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Abstract  This paper presents a navigation problem for an autonomous mobile robot in an unknown environment. 

The environment contains various types of obstacles and is completely unknown to the robot. Therefore, all of the

surrounding information must be detected by the robot's proximity sensors. A navigation method was developed based

on a fuzzy inference system to guide the robot to move along a collision-free path and reach the goal position quickly.

The obstacles are assumed to be static, and both regular and irregular types of obstacles were investigated. A wall

following method is also proposed for a special environment that contains a labyrinth or sharp U-valley obstacles.

Simulation results demonstrate that the proposed method has great potential for this navigation problem.

요  약  본 논문은 다양한 형태의 방해물에 대한 정보를 알 수 없는 미지의 환경에서 자율이동 로봇의 항법에 관한 제안을 

하고 있다. 로봇의 이동에 따른 주변의 정보는 로봇에 부착되어 있는 근접센서를 통하여 감지하고, 충돌을 피하고 목적지에 

가능한 한 빨리 도착할 수 있는 경로로 유도하기 위하여 퍼지추론에 기반 한 항해방법을 개발하였다. 여기에서 방해물들은 

정지되어 있고 정형화된 경우와 비정형화된 형태들이 고려되었으며 미로와 U형태의 계곡으로 구성된 예리한 방해물들을 

특별히 포함하고 있다. 벽을 따라 이동하는 방법 또한 제안하고 있으며 모의실험을 통하여 제안하고 있는 방법이 이동로봇의 

항법문제를 해결하는 효과적인 방법이 된다는 것을 증명하였다. 
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1. Introduction

Autonomous navigation of a mobile robot is a 

popular issue in robot field. Mobile robots have been 

used extensively in various fields such as space 

research, factory automation and defense security, 

which economized the labor force to be engaged in 

other aspects. In these applications, finding a safety 

path for the robots is a prerequisite for success. The 

navigation problem of autonomous mobile robot 

(AMR) includes several difficult phases that need to be 

overcome, such as obstacle avoidance, position 

identification, driving safety, etc. That is, a reliable 

path planning algorithm must be able to identify the 

current location of the robot, avoid any collisions, and 

determine a suitable path to the goal.

Generally speaking, the navigation problem together 

with its path planning usually can be done by two 

ways, that is, the global path planning and local path 

planning. In the past few decades, several methods 



미지 환경에서 이동로봇의 퍼지추론 기반 자율항법

293

have been suggested to solve this problem for AMRs. 

Such as neural network [1], genetic algorithm [2], 

artificial vision method [3] and PID control [4] in 

static environment. The methods above are usually 

used in global path planning and hardly be used in 

real-time control. Many other real-time control 

methods applied in static environment have also been 

developed. Such as in [5], a navigation method 

combined with the inertial sensors based on an 

improved remote control algorithm for mobile robots 

was proposed. Researchers in [6] developed an 

expanded guide circle method for the navigation 

problem of mobile robots and improved the efficiency 

of the remote operation. There are many traditional 

methods designed for global path planning have also 

been extended to local path planning, such as potential 

field method [7], road map method [8] and rolling 

window method [9], etc. The fuzzy logic controller for 

the navigation and obstacle avoidance problem of 

mobile robots has also been studied by researchers for 

years [10, 11]. But most of above researches need a 

global perspective, such as central server, global image 

or part of environment information. Therefore, come 

studying the proposed problem in completely unknown 

environment more seem to be have the necessity. In 

this work, we focus on a fuzzy-based navigation 

approach for a autonomous mobile robot in completely 

unknown environment. By using a set of proximity 

sensors the robot can avoid both regular and irregular 

shape of obstacles. In the special environment which 

contains labyrinth or U-valley sharp obstacles, a wall 

following method was proposed.

