posibles objetos que puedan interferir en su desplazamiento.
Finalmente, mediante sintesis de voz, generar un comando de alerta que
permita evitar los objetos identificados.

Palabras clave: asistencia a discapacitados, reconocimiento de formas,
sistema embebido, discapacidad visual, electrénica digital.

Embedded System Prototype for the Assistance
of Visually Impaired People on the Public
Sidewalk

Abstract. The development of a prototype of the embedded system for
the assistance in the displacement of people with visual disabilities is
proposed. This system will be mounted on a reduced plate computer,
which is capable of taking a picture of the environment in which the user
of the system is located, to subsequently process it and detect possible
objects that may interfere with its movement. Finally, by voice synthesis,
generate an alert command that allows to avoid the identified objects.

Keywords: assistance for the disabled, recognition of forms, embedded
system, visual impairment, digital electronics.

1. Introduccién

De acuerdo con datos del INEGI, en 2014 el 6.4 % de la poblacién del pais
(7.65 millones de personas) reportaron tener al menos una discapacidad, de
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este porcentaje, se estima que, alrededor del 35.5%, presentan algun tipo de
discapacidad visual, total o parcial, lo que la convierte en la segunda causa de
discapacidad visual, después de la motriz.

Las dificultades relacionadas con la vision representan retos para las personas
que las padecen y estan ligadas a la complejidad de enfrentarse a un entorno
que no siempre se encuentra adaptado a sus necesidades, lo cual tiene como
consecuencia, de acuerdo con la CIF, que la actividad y la participacién de la
persona disminuya [1].

2. Metodologia

El desarrollo de soluciones basada en sistemas electrénicos embebidos de alta
confiabilidad va en aumento y los requisitos de los entornos a los que se orienta el
prototipo, son principalmente el coste, el tiempo y la confiabilidad, por lo tanto,
se observa la necesidad de una metodologia, como herramienta, que facilite el
desarrollo de sistemas electrénicos embebidos de alta confiabilidad [2].

El prototipo generado abarca aspectos tanto de Software (SW) como de
Hardware (HW), porque pretende dar solucién a problemas reales donde resulta
necesario la interaccién de ambos.

Con base en lo anterior se decidi6 utilizar la metodologia en V o de 4 niveles,
ya que el realizar pruebas en cada una de las fases permitira corregir los errores
detectados con mayor antelacion sin esperar hasta el termino de cada etapa para
rectificar el correcto funcionamiento del sistema, asimismo, este modelo permite
que las estimaciones de fechas y presupuesto para las pruebas unitarias y de
integracién sean determinadas con mayor precision.

Inicio Fin

Proyecto Proyecto

el 1 |
Plan Test

Nivi
Fase Especificaciones , Fase Test
Especificaciones. Especificaciones.
N

| Plan Test
ivel 2
i Funcional i
Funcional d P
1 Plan Test
Nivel 3 Fase  Diselio ~ FaseTest
s Diseito = Diseilo
\ Plan
§ e
Nivel 4 Codificacién

Fig. 1. El modelo representa, en forma de V, las relaciones temporales entre las
distintas fases del ciclo de desarrollo de un proyecto.
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En cada uno de los niveles mostrados en la Figura 1 existe una correspon-
dencia, existe una fase correspondiente o paralela de verificacién o validacién.
Esta estructura obedece al principio de que para cada fase del desarrollo debe
existir un resultado verificable.

2.1. Sistemas embebidos

Los sistemas embebidos son dispositivos de propdsito especifico que han sido
disenados para realizar un conjunto reducido de operaciones.

2.2. Sensores

Son dispositivos que estan capacitados para detectar acciones o estimulos ex-
ternos y responder en consecuencia. Es decir, nos permiten captar la informacién
del medio fisico que nos rodea.

2.3. Vision artificial

La visién artificial es una disciplina cientifica que incluye métodos para
adquirir, procesar y analizar imégenes del mundo real con el fin de producir
informacion que pueda ser tratada por una méaquina. Tiene como objetivo prin-
cipal entender la historia detrds de una imagen [3].

2.4. Sintesis de voz

La sintesis de voz es la produccion artificial del habla. El sistema compu-
tarizado que es usado con este propésito es llamado computadora de habla o
sintetizador de voz y puede ser implementado en productos software o hardwa-
re [4].

2.5. Diseno del sistema

En la Figura 2 se muestra un diagrama a bloques con los mdédulos que
componen el sistema embebido propuesto. Mientras que en la Figura 3 se tie-
ne un diagrama a bloques que muestra la arquitectura general del prototipo
desarrollado.

= El usuario porta el médulo 1.1, encargado de detectar los obstaculos presen-
tes en el camino del usuario.

= El usuario porta un ordenador de bajo coste (Raspberry Pi 3), encargado de
llevar a cabo el procesamiento de los algoritmos del sistema y el médulo 1.3,
encargado de capturar las imédgenes del camino del usuario.

= El usuario porta el médulo 1.2, encargado de dar una senal al usuario de la
presencia de un obstéculo en su camino.

s El usuario porta un par de auriculares, por medio de los cuales recibird el
comando de voz generado por el sistema.
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Sistema Embebido

Modulo 2. Frocesamiento digital de imagenes
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comando de voz

Mbdulo 3.1. Sintesis de comandos de voz.

Modulo 3. Sintesis de voz

Fig. 2. Arquitectura del sistema embebido.
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B v2-8 imagenes sintesis de voz
Za
Raspberry Pi 3

Fig. 3. Descripcién general del prototipo.

Médulo 1: Adquisicion

Este médulo esta encargado de adquirir la informacion del medio necesaria
para el funcionamiento del sistema. Estd compuesto por el médulo 1.1. Sensado,
el médulo 1.2. Actuador y el médulo 1.3. Adquisicién de imagen.

Moédulo 1.1: Sensado

En este médulo se realiza la deteccién de los objetos por medio de la red de
sensores, en caso de que se detecte un objeto se procede con la captura de la
fotografia para su posterior andlisis, en caso contrario se continua sensando.

Moédulo 1.2: Actuador

En caso de que uno o mas sensores hayan detectado un objeto, se ejecutard
este médulo cuyo propdsito es activar el actuador que se ha implementado, comu-
nicando al usuario la existencia de un obstaculo en su camino. Se contempla que
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el usuario se detenga por 0.5 segundos, permitiendo que la caAmara se estabilice
y sea capturada la fotografia del camino del usuario.

Médulo 1.3: Adquisiciéon de imagen

Este médulo realiza la adquisicién y anédlisis de imagenes a través de un
modulo de cdmara para Raspberry Pi modelo V2-8

Modédulo 2: Procesamiento digital de imdgenes

Conversién RGB a Gray Una imagen RGB consta de 3 capas (rojo,
verde, azul), siendo asf una matriz tridimensional, por lo que al llevar a cabo esta
conversién obtenemos como resultado una representacion de la imagen en dos
dimensiones, los valores oscilando entre el 0 y el 255 (enteros sin signo de 8 bits).
Por lo tanto, los algoritmos aplicados se estaran aplicando a matrices bidimen-
sionales. A través de programacion paralela, es posible realizar un procesamiento
simple pixel por pixel de una imagen de megapixeles en milisegundos [5].

Filtro de suavizado Gaussiano El suavizado gaussiano reduce las varia-
ciones de intensidad entre pixeles vecinos, eliminando ruido y detalles finos. La
funcién realiza una convolucién de un kernel gaussiano normalizado de 9x9 sobre
la matriz de pixeles de la imagen

El kernel de convolucién se calcula a partir de la siguiente funcién, conside-
rando una varianza de 4.0:

fla)=e /5" (1)

Médulo 2.2 Segmentacién de imagen

Funcién de umbralado Esta funcién hace uso del método de umbralado
de una imagen, el cual consiste en un proceso de reducciéon de la informacién
d la misma, sustituyendo todos los pixeles cuya luminancia sea mayor que el
coeficiente indicado con el valor de gris 255 (blanco) y sustituyendo todos los
demds pixeles por el valor de gris 0 (negro). Para llevar a cabo este proceso
se hace uso de un coeficiente de umbral de 50.Una vez que se ha llevado a
cabo el proceso de umbralado en las 3 porciones de dimensiones iguales de la
imagen, representadas por las etiquetas: “seccidonlzquierda”, “seccionCentro” y
“secciénDerecha”; dentro de cada una se lleva a cabo un conteo de la densidad
de pixeles para determinar la o las secciones que se encuentran obstruidas o
libres. Con base en este resultado se genera una instruccién de voz sintetizada
por medio de la herramienta eSpeak [6].

Mobdulo 3: Sintesis de voz

Moébdulo 3.1 Sintesis de comandos de voz Una vez que ha finalizado la
conversién binaria y el conteo de pixeles con valor 0 en cada una de las secciones
propuestas, se verifican los valores de los contadores para generar un comando
con la herramienta eSpeak.

Se considera que un cuadrante se encuentra obstruido si la densidad de pixeles
negros dentro de éste es igual o mayor a 100, pues este valor representa la
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cantidad minima aproximada que un objeto como el descrito en las restricciones
del escenario puede contener. Los comandos que reproduce el sistema se muestran
en el cuadro 1 con los pardmetros considerados para su generacién: (Se referird a
los cuadrantes derecho, central e izquierdo con las abreviaciones: CD, CC, CI,
respectivamente.)

Tabla 1. Tabla de instrucciones.

CI (px)|CC (px)|CD (px) COMANDO DESCRIPCION
<100 | <100 <100 Paso libre, C(?I}tn’}ue Segin .los valores obtemflos,
con precaucién. el camino se encuentra libre.
~—100| <100 <100 Lado 1zc'1u1e’1’rdo CI estd obstrulflo; CCy CD
obstruido. se encuentran libres.

CC esté obstruido; CD y CI
estan libres.

CD esta obstruido; CC y CI
estan libres.

CI estd libre; CC y CD estan
obstruidos.

CD esta libre; CC y CI estan
obstruidos.

<100 | >=100| <100 Centro obstruido.”

<100 <100 | >=100 |”Lado derecho obstruido.”

<100 | >=100 | >=100 | ”Lado izquierdo libre.”

>=100| >=100 | <100 ”Lado derecho libre.”

Todos los cuadrantes estan

>=100| >=100 | >=100 No hay paso libre. obstruidos.

Pruebas Las pruebas correspondientes al médulo 1, nos ayudan a definir la
distancia promedio a la cual los sensores detectan los objetos que se encuentran
en el escenario.

Con base en la medida del bastén y la altura promedio de una persona a la
altura de la cintura, se propone una distancia de 1 m para detectar los objetos,
esto se puede observar en la Figura 4 recordando que cada una de las piernas
llevara un moédulo de adquisicién como el mostrado en la Figura 5.

Se realiz6 una prueba tomando 50 muestras de sensado, adquiriendo la senial
en la Raspberry y registrando los tiempos de obtencién de respuesta.

Posteriormente se realizé una grafica, Figura 6, de los datos obtenidos, donde
puede observarse que el pico obtenido es de 0.00090 segundos.

Pruebas unitarias del médulo 1.3 - Adquisicién de imagen Se encontrd
que a la altura de 1.20, con una inclinacién de 25°, se obtuvieron las fotografias
de mayor utilidad.

Una vez que se definid la altura y la inclinacién a la que la cdmara debe estar
posicionada, se realizaron multiples capturas para asegurar que todos los objetos
que son considerados como obstaculos aparezcan en el area adecuada dentro de
la fotografia.

Estas pruebas se muestran en las Figuras 7y 8
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Fig. 4. Medicién de los objetos.

Fig. 5. Placa final del sistema embebido.

2.6. Pruebas unitarias del médulo 2 - Procesamiento de imagen

Una vez que se obtuvieron multiples imagenes con los ajustes anteriormente
mencionados, se seleccionaron aquellas imégenes que cumplen con las condi-
ciones mencionadas en el escenario propuesto: Los objetos considerados como
obstéculos serdn aquellos con una luminosidad menor a 35 % (color semi-oscuro
a 0scuro).

Posteriormente, éstas fueron utilizadas como la entrada del algoritmo de
procesamiento de imégenes desarrollado e implementado en el proyecto. Ejemplo
de entrada es la Figura 9, la salida en la Figura 10 y la instruccién generada en
la Figura 11.
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000095
0.00090
0.00085
0.00080
000075
0.00070
0.00065
0.00060
0.00055
000050
0.00045

000040

0.00035 P Prueba

Fig. 7. Pruebas de distancia.
Fig. 8. Pruebas de altura.

Fig. 9. Imagen original. Fig. 10. Resultado del algoritmo.

2.7. Pruebas de integracion

En las figuras 12 y 13 se muestra el prototipo usado durante las pruebas y el
modo en el que fue verificado su funcionamiento.
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catia@ubuntu:~ .fprincipal
Pixeles en centro: 7063

’ixeles a la izquierda: B78

Pixeles a la derecha: 2169

No hay paso libre

Fig. 11. Instruccién generada por el algoritmo.

Fig. 12. Prototipo del sistema embebido.

Para las figuras 14, 15 y 16mostradas anteriormente los comandos recibidos
fueron los siguientes:

= Figura 14: "Lado derecho libre”.
» Figura 15: ”Lado izquierdo obstruido”.
= Figura 16: ”Lado izquierdo obstruido”. .

Al probar el prototipo funcionando en su totalidad, se realizé una prueba, obte-
niendo 70 muestras que nos permitieron conocer el comportamiento del sistema.

La grafica de la figura 17 nos permite visualizar el tiempo de ejecucion del
algoritmo entre el evento en que un objeto es detectado y el comando de voz
es reproducido.

Es posible observar que el pico fue de 0.39 segundos.

La gréafica de la figura 18 es posible observar que el pico de utilizacién de
CPU (%) en la prueba fue de 15 %.

A continuacién se muestra la grafica de rendimiento donde puede observarse
el uso de memoria de la Raspberry, Figura 19, donde se muestra que la memoria
permanecié estable, ocupando solamente el 2% de la memoria total.
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Fig. 13. Pruebas fisicas del prototipo.

Fig. 14. Prueba con un bote de basura. Fig. 15. Prueba con una mochila.

Fig. 16. Prueba con diversos objetos.

3. Resultados

Se logré desarrollar una red de sensores que detecta el 95.9 % de los objetos
que se encuentran en el paso del usuario a una distancia de 180 cm, desarrollar e
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—e— Tiempo (s)

Fig. 17. Grafica de rendimiento, tiempo de ejecucién.

Fig. 18. Gréfica de rendimiento, CPU.

Fig. 19. Gréfica de rendimiento, memoria utilizada.

implementar un algoritmo, paralelizado e implementado en lenguaje C, usando
técnicas de vision artificial capaz de determinar las zonas libres y obstruidas
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en el camino del usuario a partir de una fotografia capturada por el sistema,
generar y comunicar al usuario las instrucciones de asistencia correspondientes
a través de la libreria espeak, en un tiempo méximo de 0.38 segundos a partir
de que se ha detectado del objeto, implementar comunicacién inaldmbrica entre
el médulo de sensado y la Raspberry disminuyendo el tiempo total de ejecucién
del algoritmo en un 16 %.

Fue posible reducir el tiempo de ejecucion del algoritmo, permitiendo al
sistema comunicar instrucciones al instante.

Con las configuraciones aplicadas, fue posible expandir el escenario con-
trolado, permitiéndonos llevar a cabo pruebas en distintos escenarios y con
distintos objetos que cumplieran las especificaciones mencionadas en la definicién
del escenario.

4. Conclusiones

El diseno del prototipo se realizé con base en los requerimientos y objetivos
que se plantearon en un inicio, se logré realizar el prototipo en un tamano reduci-
do en comparacion con los sistemas actualmente existentes. El costo del prototipo
es bajo y éste no depende de una conexién a internet para su funcionamiento.

Se logré desarrollar una red de sensores que detecta el 95.9% de los objetos
que se encuentran en el paso del usuario a una distancia de 180 cm.

Se logroé desarrollar e implementar un algoritmo, paralelizado e implementado
en lenguaje C, haciendo uso de técnicas de visién artificial, capaz de determinar
las zonas libres y obstruidas en el camino del usuario a partir de una fotografia
capturada por el sistema, emitiendo los comandos de voz pertinentes en tiempo
casi real, obteniendo un pico de 0.38 segundos a partir de que un objeto ha
sido detectado.

Se logrd implementar comunicacién inaldmbrica entre el médulo de sensado y
la Raspberry disminuyendo el tiempo total de ejecucién del algoritmo en un 16 %.

Se logro disenar fisicamente el sistema de manera que no interfiera en el paso
del usuario y que éste no sea dependiente de una red Wi-Fi.

Gracias a la modularizacion del prototipo desarrollado, éste puede ser facil-
mente escalable, tanto en términos de hardware como de software, pues es posible
trasladar el software desarrollado a una tarjeta de desarrollo con dimensiones
menores, incorporar distintos sensores y de esta manera, obtener un mayor
numero de senales que nos permitan tener maéas informacién del medio. Por
otro lado, es posible desarrollar e implementar nuevas etapas en el algoritmo
de procesamiento de imagenes que nos permitan extraer mas informacion de las
iméagenes para poder generar comandos mas detallados.
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Abstract. This paper presents a mobile application (app) using Aug-
mented Reality (AR) with the support of game play mechanics in a
non-game application, oriented to help 12 to 15 year’s old students to
learn several math subjects. We associate concepts such as gamification
and Problem-Based Learning (PBL) within the app, making the sub-
jects much more interesting to the students and encouraging them to
be fearless of math by taking advantage of the human’s psychological
predisposition to engage in gaming. With the collected information from
the research and the help of a predictive algorithm, we try to show how
much the technology can help in education.

Keywords: augmented reality, mathematics, gamification, mobile ap-
plication, learning tool, predictive model, education.

1 Introduction

"When will I use math?” is a question often posed by students form elementary
to high school, wondering how topics they see in school will play a role in the
everyday life. In recent years there is a tendency in most of the students in the
world, they consider subjects like mathematics and science hard, complex and
unnecessary as they can’t see how they could use them. Because of that, careers
oriented on these subjects seem to have a low demand, which could be a problem
in the development of science [1].

There are tests designed to measure the level of knowledge of the students in
the basic level (elementary — high school) in maths and Spanish. These tests are
a good starting point to analyze the performance in these subjects and what can
we do to help students improve. According to the Organization for Economic
Co-operation and Development (OECD) only 1% of the 15 years old Mexican
students have good grades in math and science [2]. According to Plan Nacional
para las Evaluaciones de los Aprendizajes (PLANEA) only 6.3% of all Mexican
students have an acceptable performance in mathematics [3].
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It seems right to use interactive activities that, with the help of technology,
can help and allow a better understanding of maths so students can get attracted
and see how they can be used outside the classroom. Augmented reality (AR)
and problem-Based Learning (PBL) approach could make a good fit to design
the lessons and the way to navigate through them, also, gamification could help
us to attract the students, making the lessons more engaging and interesting.

The remainder of this papes is structures as it follows. In section 2 we mention
and describe some works similar to ours, commenting their main characteristics.
In section 3 we define some of the concepts relevant to our work and specify
how and where we apply it, as well as the specifications of the tests. Section 4
presents the results of the tests performed. Finally ection 5 concludes and gives
the highlights of the findings.

2 Related Work

The scope of this paper is the development of an AR app for educational proposes
in math subjects. Previous works have already considered the use of AR in this
field. For example, Kaur et al. [5] developed an AR web-based application with
the proposal of teaching 3D geometry concepts and improve the visualization
abilities of middle school students. The study of Hanafi et al. [6] suggest that
the AR could improve the motivation in learning subjects because of the lack of
confidence and practice. Similar implementation to Ramath is the work of [7],
their results suggests that the use of AR generates enthusiasm in the students
and also remarks the accessibility and ease of use of the application.

The relationship of AR and education is addressed in the work of Hsin-Kai
Wu et al. [8] they suggest that the AR could help learners to engage in an
authentic exploration of the real world, and virtual objects such as texts, videos,
3D models and pictures are supplementary elements for learners to conduct
investigations of the real-world surroundings. Second, the use of AR technologies
can extend to integrating real-world and digital learning resources. The idea is
not to replace traditional learning but use AR as a complementary tool.

Meta-Analysis studies were conducted between 1992 and 2011 to compare the
effects of games and simulations with traditional classroom instruction based on
students’ performance. The work of Dimitrov et al. [9] comprises 67 studies
and their major findings were that 56% of the experiment population showed
no difference between games and conventional instruction but 32% favoured
games, while 5% favoured conventional instruction. The analysis made by Wolfe
et al. [10] comprises 7 studies; they found out that games are rated as more inter-
esting that conventional instruction. Game-based approach produced significant
knowledge-level increases over the conventional case-based teaching methods.

In the work of Hays et al. [11] they analyzed 105 different studies, their major
findings were that an instructional game will only be effective if it meets specific
instructional objectives and used as it was intended. Instructional games should
be embedded in instructional programs that include debriefing and feedback.
The use of instructional support help learners to understand how to use the
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game increases instructional effectiveness of the gaming experience. At the same
time, instructional designers are needed to design games.

Vogel et al. [12] analyzed 32 studies, they found that higher cognitive gains
were observed in subjects using interactive games versus traditional teaching
methods (although simulations yielded a stronger result). Better attitudes to-
ward learning when compared to traditional teaching methods. Level of picture
realism in the computer program does not seem to have an impact.

Ke et al. [13] made an analysis of 600 studies and they showed that the effects
of learning with games was positive in 52% of the studies examined. Stizmann
et al. [14] found out, after analyzing 65 studies, that confidence with games 20
percent higher. Declarative knowledge was 11% higher for trainees taught with
simulation games. Procedural knowledge was 14% higher with simulation games.
Retention was 9% higher with simulation games.

These studies show that the use of games can help to improve learning, we can
use these ideas in math, because of the abstract nature of this subject using aug-
mented reality as a visual representation of the contents present a good chance
to implement it. AR can be involved in adding complementary information to
texts, books or any material used in classrooms or to add interactivity between
the students and the object of study and enriches the educational environment.

3 Materials and Methods

Ramath is an AR-based mobile application for visualization of theoretical and
practical information about three specific subjects: Geometric figures, Pythago-
ras theorem and operations with fractions. Concepts and problems are repre-
sented with dialogue globes and 3D figures. Each topic begins with a problem
that needs to be solved. To solve the problem, the student needs to go through
every lesson that explain a specific concept to solve the initial problem. After
seeing every lesson, the student will try to solve the initial problem, with the
option of going back into the lessons to consult any concept.

3.1 Augmented Reality

AR is the technology that enriches the real world with digital information and
multimedia, such as 3D models and videos, overlaying in real-time the camera
view of your smartphone, tablet, PC or glasses [15].

Ramath uses QR codes as targets that users need to focus with the mobile’s
camera, so it will pop the information and 3D figures associated to it, as seen
in Fig.2. Fach target has a specific lesson of a specific subject, for example,
there’s a target that shows how to calculate the volume of a pyramid. Once the
information and 3D figures has been popped, the user can move freely in the
space to visualize the information and figures in different angles.
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3.2 Problem-Based Learning

Problem-Based Learning (PBL) is a teaching method, with the use of complex
real-world problems as the vehicle to promote student learning of concepts and
principles as opposed to a direct presentation of facts and concepts. Besides
course content, PBL can promote the development of critical thinking skills,
problem-solving abilities, and communication skills [16].

In Ramath, we use PBL to define the structure of the lessons and the order
of appearance. In every subject, we show the main problem that needs to be
solved, as seen in Fig. 1. After that the app shows all the concepts, formulas and
some examples that are needed to solve the problem, as seen in Fig. 2. Finally
the main problem is showed but now with some answers that we can choose,
as seen in Fig. 3. In the case that the answer is incorrect, we can try again or
return to some of the concepts, formulas and examples.

[ -

Fig. 2. Concepts.

Fig. 3. Trying to solve the main problem.

3.3 Gamification

Karl Kapp defines gamification as ”the use of game play mechanics for non-game
applications in order to encourage people to adopt the applications. It also
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strives to encourage users to engage in desire behaviors in connection with
the applications. Gamification works by making technology more engaging, and
by encouraging desired behaviors, taking advantage of human’s psychological
predisposition to engage in gaming. The technique can encourage people to
perform chores that they ordinarily consider boring, such as surveys, shopping,
or reading websites” (Kapp Karl, The Gamification of learning and Instruction,
2012) [17] To understand mathematics, the brain needs a positive attitude, so it
can learn about it and use that knowledge in other areas of people’s lives aside
the classroom. Gamification could be an adequate tool for this purpose, using
game mechanics in the app, we can make theoretical subjects much more fun
and interactive, and we can make more users to be attracted by it.

3.4 Research Design

To measure the impact of Ramath we designed two groups: Control and ex-
perimental group. We collected data from 20 participants chosen randomly, 10
of them were part of an experimental group, and the other 10 were part of
the control group, all of them belong to Mexico City and were 14 years old at
the moment of the test, see Fig. 4. They solved an exam that consisted on 11
questions related to the subjects selected to make a comparison between the
grades of both groups. The control group solved the exam without using the
app. The experimental group, interacted with the app and used the contents to
solve the exam.

Fig. 4. Control and Experimental group.

The variables identified in this case study were

— Dependent Variable: Student’s grades.
— Independent Variable: Ramath’s use.
— Quantitative Variable: Grades from the test exam.

Statistic Analysis We used linear Regression Model to make a prediction of
how much Ramath’s users can raise their grades in school. It allows to find the
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expected value of a random variable “a” when “b” takes a specific value [18].
This model has the problem that every result obtained from it will be linear,
but grades from the students are never linear, so we opted to use Holt’s trend
method to get a much more precise model.

Holt’s trend method Holt (1957) extended simple exponential smoothing to
allow forecasting of data with a trend. This method involves a forecast equation
“(1)” and two smoothing equations, one for the level “(2)” and one for the trend
“(3)” [19]. In “(1)” and “(2)” C, it’s the average, o and § are the smoothness
parameters, Y, the value of the sample. In “(3)” R, it’s the expected value.

Cp =aY, + (1 - a)(Cm—l + bm—l)a (1)
bx :ﬂ(cx+cx—1)+(l_ﬂ)bx—la (2)
R, = Cy +b,. 3)

4 Results

In Fig. 5 and Fig. 6 we show the results of both groups. By grades, we mean
the last 3 bimonthly grades they obtained in math. We can observe that there
is a difference of 1.8% between the groups in the average of the test results,
we can assume that the difference is due to the use of Ramath in a controlled
environment.

Like for Like for 1 2 3 Test Like for Like for 1 2 3 Test
mathematics|Videogames|grade|grade|grade Mathematics|Videogames|grade|grade|grade

Yes No 7.4 7.6 9 4.5 No No 10 7.6 8 6.3
Yes Yes 8.3 10 10 | 4.5 No No 8.2 7.8 6 6.3
No No 10 7.9 10 | 4.5 No No 9.2 10 9.1 4.5
Yes Yes 9.1 8 9.5 | 4.5 No No 7.2 6.5 9 4.5
Yes No 8.2 10 9.5 | 3.6 No Yes 8.4 7.3 7.8 | 3.6
Yes Yes 7.1 6 8.9 | 3.6 No No 9 10 98 | 3.6
Yes Yes 9.6 8.1 9.8 | 3.6 Yes Yes 7.6 74 9.2 | 3.6
Yes Yes 8.2 6.6 10 | 3.6 Yes Yes 10 6.3 7 3.6

Yes Yes 7.1 8.4 9.1 | 2.7 Yes Yes 9.5 9.2 9.4 0

Yes Yes 9.2 8.6 8.8 | 2.7 No Yes 7.2 7 7.5 0
Average 8.42 | 8.12 | 9.46 |3.78 Average 8.63 | 7.91 | 8.28 | 3.6

Fig. 5. Experimental group results. Fig. 6. Control group results.
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Like for | Likefor | 1 | 2 | 3 | PREDICTIONS
Mathematics| Videogames|grade|grade|grade —— Average Holt —#— Linear regression
No No 0 | 76 | 8 |63
No No 8.2 7.8 6 6.3 9.5
No No 92 | 10 | 91 |45 5
No No 72| 65 | 9 |45 /%
No Yes S4 | 73 | 78 |36 850D
No No 9 10 | 98 |36 8
Yes Yes 7.6 7.4 9.2 | 3.6 75
Yes Yes 10 6.3 7 3.6
Yes Yes 95 | 92 | 94 | 0 7
No Yes 7.2 7 7.5 0 6.5
Average 8.63 | 7.91 | 8.28 | 3.6 1 2 3 4 5
Fig. 7. Control group results. Fig. 8. Comparison of the predictions.

