
Towards the Development of a Navigation System for a 

Bipedal Robot: Preliminary Analysis of the Literature 

 
Miguel Angel Ortega-Palacios, Josefina Guerrero-García,  

Juan Manuel González-Calleros 

Benemérita Universidad Autónoma de Puebla,  

Language & Knowledge Engineering (LKE), Puebla, Mexico 

miguel.ortegap@alumno.buap.mx, 

{josefina.guerrero,juan.gonzale}@correo.buap.mx 

Abstract. In the literature, several works are reported about the gait of bipedal 

robots. Some papers are associated with stability or automatic learning and 

navigation, but no paper was found that includes the variables of bipedal gait, 

stability, navigation and automatic learning, all applied in an indoor bipedal 

robot. Our objective is, after the analysis of the state of the art, to propose a 

methodology that will allow the autonomous navigation of a bipedal robot and 

validate its degree of autonomy with respect to the evaluation metrics reported in 

the literature. 
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1 Introduction 

As many mobile robots begin to integrate into different areas of society, they will need 

to operate in a wide variety of environments. Often, these environments will be 

dynamic; the objects move and the structures change physically. Less dynamic 

environments can be characterized by physical changes that occur over days, weeks or 

months, while more dynamic environments involve objects in continuous motion, such 

as human beings or vehicles. 

Mobile robots cannot assume that the world is static if we expect them to work 

effectively. For a mobile robot to work autonomously in a dynamic environment, it 

must have a way of detecting its environment. Cameras are ubiquitous among modern 

robots and can provide a large amount of information about the environment. Robotics 

applications can employ techniques such as computer vision to perform object 

recognition, 3D reconstruction, mapping and localization tasks [1]. Nowadays, most 

robots require moving and performing tasks in a variety of environments that are 

sometimes even unpredictable. Navigation with mobile robots is a challenging problem 

in the field of robotics where numerous studies have been conducted that have resulted 

in a variety of solutions. Four integral parts are identified in the navigation of a biped 

robot: perception, location, movement control and trajectory planning. 

The rest of this document is structured as follows: the second section addresses the 

importance of bipedal robots, section three presents the state of the art analysis, the 
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limitations found in the literature are mentioned in the fourth section, the proposed 

methodology is presented in the fifth section and finally the conclusions are presented. 

2 Importance of Bipedal Robots 

The study of walking anthropomorphic robots has been a challenge for the scientific 

community until today, the fact to replicate the movements and the way of walking of 

human beings is not trivial and is something that has not been completely imitated.  

Moreover, there is the inherent difficulty of giving artificial intelligence to a 

humanoid robot so that it is capable of learning to walk on its own in a dynamic 

environment, just as a human being does. Hence, the interest in developing an 

autonomous navigation system for a biped robot that is capable of navigating indoors 

through a horizontal plane, which can detect and evade static or mobile obstacles during 

its trajectory.  

The advantages of this type of robots are not only limited to their ability to move on 

irregular terrain, but also have the advantage of having omnidirectional movement 

regardless of the orientation of its body. In addition, they have multiple applications 

that allow executing different tasks, such as surveillance, search, cooperation, 

transportation, navigation, and even carry out work that includes risks in the health or 

in the lives of people. In addition, the use of this type of robots can reduce execution 

times of some tasks, reducing fatigue in people, and therefore greater productivity when 

doing some task. 

3 State of the Art  

3.1 Results of the Analysis of the Literature 

Among the works related to the navigation of mobile robots, most of the works are 

focused on robots with wheels [3-6, 9, 11-27], in second place the bipedal robots [8, 

28-38] and in the last place are another type of robots which navigate on water or air 

[2, 7, 10, 39, 40, 41], as it can see in the graph of the Figure 1. 

 

 

Fig. 1. Types of mobile robots studied in the literature. 
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As can be identified in Figure 2, most of the works reviewed so far take into account 

navigation elements or navigation elements in conjunction with elements of machine 

learning, or only the variables of running and stability separately, but not found any 

that integrates all these concepts at the same time to develop an autonomous navigation 

system for bipedal robots. 

 

 

Fig. 2. Distribution of the study of the variables in the literature. 

Table 1 identifies the works of the literature focused on the study of each of the 

variables: gait, stability, navigation and automatic learning. 

As it can be observed, there are more researches reported that study stability in 

conjunction with navigation, so there are works that study navigation with the 

automatic learning, but it was not possible to find one that takes into account all the 

variables of interest. 

Table 1. Variables in reviewed literature papers. 

Paper Gait Stability Navigation 
Automatic 

learning 

[42], [43], [50]     

[65], [78]     

[44], [51], [52], [53], [54], 

[55], [62], [64], [66], [69], 

[70], [71], [68], [75] 

    

[47], [49], [59], [60], [61], 

[77] 
    

[45], [56], [57], [58], [63], 

[67] 
    

[72], [73], [79], [80], [81], 

[82], [83], [84], [85], [86], 

[87], [88] [89], [90] 

    

 

0
5

10
15
20
25
30
35

Gait Stability Navigation Gait and
stability

Gait, stability
and

navigation

Navigation
and

automatic
learning

P
ER

C
EN

TA
G

E 
(%

)

VARIABLES

45

Towards the Development of a Navigation System for a Bipedal Robot: Preliminary Analysis...