2. Problem Formulation

The experimentations in this work are mainly 

simulated with a classic wheeled mobile robot. This 

kind of robot has two DC motors for left and right 

wheel and both side has an encoder, so that the robot 

can detect how far each motor has moved by itself. As 

shown in Fig. 1, this robot has 9 proximity (ultrasonic) 

sensors. These sensors are divided into three groups 

and have been installed at the front, left side and right 

side of the robot. These sensors are assembled by 

every 30 degrees and are used to detect the distance to 

the surrounding obstacles.

In order to simply the simulation, the robot will be 

considered as a unicycle. Thus, the kinematic functions 

can be described as the following equations:
















×






×




 

, (1)

where 
 

  is the coordinates of robot’s center 

point.  and  are the linear and angular velocities of 

the robot respectively.   is the angle between the 

robot’s moving direction and x-axis.

Fig. 1. Structure of a wheel mobile robot

3. Fuzzy Logic Controller

Fuzzy variables are processed using a system, called 

a fuzzy logic controller (FLC). It involves three 

processes: fuzzification, fuzzy inference and 

defuzzification.

The fuzzification process converts a non-fuzzy input 

value to a fuzzy value. As an example, the input 

variables of FLC in this paper can be described as:
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where  is the distance between the forward obstacles 

and the robot body, and   is the distance difference 

between the  front-left and front-right obstacles. We 

use 

 to denote the distance detected by the 


 

sensor. The rest sensors , ,  and   are applied 

in the wall following process and used to insure the 

safety distance when the robot turns left or right. 

Denote that the maximum linear velocity is  


, and 

the maximum angle of the robot rotates for one time 

is 


. 

 and 


 are the scale of 


 and  


 

respectively, which will be the output variables of 

FLC. The fuzzification process of a FLC transforms a 

non-fuzzy input values to a fuzzy value. For fuzzifier, 

the input and output variables can be divided into 

several linguistic terms as follow:

VS: very small; S: small; M: medium; B: big;

VB: very big; RB: right big; RS: right small;

CE: center equal; LS: left small; LB: left big;

TRB: turn right big; TRS: turn right small;

TLS: turn left small; TLB: turn left big; Z: zero.

The conversion of no-fuzzy input values to fuzzy 

values is performed by using the membership functions 

which provide fuzzy terms with a definite meaning. In 

this paper, the triangular membership functions were 

used. As shown in Fig. 2, define that when the 

distance between the robot body and the front-left 

obstacles is bigger (smaller) than the distance between 

the robot and the front-right ones, the value of   is 

positive (negative). When the robot turns left, the 

output variable  is positive, otherwise, it is negative.

The process of fuzzy inference usually uses a set of 

rules to appoint the desired control behavior. A rule is 

a condition description taking the form of “If…The

n…” rules. The rules set used in this paper are as 

shown in Table 1. Specially, when the value of 

distance difference   is zero, the robot is fixedly set 

to turn left.

Fig. 2. Membership functions of input and output variables

Table 1. Rules set of FLC

4. Navigation Process

Our purpose is to guide the robot to move in the 

multi-obstacle environment without collision and reach 

the target position. Firstly, the robot will rotate towards 

the target and move ahead with a fixed speed. Once 

the sensors detect any obstacle block the way, the 

fuzzy inference algorithm is to be activated.

Before the robot moves ahead, in order to ensure 

safety, firstly the robot will check whether the distance 

between the robot and obstacles is far enough than the 

safety distance. As shown in Fig. 3, the robot has 

moved from the position 


 to the current position 



. The robot is too close to the obstacle now. Instead 

of moving ahead immediately, the robot will rotate 

with a certain small angle  toward the side and 

detect the distance again. If the distance now is also 

small than the safety distance, the robot will keep on 
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rotating with the angle  again and again until achieve 

a safe direction. Assume that after  times of rotation, 

the robot got a safe direction and moved to the next 

position . In this process, the rotation angle 

should be:



×. (4)

In the special condition with big obstacles (or a 

wall) or a U-valley obstacle, the robot might be guided 

further and further from the goal position or moves 

back and forth inside the U-valley obstacle. Thus, if 

the robot can move along the edge of the obstacle until 

leave this area, it will be able to escape this problem 

successfully. As shown in Fig. 4, a wall following 

method named angle compensation method was 

developed here.