5 Discussion and Conclusions

After the tests we applied the predictive models to the whole data, not distin-
guishing between the groups. In Fig. 7 we show the average grades of all the
participants with the improvement of the 1.8% derived from the experiment.
We used the grades as data entry for the linear regression and Holt predictive
model. With this, we could predict grades up to 2 bimester. In Fig. 7 and Fig. 8
we can see the results of the linear regression model, the Holts predictive model,
the comparison of both predictive models and the average grade of all students.

There is an improvement of about 1.8% between the two groups that made
the test. The experimental group was the one with the best results. The only
significant difference between the two groups was the use of the app, we assume
that the improvement was because of Ramath.

At this point of the research we can not affirm or deny if there is a correlation
between the like of video games or mathematics and the results in the test or in
the students grades. We will use the predictive models to keep track of students
activities, so they will know their performance and to have a better idea of
whether prolonged use of the application could improve student grades.

After the experiment we can conclude that in a controlled envorinment
technology can help students to rise their grades and have a better understanding
of maths, the experiment moves to a phase 2 in which we will work with a larger
number of students and in a prolonged period, expecting to improve and replicate
the results obtained.

Acknowledgment. The authors of the present paper would like to thank the
following institutions for their economical support to develop this work: Con-
sejo Nacional de Ciencia y Tecnologia (CONACYT), SNI, Instituto Politécnico
Nacional (COFAA, SIP, CIDETEC, and CIC) and Escuela Secundaria Técnica
Numero 47 “Juan de Dios Batiz”.

ISSN 1870-4069 267 Research in Computing Science 148(10), 2019



Hiram David Cortés Diaz, Octavio Elias Pidal Ramirez, Amadeo José Arglielles Cruz, et al.

References

10.

11.

12.

13.

14.

15.

Randel, J.M., Morris, B.A., Wetzel, C.D., Whitehill, B.V.: The effectiveness of
games for educational purposes: a review of recent research. Simulation and gaming
23(3), 261-276 (1992)

OCDE: Programa para la Evaluacién Internacional de Alumnos (PISA) Resul-
tados, 14. Retrieved from https://www.oecd.org/pisa/PISA-2015-Mexico-ESP.pdf
(2016)

Educacién  Béasica 2016  Subsecretaria de Planeacién, Evaluacion vy
Coordinacién Planea Bésica 2016 Informe cobertura. (n.d.). Retrieved
from: http://planea.sep.gob.mx/content/general/docs/2016/Aplicacion
PLANEA Basica.pdf

Klopfer, E., Squire, K.: Environmental detectives: the development of an aug-
mented reality platform for environmental simulations. Educational Technology
Research and Development 56(2), 203-228 (2008)

Kaur, N., Pathan, R., Khwaja, U., Murthy, S.: GeoSolvAR: Augmented Reality
Based Solution for Visualizing 3D Solids. In: 2018 IEEE 18th International Con-
ference on Advanced Learning Technologies (ICALT), pp. 372-376 (2018)

Hanafi, H.F., Said, C.S., Wahab, M.H., Samsuddin, K.: Improving Students’
Motivation in Learning ICT Course With the Use of A Mobile Augmented Reality
Learning Environment. IOP Conf. Ser. Mater. Sci. Eng. 226(1), 012114, Aug.
(2017)

Lucas, P., Vaca, D., Dominguez, F., Ochoa, X.: Virtual Circuits: An Augmented
Reality Circuit Simulator for Engineering Students. In: 2018 IEEE 18th Inter-
national Conference on Advanced Learning Technologies (ICALT), pp. 380-384
(2018)

Wu, H.K., Lee, S.W.Y., Chang, H.Y., Chong Liang, J.C.. Cur-
rent status, opportunities and challenges of  augmented  real-
ity in education. Computers & Education, Volume 62, pp. 41—
49, ISSN 0360-1315, https://doi.org/10.1016/j.compedu.2012.10.024.
(http://www.sciencedirect.com/science/article/pii/S0360131512002527) (2013)
Dimitrov, D.M., Rumrill Jr, P.D.: Pretest-posttest designs and measurement of
change. Work 20(2), 159-165 (2003)

Wolfe, J.: The effectiveness games in strategic management course work. Simulation
& gaming 28(4), 360-376 (1997)

Hays, R.T.: The effectiveness of instructional games: A literature review and
discussion. Naval Air Warfare Center Training Systems Division (No 2005-004)
(2005)

Vogel, J.J., Vogel, D.S., Cannon-Bowers, J., Bowers, C.A., Muse, K., Wright,
M.: Computer gaming and interactive simulations for learning: A meta-analysis.
Journal of Educational Computing Research 34(3), 229-243 (2006)

Ke, F.: A qualitive meta-analysis of computer games as learning tools. In: Ferdig,
R.E. (Ed.), Effective electronic gaming in education, Vol. 1, pp. 1-32 (2009)
Stizmann, T.: A meta-analytic examination of the instructional effectiveness of
computer-based simulation games. Personnel Psychology 64(2), 489-528 (2010)
[Also: Stizmann, T., Ely, K. A meta-analytic examination of the effectiveness of
computer-based simulation games. ADL Research Lab (2011)]

Conversus: (Qué es la  realidad aumentada?  Retrieved  from:
http://www.cedicyt.ipn.mx/RevConversus/Paginas/Realidad Aumentada.aspx
(2016)

Research in Computing Science 148(10), 2019 268 ISSN 1870-4069



16.

17.

18.

19.

Ramath: Mobile Application for Math Learning using Augmented Reality

Direccién General de Docencia de Pregrado: Aprendizaje Basado en Problemas, 8.
Retrieved from http://www.sistema.itesm.mx/va/dide/inf-doc/estrategias/ (s.f.)
Kapp, K.M.: The Gamification of Learning and Instruction. In: Davis, M., Zelenko,
M., Taff, R. (Eds.), San Francisco, CA. Pfeiffer (2012)

Abuin, J.R.: Regresion lineal multiple. Estadistica, Editor 32. In: Nicole, R.: The
Last Word on Decision Theory. J. Computer Vision (2007)

Taylor, J.W. Exponential smoothing with a damped multiplicative trend. Interna-
tional journal of Forecasting 19(4), 715-725 (2003)

ISSN 1870-4069 269 Research in Computing Science 148(10), 2019






ISSN 1870-4069

Seleccion 6ptima de cartera de inversion de stocks de
S&P 500: Uso de algoritmos genéticos

Marco Adrian Guido Torres, Volodymyr Ponomaryov

Instituto Politécnico Nacional, SEPI de ESIME Culhuacan,
Ciudad de México, México

marco@guidotorres.mx, vponomar@ipn.mx

Resumen. El primer modelo de optimizacién de carteras de inversion fue
propuesto por el doctor Markowitz en 1952 y es conocido como modelo de
varianza promedio, es usado para encontrar la asignacion optimizada de recursos
entre diferentes activos financieros, obteniendo retornos de inversiéon mayores y
menores riesgos de inversion. Sin embargo, el modelo de Markowitz no
consideraba algunas limitaciones practicas de los mecanismos de los mercados
disponibles, entre ellos: 1) costo de transaccion, cantidad minima de reasignacion
de recursos. Sin estas consideraciones, la funcionalidad del modelo se ve
limitada, y diferentes enfoques se han utilizado para intentar resolver el
problema, en este articulo se ataca usando algoritmos genéticos.

Palabras clave: portfolio, mean-variance model, genetic algorithms.

Optimal Selection of S&P 500 Stock Investment
Portfolio: Use of Genetic Algorithms

Abstract. The first model of optimization of investment portfolios was proposed
by Dr. Markowitz in 1952 and is known as the average variance model, it is used
to find the optimized allocation of resources between different financial assets,
obtaining greater investment returns and lower investment risks . However, the
Markowitz model did not consider some practical limitations of the available
market mechanisms, including: 1) transaction cost, minimum amount of
reallocation of resources. Without these considerations, the functionality of the
model is limited, and different approaches have been used to try to solve the
problem, in this article it is attacked using genetic algorithms.

Keywords: portfolio, mean-variance model, genetic algorithms.

1. Introduccion

La forma 6ptima de seleccion de portafolios propuesta inicialmente por Markowitz
[1] en 1952, utilizaba un enfoque de anélisis estadistico clasico, para encontrar la
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cartera de inversion dptima, pero no consideraba limitaciones précticas relacionadas al
costo de recolocacion de recursos y de la cantidad minima que se puede reasignar. Si
se consideran estos factores, la complejidad del problema aumenta y sus restricciones
cambian considerablemente, lo que se suma a un problema que ya es de complejidad
NP, como se demuestra en [4].

Multiples algoritmos heuristicos han demostrado un buen desempefio al atacar este
tipo de problemas y [5], [6] ¥ [7] lo hacen usando algoritmos genéticos, reinforcement
learning y redes neuronales respectivamente, obteniendo buenos resultados que a
su vez.

En este articulo se usa un algoritmo genético para extender el modelo de Markowitz
y se aplica a los stocks que componen el indice S&P 500, NASDAQ y FTSE y se
compara con el modelo estandar.

2. Descripcion del problema

Un portafolio (o cartera) es un grupo de activos financieros como acciones, bonos y
fondos en lo general, los portafolios son administrados por profesionales financieros, y
su propdsito es reconstruir continuamente un portafolio de inversidn de acuerdo con el
riesgo asociado de los activos incluidos y los objetivos de corto y largo plazo.

Para determinar una asignacién de recursos adecuada entre los activos incluidos en
un portafolio, se debe considerar el riesgo individual de cada activo y el riesgo asociado
equivalente del grupo seleccionado, el portafolio elegido debe ser construido
considerando una compensacién entre el riesgo y el retorno de inversion asociado. Un
portafolio serd mejor que otro si tiene una mejor expectativa de ganancia y un menor
riesgo asociado.

La teoria moderna de portafolios asume que los inversionistas son muy renuentes al
riesgo; si dos portafolios ofrecen el mismo retorno esperado de inversion, tipicamente
se seleccionard el que tenga un menor riesgo, sin embargo, para que exista un motivo
para arriesgarse por un portafolio ligeramente mas riesgoso, las expectativas de retorno
tienen que ser considerablemente mayores.

Ademas, si la correlacion entre un activo con otro es alta, entonces el riesgo de que
ocurran pérdidas generalizadas es mayor, por lo que es importante seleccionar activos
con un bajo nivel de correlacion para mantener el nivel de volatilidad controlada.

3. Modelo de Markowitz

El modelo de Markowitz se puede resumir a partir de las ecuaciones:
1. El retorno esperado de cada portafolio se define como:

B(R,) = Y B (R) (1)

n

D wi=1 )

i
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Donde:
— Ry representa el retorno del portafolio completo.
— Riesel retorno especifico de cada activo.

— wies laimportancia relativa de cada activo. relativo al conjunto de recursos
disponibles.

— nrepresenta la cantidad de activos disponibles.

2. Lavolatilidad del portafolio de interés se define como:

(7; = Z Z W;W;T 5 (3)
i
Donde:
— ojjes la covarianza del retorno esperado de los activos,
-~ op?es lavolatilidad y es proporcional al riesgo esperado del portafolio.
3. Teniendo en cuenta que (1) representa el retorno esperado y (3) el riesgo
asociado de un portafolio especifico, se puede plantear (4) como el modelo

que se debe maximizar para obtener el maximo rendimiento con el minimo
riesgo posible:

maximizar

(I —2X) i wi Ry — A\ i i WiW ;0 (4)
i i g

Donde: A representa la aversion al riesgo deseada y esta limitada por 0 <A < 1.

4. Para maximizar el retorno de inversion considerando los costos de
transacciones, es necesario tomar en cuenta el costo de reasignacion de
recursos y la cantidad de recursos recolocados:

n

marimizar ((1—2A) Z w; Ry —

. (5)
A Z Z Wiw; o — Z cAw;)
i i

i

Donde:
— crepresenta el costo de transaccion y lambda,

— Awi representa el peso reasignado del indice especifico.

A partir de este modelo modificado, se puede observar que la funcién de evaluacion
del desempefio del portafolio debe estar dado por la ecuacion 5.
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4.  Algoritmos genéticos

Los algoritmos genéticos estan inspirados en la seleccion natural, y son usados para
optimizar y buscar soluciones de problemas a través de operadores bioinspirados,
mutacion, reproduccion, seleccion, etcétera.

A continuacién se presentan las caracteristicas especificas del algoritmo usado.

4.1. Generacion de poblacién inicial

Al representar el peso de una sefial, la cual se trata como un gen y al considerar todos
los genes como un vector de pesos, un vector compuesto de pesos constituye un
cromosoma que representa un portafolio.

A1 [o]oofo]o0

0][| Gene

A2|[1]1]1]1]1]1]| | Chromosome

A3 [1]0][1]0]1]1]

A4 [1]1]0][1]1]0] |Population

Fig. 1. Representacion de la poblacion inicial.

Como poblacion inicial para este algoritmo se presentan 100 cromosomas de longitud
variable, dependiendo de la cantidad de stocks que compongan el indice analizado, para
S&P 500 se usan 500 genes, como se representa en la figura 1.

4.2. Evaluacion

Para determinar una calificacién del desempefio de cada individuo de la poblacién
creada, se usa una funcién adecuada de evaluacion propuesta por la ecuacion 5, ademas,
como funcion de evaluacidn extra se asigna el nivel de retorno esperado dentro de un
umbral especifico mévil que asegura la generacién completa de la frontera de
eficiencia, es por tanto una funcién de evaluacion multiobjetivo.

4.3. Seleccion

De la poblacion completa se selecciona a los individuos que hayan obtenido mejor
puntuacién en la funcién de evaluacién y algunos individuos al azar que a su vez
pasaran a un registro histérico llamado salén de la fama, para este caso se usa un sistema
de seleccién basado en “rueda de la fortuna.”

4.4. Recombinacién

Dos puntos de cruza son seleccionados aleatoriamente (Fig. 2) de cada pareja de
padres, los cuales intercambian las cadenas de genes entre ellos y producen la siguiente
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generacion, la probabilidad de cada pareja de padres de tener crias es cominmente

proporcional al desempefio de cada padre y sustituyen a los individuos peor evaluados
de la siguiente generacion.

A1 |o]o]o|o]o]0]

A2 [1]1]1]1]1]1]

\

Crossover
point

A1 [0]o]o]o]o]0]

A2 (111|111

A5 [1]1]1]0]0]0]

A6 |0]0]0]1]1]1]

Fig. 2. Recombinacion de genes sencilla.
4.5.  Mutacién

Cada integrante de la nueva generacion tiene una probabilidad de que sus genes sean
alterados con una probabilidad muy baja, para este caso de .3 con una funcion gaussiana
con promedio en el mismo nivel del valor del gen especifico y o=1 (Fig. 3).

Before Mutation
A5 [1]1/1]0]0]0]

After Mutation
A5 [1][1]0]1]1]0]

Fig. 3. Mutacidn sencilla para genes binarios.

4.6. Terminacion

Es necesario crear un criterio de finalizacion, el cual, hasta no ser cumplido,
implicara la repeticion de todos los pasos anteriores, lo que creard una generacion por
cada iteracion hasta obtener resultados satisfactorios, el criterio del presente algoritmo
es la repeticion hasta no mejorar el algoritmo en 10 iteraciones consecutivas. En la Fig.
4 se presenta el esquema general del algoritmo genético:
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primer sefal o Primer subset |
(gen continuo) |, +""|_(cromosoma)

‘

i

:

'+ n-ésima senal ... _ . k-&simo subset ! |
\ +_(gen continuo) : !_(cromosoma)_ .
i

i

Creacién de subsets propuestos

oo . I€
poblacion (poblacion inicial aleatoria)
inicial

Variacion de Célculo de (_'_
Retorno Esperado volatilidad !
I

Asignacion de
. desempefio
Evaluacion P

Seleccion proporcional
por aptitud (ruleta)
v

Recombinacion de
genes (cruce 2-puntos)

' [calculo de promedio N Mutacién :
i |y sigma (por gen) gaussiana

ejord en las Gltimas
5 generaciones?

Subset de maxima eficiencia para
retorno esperado especifico

Fig. 4. Diagrama general de algoritmo genético.

5. Resultados

La frontera de eficiencia se dibuja a si misma al intentar obtener las combinaciones
de sefiales donde la volatilidad sea minima en distintos niveles de retorno esperado, este
borde contiene a los mejores conjuntos de sefiales e inutiliza todo lo que se aleje de él.
No seria apropiado elegir combinaciones con el mismo nivel de retorno esperado pero
con mayor riesgo o el mismo nivel de riesgo pero con menor retorno esperado.

Dependiendo del nivel de aversion al riesgo, cualquier punto (combinacion
obtenida) ubicado en la frontera de eficiencia que se encuentre entre los triangulos azul
(minimo riesgo) y rojo (maximo retorno) puede representar una opcion valida de
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seleccion de sefiales dentro del universo de configuraciones posibles.
En la Fig. 5 se observan los resultados de ejecutar el algoritmo para 10 sefiales de
stocks incluidos en S&P 500.

Frontera de eficiencia

0.15 1

0.10 4

0.05 4

Retorno esperado

0.00 1

—0.05 4

0.20 0.25 0.30 0.35
Volatilidad

Fig. 5. Frontera de eficiencia obtenida para S&P 500.

Evolucidn de portafolios normalizada

100

Fitness

0 50 100 150 200
Generacion

Fig. 6. Evolucion normalizada de portafolio para riesgo determinado.
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6.  Conclusiones

Se propuso un método para explorar las combinaciones posibles de un conjunto de
sefiales financieras con resultados satisfactorios, se observa una aproximacion correcta
a la frontera de eficiencia por lo que se cumple el objetivo.

Retorne acumulado del stock/portafolio

— F
06 — BAC
— GE
GOOGL
05 TSLA
—— Portafolio obtenido
- D4
=}
o
=]
g 03
w
m
o
£
2 oz
[=
01
00
=01 1 T

D 50 100 150 200
Dia de retorno

Fig. 7. Retorno de inversion de distintos stocks y portafolio propuesto.
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Resumen. EIl consumo eléctrico, es la cantidad de energia eléctrica que se ha
utilizado a lo largo de un periodo definido, por la cual se debe pagar. El uso de la
energia eléctrica estd determinado por el estilo de vida de cada usuario, asi como
de la actividad para la que se destine su uso [1]. La empresa encargada de proveer
la energia eléctrica cuenta con un sistema de cobro de tarifas que se incrementa
a mayor consumo [2]. Esta informacion, se le da a conocer al usuario hasta que
termina el periodo y se aplica el cobro. En este trabajo se describe el desarrollo
de un sistema, cuya funcién principal es ser una herramienta que ayude a los
usuarios a conocer facilmente el estado del consumo eléctrico de manera
anticipada a la fecha de corte; de esa manera, ellos podran tomar las medidas
pertinentes para utilizar racionalmente la energia eléctrica. Adicionalmente, el
sistema brindara un estimado de la cantidad a pagar por el consumo realizado
desde el inicio del corte hasta el momento actual. EI médulo de monitoreo se
comunica con un teléfono inteligente por medio de bluetooth, el control es
realizado por un microcontrolador; para la medicidn de la corriente eléctrica, se
utiliza el sensor ACS712 de efecto hall, el cual fue caracterizado para la medicion
de corriente alterna; ademas, se guarda un historico de las mediciones para su
analisis.

Palabras clave: consumo eléctrico, monitoreo, sensor de corriente.

Power Consumption Monitoring System with
Smartphone Interface

Abstract. Electricity consumption is the amount of electrical energy that has
been used over a defined period, for which it must be paid. The use of electrical
energy is determined by the lifestyle of each user, as well as the activity for which
its use is intended [1]. The company responsible for providing electricity has a
system for charging fees that increases to higher consumption [2]. This
information is made known to the user until the end of the period and the payment
is applied. This work describes the development of a system, whose main
function is to be a tool that helps users to easily know the state of electricity
consumption in advance of the cutoff date; that way, they can take the appropriate
measures to rationally use electric power. Additionally, the system will provide
an estimate of the amount to be paid for the consumption made from the
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beginning of the cut until the current time. The monitoring module communicates
with a smartphone via bluetooth, the control is carried out by a microcontroller;
for the measurement of electric current, the hall effect ACS712 sensor is used,
which was characterized for the measurement of alternating current; In addition,
a history of the measurements is kept for analysis.

Keywords: electricity consumption, monitoring, current sensor.

1. Introduccion

La energia eléctrica es un recurso que ha brindado apoyo para el desarrollo de las
sociedades. Cuando el uso de la energia eléctrica comenz6 a brindar mayores
comodidades a las personas, su uso se fue incrementando; tanto, que en la actualidad la
energia eléctrica se encuentra en casi todas las actividades diarias de las personas: en
el transporte, en la preparaciéon de la comida, en la iluminacién, comunicaciones,
entretenimiento, trabajo, etc. Su uso es tan intenso, que se ha tenido la necesidad de
buscar e invertir en tecnologias que produzcan energia eléctrica a partir del uso de
recursos renovables, con la finalidad de poder abastecer la creciente demanda de
energia eléctrica, pues al crecer, lo hacen también las actividades relacionadas a su
produccion; aun asi, es necesario cuidar de los recursos energéticos que se utilizan
para la produccién de energia, por lo que los usuarios deberian utilizar eficientemente
la energia eléctrica proporcionada [3]. Para que el usuario tenga informacién y con ello
tomar medidas de gestién del uso de energia, este trabajo propone el desarrollo de una
herramienta para informar a los usuarios en cualquier momento, el estado del consumo
energético. Adicionalmente, el sistema proporciona al usuario informacion acerca de la
tarifa en que se encuentra, el precio a pagar por dicha tarifa, y el tiempo restante para
la fecha de corte. La interfaz esta desarrollada en una aplicacion movil, que se enlaza
facilmente con el médulo de monitoreo (o adquisicion) mediante bluetooth.

2. [Estado del arte

Existen trabajos, que han propuesto una solucién para conocer el estado del consumo
eléctrico a través del uso de medidores digitales. En [4] se describe un prototipo de
medidor electrénico que considera las pérdidas de energia eléctrica ocasionadas por
robo de energia a través del uso de sensores de corriente, colocados en segmentos
especificos del tendido eléctrico; adicionalmente, el sistema puede establecer una
comunicacién a través de internet con la empresa que suministra el servicio, donde
envia informacidn acerca del estado del consumo; ademas, se puede activar o desactivar
el suministro de energia de manera remota. El sistema utiliza un microcontrolador como
sistema de procesamiento y de control, una pantalla LCD para mostrar la informacion
al usuario y un Ethernet Shield para establecer una comunicacion a través de internet.
El autor refiere que las pruebas realizadas mostraron valores que se pueden considerar
aceptables. Una desventaja de este prototipo, es el tendido que se debe realizar para
enviar la informacidn por internet a través de una red alambrica; ademas, en caso de
que el usuario no cuente con una conexion a internet, él tendra que encargarse de cubrir
este servicio. Otro aspecto a resaltar, es que el usuario para poder conocer el estado del
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consumo, debe de ir hasta donde se encuentra el sistema para visualizar la informacion
en la pantalla.

Un sistema que posee como objetivo brindar informacion acerca del estado del
consumo antes de que llegue la fecha de corte, se encuentra descrito en [5], el trabajo
describe el desarrollo de un sistema de monitoreo basado en un microcontrolador como
dispositivo de procesamiento, un medidor de energia utilizando una bobina, un ESP-
8622 como medio de comunicacion inalambrica WiFi, y una interfaz web para
visualizar la informacion obtenida. Una desventaja que presenta el sistema es la
necesidad de contar con una conexidn a internet todo el tiempo; por lo que, si el usuario
no cuenta con servicio de internet, no podra visualizar la informacién del consumo en
la pagina web.

Por otro lado, el sistema propuesto cuenta con una interfaz de teléfono inteligente
que se comunica con el modulo de monitoreo a traves de bluetooth, por lo que no se
necesita contar con internet; de esta manera, el usuario podré obtener mediante una app
informacién del consumo, estimado del monto a pagar y dias restantes para la fecha de
corte. Adicionalmente, la interfaz de la app permite configurar fecha de corte y montos
de tarifas. Las mediciones son almacenadas en una memoria MicroSD a razén de 5
segundos para que el usuario pueda revisar el histérico de su consumo.

3. Tarifas

En México la Comision Federal de Electricidad (CFE) es quien suministra la energia
eléctrica, y el esquema de cobro esta definido la Comisién Reguladora de Energia
(CRE), quien determina la metodologia del célculo de las tarifas para el suministro
bésico (Articulo 139 de la Ley de la Industria Eléctrica) [1]. Para la Ciudad de México
y zona metropolitana el esquema de cobro se muestra en la tabla 1.

Tabla 1. Tarifas aplicadas a CDMX y zona metropolitana.

Consumo Precio x KWh (MXN) Rango[KWh]
Consumo basico $0.81 0<75
Consumo intermedio $0.98 75 <140
Consumo excedente $2.87 140 < 250
Alto Consumo Doméstico $107 (fijo) + $4.79 > 250

Para dar un contexto, si se tienen dos cargas de 100 W (como un par de luminarias)
durante las 24 horas durante un mes, el consumo total es de 144 KWh (200 W x 24 h
x 30 dias), por lo cual se debera pagar (segun la tabla 1) lo siguiente: (75 KWh x $0.81)
+ (65 KWh x $0.98) + (4 KWh x $2.87) =$135.00

Si se rebasa el rango de 250 KWh, se aplica el cobro de tarifa doméstica de alto
consumo (DAC); tomando el ejemplo anterior, pero con cuatro cargas de 100W, el
consumo mensual seria de 288 KWh por lo que se debe pagar: $107 + (288 KWh x
$4.79) = $1486.50, lo que equivale a 10 veces mas el monto con respecto al caso
anterior. De ahi la importancia de tener la informacion referente al consumo de manera
facil y puntual, y con ello elegir las medidas pertinentes para gestionar el consumo.
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4. Metodologia

El sistema propuesto esta conformado por varias etapas que se pueden apreciar en el
diagrama de bloques de la figura 1. En la figura 2 se presenta el diagrama esquematico
del sistema.

Relo] de tiempo Mod ulo Interfaz
teléfono
real Bluetooth . .
inteligente
Sensor de Sistema de Almacenamiento
corriente control de datos

Fig. 1. Diagrama de bloques.

Sistema de control: Es el microcontrolador que se encarga de realizar todas las
funciones logicas del sistema, se utiliza un microcontrolador Atmega328 [6].

Sensor de corriente: Se utilizd el sensor de corriente de efecto Hall ASC712 version
para 30 A, este blogue obtiene la informacién de la corriente utilizada, la cual se
almacena en una variable [7].

Almacenamiento de datos: La informacion de fecha, hora y consumo, es almacenada
en una memoria MicroSD, utilizando un MicroSD shield. Extrayendo la memoria, el
usuario podra revisar el histérico de su consumo, abriendo el archivo generado
mediante un programa de hoja de célculo.

Mddulo Bluetooth: Realiza la comunicacion con un teléfono inteligente para enviar y
recibir datos, utilizando un médulo HCO05 [8].

Interfaz para teléfono inteligente: Es una aplicacion desarrollada para dispositivos
Android mediante applnventor2 [9], la cual es la interfaz visual que permite comunicar
al usuario y al sistema.

Reloj de Tiempo Real: De este componente se obtiene la informacion de la fecha, sirve
para mantener un registro por fecha y hora de los valores obtenidos, utilizando un
mddulo RTC DS1307 [10].
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Fig. 2. Diagrama esquematico.
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4.1. Sensor de corriente ACS712

Es un sensor de corriente de efecto Hall, es de tipo invasivo, su funcionamiento
consta de cuantificar la corriente a través de sus terminales (IN+, IN-), y utiliza el efecto
Hall para producir en la salida un voltaje proporcional a la corriente que se encuentra
circulando.

El valor en voltaje de la salida se observa en la figura 3, y muestra el comportamiento
lineal del sensor.

Output Voltage versus Sensed Current
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4.0
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)
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-30 —20 —10 0 10 20 30
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Fig. 3. Gréfica de voltaje vs corriente del ACS712.

4.2. Medicion de la corriente eléctrica

Para la obtencion del consumo, se realizaron experimentos para caracterizar el
comportamiento de la salida del sensor en AC (Corriente Alterna). Para la
caracterizacion, se analizo la salida del sensor con la ayuda de un osciloscopio.
Aplicando una carga de 2300 W se obtuvo la sefial mostrada en la figura 4, donde se
puede apreciar que entrega un voltaje en directa, pero presenta variaciones que van
desde un voltaje minimo 880 mV a un voltaje maximo 4.08 V.

