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Abstract

Many researchers around the world are researching to get control solutions that enhance robots’ ability to navigate

in dynamic environments autonomously. However, until these days robots have limited capability and many navigation

tasks on Earth and other planets have been difficult so far.

This paperwork presents the development of a control system for a differential drive-wheeled mobile robot that

autonomously controls its position, heading, and speed based on destination information given and surrounding data

gathered through mounted proximity and GPS sensors. The intelligence of this control system is implemented by using

a fuzzy logic algorithm which is a very powerful tool to handle un-modeled systems like the dynamically changing

environment dealt with in this research. The fuzzy controller is used to address the problems associated with navigation

in an obstacle-strewn environment. Such issues include position estimation, path planning, and obstacle avoidance.

In this study modeling, design, and simulation of the system have been done. The simulation result shows that

the developed mobile robot travels successfully from any location to the destination location without colliding with

obstacles.
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1 Introduction

Currently, research in autonomous mobile robots gained an extensive interest. This is due to the wish to replace human

with robots in dangerous tasks and to use them in everyday life tasks and industry. Different types of mobile robots are

under research and used for different purposes. These are wheeled, legged, aerial, underwater, and humanoid robots [1].

In this paper wheeled mobile robot outdoor navigation challenge is chosen for study.

Mobile robots are Electro-mechanical devices capable of moving in an environment with a certain degree of autonomy

[15]. Autonomous navigation is assisted by different information-gathering sensors. The most common sensors are

distance sensors (ultrasonic, laser, etc.) capable of detecting obstacles closer to the robot’s path [15]. The other is

the Global Positioning System (GPS) sensor which identifies the robot’s location. Knowledge of self-location, and the

location of other places of interest in the world, is the basic foundation on which all high-level navigation operations are

built. Therefore, knowing the location enables strategic path planning for tasks such as goal searching, region coverage,
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exploration, and obstacle avoidance, and makes following these planned trajectories possible [13]. All these tasks are done

by the control system deployed on the robot.

Following the great advancement of electronics and computer technology, control system mechanisms have developed

a lot and now reached the era of artificial intelligence (AI) that can handle nonlinear situations. This is due to the

emergence of neural networks, fuzzy logic, genetic algorithms,s and other soft computing algorithms. Due to its simplicity

and capability for real-time implementation, the fuzzy logic controller is found to be a very convenient controller for

systems that have no mathematical model. Fuzzy logic works based on rules that are a direct reflection of the way a

human being uses its brain to accomplish different tasks. From the perspective of the complexity of navigation tasks and

fuzzy logic’s suitability to handle such problems, in this paper fuzzy logic controller is chosen as a controller for mobile

robot navigation to a goal position in an unknown environment.

1.1 Fuzzy Logic

Fuzzy logic is an algorithm used to produce decisions based on input conditions. Fuzzy logic involves the use of qualitative

reasoning instead of purely quantitative measurements. It is particularly useful when dealing with systems that are ill-

defined or difficult to model. Like Boolean logic, fuzzy logic involves selecting an action if a set of conditions are satisfied.

However, rather than deciding whether the conditions are true or false, fuzzy logic estimates each condition’s degree of

truth (generally a number between 0 and 1), and calculates output values based on the relative estimates [14]. The fuzzy

controller has four main components [2].

1. Rule-base: holds the knowledge, in the form of a set of rules, of how best to control the system.

2. Inference mechanism: evaluates which control rules are relevant at the current time and then decides what the

input to the plant should be.

3. Fuzzification: simply modifies the inputs so that they can be interpreted and compared to the rules in the rule

base.

4. Defuzzification: converts the conclusions reached by the inference mechanism into the inputs to the plant [2].

The fuzzy approach is especially successful in the case of processes such as washing machines, robot control, camera

focusing, or drying processes that are being controlled well by human operators [8].

2 Literature Review

Zadeh’s contribution to mathematical logic models led to a wave of research based on his concept of ’fuzzy logic’. An area

of research being explored with his notion of fuzzy sets is the design and implementation of intelligent control systems

termed Fuzzy Logic (FL). With only a short period since the concept’s introduction, explorations into control design

have been an area of heavy interest. Current research with this controller revolves around experimenting with different

applications as well as speeding the design of implementation [2].