Fig. 3. Process of exploring the way forward

Fig. 4. Wall following method

In Fig. 4, we assume that the robot has moved from 

position 


 to the current position 

. The robot 

now is on the left side of the obstacle and the current 

direction is denoted by the dotted arrow 

 .   and 

  are the distance between the robot to the obstacle 

which detected by the   and   sensor respectively. 

Thus, if the robot can rotate right with the angle , the 

moving direction will parallel to the edge of the 

obstacle. Through the geometry knowledge, this angle 

can be easily described as:

 
  ×∘

   ×∘ ∘ , (5)

where  is the radius of the robot.

5. Simulation Results

In order to verify the effectiveness of the proposed 

algorithm, a series of experiments have been simulated 

with  Matlab. The multi-obstacle environment was set 

as × unit-length and the start and goal 

positions are    and    respectively. The 

accelerated speed won’t be considered, and the radius 

and the maximum speed of the robot are set as 2.5 

unit-length and 6 unit-length per second. The position 

of the robot will be recorded by every 0.5 second. 

Both the regular (circle shape) and irregular 

(geometrical shape) obstacles have been simulated in 

this paper.

The results in the environment with regular 

obstacles are as shown in Fig. 5. In this case, the 

obstacles are expressed as various kinds of circles 

which have different radius. In this figure we can see 

that once the sensors detected any obstacle block the 

way of robot, then the fuzzy logic controller was 

started to guide the robot to find a collision-free path 

with a low speed. After being guided far away from 

the obstacles, the robot was driven towards the goal 

position with a higher speed.

The simulation result with irregular obstacles was 

shown in Fig. 6. In this figure, the simulation with 

several irregular obstacles composed by different kinds 

of geometrical shapes was performed. Form this result 

we can see that when the edge of the obstacles was 

straight (like a wall) the wall following method was 

activated, and then, the robot was guided to move 

along the edge for avoiding the obstacles.
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Fig. 5. Result with 20 circle shape obstacles

In order to verify the proposed wall following 

method, the special environments with labyrinth and 

U-valley sharp obstacles were also simulated as shown 

in Fig. 7 and Fig. 8(b)  respectively. In these special 

conditions, the robot can also achieve the goal 

positions by driving along the inner edges. 

Comparatively, the result of simulation without any 

wall following method in the environment with the 

U-valley shape obstacle are as shown in Fig. 8(a). By 

using the traditional fuzzy inference method only, the 

robot was always guided to move back and forth inside 

the obstacle until the end of pre-set maximum 

permissible time.

Fig. 6. Result with geometrical shape obstacles

Fig. 7. Result with labyrinth shape obstacle

Fig. 8. Simulation of U-valley obstacle without (a) and 

with (b) wall following method

6. Conclusions

This paper studied a navigation problem for 

autonomous mobile robot in unknown environment 

using fuzzy inference system. The environment 

information and the position of obstacles were detected 

all by robot’s sensors. In this work, both regular and 

irregular types of obstacles were investigated. The 

simulation provided satisfactory results for the 

proposed problem and the fuzzy approach and the wall 

following method have been verified to be effective.

In the real applications of the future work, the 

uncertainties caused by the accuracies of sensors 

should be considered in the application of the proposed 

wall following method. The performance of a fuzzy 

inference is influenced by its knowledge base (rule). 

Thus, it is essential to adjust the rules of fuzzy 

controller to get a better performance, which will be 

the next work for us. The adjust method can be viewed 

as an optimization process, so a neural network or a 

genetic algorithm offers a possibility to solve this 

problem.
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