Fig. 4. Sefal de salida del sensor con carga 2300W alimentada con AC.

Para calcular el valor de la corriente, se realizd un experimento en el que se
conectaron diferentes cargas resistivas, y conociendo la linealidad del sensor, se empled
la ecuacion de la recta para aplicar un analisis quedando definida como:
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V =ml+B, 1)

donde:
V = Voltaje de salida del sensor.
I = Corriente que circula por el sensor.
B = Voltaje cuando la corriente es cero.
m = pendiente o raz6n de cambio, estando definido por:

V-1
m=T 2)

De los valores mostrados por el fabricante y verificados experimentalmente, se
extrajeron valores que se sustituyen en 2 y se obtiene:
4.5-2.5 2 1
T 30-0 30 15 @)
Ahora sustituyendo el valor de m en (1) y utilizando la ordenada al origen,
encontramos la expresion:

1
V==I+25. 4

Para obtener la potencia consumida es necesario trabajar con valores eficaces
(RMS). Para obtener el voltaje RMS que entrega el sensor, se necesita obtener el voltaje
de pico (Vp) maximo de un ciclo de la senoidal, por lo que se implement6 un algoritmo
que toma lecturas consecutivas durante 17 milisegundos con el convertidor analégico
digital (dado que es la duracion de un ciclo completo de una sefial de 60 Hz), y cada
lectura realizada es comparada con la anterior, con el fin de obtener el valor mayor, el
cual representa al Vp. Para el calculo de la corriente RMS por definicion se utiliza:

Ipms = % despejando Ip = Ipys * V2. (5)

Sustituyendo (5) en (4) e indicado en lugar V al Vp, tenemos:

Vp = 1—15(1RM5 *V2)+ 25 despejando Ipys = % (6)

Para calcular la energia consumida de manera instantanea (que en realidad sera la
potencia consumida en un ciclo de la senoidal) se utiliza:

Pins = Vrms X Irus, (7

donde:
Pins = Potencia instantanea.
Vrwms = Voltaje eficaz de la fuente de alimentacion.
Irvs = Corriente eficaz obtenida en (6).

Para conocer el acumulativo de energia consumida se calcula con:
P.
Peonsumida = ﬁ; (8)

donde At es igual a 3600, se debe a que se definid que cada lectura fuera tomada en
intervalos de un segundo. Por la tanto, corresponde a 1/3600 parte de lo consumido en
1 hora.
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El algoritmo programado para la carga de valores iniciales (tarifas y fecha de corte)
almacenados en la eeprom del microcontrolador, estimacion de la potencia instantanea,
la transmisién de datos hacia la aplicacion se observa en el diagrama de la figura 5.

Cargar Vp=VL
valores Tomar
iniciales ——>f tiempo Si
desde inicial (ti)
eeprom 'I"omar Se calcula la
tiempo VL= Lectura Potencia Se transmiten
l referencia ADC Instantdnea y los valores
(tr) la acumulada
@ Voltaje
Pico No

© =

Fig. 5. Diagrama de flujo para obtener la potencia instantanea y su transmision.

Para poder realizar las lecturas cada segundo, se desarroll6 un algoritmo (figura 6)
que asegura que haya transcurrido un segundo entre cada lectura, asi se toman 3600
lecturas y sumatorias en el intervalo de una hora. Ademas, en esta seccion, se monitorea
la recepcion de datos provenientes de la aplicacion para la reconfiguracion de
parametros y su almacenamiento en la eeprom.

A

—~ 7 Llegaron \\No J:::;
\g/ S dat:s dela |  referencia
p 2(tr2)

N

(tr2-ti) No ,—,
S 1)

1000 ms

Actualizar
valores
iniciales a

la eeprom

Fig. 6. Diagrama de flujo para tomar lectura cada segundo y reconfiguracion de pardmetros.

4.3. Aplicacién movil

La aplicacidn tiene como objetivo servir de interfaz visual y de configuracién entre
el usuario y el sistema, el funcionamiento de la aplicacion se muestra en el diagrama de
flujo de la figura 7.

\ Eain

\L valores a
SA

Muestra
Cambia a

pantalla
inicial

Conects
con Sistema
de Adquisicién
4)

Muestra
dispositivos
vinculados

Se presioné
. botén conectar,

Fig. 7. Diagrama de flujo de la interfaz de la aplicacién movil.

Desea entrar a

recibida

Insertaron
nuevos valores

No

Mensaje: Mensaje:
“Error al “Contraseiia
conectar” incorrecta™

Cambia a
pantalla de
configuracién

Contrasefia
correcta

Al ejecutar la aplicacion (ver figura 8), la interfaz muestra al usuario la informacion
del consumo, cuénto se va a pagar y cuantos dias hacen falta para la fecha de corte.
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Para visualizar la informacion, es necesario pulsar el botdn conectar, con el que se
enlaza la aplicacion con el modulo de monitoreo a través de una comunicacion por
bluetooth. Cuando se presiona el botén de configuracidn se solicitara el ingreso de un
cddigo de seguridad, con lo que se accedera a la pantalla de la figura 9, los campos
corresponden a las tarifas vigentes y la fecha de corte; el botén enviar actualiza la
informacién del sistema, lo cual es importante para establecer la informacion que se
presentara en la pantalla inicial referente al consumo.

_ -

Medidor
Conegctar
Tarifa 1
Has consumido KWh
Tarifa 2
O Tarifa 3
- $59
DAC
Aln quedan Dias Corte
Enviar
Configuracion
= [} (=1 © e (=1
Fig. 8. Pantalla inicial. Fig. 9. Pantalla de configuraciones.

5. Pruebasy resultados

A continuacion, se muestran los resultados de medir corrientes eficaces sobre
diferentes cargas (tabla 2), todas ellas utilizando un voltaje de alimentacion nominal de
127 VRMS, utilizando el sistema propuesto (SP) y un multimetro calibrado:

Tabla 2. Resultados de mediciones de corrientes.

Carga Amperimetro [A] SP[A] Diferencia [%0]
Lampara 40 watts 0.336 0.38 14
Lampara 100 watts 0.58 0.6 45
Plancha 1100W 8.65 8.48 -1.9
Estacion de soldar 5.82 5.46 -6.5
Plancha 2300W 17.21 16.99 -1.25
Parrilla eléctrica 8.65 8.36 -3.25
Promedio*: -1.68

* Diferencia promedio sin considerar cargas pequefias

Se pudo comprobar que para cargas superiores a 0.3 Amper los resultados son
bastante aproximados, no tanto asi para cargas inferiores; al ser un sistema para su
implementacion en hogares, no se considera una situacion relevante, ya que los
consumo suelen ser muy superiores a 0.3 A. Ademas, se debe considerar que existen
fluctuaciones en la red de energia de la compafiia proveedora y que eso también es
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causa de las diferencias, aunque se trat6 de realizar las lecturas de manera simultanea,
ese factor de error es a considerarse.

Para las pruebas de consumo instantaneo, se conecto el sistema propuesto en el
centro de cargas de un hogar en serie con un sistema comercial [SC] de medicién de
consumo eléctrico con la capacidad de recoleccién de mediciones. Las mediciones se
realizaron durante 7 dias, obteniéndose casi tres mil muestras, la figura 10 muestra los
resultados comparativos de los sistemas. Los resultados entregaron un valor promedio
de mediciones de potencia instantanea para el sistema propuesto de 3.72 W, y para el
sistema comercial de 3.7235 W, lo que implica una diferencia aproximada del 0.1 %.

Fig. 10. Comparativa de mediciones.

Para determinar la equivalencia estadistica, se aplico a los datos el método de
concordancia propuesto por Bland-Altman [11], el cual muestra una gréfica (figura 11)
que indica niveles de correlacion entre dos métodos de mediciéon que observan un
mismo fendmeno.

anr

Fig. 11. Gréfica de Bland-Altman de las mediciones entre los dos sistemas.

Se puede observar como la gran mayoria de los datos se encuentran entre las lineas
rojas (intervalo de confianza), lo cual permite determinar que los sistemas
estadisticamente son equivalentes en sus mediciones.

Tabla 3. Resultados prueba medicion consumo.

Fecha CFE [KWh] SP [KWh]
17/06/2019 1 1
18/06/2019 0 0
19/06/2019 1 1
20/06/2019 1 1
21/06/2019 0 0
24/06/2019 1 1
25/06/2019 1 1
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Para el consumo acumulado, se conecto el sistema a la salida del centro de cargas de
un hogar, y se realizaron lecturas de manera manual durante 7 dias con respecto al
medidor de la CFE (mismo horario entre cada dia), se calculé el consumo registrado en
términos de KWHh, ya que es la unidad de medida del medidor, y se compararon con el
sistema propuesto, la tabla 3 muestra los resultados.

Se puede observar que los resultados son idénticos, por lo que se comprueba la
eficacia del sistema para medir el consumo eléctrico en KWwh.

6. Conclusiones

Se desarroll6 el sistema de medicién con base a un microcontrolador Atmega328,

donde se logré la implementacion de algoritmos para la adquisicion y procesamiento
de datos, asi como del control de almacenamiento y transmisién de datos. Cumpliendo
de manera precisa con las cotas de tiempos necesarias para la adecuada cuantificacién
de consumo eléctrico.
Ademads, se disefié una aplicacion para el sistema operativo Android, la cual funciona
como interfaz visual y de configuracion, para que el usuario pueda observar la
informacién del consumo proporcionada por el sistema, y también permite configurar
algunas variables como tarifas y fecha de corte.

Se llevd a cabo el estudio del funcionamiento en AC del sensor de corriente; esto, a
partir del analisis de cargas resistivas conocidas alimentadas con AC, se modelo un
algoritmo para la interpretacion de las lecturas cuando se trabaja con AC, con esa
informacién, se calculé la potencia instantanea y a partir de esta Gltima, se obtuvo el
valor del consumo eléctrico, expresado en KWh.

Se realizé un analisis estadistico de la fiabilidad del sistema con respecto a un
sistema comercial, obteniendo valores dentro del intervalo de confianza que indican la
equivalencia de mediciones entre ambos sistemas, lo que indica que el sistema posee
un grado de aproximacion similar a un medidor de tipo comercial.
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Resumen. La navegacién auténoma de robots moviles se ha convertido
en un area de gran interés, debido a su presencia en diversas &areas
industriales. En este trabajo se propone la implementacién de un sistema
de control difuso tipo Mamdani que utiliza la defuzificacién del Método
del Centro de Maximos (COM), en una plataforma con recursos compu-
tacionales limitados (arduino UNO); demostrando asi, que es posible
implementar controles difusos en sistemas de poco poder computacional
sin tener que implementar un sistema de comunicacién a una plataforma
con mayores recursos (computadora).

Palabras clave: conjuntos difusos, légica difusa, control difuso, robot
diferencial, navegacién auténoma.

Navigation and Obstacle Avoidance System
Applying a Fuzzy Control System on an Arduino
UNO

Abstract. Autonomous navigation of mobile robots has become an area
of great interest, due to its presence in various industrial areas. This
paper proposes the implementation of a Mamdani type fuzzy control
system that uses the defuzzification of the Maximum Center Method
(COM), on a platform with limited computational resources (arduino
UNO); thus demonstrating that it is possible to implement fuzzy controls
in systems of little computing power without having to implement a
communication system to a platform with greater resources (computer).

Keywords: fuzzy sets, fuzzy logic, fuzzy control, differential robot, au-
tonomous navigation.

1. Introduccién

Actualmente la mayoria de las industrias estan empleando robots para la
realizacién de tareas, ya que estos poseen precision y repetibilidad en sus accio-
nes; razoén por la cual es de gran importancia el desarrollo constante de nuevos
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algoritmos de control que se adapten a los constantes cambios de tecnologia y
que se cumplan con los requerimientos eficiencia que se necesitan en cualquier
tipo de aplicaciones industriales, de medicina, etc. La capacidad de un robot
mévil de posicionarse de manera correcta es muy importante para que éste sea
capaz de alcanzar un objetivo o que pueda evadir obstaculos de un ambiente
industrial o de dificil acceso [1].

Por otro lado, es ya conocido que el control difuso nos permite implemen-
tar un control con razonamiento similar al de un ser humano, en un sistema
computacional. Es muy 1til cuando el sistema a controlar es complejo y no hay
un modelo matemaético o la implementacién de dicho modelo consume muchos
recursos, ya que el control difuso no requiere de ningin modelo para su uso.
Este tipo de sistemas se pueden mejorar facilmente pues el cambio de algiun
conjunto de entrada no afecta a las normas de control o al resto de los conjuntos
de entrada/salida [1].

Por lo dicho anteriormente, en este trabajo se propone un sistema de control
para la navegacion y evasién de obstaculos de un robot diferencial no holonémico
(RDNH) utilizando un sistema de control difuso tipo Mamadani.

Este articulo esta organizado de la siguiente manera: el estado del arte se
presenta en la seccion II, el desarrollo tedrico en la seccién III, el desarrollo
experimental se encuentra en las seccién IV, seguido de la discusién de resultados
en la seccién V y finalmente se presentan las conclusiones.

2. Estado del arte

En el pasado se han realizado otros trabajos para comprobar el desempeno
de diversos métodos para el control de robots mdviles. Por ejemplo, en [3] se
propone un sistema de control basado en la funcién de Lyapunov y para su
implementacion se tienen que encontrar tanto las variables a controlar, como
las ecuaciones de la velocidad lineal y angular del robot, las ecuaciones de las
velocidades angulares de los motores derecho e izquierdo y finalmente se usa
odometria para conocer la posicién del robot. Si se compara lo anterior con
un sistema difuso, puede apreciarse que la dificultad de implementaciéon en un
sistema difuso es mucho menor.

El trabajo realizado en [1] trata de un sistema de control de navegacién
parecido al propuesto en este articulo, en el que se usa la l6gica difusa y en donde
se observa que la implementacién del sistema es bastante sencilla, obteniendo
buenos resultados en la simulacién numérica del sistema. Un sistema de evasién
de obstaculos que hace uso de la légica difusa es [6], el articulo inicamente
trata el problema de la evasién de obstaculos, por lo anterior no se implementa
ninguna forma de navegacién para llegar a un objetivo. En [4] se propone
un sistema en chip que usa légica difusa para navegacién, este sistema estd
montado en un FPGA, por lo que aumenta la velocidad de procesamiento del
sistema de control. El trabajo en [7], usa un sistema neuro-difuso para la evasién
de obstaculos y esta implementado en una computadora la cual se conecta
inaldmbricamente con un robot que también le comunica las lecturas de sus
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sensores. Una implementacién similar a la propuesta en este trabajo, es la
presentada en [2]; en donde los comportamientos de evasién y navegacién utilizan
un control difuso. La implementacion del sistema se realizé en un robot Scout-II,
que a su vez se conecta inaldmbricamente a un host WiFi, en él se encuentra
montado un servidor con el sistema de control, lo anterior es posible debido
a que la velocidad de comunicacién es suficiente para que sistema responda
oportunamente ante cualquier situacién que se presente en el recorrido.

En los trabajos anteriores, la mayoria de los sistemas requieren de un sistema
externo para montar el control difuso que se comunica con el robot, aprovechando
asi la facilidad de programacion y lo recursos computacionales de los que podria
carecer el robot mévil que se controla. A pesar de lo anterior, hay ejemplos en [6],
[8], [5], en los cuales se han implementado controles difusos sencillos en placas
Arduino las cuales carecen de los recursos de una computadora; pero que se
podrian conectar al sistema a controlar mediante WiFi. Tomando como base lo
anteriormente dicho, en este trabajo, se usard también una placa Arduino para
la implementacion del sistema de control difuso propuesto. Ver seccion 4.

3. Desarrollo tedérico

3.1. Odometria

Ya que se usard control difuso, no se requiere un modelo del sistema, sin
embargo, el vehiculo requiere conocer su ubicacién en todo momento para saber
cémo debe comportarse y como afectan las decisiones que tome el sistema de
control. La odometria permite conocer la posicién del robot mévil. Se usara
dead-reckoning que es un método con base en la posicién y orientaciéon previas
al tiempo ¢t = t;. Usando una aproximacién de Euler en el modelo cinemético
del robot diferencia (ver ref.[2]).

X(k+1)=X(k)+v(k)Tscos(0(k)),
Y(k+1) =Y(k) + v(k)Tssin(0(k)), (1)
0(k +1) =0(k) + w(K)T;.

donde Ts = Ty4+1 — T} es el tiempo de muestreo. Lo més conveniente es usar la
distancia que se desplazé el robot durante el tiempo de muestreo, esto puede ser
calculado usando un encoder para conocer el desplazamiento angular de cada
llanta, otro método consiste en inferir dicho desplazamiento usando la velocidad
de desplazamiento a la que gira el motor, para esto se requiere que la velocidad
a la que gira el motor se pueda controlar, como se hace en un servomotor o un
motor paso a paso. Por lo anterior se modificé la ecuacién 1, quedando como
sigue:

X(k+1) = X(k) + T2 (AT} + AT,)cos(8(k)),
Y (k+1) =Y (k) + Z2(AT, + AT, )sin(0(k)), (2)
0(k + 1) = 0(k) + =2 (AT, — ATY).
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donde AT = Tjy1 — Ty, es la cantidad de revoluciones que realiza una rueda
en el tiempo de muestreo (I se refiere a la rueda izquierda y r, se refiere a la
rueda derecha).

A grandes velocidades el Dead Reckoning, muestra poca precisién en la es-
timacién de posiciones pero a velocidades bajas demuestra un buen desempeno
[2]. Este es el método que se uso en el desarrollo experimental de este trabajo
para conocer la posicién del robot.

3.2. Comportamientos

Para que el robot sea capaz de navegar hasta un obstaculo y ademés pueda
esquivar obstaculos, se requiere que tenga ambos comportamientos programados
y sea capaz de alternar entre ambos, para ésto se usaron sensores ultrasénicos
que permiten reconocer si hay un obsticulo frente al robot y a qué distancia se
encuentra el robot de el. Cuando los sensores envian una senal de una presencia
en cierto rango activaran el comportamiento que permite esquivar obstdculos
del robot y el robot comenzard a moverse de acuerdo a lo dictado por dicho
comportamiento y a su vez le permitird alejarse o evitar el obstaculo. Mientras
no haya nada que le impida el paso, el robot estara usando el comportamiento
de navegacion, que lo lleva a buscar la ruta més corta a un objetivo definido.
Alternando entre ambos comportamientos el robot es capaz de desenvolverse en
un entorno completamente desconocido. Una descripcién de la implementacién
de ambos comportamientos se puede ver en la figura 1.

3.3. Navegacion

El comportamiento de navegacion es el que hace que el robot se mueva hacia
el objetivo para que el robot cumpla con su misién. Las entradas de este sistema
son dos y los vemos representados en la figura 2, la distancia desde la posicién
del robot hasta el objetivo, la cual se calcula de la siguiente forma:

P=(X, - X))+ (Y, - V})?, (3)

donde X, Y, es el vector de posicién del robot, v X;,Y; es el vector que describe
la posicién del objetivo a alcanzar del robot.
La segunda variable de entrada de este control es el error de dngulo a:

a=p8-0, (4)

donde [ es el angulo del vector de distancia del robot al objetivo y 6 es la
orientacién actual del robot.

La salida del sistema son las velocidades de giro de los motores wgr y wr que
son la velocidad angular de la llanta derecha y la velocidad angular de la llanta
izquierda respectivamente. Los motores usados son motores Dynamixel AX-12A
los cuales no reciben velocidades angulares, sino valores que van desde -1023 a
1023, por esto la variable de salida no serd dada en rad/s, sino en valores con
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Fig. 1. Diagrama de flujo del comportamiento del robot mévil.
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Fig. 2. Distancia al objetivo (P) y error de orientacién («) [3].

el mismo rango al que trabajan los motores. Lo anterior es una ventaja pues no
es necesario calcular las salidas en velocidad angular y realizar conversiones de
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rad/s al valor numérico que representaria dicha velocidad en los motores, lo cual
acarrearia errores que se acumularian en cada iteracién del comportamiento.

Se usaron cinco conjuntos difusos para las variables de entrada, ésto nos
permite tener un mejor control y precisién. Para los conjuntos de la variable
P se usaron cuatro conjuntos triangulares para las distancias cercanas al robot
mévil y un trapezoidal para el conjunto que representa la distancia més lejana.
En cuanto a la variable de control « se usan cinco conjuntos triangulares y su
rango de operacién va de —m a w. En las figuras 3 y 4 se pueden ver las graficas
que muestran éstos conjuntos.

Membership function plots

nlnt 121

zero ne med far mf3
05
0 n —=— n i n = n
0 10 20 30 40 50 60 70 80 90
input “plstancia al objetivo (P)”
Fig. 3. Distancia al objetivo (P).
Membership function plots Elel 181
muyneg neg Zero pos muypos
05| 1
0 n n n n ! n £ n n

=]

—
{wi]

1 0.8 0.6 0.4 0.2 (1] 0.2 0.4 0.6

input*Error de orlentacion deldru_hnm'

Fig. 4. Error de orientacién del robot a.

Como ya se menciond, las variables de salida no serdn dadas en rad/s, sino en
valores entre -1023 y 1023. La velocidad a la que se mueven los motores cuando
se les da un valor de 1023 es muy alta y podria generar errores, por lo anterior
el rango de operacién de los motores se reducira a la mitad. En las figuras 5 y 6

podemos ver como son dichos conjuntos.
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Ya que tenemos cinco conjuntos de cada variable de entrada, se generan
veinticinco reglas difusas si-entonces las cuales se muestran en la figura 7.

ar
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Fig. 5. Velocidad de movimiento del motor Derecho (wr).
Membership function plots el 181
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W 100 200 300 AQ0 S00 GO0
output variable “wl”

Fig. 6. Velocidad de movimiento del motor Izquierdo (wl).

3.4. Evasion de obstaculos

La evasién de obstaculos por parte del robot, ocurre cuando los sensores
ultrasénicos detectan que hay un obstaculo que impide su avance, y que ademas
se encuentra dentro de la ruta generada por el comportamiento de navegacién.
Sus variables de entrada son las distancias medidas por los sensores ultrasénicos
(D1 y Dr). Las distancias estan expresadas en c¢m para facilidad del usuario, y
sus variables de salida son las velocidades de los motores, los cuales, al igual que
en comportamiento de navegacién se encuentran entre -600 y 600 para evitar
que el robot se mueva velocidades muy altas generando errores en la odometria.

Puesto que en este caso ambas variables tienen el mismo rango de trabajo,
pero en posiciones diferentes, se pueden usar los mismos conjuntos difusos para
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Fig. 7. Reglas difusas de navegacién.

ambas. Estos son cinco conjuntos trapezoidales que van desde 0 ¢m hasta 200
cm y se muestra en las figuras 8 y 9; aunque para mostrarlas correctamente sélo
se muestra el rango de 0 a 50 cm.

Los conjuntos difusos de las variables de salida se pueden ver en las figuras
10 y 11.

En este caso se generaran nueve reglas difusas que definirdan cémo responde
este sistema de control figura 12.

3.5. Robot mdévil

Para realizar las pruebas con el sistema de control se usé un robot cons-
truido con el kit Bioloid (figura 13), disponible en el laboratorio de Robdética y
Mecatroénica del CIC, se reemplazé el controlador que venia con el kit Bioloid y
en su lugar se usé una tarjeta de desarrollo Arduino UNO.

Los motores empleados para el movimiento del robot son dos motores AX-
12A, los cuales se comunican al Arduino mediante comunicacién serial, que
funcionan de 7v a 12v. Para controlar la velocidad se les debe indicar un nimero
en un rango de -1023 a 1023, mismo que representa los valores de la velocidad
méxima de giro del motor.

Para detectar la presencia de obstéculos y la distancia a la que se encuentran
estos del robot, se usé el sensor para Arduino HC-SR04.

3.6. Defuzificacion

El método de defuzificaciéon méas empleado es el método del centroide, pues
permite un control mas preciso, sin embargo este método implica el calculo del
area de los conjuntos difusos y esto va mas alla de las capacidades del Arduino
UNO, es por esto que para hacer la defuzificaciéon se usé el método centro de
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Fig. 8. Distancia al obstaculo sensor derecho.
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Fig. 9. Distancia al obstaculo sensor izquierdo.

méximos (COM), que se usé en [8], pues es un método que requiere pocos
recursos y operaciones algebraicas que fueron programadas en el Arduino UNO.

S p(ui) + ui

o= )

()

donde wui es el valor tipico de cada set difuso y p(ui) es el valor de pertenencia
en ese conjunto difuso.

El método COM es eficiente, si se utilizan conjuntos difusos simétricos,
ademas permite obtener salidas reales usando recursos computacionales limi-

tados [8].

4. Desarrollo experimental

Se anexa un link a un video del robot en funcionamiento:
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Fig. 10. Velocidad de movimiento del motor Derecho (wr).
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Fig. 11. Velocidad de movimiento del motor Izquierdo (wl).

Dr\DI zero med far
zero Rnf Rsl Rns
med

far

Fig. 12. Reglas difusas de evasién.

https://drive.google.com/file/d/10TFy71FWEoDNotDydwssSqNKfAXcAcFT/view?usp=
sharing

Se realizaron algunas pruebas con el sistema de control implementado en
el robot diferencial con el Arduino UNO (figura 14). En las pruebas el robot
300
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Fig. 13. Robot usado en las pruebas.

fue capaz de llegar a la posicién objetivo sin colisiones con los obstaculos y en
un tiempo corto (menos de un minuto en las pruebas realizadas). El drea en
el que se realizaron las pruebas fue en un escritorio del laboratorio de robdtica
y mecatrénica del CIC, esto debido a las limitaciones de la alimentacién del
sistema, se usé una fuente de 9v de CD conectada a la toma de corriente.

Fig. 14. Imégenes de las pruebas realizadas.
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En dos pruebas el robot colisioné con los obstaculos (figura 15(a)) que se
encontraban en el drea de pruebas. Debido a la ubicacién de los sensores ul-
trasénicos, el robot tiene problemas con los obstaculos que se encuentran fuera
del rango de visién de los sensores, pero que estan lo suficientemente cerca
como para chocar con sus llantas (figura 15(b)), que por el disefio del robot,
se encuentran mas alejadas del centro de lo que estan los sensores.

X

a) Choque del vehiculo con un obstaculo.

b) El Robot mévil tiene problemas con obstaculos muy pegados a sus costados.

Fig. 15. Problemas encontrados durante las pruebas del Robot diferencial.

5. Discusién

Los resultados experimentales demuestran que es posible implementar un
sistema de control difuso tipo Mamdani en una tarjeta embebida como el Arduino
UNO. Manteniendo los beneficios del uso del control difuso sin usar grandes
recursos de hardware o de realizar los calculos del control en una computadora.
Todo lo anterior, se reduce sélo a enviarle las variables de velocidad al robot.
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Si bien en algunas ocasiones el sistema fallé (ver figura 2) y el robot chocd
con los obstaculos, ésto se puede llegar a solucionar modificando los conjuntos
propuestos o las reglas, lo cual no representa ningin problema, pues la facilidad
de mejorar el sistema es una de las ventajas de los sistemas de control difusos.

6. Conclusiones

Si bien los sistemas de control difusos tipo Mamdani pueden llegar a requerir
muchos recursos computacionales, es posible y es sencillo el implementarlos en
sistemas de bajo poder computacional como un Arduino UNO, si bien se pierde
precision en los calculos comparando los resultados con un hardware con mas
recursos, ésto se puede compensar modificando la forma de los conjuntos difusos
de entrada. Trabajar el control difuso de esta forma permite que no sea necesario
implementar un sistema de comunicacion inalambrica o alambricamente con una
computadora, ni cambiar la placa de control por un sistema mas poderoso como
una Raspberry o una Beaglebone.

Como trabajo futuro se planea refinar este sistema de control modificando los
conjuntos difusos, redisefiando el robot, cambiando la ubicacién de los sensores
y las dimensiones de este.
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Earth Station Software for Hydropropelled Rockets

Abstract. An embedded system and an earth station software were
built for the acquisition and visualization of atmospheric variables, geolo-
cation and physical magnitudes. We used arduino and web programming
and websocket js, to create a point-to-point communication between the
sensor system and the web application. Finally, an integrated circuit with
sensors and a web application with communication was obtained through
an XBee.

Keywords: earth station, water rocket, hydropropulsion, embedded sys-
tem, web development.

1. Introduccién

El Instituto Politécnico Nacional a través del Centro de Desarrollo Aeroespa-
cial y equipos académicos miembros del comité organizador Antares Aerospace,
IPN Cuauhtémoc y la Asociacién Aeroespacial de ESIME Ticoméan. Convocaron,
a los estudiantes de todas las instituciones educativas pertenecientes a esta casa
de estudios, a participar en el Concurso Politécnico de Cohetes hidropropulsa-
dos 2019.

