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 The article describes the development of a new obstacle avoidance method obtained by 

combining the potential field method and three point comparison method to overcome 
the local minima limitation of the exiting potential field method. The proposed method 

is used to guide the robot in a partially known 2-D environment to reach the target with 

a collision-free path and minimum traveling distance. The performance of this proposed 
method was tested on a mobile robot in simulated environments with different levels of 

obstacles. The results obtained were encouraging. 
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INTRODUCTION 

 

 Application of robotics is a great success in industrial manufacturing applications as the robot manipulator 

can make fast and precise movements to perform repetitive tasks such as spot welding, pick and place, and 

painting.  A fixed manipulator has a limited range of motions that depend on where it is fixed, its spare parts, 

and its degrees of freedom (quantity and type). If the commercial robots had the abilities to move in different 

indoor environments, they would improve their versatility considerably. Hence, the lack of mobility is the main 

disadvantage of these commercial robots (Siegwart and Nourbakhsh 2004).  

 Mobile robots are being manufactured now with the ability to move around in an area without human 

intervention. The greatest challenge in designing these mobile robots is obstacle avoidance. The mobile robot 

must be able to act intelligently, when obstacles are found. Path planning is to generate a collision-free path in 

an environment with obstacles and optimize it with respect to some criterion (Hachour  2008). Different kinds of 

the path planning problem can be considered; the simplest one is to find a continuous path from a starting 

position to a goal position given the exact description of the environment (Imen and Abderrazak 2007). 

However, path planning might be a complicated problem for mobile robots because other than achieving the 

objective, which is successfully reaching the target with smooth and clear path, it also needs to plan for the 

minimum distance and avoid any the obstacles along the way. The present work focuses on part of the 

navigation problem in autonomous mobile robots. Supported by the previous considerations, we focused our 

work on a different approach for local obstacle avoidance that avoids a collision between the robot and 

obstacles.  

MATERIALS AND METHODS 

 

 The term obstacle avoidance describes a set of software techniques that allow mobile machines, such as 

housecleaning appliances and other types of robots, to adjust their trajectory according to their surroundings. 

Obstacle avoidance technique is used in robot path planning algorithms. Over the years, researchers have 

developed different types of methods to solve the robot path planning problem such as the classical method, 

potential field method, graphical approach method, and more. Potential field method is one of the most popular 

approaches used in path planning problem because of its simplicity and real time prompting. However, this 

method has a limitation which is known as local minima problem. The local minima problem makes the robot 

trapped into a loop, when it is facing an obstacle (Madhava Krishna and Prem 2000). This happens especially if 

the environment consists of concave obstacles or mazes.  

 According to Koren and Borenstein (1991) potential field methods produce potential minima that trap the 

robot. Several attempts have been made to overcome this local minima problem. Olunloyo and Ayomoh  (2009) 
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used Hybrid Virtual Force Field (HVFF) concept to solve the local minima problem. They used a two 

dimensional Cartesian grid system to represent the environment where the robot is confined to navigate. This 

environment is updated continuously with range data sampled by on-board range sensors (Borenstein and Koren 

1991). Virtual obstacle concept is to ensure that the robot will not be attracted into a corner that has no outlet. It 

is the concept of intersecting vertices.  But the virtual goal concept operates on the principle of backtracking 

from an initially known position to a newly navigated position. Burgard, and Thrun Burgard (1997) used 

Dynamic Window Approach to Collision Avoidance. However, these methods have some limitations and are 

environment dependent in most cases. In this paper, another method is developed by combining the potential 

field method and the three point comparison method in order to lead the robot to the desired target successfully. 

 The flow chart of this proposed method is given in Fig. 1.  As per the flow chart the robot will use potential 

field method if no obstacle is sensed by the front sensor within a pre-set distance α. Otherwise, the three point 

comparison method will be used. The detailed explanation about this method is provided in the following 

section along with the experimental set up and the procedure.  

 

 
 

Fig. 1: Flow chart of the proposed obstacle avoidance method. 