In [15] an autonomous wheeled wall-following robot was designed using ultrasonic sensors for inputs to traverse a

known indoor environment for an IEEE competition. The FL controller for the robot was designed using MATLAB for

simulation and utilization of a PIC microcontroller for implementation. The differential drive of the robot was developed

based on the kinematic equation. The FL controller has two inputs: the position error, and the angle error. These values

are gathered from the three mounted ultrasonic sensors on the front and two sides of the robot base. The controller

employs the use of 18 rules to process the fuzzy data. Through defuzzification, two outputs are generated for position
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correction and angle correction sent to the servo motors. A barrier to overcome by research while implementing the

controller was a processing time issue. The system clock of the microcontroller was 4MHz, which translated into a 0.4-

second processing time from fuzzification, rule processing, and defuzzification. To bypass this issue, the pair generated a

look-up table to load onto the microcontroller in place of the FL controller. The results included an efficiently performing

controller able to reach a referenced wall distance from any angle starting position.

In another study by Y. Ino et. [24] a controller for testing a mobile robot base for corridor navigation has been designed

and created. The four units responsible for different aspects of the control system were used. These are sensor handling,

machine vision, collision avoidance using FL, and locomotion. The infrared sensors are spaced to provide 360-degree

coverage. The fuzzy collision avoidance portion of the controller utilizes one input fuzzy set for the sensor inputs and

three output fuzzy sets. Seventeen rules are employed by the rule processing section of the FL controller. The outputs

include distance, velocity, and turn angle. The distance output membership function (MF) determines if the output

should move the robot forward or backward. The velocity output MF uses the linguistic variables slow, medium, and fast

to generate an appropriate speed. The turn angle output MF divides the total angle, pre-set to 60 degrees, into sections

of positive left, negative left, positive center, negative center, positive right, and negative right. The result was a mobile

robot that avoided collisions with both obstacles and walls in a real indoor environment. The FL controller produced an

unwanted zig-zag path pattern sometimes. It was also determined that infrared sensors were negatively affected by the

ambient indoor lighting.

In [33] fuzzy approach for solving the motion planning problem of a mobile robot in the presence of moving obstacles

was derived. This consists of formulating a general method for the derivation of input-output data to construct a fuzzy

logic controller (FLC) line. The FLC is constructed based on the use of a recently developed data-driven and fuzzy

controller modeling algorithm and it can then be used online by the robot to navigate among moving obstacles. The

novelty of the approach, as compared to the most recent fuzzy ones, stems from its generality. The formulated data-

derivation method enables the construction of a single FLC to accommodate a wide range of circumstances.

In [28] fuzzy logic controller has been designed for real real-time mobile robot navigation system in an unknown

environment. To fulfill the optimization requirement this study considered the optimization of the time as well as the

distance traveled by the robot. The fuzzy logic navigation technique developed in this work was implemented on a real

robot by using seven ultrasonic sensors to perceive the environment. However, this paper didn’t try to explain the methods

or devices used to identify the robot’s absolute or relative location on Earth. The robot is also limited to responding to

static obstacles only. The Simulation and experimental result show that the robot able to reach the goal position safely.

In [29] fuzzy controller path planning for mobile robots was presented. In this paper obstacle detection was imple-

mented by using 24 Ultrasonic sensors in a gap distance of 15o around the robot. Increasing the number of obstacle-

detecting ultrasonic sensors installed around the robot has a great advantage in increasing the obstacle-detection capability.

However, this could lead to an increase in cost and high processor speed requirements.

