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Abstract:
The paper mainly focuses on the Wheeled Mobile Robot based on Fuzzy Logic
Control with the help of MATLAB. Wheeled mobile robots have many potential
applications in the field of automation, defense and exploration. The model of a
wheeled mobile robot has two driving wheels and the angular velocities of the two
wheels are independently controlled. This paper presents the development of a fuzzy
logic obstacle avoiding control algorithm for autonomous wheeled mobile robot. The
inputs to the fuzzy controller are three proximity of the obstacles to the left, front and
right of the robot’s location, and the outputs the speeds of two driving wheels. Using
an array of sensors the robot senses position relative to the distances of obstacles
processes that information through a fuzzy logic control algorithm. The algorithm
selects drive speed for two independent DC motors, which are connected to the two
driving wheels of the robot. By selecting the speed of each motor, the robot will be
able to autonomously propel and avoid obstacles to successfully reach a specified
target by following a path which is defined by A* algorithm path finding technique.
Visual Basic programming is applied for the simulation result of the paper.
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1. Introduction
A wheeled mobile robot is a wheeled vehicle which is capable of moving in a

certain degree of autonomy. Autonomous mobile robots are a very interesting subject
both in scientific research and practical applications. Autonomous navigation is
associated to the availability of external sensors that capture information about the
environment through visual images or distance or proximity measurements [1,2,3,4].

A wheeled mobile robot must be able to move about the environment from one
position to another position without colliding with objects or their environment. This
paper presents the theoretical development of navigation problem of a wheeled mobile
robot. The situation for which the vehicle tries to reach the goal is treated using fuzzy
logic controller. In this controller there has been used a fuzzy inference engine and a
set of linguistic If-Then rules that encode the behaviour of the mobile robot. The main
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problem of such controller is how to create an effective formulation for the rules.
These rules are usually generated using Heuristic Thinking based on the personal
experiences. The suggested method enables the robot to move perfectly from the start
point to the end point without colliding with any of the existing obstacles. In this
method, for such purpose, there has been used a kinematic robot model. The results
demonstrate the proper operation and the acceptable stability of fuzzy logic [5,6,7,8,9].

In this paper the model of the vehicle has two driving wheels which are attached to
both sides of the vehicle and the angular velocity of the two wheels are independently
controlled.

2. Wheeled Mobile Robot
An ordinary wheeled mobile robot has four wheels, one or two front supported

wheels which are free and two driving wheels which are powered by separate stepper
motors. This type of robots must have an array of sensors for measuring the distances
of obstacles around it, and an infrared sensor for detecting the bearing of target and a
radio system for communicating with other robots. Mobile robot could be modeled in
numerous ways, but the most important factor for defining the model would be the
application and complexity involved. The mobile robot designed in this paper is a
wheeled mobile robot intended for indoor use as opposed to the other types ( legged,
aerial, humanoid and aquatic mobile robots). There are various behaviours that could
be modeled, like wall following, collision avoidance, corridor following, goal seeking,
etc.

2.1. Wheels
Wheels are the most popular method for providing robots with mobility. There may

be no animals on this earth that use wheels to get around, but for robot builders it’s
the simple and foolproof choice. Robot wheels can be just about any size, limited only
by the dimensions of the robot and our outlandish imagination. Turtle robots usually
have small wheels, less than 2 or 3 in diameter. Medium-size rover-type robots use
wheels with diameters up to 7 or 8 in. A few unusual designs call for bicycle wheels,
which despite their size are lightweight but very sturdy. Robots can have just about
any number of wheels, although two is the most common, creating a differently driven
robot shown in Figure 1. In this case, the robot is balanced on the two wheels by one
or two free-rolling casters, of perhaps even a third swivel wheel. Larger, more
powerful four and six wheels differentially driven robots have also been built. In the
cases all the wheels on a side turn together and provide the robot with better stability
and traction than just two wheels. There is a great deal of friction to be overcome,
which necessitates powerful drive motors. Other common wheeled robot use a layout
similar to a car or tricycle. These robot chassis do not have the agility or stability of
the differently driven robot, but they can often be easily adapted from commercially
available products such as toys.

2.2. Kinematic
Kinematics is the study of the mathematics of motion without considering the

forces that affect the motion. Robot kinematics describes robot movements. It deals
with the geometric relationships that govern the system. It develops a relationship
between control parameters and the parameters and the behaviour of a system in space.
The model of the robot is as shown in Figure 2.
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Figure 1. Design of an ideal differentially driven robot.

Figure 2. Kinematic model of the wheeled mobile robot.

2.3. Equation Defining the Robot
For differential drive the kinematics equations in the world frame are as follows

[02Vam].