El concurso busco el desarrollo de un proyecto interdisciplinario, que simule
sistemas aeroespaciales complejos. Por un lado, la construccién de un cohete
hidropropulsado y por otro el desarrollo de un software de adquisicién de datos.
El software fue un aspecto técnico importante, ya que jugo el papel de una
estacién terrena, mediante una plataforma de adquisicién y visualizacion de
variables en tiempo real basados en moédulos embebidos. Se utilizé6 arduino,
obteniéndose un circuito integrado con sensores que median:

= Presion,

= Temperatura,

= Humedad relativa,

s Longitud y latitud mediante GPS,

= Aceleracién que sufre el dispositivo en 3 ejes,
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= Altitud.

El sistema es una aplicacién web con comunicacién a través de un XBee. Se uso
websockets con javascript, para crear una comunicacién punto a punto entre el
sistema de sensores y la aplicacion web.

Ademas, se desarrolla el sistema de informacién bajo un pensamiento sistémi-
co, ya que la sistémica busca crear una sinergia que conjunta soluciones parciales,
encontrando sus interrelaciones con la finalidad integrar propuestas como lo son
las tecnologias de informacién, tecnologia aeroespacial y sistemas embebidos.

Actualmente, los sistemas para realizar mediciones de variables atmosféricas
en estaciones terrenas utilizados en México pueden llegar a ser de alto cos-
to econdémico, y el acceso al mismo se dificulta debido a que los fabricantes
constituyen un mercado reducido. La tendencia actual de utilizar software y
hardware de libre distribucién, permite tener acceso a dispositivos relativamente
sencillos, pero con capacidad de procesamiento adecuado a la implementacién de
diferentes instrumentos y funcionalidades. Asi, hablar de estaciones terrenas y su
equipamiento es un tema amplio que requiere un analisis a profundidad, por ello
el presente articulo se centra en el software de interfaz de usuario, una interfaz
grafica para realizar procesos de medicion de variables y al mismo tiempo un
sistema portable y escalable que forma parte del médulo de censado y captura
(Payload) para el cohete del concurso.

2. Andlisis del entorno de los sistemas actuales de
monitoreo

Actualmente existen sistemas de monitoreo de diferentes variables y en lo
que respecta al uso de sistemas embebidos e ingeniera de software enfocado a
la web hay bibliografia variada reciente y ambos son un tépico estudiado en los
dltimos afios. En la tabla 1 se presenta tres proyectos [8], [9], [10], que involucran
tecnologias similares realizados por diversos autores con la finalidad de mostrar
aportes en el proceso de investigacion y desarrollo de estaciones de monitoreo.

3. Sistemas de hidropropulsién bajo un enfoque sistémico

3.1. Ciencia de Sistemas

El pensamiento sistémico no busca solucionar problemas ni proponer solu-
ciones practicas, mas bien es una metodologia integradora para el tratamiento
de los problemas cientificos. Por lo tanto, con un enfoque de sistemas podemos
resolver los problemas de un sistema mayor en vez de sistemas componentes,
nos enfocamos por optimizar la eficacia del sistema total en lugar de mejorar la
eficacia de sistemas cerrados [3].
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Tabla 1. Proyectos relacionados con el tema en cuestién.

Objetivo Categoria Instrumentos Resultado
Ruiz-Ayala, D. C., Vides-Herrera, C. L
. Se utilizé un
A., & Pardo-Garcia, A. (2018) Software y A Integracion de
. . . microcontrolador
Monitoreo de variables Desarrollar un sistema [hardware para un software y harware
L , . . MSP432 encargado del .
meteoroldgicas a través de un para el monitoreo sistema de que proporcionan
. PR TR N 5 L muestreo y
sistema inaldmbrico de adquisicion |inaldmbrico de variables |monitorizacién web e datos en la web para
) . . ... N transmision de las .
de datos. Revista de investigacion, |climaticas de sefiales N 3 su tratamiento y
. ) sefales monitoreadas P
Desarrollo e Innovacién, 8(2), 333- industriales. analisis.
a una Raspberry PI
341.
Rivera, A. F. G., & Clavijo, F. V. . Monitoreo de . Monitoreo de
Desarrollar un prototipo . La Raspberry Pi 3 es

(2016). Monitoreo De Sensores En . sensors; sistemas sensores en tiempo

S . de cdmara R una computadora de .
Aplicaciones Web Embebidas. In . embehidos; . real. La tecnologia

. X multiespectral para uso A placa reducida. i~

International Congress of Basic servidor web; websocket facilita la

sci o Engi ing €11 (N en agricultura de denador de pl Procesador ARM it L N
ciences and Engineerin, 0. - ordenador de placa .. |interaccién entre
8! e precisidn. P Cortex-A53 de 64-bit

105, pp. 4399-4402). Unica. programas

Un medidor de
Monitorear el consumo

L . potencia,
, . de energia eléctrica y Sensor de potencia
Pérez, P. D. (2018). Sistema . empleando el
R B compararlo con las . |T9B032 con arduino L
embebido basado en el monitoreo | " Sensor de potencia, principio de
) . indicaciones de datos N L, nano. ESP 8266 para K .,
de consumo de energia eléctricade| , . - induccién . induccién
L, técnicos especificados y L. enviar el L.
electrodomésticos para el control electromagnética y . electromagnética
N | corroborar los . . monitoreo del sensor a K R
del gasto. Revista Tecnologia sistema embebido. . (Bobinas), enviando
L. resultados para localizar una pagina web en o
Digital. Vol , 8 (1), 69-80. A la sefial a un nano-
problemas de consumo tiempo real. .
arduino, y
excesivo.

enviandolos via web.

3.2. Sistemas espaciales de bajo costo

Existen diferentes tipos de sistemas de exploracion espacial, los mas comunes
son los satélites, dependiendo de su aplicaciéon, estos varian en tamano y masa.
Segun [1, p. 5], los hay desde aquellos de varios metros de envergadura, como
por ejemplo el Telescopio Espacial Hubble, hasta los de poco centimetros, como
los empleados en los proyectos CanSat.

Los satélites miniaturizados son disenados de la misma manera que los satéli-
tes grandes, sin embargo, dadas las limitaciones en cuanto a espacio y masa, sus
misiones suelen ser mucho més especificas [1, p. 5]. Una ventaja importante es
su bajo costo, corto tiempo de preparacién y la simplicidad de sus disefios. A
continuacion, se define una tecnologia aeroespacial de bajo costo muy popular,
el cansat, asi como las principales variables de medicion.

Plataforma Cansat. El CanSat consiste en una plataforma que simula un
sistema espacial, en este caso es un nanosatélite, el cual cabe en una lata de
refresco de 350 ml. Los CanSat no orbitan, pero mediante su lanzamiento a través
de un cohete (de hidropropulsién, por ejemplo), un globo sonda o un avién a
escala de control remoto, se pueden realizar pruebas y transmitir informacién de
telemetria mientras descienden lentamente a tierra usando un paracaidas u otro
método de descenso, desarrollando asi la misién para la que fueron construidos

[2, p. 3].
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Variables de mediciéon. A la tarea de fabricar y colocar en orbita satélites
se le llama misién. Las misiones son bastante variadas, existen retransmisores
para telecomunicaciones, telescopios dpticos, satélites con cdmaras, etc. A pesar
de esto y por muy diferentes que las misiones sean, siempre se cuenta con lo
mismos subsistemas [1, p. 6]. Los subsistemas tipicamente utilizan componentes
comerciales para su electronica. Dentro de estos subsistemas encontramos ante-
nas, telemetria, sistema de potencia, control térmico, propulsién, entre otros. Las
variables a medir depende de cada misién. Por ejemplo, un globo sonda “normal-
mente incluye una camara, sensores de temperatura, sensores de presién, células
solares, etc. y estdn conectados a equipos de seguimiento y comunicaciones. El
globo se suelta y se eleva hasta que el globo estalla (normalmente a 25 km
de altitud). En este punto las cargas utiles regresan a la superficie a través de
paracaidas, transmitiendo datos de posicién via radio” [5, p. 2].

Estacion terrena. La comunicacion en tiempo real se lleva a cabo por una
estacién terrestre, esta forma parte del sistema de telemetria, rastreo y mando.
“Una estacion terrena es el equipo que se encuentra en algin punto de la
Tierra y establece comunicacion con el satélite; puede ser fija o estar instalada
en lugares méviles, ya sean terrestres, maritimos o aéreos; son utilizadas para
recibir, transmitir o ambas” [13, p. 363].

El tipo de equipo encontrado en una estacién terrena varfa segin su uso (ya
sea para comunicacién transcontinental o un para un satélite) y depende también
de la naturaleza de la mision, pero existen similitudes en todas las estaciones.
Segtin [6, p. 625], los elementos principales dentro de una estacién terrena son:
Sistema de antena, Transmision y recepcién de equipos de radiofrecuencia, Equi-
pos de telemetria, seguimiento y comando (TT&C), Interfaz de usuario de
datos, recuperacion de datos de la misién, centro de control de la estacién y el
reloj del sistema.

3.3. Ingenieria de software y aplicaciones web

La ingenierfa de software, segin [11], es una disciplina de la ingenieria que
comprende todos los aspectos de la produccién de software, desde la etapas
iniciales de la especificacion del sistema hasta el mantenimiento de éste después
de quede se utiliza. Sin embargo, “aunque la ingenieria consiste en seleccionar
el método mas apropiado para un conjunto de circunstancias, un enfoque més
informal y creativo de desarrollo podria ser mas efectivo en algunas circunstan-
cias. El desarrollo informal es apropiado para el desarrollo de sistemas basados
en web, los cuales requieren una mezcla de técnicas de software y de diseno
gratifico” [11, p. 6 ].

De acuerdo con [7, p. 47], una aplicacién web (web-based application) es un
tipo especial de aplicacién cliente/servidor y se define bajo tres niveles tipicos:
el nivel superior que interacciona con el usuario (el cliente web, normalmente
un navegador), el nivel inferior que proporciona los datos (la base de datos) y el
nivel intermedio que procesa los datos (el servidor web). Tanto el cliente como el
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servidor (el servidor web) y el protocolo mediante el que se comunican (HTTP)
estan estandarizados y no han de ser creados por el programador de aplicaciones.

En una aplicacion web la interfaz grafica esta en el cliente web. “El cliente web
es un programa con el que interacciona el usuario para solicitar a un servidor
web el envio de los recursos que desea obtener mediante HTTP, explica. La
parte cliente de las aplicaciones web suele estar formada por el cédigo HTML
que forma la pagina web més algo de cddigo ejecutable realizado en lenguaje
de script del navegador (JavaScript)”[7, p. 47]. Hoy los frameworks Frontend
facilitan la creacién de interfaces de usuario, ya que tienen una estructura de
archivos y carpetas de c6digo estandarizado (HTML, CSS, documentos JS, etc.),
ademas de tener diseno responsivo.

3.4. Sistemas embebidos

Segtin [4, p. 2], existen varias definiciones de un sistema embebido o empo-
trado, aunque a grandes rasgos se puede entender como sistemas electrénicos de
proposito especifico programables. [4] nos da su propia definicién: “Un sistema
embebido es un sistema basado en microprocesador que estd disenado para con-
trolar una funcién o rango de funciones y no esta disenado para ser programado
por el usuario final de la misma manera que una PC”.

Asi mismo, un sistema embebido es un sistema de informacién que cumple
con el objetivo de la automatizaciéon de procesos. “Un sistema de informacién
(SI) es un conjunto de elementos o componentes insurreccionados que recopilan
(ingresan), manipulan (procesan), almacenan y difunden datos e informacién (de
salida) y proporcionan una reaccién correctiva (mecanismo de retroalimentacion)
para cumplir un objetivo”[12, p. 10], ademés de ser apoyo en el proceso de toma
de decisiones.

s Sensores:El funcionamiento de un sistema embebido, en términos generales
consta de: Entrada (sensores y/o periféricos), Proceso (Tiempo real), Salida
(respuesta, resultados, periféricos). De este modo, a los sistemas embebidos
se les puede conectar varios tipos de accesorios que le dan versatilidad en
distintas tareas. Sus médulos de E/S analégicas y digitales suelen emplearse
para digitalizar senales analdgicas procedentes de sensores, de esta manera
se tiene una interaccién con diversos componentes para medir o controlar
objetos del mundo real. La gran mayoria de estos son de bajo costo y bajo
consumo de energia.

= Microcontroladores:El componente principal de un sistema embebido es el
susbsistema de procesamiento. “Los microcontroladores se pueden considerar
como sistemas independientes con procesador, memoria y periféricos, de
modo que en muchos casos todo lo que se necesita para usarlos dentro de un
sistema integrado es agregar software” [4, p. 11]. Existen placas de desarrollo
de hardware que facilitan el uso de la electréonica y programacion de sistemas
embebidos, ofreciendo bajo costo econémico y facilidad de uso, siendo los mas
comunes: Arduino, Raspberry y PIC. Su principal ventaja es tener una gran
comunidad de usuarios que lo respaldan. Por lo que hay disponibles multitud
de tutoriales, herramientas, ejemplos de uso, librerfas y hardware de E/S.
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= Comunicaciones:Para comunicar un sistema embebido existen soluciones in-
tegradas que brindan un medio inalambrico para la interconexién y comu-
nicacién entre dispositivos, en la tabla 2 vemos las prestaciones que ofrecen
médulos de transmisién inalambrica mas usados.

Tabla 2. Comparacion entre sistemas de comunicacién.

Wi-Fi Bluethooth| XBEE
Velocidad < 50 Mbps|1 Mbps (méx) :250.000b/s
Rango de alcance|50 metros |10 metros [1200 metros (al aire libre)
Precio Caro Medio Barato
Configuracion Compleja |Compleja |Simple
Duracién baterfa |Horas Dias Anos

Fuente: Elaboracion propia.

Como se observa los médulos XBee son una tecnologia que hace frente a
las necesidades de bajo costo y redes de bajo consumo, con un estandar global
abierto.

4. Materiales y métodos

En esta seccién se presenta los componente de la plataforma embebida, asi
como el diseno de interfaz de usuario mediante el uso de tecnologias web.

4.1. Subsistema de sensores

La eleccién de los sensores se realizd en funcién de la misién para el cohe-
te hidropropulsado, es decir, deberd tener médulos de censado que midan las
siguientes variables: presién, temperatura, humedad critica longitud y latitud
mediante GPS, aceleracién en tres ejes y altitud.

Por lo tanto se obtuvieron los siguientes sensores:

Tabla 3. Modelos de sensores utilizados.

Modelo del
Variable sensor
Temperatura y humedad | DHT11

Aceleracion, Altura, presion barométrica, magnetémetro | IMU-GY80
GPS | GP-635T
Sensor de polvo ' GP2Y1010

Cabe mencionar que se incluyé un sensor de calidad del aire, en especifico
un sensor de polvo. A continuacién se hace un analisis de criterio de seleccién
de cada uno de los sensores adquiridos.
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1. DHT11. Es un sensor digital de temperatura y humedad relativa, un dispo-
sitivo sencillo, de bajo costo y de facil uso. A nivel de software se dispone
de librerias para Arduino. En cuanto al hardware, solo es necesario conectar
el pin VCC de alimentacién a 3-5V, el pin GND a Tierra (0V) y el pin de
datos a un pin digital en un Arduino.

2. IMU-GY80. Es un médulo muy practico pues incluye un giroscopio, ace-
lerémetro, brijula digital, y un sensor de presién barométrica, todo en un
mismo chip. Todos los sensores individuales son accesibles a través de 12C
lo que sélo necesita 4 conexiones para acceder a todos los sensores. Lo que
nos ayuda a ahorrar mucho espacio.

3. GP-735T. Este GPS es delgado y tiene una antena a interna, lo que es
importante pues no se tiene mucho espacio para trabajar, ademas tiene una
sensibilidad de seguimiento muy buena y un arranque en frio de unos 27
segundos aproximadamente. Su voltaje de operacién entre 3,3 V a 5,5 V. Lo
que garantiza un buen rendimiento de bateria.

4. GP2Y1010. Permite medir la concentracién de polvo en el aire usando la luz
infrarroja reflejada, incluso particulas humo muy finas. Tiene un consumo
de corriente muy bajo (méximo 20mA, valor tipico 11mA), ademés nos dard
un indicador de la calidad del aire.

Eleccién de dispositivos de manejos de datos (Seleccién de antena).
En la siguiente tabla vemos las prestaciones que ofrecen médulos de transmisién
inaldmbrica mas usados.

Tabla 4. Mdédulos de transmisién inaldmbrica més usados.

Wi-Fi Bluethooth XBEE S2C
Velocidad <50 Mbps 1 Mbps (méx) :250.000b/s
Rango de alcance 50 metros =10 metros 1200 metros (al aire libre)
Precio Caro Medio Barato
Configuracién Compleja = Compleja Simple
Duracion bateria Horas Dias Afios

Mientras la tecnologia Bluetooth esta orientada a la movilidad del usuario
y a eliminar el cableado entre los dispositivos de corta distancia, Xbee esta
orientado hacia el control remoto y la automatizacién, ademas el alcance en la
transmisién es bastante mayor. Cabe decir, que los factores de programacién de
cada antena no condicionan la eleccién. Solo se considera nuestra prioridad un
alcance amplio en el envio de datos, por tanto se decanta por el XBee S2C por ser
un médulo de bajo costo y bajo consumo de energia. Con él se tiene un alcance
de 1200 metros al aire libre. Esta optimizado la conexién con microcontroladores
lo que ayuda con el objetivo del proyecto e incorpora la comunicacién SPT (serial
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peripheral Interface) que provee un intercambio de datos con una alta velocidad
entre dispositivos.

4.2. Subsistema de potencia y diseno electrénico

Circuito eléctrico. Al igual que con los sensores se hace un pequeno anélisis
de criterio de seleccién del sistema principal (Arduino) y subsistema de potencia.

1. Arduino Pro mini. El chip Atmega328P-AU corriendo a 16Mhz es una de las
grandes ventajas de esta placa, ya que permite mantener un procesamiento
Optimo a bajo consumo de energia. Se eligié por su bajo costo y diseno, ya
que estd pensado para aplicaciones que requieren el menor tamano posible,
ademads de su programacién en un lenguaje de alto nivel: Processing que es
similar a C++.

2. XL6009E1. Este moédulo de fuente de alimentacion actia como regulador-
elevador de voltaje, tiene un rango que va de 3V hasta 35V, es de alto
rendimiento en términos de corriente de salida, proporcionando una corriente
méxima de 4 amperes (con disipacién de calor necesaria), es usado para
aplicaciones en las que se necesita un nivel de tensién constante a la salida
ante cualquier tipo de variaciones de voltaje a la entrada del moédulo. De
este modo, podemos conectar varios dispositivos sin una caida de voltaje.

Distribucién de potencia. En la tabla 5 se presentan las caracteristicas
eléctricas basicas de los circuitos que conforman el sistema eléctrico:

Tabla 5. Caracteristicas eléctricas basicas de los componentes de censado.

« Voltaje de funcionamiento: 5v
Arduino «  Voltaje de entrada: 5 — (12v, pin “RAW")
Corriente maxima: 150mA
Voltaje de funcionamiento: 2.7V a 3.6V
potencia Transmision: 6.3mW output (+8dBm)

Xbee S2C
e Corriente — Recepcion: 31mA
Bajo consumo de corriente (1uA en modo sleep)

« Voltaje de entrada:  3V-32V (voltaje 6ptimo 5V-32V)

* Voltaje de salida: 5-35V Ajustable

« Intensidad maxima de entrada: 4A (usar disipador térmico)
XL6009E1 * Intensidad maxima de salida: 3A

« Eficiencia aproximada: 94%

« Frecuencia de trabajo: 400KHz

« Rango de temperatura trabajo: -40 a +85 grados centigrados
DHT11 e Voltaje de operacion: 3.3 o 5V DC

e Corrientes de operacion: (VCC=5V, T=25°C) - 0.5a2.5 mA

« Voltaje de funcionamiento tipico: 4.5V a 5.5V (MAX: 7V)
il L + Bajo consumo de corriente (MAX: 20mA)
GP-735 e Corriente de Recepcion: 37TmA

« Voltaje de entrada: 3.1V ~ 5.5V

* Voltaje: 3.3V a5V
MU GY-80 « Derivado de la especificacion para el bus 12C. Arduino El
maximo absoluto para cualquier pin 10 individual es de 40 mA,
por tanto seria el consumo para el bus 12C.

« Bateria de li-tio-polimero (LiPo) de 1200mAh, 3.7v 1C (1 celda),

Bateria con conector tipo JST hembra.
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Utilizando la ley de ohm se explica porque el subsistema de potencia es capaz
de alimentar todos los otros subsistemas, en la figura 1 se muestran las férmulas

para la demostracion:
J—
=%
i

Fig. 1. Formulacién matematica de la ley de ohm.
Fuente: Elaboracion propia.

Las relaciones bésicas en el subsistema de censado pueden verse como un
circuito equivalente conectado en paralelo (figura 2). Donde Sn presentan los

senadores.
===

L
Fig. 2. Circuito equivalente conectado en paralelo.

Fuente: Elaboracion propia.

El circuito requiere un voltaje minimo (16gico) de 3.3v para funcionar co-

rrectamente, sin embargo las diferentes cargas ttiles pueden requerir un voltaje
superior. Para cubrir esa necesidad se incluyé un voltaje secundario con re-

gulador conmutado (dispositivo XL6009EL). Por lo tanto, el circuito se puede
redefinir con una fuente de alimentacion, fijando la tensién en 5 voltios, quedando

|

el circuito anterior como el que se muestra en la figura 3:
s3) (s4)
/

- ] — I
N
O [ ®

Fig. 3. Reduccién del circuito equivalente conectado en paralelo.
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Fuente: Elaboracion propia.

Como se conocen los voltajes y corrientes correspondientes a cada dispositivo
313

y teniendo en cuenta que el circuito esta en paralelo, este se pude simplificar
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utilizando el concepto de la resistencia equivalente. Se utilizara la formula de la
figura 4, para calcular la resistencia total.

Rt = 1
-1
RiTRZ'

1
bR

8-
&

Fig. 4. Formula de resistencia total.

Antes de proceder con la operacién, se calculan las resistencias que se tienen
en cada dispositivo dentro del subsistema:

. v
T
Arduino = 5v 100
TaUNO = 51504~ 30
5v 5000
Xbee = —— = ——
0.0314 31
DHT11 = v 2000 Q
~ 0.00254
S5v
GP2Y1010AUOF = ———— =250 Q
0.0204
PS = 5v 5000
T 00374 37
GY80= ——— =1250
0.0404

Fig. 5. Calculo de las resistencias del subsistema.

Teniendo el valor de las resistencias, podemos calcular la resistencia equiva-
lente, entonces:

1
Rt =

Q
3 31 1 .1 .37 1
100 " 5000 T 2000 * 25 T 5000 T 25
¢ = 10000 o 17.825311943
~ 561 T

Fig. 6. Resistencia equivalente.

Con estas operaciones ya es posible calcular un nuevo circuito con la ley de
Ohm. En comparacién con el circuito en serie la cantidad de resistencia es menor

porque se divide la corriente. De esta forma, en la figura 7, tenemos el circuito
equivalente.
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_ 10000
561

Fig. 7. Reduccién del circuito equivalente conectado en paralelo.
Fuente: Elaboracion propia.

Con el circuito equivalente se obtiene la corriente total del circuito, usando
la Ley de Ohm. Tenemos el voltaje (5V), la resistencia total (Rt), entonces la
corriente total se obtiene como en la figura 8.

LoV s _ames
¢= R ~ 10000 _ 10000  200°m™
561

Fig. 8. Corriente total.

La bateria que se estd utilizando nos da una corriente de 1200 mAh, con
lo cual podemos calcular el tiempo de descarga de la bateria en funcién al
subsistema de sensado, entonces tenemos la resistencia equivalente (Fig. 9).

280.5mA

1h _ 60min

Si tenemos que: =
023 h t

Entonces tenemos un tiempo aproximado de

t = 13.8 min

Fig. 9. Resistencia equivalente.

Con lo cual el subsistema que alimentamos con la bateria tendria una co-
rriente apropiadamente suministrada por un total de 14 min aproximados, sin
sufrir pérdidas de energia, con lo cual para al objetivo que persigue el cohete
hidropropulsado que es la mediciéon de variables después de su lanzamiento, es
cubierto por el sistema de potencia pues se satisfacen las necesidades de energia.

4.3. Subsistema de comunicaciones y manejo de datos

Diagrama de flujo de datos. Se muestra la representacion grafica del flujo
de datos a través de un diagrama de flujo de datos o DFD (sus siglas en espanol
e inglés) para el sistema de informacién que se encargara del manejo de datos y
la comunicacién entre el cohete y la estacién terrena.
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Nota: Cabe destacar que el

. , - simbolo de cuadrado (inter-
Simbologia: ) - .
[ Almacén de faz) también es conocido co-
datos

mo entidad exterior.

ADC Estacién
terrena
(rC)

Variables Sensores

del ambiente Comunicacién

Serial (Xbee B)

Y
Xbee - Web AP
(Front end)

Controller
Framework Laravel
(Back end)

Arduino
Comunicacign
Serial (Xbee A)

Wariables atmosféricasy
geogrificas

Fig. 10. Diagrama de Contexto: Nivel 0.
Fuente: Elaboracion propia.

La figura 10 nos muestra las variables del entorno o ambiente que seran el
insumo de entrada para nuestro sistema. Entre los sensores y el sistema Arduino
existe un proceso de conversion de senal analdgica a digital. Posteriormente se
realiza el proceso de comunicacién inalambrica por medio de dos sistemas Xbee
(A y B). Donde el Xbee A estd transmitiendo los datos que te tomaron de los
sensores y el Xbee B los recibe y transfiere a la computadora. La computadora
actia como un servidor remoto y se comunica con el Xbee B mediante un API
en JavaScript. Teniendo los datos del lado del cliente (front end) enviadnos la
informacién para su almacenamiento, por medio de un proceso de guardado que
se realiza por un framework (back end).

4.4. Diagrama de comunicaciones

A grandes rasgos la comunicacién es la transferencia de informacién con sen-
tido desde un lugar (remitente, origen, fuente, transmisor) a otro lugar (destino,
receptor), tal y como se muestra en la figura 11.

Sefal de Sefial Senal Sefial @
Enlraada Transmitida Recibida Saﬁdae

Canal de
Transmision

Transmisor

Fig. 11. Elementos bésicos de un sistema de comunicaciones.
Fuente: Elaboracion propia.
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Bajo la premisa anterior, el sistema de telemetria, para la misién del cohe-
te hidropropulsado, lleva a cabo la implementacién de este concepto como se
muestra en la figura 12. Aqui se presentan bloques del sistema de comunicacién,
donde la fuente de informacién principal proviene del exterior y el transductor
de entrada serdn las senales de los sensores de entrada.

Bloque de Adquisicion
3 i Médulo
Xbee : . Xb:
Interfaz N ZigBee 802.15.4 ¢ Interfaz
Serie —_———— Serie
Y - \ s
-~

Comunicacion
inalambrica

Fig. 12. Elementos basicos de un sistema de comunicaciones.
Fuente: Elaboracion propia.

En este punto se puede describir la comunicacién que tendréan entre cada
sistema, principal de la misién.

1. Concepcién General del Sistema de Adquisicién de Datos (Bloque de Adqui-
sicién): El Bloque de Adquisicién, ubicado junto al grupo de sensores, estd
integrado por un microcontrolador y conectado con un médulo de comunica-
cién inalambrica XBee. El sistema podra adquirir varias sefiales analdgicas.
La presencia de un microcontrolador con entradas analégicas permite digi-
talizar la senal analdgica recibida, lo que facilitara su procesamiento y trans-
misién. El usuario recibira la informacién del monitoreo en tiempo real o la
podra consultar cuando desee, dado que los datos adquiridos se almacenaran.

2. Comunicacién inaldmbrica: Los XBee estd basados en el estandar ZigBee.
ZigBee es una tecnologia inalambrica basada en el protocolo IEEE 802.15.4,
una tecnologia de red inalambrica que opera a 2,4GHz. Desde el programa
que se ejecuta en el microcontrolador se configura el médulo conectado a él, y
desde la PC se configura el otro médulo con la herramienta XCTU conectado
a esta. El usuario solo tiene que garantizar que el dato a transmitir esté en la
salida del puerto serie del microcontrolador. Los médulos XBee se encargan
de ejecutar todas las tareas necesarias para la comunicacién.