 

Experimental Set-Up: 

 The entire experiment was carried out with the help of MobotSim Robotic Simulator. The environment was 

set to have a boundary of 20 meter by 20 meter maximum and then it was divided into cells of size 1 meter 

square.  The initial position of the robot, layout of obstacles and the target (final destination) were set then.  A 

robot with twelve ultrasonic sensors with sensing distance set to 3 meter was placed on the pre-planned 

coordinate system for testing the performance of this proposed method. As per this proposed method the shortest 

distance is calculated first.  If the front sensor did not sense any obstacle within a distance α, potential field 

method would be used to move to the robot to the target. Otherwise, the center, left, and right sensors will 

continuously compare their distance values (Three Point Comparison) to avoid the obstacles throughout the way 

to the target. The value of α is set to 2 meters in order to give the robot sufficient time to rotate or turn without 

bumping the obstacle. If right sensor sensed an obstacle, it will slowly rotate left until there’s nothing blocking 

it. The same applies to left sensor when it sensed something. It will slowly turn right until left side is clear. 

Whereas, when the front sensor sensed an obstacle the robot is set to rotate counterclockwise.  

 When two out of three sensors sensed the sonar patterns of an obstacle, further action is based on which 

sensor is closer to the obstacle. If the obstacle at the right side is closer to the robot, it has to turn to left in order 

not to collide with the obstacle at the right. The same theory goes to the condition when obstacle at the left side 

is closer to the robot it has to turn to right. If front sensor and left sensor sensed an obstacle, the robot will turn 

to right until the robot’s front view is clear. On the other hand, if front sensor and right sensor sensed an 

obstacle, it will rotate left until front view of robot is clear, and then keep on moving towards the target. When 

all three sensors sensed an obstacle in each direction, then the robot will find its way out by comparing its left 

and right sensor’s distance value. If left distance value is greater than right distance value, then it will rotate to 

left. Otherwise, it will rotate to right. In this experiment, the obstacles navigation process will keep on looping 

and continue until the robot reaches the target, where Euclidean distance is smaller or equals to β. In this 

experiment, β value is set to 0.5, which is the robot’s radius.   
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RESULTS AND DISCUSSION 

 

 A simple environment with two bars of obstacle was set first. The obstacles were placed in the middle of 

the robot’s initial position and the target. There are two holes (center and right) purposely created to let the robot 

pass through. However, with just potential field method being applied, the robot did not pass through any of the 

holes but keep on looping at the coordinate where distance is minimum, as shown in Fig.2.(a); but with the new 

method applied, the robot managed to reach the target successfully, Fig.2.(b). 

 

 
 

Fig. 2: Comparison of the performance using two bars of obstacle. (a) Existing potential field method.                     

(b) Proposed obstacle avoidance method.   

 

 In the second experiment, the robot was trapped in a corner when it is on its way to the target as in Fig.3.(a). 

It was trapped because that corner is at one of the coordinates of the minimum Euclidean distance. Due to the 

distance, it does not know how to move out from the trap but keep on trying again and again on that path in 

order to reach the target. Whereas in Fig.3.(b), although the robot drive into the corner, but due to the obstacle 

blocking the robot’s front view, it thus moved out, and try on another path in order to reach the target 

successfully. 

 

 
 

Fig. 3: Comparison of the performance using corner obstacles. (a) Existing potential field method.  (b) Proposed 

obstacle avoidance method.   

 

 Another environment in Fig.4.(a) was designed to show that the robot failed to reach the target successfully 

when only Potential Field Method is applied. It kept on looping at the point where the distance is the shortest 

compared to other path. However, in Fig.4.(b) the robot managed to reach the target after the robot sensed its 

front view is blocked by an obstacle, and has chosen an alternative path to reach the target after Three Point 

Comparison method is applied.        

 

Conclusion: 

 The development of a new obstacle avoidance method obtained by combining the potential field method 

and three point comparison method, to overcome the local minima limitation of the existing potential field 

method is discussed in this paper. The proposed method can be used for guiding the robot in a partially known 

2-D environment to reach the target with a collision-free path and minimum traveling distance. The performance 

of this proposed method was tested and compared with the existing potential field method on a mobile robot in 

simulated environments with different level of obstacles. The results obtained confirm that the proposed method 

manages to overcome the problem of local minima limitation of the existing potential field methods.       
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Fig. 4: Comparison of the performance using complex obstacles. (a) Existing potential field method.                 

(b) Proposed obstacle avoidance method.    
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