)(trv = linear velocity of the right wheel

)(tlv = linear velocity of the left wheel

)(trw = angular velocity of the right wheel

)(tlw = angular velocity of the left wheel

r = nominal radius of each wheel

L = distance between the two wheels

R = instantaneous curvature radius of the robot trajectory,relative to the mid-
point axis

ICC = Instantaneous Center of Curvature

2

L
R  = Curvature radius of trajectory described by left wheel

2

L
R  = Curvature radius of trajectory described by right wheel

With respect to ICC the angular velocity of the robot is given as follows.
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The instantaneous curvature radius of the robot trajectory relative to the mid-point
axis is given as
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Therefore the linear velocity of the robot is given as
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The kinematics equations in the world frame can be represented as follows.
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The above equations can also be represented in the following form.
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These are the equations that are used to build a model of the robot. The fuzzy logic
controller was tested and fined tuned on this model, as well as compared with other
controllers for optimum results [5].
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3. Fuzzy Logic Behaviour for the Control of Mobile Robot
Fuzzy logic controllers incorporate heuristic control knowledge in the form of if-

then rules and are a convenient choice when a precise linear model of the system to be
controlled cannot be easily obtained. Fuzzy logic has features that are particularly
attractive in light of the problems posed by autonomous robot navigation. Fuzzy logic
allows the modeling of different types of uncertainty and imprecision, building robust
controllers starting from heuristic and qualitative models, and integrating symbolic
reasoning and numeric computation in a natural framework.

An intelligent controller for a mobile robot enables the robot to avoid the obstacle
and improve target seeking ability. The inputs to the proposed fuzzy control scheme
consist of a heading angle between a robot and a specified target, and the distances
between a robot and the obstacles to the left, front, and right locations, acquired by an
array of sensors. The outputs from the control scheme are commands for the speed
control unit of two side wheels of the mobile robot. The input signals to the fuzzy
navigation algorithm are the distances between the robot and the obstacles to the left,
front, and right locations, as well as the heading angle between the robot and a
specified target, as shown in Figure 3. When the target is located at the left and right
sides of the mobile robot, heading angles are negative and positive, respectively [8].

Figure 3. Fuzzy logic technique for behaviour based control of mobile robot.

According to the acquired range information by sensors, reactive behaviours are
weighted by the fuzzy logic algorithm to control the velocities of the two driving
wheels of the robot. The basic configuration of a fuzzy system consists of four
principal elements: fuzzifier, fuzzy rule base, fuzzy inference engine, and defuzzifier.
The fuzzifier is a mapping from the observed crisp input space to the fuzzy sets
defined in; the defined fuzzy set is characterized by a membership function and is
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labelled by linguistic variables near, medium, and far, and these are chosen to fuzzify
left_obs, right_obs, and front_obs. The linguistic variables P (positive), Z (zero), and
N (negative) are used to fuzzify head_ang and the linguistic variables slow, med, and
fast. These are used to fuzzify the velocities of the left_v and right_v, respectively [3].

Table 1. Parameter For Variable.

Inputs

Near Medium Far
Left_obs 0.0-0.8 0.8-1.2 1.2-1.6

Right_obs 0.0-0.8 0.8-1.2 1.2-1.6
Front_obs 0.0-0.8 0.8-1.2 1.2-1.6

Negative Zero Positive
Head_ang -60º to +60º -30º to +30º 0 to -60º

Outputs

Slow(m/s) Medium(m/s) Fast(m/s)
Left_v 0-2 1-2 2-4

Right_v 0-2 1-2 2-4

3.1. Robot Behaviour
Each robot has an array of infrared sensors for measuring the distances of obstacles

around it, an infrared sensor for detecting the bearing of the target, and a radio system
for communicating with other robots. The information being sent among the robots
are (a) their positions, (b) how far they are from the target, and (c) whether reached
the target or not. According to the information acquired by the robots using their
sensors, some of the fuzzy control rules are activated. The outputs of the activated
rules are combined by fuzzy logic operations to control the velocities of the driving
wheels of the robots. These are denoted by left_v and right_v, for the velocity of the
left wheel and right wheel of each robot, respectively. The below membership
functions are triangular or trapezoidal and the parameters defining the function are
listed as shown in Figure 4; these parameters can be used to generate different fuzzy
rules, for example:

IF left_obs is FAR and right_obs is MEDIUM and front_obs is NEAR and
head_ang is ANY, THEN left_v is SLOW and right_v is FAST.

By fuzzy reasoning and the centroid defuzzification method, the rule related to the
obstacle-avoidance and target-seeking behaviors is weighted to determine an
appropriate control action, i.e. the velocities, left_v and right_v, of the robot’s side
wheels and the values of the parameters are decided empirically.

3.2. Obstacle Avoidance Behaviour
Obstacle avoidance is one of the most critical factors in the design of autonomous

vehicles such as mobile robots. One of the major challenges in designing intelligent
vehicles capable of autonomous travel on highways is reliable obstacle avoidance.
There has been a great amount of research devoted to the obstacle problem for mobile
robot platforms and intelligent vehicles. Any mobile robot that must reliably operate
in an unknown or dynamic environment must be able to perform obstacle avoidance.
Obstacle avoidance may be divided into two parts, obstacle detection and avoidance
control. When a robot is close to an obstacle, it must change its speed and steering
angle to avoid the obstacle. Mobile robot is able to avoid static as well as dynamic
obstacle. When the robot senses an obstacle near to it or when it moves on curved and
narrow roads, it must reduce its speed to avoid collision. In this case, its main reactive
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behaviour is decelerating for obstacle avoidance. This gives the fuzzy logic rules for
realizing this behaviour as follow [1].