3. Comunicacién con el servidor: Se trabaja con sockets en Node.js, con esto
tenemos un API (front end) que se utiliza para comunicarse con el médulo
de radio de protocolo 802.15.4 y ZigBee. El socket no se encarga de la
conexion serie en si, pero se podra conectar a médulos como serialport (una
dependencia npm), que facilitan el acceso al puerto serial. Por otra parte,
para lograr una integracién entre el xbee y el servidor (en back end) se tienen
dos sitios web separados capaces de comunicarse a través de un servicio web.
Se tiene el primer sitio web (A) que interactia con los datos directamente,
es decir, el médulo xbee y este expone la API, para que el otro sitio web
(B), bajo el framework Laravel, lo consuma. De este modo el framework
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podré interactuar con la base datos (en un futuro) y crear los registros de
los datos capturados.

4.5. Protocolo de recepcién y muestreo de datos

En la figura 13 muestra un protocolo de recepcién y muestreo de datos béasico
y se establece de la siguiente manera:

Recepcion ——»  Muestreo 3| Presentacién

Fig. 13. El protocolo de recepcién y muestreo de datos.
Fuente: Elaboracion propia.

= Recepcion de datos. Este objetivo se cumple gracias al médulo hardware
XBee, que captura senales y las pone de forma digital. Los médulos XBee
tienen dos formas de trabajo: el modo transparente y el modo API. Para el
proyecto se utilizé el modo transparente. Este modo estd destinado princi-
palmente a la comunicacién punto a punto, donde no es necesario ningin
tipo de control.

= Muestreo de datos. El objetivo es analizar las senales que se obtuvieron
en la etapa anterior. Como se mencioné la comunicacién es transparente,
es decir, se recibe lo que se envia. En el modo transparente el dispositivo
funciona como un puente Serial-Zigbee, es decir, la informacién que se recibe
por la USART es transmitida por el aire, en una frecuencia de trabajo de
433MHz, debido a que es una banda de libre uso.

= Presentacion web de los datos muestreados. El objetivo de esta etapa
es la presentacion web de los datos muestreados. Este objetivo se cumplio
disenando dos servidores web que usan JavaScript y node.js.

4.6. Diagrama de bloques de estacion terrena

A continuacién, en la figura 14 se presenta el diagrama de bloques para el
software de la estacién terrena:

En primer lugar se tiene al mdédulo Xbee, este es el encargado de recibir
los datos que provienen de los sensores. Este se conecta a la PC haciendo
uso de Serialport-API. Se usa los sockets de JavaScript para lograr un enlace
UART!. Se puede decir que se tiene un primer cliente que le hard peticiones a
un servidor web.

! UART, son las siglas en inglés de Universal Asynchronous Receiver-Transmitter,
en espanol: Transmisor-Receptor Asincrono Universal, es el dispositivo que controla
los puertos y dispositivos serie.
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CLIENTE SERVIDOR
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Node.js et b (PC) — XBEE

Fig. 14. Diagrama de bloques para el software de estacién terrena.
Fuente: Elaboracion propia.

Una vez establecido el enlace UART, es preciso enviar estos datos al servidor
web, el cual estd alojado en una maquina remota (PC). Para lograr esto se hace
uso de Node.js y express.js este ultimo es un frawework web. El mdédulo Express,
es el encargado de enviar el archivo HTML al cliente (el front end), cuando este
realice solicitudes al portal, y asi el médulo xbee-api, se dedicara a manejar el
trafico de informacién (las variables a monitorear) entre el cliente y el servidor.

La arquitectura utilizada para el diseno de la aplicacién (el back end) estd
dividida en 3 capas (Presentacién, Légica del Negocio y Datos) y 2 niveles
(Cliente y Servidor). La capa de presentacién posee la interfaz gréfica de usuario.
La capa de légica del negocio posee el controlador. Finalmente, la capa de datos
o de persistencia almacena la informacién referente a los datos del negocio (las
variables de los sensores). Para tener una arquitectura y disefio solido se usa un
marco de trabajo o framework llamado Laravel basado en MVC. Por tltimo, la
persistencia se puede obtener por medio de una base de datos estructurada entre
Laravel y MySQL, por ejemplo.

4.7. Diseno grafico y funcional

Al ser una aplicacion web, la funcionalidad de la interfaz deriva de su facilidad
de consultar informacién mediante un navegador web (en smartphones, tablet,
portétil o PC) conectado al servidor, sin tener que instalar el software (lo que
ocurrirfa con un software de escritorio). Para construir la interfaz grafica se
utilizé6 Bootstrap, este framework nos proporciona un ”cascaron“ con un diseno
profesional y editable, sin tener que lidiar con el diseno de un sitio, sobre el cual
se construyo la interfaz web de la estacion terrena, ademés ofrece la ventaja
del ahorro de tiempo para integrar la informacién ya que este cuenta con una
estructura definida y esta optimizado para ser responsivo.
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5. Resultados y conclusiones

Se cumplié con los objetivos, obteniéndose un sistema integral de bajo costo,
que ademads ofrece la ventaja de ser un sistema con portabilidad y al mismo
tiempo escalable. Este software deja un precedente de como hacer software de
estaciones terrenas para este tipo de concursos. Se obtiene un circuito encargado
de transmitir informacién de las diferentes variables que se necesitaban cubrir,
con un peso 165 gramos de carga total. En la figura 15 se presenta el circuito
encargado de la telemetria.

Fig. 15. Circuito de telemetria.

Asimismo, durante el concurso el proceso de medicién funcioné correcta-
mente. Aunado a esto el software fue la mejor estacién terrena. Lo que en
consecuencia se logrard tener un primer lugar en el concurso. Por otra parte, La
interfaz del sistema de monitoreo, permitié la manipulacién de la estacién por
parte de otros usuarios de manera sencilla, a la vez que permitié la comunicacién
con computadoras, por ejemplo en el caso de la geolocalizacién, en el cual los
jueces podian verificar, en tiempo real, la ubicacién a través del API embedido
de Google Maps.

Finalmente, los resultados permiten concluir que es posible desarrollar esta-
ciones de monitoreo o estaciones terrenas de bajo costo, a partir de dispositivos
electronicos y software de uso comun, con rendimiento similar al de los equipos
comerciales. Sin embargo, hay que ser conscientes de que este tipo de desarrollos
depende siempre de variables como: internet, dominio o ambiente, infraestructu-
ra, entre otras cosas. A pesar de esto, se puede decir que la estacién terrena es un
sistema integral que podria reducir considerablemente los costos en un proyecto
real en el tema de la tecnologia espacial o de meteorologia, por ejemplo.

En la figura 16 se muestra la vista del diseno grafico de la interfaz para la
estacién terrena.
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Fig. 16. Vista de la interfaz terrena.
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Abstract. Basic geometry figures and colors are some of the first ap-
proach on children mathematics learning, this process tend to be long-
time and often is needed several sessions to learn these concepts correctly.
Classical teaching models require a teacher and students, where teacher
show the concept (name, form) and student repeat. Cases where the con-
cept is not learned in a group, it is required personal sessions one-to-one,
taking more time that teacher can give to each student. In this paper
we propose the use of NAO robot as an educative platform to teach
colors and geometry forms to children, using voice and image processing,
with a game-like structure ensuring the learning process result in correct
learning.

Keywords: NAO robot, teaching robots, geometric forms.

1 Introduction

The use of Information and Comunications Tecnologies (ICT) on daily life is a
reality of our times, in education is a complement that allow a better transmission
and demonstration of knowledge, however, this most be implemented with the
correct planning over academic activities [3].

Education robotic offer a safe environment where kids can test a hypothesis
and problem solutions according to age always supported by learning process well
defined and tested to not engrave or threatened the development of kids [14].
Initial experiments as [2, 11, 8] show the benefits obtained when a computational
systems helps in the education, emphasizing that the robot is not a replace of
humans, only is used as a reinforcement.

This paper focuses on the idea of providing a robotic tool that can interact
with children as many times as necessary, this being the main advantage of the
use of robotic systems, since these do not show fatigue or boredom, so they
can continue working the time that is necessary until the concepts to work are
learned correctly.
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1.1 Educational Robotic

The Educational Robotic (ER), implemented through a pedagogical approach,
fosters a learning environment in which the use of robots in the classroom is
justified to promote the learning of different areas [19,2,12].

It is defined in 1989 by Vivet as: "Activity of conception, creation and
implementation operation, for didactic purposes, of technological objects, which
are reduced reproductions very faithful and meaningful processes and robotic
tools that are used daily, and that they are becoming more common in our
social, productive and cultural environment ", or, as the discipline that allows
to conceive, design and develop educational robots,to promote that the students
begin in science and technology from an early age, in order to explore from
another perspective the interaction with a robot to favor cognitive processes [13].

The six main reported areas that have been proposed in educational robotics
are:

Support in primary and secondary education.

Adults in professional training.

Robotics applied to people with disabilities.

Pedagogical robotics to facilitate the development of cognitive processes and
representation.

5. Robotics as a tool in laboratories.

Ll A

The application of this discipline aims to explore how attractive it is for learn-
ers, as well as for educators the idea of learning by playing. With the use of
educational robotics, technological approaches can be made from an early age,
and breaking with the myths that this is only a science fiction thing.

In order to verify the objectives of educational robotics as an integrating
discipline of different areas of knowledge, the development of two individual
processes is necessary but highly dependent. On the one hand, functions must be
established from the point of view of engineering for the study and process of con-
ceiving, designing and constructing robotic mechanisms; and a second function,
from the didactic point of view, to verify that these mechanisms effectively meet
the educational purposes for which they were developed, which involves research
in the disciplines of knowledge of education, teaching and learning. Therefore,
this paper work focuses on providing educational skills to a robotic system that
meets the basic requirements for execution in an educational environment.

2 Methodology and NAO Robot

2.1 NAO Robot

NAO robot (Fig. 1) is part of humanoid robots, referring to an artificial entity
which has a similar shape to humans. Been one of the first humanoid robot
released in 2006 by Aldebaran Company in France. In table 1 the main physical
characteristics are shown.
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Fig. 1. Humanoid Nao robot.

Table 1. NAO robot main characteristics.

| Feature | Value ‘
Size 573x311x275 mm
Weight 5.4 Kg
Processor|ATOM z530 1.6 GHz
RAM 1 Gb
Hard disk 8 Gb

With 25 grades of freedom, 2 HD cameras, touch sensors, 4 omnidirectional
microphones and 2 speakers positioned around the body this robot can interact
with the environment similar as a human can do.

The cameras are positioned in the head were proportionate a wide angle as
shown in Fig 2.
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Fig. 2. Position and angle view of NAO cameras.

It can be programmed in several software as NAOQI-OS, Webots and Chore-
graphe, using C++, Java, Java Script and Python as programming languages.
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NAO Programming Choregraphe (Fig. 3) is an intuitive graphic environment
where algorithms are build by series of blocks, predefined sets allow the robot
to complete from easy to complex tasks as face recognition. These blocks follow
a sequence on time to execute the algorithm created in Python.
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=
)
&=
13
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g

Fig. 3. Choregraphe, software to program NAO behaviour in block by Phyton.

2.2 Educational Environment with NAO Robot Setup

Among the first knowledge acquired in childhood are colors and figures, these
are considered the first steps to the mathematical world and are essential to
recognize the environment in which we find ourselves.

Color Selection The teaching of colors is a main area for the exploration of the
environment, which is taught in the first years of the child’s life. The teaching of
colors for children has no age limits nor is there a metric of how many colors they
should learn at an early age. However, it is suggested that children start with
primary colors and then secondary colors, or, make a mixture of them, preferably
5 to 6 vibrant colors such as red, pink, green, blue, can help strengthen their
learning.
According to [15] children can learn color in three steps:

1. Color association: Fist step is to hear name color, this can be made by the
teacher or in case of ER by a robot.

2. Point out a color: Second step help children to know the differences between
colors, in this activity children touch different colors and teacher or robot
correct the name or reward a correct choice.
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3. Name color: As a final step the children must be able to name the colors
without the need to point out, this step make clear that children have learn
correctly the colors.

When it comes to learning colors at an early age, patience is essential and
although in some children the process may be short in other cases it can be
a long process. So if the child already knows the fundamentals and differences,
this does not mean that they should stop, but it is time to start teaching tertiary
colors, as, a blue color has color variants for example color navy blue, sky blue,
among others.

Geometry Figures Selection The initial understanding of geometry emerges
in the early years as a physical knowledge of space [17]; it is possible to create
activities to increase the learning of the geometry, the common geometric figures
(Fig. 4) at an early age to use are flat (2D) include the circle, the triangle,
the square, the rectangle, the pentagon, the rhombus and the ellipse, and the
spatial figures (3D) include the sphere, the cylinder, the cone, the cube and the
rectangular prism (Fig. 5).

¥ 2
H <o mm

Fig. 4. 2D geometry figures.

#

Fig. 5. 3D spatial figures.

It is known that children do not have the appropriate language to define
the geometric figures with the appropriate word, however, children are able to
find the similarities and differences in the forms present in the environment that
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surrounds them. The goal for these ages is precisely to develop this ability to
discriminate one way and another, since they invent their own reference points
using their everyday experiences.

Pattern Recognition To carry out the recognition of patterns there are many
techniques of vision by computer [16], it is necessary to provide the robot with
this type of characteristics to allow a mobility and interpretation to develop in
the world around it. The accuracy of these algorithms depends on two major
aspects. The first is the limitation of the hardware itself and the other is the
robustness of the program, where the ideal is that there is a minimum number
of failures [20] to be carried in real time [5,4].

In this paper we propose the used of Ramer Dougles Peucker (RDP) al-
gorithm, created in 1970 [6], it is an algorithm used to simplify and reduce
the number of points on a line or curve, is commonly used in geographic map
processing, or in the recognition system of certain objects [9].

The RDP algorithm (Fig. 6) is explained in [10,7, 18, 1]. As follow, the points
within a sector of points are located and renamed assuming an imaginary line
between the first and last points in the system of the points of the curve,
determining the furthest point for this sector as the first and the last point
of the endpoints. In spite of this, if this point or all other points between the
start and end points are closer than a fixed distance, eliminate all those points
between the two points. However, in case the imaginary line is greater than the
value "Standard of Tolerance or Disparity (e)", it means that these points have
already been included within the points of the curve [1].

3 Learning Process and Results

A board with size 60 cm by 80 cm containing geometric figures of different colors
is developed, besides a replica of these is added that will help the NAO robot
with the interaction as shown in Fig 7.

This board include a blue pentagon, green triangle, pink square, yellow circle
and red rectangle. All figures can be changed of position as well as rotated in
5 different spaces, the purpose is to change the position of the figures in each
session to secure that children learn the object and not the space.

The main idea is that the child can interact with the geometry figures and
color with different senses as sight and touch and NAO robot helps with sounds.

Teaching color with NAO robot follows this steps:

1. The NAO robot introduces itself and asks the name of the children,
(a) The name is recorded for future interaction by microphone and natural
language process algorithms,
2. NAO robot points out the different colors that exist on the board in order
from left to right, indicating by sound the name of each one:
(a) a photograph of the board is taken by the front camera of the NAO robot
to know the position of each color using the RDP algorithm.
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Fig. 6. RDP algorithm finds the relevant points of a series of points using a tolerance
distance (e) as a limit value.

3. NAO robot asks the children to point and touch one of the 5 color:
(a) a photograph of the board is taken with the hand of the children to
identify which color has been hindered,
(b) If the selection is correct, the NAO robot congratulates the children with
his name and is instructed to take a prize,
(c) If the selection is incorrect, the NAO robot corrects the children indicat-
ing the correct answer.
4. The process in (3) is repeated up to a maximum of 5 times per session.

In the case of geometrical figures the process is very similar done through the
following steps:

1. The NAO robot introduces itself and asks the name of the children,

(a) The name is recorded for future interaction by microphones and natural
language process algorithms.

2. NAO robot points out the different geometrical figures that exist on the
board in order from left to right, indicating by sound the name of each one:
(a) a photograph of the board is taken by the front camera of the NAO robot

to know the position of each geometric figure using the RDP algorithm.

3. NAO robot asks the children to point and touch one of the 5 figures ran-
domly:

(a) a photograph of the board is taken with the hand of the children to
identify which figure has been hindered.
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Fig. 7. Board with geometric figures and replicas for NAO robot.

(b) If the selection is correct, the NAO robot congratulates the children with

his name and is instructed to take a prize.
(c) If the selection is incorrect, the NAO robot corrects the children indicat-

ing the correct answer.
4. The process in (3) is repeated up to a maximum of 5 times per session.

In both cases, color learning and geometric figure learning NAO robot uses
the front camera to take a photograph of the interactive board to know the

position of each figure (Fig. 8).

Fig. 8. Photograph from NAO robot point of view and RPD algorithm process.

As light conditions usually can not be controlled in a classroom the RGB
information from the images is not enough to determine the figure in each section,
so RDP algorithm provides a better solution as follows:

— Image taken from the frontal camera is divided in 5 sections which contain

the figures.
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— Images are binarized with a threshold near to 0 to separate black color of
background from images.
— Blur method eliminates small noises as salt and pepper.
— RDP algorithm detects the number of edges in each image as follow:
e square and rectangle result in 4 edges,
e Triangle result in 3 edges,
e Pentagon result in 5 edges,
e (Circle result in more than 7 edges.
— In the case of square and rectangle as both have 4 edges, internal value is
taken, since pink is lighter than red this helps to correctly classified each
figure.

Four children were selected with ages between 3 and 4 years to interact with
NAO robot, at the beginning these children did not know correctly the colors
and figures of the board. A series of 30 sessions were carried out interspersing the
teaching of colors and geometrical figures. Their learning of these geometrical
figures and color are shown in Fig 9.

Learning rate per session
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Fig. 9. Learning rate of geometrical figures and color by children.

It is observed that at the beginning of the sessions, the children could not
correctly identify the geometrical shapes or colors, being their random choice,
so that their percentage of success is close to 25%, as they progressed in their
learning the children began to select correctly, and at the end in the last 4
sessions a 100% percent of success is reached.

Likewise, the response time (Fig. 10) between the NAO robot indicating
the object and the child selecting it was measured. At the beginning, the child
took a time of up to 7.5 seconds as he hesitated between several figures before
selecting his answer, according to his understanding of geometrical figures and
colors increased this time was reduced to a minimum average of 1.8 seconds.
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Fig. 10. Response time over sessions.

4 Conclusions

The teaching of concepts to children can be a late process and requires repet-
itiveness that sometimes can not be provided by a single educator. This paper
proposes the use of an NAO robot as a platform for teaching and reinforcing
geometric figures and colors to children, being one of the main advantages that
the robot can repeat the teaching process as many times as necessary without
becoming tired or bored.

In a period of 30 sessions the children demonstrate to have correctly learned
the geometrical figures pentagon, square, rectangle triangle and circle, as well
the colors red, blue, green, pink and yellow correctly. Being that the game-like
teaching seemed interesting to them and they did not show boredom or difficulty
to interact with the NAO robot.

Future improvements will focus on expanding the range of colors and geomet-
rical shapes, in addition to introducing the children to concepts such as numbers
and letters.
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Abstract. Communication by light or VLC by its acronym in English (Visible
Light Communication), uses visible light from light emitting diodes (LEDs) to
transmit information. Using a computing device and some hardware, the trans-
mission of information is performed driving and modulating the light emitted by
the LEDs. In the receiver side, the information carried by the modulated light is
demodulated through a photo-detector, which is usually connected to a similar
computing device for the final recovering of the information. In this article we
describe an application based on VLC using OOK (On-Off Keying) modulation,
to transmit and receive a line of text and an image from a RaspBerry Pi computer
(using Python as the programming language), and several modules (LEDs and a
sensor light) from LittleBits.

Keywords: Text and Image Tx-Rx, VLC, OOK, Raspberry Pi, Python.

1 Introduction

Visible Light Communication (i.e. VLC) [1, 2], can be used to transmit audio, voice
and data. It requires line of sight between light from emitter diodes (LEDs) and light
detectors at the transmitter and receiver ends respectively (Fig. 1). It works in the 380
nm to 780 nm optical band which is visible light and hence the name VLC [3, 4, 5].

Transmitter o

Chani nelu

Photo
detector

Signal
Processing

Demodulator

Receiver

Fig. 1. A basic VLC link structure.

To convey information this one has to be encoded, and then the light has to be mod-
ulated and demodulated at the transmitter and receiver sides. There are several methods
to do this, some are briefly discussed in the following. Then, the received information
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has to be decoded and processed to recover it fully. The success of this recovery de-
pends of several factors, among them: 1) The number, shape, and wavelength of the
LEDs employed; 2) The number and type of light detectors (photo-resistor, photo-di-
ode, reverse-biased LED, etc.) used; 3) The encoding method (RZ, NRZ, NRZP, etc.);
4) The modulation scheme (OOK, WPM, VWPM, PPM, OFDM, etc.), and 5) The syn-
chronization and distance between the LEDs and the light detector. Remember that
VLC is a technology that among other things, it requires line-of-sight between emitter
and receiver [6].

This paper describes an application based on VLC using OOK (On-Off Keying)
modulation, to transmit as-a-proof of concept text and color images using a RaspBerry
Pi 3 computer as the data source and sink (to simplify the synchronization problem
between emitter-receiver), Python as the programming language, and several modules
(LEDs and a sensor light) from LittleBits, to easy the hardware implementation.

The remainder of this paper is organized as follows: Section 2 presents a summary
of works related to the transmission of text and images using VLC. Section 3 describes
the design of our VLC application. Section 4 describe the experiments realized, the
results obtained, and their analysis. Finally, our conclusions and future work are pre-
sented in Section 5.

2 Related Work

Several research works on VLC technologies to transmit text and images have been
proposed. The most important are described in the following.

2.1  How Based VLC Text and Image Systems Work

Typical based VLC image systems are implemented using an intensity modulation and
direct detection (IM/DD) scheme with a line-of-sight (LOS) configuration [7]. In the
transmitter, IM is implemented through the modulation of the transmitted signal into
the instantaneous optical power of the LED by controlling the radiant intensity with the
forward current through the LED (High modulation frequencies are used to avoid
flicker). In the receiver, the transmitted signal is recovered using direct detection (DD).
In this simple method, a photodiode (or array) is used to convert the incident optical
signal power into a proportional current. Figure 2 shows a general flow chart for VLC
text and image transmission [8].

2.2  VLC Text and Image Transmitter

A typical based VLC text and image transmitter contains a text and image generator (a
PC with Matlab to convert the text and the image into bits), an interface (usually a USB
cable) to send the bits to a microcontroller (for coding and modulation), and taken
through one of its output ports to the LED driver and the LED optics, see Figure 3 [9].
The modulated signals are used to switch on-an-off the LEDs at desired frequencies
using LED drivers. These drivers rely on transconductance amplifiers to convert volt-
age signals into corresponding current signals to excite the LEDs array for communi-
cation purposes.
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Fig. 3. VLC text and image transmission.

2.2.1 VLC Modulation

!

Although there are different modulation schemes for VLC, mainly, on-off keying
(OOK), variable pulse-position modulation (VPPM), color shift keying (CSK) and or-
thogonal frequency division multiplexing (OFDM) [10], OOK is the most popular.
OOK is the most commonly used IM/DD modulation scheme in VLC due to its simple
implementation. In this method, basically the LED intensity is changed between two
distinguishable levels corresponding to the data bits (1 or 0), see Figure 4. A modified
OOK, called Variable OOK (VOOK) can provide dimming. It is achieved by changing
the data duty cycle through pulse-width modulation (PWM), with only 1 bit of infor-

mation carried per symbol per

<) 1l

S
S

Data is transmitted by rapidly switching a
light source On and Off. Communication
can be implemented using standard
lighting, but LED sources are ideal.
Switching is too fast to be seen.

iod.

g |

I

Fig. 4. On-Off Keying with PWM.
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2.3  VLC Text and Image Receiver

A typical optical text and image receiver consists of a photo detector followed by an
amplifier. The photo detector can be a photo transistor, a reverse-biased LED, or a Light
Detect Resistor (LDR). The light captured by the photo transistor which acts as a sen-
sor, passes the output to the comparator which compares the binary input, and similarly
the original image is recovered using Matlab software in the PC, see Figure 5 [8, 9].

m 1

' USB TO Micro LM358N Photo
?fs{;el‘l;?;) C: TTL controller <::] Comparator <:: transistor

Fig. 5. VLC text and image reception.

3 Image Transmission and Recovering using VLC

In the following, we develop a VLC application to transmit and receive in real-time
first a line of text, and then an image using two LEDs in the transmitter, and a photo
detector in the receiver.

In order to do that, we will use in the transmitter as a data source, a Raspberry Pi 3
(RBPi) computer, and five LittleBits bit-modules [12]: power, button, proto, split, and
two bright LED bits, see Figure 7. The RBPi using a software written in Python will
read an image byte by byte, and will send each byte using the SP1 MOSI (Master Output
Slave Input) output port (Pin 19), toward the proto module, OOK signals to drive the
two LEDs.

light {13 light
2 U-;, g Sehssor
-39 -
€ 18 =
D™
dark

-
-
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Fig. 6. Receiver components: Light sensor and proto bits.

While in the receiver, we will use three LittleBits components: power, light sensor,
and another proto bit, see Figure 6. The light sensor captures the light emitted by the
two LEDs and converts it into a digital signal, which is fed to the proto module. The
proto module in turn outputs this signal and with a wire connector, feeds this signal
toward the MISO (Master Input Slave Output) input port (Pin 21) of the RBPI.
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GPIO Pinout Diagram
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Fig. 7. Raspberry Pi 3, and five bits: power, button, proto, split and two LEDS.

3.1  Transmitting a Line of Text and an Image via VLC
The program hola_lifi.py written in python transmits a line of text, see Figure 8a.

# hola_lifi.py

# Python code to transmit and recover the line of text “hola Li-Fi” using SPI and VLC
import spidev

spi = spidev.SpiDev()

spi.open(0,0)

spi.max_speed_hz = 4000000

buffer = bytearray()
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tx_data = [ord(H "), ord(“0”), ord(“1”), ord(“a”), ord(“ “), ord(“L”), ord(“i”), ord(“-*), ord(“F”),
ord(“1”)]
while True:
# Transmit the text “Hola-Li-Fi”, throught the Raspberry out pin 19 SP1-MOSI,
# and receive it in the array rx_data, throught the Raspberry input pin 21 SPI-MISO
rx_data = spi.xfer(tx_data)

# Receive every byte in rx_data and store them in a buffer to display them in the screen
for byte in rx_data:

buffer.append(chr(byte))
print buffer

Fig. 8a. Python code to transmit and recover a line of text via VLC.

To transmit an image via VLC, the RBPi with a script written in Python, opens a picture
file (“lenna.jpeg”) and it reads it into a bytearray “b”. Then with a “for” loop reads byte
by byte of the picture and it send them to the SPI MOSI output port 19, using the spi.xfer
() directive. This MOSI output is fed using two wire connectors (signal and ground),
into the input of the “proto” module (lower middle connector in figure 7). The proto
module outputs and split the OOK signals to drive the two LEDs. The Python code to
execute the above mentioned is shown in Figure 8b.

# lena_spy.py: Python code to read, transmit, and recover a picture via Visible Light
import spidev
from PIL import Image, ImageFilter
import io
from array import array
spi = spidev.SpiDev()
spi.open(0,0)
spi.max_speed_hz = 4000000
b = bytearray()
buffer = bytearray()
try:
# Load an image from Raspberry Pi
with open (“lenna.jpeg”, “rb”) as img:
f = img.read()
b = bytearray(f)
# Sending with SP1 and converting the image, byte by byte into visible light
for byte in b:
rx = spi.xfer([byte])
rx_data = rx[0]
buffer.append(rx_data)
# Recovering the bytes array and back into an image
img_rec = Image.open(io.ByteslO(buffer))
img_rec.save('lena_img_recovered.png’)
img_rec.show()
except:
print “Unable to recover image”

Fig. 8b. Python code to read, transmit and recover a picture via VLC.

In this code, it is necessary to import the following libraries: "SPI", “PIL” (Python Im-
age Library), and “Array”. The use of the LittleBits modules simplified very much the
hardware implementation. The power module was fed with a 9-V battery, and this was
necessary because the outputs of the RBPi are low-voltage (3.3 volts) and low-current
(Individual pins must not pull more than 16 mA and the entire GPIO must not source
more than 50 mA), which are no good enough to drive two bright LEDS [13]. These
LEDs are simple yellow LEDS with a wavelength of 550-to-600 nm, luminous flux of
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4-t0-5 Im, and consume around 16-to-20 mA each, with an aperture angle of about 120
degrees, see figure 9.