Research in Computing Science 148(9), 2019ISSN 1870-4069



 

There is a great variety of robots that are used to obtain the experimental results in 

the reviewed works of the literature, the most used reported in the investigations are the 

robots: Nao, Lola and HRP-2, as shown in Table 2.  

Table 2. Robots used in literature papers. 

Robot Paper Percentage (%) 

HRP-2 [45], [63], [66], [80] 9.52 % 

Amber [42] 2.38 % 

Nao 
[42], [44], [52], [62], [64], 

[69], [70], [75], [81] 
21.44 % 

iCub [47] 2.38 % 

Lola 
[53], [56], [57], [58], [59], 

[60], [61], [65], [67] 
21.44 % 

Lego mindstorm [54] 2.38 % 

Huro Evolution [68] 2.38 % 

Tibi y Dabo [71] 2.38 % 

SCITOS G5 [73] 2.38 % 

Bioloid [74], [77], [78] 7.14 % 

E-puck [79] 2.38 % 

PR2 [80] 2.38 % 

Kephera [82], [83] 4.76 % 

Robot móvil [84], [86], [88] 7.14 % 

Robotino [85], [89] 4.76 % 

Robot Raving [90] 2.38 % 

Daryl [87] 2.38 % 

 

As it can be observed, the Lola and Nao robot are the most used in the investigations, 

with respect to the Lola robot, its great use is due to the fact that there are multiple 

works belonging to the same authors, and they have followed it up to improve it through 

the years. While the use of the Nao robot is due to the fact that it is a robot with last 

generation technology, it has a high degree of interactivity for any type of user; it is 

fully programmable, and currently more than 400 universities are working on this 

platform. It makes this robot the platform with the most advanced technology in 

entertainment robotics for research and development. 

Most of the works reviewed so far are focused on the detection and avoidance of 

obstacles in static or dynamic environments, that is, the obstacles can be fixed or can 

be moved during the navigation of the robot. In addition, the robots are regularly 

navigated on 1-level flat terrain [42, 44, 45, 47, 51, 54, 56-62, 64, 66, 68-73, 75, 77-90] 

or multi levels [52-67], even in irregular terrain [63]. The distribution of the type of 

land used in the experimentation of the reviewed papers is shown in Figure 3. 

In the reviewed works, the application given to each robot is not specifically 

specified, only in [62] it is mentioned that the robot is intended to send a message to a 

staff member in an office environment, or for example in [68] the robot is required to 

be able to meet the technical challenge to avoid obstacles of the RoboCup Humanoid 
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League. While in the other works there is the context of the need to navigate and avoid 

obstacles to reach a goal. Therefore, the context of the works is treated from a very 

general approach, as shown by the graph of Figure 4. 

 

 

Fig. 3. Type of terrain used in the experimentation of the works reviewed in the literature. 

 

 

Fig. 4. Application context of the papers reviewed in the literature. 

4 Limitations Found in the Literature 

The main limitations found in the review of the literature are indicated below: 

Physical restrictions of the robot. Due to the height of the robot, it is not always 

possible to capture good images of the reference points in the environment, because 

they could be placed at a height where the robot does not have access [62]. 

Restrictions on the movement of the robot. The planner only considers the quadrant 

directions (up, down, left, right) to prevent the robot from spinning while walking, 

which would increase the imprecision of the odometer data [62]. 

Computationally expensive. The computational resources required for pose 

estimation based on characteristics are quite expensive, and the method cannot be 

executed during the whole trip of the robot [62, 75]. 
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Use of a 3D map for the location. The location system may depend on the availability 

of a 3D map to locate, which must be acquired by the robot itself or provided by the 

user in advance [52, 57]. 

Fixed marks are used to locate the robot. The problem of localization is solved by 

using reference points placed by the user previously on the walls of the environment 

where the robot travels. It also remains a challenge to build more computationally 

efficient algorithms that can be used continuously to detect landmarks [62, 64]. 

Use of an external computer. The construction of the terrain map and the planning of 

the steps are carried out on a computer that is not mounted on the robot [63]. 

Wire data transmission. The sensor data and the step planning result are sent to / from 

the robot via Ethernet [63]. 

Use of the robot's predetermined functions. The functions that are already predefined 

in the programming of the robot are used, for example, a function for the recognition 

of objects or for the running of the robot [64]. 

The resolution of the images. The resolution of the images acquired by the camera is 

an important factor in defining the processing time of the camera, which can affect the 

efficiency of the algorithm if a real-time response is required [66, 68, 69, 81, 84]. 

Maximum speed of the robot. The time required for the robot to reach its goal will 

not only depend on the efficiency of the algorithm, but also on the maximum speed at 

which the robot can move [58, 67, 70, 74]. 

The size, shape, and texture of the obstacles. This is important, because the efficiency 

for the detection of obstacles depends very much on the size, texture or shape of the 

objects to be detected and also on the way in which the robot acquires the information 

of the environment, either through sensors or from a camera [52, 66]. 