In [30] Object Based Navigation of Mobile Robots with Obstacle Avoidance using a Fuzzy logic Controller was

presented. The focus of this paper has been on developing autonomous urban search and rescue robots. The search and

rescue robot is equipped with a victim detection system which determines the robot’s target. In this paper, the navigation

approach has been extended using a fuzzy controller that will take a path based on extracted lines and fuse data from

sonar modules. By data fusing technique robot can extract a crystalline object that are hidden from the laser and can

avoid dynamically placed obstacles near and along the path. It is the nice approach of this paper that the problem of

laser scanners on crystalline objects like glass and mirrors is solved by using data fusing from sonar sensors. Furthermore,

it has good real-time capability and it is implemented on the NAJI V mobile search and rescue robot platform. However,

the applicability of the design is limited to small areas like office rooms.
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In [31] a fuzzy logic-based model is presented for the navigation of mobile robots in indoor environments. The inputs

of the fuzzy controller are the outputs from the sensor system, including the obstacle distances obtained from the left,

front, and right sensor groups, the target direction, and the current robot speed. A set of linguistic fuzzy rules are

developed to implement expert knowledge under various situations. The output signals from the fuzzy controller are

the accelerations of the left and right wheels, respectively. Under the proposed Fuzzy model, a mobile robot avoids the

obstacles and generates the path towards the target. The design approach in this paper is good; however, the proposed

fuzzy controller for the mobile robot is for indoor navigation. This couldn’t be used for outdoor navigation.

In [32] A New Fuzzy Intelligent Obstacle Avoidance Control Strategy for Wheeled mobile Robot proposed in 2012. This

paper described a fuzzy intelligent obstacle avoidance control strategy for wheeled mobile robots in changing environments

with obstacles, which utilizes fuzzy control methodology imitating human driving intelligence and has the merit of fast

obstacle avoidance and quick response relative to traditional model-based methods. Additionally, this paper proposed an

intelligent coordinator that coordinates outputs of run-to-goal fuzzy controller and fuzzy obstacle avoidance controller

effectively. In this paper, the localization techniques and the mathematical tools used to identify the robot’s absolute and

relative position are not discussed. The localization issue is equally important as the controller.

Research on mobile robot control is continuing. Some of the research mentioned in this section focuses on designing

of fuzzy controller for indoor navigation, wall following, line following, and path planning by avoiding obstacles. In this

research, the mobile robot considered is for use in outdoor navigation in a dynamic environment. The controller is based

on a fuzzy logic algorithm. In addition, the localization techniques used in this research are a hybrid type. One is based

on GPS sensor position reading and the other is by position estimation based on wheel speed encoder reading.

3 Mobile Robot Motion Modeling

The steering of a mobile robot is achieved by differentially driven wheel pairs on each side of the robot. From a control

viewpoint, the unusual nature of nonholonomic kinematics and the dynamic complexity of the mobile robot make feedback

stabilization at a given posture difficult to achieve via smooth time-invariant control. This indicates that the problem

is truly nonlinear; linear control is ineffective and innovative design techniques are needed. It is an accepted practice to

work with dynamical models to obtain stable motion control laws for trajectory following or goal-reaching. The robot has

two driving wheels mounted on the same axis and free front wheels. Two driving wheels are independently driven by two

actuators to achieve both the transition and orientation. The position of the mobile robot in the global frame Latitude,

Longitude can be defined by the position of the mass center of the mobile robot system.

The mathematical model of a mobile robot moving on a planner surface can be decomposed into three sub-systems

which are the kinematic model, dynamic model, and electric drive system. This approach is quite natural for most mobile

robots powered by electric motors [10].

Electrical

Input

Electrical

Drive

Subsystem

Torque Dynamic

Subsystem

Velocity Kinematic

Subsystem

Position

Figure 1: Decomposition of an electrically driven Mobile Robot
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3.1 Kinematic Model

The robot has two identical parallel, non-deformable rear wheels which are controlled by two independent motors, and

steering front wheels. It is assumed that the plane of each wheel is perpendicular to the ground and the contact between

the wheels and the ground is pure rolling and non-slipping, i.e., the velocity of the center of mass of the robot is orthogonal

to the rear wheels’ axis. The center of mass of the mobile robot is located in the middle of the axis connecting the rear

wheels. As we can see in the following diagram, {X,Y } is the reference frame while {Xm, Ym} is the moving mobile robot

reference frame. The equation of mobile robot motion can be obtained as follows.

