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Abstract. This paper proposes an idea for navigation and target acquiring for an 
autonomous robot in static as well dynamic environment using a tuned and 
trained Sugeno-type fuzzy inference system. This term for such system is Adap-
tive Neuro Fuzzy Inference System (ANFIS). ANFIS incorporates benefits from 
both fuzzy logic controller and neural networks and therefore is a robust tool to 
solve the stated problem. The input/output training data used to tune the system 
parameters is intuitively chosen and can be considered expert knowledge. Simu-
lation results are achieved using in-build MATLAB functions. The architecture 
of the entire system consists of four ANFIS controllers. Two of them are used to 
control the wheel velocities of left and right wheel of the robot in order to get to 
the target defined by the user. The remaining two ANFIS controllers are utilized 
to successfully avoid obstacles encountered on the way to target. 
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1 Introduction 

A two wheeled differential drive robot is the most rudimentary type of autonomous 
vehicle which finds its application ranging from a simple backyard project to industrial 
applications such as monitoring, transportation and countless more. The most essential 
behavior we seek in robots is obstacle avoidance and energy efficiency. Energy effi-
ciency can also be defined as finding an optimal route to target position. The path plan-
ning and navigation are one of central design problem and also an area of current on-
going research. Considerable efforts have been done in the last decade to deal with such 
problems. The autonomous must be capable to gather and extrapolate information from 
the surrounding using sensors. The acquired data from all onboard sensors is fed to a 
controller to plan and execute its mission within its environment without human inter-
vention [1].  

 
Primarily, there are two ways a path planning problem can be classified: the local 

planning and the global planning [2]. In the local planning, the environment in which 
the robot is deployed is either only partially known or completely unknown. Whereas, 
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in the global planning, complete environment is priori-known and the components of 
the environment (i.e. obstacles) should be static [3]. The robot must use sensors to per-
ceive its surroundings and plan the motion accordingly. 

 
In the current literature, there have been many techniques used to solve the dilemma 

of the navigation and path planning. Some of the most popular methods are the Visibil-
ity Graph algorithm [4], Voronoi Diagram [5], Bug Algorithm and the Potential Field 
Method. Just to give an example, in Potential field method, there are two opposite forces 
at work – an attractive potential pulling the object towards the goal point while a repul-
sive force pushing the object away from the obstacles present in the environment. Nev-
ertheless, this method is susceptible to becoming stuck at a local search minimum. 

 
In recent years, due to the advent of modern computing techniques coupled with 

computational resources has made solving the path planning and navigation problem 
undemanding. These techniques include genetic algorithm [6,7]. In [8], a control algo-
rithm for obstacle avoidance for mobile robots based on fuzzy controller was presented. 
The environment information surrounding the robot detected by the ultrasonic sensors 
is fuzzified, and then used as an input into a fuzzy control system. The output obtained 
from the fuzzy control system is used to drive the robot. The simulation results show 
that the algorithm can help the robot to avid obstacles safely and is certainly feasible. 
In [9], fuzzy logic controllers having different membership functions are developed, 
tested and then used to navigate robots. Firstly, a fuzzy controller was used with 4 types 
of input members, two types of output members and three parameters each. Upon fur-
ther development, two types of fuzzy controllers were developed having similar input 
and output membership functions but with five parameters each rather than three. Each 
of the robots were using ultrasonic sensor array to measure the distances of obstacles 
around them and an infrared sensor for detecting heading of the target. In [10], path 
planning of a mobile robot in an unknown environment was designed by utilizing a 
fuzzy logic system. Similar to [9], ultrasonic sensors were deployed to detect the dis-
tance and positions of obstacles. Using this fuzzy logic system, angular velocities of 
left and right wheel for the two wheeled robots were controlled. This method also re-
quired another new rule table that was required considering the distances to obstacles 
and the angle between the robot and the goal. 

 
Chi and Less [11], showed an artificial neural network which was applied to learn 

the environment from sensory data for moving along a collision free course. The FIS 
was trained offline by using suitable datasets and the obtained parameters were fed into 
the robot. The training and testing of the FIS were done with the help of the ANFIS 
toolbox of MATLAB. Singh [12], did an analysis on an adaptive neuro-fuzzy technique 
for the navigation of a mobile robot in an unknown environment. The results improved 
the validity of the proposed technique to determine the optimal time and create a colli-
sion free trajectory. A neuro-fuzzy based system for the behavior-based control of a 
mobile robot for reactive navigation was touched upon in [14], by Joshi and Zaveri. 