Fig. 9. LittleBits bright LED.

3.2 Receiving Text and an Image via VLC

As it was mentioned, the picture was sent via VLC as LED light. This light is received
through a light sensor module which then sent it back through out another proto module,
to the MISO port 21 of the RBPI. This light sensor not only receives the OOK light
signal but also has a transimpedance amplifier for high speed operation.

The light sensor has 2 modes, Figure 7. In LIGHT mode, as the light shining on the
sensor gets brighter, more signal passes through it. In DARK mode, the signal increases
as it gets darker. Furthermore, the light sensor has a sensitivity dial or slide dimmer to
adjust how much light it takes to change the signal, and has a spectral sensitivity range
from 500-to-600 nm similar to the LEDs wavelength, see Figure 10.

Fig. 10. Receiving text and a picture via VLC.

The recovered text and picture from the SPI MISO input is stored into a buffer, saved
and displayed, as can be seen from the Python code lines of figure 8a and 8b.

4  Experiments and Results

For the experiments, we use as was mentioned a RaspBerry Pi 3 computer with several
LittleBits components. The whole setup is shown in Figure 11.
ISSN 1870-4069 341 Research in Computing Science 148(10), 2019



Sergio Sandoval-Reyes

Fig. 11. Setup for the transmission and reception of text and an image using VLC.

Fig. 12. Recovering of text and picture via VLC.
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Figure 11 shows the RaspBerry Pi 3 computer connected through out bus connec-
tions to a HP display, keyboard and mouse. Figure 12 shows the recovered text and
picture after the execution of the line commands “sudo python hola_lifi.py” and “sudo
python lena_spi.py”, see Figure 12.

Figure 12 also shows that the recovered text and picture was no perfect. That was
due to the presence of noise, mainly: Fluorescent light from ceiling lamps, misalign-
ment and distance between LEDs and light sensor, and low sensitivity to light from the
sensor.

41 Discussion of Results

After several adjustments to the setup and a few intents, the text and the picture was
finally well recovered. The whole transmission and recovering of a 225 x 225 pixel
color image weighting 8 Kbytes, took less than a second, see Figure 13. Naturally, the
noise cannot completely eliminated and increases when the misalignment and the dis-
tance between the LEDs and the light sensor is larger. In addition, the brightness of the
LEDs influence the performance. That was the main reason for using two LEDs in par-
allel to increase the amount of light sent to the light sensor.

Fig. 13. Recovered picture via VLC after some adjustments.

4.2 Metrics of the Recovered Text and Picture via VLC

Because the transmission (LEDs) and reception (light sensor) link is made using Rasp-
berry SPI, two questions arise: 1) What percentage of the image was recovered cor-
rectly? and 2) How many times the image was well recovered, versus the number of
times the image could not be recovered?

1) Percentage of the image that was recovered correctly: As it was showed in
figure 12, initially without any kind of adjustments, the recovery of the image was
around 50 %. Notice from this figure the pixelation of the image in certain areas. In
contrast with the adjustments mentioned before, the image was 100 % recovered as it
is shown in figure 13. Similar results were obtained for the line of text.

2) Number of times the image was well recovered: Even though the adjustments
performed to the transmitter-receiver setup, the link was shaky, requiring many tries to
obtain a 100 % image recovery. The number of times the image was well recovered,
was 3-out-of-10. In contrast, the recovery of the line of text required less tries.
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4.3 Contributions

This work differs with respect to similar works as in [8], [9], [11] and [14], in the fol-
lowing. In [8] only a design model is proposed without any proof of implementation.
In [9], a hardware setup is showed, but again, there is not any proof of sending and
receiving any picture. It is also required to use two microcontrollers (one for the trans-
mission and one for the reception). The main problem of using microcontrollers is that
not all of them have enough RAM memory to store a medium to large image sent by
the PC. Furthermore, the Matlab software have to reside at both PCs to connect with
the microcontrollers and to process the picture downloading and uploading. In [11] a
Windows PC with Matlab and an Arduino Uno microcontroller is used for the serial
transmission and reception of two 24 x 25 color pictures, but without using visible light
communication. In [14], the image transmission requires infrared light.

5 Conclusions

A line of text and an image transmission and reception application using VLC was
developed using a Raspberry Pi 3 computer, two bright LEDs and a light sensor from
LittleBits, OOK modulation, and the Python Image Library. Both the line of text and
the picture in color, were recovered acceptably well although with a small presence of
noise. It should be noted that this noise is due to environment light, and the distance
between the LEDs and the light sensor.

Also, the performance of the application depends on the brightness of the LEDs and
the sensitivity of the light sensor with respect to the light received from the LEDs and
the surrounding light (in Figure 7 it can be seen that the light sensor has a control for
graduating the sensitivity in the presence of high or low light). Additionally, the align-
ment between the LEDs and the light sensor influences the reception, and consequently
the quality of the image reproduction.

5.1 Future Work

This application could be improved by: 1) Increasing the number and/or power of the
LEDs to increase the reception distance; 2) Using better modulation schemes; and 3)
Implement and include a continuous synchronization mechanism and error correcting
codes, to improve the LED-to-light sensor VLC transmission-reception.

Acknowledgments. This work was supported by Instituto Politecnico Nacional Project
SIP-1PN 20196133.
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Abstract. A recursive function based on the use of graphs is presented. The
recursive equation is based on mathematical morphology; A written text divided
into syllables is related to phonemes of spoken Spanish in Mexico. The algorithm
is implemented in a PIC and an integrated circuit that stores the sounds in
memory locations. Each space in memory becomes a code that is related to a
phoneme. Thus, the recursive function receives as input a vector that is the
structure of a word; and outputs the corresponding memory locations. Obtaining
intelligibility of more than 84%. The development of the recursive function in
graphs is proposed, which allows an easy description of the sequence because it
is handled as a black box with input and outputs; and the equation that governs
the system can even be a transfer function.

Keywords: Synthesis of voice, graph, recursion, mathematical linguistics.

1 Introduction

Recursive functions are observed and treated in different ways. In the case of artificial
intelligence, the recognition of patterns is a case treated by many [1]; and of course,
hardware designed with the appearance of FPGAs have a special meaning in the design;
although it is complicated to implement, especially when it is not accessible to most
programmers because of the specialization required [2]. A useful option is to visualize
the systems as black boxes, considering their inputs and outputs, as well as their transfer
function; however, some form of describing them is required. What generates matrices
that allow identifying states and exits of the system that consequently takes us to
recursive functions that can even depend on probabilities [3]. This is where the
description of graph-based systems simplifies the design and application of even
nature-based systems such as Genetic Algorithms [4]; or problems of analysis of public
transport networks or interconnected social networks, etc. [5 to 7].

This establishes the design of systems based on graphs that can be directed or not,
and that allows establishing a correspondence between even the combinational design
[8], sequential or systems based on probabilities and the algebra of graph theory [9]
[10]. In this way, in the present work, a voice reproduction system based on phonemes
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is designed using the graph technique for the recursive function; and mathematical
linguistics to describe the grammar of function [11].

2 Voice Processing

A digital signal processing project is presented that justifies the results of the
methodology proposed in this work. The project consists of a phonological system of
the Spanish language spoken in Mexico.

For the development of the project, the naturalness and intelligibility of the resulting
voice and mainly the complexity of the processing was taken into account, because the
use of a graph-based technology is tested [13]. Once proven its feasibility, it is feasible
not only to use phonemes, it is also possible to use di-phonemes or the combination
of both.

For the recording of the phoneme, the WAV format was used with a sampling
frequency of 11025Hz, mono-stereo, at 16 bits [11]. The following steps were carried
out with Matlab:

—  Filtering the phoneme,

—  Elimination of entrance noise,
— Delimitation of the phoneme,
—  Phoneme selection.

The recording of all the simple combinations with a vowel and complex with existing
vowel was performed, as well as separate vowels, and consonants located in coda
position susceptible to being isolated and recorded, such as “b, ¢, d, £, g, [, m, n, r”
and“s”. The syllables that have the consonants p and t in coda position are reviewed
and recorded together with the attack (if it exists) and the nucleus [14].

Table 1. Phonemes in coda position.

Simple attack Complex attack with | Complex attack with r Core
b[a—u] b [a—u] br [a—u] A
c [a—u] Does not apply Does not apply E
d[a-u] Does not apply dr [a—u] |
f[a—u] fl [a—u] fla—u] @)
g[a-u] gl [a—u] gfa-u] U
j [a- u] Does not apply Does not apply
k[a—u] kl [a—u] k[a—u]

I [a—u] Does not apply Does not apply
Il [a—u] Does not apply Does not apply
m [a—u] Does not apply Does not apply
n[a-u] Does not apply Does not apply
fi [a—u] Does not apply Does not apply
P [a—u] pl [a—u] pr[a—u]

r [a—u] Does not apply Does not apply
rr [a—u] Does not apply Does not apply
s [a-u] Does not apply Does not apply
t[a-u] tl [a—u] tr [a—u]
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Table 1 shows some phonemes in coda position, given the way in which they are
generated, specifically p and t; it was not possible to isolate them in a way; so it is
necessary to record the basic combinations of Spanish that involve these two elements
in coda position [14].

3 Mathematical Morphology for the VVoice Concatenation
Function

We used a microcontroller that implements the equation of nature [14]. See equation
(1) where S is a black box, e is an element, e * means that you can have as many
elements as you want and S * indicates that the box can be called as many times as you
want. If S is a speech synthesizer system to produce any word of Spanish, it can call
itself as many times as the limit that is marked by a phrase.

S--> e*S*, 1)

Mathematical linguistics was used in the speech synthesizer. If it works by
mathematical linguistics, it carries out the following actions:

El orador dice hola,

El orador dice Adios.

These sentences work with a structure of sentences seeking to find a general structure
or syntactic rule from particular structures or canonical prayers. An equivalent
sentence is:

El orador dice hola y dice Adios

Now fragments of the sentence are replaced by labels according to Table 2; where
01r102and 011103 in equation 2 are known as canonical sentences [16].

Table 2. Repalcement of fragment by label.

Fragment Label
El orador 01
Dice r
Hola 02
Y +
Dice r
Adios 03
01 F1 02 + 01 I'1 O3, 2

The algebraic factorization consists of finding the common factors in an expression.
Applying the factorization to the canonical sentences of (2) we have to:

01r1(02+03) (3)

In (3) the simplification of words is observed, so that memory is saved and it is
possible to implement it as a recursive function. When a set of sentences contains an
element that is repeated indefinitely, it is convenient to replace the entire set of
sentences with a recursive grammar, for example:

ISSN 1870-4069 349 Research in Computing Science 148(10), 2019



Rodolfo Romero Herrera, José Elias Romero Martinez

S-->ab; aab; aaab; aaa...ab; 4

An associated recursive grammar is:

S-->asS | b, 5)

where "|" represents the concatenation. Substituting S for aS or for b can have chains
like the following:

S==>aS==>aaS==>aaaS==>aaab. (6)

This can be understood as a system or reusable component that is called likewise.
Recursion is introduced when it is detected that a string "a" repeats monotonously. For
example, in prayer:

Abcabcabcabcd, ©)

where the string abc presents a monotonous behavior that ends in d.
Equation 4 and 6 can be represented with directed graphs. See figure 1.

Fig. 1. Graph equation 6.

But as shown in (5) it is feasible to modify the graph in such a way that it can be

implemented as a directed graph.

Fig. 2. Graph equation 5.

4 Voice Processing

Once defined the elements and the mathematical foundation of the system, you can
establish the graphs that allow the design of the system, which will depend on the
degree of abstraction that the designer determines convenient since this can be very
specific or very generic. Figure 3 presents the graph for the synthesizer where each
node represents a function.

a) The solution of the irregularities of the Spanish language applied to all the
phrases and substitution of graphemes by the symbols used in the
representation of phonemes in the speech synthesizer.

b) Separation in syllables of the sentence according to syllabication rules.

c) Extraction of phonemes from the phrase.

d) Concatenation of the samples of the audio files of the phonemes to be used.

e) Reproduction of the samples of the resulting concatenation.
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Imegularities
solution

Replacing graphemes by
symbol

Phoneme Concatenation of Reproduction
extraction phonemes P

Fig. 3. Graph for components of the synthesizer.

The Conca function is responsible for concatenating the different files stored in a
single object, which is responsible for reproducing the input message. Once the
arrangement with the names of the audio files has been obtained, Conca opens each of
these files and its samples are read.

Samples are stored in an object that contains the samples of all the files (each file
contains a phoneme). When you finish writing this object, you start writing the samples
of the next file, until you finish with the last one. Figure 4 presents the graph

corresponding to Conca.

Start first fix
element

Advance to the End of

next element arrangement
Write sample of
the final object Read Show current item

Fig. 4. Degree of Conca.

Adjust vlume Adjust Balance

Data line to sound
card

Start audio
playback
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Figure 5 shows the graph of the Play function. The created phrase is taken and
reproduced. It is also possible to adjust the volume and balance of playback by two
parameters in this module.

5 Results

The voice obtained at the output of the synthesizer has an intelligible average quality.
Figure 6 (a) shows the shape of the signal from the word lomo recorded in a normal
way. Figure 6 (b) presents the concatenation of phonemes. The decrease and increase
of the signal between the combination of the phoneme “lo” and “mo” are clearly
observed. This reduction creates a lack of fluidity in the resulting voice.

mV

| ‘
11 ] 1] [ ‘
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Fig. 6. (a) Word "lomo" recorded.
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Fig. 6. (b) Word "lomo" synthesized.

The intelligibility test of the speech synthesizer was applied with a group of people
to listen to generated words and phrases, without previously knowing what they were
[17]. The results of these tests are shown in Tables 3 and 4, respectively. From these
tests, it is deduced that only 15.66 did not understand the phrase; 50 male and 50 female
individuals were taken to perform the tests.
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Table 3. Intelligible phrases.

Words understood correctly: 253
Words that are incorrectly understood: 47
Intelligibility percentage: 84.34 %

For the second test, phrases were chosen that did not have something in common,
but that did have coherence by themselves. Only 0.5% did not understand the phrase.

Table 4. Intelligibility in sentences without something in common.

Phrases correctly understood: 224
Phrases included incorrectly: 1
Intelligibility percentage: 99.55%

Figure 7 shows the physical system of voice reproduction, where the components
are observed. The functions seen as black boxes were implemented in hardware through
an AX PIC. The circuit only uses the PIC together with an audio storage memory where
the different phonemes to be reproduced are placed [18].

Fig. 7. Voice synthesizer system.

6 Conclusions

A proposal for modeling in graphs was presented. The proposed diagrams are based on
the object-oriented design, which will allow us to obtain efficient graphics modeling.
In the same way, we present how mathematical linguistics allows us to represent
systems through the equation of nature; checking how a reusable system can be called
or multiplied to develop complex tasks, as a recursive function does, proposing the
construction of hardware systems supported by concatenation operations. The system
applied to hardware development allows us to simplify resources and take advantage
of the potential of devices such as microprocessors, etc. In such a way that a system in
hardware can call itself so many times until it reaches the limit. Seen in this way,
generic systems represented by a graph can be produced. Where an object can be a
component or a reusable system and this, in turn, a recursive function in hardware.
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Although no tests with di-phonemes were performed, the intelligibility level
exceeded 99%. In future work, in order to avoid the robotic voice, it is considered to
make an integration of phonemes and phonemes; once it has been demonstrated that
the design using graphs gives advantages; Although no tests with di-phonemes were
performed, the intelligibility level exceeded 99%. In future work, in order to avoid the
robotic voice, it is considered to make an integration of phonemes and phonemes; once
it has been demonstrated that the design using graphs gives advantages; since, although
here it was not considered conditional probabilities or some other factors it is evident
that when applying it results in greater benefits.

Acknowledgment. Acknowledgments to the IPN for the support received for the
development of this Project.
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Abstract. Social media has become a useful data source for processes and
researches interested in improving people’s life. Publications done by social
media users provide details about the people perceptions of their environment,
and updated observations about what happens in real world. In this approach
the relevance of Twitter as a data source for scientific purposes is analyzed, as
well as its use in geospatial researches. Tweets have two main characteristics, a
text where user describes its ideas, and metadata, where features such as the
coordinates of the place where the tweet was posted are stored. Different
computing procedures are applied over tweets in order to make them useful for
different tasks; commonly, text mining, classification, and regression
algorithms are used to process tweets. The coordinates of tweets make possible
to link events described in tweets with the geographical area where they occur.
The analysis of tweets and coordinates provides updated data, useful in natural
disasters control, decision taking processes and urban studies. The present
approach studies what motivates users to tweet, and analyzing the messages
produced by Twitter users, classifies the tweets into three groups according to
the information expressed in their text: self-centered, social information and
collective information. Additionally, some methods to extract information from
tweets are studied, common problems presented when working with tweets, and
some researches that use them in a geospatial domain are presented.

Keywords: twitter, social media, data treatment, classification, text mining,
geospatial analysis, data problems.

1 Introduction

Twitter is commonly used as data source at scientific and commercial data analysis;
the microblogging features are analyzed by researches interested in emergency
information diffusion, on the dissemination of news, and on the way in which
authorities and civil societies help citizens with problems or crisis situations [45].

The microblogs posted on Twitter are called tweets, they have two main elements:
metadata, and a text limited to 280 characters; their metadata is composed of a
timestamp (the date and time of the tweet’s publication), the coordinates of the place
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where the tweet was posted, and the id of the user who wrote the tweet [71]. In
Twitter, users are able to see some others tweets, acting as followers. Users can share
their tweets with all the media members (public profile), or with specific users
(private profile) [3].

Considered as a new data source, Twitter provides people’s points of view from
many different topics such as health, environment, politics, economy, sports, and
natural disasters, among others. The social media lets researchers know the people’s
feelings and ideas about factors that disturb their daily activities; governments and
institutions interested in improving people’s lives and in solving specific problems
can use its updated information [57]. Twitter facilitates the gathering of crowd-
sourced information [46]. Twitter provides information in less time than the methods
used to collect data before the social media explosion. In the past, data related to
people’s feelings and opinions about their environment were collected applying
surveys and census [34].

The data processing of the tweets text and metadata components becomes a
challenge, sometimes users do not allow the social media to know their location,
tweets do not have coordinates. Sometimes people just tweet comments about a topic,
this represents a problem for scientific researches since most of the times personal
comments do not provide relevant information [42]. For example, when terrorism acts
occur special hashtags are created in order to group all the tweets related to the act;
many tweets use hashtags, some of them provide information about the event, and
some others describe people’s feelings (these last generate noisy information). Noisy
tweets affect the quality of the tweets sample when it is processed, personal
comments must be filtered in order to assure that the collected tweets contain valuable
information. When tweets regarding to a specific topic are tweeted far from the study
area, is important to consider the variations of space and time between them. In
developed countries, citizens volunteering and the information from social media or
collective systems without an official agency affiliation are undervalued (Whittaker et
al., 2015). The use of extra data sources when working with Twitter helps validate the
tweets data and ameliorate the researches accuracy [67].

According to Haworth (2016), the citizens observing, collecting, sharing and
analyzing data have led the development of many scientific researches that would not
have been possible otherwise. Similarly to the collaborative information and social
media data, the quality of citizen’s science has been questioned, but it has been shown
that applying the adequate preprocessing procedures, the citizens’ data can meet the
same quality as data collected from official sources [10]. People’s participation has
lead the citizen science, which refers to engage public citizens in scientific research
projects [7].

2 Objective

The present approach analyses the use of Twitter in scientific researches related to the
geospatial domain. The objective of the approach is show the importance and utility
of data obtained from Twitter when are used in the geographic domain, and propose a
classification of tweets based on the information they provide for different data
analysis. The approach presents the relevance of data extracted from tweets, the
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methods used to manage them, and some problems presented when working with the
most famous microblog service. In addition, research works that merge tweets with
geographic information systems (GIS) are described.

The paper is organized as follows, in section two are presented the material and
methods of the investigation, in section three the theory of the approach and the
motivation of people to tweet are analyzed, in section four results and discussions are
presented; finally, the conclusions of the approach are given.

3 Material and Methods

Volunteered geographic information (VGI) refers to the wide creation of geographic
information by citizens using web platforms, free mapping tools, mobile applications
and social media. VGI has changed the creation and propagation of information
generated by people [34].

In disaster management context VGI can also be labelled as digital volunteering
(McLennan et al., 2015), or digital humanities [13]. Digital volunteering has become
a source of asserted information used to complement geographic information from
governmental agencies and private organizations [37].

Many researching works that use Twitter as a data source meet in one point: the
data provided by tweets is an updated vision about people’s perceptions of their
environment. Landwehr et al. (2016) see in Twitter the opportunity to get information
out of public, which increases the rate of dissemination. According to Haworth and
Bruce (2015), VGI academic researches and emergency management studies have
focused on citizens’ science. For example, the 2010 Haiti earthquake where
volunteers from all over the world worked together to map the affected area [51]; the
volunteered mapping of the Nepal earthquake crisis [34] and the crowdmaps
responding to the cyclone and floods in Queensland [49]. Another valuable example
of emergency management using citizen’s data is the OSM tasking manager [54], a
mapping tool designed for the Humanitarian OSM Team to give solutions when
critical situations occur, such as the Hurricane Maria (20/09/2017) and the Mexican
Earthquake (19/09/2017).

Some studies emphasize the benefits of VGI and social media data meanwhile
some others argued that web platforms marginalize people without internet and
technology access. Benefits of VGI are the timely information exchange and the
connectedness (Taylor et al., 2012), the provisional information for disaster mapping
[49], and the most important, the availability of data in near-real time [34].

There are researching works that study the human behavior in social media [1];
some others study people’s feelings (Agarwal et al., 2011). There exists researches
that model urban factors analyzing tweets at specific places and developing
forecasting processes [77]. In some projects, tweets are considered as social and
political indicators [40]; even, there are researches focused on study what motivates
people to tweet [58].

On Han et al. (2017) the authors propose a model to study the factors that influence
and motivate people to tweet. The researchers stablished four possible kinds of
gratification people get from their participation in Twitter: content, technology,
process, and social gratification. Their research shows that users became satisfied
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after tweeting relevant information, since they consider themselves useful for other
people (social gratification). Burnap and Williams (2016) describe the importance of
considering big data and social media as data sources at policy decisions processes,
implementing a machine learning classifier to detect cyber hate speech in tweets.
Many researches classify human emotions from tweets considering the Ekman and
Friesen model, which identifies six basic emotions: joy, anger, fear, sadness, surprise
and disgust [25]. Resch et al. (2016) consider such model to identify human emotions
implementing a semi-supervised machine-learning algorithm.

Two sciences deeply interested in Twitter data analysis are Geography and
Computing. Geography has become indispensable when working with tweets to
georeferenced them; computing helps to apply complex processes over tweets to
produce data models and statistical studies.

When forecasting and modeling from tweets there are three challenges to consider:
i) the spatio-temporal relations between tweets, ii) the temporal evolution of spatially
distributed tweets related to specific events; iii) the use of prior geographical
knowledge since different geolocations could derive in different events.

In Albuguerque et al. (2015), social media and authoritative data are used to
identify information for disaster control. Tweets that provide relevant information
about the Elba’s river floods in 2013 are analyzed, such data are merged with
hydrologic sensors and digital models of the affected areas with a view to create
flooding models. Some researches [24, 36, 74] use geographic information systems to
georeferenced tweets. This kind of researches are relevant since few tweets have the
coordinates of the place where they were posted, as studied in Section 3.1.

One of the main advantages of VGI and social media data are the community ties
generated when people share local knowledge with disaster management systems,
increasing the survival opportunity for more people [34]. In Landwehr et al. (2016), a
social media response system for tsunami warnings is presented, the project is a web
application designed for the community of Padang Indonesia, to warn people of
tsunamis. The application collects and analyzes tweets from the region to provide
immediate feedback when tsunamis happen, supporting an early warning system.

4 Theory. What is the whole point of tweeting? Caution, Users
Tweeting

In this approach, we propose a classification for tweets: the self-centered tweets, the
social information tweets and the collective information tweets (represented in Figure
1). The individual information or self-centered tweets, share personal information of
the users answering to the questions “What am I doing right now?” or “What am I
seeing right now?” These tweets are posted quickly and their temporal importance is
short depends of the time the user spends doing the action.

Social information tweets express the user’s thoughts about social events (political
events, strikes, terrorism), which brings about mass mobilization. Opinion mining and
sentiment analysis studies are often based on this kind of tweets. Researches as the
Resch et al. (2015) make use of this kind of tweets to get information from the
people’s environment treating Twitter users as sensors.
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Collective information tweets, report information about an unusual event
occurrence that disturbs the daily life, those tweets are based on individual’s
observations but are not self-centered. Figure 2 presents some examples of the
proposed classification of tweets.

Tweets provide two valuable data: the user’s perspective of an event, and the
coordinates of the place where it is probably happening.

The present analysis is focused on the collective information and the social
information tweets. These two kinds of tweets provide information about problems
that affect the normal activities of people, or modify their environment, such as
natural phenomena or socio-political changes.

Tweets users
participation

_— | T~

(p” (P’
-
2 P
I s
e & V- N
ss =
Self-centered Social information Collective information

Fig. 1. The tweets can be classified as: 1) self-centered, 2) social information related or 3)
collective information related.

4.1  Why are tweets scientifically relevant?

The collective tweets can indeed spread life-saving information. This kind of tweets
are frequently collected as VGI for emergency warning and situational awareness,
their relevance lies in their facility to spread important information in a short time
[65]. When an unusual event occurs, some users near to the place report in Twitter
what they see using hash tags and specific words, in some minutes the information is
available for millions of users near or not to the event.

Two characteristics of tweets that make them relevant for scientific purposes are
their coordinates and timestamp; unfortunately, not all the posted tweets have
coordinates, and not all the cities present the same citizen’s participation in the
social network.

Geographic science has an important role managing the coordinates of the tweets;
furthermore, tweets commonly refer to geographic places on their texts [31]. There
exist two possible cases when analyzing tweets coordinates, their presence or absence.
Some users let their smartphones add their geographic coordinates when tweeting, in
such cases, the Twitter app will automatically enable the device’s embedded GPS to
add the latitude and longitude coordinates of the user to the tweets metadata [[17].

When the user tweets from a device without embedded GPS, its geographic
coordinates can be manually added; Twitter provides a list of cities based on the users
IP address [48]. Those georeferenced tweets however represent a small part (1%-2%)
of the whole Twitter stream [8]. The coordinates of the tweet can be represented as
point-shaped data using Geographic Information Systems (GIS).
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When the user does not allow Twitter to add his coordinates, the tweet can be
georeferenced if needed. There have been implemented different kinds of
georeferencing models; some of them use specialized gazetteers to estimate the
coordinates of the tweet based on its text [38]. The general process consists of three
steps: 1.-identification of geographic elements such as roads, avenues, monuments,
and buildings names in the text of the tweet; 2.-search the coordinates of the
geographic elements in a gazetteer; 3.-compute the coordinates of the tweet, applying
geospatial functions over the coordinates found in step 2.

A useful element in tweets is the hashtag (#) used to cluster tweets with similar
information [11]. Names and words ambiguity must be considered when using any
georeferencing method, to differentiate geographic entities with the same name (as
roads, avenues and bridges that share their name), and to prevent the data lack of
precision. These issues are addressed by special techniques, which identify road
segments and key words from a particular geographic context [5]. One of such
techniques is the Named Entity Recognition (NER), which determines the geographic
place referenced in a text, considering the disambiguation of names and the most
appropriate geographic context (Daly et al., 2013).

£ william medina

Si estoy consternado yo, no me los imagine a Gl eyl (e
ustedes. Fuerza

Translation;

If T am perturbed, Iean'l image you. Force. #ForceMexico
#lurthyucake Mexico

. jacelyn .

la gente no necesita mas campanas politicas,
necesita ayuda para reconstruir sus casas

Social information tweet

Translation:

People doesn 't need more political campaigns, need help to rebuild their
homes #Polities GiveCrMoney #PoliticsGiveYourMoney

# Jorge michel grau (seur )
Amigos necesitan cambio de turno de
voluntarios en frente de galerias Coapa. Los
rescatistas llevan todos la noche trabajando
RT

Collective information tweet

e e | @O L DOURO

Translation:

Friends, it is needed a change of vohwiteers in front of Gulerias Coapa
Rescyers have been working all night. RT.