Ẋ = vx(t)cosθ

Ẏ = vx(t)sinθ

vx
(t)

vy
(t
)

θ

θ

Figure 2: Robot free body diagram

Suppose that the robot moves on a plane with linear velocity expressed in the reference frame as V = [Vx Vy 0]
T

and rotates with an angular velocity vector θ̇ = [0 0 θ̇]
T
. If q = [X Y θ]

T
is the state vector describing generalized

coordinates of the robot (i.e., the center of mass position, x and y, and the orientation θ of the reference coordinate frame

concerning the inertial frame), then q̇ = [Ẋ Ẏ θ̇]
T
denotes the vector of generalized velocities.

Vy
(t
) Vx

(t
)

θ

Y

X

X
mY

m

x

y

Vy
(t
) Vx

(t
)

θ

Y

Xx

y

ICC

R l

Where,

• l is the length between the two rear wheels’ axis

• ICC is the instantaneous center of curvature

• R is the instantaneous curvature radius of the robot trajectory, relative to the mid-axis

• r is the wheel radius

Here the translational and rotational velocities of the mobile robot depend on the linear velocity of the left wheel

(vl(t)) and right wheel (vr(t)).

ICC = (x−Rsinθ, y +Rcosθ)
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R − l
2 Curvature radius of trajectory described by left wheel. R + l

2 Curvature radius of trajectory described by Right

wheel. Then the angular velocity of the mobile robot on the ICC axis of rotation can be expressed as:

θ̇(t) =
vl(t)

R− l
2

=
vr(t)

R+ l
2

(1)

θ̇(t) =
vr(t)− vl(t)

l
(2)

using eq.( 2) the radius of curvature can be expressed as follows.

R =
1

2

(vr(t) + vl(t))

(vl(t)− vr(t))
(3)

Then the instantaneous tangential velocity to the radius of curvature will be:

v(t) = θ̇(t)R =
1

2
((vr(t) + vl(t)) (4)

Since there is no lateral skidding, the mobile robot has velocity along its x-axis only. The velocity in the y direction

is zero. Then v(t) in eq. 4 is equivalent to Vx(t). The kinematic model of mobile robot on its frame of reference then

becomes. 
vx(t)

vy(t)

θ̇(t)

 =


r
2

r
2

0 0

−r
l

−r
l


ωl(t)

ωr(t)

 (5)

The position of robot can be expressed as follows
X

Y

θ

 =


x+R(sin(θ + ω∆t)− sin(θ))

x+R(−cos(θ + ω∆t) + cos(θ))

θ + ω∆t

 (6)

3.2 Dynamic Model

A common actuator in control systems is the DC motor. It directly provides rotary motion and, coupled with wheels,

can provide transitional motion. The electric circuit of the armature and the free-body diagram of the rotor are shown

in the following figure:

Figure 3: Electric circuit model of DC motor

The motor torque (T) is related to the armature current (i) by a constant factor Kt. The back emf (e) is also related

to the rotational velocity by a constant factor Ke. These two parameters are described by the following equations:

T = Kti (7)
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e = Ke
dθ

dt
(8)

From fig. 4 we can write the following equations based on Newton’s law combined with Kirchhoff’s law:

Jθ̈ + bθ̇ = KtI (9)

L
di

dt
+Ri = V −Keθ̇ (10)

Where J is a moment of inertia of the rotor (Kg.m2/s2), b is the damping ratio of the mechanical system (Nms), L is

inductance (H), R is resistance (ohm) and V is source voltage (V).

The state space model of DC motor can be obtained from eq (9) & (10) as follows.

d

t

θ̇
i

 =

 − b
J

Kt

J

−Ke

L −R
L

θ̇
i

+

0

1
L

V (11)

θ̇ =
[
1 0

]θ̇
i

 (12)

4 Localization and Path Planning

In developed engineering and technology, the concept of autonomy of mobile robots covers many areas of knowledge,

methodologies, and ultimately algorithms designed for trajectory control, obstacle avoidance, localization, map building,

and so on. Practically, the success of a path planning and navigation mission of an autonomous mobile robot depends on

the availability of an accurate representation of the navigation environment [22].

In the case of a mobile robot, the specific aspect of cognition is directly linked to robust mobility in navigation

competence. Given partial knowledge about its environment and a goal position or series of positions, navigation includes

the ability of the robot to act based on its knowledge and sensor values to reach its goal positions as efficiently and as

reliably as possible [1].