From the literature survey, it can be seen that there are still some areas that have not 
been addressed. Such as the online sensing information from the 3 directions (front, 
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right, left) during the navigation and the complexity of the navigation environment. All 
those areas have been included in this paper to formulate a new problem definition for 
solving the path planning problem in a complex static environment containing multiple 
obstacles having different sizes and shapes. 

The overall goal of this proposed idea can be seen as the implementation of ANFIS 
model which has the ability to avoid becoming stuck at any local minimum and gener-
ates a smooth trajectory from the start point to goal point in unknown environment. 
Simply put, ANFIS helps in guiding the mobile robot to reach its final goal position 
while efficiently and successfully avoiding obstacles through the workspace. 

The entire process of developing a fuzzy-based controller that can successfully avoid 
collisions and reach a target in an efficient manner has been divided into two main 
steps: firstly, the obstacle avoidance controller and then the target acquiring controller. 
The obstacle avoidance controller constitutes two ANFIS controllers. Each of them re-
ceives the same three inputs, which are the front, right and left distances acquired from 
the sensors mounted on the robot. The output of the first ANFIS is used to control the 
right wheel’s angular velocity while the other ANFIS is used for angular velocity con-
trol of the left wheel. The target acquiring controller is implemented, similar to the 
obstacle avoidance controller, using two ANFIS controllers. Instead of using three in-
puts, these controllers use only one input each which is the angle difference between 
the autonomous ground vehicle’s direction and the target’s angle. Again, the output of 
first ANFIS controller is used to control the right wheel velocity while the output of 
second ANFIS is used to control the wheel velocity of the left wheel of the robot.  

2 The Architecture and Design of the Mobile Robot’s ANFIS 
Controller 

In this section, the proposed ANFIS controllers are discussed in depth. There are four 
ANFIS controllers which have been designed to accomplish the navigation task, which 
can be grouped under two groups. The first group is the one that oversees the obstacle 
avoidance mission while the other group has the oversight on the target acquisition task.  

As both controller groups are giving output of the same nature (i.e. left and right 
wheel velocities), a decision has to be made upon which controller output to choose in 
order to get an overall intended behavior. This is resolved through a switch block struc-
ture and it decides on which controller will be activated. The decision is quite intuitive 
also. The obstacle avoidance is the primary goal of the robot regardless of target ap-
proaching efficiency. Therefore, it should always exhibit collision avoidance behavior 
and when there are no obstacles in the vicinity it should shift to target tracking behavior. 
Moreover, while the robot is in target approaching behavior and suddenly it detects an 
obstacle, it then should fall back to its basic primitive behavior. Such behavioral switch-
ing is done with the help of the switch block. The information from the sensors (front 
distance, left distance, and right distance) can be combined in order to generate a Bool-
ean signal namely, ‘Obstacle Sensing Signal’ abbreviated as OS. If the value of OS is 
True (1) then the bot will fall back to obstacle avoidance and if the value is False (0) 
then the set behavior is of target approaching. 
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3 Target Reaching ANFIS Controller 

As stated previously, there are two dedicated ANFIS controllers to drive the right and 
left wheel with a given angular velocities. The input for this pair of controllers is the 
angle difference, AD. However, when both the target point and mobile robot are as-
sumed to be a point entity then there is no requirement to calculate the AD. As, the 
robot can be manipulated to move in the line of sight when there is no obstacle around. 
However, the final aim of this project is to move beyond point entities and solve the 
path planning problem for a two-dimensional body. The output of the first controller is 
the angular velocity for the right wheel and for the second controller, the returned value 
is the angular velocity for the left wheel. The training for the target acquiring controller 
is done using a total of 40 sets of data. The training data for input and output ranges are 
given in Table 1. The purpose of this training is to adjust the membership function 
parameters to obtain the required model. 

