
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

Fuzzy Interference based Obstacles Detecting and Avoiding System for Mobile Robot using Depth Sensor 

 

41 

FUZZY INTERFERENCE BASED OBSTACLES DETECTING AND 

AVOIDING SYSTEM FOR MOBILE ROBOT USING DEPTH SENSOR 
 

1
MI MI MYINT PHU, 

2
YIN YIN AYE, 

3
WAI PHYO EI 

 
1,2,3 Mechatronic Engineering Department, Mandalay Technological University, Mandalay, Myanmar  

E-mail: 1mimimyintphu@mtu.edu.mm, 2yinyinaye@mtu.edu.mm, 3waiphyoei@mtu.edu.mm 

 

 
Abstract - This paper presents the fuzzy interference based obstacles detection and avoiding system using Depth camera for 

an autonomous mobile robot. In order to drive autonomously one main issue is the ability to detect and avoid the obstacles 
on its path. The Depth camera is applied in this task due to its double integrated sensor, namely vision and distance. 
According to the 3D image information, the controller determined the control inputs, the left and right motors’ velocities,  to 
the differential drive mobile robot. A rule-based fuzzy controller with reactive behavior will implement for obstacles 
avoiding system of a mobile robot platform. The effectiveness of the proposed approach was verified through several 
experiments, which demonstrates the feasibility of the obstacles avoidance system. 
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I. INTRODUCTION 

 

The ability to detect and identify obstacles plays an 

important role for achieving robots autonomy. For the 

development of autonomous mobile robots, several 

aspects must be taken into consideration, such as the 
type of application and the basic robot platform and 

sensors adopted, which compose the robot’s hardware 

[1] [2].Many formal methods and techniques from 

computer science have been proposed for solving this 

problem. Normally, natural vision comes with living 

beings like humans who use their eyes and their 

brains to control the word around them and computer 

vision [3], artificial vision comes in the similar way 

by imitating human vision with artificial intelligence 

techniques which involve the development of a 

theoretical and algorithmic basis to achieve automatic 

visual understanding. Computer vision has been an 
interesting field and is undergoing research so far and 

its applications are numerous including collision 

avoidance [4], autonomous vehicles, industry quality 

inspection, face recognition, medical image analysis, 

surveillance systems etc. One of the integral tasks in 

computer vision is to perceive the word as human do, 

detect objects in vision sensor’s field of view and 

estimate the distance from where those objects are 

located. Many techniques along with different vision 

sensors have been used for computer vision 

applications including Stereovision, LIDAR (Light 
Detection and Ranging) and RADAR (Radio 

Detection Ranging) [5] but still each of them has its 

own advantages and disadvantages. Finding the 

distance between the camera and detected objects 

within camera’s field of view, which is the main 

purpose of the present research, is an ongoing field of 

research given the fact that there isn’t a perfect 

solution yet and computer vision prefers to use depth 

cameras rather image intensity cameras since depth 

information makes the variety of applications more 

feasible and robust. In this paper, Depth sensor is 

used to make experiences for detecting objects in its 

field of view and measuring how far away they are 

from the sensor. Such depth sensors have recently 

become widely available, enabling affordable, 

accurate 3D sensing. A rule-based fuzzy 

controller(FLC) with reactive behavior was 

implemented for obstacles avoiding system and tested 
on a mobile robot platform. 

 

In this paper, a method for generating robot velocity, 

as the first step of developing image-based fuzzy 

controller for an automatic parking system, is 

presented. By image-based processing and 

computing, we can detect object horizontal distance, 

frontal distance and angle from a captured image and 

generate the robot velocity for obstacle avoiding 

system. Experimentson the generation of robot 

velocity with threedifferent initial positions are 

conducted to demonstrate the effectiveness of the 
proposed method. 

 

II. PROBLEM SETTING 

 

The objective of research is to design the obstacles 

avoiding system for autonomous robot using image-

based processing in which anIntel D435 depth camera 

is mounted on the robot to detect the objects. In this 

research, the 3D camera is used to detect the objects 

and to inform the distance of the objects. 