Self-localization and path planning are two important issues for autonomous mobile robot navigation. For the au-

tonomous motion, the robot should have the ability to localize its current position, perform path planning for future

movement, and move to the next position as expected. Currently, there exist many techniques for mobile robot localiza-

tion. The approaches can be categorized into two groups based on the property of the adopted sensor for data acquisition.

One technique that uses internal sensors such as an odometer, gyro, and accelerometer is called dead reckoning. The

other adopts external sensors such as ultrasound, laser scanner or camera systems, GPS, etc. This approach relies on

the information obtained from the environment and can avoid the internal error made by the robot motion. To increase

the applicability of the sensor information, many researchers have combined various types of sensors to achieve better

localization results [20]. In this work, GPS, odometer, and ultrasonic sensors are used for the mobile robot localization.

To address mobile robot navigational problems, several efficient path-planning techniques have been developed by

many researchers. This research will present a detailed analysis of various techniques used in autonomous mobile robot

navigation.

4.1 Mobile Robot Localization

Navigation is one of the most challenging competencies required of a mobile robot. Success in navigation requires success

at the four building blocks of navigation: perception, the robot must interpret its sensors to extract meaningful data;

localization, the robot must determine its position in the environment; cognition, the robot must decide how to act to

achieve its goals; and motion control, the robot must modulate its motor outputs to achieve the desired trajectory.
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If one could attach an accurate GPS (global positioning system) sensor to a mobile robot, much of the localization

problem would be obviated. The GPS would inform the robot of its exact position, indoors and outdoors, so that the

answer to the question, “Where am I?” would always be immediately available. Unfortunately, such a sensor is not

currently practical. The existing GPS network provides accuracy to within several meters, which is unacceptable for

localizing human-scale mobile robots as well as miniature mobile robots such as desk robots and the body-navigating

Nano robots of the future. Furthermore, GPS technologies cannot function indoors or in obstructed areas and are thus

limited in their workspace. But, looking beyond the limitations of GPS, localization implies more than knowing one’s

absolute position in the Earth’s reference frame. Consider a robot that is interacting with humans. This robot may need

to identify its absolute position, but its relative position concerning the target is equally important. Its localization task

can include identifying the surroundings using its sensor array and then computing its relative position to the obstacles.

Furthermore, during the cognition step a robot will select a strategy for achieving its goals. If it intends to reach a

particular location, then localization may not be enough. The robot may need to acquire or build an environmental

model, a map that aids it in planning a path to the goal. Once again, localization means more than simply determining

an absolute pose in space; it means building a map, and then identifying the robot’s position relative to that map.

Clearly, the robot’s sensors and effectors play an integral role in all the above forms of localization. It is because of

the inaccuracy and incompleteness of these sensors and effectors that localization poses difficult challenges [1].

Figure 4: Mobile Robot Localization

4.2 Path Planning

Given a map and a target location, path planning involves identifying a trajectory that will cause the robot to reach the

target location when executed. In other words, path planning is a strategic problem-solving competence, as the robot

must decide what to do over the long term to achieve its goals. The other competence is equally important but occupies

the opposite, tactical extreme. Given real-time sensor readings, obstacle avoidance means modulating the trajectory of
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the robot to avoid collisions. A great variety of approaches have demonstrated competent obstacle avoidance, and we

survey a number of these approaches as well [1].

The first step of any path-planning system is to transform this possibly continuous environmental model into a

discrete map suitable for the chosen path-planning algorithm. Path planners differ as to how they affect this discrete

decomposition. We can identify many general strategies for decomposition;

Due to the multitude of path-planning techniques developed so far, one must choose to adapt the path-planning

method to the application. The developer will choose between these techniques based on different criteria. These criteria

are speed of operation, ability to find the shortest path, and applicability to the scale of obstacles and complexity of the

environment. It is found that the heuristic approaches (Fuzzy logic, Neural Network, and Ant Colony Optimization) give

suitable and effective results for mobile robot navigation (target reaching and obstacle avoidance) in an unknown and

dynamic environment compared to classical techniques. However, based on the processor computational speed requirement

relatively fuzzy logic can be implemented on slow processors.