Table 1. Training Data for Target Acquiring ANFIS Controller 

Dataset Index Angle Difference Right Angular Ve-
locity 

Left Angular Veloc-
ity 

1 0 80 80 
2 -44.007 40.882 -37.352 
3 -29.214 54.031 2.093 
4 -14.226 67.353 42.061 
5 -4.319 76.16 68.48 
6 0.505 78.652 79.55 
7 1.975 74.731 78.243 
8 1.809 75.173 78.391 
… … … … 
… … … … 
33 -37.315 46.83 -19.507 
34 -22.376 60.11 20.33 
35 -22.843 59.694 19.082 
36 -15.563 66.165 38.496 
37 -7.999 72.888 58.66 
38 -2.812 77.5 72.5 
39 0.2973 79.207 79.735 
40 4.682 70.152 72.25 

 
Figure 1 and 2 depicts the training instance for left and right wheel velocities. The 
training is based upon the training set discussed in Table 1. The number of membership 
functions were kept three for the angle difference input. This number gives a reasonable 
amount of error as shown in the Figure. The type of membership function is triangular. 
The relationship of surface view between angle difference and the output for the first 
and second ANFIS controllers is illustrated in Figure 3 and 4 as follows. 
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Fig. 1. Training quality for left velocity – output data before and after training 

Fig. 2. Training quality for right velocity – output data before and after training 

 
Fig. 3. The surface view for Target Acquiring ANFIS: First ANFIS controller (Left Wheel) 
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Fig. 4. The surface view for Target Acquiring ANFIS: Second ANFIS controller (Right Wheel) 

4 Obstacle Avoidance ANFIS Controller 

The most focal behavior in the entire deployment of the mobile robot is finding a path 
with zero collisions with obstacles. The third and fourth ANFIS controllers are utilized 
to steer away the robot when it is in close proximity with obstacles. The structure of 
both FIS files is similar and each ANFIS has three inputs and one output. Inputs are 
namely Front Distance, Left Distance and Right Distance while the output is left or 
right wheel’s angular velocity. To train the ANFIS for obstacle avoidance behavior, a 
dataset consisting 20 entries was selected for the training purpose. This training dataset 
is given in Table 2. Such training decides the optimum membership function limits, 
resulting in the required model. Figure 5 and 6 denotes the training instance for the 
fuzzy inference system for left and right wheel velocity respectively. 

Table 2. Training Data for Target Acquiring ANFIS Controller 

 

Dataset In-
dex 

Front Dis-
tance 

Right Dis-
tance 

Left Dis-
tance 

Right An-
gular Ve-
locity 

Left Angu-
lar Veloc-
ity 

1 0.1 0.1 0.1 -40 -40 
2 0.8 0.8 0.8 80 80 
3 0.8 0.399 0.8 79.99 79.99 
… … … … … … 
16 0.8 0.8 0.304 22.418 60.806 
17 0.8 0.8 0.304 22.803 60.934 
18 0.8 0.8 0.335 41.084 67.028 
19 0.8 0.8 0.395 77.33 79.11 
20 0.8 0.8 0.455 80 80 
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Fig. 5. Training quality for left velocity – output data before and after training 

 
Fig. 6. Training quality for right velocity – output data before and after training 

It can be seen that, there is a considerable amount of error in the model even after the 
training. However, the number of membership functions chosen for the ANFIS were 
three and for all inputs the type of all membership functions was kept triangular. Keep-
ing this in mind, the error in the model is reasonable. 

The surface view between inputs and the output for the given ANFIS controllers are 
outlined in Figure 7 through 12. 
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Fig. 7. The surface view for Obstacle Avoidance ANFIS - between input 1, input 2 and output 
(left wheel velocity) 

 
Fig. 8. The surface view for Obstacle Avoidance ANFIS - between input 1, input 3 and output 
(left wheel velocity) 
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Fig. 9. The surface view for Obstacle Avoidance ANFIS - between input 2, input 3 and output 
(left wheel velocity) 

 
Fig. 10. The surface view for Obstacle Avoidance ANFIS - between input 1, input 2 and output 
(right wheel velocity) 
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Fig. 11. The surface view for Obstacle Avoidance ANFIS - between input 1, input 3 and output 
(right wheel velocity) 

 

 
Fig. 12. The surface view for Obstacle Avoidance ANFIS - between input 2, input 3 and output 
(right wheel velocity) 

 

 



11 

References 

1. Nonami, K.; Kartidjo, M.; Yoon, K.-J.: Budiyono, A. Autonomous Control Systems and 
Vehicles: Intelligent Unmanned Systems; Springer Tokyo Heidelberg: Tokyo, Japan, 2013; 
p. 306. 