 

 
Fig.1. Intel 

®
RealSense

TM
 Depth Camera D435 

 

2D computer vision applications have been limited by 

the lack of an important third dimension: depth. To 

avoid the obstacles, the distance between the object 
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and the robot is the important information. By using 

3D camera, this problem can solve easily and unlike 
2D, 3D vision enables machines to accurately 

understand shapes, sizes, distances and to maneuver 

in the real 3D world.So, ®RealSenseTM Depth Camera 

D435 is used in this research to get the distance 

information between the object and the robot. Fig.1 

shows the Intel ®RealSenseTM Depth Camera D435. 

 

 
Fig.2. Operating Environment of the System 

 

Fig.2. shows the operating environment of the 

system.To avoid the object for our obstacle avoiding 

system, it has set that the desire coordinate valuesfor 

collision free path. The controller determines the 

control inputs (s,β) which are extracted from the 

captured image by using image processing 

algorithms. In the following sections, a method of 
generating collision free path as the first step is 

described to build a fuzzy controller for obstacle 

avoiding system. 

Fuzzy 

Contorller
-

+

Robot+Camera

Output Image

Feature 

Extraction

Desired Image 

Feature

,obj obji j

β

 
Fig.3. Block diagram of the proposed control system 

 

Fig.3. describes the block diagram of this control 

system in which the robot is controlled without 

referring to its position. The controller determines the 

control inputs (s,β) from the information on the image 

coordinate, where x is the horizontal distance, 
between object and robot andβ is the angle between 

the object and robot.  

 

The robot to be controlled was a differential drive 

vehicle shown in Figure 4. The kinematic model is 

derived under the assumption of rolling without 

slippage, on horizontal ground. The relationship 

between Inertial and Robot frames is represented 

using basic transformation matrix as follows: 

 

cosθ sinθ 0

R(θ)= -sinθ cosθ 0

0 0 1

 
 
 
 

(1) 

D

Y

X

x
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Fig.4. Kinematic Model of the Robot 

 

The robot under consideration is a two wheeled 

differential drive robot, where each wheel is 
drivenindependently. Each individual wheel 

contributes to the robot’s motion and at the same 

time, imposes constraints on robot motion. It is 

expressed by non-holonomic constraint. 

x sinθ − y cosθ = 0(2) 

Liner velocity V and orientation angle ω are the 

control variables of the mobile robot, ω is the 

velocity of the orientation angle.  
  v cosθx   

v sinθy   

θ = ω  

R Lω + ω
 = + = 

r l
2

v v v r
 
 
 

(3) 

R L
1 2

ω - ω
ω = ω + ω =

D

 
 
 

(4) 

Where, v= linear velocity, ω = angular velocity, r 

=Radius of the wheels, vl=left wheel linear velocity, 

vr= right wheel linear velocity, ω1 = left wheel 

angular velocity, ω2=right wheel angular velocity, D= 

distance between the wheels. 
 

III. DISTANCE DETECTION AND CONTROL 

INPUTS CALCULATION FOR A FUZZY 

LOGIC CONTORL 

 

Nowadays image processing is widely used for 

detection in intelligent automobiles because it is one 

of the quick and accurate methods for obstacle 

avoiding system.  

 

3.1.  Distance and angle generation between the 

object and the robot using image processing 

The steps of image processing on a captured image 

are explained to detect the object and generate the 

distance and angle of the object as the control inputs 

to build an image-based fuzzy controller. 

vl,vr 

(s , β , z) 

(s∗,𝛽∗, 𝑧∗) 

x,y,θ 
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Fig.5. Flow chart Flow chart for Detection of Obstacle 

 

To detect the obstacles and generate the distance and 

angle for an obstacle avoiding system, at first, a 

preprocessing is executed on the captured image. 

Fig.5showsthe block diagram for image processing. 

For the color image,includes thresholding. Erosion 

and dilation process are used when the number of 

pixels added or removed from the object in an image. 

Canny edge detector is used to detect the wide range 

of edges in an image. The contour is an image 

processing technique for extracting features of 

particular shapes, such as lines, circles, or ellipses. In 
this paper, contour (rotate rectangular)is used to 

create the bounding rotated boxes and ellipse for 

contour. 

