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Abstract. The aptitude to detect objects is a present and predominant
characteristic in the vision systems of the live beings. This characteristic is so
important that it has been a topic of investigation in the area of artificial vision.
In this paper we link 3D scenes reconstruction to evolutionary algorithms
through the stereo vision that usually needs of two images captured by a pair of
cameras, in order to determine the distance of the objects in relation to a
reference system. From this is obtained the third dimension of the objects. In
this work we propose to use only a camera, which is displaced along a path,
capturing images every certain distance. As we cannot perform all
computations required for the total scene reconstruction, we employ an
evolutionary algorithm to partially reconstruct the scene and obtain its
representation. The algorithm employed is the fly algorithm, which employ
spatial points named “flies” to reconstruct the most important characteristics of
the world. Flies (points in the space) are evaluated by a fitness function; the
flies with better fitness are posed on the object to be detected. Finally, the
center of mass of the flies with the highest fitness is obtained and a geometric
form is recuperated using the parameters of the centroid, this form will be use
to track the object.

Keywords: 3D Reconstruction, Artificial Vision, Stereo Vision, Evolutionary
Algorithms.

1 Introduction

In this work we present a method to carry out the objects detection and tracking of a
dynamic scene using stereoscopy, evolutionary algorithms and monocular vision.
Some algorithms are suitable to give solution to the stereo vision problem such as
the evolutionary algorithms. In this case, we employ the fly algorithm with some
modifications according to the conditions, tasks and proposed objectives.
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Stereo vision is employed to obtain the depth of the objects present in a scene. The
capture of slightly displaced images of a scene can be carried out by one of the
following procedures:

Static capture. Aligning two or more cameras separated among them (similar to
mammalian vision system), every camera captures one image.

Dynamic capture. Displacing one camera along a path and taking images in
different positions of the path.

There are works where two or more cameras are used to obtain the reconstruction
of a scene as in [4,9]. As was mentioned above, in this work we propose to use one
camera and a dynamic capture. After the stereo images are obtained, we performed
the 3D scene reconstruction applying projective geometry and using the fly algorithm
to keep the best points in a scene of the object to be detected. These points are flies
posed on the object, and with these points we obtain the centroid for tracking.

2 Stereo Vision

Stereo vision is a method for obtaining the three-dimensional view of the objects in a
scene. It is determined by the distance of objects in relation with a reference system.

In stereo vision, we need two or more cameras slightly displaced one of another,
for obtaining the images. The pair of images has many characteristics in common, but
they also have certain differences, and these differences are called disparity [10].

3 Evolutionary Algorithms

Evolutionary algorithms manipulate individuals which are evaluated by a fitness
function, in analogy to the biological evolution. The general schema of evolutionary
algorithms is shown in Fig. 1.

The principal characteristics are:

—  The population is a group of individuals.

— An individual is defined by genes X = (x;, X,... X,)', which particularly
represents its position (X, Y, Z) in the space.

—  The evaluation is the computation of the fitness value in every individual.

— The selection eliminates part of the population, keeping the best individuals.

— The evolution applies genetic operators (crossover, mutation, etc.), leading to
generate new individuals in the population.

— Some kinds of evolutionary algorithms are:

— Genetic algorithms, which are a technique of programming that imitate the
biological evolution as a strategy to solve problems.

— Evolutionary strategies, which are rules that define the behavior of the individual
under certain circumstances.

— Genetic programming, which are specific instructions in a programming
language.
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Fig. 1. Schematic description of the Genetic Algorithms method.

In this work we employ genetic algorithms. These algorithms evolve a population
of individuals submitting it to random actions, like in the biological evolution, and to
a selection process according to certain criterion, where the most adapted individuals
are selected to survive the process and the less adapted are ruled out.

3.1 The Fly Algorithm

The fly algorithm is considered an image processing technique based on the evolution
of a population of flies (points in the space) projected over stereo images. The
evolution is regulated by a fitness function determined in such a way that the flies
converge on the surface of an object located in the scene.

A fly is defined as a 3D point with coordinates (X, y, z). The flies are projected
over a couple of despaired images by stereoscopy, producing a pair of 2D
coordinates: (Xg, yr) and (x;, yr) for the right and left images, respectively.