Restricted field of view. The vision system, like most built-in vision systems, may fail 

to recognize reference points due to too large viewing angles (which significantly 

reduces the quality of the image) and variation in lighting conditions. In the case of 

sensors, depending on the type and its characteristics, it has a maximum and minimum 

distance for the detection of objects [52, 53, 58, 62, 79]. 

Limitation on the size of the test space. Experimental tests are carried out in user-

controlled environments, with either models or the use of harnesses so that the robot 

can move in a limited space [57, 83]. 

Static environment. The detection and avoidance of obstacles during the navigation 

of the robot only contemplates static obstacles and some are added in real time [69, 82, 

83]. 

5 Proposed Methodology  

After performing this research in the literature; it is proposed to use a Bioloid Premium 

Robot with 18 degrees of freedom, since there is no access to a complete list of the 

samples that make up the population, a non-probabilistic sampling technique was used. 

In this case, convenience sampling was used, since a sample of the population was 

selected due to the fact that it was accessible, but not because it was selected by a 

statistical criterion. 
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The study variables, presented graphically in Figure 5 are the following:  

-Gait kinematics (independent), which corresponds to the analysis and modeling of 

the biped robot cycle. 

-Stability (independent), which is related to the balance point of the robot to stand 

up during the march. 

-Navigation (independent) will be defined so that the robot can move from one point 

to another in a horizontal plane. 

-Level of autonomy (dependent), which will depend on the integration of the three 

previous variables so that the robot is able to navigate autonomously indoors, using an 

automatic learning algorithm. 

 

 

Fig. 5. System variables. 

The proposed methodology aims to reduce the gap in the limitations related to wire 

data transmission, use of the robot's predefined functions and the detection of objects 

limited by their size, shape, and texture. In addition, this methodology will provide 

autonomy to the entire system, so that the control of each of the variables will be 

modified to obtain the best result at all times. The stages of the proposed methodology 

are: 

-Study and analyze the operation of the robot. There will be an in-depth study of the 

Bioloid robot mechanism, analyzing its kinematics, that is, the limitations of the 

movements of each of its joints. Therefore, it is necessary to analyze the operation of 

the robot servomotors. 

-Implement the human walking dynamics in the robot, using the dynamic model of 

the robot. As you can see in Figure 6. 

Following the base of the scheme of Figure 7, the same process is applied to evaluate 

the methods of automatic learning, stability and navigation, continuing with the 

following steps of the methodology: 

-Select and apply a stability method for the robot. The concept of zero moment point 

will be take into account; it is useful in determining if a bipedal robot is in a stable 

configuration or not. It has been used extensively in bipedal robots. 

-Select and apply a navigation method for the robot. Different navigation methods 

will be evaluated, such as fuzzy control or reinforcement learning to develop automatic 

path planning, selecting the most satisfactory method. 

-Implement all variables in the robot: gait, stability, navigation and automatic 

learning indoors. 

-Validate the degree of autonomy in the navigation of the robot indoors. Evaluate 

the performance of the robot's automatic navigation, measuring the degree of autonomy 

of the robot, which is, making a comparison between the expected result and the real 
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result, evaluating if the robot arrives satisfactorily at its goal in the expected time, acting 

as autonomous form. The criteria to determine the degree of autonomy can vary and 

will be attached to standardized metrics in the literature. If the result is not satisfactory, 

the entire process will have to be repeated. 

 

 

Fig. 6. Selection process of suitable gait model for the bipedal robot. 

 

 
 

 

Fig. 7. Evaluation of the proposed solution based on criteria and parameters reported in the 

literature. 

6 Conclusions 

During the review of the literature, a work including all the study variables at the same 

time, i.e. bipedal gait, stability, navigation and automatic learning was not found. It is 

very important to design a methodology that integrates all the variables in a biped robot 

to be able to navigate autonomously indoors without using pre-established routines in 

order to generate a panorama of multiple applications for future researchers. 

Regarding the study variables, most of the works are focused on the study of 

navigation and in conjunction with machine learning, but in this last approach only 

robots with wheels are used. It was also found that most of the robots are tested on flat 

terrain either one or more levels, probably because they do not include the study of the 

variable of stability in the case of bipedal robots, in the case of robots with wheels this 

does not apply since its function is to move on flat terrains. It is also simpler to avoid 

the use of stability in the autonomous navigation of bipedal robots when they have to 

walk on flat terrain.  

Criterion 1 

Criterion 2 
… 

Criterion n 

 
Repeat until the criteria are acceptable 
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As mentioned above, the most used robots in the literature is the Nao and Lola robot. 

Another important point is that the specific application of each of the works reviewed 

in the literature is almost never mentioned, so it will be very important to find the 

specific context for which the proposed autonomous navigation system will be used 

and which will serve to justify your investigation.  

Finally, it is important to point out that although there has been a lot of work in the 

area of navigation and bipedal robots. There are still many limitations that cause a high 

computational cost in the application of the algorithms, problems in acquiring 

environmental information in a correct manner, restrictions in the visual field of 

sensors, cameras or even restrictions on the physical characteristics of the robot itself. 
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