 

The erosion-dilation image and canny image are 

shown in Fig. 6(a) and (b).The original image and the 

canny image of the obstacle detection frame are 

illustrated in Fig. 7(a) and (b). Frontal distance z can 

get from the depth image in which the fuzzy 

controller for obstacle avoiding system and the z 

distance is set the desired value 0.45m between the 
object and the robot. The system will operate at z 

distance is less than 0.45m and at z greater than 

0.45m the robot will move constant velocity. 

 

 
Fig.6. (a) Erosion & Dilation image(b) Canny image 

 

 
Fig.7. (a) Color image                  (b) Contour image 

 

3.2.  Calculation of Control Inputs for a Fuzzy 

Logic Controller 

In this system, the image features extracted from the 

captured image is used as the input for the controller. 

The features extraction of control input as shown in 

Fig.8. The distance s and the angle β on the image 

plane is calculated from the captured image, where 

sis the horizontal distance between the object corner 

point(iobj,jobj) and the camera(i0,j0) of image and β is 

the angle between the object corner point (iobj,jobj) and 

the camera(i0,j0).Where, W and Hare the width and 
height (640×480 pixel) of the image plane 

respectively. The position and orientation of the 

object are calculated after applying the rotated 

rectangle contour operation. The universal coordinate 

(x,y) axis is changed to the image coordinate ( i , j) 

axis in order to calculated the control inputs (s , β) for 

the obstacle avoidance algorithm. The control inputs, 

s and β, are calculated by using the following 

formula: 

W
s =  - i

obj2
 (5) 

t = H - j
obj

(6) 

-1
 β = tan

s
t

 
 
 

(7) 
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Fig.8. Calculated Control Inputs 

 

3.3.  Proposed Fuzzy Controller 

In this section, obstacle detection and avoiding 

mobile robot using the proposed fuzzy controller is 

discussed. The fuzzy controller determines the 

control inputs through mainly three steps: 
(a)Fuzzification of state variables 

(b)Calculation of grade of each rule and 

(c)Defuzzification of input values  

 

3.2.1 Fuzzification of state variables 

The fuzzification module turns real input values into 

fuzzy values which are linguistic representations with 

grades which are given by membership functions. To 
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develop the system, the inputs variables (s,β) are 

assigned into five triangular membership functions 
and the outputs (vrandvl) are assigned into three 

triangular membership functions.  

This movement system research uses fuzzy logic 

control. It uses multiple membership functions like 

membership function of the input variable and the 

output variable. Input variable is value of the distance 

(s) and the angle (β), which includes: 

 Distance (s) is divided into 5 fuzzy sets, 

namely: 

Negative Big (NB), Negative Small (NS), Zero (Z), 

and Positive Small (PS),Positive Big (PB) 

 Angle (β) is divided into 5 fuzzy sets, 
namely: Negative Big (NB), Negative Small (NS), 

Zero (Z), and Positive Small (PS),Positive Big (PB) 

Output variable is the value of the right motor speed 

(Vr) and the left motor (Vl), which includes: 

 Vr is divided into 3 fuzzy sets, namely: stop 

(S),medium fast (MF), and fast (F) 

 Vl is divided into 3 fuzzy sets, namely: stop 

(S),medium fast (MF), and fast (F) 

 

Fig. 9, Fig. 10 shows the membership function of 

input variable (distance and angle) and Fig. 11, Fig. 
12 shows the membership function of output variable 

(right motor speed andleft motor speed). Fuzzy logic 

rules for motor right and motor left are illustrated in 

Table I. 

NSNB PB

-300

Z PS

s(pix)
-170 0

1

300170

sμ

 
Fig.9. Membership Functions fors-distance Input 

NSNB PBZ PS

-0.85 0 1.570.85

β (rad)

-1.57

1

βμ

 
Fig.10. Membership Functions for Angle Input 

MFS F

0 0.50.25
v(m/s)

1

rvμ

 
Fig.11. Membership Functions for Output Right Motor 

Velocity(vr) 

MFS F

0 0.50.25
v(m/s)

1

lvμ

 
Fig.12. Membership Functions for Output Left Motor 

Velocity (vl) 

 

Rule 
Inputs Outputs 

s β vr vl 

0 NB NB F F 

1 NS NB MF S 

2 NS NS MF S 

3 Z NB F S 

4 Z NS F S 

5 Z Z F S 

6 Z PB S F 

7 Z PS S F 

8 PS PB S MF 

9 PS PS S MF 

10 PB PB F F 

Table I. Fuzzy Rules for the Velocities of Right and LeftMotors 

 