2. Sedighi, K.H.; Ashenayi, K.; Manikas, T.W.; Wainwright, R.L. Autonomous Local Path 
Planning for a Mobile Robot Using a Genetic Algorithm. In Proceedings of the IEEE Con-
gress on Evolutionary Computation, Portland Marriott Downtown, Portland, OR, USA, 19-
23 June 2004; pp. 1338-1345. 

3. Wang, M.; Liu, J.N.K. Fuzzy Logic Based Robot Path Planning in Unknown Environment. 
In Proceedings of the IEEE International Conference on Machine Learning and Cybernetics, 
Guangzhou, China, 18-21 August 2005; Volume 1, pp. 813-818. 

4. De Berg, O.S.M.;  van Kreveld, M.; Overmars, M. Computational Geometry: Algorithms 
and Applications; Germany: Springer-Verlag: Berlin, Germany, 2000. 

5. Garrido, S.; Moreno, L.; Blanco, D.; Jurewicz, P. Path Planning for mobile robot navigation 
using Voronoi diagram and fast marching. Int. J. Robot. Autom. 2011, 2, 42-64. 

6. L-Taharwa, I.A.; Sheta, A.; Al-Weshah, M.  A Mobile Robot Path Planning using Genetic 
Algorithm in Static Environment. J. Comput. Sci. 2008, 4, 341-344. 

7. Samadi, M.; Othman, M.F. Global Path Planning for Autonomous Mobile Robot Using Ge-
netic Algorithm. In Proceedings of the IEEE International Conference on Signal-Image 
Techonology & Internet-Based Systems, Kyoto, Japan, 2-5 December 2013; pp. 726-730. 

8. Cui, S.; Su, X.;Zhao,L.; Bing, Z.; Yang, G. Study on Ultrasonic Obstacle Avoidance of Mo-
bile Robot Based on Fuzzy Controller. In Proceedings of the IEEE International Conference 
on Computer Application and System Modeling, TaiYuan, China, 22-24 October 2010, pp. 
233-237. 

9. Pradhan, S.K.; Parhi, D.R.; Panda, A.K. Fuzzy Logic Techniques for Navigation of Several 
Mobile Robots. Appl. Soft Comput. 2009, 9, 290-304. 

10. Li, X.; Choi, B. Design of Obstacle Avoidance System for Mobile Robot Using Fuzzy Logic 
Systems. Int. J. Smart Home 2013, 7, 321-328. 

11. Chi, K. H.; Lee, M.-F.R. Obstacle Avoidance in Mobile Robot Using Neural Network. In 
Proceedings of the IEEE International Conference on Consumer Electronics, Communica-
tion and Network, XianNing, China, 16-18 April 2011; pp. 5082-5085. 

12. Singh, M.K.; Parhi, D.R.; Pothal, J.K. ANFIS Approach for Navigation of Mobile Robots. 
In Proceedings of the IEEE International Conference on Advances in Recent Technologies 
in Communication and Comuputing, Kottayam, Kerala, India, 27-28 October 2009; pp. 727-
731. 

13. Joshi, M.M.; Zaveri, M.A. Neuro-Fuzzy Based Autonomous Mobile Robot Navigation Sys-
tem. In Proceedings of the 11th International Conference Control, Automation, Robotics and 
Vision, Singapore, 7-10 December 2010; pp. 384-389. 

14. Fierro, R.; Lewis, F.L. Control of a nonholonomic mobile robot using Neural Networks. 
IEEE Trans. Neural Networks 1998, 9, 589-600. 

15. The Table 1 and Table 2 data has been taken from Adaptive Neuro-Fuzzy Technique for 
Autonomous Ground Vehicle Navigation by Auday Al-Mayyahi, William Wang and Phil 
Birch. This stated article is an open access article distributed under the terms and conditions 
of the Creative Commons Attribution License (https://creativecommons.org/li-
censes/by/4.0/). 

 