Initially, the population of flies is generated randomly in the intersection area of
the view of both images and equally distributed on a certain number of regions to
disperse all of them.

The fly algorithm considers the following functions:

The fitness function. The fitness function evaluates a fly, comparing projections
on the images. If a fly is located on an object, the projections will have similar pixel
neighborhoods on both images and the fly will have a high fitness value. This idea is
illustrated in Figs. 2 and 3. Figure 3 shows the neighborhoods of two flies on left and
right images. In this example, fly 1, which is located on an object, has a better fitness
value than fly 2. The fitness function F defined in [9,11] is:

1T 1. 1704
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(Zcaiers S andblog + g + 10 — ROGxg + 63 + 1002)




14 Monica Pérez-Meza, Rodrigo Montufar-Chaveznava, and Alberto Jaramillo-Nuiiez

& = 17 1wl (2)
where:

— (xL, yL) and (xR, yR) are the pixel coordinates of the fly projected on the left and
right images, respectively.

- L&L +1, yL +j) and R(xR + i, yR + j) are the color values of the pixels in a
neighborhood at left and right images, respectively.

— N is the dimension of the neighborhood population introduced to obtain a more
discriminating comparison of the fly projections.

— 1" and W3 are the norms of the gradients of Sobel on the left and right
projections of the fly. That is intended to penalize flies when they are located on
uniform regions.

— In color images, the difference of squares in (2) on each color channel is
computed. In grayscale images is computed for one channel.

Selection. Selection is elitist and deterministic. It classifies flies according their
fitness values and keeps the best individuals. A sharing operator [4, 9] reduces the
fitness of clustered flies packed and forces them to explore other areas on the world.

Objcct\
\‘ ®

fiyd 1y 2
Left Right
camera camera

Fig. 2. View of two flies in the scene. The flies are projected on left and right image plans.

Genetic operators. We apply a pair of genetic operators to selected individuals.
Barycentric cross-over. A new individual is generated from two parents F; and F,,
this individual is positioned between them, as follow:

F= iR +(l-4FK 3)

where A is a random value uniformly distributed between [0, 1].
Gaussian mutation. A new fly is generated adding Gaussian noise to each coordinate
of the parent fly.
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Fig. 3. Flies projections on the left and right images.

4 Image Processing

We have incorporated an image processing operator to enhance the performance of
the fly algorithm and the visualization of the results. The process used was the edge
detection.

4.1 Edge Detection

Edge detection is used to locate points where a sharp intensity variation is presented.
The basic solution for many edge detection algorithms is the computation of local
differential operators. We employ the Sobel operator [10] in the fitness function.

The Sobel operator measures the 2D spatial gradient on an image, emphasizing the
regions of high spatial frequency that correspond to edges. Typically it is used to find
the approximate absolute gradient magnitude at each point in a grayscale image.

The Sobel operator consists of a pair of 3x3 convolution kernels. One kernel is
simply the other rotated by 90°. This is very similar to the Roberts Cross
operator [10].
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5 Objects Detection and Tracking

5.1 Objects Detection

Objects recognition in an image labels sections of the image, given certain
characteristics. This recognition is separated into two stages which are the detection
and classification of the object.

To objects detect, we perform the edge and contours detection of the image. Each
contour is considered an object to classify. For the classification, we transform the 2D
representation of the contour to a radial representation that can be taken to a
dimension. This representation will be made starting from the "center of mass" of the
contour.

For this work, the center of mass is obtained using a proportion of flies with a high
fitness value.

5.2 Object Tracking

The object tracking is calculated with the position and shape of the object in each
image of a sequence of images. We can determine the motion of an object by the
position and shape over a period of time.

To track a moving object through a set of images it is necessary to use the points
resulting from object detection in images and to calculate the proximity of the points
of the object in subsequent images.

The representation that is used in objects tracking can be from a point on the object
to the 3D representation, through forms or appearances. Some forms are: points,
geometric shapes, contours or shapes, articulated forms, skeletons, and so on. The
representation we use in this work in objects tracking is a point which is located in the
center of mass of the object.