Fig. 2. Examples of the three different proposed classes of tweets. The tweets were collected on
21st September 2017, they refer to the earthquake occurred in Mexico on 19th September 2017.
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In Roller et al. (2012), NER and Wikipedia are merged to analyze and find
geographic terms in tweets. Graham et al. (2014) blend NER and specialized
gazetteers to identify geographic sites. Lee et al. (2015) propose a machine learning
approach to extract named entities from tweets text and determine their location
considering disambiguation.

In Escamilla et al. (2016), is proposed a methodology to geocoding traffic events
reported in tweets, the approach identifies the traffic events, geographic features, and
their possible spatial relations, using natural language processing (NLP), an ontology,
and classification algorithms. In its geocoding stage the proposed methodology
extracts geographic entities using NER, finds the spatial relations between them using
a syntactic dependency tree, and defines spatial operations to apply over the
geographic elements.
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Fig. 3. The two described georeferencing methods when working with tweets. The image on
the top shows a bounding box used to search the possible location of a tweet. The bottom image
shows a point shape location assigned to a tweet. The cartography belongs to ©OpenStreetMap
Contributors.

Another common georeferencing method consist in creating a bounding box; a
bounding box is a rectangle created to represent the possible area where a tweet was
posted; the box corners are coordinates of places mentioned in the tweets text, or
places inferred from other user’s tweets [59]. Tweets georeferenced by bounding box
are represented as rectangles in GIS.
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The geocoding procedures are applied over texts in order to identify geographic
entities such as points of interest, events of interest, geographic relations between
entities (intersections or their position with respect to others), or geographic features
of certain events. Figure 3 shows examples of the mentioned georeferencing methods.

5 Results and Discussions: Geospatial Analysis Based on Tweets

There are researches interested in analyzing tweets to obtain information for problems
solving and to develop decision-making processes. Most of the times, the text of the
tweets is the main studied feature. Until 2015, a study of 92 revised researching
articles from different disciplines working with Twitter showed that only 33% of
them made use of the spatio-temporal and semantic characteristics of tweets [67].
Most of the researches interested in Twitter are focused on their text treatment to get
information about specific topics, as users emotions [75, 38, 23], or activities. Such
researches have propitiate the generation of text mining and natural language
processing techniques, and more accurate geo-location procedures.

In this section, some methods to collect and pre-process tweets are explained; also,
some common problems present when managing tweets are exposed. Finally,
examples of researches that use tweets as data sources are described.

5.1 Preprocessing Tweets

Tweets need to be pre-processed before be used at specific tasks. There is possible to
apply over them common data treatment processes, such as text mining, natural
language processes, classification, identification of patterns and elements, among
others [68].

Twitter lets programmers and developers access to tweets for educational or
scientific purposes, there have been developed specialized API’s for different
programming languages such as Python, R, Java, and others, that allow programmers
to extract tweets and its metadata in real time [60].

When the data feature of interest is the text of the tweet, data mining and the NLP
are two relevant tools. Commonly, texts are tokenized into words or n-grams to
analyze each textual element in order to identify relevant terms and stop words [66].
There exist a variety of algorithms and libraries to implement NLP and text mining
procedures over text [78].

When using NLP and textual elements from tweets is important to consider the
language used in the region where the tweets were posted [29], there are
particularities in the language used by citizens in a region and people who lives in
another area, even if the two places share the same official language. For example, in
England people use the term motorway to refer to a highway. In addition, it is
important to consider the regional terms and their meanings, in Mexico the term
ahorita, according to the Oxford dictionary [55] means a moment close to the present,
immediately after the moment when term is being used. For Mexicans ahorita means
in a moment or never, according to the context where the word is used.

When working with tweets is important to consider the language in which they are
written, in some cases the geographic place where they were tweeted is also relevant.
Twitter trending topics change from one geographical area to another; what is more,
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people use words that sometimes have a specific local meaning. The miss
consideration of the tweets language generates a noisy analysis (Figure 4).

The recurrent task done over the coordinates of tweets is their georeferencing using
GIS functions. The spatio-temporal researches that use Twitter, consider three main
features of the tweets: their texts, their coordinates and their timestamps [69].

5.2  What are the Main Problems when Working with Data from Tweets?

From the analysis of methodologies that use Twitter as a data source, it is possible to
identify two main problems when working with tweets, the data quality and the data
quantity they provide.

5.3 Data Quality

Although some tweets are deliberately created to spread useful information within a
large community, most of the tweets gathered by scientists for scientific purposes are
merely individual information, users are usually not aware their data can be analyzed
for scientific purposes. Harvey (2013) proposes the term contributed data, to describe
any data generated by users' activities on social media platforms. Tweets are part of
soft data, which defines all information created and shared on social media platforms;
contrary to hard data (traditional datasets managed by governmental agencies), tweets
come from heterogeneous sources that cannot be all confirmed.

y Differentplaces, different topics

v Vi

Mexico City New York City
#ConelOroYo #summerofhell
#CopadeOro #PennStation

#TrainPaindNY

Tweets related to the
soccer match of
Mexico versus
Salvador soccer
teams, played the 9th
July,2017.

Tweets related to the
beginning of a two
months disruption on
trains service that will
touch peoplenear to
New York City.

Fig. 4. Trending topics on Twitter at Mexico City and New York City on 10th July 2017. In the
first city, the hashtags are associated to a soccer match; in the second case, the hashtags
communicate train disruptions. The user’s interest change from one geographic area to another.

Moreover, the process of the acquisition is undocumented and there is no data
quality assertion [26]. Two recurrent questions are therefore: Are tweets trustworthy?
What is the degree of trust of tweets?

Tweets quality is therefore heterogeneous and highly variable, while some tweets
report a mere observation with no further information (e.g. "It's raining" without any
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detail about the rainfall intensity), others may include accurate information (e.g. "Hail
cracked the windshield" may provide clues about hail size and intensity). Also, the
geo-references given in the text of tweets sometimes are vague or their description is
general (e.g. “Earthquake in Mexico” does not points the exact area where the event
occurred, meanwhile “Earthquake in Chiapas southwest of Mexico” provides more
information to locate the event).

The quality in VGI data is variable for many reasons such as the volunteers
experience producing information, their activities and educational level, the multiple
technologies to generate information, the purpose of the transmitter, and the precision
of the message. Senaratne et al. (2017) review different VGI quality measures and
indicators with a view to show the importance of evaluate the VGI information before
use it.

In Dashti et al., (2014) the scientists deal with natural hazards using georeferenced
tweets and real-time information from a recovery system of disaster information.
Crosschecking tweets location with official datasets (flood hazards cartography and
Landsat remote imagery), the authors show that georeferenced tweets provide relevant
and valuable information about flood events.

Tweets are reports of what users perceive in their local environment; such reports
vary from one individual to another, according to their personal life experiences.
Observations shared in tweets may be subjective and some bias may be introduced.

Do tweets show people true thoughts? Every time a political event of global
interest occurs, traditional surveys (based on representative population samples) and
big data analytics algorithms (opinion mining based on machine learning algorithms
that analyse people’s publications on Twitter and Facebook) compete to predict the
most accurate results.

Which of them got the most relevant results? Opinion mining algorithms based on
social media content analysis performed by private companies turned out to be closer
to the results than the surveys. The algorithms predicted Trump's election [9] and the
Brexit decision [15], but they finally failed in predicting the results of the first French
presidential election round [41]. Why? People using social media to express their
opinion are not likely to give their true thoughts, or they are ironic, which makes no
sense for the machine learning algorithms causing their failure [52]. Finally, users
may discuss distant events; users can produce information about a particular event,
even if they did not attend it; also, they can keep spreading information after the end
of the event. Miller (2017) calls this phenomenon asynchronous telepresence.

5.3.1 Data Quality

Tweets are not representative samples of a population, the number of Twitter users is
a portion of the total habitants in a specific geographic area (see Figure 5); most of the
times people interested in Twitter are part of groups with a specific age and
educational level. Tweets can be considered as digital footprints.

Li et al. (2013) tried to draw social profiles of Twitter users in California crossing
socio-economic data, demographic data, and geolocated tweets; these results cannot
be generalized to the tweeters in the whole world. There is an issue dealing with
results generalization, Goodchild (2013) pointed out that results of experiments using
random representative samples can be generalized because they apply to the whole
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population in a specific area, but the results of a study based on tweets cannot be
generalized to a complex geographic and social world. Tweeting indeed involves a
minority of the population; tweets show the users concerns but, How can be known if
all the people living at the same place share these concerns? Whatever could be
concluded from a study case might not show the same results when analyzing the
same case in another space or in another period.

Tweets spatial distribution is quite irregular. Studies show that a strong correlation
between tweets and populations densities results in high concentrations of tweets in
highly populated cities, whereas in rural areas less tweets are produced [48]. That is a
reason why the specific geographic areas of study must be delimited when working
with Twitter.
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Fig. 5. Analysis of population density and tweets related to floods in the southeast of France.
These maps confirm that the number of tweets is not proportional to the population density of
an area. Not all the habitants are interested in participating in Twitter.

If events occur in sparsely populated places, just a few users may be therefore
involved in creating sparse information. At a local scale, population densities vary
depending on time: if an event is occurring within a period of time when a particular
place is unoccupied (e.g. a residential neighborhood during daylight), it may be
missed and undocumented.

On one hand, events with different features do not have the same impact in the
media. Major events, are widely spread in the media and bring about high streams of
tweets; on the other hand, local events do not have such a media propagation, so the
spatiotemporal extent of the event does not spread over the edges of the physical
event. When working with tweets related to events at a local scale, researchers must
deal with small datasets.

5.4  Where Twitter Meets GIS

There exist researches that merge GIS and Twitter with a view to develop decision-
taking and urban computing procedures. Nowadays some GIS systems let people
manage geographic information, even if they do not have a specialized
formation [39].

GIS can manage tweets coordinates to represent them as geographic points, or to
apply over them geospatial functions; there are open source GIS such as QGIS, Grass,
gvSIG, SAGA, and open source databases to manage geographic data such as
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PostGIS, SpatialLite and MySQLSpatial [28]. Some GIS-Twitter researches are
focused on analyzing people’s reports of weather, rain, snow storms, floods [4, 6];
some others model the activities of people in urban environments, such as traffic,
pollution, public demonstrations, taxi routes [18, 42, 44]. In addition, there exists
some researches interested in studying and managing critical situations [56, 53, 16].

One of the main purposes of Twitter interested researches is to develop analytical
tools to study events that represent a risk for people, in order to prevent them from
possible damages. In Cavaliere et al. (2016), the researches analyze georeferenced
tweets posted by users and authorities from the southeast France that provide
information about extreme rainfalls and floods. Their proposed methodology
processes the tweets using the abductive reasoning. The approach is proved
considering tweets posted in the study area during the 2014-fall season.

The Peta Jakarta Project has been implemented to gather crowdsourced data and
tweets posted when a flood event occurs. These data are crosschecked with other data
sources (topographic, demographic and socio-economic data) and shown in a map, in
order to visualize the affected areas and to organize emergency responses [51].

Events forecasting from social media streams is a novelty-researching trend. In
Zhao et al. (2016), the authors propose a new batch and online approaches for spatio-
temporal events forecasting from social media data; their approach characterizes the
evolutionary pattern of both spatial burstiness and structural context. The authors
remark the Twitter fundamental characteristics: the timeless of messages, the ubiquity
of social sensors, and the geo-information availability. The researchers conclude that
the forecasting of spatiotemporal events requires the consideration of spatial features
and their correlations, in addition to the temporal dimension.

Machine learning (ML) algorithms are used to classify and compute regressions
over the tweets; for example, in He et al. (2017), the authors propose an optimization
framework to extract traffic related information from tweets using a transformation
matrix, also make long-term traffic predictions using linear regressions; their study
case is San Francisco Bay, California.

An example where GIS and ML are used over tweets is the traffic analysis based
on short text from social media [64]. Traffic related tweets are pre-processed by text
mining and NLP procedures, georeferenced, and classified by ML algorithms into
different traffic events; finally, the classified tweets are geovisualized using an open
source GIS, with a view to analyze traffic in Mexico City.

The relevance of Twitter usage in geographic studies relapses in the tweets
coordinates and the information that can be inferred from their texts [34]. Tweets are
a source of updated reports about what is happening in real world. The analysis of
tweets regarding natural hazard lets geography has a perception of the territory
changes, to generate updated maps, and to design evacuation routes [46].

When geographic sciences and urban computing use Twitter, they have the
opportunity to obtain citizen’s information about what happens in their environment,
in order to ameliorate their life’s modifying urban aspects such as traffic, pollution,
and dangerous places. Twitter opens a new opportunity to sense the real world
problems, and to implement efficient and fast solutions with the purpose of
solve them.

Research in Computing Science 148(10), 2019 368 ISSN 1870-4069



When Twitter Becomes a Data Source for Geospatial Analysis
6 Conclusions

Twitter has demonstrated to be a useful tool for data analytics at different science
disciplines. Tweets are a new way to obtain information about what happens in real
world. People are getting more interested in participating in the social media; they
think their information helps others.

Many factors motivate people to tweet; the factors are related to the kind of
gratification people gets after do it. Tweets have important features such as metadata
and text that can be used to georeference the tweet. Technological advances in mobile
devices such as smartphones with embedded GPS let users keep in touch with the
social media all the time, and add their coordinates to the tweet metadata.
Unfortunately, for scientific analysis based on tweets, few of them have coordinates

In the present approach, tweets can be classified according to the kind of
information they provide into three types: self-centered, social, and collective
information. The self-centered tweets provide information about the mood and
particular activities of the user. The social information tweets are interested in
spreading information about particular events that disturbs people’s life such as socio-
political movements. The collective information tweets main purpose is to provide
data about natural hazards and urban circumstances.

Many social researches study the self-centered and social information tweets since
they provide information about people’s feelings, activities and opinions. Most of
times social and collective information tweets are used on researches interested in
forecasting, or modelling urban factors and natural phenomena, considering the
geographic features of the tweets and their timestamps.

Computing and geographic sciences work together in order to generate data
managing procedures to extract tweets, and to analyze the microblogs features for
scientific purposes. There have been developed different API’s, text mining and NLP
procedures to manage the tweets textual component; also, there have been designed
and implemented different methodologies to georeference tweets without coordinates
in its metadata.

Data obtained from Twitter can be crosschecked with authoritative data and some
other information sources to increase its accuracy, and to provide more opportunities
of data analysis. Twitter has open an option to monitor the real world dynamics
through the user’s perspectives; it could be say that Twitter provides first-hand
information.
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Abstract. Hyperdimensional computing is an emergent model of computation
based on the manipulation of high-dimensional vectors which are used not only
to represent variables and values, but also to represent complex structures such
as relations, sets and sequences. All vectors in the model are always the same
size either if they represent a single concept or a sequence of objects.
Hyperdimensional computing uses reduced representations, since there is a
compression process to encode complex structures while maintaining the same
size on the output vector. In this paper we explore the storing capacity of
hyperdimensional vectors that encode semantic feature norms. We describe a
method for encoding and retrieving feature information of concrete concepts and
present experimental results of the successful retrieval of such features.

Keywords: hyperdimensional computing, vector symbolic architectures,
reduced representations, semantic pointer architecture.

1 Introduction

Hyperdimensional computing (HD computing) is based on the properties of high-
dimensional vectors and arithmetical operations perform on them. HD computing takes
ideas from artificial neural networks in the sense that processing is performed in a
distributed fashion; it is also inspired on symbolic computing because complex
structures, such as hierarchical trees or sequences, can be formed by manipulating
symbols (vectors) that represent simpler objects. Additionally, HD computing also
“includes ideas from probability theory, statistics and abstract algebra” [14].

The use of high-dimensional vectors comes implicit with Artificial Neural Networks
(ANN), but in HD computing vectors are not only part of the architecture but are the
basic computing entities itself. Hyperdimensional vectors can be manipulated to make
associations, form hierarchies and perform other types of cognitive computations,
formation of these types of complex structures is one of the weak points of ANN [4].

The main property of HD computing is that it can operate with approximate patterns,
providing flexibility to the computing system and allowing it to scale to large learning
applications. HD computing is becoming more relevant as a cognitive modeling tool.
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Semantic features “represent the basic conceptual components of meaning for any
lexical item” [5]. Any lexical term is associated with a set of semantic features each of
which constitutes one component of a word’s intension, semantic features try to
establish the meaning of a word in terms of its relationships with other words. Since
semantic feature are subjective they must be obtained empirically. In [11] McRae et al,
describe a set of semantic feature norms collected from approximately 725 participants
for 541 concrete concepts.

In this work, we explore the storing capacity of hyperdimensional binary vectors that
encode semantic features norms from McRae’s dataset. Our aim is to measure the
maximum number of vectors that can be stored, and later retrieved, within a single
vector, our hypothesis is that for straightforward encoding methods it is not necessary
to have vectors above 5,000 dimensions.

Our experimental results will be used for selecting the appropriate dimensionality of
vectors within a HD computing system still in development.

The rest of the paper is organized as follows: Section 2 summarizes several related
works to HD computing for concept representation. Section 3 explains the general
properties of HD computing and describes how to represent semantic features. In
Section 4 we present the experimental results and finally, Section 5 draws the
conclusions and future work.

2 Related Work

2.1 Hyperdimensional Computing

In [9] Kanerva introduces the term Hyperdimensional Computing as a model for
cognitive computing, in his work he summarizes the main properties of the model, and
some current applications for it. But even before that, during the mid-1990s, a class of
connectionist network architectures called Vector Symbolic Architectures (VSA)
started to be developed. These architectures use arithmetical operations on vectors for
encoding structure using distributes representations [7].

The Semantic Pointer Architecture is a VSA developed to model a high-level
cognitive system that is also biologically plausible. The main hypothesis for the model
is that “Higher-level cognitive functions in biological systems are made possible by
semantic pointers.” [1]. A semantic pointer is a high dimensional vector that can be
used to access large amounts of information within memory, it has the function of a
pointer, but unlike conventional pointers, semantic pointers are similar to the
information they point to.

The Semantic Pointer Architecture (SPA) has extensively been in [1], and it has been
used in “Spaun”, a large-scale spiking neuron model capable to integrate perception,
cognition and action across several different tasks [2]. SPA provide a unified
framework to study cognition, to model working memory and to encode natural
language sentences, all with the same representation  mechanisms:
hyperdimensional vectors.

Crawford et al. implemented a large-scale knowledge base called WordNet using the
SPA. WordNet is a manually constructed lexical database of the English language [3],
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where each word is associated with multiple meanings forming a complex hierarchical
structure of concepts. This work is relevant to Hyperdimensional Computing because
it demonstrates how hyperdimensional vectors can be used to encode complex
cognitive structures while maintaining flexibility and efficiency.

2.2  Semantic Feature Norms

Semantic feature norms are another way to describe a concept, that unlike WordNet
definitions, are empirically obtained by interviewing people: each person is presented
with a set of concept names and are asked to list the features he thinks “are important
for each concept™.

These feature representations have been used to “provide insight into a number of
phenomena involving semantic memory and categorization”. Additionally, semantic
feature norms can be useful to develop models of semantic memory and concept
representation. Since semantic feature norms are directly obtained by asking people
they tend to be ambiguous, however this is the type of communication that prevails in
the real world.

In this work we use binary high dimensional vectors for encoding concepts described
by semantic feature norms from the largest dataset in literature, we explore the capacity
for storing and later retrieving each of the features composing a concept description.

3 Hyperdimensional Computing Background

One of the most relevant properties of the high-dimensional spaces is that most of the
space is nearly orthogonal to any given point. This means that if two random vectors
are generated, it is highly probable (more than 99.999%) they are mutually orthogonal,
new symbols (vectors) can be stored into memory without clashing with
preexisting elements.

These properties where exploited in the SDM model developed by Kanerva in 1988
[10]. However, the properties of high-dimensional spaces can also be used to perform
other type computations, for which is necessary to define a set of HD
computing operators.

3.1 HD Computing Operations

HD computing is mainly about manipulating and comparing patterns, such patterns are
stored in an associative memory where all original vectors are stored and where new
generated vectors can be cleaned up and be approximated to one or more of the original
vectors.

HD computing has three main operations: addition, multiplication and permutation.
In this work we use binary vectors, addition is an element-wise binary average,
multiplication is an element-wise exclusive-or and permutation is realized by a logical
shift. A more detailed explanation of HD Computing operations can be found in work
of Kanerva [13].
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All previous operators allow us to encode, map and retrieve hyperdimensional
patters, but in most cases the retrieval is not going to be exact. For example, X = X, *
A + X, = B is storing the association of A with X; and B with X,. In order to retrieve A
we can multiply X by X;:

X*X1=(X1*A+X2*B)*X1=> X*X1=A+X1*X2*B (4)

The resulting vector contains the sum of the desire value (A) and an unknown vector
(X, * X, * B), to discriminate this last vector, we can use a clean-up memory that
approximates X * X; to A:

Read(A + X, * X, * B) = Read(A + noise) = A. (5)

When a noisy version of an item is given as input, the memory must either output
the most similar item, according to a distance metric, in this case hamming distance, or
indicate that the input is not close enough to any of the store items.

3.2  Encoding Feature Representations

Feature representation of a concept consists of a list of features that, according to
people, are the most important to that concept. A concept feature usually consists of
two or more words, usually a verb followed by another concept, depending on these
words a feature can be classified within a feature type. In Table 1, we show an example
for the feature representation for knife found in McRae’s dataset.

Table 1. Feature representation for knife.

Concept Feature Production Brain Region Classification

name frequency
has a handle 14 Visual-form and surface
made of steel 8 Visual-form and surface
is shiny 5 Visual-form and surface
used for cutting 25 Function

Knife used for killing 7 Function
is sharp 29 Tactile
is dangerous 14 Encyclopedic
found in kitchens 8 Encyclopedic
a weapon 11 Taxonomic
a utensil 9 Taxonomic

The most straightforward way to encode feature representation is by generating two
vectors, one for the name of the feature, i.e. ‘has’, and another for its value, i.e. ‘handle’,
and then using the multiplication operator for binding them together. Once each feature
is represented as a pair of binded vectors the next step is to add all the features to
produce a single vector that encodes all the features associated with the concept. By
applying the proper operations, we can extract the value for each of the features
encoded in the vector:

knife = has * blade + made. of * steel + texture * shiny + --- + is * utensil. (6)
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In the McRae’s dataset all concepts have a different number and type of features,
and in most cases, there are two or more features of the same type, either because an
object is composed by several parts and therefore the ‘has’ feature type appears more
than once, or because and object has several options for some features, i. e. an apple
can be red, green or yellow. These cases do not represent a problem in the encoding
process because hyperdimensional multiplication distributes over addition [9] and
therefore we can encode each feature independently without knowing if there are more
features that share the same type:

apple = is * fruit + has * skin + color * (red + green + yellow)
(7)

= is * fruit + +has * skin + color * red + color * green + color * yellow.

From equation 7 we can see the semantic pointer apple, it is a pointer because is a
mean to access more information in memory, we can extract each feature value and,
since a feature value can be a semantic pointer itself, we can proceed to explore them
in more detail. Semantic Pointers can be used to represent hierarchies, Figure 1, where
every level in the hierarchy is a deeper exploration within a semantic pointer.

apple
is has color color color
fruit skin red green yellow

Fig. 1. Semantic Pointer Vectors can represent hierarchical structures.

3.3  Retrieving encoded feature values

Once a concept has been encoded, following equation 6, we have to be able to retrieve
the feature values associated with it, to do this the inverse operation has to be applied
to the semantic pointer, in the case of binary vectors the XOR operation is its
own inverse.

Since in our approach we can have more than one feature value associated to a
feature type our clean-up memory outputs, not only the closest vector to the feature
value obtained, but all the vectors that are similar enough according to certain
threshold value:

is * apple = fruit color = apple = (red, green, yellow). ®)

To extract all feature values from a semantic pointer it is necessary to know its
correspondent feature types, however once a vector is already encoded there is no way
to know which feature types are present within this semantic pointer. In order to extract
the feature values, we multiply the semantic pointer with all the feature type vectors in
the system and, by using the clean-up memory, verify which vectors are meaningful
after the multiplication is done. This process is explained in Algorithm 1.
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Algorithm 1. Extracting feature value vectors from a semantic pointer.

Function GetFeatureValues (SPvector):

FeatTypes = [is, has, color, shape, ..] -- All feature types
FeatValues = []
For each FtType in FeatTypes:

ValueVec = FtType * SPvector

ValueVec = CleanUpMemory (ValueVec)

If ValueVec is not null:

ValueVec.push (FeatValeus)

Return ValueVec

The function CleanUpMemory returns a list of all the FeatureValue vectors that are
close enough to the input vector. Two vectors have a very high probability of being the
same when its normalized hamming distance is around 0.45.

4 Experimental Results

We performed several experiments to test the maximum capacity for storing and
retrieving feature values from semantic pointer vectors representing definitions of
concepts from the McRae’s dataset.

During the experiment we randomly select a set of concepts from the dataset and
encode them into our associative memory, using binary hyperdimensional vectors.
Additionally, we store a list of all the feature values for each selected concept to later
compare them with the values extracted from the semantic pointers.

The average number of feature values for the concepts in the McRae dataset is
around 17 and the maximum being 22, however, to explore the maximum storing
capacity of the semantic vectors we defined additional concepts by randomly selecting
features from the dataset, the maximum number of features for a concept was 70.

Table 2 shows the percentage of successful retrievals of feature values for N-size
semantic pointers and the number of features in vector ranging from 10 to 70. Figure 2
illustrates these same results.

Based on the obtained results and considering that the maximum amount of features
in the McRae dataset is 22, we can state that a binary vector of size N = 2,500 is enough
to store the feature representations of concepts from the used dataset. Even though some
sources [8, 9] indicate that 10,000 bits can be convenient for most applications, in our
case the size of our vectors might be smaller which has a direct impact on the processing
time of our system.

We can also observe how the percentage of retrieved features increases as the
dimensionality of the vector increases but not in a linear fashion, for example for a
vector size of N = 5,000 we can retrieve 86% of all values in a semantic pointer
composed by 50 features, if we double the size of the vector, N = 10,000, we can
retrieve 82% of the features.

Even though this might seem a small increment it is very relevant to our work
because, by the way in which we encode all the features, there is no way to know if the
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retrieved features are the most important, in terms of frequency for example, for the

concept. There might be ways to ensure that the most important features are retrieved
first, but for the characteristics of this dataset it is unnecessary.

Table 2. Storing capacity of binary semantic pointers.

Successfully retrieved features (%)
Number of
Features in
Vector N=1,000 | N=2,500 N = 5,000 N =7,500 N = 10,000
10 100 % 100 % 100 % 100 % 100 %
20 95 % 100 % 100 % 100 % 100 %
30 90 % 100 % 100 % 100 % 100 %
40 725 % 92.5% 95.0 % 100 % 100 %
50 70.0 % 68.0 % 86.0 % 92.0 % 82.0%
60 58.3 % 46.7 % 61.7 % 56.7 % 61.7%
70 38.6 % 42.9% 343 % 343 % 27.1%
Succesfully retrieved feature values (%)
100 — N'=1,000
\ — N=2,500
N = 5,000
— N=7500
75 — N = 10,000

50

25

10 15 20 25 30 35 40 45 50 56 60 65 70

Number of features in vector

Fig. 2. Storing capacity for N-size semantic pointers.

5 Conclusions and Future Work

This work presents an empirical exploration of the storing capacity of binary semantic
pointers as a mean to represent sematic feature norms. We presented some highlights
of Hyperdimensional Computing, an emergent model of computation based on the
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manipulation of high-dimensional vectors. This type of computation allows us to
encode from single concepts up to more complex data structures such as sequences.

We describe how feature representations might be encoded into high-dimensional
vectors and we describe a straightforward method to retrieve such vectors. We perform
experiments for encoding randomly chosen vectors from the largest known dataset of
semantic feature norms.

This works presents preliminary results from a larger project that pretends to encode
the entire McRae dataset into a Vector Symbolic Architecture for a Semantic Net-
work, the results presented allow us to decide the size of the vectors to be used in the
complete system.

Acknowledgements. This work has been funded by SIP-IPN under grant SIP-
20181698 and also by CONACYT scholarship number 666415.
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Abstract. Named entity recognition (NER) play a vital role in various application
of Natural Language processing. Although a significant work has been done in
general and biomedical domain NER, but agriculture domain has been ignored
for a long time. Agriculture entity includes name of crops, crop diseases,
fertilizers etc. Due to the inapplicability of conventional features which has been
used for identifying general named entities, recognizing and extracting the
agricultural entities become a rigorous and challenging task. As NER in
agriculture domain has not been yet explored a lot, thus building up a NER
system for agriculture domain is very recent and vital work. This paper proposes
anovel context-based approach to develop a NER system for agriculture domain.
The proposed approach employs the context pattern for extracting the required
entity of interest. The experiment is carried out in two different genres 1) Word
Context Pattern 2) POS context pattern. In word context pattern, merely the co-
occurring word tokens corresponding to the required entity is considered. While
in Part of Speech (POS) rather than considering the co-occurring word tokens,
their POS structure is plied. We have proposed seven part of speech patterns
which are most likely to comprise all the instances of required entity of interest.
The remarkable point is that the proposed POS patterns have not only device the
known agricultural entities but have also extracted out 55 hidden entities from
the data set. To boost up the performance of the NER system semantic similarity
module has also been exercised. The proposed approach attains an accuracy of
70.45 % and recall of 91.3% which is appreciable as the preparatory work.