3.2.2. Calculation of grade of each rule 

The fuzzy rules for the right motor velocity vrand left 

motor velocity vlare shown in Table I. In the tables, 

the number of fuzzy rules is 11(0 to 10). One of the 

corresponding linguistic meanings is that “if sis NB, 

β is NB, then vris F and vl is F”. This phenomenon 

denotes that the robot should go with maximum 

velocity to the forward. The grade of each control 

rule is the same as the minimum value among the 

degrees of truth of the fuzzified state variables related 

to the rule. Although the degree of truth of each rule 
is adopted as the degree of truth of the control input, 

if other rules have the same values, then the 

maximum value among these degrees of truth is 

adopted (min–max algorithm). 

 

3.2.3. Defuzzification 

At last, the fuzzy controller is defuzzifized. The 

defuzzification is the conversion of fuzzy output to 

crisp output. The output crisp value of this module is 

given by the weighted average for singletons 

defuzzification method and are described as: 

 

r r r

r r r

v ,S v ,MF v ,F

r

v ,S v ,MF v ,F

0 μ +0.25 μ +0.5 μ
v =

μ +μ +μ

  
(8) 
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l l l

l l l

v ,S v ,MF v ,F

l

v ,S v ,MF v ,F

0 μ +0.25 μ +0.5 μ
v =

μ +μ +μ

  
(9) 

 

Where 
rv ,sμ is the grade of conformity with the 

consequent “vr= S” and 
lv ,sμ  is the grade of 

conformity with the consequent “vl= S”. As presented 

above, the fuzzy controller determines the input (vr, 

vl) from the parameters of input variables. 

 

IV. EXPERIMENTAL RESULTS FOR 

OBSTACLE AVOIDING SYSTEM 

 

A system for obstacle avoiding and generating 

distance and angle based on image processing is 

tested in this experiment. In this experiment, the robot 
captured the object from three positions (case 1, case 

2, case 3 ) as shown in Fig. 13, and generated the 

distance using the proposed method.  

 

object

Case 3

R
ob

ot
+ca

m
er

a
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Robot+camera

R
obot+cam

era

Case 1

 
Fig.13. Experimental environment 

 

The experimentalresults for generating the control 

inputs for three cases ofobstacle avoiding system are 

shown in Fig. 14, 15, 16, respectively. Table II shows 
the parametersfor each case. Ifthe distance z value is 

lower than 0.45m, the system will operate with the 

proposed fuzzy rule.If the distance z value is greater 

than 0.45m, the robot and object are not near thatthe 

robot will move with constant velocity. According to 

the results, theimage processing technique worked 

well to generate the robot’s velocities of an automatic 

parking system. 

 

 

 
Fig.14. Experimental result for case 1, (a) color image (b) 

contour image start from: (a) s = 156 [pixel], β=0.38(rad), z= 

0.2m 

 

 
Fig.15. Experimental result for case 2, (a) color image (b) 

contour image start from: (a) s = 159 [pixel], β = 0.36(rad), z= 

0.3m 

 

 
Fig.16. Experimental result for case 3, (a) color image (b) 

contour image start from: (a) s = 291[pixel], β = 0.96(rad), z= 

0.1m 

 

 

inputs outputs 

s 

(pix) 

β(ra

d) 

vr 

(m/s

) 

vl 

(m/s

) 

z<0.45 

Case 1 156 0.38 0.07 0.2 

Case 2 159 0.36 0.06 0.22 

Case 3 291 0.96 0.35 0.4 

z>0.45 
 

- - 0.15 0.15 

Table II. Parameters of the Inputs and Outputs Variables in 

Each Case 
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V. CONCLUSIONS 

 
In this paper, a fuzzy controller for the obstacles 

avoiding system of a mobile robot was described, 

where the robot equipped with a depth camera to 

detect the object. According to the 3D image 

information, the controller determined the control 

inputs, the left and right motors’ velocities, to the 

differential drive mobile robot. To verify the 

performance of the proposed algorithm, the complete 

real test for the obstacles avoiding system will be 

conducted as a future work. 
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