6 Detection and Tracking System

The developed system for detection and tracking is showed in Fig. 4. It has four basic

modules: Obtaining images, Reconstruction, Object detection and Object tracking.

The Reconstruction module, shown in Fig. 5, has five sub-modules: Fitness function,

Best flies, Crossing, Mutation and Correspondence.

The modules are:

a) Obtaining images. It obtains images (stereo pair), slightly five centimeters
displaced one from the other, and these images are used in the Reconstruction
module.

b) Object detection. It detects the object using a group of high fitness flies, the flies
are located on the object.
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c) Object tracking. After the object has been detected, its centroid is obtained with
this module using the flies of high fitness.

d) Reconstruction. It performs the 3D reconstruction from the sequence of images. It
has the following sub-modules.

i) Fitness function. The fitness function is applied to the population of flies. If
the color differs between each fly and its neighborhood are low, almost zero,
the value of the fitness function is high for this fly and vice versa.

ii) Best flies. In this module we obtain the flies with the highest fitness.

iii) Crossing. This module generates new flies from two parents using the
crossing function.

iv) Mutation. In this module new flies are obtained by adding Gaussian noise to
parent flies.

v) Correspondence. In this module we obtain the correspondence of the flies
projected on the right and left images by stereoscopy.

Begin

Obtainingimages

|

Reconstruction

l

Object detection

!

Object tracking

Fig. 4. Flow diagram of objects detection and tracking system.
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Fig. 5. Flow diagram of Reconstruction module.

Figure 5 shows the flow diagram of the Reconstruction module, where the fitness
function has been computed for all individuals. We keep the best flies and the worst
flies are eliminated when the operators of mutation and crossing are applied. These
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operators are applied at different percentages to the previous population to be
projected on the right and left images. We obtain the centroid for detection and
tracking with the flies with high fitness, these flies are located on the object.

7 Results

We present the results obtained using a population of 3000 flies, a set of images
displaced two inches one from another on a horizontal axis. The left and right images
are refreshed every 1.5 seconds approximately. In this exercise we obtain the
reconstruction in the following way: the right image substitutes the left image and a
new image is placed in the location corresponding to the right image. Next, with the
best flies we obtain the centroid and so, we perform the object tracking. This process
is showed in Fig. 6. The parameters employed in the fly algorithm are:

—  Flies preserved every generation: 35%,
—  Flies generated by crossing: 5%,

—  Flies generated by mutation: 50%,

—  Flies randomly generated: 10%.

Begin Leftimage | Camera || Rightimage
capture displacement capture

3D
Reconstruction

l

Image || Object detection
refreshing and tracking

Fig. 6. Schematic description of the objects reconstruction, detection and tracking.

Figure 7 shows the left and right images. The initial population of flies is also
presented. After 30 iterations, the best flies are in red, located on the object and the
rest of the population is in blue. The centroid is obtained to perform object detection
and tracking, as presented in Fig. 8. Next, the camera is translated two inches on the
horizontal axis, then the left image is discarded, the right image takes left image place
and a new image is placed in the location corresponding to the right image. This new
disposition is shown in Fig. 9. We can observe that neither the flies nor the centroid
are placed on the object.

Figures 10 to 12 show the results of the second, third and fourth pairs of images
after 59, 89 and 117 executions. The object is detected and tracked; the flies are posed
on the objects again.
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Fig. 9. The refresh of images, the flies are no longer posed on the object.
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Fig. 11. Results after 89 executions using the third pair of images.
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Fig. 12. The final result of the last pair of images after 117 executions.



Objects Detection and Tracking using Evolutionary Algorithms 21

8 Conclusion

We have presented a system for objects detection and tracking based on the fly
algorithm and stereoscopy. We employ monocular vision that means only one camera
is employed to capture the pair of sterco images. The camera displacement is
carefully controlled. This system allows easy manipulation of all parameters involved
in the process: the camera, the genetic algorithm parameters and the obtained centroid
for the object detection and tracking. The system works very well and the object
detection and tracking is obtained in real-time.

Finally, this system is being considered to be used in a mobile robot with
monocular vision for navigation tasks or objects detection and tracking.
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