Keywords: named entity recognition, agriculture NER, word context pattern,
POS context pattern, semantic similarity, agriculture entity.

1 Introduction

Named Entity Recognition (NER) has grown as an important area of research in past
two decades. It is a fundamental and key component in the field of text mining and
Natural Language Processing (NLP). Lisa F. Rau [23] presented the first research paper
in this area in 1991 at Seventh IEEE Conference on Artificial Intelligence Application
[23] and then after in 1996, after the MUC-6 (Message Understanding Conference-6),
it has been accelerated and never been declined since then [9]. In the taxonomy of
computational linguistics, it falls under the domain of information extraction. Named
Entity recognition can be defined as identifying the references to specific entities like
names, including person, organization and location names and numeric expressions
including time, date, money, and percent expression [20]. It involves processing
structured as well as unstructured text document and extracts these information units
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from the text. As named entities are the basic building block of content of the document,
extracting these phrases from the document play an important role towards more
intelligent information extraction and management. In the preparatory stage the task of
NER involves extracting the name of place person and organization etc. in the text.
Later on, these categories have been sub-categorize into more fine-grained classes like
name of city, state [8, 14], name of film and scientist [7] and so on. The task of NER
has also disseminated for different languages like Turkish [28], Arabic [1] and many
more. Researchers working over the field of NLP and text mining have also glance their
eye over different genre and domain like tweets data [25], clinical data [13], and
biomedical data [32]. However, NER for agriculture domain has been ignored for a
long time.

As we know India is principally an agriculture-based country and it is the backbone
of Indian economy. It contributes a significant figure, approx. 13.7 % * to the Gross
Domestic Product (GDP). For last six decades, various government and non-
government organizations such as IARI, ICAR, TASRI and FAO are working in the
field of agriculture. As a result of this ample amount of digital information become
available in the internet. Agriculture domain is very much similar to the biomedical
domain, but due to some unfavorable circumstances or unavailable resources no
significant work has been done in this field. However, if someone want to do any kind
of Natural Language Processing like Information retrieval, Machine translation,
document summarization, Semantic web search, Question answering System or any
other in agriculture domain one has to find out the agricultural named entities from
the document.

Although there are various Named Entity Recognizers available now a day such as
Stanford’s Named Entity Recognizer, Python NLTK Named Entity Recognizer,
Learning Based Javal (LBJ) [26] and many others. But since they are open domain
NER, they can only able to recognize the name of Place, Person and Organization but
unable to tag the Agricultural related entities. Similarly, various NER systems like
ABNER, BNER, BANNER has been developed for biomedical domain but they are
specially trained for recognizing biomedical entities hence they do not perform well for
recognizing agricultural entities.

Hence if we want to develop any kind of NLP application for agriculture domain,
we have to extract the basic entities particularly the agricultural named entities like
plants name, plant diseases and fertilizer’s name etc. from the text. A propaedeutic step
has been taken by Biswas et al. [2] in this field. However, they have suggested solely a
framework called AGNER, for building up a NER system for agriculture domain.
Although there are various challenges comprising in building up a NER system for
agricultural domain, in this paper we have taken an attempt to develop an agricultural
NER using context pattern and semantic similarity measure.

2 Challenges with Agriculture NER

Since the research over NER lends its wings, a considerable amount of work has been
done in the field of NER. In general, there are two main approaches for developing an
NER system: Rule Based Approach and Machine learning approach. However, the rule-
based approaches give good results, but developing such rules are time consuming,
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importable and require expert’s knowledge. Nowadays machine learning techniques for
developing the NER systems are in trend. Various machine learning approaches such
as HMM [6, 35] SVM [30], CRF, [19, 29] maximum entropy [27] has been employed
for framing the NER systems both for open domain NER as well as domain specific
NER like biomedical [34, 12, 16] and tweeter [17,25]. These machine learning
approaches are applied over some specific features. For an instance orthographic
feature, word shape feature, prefix and suffix feature [29] and many others.
Orthographic feature describes how a token is structured like ALLCAPS, INITCAP,
alpha numeric, word containing roman digit etc. Word shape feature expounds that
same category of tokens may share similar shape and prefixes and suffixes are some
special sub words with which same class of tokens starts or ends. These features play
an evincive role in exercising varied machine learning algorithms. However, the most
hitching thing is that these features are not applicable with the agriculture entities. For
example, the crop names like rice, wheat, oat, barley etc. neither follow any
orthographic feature, nor word shape or prefix, suffix feature. Hence exploiting the
machine learning algorithms for extracting the agricultural entities is not facile.

Even though agriculture domain seems similar to biomedical domain however their
naming conventions are not same. Unlike agriculture entities, biomedical entities have
some special characteristics such as long and descriptive naming sequences,
conjunctive and disjunctive structure, abbreviations, cascaded construction etc.
Moreover, in case of biomedical domain the presence of two annotated corpora GENIA
and GENETAG [33] and the impendence of MEDLINE [31], scientific biomedical
knowledgebase aids in fabricating the biomedical NER with satisfactory results.
However as per our knowledge, very few works have been done in the field of NER in
agriculture domain [2, 4, 18] and there is no such annotated agricultural corpora and
full fleshed agricultural knowledge base.

3 Proposed Work

As it is discussed in the previous section that the various word level features like
orthographic feature, word shape feature, prefix and suffix feature are not congruent
for the agricultural entities hence we have to move for the context-based feature. In this
work we have proposed an approach for developing an agricultural named entity
recognizer, AGNER, which exploits the context of required named entities. The
experiment is carried out in two phases: 1) using the context pattern of words 2) using

the context pattern of POS.

3.1  Experiment 1: Word Context Pattern

The context pattern of words is devised in two steps. First step quest for the co-
occurring word patterns and the next step check for the accuracy of their co-occurrence.

Co-Occurring Word Pattern Extraction. In order to extract the context patterns of
words corresponding to the named entity terms, first of all the required entities are
searched in the training dataset. In association with these entities different size context
windows are extracted. Context windows are the set of tokens of fix size neighboring
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words in the text. Table 1 shows the context window of different size around the token
Wo. In this work the maximum window size is taken as +5.

Table 1. Context window of words.

Window Description
Wo W1 A word right to the required token
W.1 Wy A word left to the required token
W-1Wo Wi A word both left and right to the required token
Wo W1 Wez Two words right to the required token
W-2W.1 W, Two words left to the required token
W2 W1 Wo Wi Wiz Two words left and two words right to the required
token
...... W2Wa1WoWa

As aresult of this multitudinous set of word phrases of different window size has
been obtained. These word phrases are sorted on the basis of their frequency and few
most frequent words patterns are extracted out.

Co-occurrence Evaluation. This step checks for the verity of co-occurrence of
extracted terms with the required entity of interest. For this, first of all the terms which
have been extracted in the word pattern extraction phase, as a co-occurred term with
the required named entity, are retraced in the testing dataset. Now the co-occurrence of
these entities has been cross checked with the other entities in the dataset. At last the
entities which have been extracted from the probable position of named entity are
examined for the required entity of interest. The algorithm, shown in Table 2, presents
the implementation detail of the proposed word pattern approach.

Table 2. Algorithm for word context pattern.

Algorithm: Word Context Pattern

Input: Drr — Training Dataset, Drs — Testing Dataset, S — Seed Word
Output: Agriculture Entities E = @

Word Pattern Extraction
E < O, T<;
foreach S€ S do

Find context window for VV| in Drgr where | =5

bl O

Extract co-occurred words, CW, (i) «W,
5. Co-occurred words patterns CW, P <— Frequent CW, (I)

6. Word Pattern P, = CWd P—s
Co-occurrence Evaluation
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Algorithm: Word Context Pattern
7. For each window W, in Drs where i =+5

8. Extract n-gram, Ni (—V\/I

9. Search for n-gram N , where N, =P

w
10. Extract token T from N , where T is in probable positionin N .
11. Agriculture Entity, E .= E +T

The flow diagram of the process, which is involved in the experiment 1, is shown in
Fig 1.

Word Pattern Extraction Co-occurrence Evaluation
[ Training Dataset | [ Testing Dataset |
y v

Search Required
. N + Search co-occurred
Entity
word
‘ y
Find Context
Windows Extract n-grams
corresponding to satisfying the word
Required Entity pattern pattern
h
Extract Frequent o chable position
Word Patterns
~|4 Required Named
Fetch token from Entity

Probable position

!

List of Co-occurred
Words

Fig.1. Flow diagram of word context pattern.
3.2  Experiment 2: Part of Speech Context Pattern

Unlike word pattern, in part of speech (POS) context pattern, rather than considering
the absolute word, their part of speech structure is captured. This approach works in
three steps: Pattern Extraction, Pattern Evaluation, and Pruning.

Pattern Extraction. The word phrases which have been devised from former approach

are diverse in nature. Hence in order to achieve the homogeneity among the various
word tokens of different size windows these word phrases have parsed for their POS
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structure [2]. Once after the obtained word phrases have been scanned for the POS
structured, a finite set of unique POS patterns have been emerged. These patterns are
then sorted on the basis of their frequency and few of the most frequent POS patterns
are extracted. As a consequence, seven most frequent patterns have been derived. Table
3 quotes varied POS patterns, which has been instated from the context word window.
In these patterns NN stands for noun phrase, IN is for preposition, JJ for adjunctive,

and VB stands for verb phrase.

The noun term written in bold and italic in the

delineated patterns is the collocation of required entity of interest and that position is
the most probable position having the named entity token. The process of pattern
extraction process is shown in Fig 2.

Table 3. Part-of-Speech Context Patterns.

S POS Pattern Description Example

no.

1. NN+IN+NN Any noun phrase ...characteristics of rice..
followed by a ...production of turnip...
preposition followed by ...yield of paprika....
required  entity  of
interest.

2. NN + NN
3. JT+ NN

4, VB + NN
5. NN + VB

6. IN + NN +IN

7. NN +IN+VB+

Two consecutive nouns

Adjective followed by
noun

Verb phrase followed by
noun

Noun followed by verb

Noun phrase sandwich
between two preposition

Required noun phrase

..oats variety...
...almond cultivar...
...black pepper...

..grind spelt...

...cultivated rice...
..produced Walnuts...

..bean planted...

..sage harvested. ..

..of garlic in...

..in hazelnut for...

..with pistachios from ...
..growth of cultivated oats...

NN followed after a triplet of  ...sulphur at dried apricots...
noun, preposition and ...advantage in producing
verb. ginger...

Find
Extract
- Search for different .
Training Seed size Find POS > frequent
Dataset . pattern POS
Entity Context
X patterns
window

Fig. 2. Flow diagram of POS pattern Extraction.
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Pattern Evaluation. In the pattern evaluation phase, the exactitude of the patterns
which has been derived in the pattern extraction phase are to be enumerated. To check
the soundness of these patterns a separate subset of data called the testing dataset is
taken. Then the whole dataset is parsed for the POS structure. Once the POS sequence
of words in the dataset is obtained, we will look for the sub sequence matching the POS
patterns structure. After getting the POS pattern sequence, the word sequence
corresponding to that POS sequence are chunked out. In this chunk of word, the token
laying in the most probable position of NE in the POS pattern sequence is then
extracted. The steps involved in the pattern evaluation phrase is illustrated in the Fig. 3.

Find n- Extract the
. Parse for ram required
Testing -~ g . - q .
Dataset POS > satisfying > entity
structure POS from POS
patterns pattern

Fig. 3. Flow diagram of POS pattern Evaluation.

Pruning. It is supposed that the list of tokens obtained as an output in the previous
section contain the named entity terms. However along with the required entity of
interest there is a faction of irrelevant terms. In order to improve the accuracy of the
system, these irrelevant terms must be filtered out from the required relevant terms.
There are various ways to drive this for an instance semantic similarity between
different set of words, using difference between the information content from any
knowledge base [24] like Word net, concept net or any domain specific ontology,
exercise different clustering algorithm like k means and many other. We have used
semantic similarity measure to alienate the extraneous words from the list of words.
There are also multifarious techniques available for scaling the semantic similarity
between set of words. Bollegala [S] and Haiyan [10] employed Web search engine to
measure the semantic similarity between words using web search engine. Pekar and
Staab [22] and Pedersen et al. [21] uses the relatedness of concepts in the thesaurus and
distributional feature vector to compute the semantic similarity. While Li et al. [15]
employed multiple information sources for doing the same. In this work we have plied
the UMBC semantic similarity model proposed by Han et al. [11]. The online
demonstration of the model is available at http://swoogle.umbc.edu/SimService/. It is
based on align-and-penalize algorithm. The algorithm works over the concept that if
two sentences or short text sequences are semantically equivalent then align them and
the words that are poorly aligned have to give penalty. The alignment quality serves as
a similarity measure. The Semantic Textual Similarity (STS) is computed using:

STS=T-P-P’

where T is the term alignments score, P’ is the penalty for bad term alignments and P’
is the penalty for syntactic contradictions led by the alignments. However, P” had not
been fully implemented, it is shown just for completeness. Alignments score T is define
by the equation:
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> sim'(t, g (1)) ;Sl sim‘(t,g (1)

T =t i
2[s,| 218,

>

where g(t) is the aligning function:
g (t)=argmaxsim'(t,t").

sim '(t,t ') is a wrapper function over the relation similarity model. The similarity

between two words X and Y is computed by combining LSA similarity and Word Net
relations:

~aD(x.y)

simg, (X, y) = sim g, (X, y)+0.5e ,

where D(x, y) is the minimal path distance between x and y in the word net taxonomy.
For penalizing the bad terms, a model had been developed that determine whether
two terms belong to disjoint sets:

A= {{tg (t))|te s, asim'(t,g (1)) < 0.05},
B, ={(t.g(t))[t e S, At is an antonym of g(t)} ie{1,2}.

P’ is calculated using the formula:

PA = Z<t~9(t)>e%\(5im'(t’9 (1)) +w, (t).w, (t))
- o]
P = 2 <h9(t)>es.(5im "(tg(t))+ 0,5)

' 2[s,]

5

5

P =P*"+P°+P"+PE.
The semantic similarity value returned by the model among two terms ranges from 0
and 1. The similarity value increases from 0 to 1. In this work we have taken the
threshold, r as .4 for filtering out the irrelevant terms. Algorithm, shown in Table 4,
presents the implementation detail of the proposed POS context pattern approach.

Table 4. Algorithm for POS Context Pattern.

Algorithm: Word Context Pattern.

Input: D1r — Training Dataset, Dts — Testing Dataset, S — Seed Word
Output: Agriculture Entities E = @

POS Pattern Extraction
. E< O T«
2. foreach seS do

3. Find context window for V\/I in Dtg where | = £5
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Algorithm: Word Context Pattern.
4. Extract co-occurred words, CW, (i)« W,

5. Get POS structure Spos by parsing the co-occurred word
Spos < Parse(CW,)
6. Part of speech patterns, P... < Frequent(S,os)
Pattern Evaluation
7. For each sentence Li in D1s do

8. Get POS structure S,nq by parsing each sentence L
Spos < Parse(L)

9. Search n-gram of part of speech p, where pros € S POS and pros = Peos

10. Extract word token T from the probable position in ppos.
Prunning

11. Foreachtoken T, €T do

12. Semantic Similarity, Sim « Semantic Similarity(C,, T,)

13. If Sim > Threshold T
14. Agriculture Entity, E .= E +T

The flow diagram of the proposed model for POS context pattern is shown in Fig. 4.

4 Experiment and Result

4.1  Dataset Preparation

As NER in agriculture domain is an unenlightened field, we have not found any
standard or benchmark dataset. Hereof in order to perform the experiments we have to
make our own dataset. To prepare the dataset a renowned agricultural resource called
AGRIS is employed. AGRIS is a global public domain database with more than 7.5
million structured bibliographical records on agricultural science and technology
(https://en.wikipedia.org/wiki/AGRIS). More specifically it is an agricultural search
engine which contains the references to the agricultural research articles, data, statistics,
and multimedia material. For preparing the dataset we have extracted out the abstracts
of the research articles available in the AGRIS database. In this paper five different
class entities have been sorted out, which is to be tagged by the proposed NER system.
These predefined classes are: Name of cereals, fruits, nuts, spices, and vegetables. For
each of these classes we have used 15 varied elements or entities for extracting
theabstract. As a result of this we have a set of 75 entities. These seventy-five entities
are passed to the AGRIS data base and for each entity top ten abstracts have been
extracted. Hence in total, for performing the experiment we have a dataset of 750
documents or abstracts containing 171,735 words. Out of these 15 entities in each class
we have used five elements for learning and ten elements for testing. Thus, in total we
have used 25 entities or 250 documents for learning and 50 entities or 500 documents
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for testing. Table 5 enlist the five classes and the entities contained in that classes in the
testing dataset.

Pattern Extraction Pattern Evaluation

Training Dataset Testing Dataset

Search Seed Entity Find POS sequence
of each sentence

Find Context ,I,
Windows Extract n-grams
corresponding to satisfying the POS
Required Entity pattern

Extract the token at
Probable Position

POS Pattern

Extract Frequent
Patterns

4

. Semantic .
T“i“: ——>{ Similarity Rii‘t‘i'tmd
okens Module \

Pruning

Fig. 4. Flow diagram of POS Context Pattern.

Table 5. Agriculture class Vs Entities per class.

Class Name

Cereal Fruit Nut Spice Vegetable
o Oats (101) Acorn (72) Almond (70) Balm (30) Carob (69)
£ Rice(323) Apple (132) Cashew (83) Cinnamon (77) Peanut (84)
@ Rye (129) Apricot (57) Chestnut (86) Clove (66) Cassava (25)
Z  Wheat (325) Blackberry (58)  Coconut (182) Garlic (166) Leeks (70)
2 Barley (193) Durian (108) Hazelnut (64) Ginger (90) Okras (18)
E Bean (216) Kiwi (48) Pecan (26) Mint (54) Parsnips (18)
W Corn (265) Mango (116) Pistachios (68) Paprika (62) Rhubarb (52)

Lentils (55) Nectarine (47) Walnut (72) Pepper (98) Tomato (67)

Spelt (87) Pear (231) Raisin (27) Sage (64) Turnip (28)

Plum (104) Savory (38)

4.2  Experiment and Result Analysis

In this paper the motto of the work is to extract the agricultural named entities from the
dataset. Experiment 1 tries to find out these entities using the context pattern of words.
For this at first the phrases or keywords are extracted which frequently co-occurred
with the required named entities. Few of these extracted co-occurred word patterns have
been enlisted below in Table 6.
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To check the co-occurring accuracy of these word patterns with the agricultural
entities, they are searched in the testing dataset and checked the token found in the
probable position for named entity. However, after doing the experiment we found that
the results obtained are not satisfactory. This is because of the reason that although the
co-occurrence of these phrases is frequent with the agricultural entities but the
probability of occurrence of these words patterns with the other entities is also very
high.

Since the co-occurrence of word patterns are diverse in nature, no significant result
has been obtained. Hence in order to devise more generalize co-occurring patterns we
have move towards POS patterns.

Same as word patterns, for extracting the POS patterns also, n-gram of different size
window is chunked out from the training data set. In this case rather than considering
the word tokens the extracted n-gram phrases are parsed for the POS structure. For
infesting the POS structure Stanford’s parser has been used. As a result of this a set of
finite POS patterns have been obtained, out of which some frequent POS patterns have
been sorted out (Table 3).

To check the accuracy of the procured patterns, these POS structures have been
searched over the testing dataset. The n-gram of word which satisfies the POS structure
is then extracted out and looks for the token in the probable position. At last the list of
tokens obtained through the probable position is check for the required entity of interest
or not. The number of relevant entities extracted out through each pattern in each class
is shown in Table 7.

Table 6. Co-occurred Word Patterns.

S. No. n- gram Co-occurring Word

Patterns

1. yield of rice yieldof

2. content in apple contentin

3. production of cashew production of

4. quality of tomatoes quality of

5. wheat production ___ production

6. barley grain _ grain

7. wheat flour _ flour

8. Almond cultivars _ cultivars

9. bean varieties _ varieties

10. mint plant _____plant

11. corn yield _yield

12. common wheat common

13. red rice red

14. wild lentil wild

15. raw barley raw

16. fresh paprika fresh

17. apples produced _____produced

18. ginger grown __grown

19. cultivated rice cultivated

20. polished barley polished
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Table 7. Relevant vs. Irrelevant entities extracted through POS patterns without semantic
similarity measure.

POS Cereal Fruit Nut Spice Vegetable
Pattern Rv IRv Rv IRv Rv IRv Rv IRv Ry Irv
NN+ IN+ 385 1055 180 690 173 634 143 576 158 584
NN
NN + NN 866 2506 382 1864 347 161 208 1421 166 1271
JJ + NN 272 1048 135 874 109 691 128 782 36 635
VB+ NN 154 501 70 403 71 391 15 75 40 310
NN + VB 225 1607 141 1266 116 986 140 1018 105 1105
IN+NN+ 41 305 22 201 19 193 11 169 24 166
IN

NN + IN + 42 54 15 30 16 39 9 30 5 27
VB + NN

Here in Table 7, Rv referred to the relevant entities and IRv referred to the irrelevant
entities extracted through patterns. Total number of entities extracted is the summation
of all relevant and irrelevant entities extracted. The accuracy of the system can be
measured using the formula:

.. Total no.of relevant entities extracted
Precision=

Total no.of entities extracted

Numerated value of precision for each of the patterns is enlisted in Table 8.

Table 8. Precision value of POS patterns without similarity measure.

POS Pattern Cereal Fruit Nut Spice Vegetable
NN + IN + NN 26.73 20.68 21.43 19.88 21.29
NN + NN 25.68 17.0 68.30 12.76 11.55
JJ+NN 20.60 13.37 13.62 14.06 5.36
VB + NN 23.51 14.79 15.36 16.66 11.42
NN + VB 12.28 10.02 10.52 12.08 8.67
IN+ NN + IN 11.85 9.86 8.96 6.11 12.63
NN+ IN + VB + NN 43.75 33.33 29.09 23.07 15.62

Fig. 5 represents the accuracy or precision curve for each of the proposed POS patterns
shown in Table 8 for each of the varied class of agricultural elements without semantic
similarity. It can be observed through Table 8 and the precision curve plotted in Fig. 5
that the precision value for the proposed POS patterns is not appreciable. The precision
is lousy because of the occurrence of the irrelevant entities therewith the relevant
entities. Hence in order to improve the accuracy of the system the irrelevant entities
must be filtered out.
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80

A =¢=NN-IN-NN

60
/ \ == NN-NN
40 y 4

\ = JJ-NN
20 - —
o —>=VB-NN

=3ie=NN-VB

% ~®—IN-NN-IN
<

Fig. 5. Precision value of POS patterns (without semantic similarity measure).

To filter out the irrelevant entities from the list of extracted entities, semantic similarity
measure has been used. We have employed the UMBC semantic similarity module to
achieve this. The semantic similarity value of each term extracted out through patterns
is measured with its class keyword that is cereal, fruit, nuts, spice, and vegetable. Terms
for which the similarity measure is greater than or equal to .4 are kept as relevant named
entities while the others are filtered out. The number of relevant and irrelevant entities
obtained after the application of semantic similarity measure is enlisted in Table 9.

Table 9. Extracted Relevant vs. Irrelevant entities through POS patterns with semantic Similarity
measure.

POS Pattern Cereal Fruit Nut Spice Vegetable

Rv Irv Rv Irv Rv Irv Rv Irv Rv Irv
NN + IN + 363 37 147 61 134 52 76 47 123 48
NN

NN + NN 806 142 317 150 290 110 120 99 103 105
JJ + NN 161 33 115 40 45 20 81 19 20 21
VB + NN 147 34 58 21 64 18 32 20 32 20
NN + VB 220 64 105 98 92 60 68 51 97 44
IN+NN+IN 34 5 18 7 17 10 7 1 19 7
NN + IN + 34 3 14 3 11 8 9 5 5 3
VB + NN

Table 10 represents the precision value of each of the proposed POS patterns derived
from Table 9 for each of the varied class of agricultural elements with semantic
similarity.

Table 10. Precision value of POS patterns with similarity measure.

POS Pattern Cereal Fruit Nut Spice Vegetable
NN + IN + NN 90.75 70.67 72.04 61.78 71.92
NN + NN 85.02 67.88 72.5 54.79 49.51
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JJ + NN 82.98 74.19 69.25 81.0 48.78
VB + NN 81.21 73.41 78.04 61.53 61.53
NN + VB 77.46 51.72 60.52 57.14 68.79
IN+NN+IN 87.17 72.0 62.96 87.5 73.07
NN +IN + VB + NN 91.89 82.35 57.89 64.28 62.5

The precision curve for the POS pattern with semantic similarity measure for each class
of agriculture entity is illustrated in Fig 6.

100
90 i
80 /.\ == NN-IN-NN
70 1 —8—NN-NN
60 . ﬁ >
w=fe=]]-NN
==>¢=\/B-NN
40
=ie=NN-VB
30
20 ==@=|N-NN-IN
10 NN-IN-VB-NN
O T T T T 1
Cereal Fruit Nut Spice Vegetable

Fig. 6. Precision value of POS patterns (with semantic similarity measure).
It can look over through Table 8 and 10 and Fig. 5 and 6 that the application of semantic

similarity has drastic effect on upgrading the performance of the system. The average
precision of each pattern with and without similarity measure is framed in Table 11.

Table 11. Average precision for proposed POS patterns.

POS Pattern Without Similarity With Similarity Measure
Measure
NN + IN + NN 22.00 73.43
NN + NN 27.05 65.94
JJ + NN 13.38 71.23
VB + NN 16.34 71.14
NN + VB 10.71 63.12
IN + NN + IN 9.88 76.54
NN + IN + VB + NN 28.97 71.78

The comparison of precision value of POS patterns for both that is without similarity
measure and with similarity measure is shown in Fig. 7. As a result of application of
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semantic similarity measure the average accuracy of the system increases from 18.33%
to 70.45%. The recall value of the system can be scaled using the formula:

Total no.of relevant entities extracted

Recall=

Total no.of relevant entities in the dataset’

However, it cannot be calculated separately for each of the patterns. This is because of
the overlapping nature of few of the POS patterns. Hence the recall value is accounted
for the entire system rather than for varied separate patterns. In order to figure out this
the entire data set is scanned for all the agriculture entity present in the data considering
both hidden and known (fifty seed entities) agricultural entities. The recall is computed
on the basis of out of all the relevant agricultural entities available in the data set, how
many are extracted through patterns. It is found that there are 115 unique agricultural
entities present in the data set and out of these 105 relevant agricultural named entities
are extracted through patterns. Hence the recall value is obtained as 91.3%. The
surpassing achievement is that the proposed patterns has extracted out fifty-three
hidden agricultural named entities from the dataset in addition of fifty known seed
entities.

100
80
60
40
20 -+

0 4

S S S S @ S
N S S S PSS WF

B Without Similarity Measure B With Similarity Measure

Fig. 7. Precision without similarity measure Vs Precision with similarity measure.

5 Conclusion

This paper focuses on developing an NER system for agriculture domain. For achieving
this context pattern-based method has been used. The context has found using the co-
occurrence pattern in different size window. Two type of context has been considered,
word context pattern and POS context pattern. The output of the word context pattern
is diverse in nature hence no significant result has obtained. Thus, the next experiment
focuses on POS context pattern, which provide more generalize results. This approach
receives good recall, but due to the impedance of bulk of irrelevant entities with the
relevant ones, the accuracy of the system is very poor. Hence in order to filter out the
irrelevant entities and improve the accuracy of the system semantic similarity measure
is used. The experiment is deficient in a point that the semantic measure is relied over
the word net database. Hence only those entities will be entertained for similarity
measure which has enlisted in the word net database. Although the experimental results

ISSN 1870-4069 397 Research in Computing Science 148(10), 2019



Payal Biswas, Aditi Sharan, Ashish Kumar

are not very surprising, but being a preparatory work in the field of agricultural NER,
this can be an impellent for future work in this blooming topic of NER in agriculture
domain.
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