Figure 4. Schematic diagram of fuzzy logic for wheeled mobile robots Navigation.

Table 2. Fuzzy Logic Rules for Obstacles Avoidance Behaviour.

Rule No. Left -obs Right-obs Front-obs Head-ang Left-v Right-v
1 Near Near Near Any Slow Fast
2 Near Near Med Any Slow Slow
3 Near Near Far Any Med Med
4 Near Med Near Any Med Slow
5 Near Med Med Any Med Slow
6 Near Med Far Any Fast Med
7 Near Far Near Any Fast Slow
8 Near Far Med Any Med Slow
9 Near Far Far Any Fast Med
10 Med Near Near Any Slow Fast
11 Med Near Med Any Slow Med
12 Med Near Far Any Med Fast
13 Med Med Near Any Fast Slow
14 Med Med Med Any Slow Slow
15 Med Med Far Any Med Med
16 Med Far Near Any Fast Slow
17 Med Far Med Any Med Slow
18 Med Far Far Any Fast Med
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19 Far Near Near Any Slow Fast
20 Far Near Med Any Slow Med
21 Far Near Far Any Med Fast
22 Far Med Near Any Slow Fast
23 Far Med Med Any Slow Med
24 Far Med Far Any Med Fast
25 Far Far Near Any Fast Slow
26 Far Far Med Any Fast Med
27 Far Far Far Any Fast Fast

3.3. Goal-seeking Behaviour
Goal-seeking navigation is a common and necessary autonomous robot navigation

task. It call for a robot to be given a goal target and for the robot then to reach the goal
autonomously while avoiding and obstacles in its path. When the acquired
information from the sensors shows that there are no obstacles around the robot, its
main reactive behaviour is goal steer. The weights of the behaviours, obstacle
avoidance, and target steer depend largely on the distance between the robot and the
obstacles to the left, front and right locations. When the mobile robot reached the first
target, it will find the path of the second target and the third target continuously [1].

The fuzzy logic rules for Goal-seeking behaviour are as follows:
Table 3. Fuzzy Logic Rules for Goal-Seeking Behaviour.

Rule
No. Left-obs Right-obs Front-obs Head-ang Left-v Right-v

1 Med Med Med P Fast Med
2 Med Med Far P Fast Med
3 Med Far Med P Fast Med
4 Med Far Far P Fast Med
5 Far Med Med P Fast Med
6 Far Med Far P Fast Med
7 Far Far Med P Fast Med
8 Far Far Far P Fast Med
9 Med Med Med N Med Fast
10 Med Med Far N Med Fast
11 Med Far Med N Med Fast
12 Med Far Far N Med Fast
13 Far Med Med N Med Fast
14 Far Med Far N Med Fast
15 Far Far Med N Med Fast
16 Far Far Far N Med Fast
17 Med Med Med Z Med Med
18 Med Med Far Z Med Med
19 Med Far Med Z Med Med
20 Med Far Far Z Med Med
21 Far Med Med Z Med Med
22 Far Med Far Z Med Med
23 Far Far Med Z Med Med
24 Far Far Far Z Med Med
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Figure 5. Flow chart of the mobile robot navigation system

4. Wheeled Mobile Robot Simulation
In this simulation, the robot is going from the start point to the end points with the

avoidance ability of obstacles and wall. The start point of the robot and the robot
model is defined as a red square and the end point is a blue square. The obstacles or
wall is defined by black area. During this simulation, robot has to be moved to the
targets (end points) by avoiding obstacles or wall (black area). After reaching the
targets by avoiding obstacles or wall, the robot return back to its original start point.
In the robot simulation box, there are five small blocks for inserting the simulation
box and two large blocks are run command block and restart block.

Many walls and obstacles can be defined anywhere as black areas in the robot
simulation box as shown in Figure 7.

By choosing the ‘go’ block, the robot will move to first goal point, second goal
point and third goal point thoroughly. And then the robot will return back to its
original start point as shown in Figure 8.
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Figure 6. The start point and the three ending points in simulation box.

Figure 7. Inserting walls and obstacles in simulation box.

Figure 8. Robot reaching back to its start point successfully.

5. Conclusions
This paper presents the fuzzy logic control of wheeled mobile robot motion in an

unknown environment with obstacles avoidance. When the vehicle moves toward the
target and the sensors detect obstacles, an avoiding strategy and velocity control are
necessary. With obstacles present in the unstructured environment, the mobile robot
reacts based on both the sensed information of the obstacles and the relative position
of the target. This paper proposed the sensor based control of wheeled mobile robot
motion in unknown environment with obstacles and a fuzzy reactive navigation
strategy of collision free motion and velocity control. The simulation result show the
effectiveness and the validity of the obstacle avoidance behaviour in unstructured
environment and the velocity control of a wheeled mobile robot motion of the
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proposed fuzzy control strategy. Finally, the effectiveness and efficiency of the
proposed sensor-based control strategy are demonstrated by experimental studies and
good experimental result.
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