5 Controller Design

There are different types of control systems currently used in various application areas. The most commonly used control

system today in the industry is the PID controller. In this research fuzzy control system will be used to address mobile

robot navigation problems. In fuzzy controller design, the first step is determining the inputs to the controller and the

outputs to be controlled.

In navigation of an unknown environment, different types of information about the surrounding area are required.

The first one is, knowing where the robot is located at a time. To be able to know this, a GPS sensor is used. Then to get

to the destination, in which direction should the robot move? For this purpose, a compass is necessary to align the robot

to the direction of its destination. Rotating the robot in the proper direction also needs some kind of mechanization.

Therefore, from this sensory information, we do have two inputs, distance to the destination and direction.

The second step is, knowing how to get to the destination. How to identify the path that is obstacle-free or less risky?

The sensors that help to know about this information are obstacle-detecting sensors (ultrasonic sensors). These sensors

will be mounted to the four sides of the robot. Then the sensors measure the distance from the robot to the obstacle

and this is the information that is going to indicate whether there is an obstacle or not. Then the following inputs are

identified as a very essential inputs to the controller to make decisions on the robot’s motion.

These inputs are:

i) Distance to the destination

ii) Direction of destination from current location

iii) Front obstacle

iv) Back obstacle

v) Left obstacle

vi) Right obstacle

Why is so important to know about the surroundings and destination? What is going to be done with this information?

In the previous section, the inputs to the controller are identified. Now what we want the fuzzy controller to do is, to make

the robot move in a way it will arrive at the destination. To achieve this task, different types of locomotion mechanisms
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are used. Here in this research differential wheel drive method is used. The robot has two front freely moving wheels and

two back independently controlled wheels. The robot will move with the desired speed and direction by adjusting the

speed of the two back wheels. DC motor is chosen to drive the back wheel because of its simplicity of control. Therefore,

the outputs to be controlled are the speed of DC motors that are directly coupled to the right and left back wheels of the

robot. The ultimate goal is to decrease the relative distance from the robot to the final destination to zero.

Figure 5: Fuzzy controller outputs

5.1 Fuzzy Controller Design

The first step in designing a fuzzy controller is the fuzzification of the inputs and outputs. This includes the representation

of the range of values with linguistic values. Here in representing linguistic values, we should be careful in choosing the

number of linguistic values, the more the number of linguistic values, the more the controller will be accurate and the

more powerful and expensive the electronic device required to implement. Therefore, optimization of cost and accuracy

will be considered by the application area the robot will be employed.

5.1.1 Fuzzification

Target Distance membership:

Figure 6: Distance linguistic value membership function

Target Direction Membership:
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Figure 7: Direction linguistic value membership function

Obstacle Membership:

Figure 8: Obstacle membership function

Robot Wheel Speed Membership:

Figure 9: Robot wheel speed membership function
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5.1.2 Rule Base

The rule base is the main part of fuzzy controller design. All inputs fetched from sensors are fuzzified and used to develop

the rules. In developing the rule base, there are criteria to be considered. The first one is completeness; the rules should

include all possible conditions of the inputs, in other words, there should be an output for all combinations of input states.

The other criterion is, that the rules shouldn’t have conflicting decisions. For specific input conditions, there is only one

specific decision. Different input conditions could have the same decision but the reverse is not true. Sample rules are

displayed in the table below.

Figure 10: Sample Rule Base: (The letters after the underscore represent as follows: S stands for Slow, M stands for

Medium, and F stands for Fast)

5.1.3 Fuzzy Inference Mechanism

The fuzzy inference system is the expertise part of the fuzzy controller which has the capability of both simulating human

decision-making based on fuzzy concepts and inferring fuzzy control actions by using fuzzy implications and fuzzy logic

rules of inference. In other words, once all the monitored input variables are transformed into their respective linguistic

variables (by fuzzification), the inference engine evaluates the set of if-then rules (given in the rule base) and thus a result

is obtained which is again a linguistic value for the linguistic variable.
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Figure 11: Fuzzy inference mechanism

5.1.4 Defuzzification

The linguistic result has to be then transformed into a crisp output value of the fuzzy logic controller and this is why

there is a second transformation in the fuzzy logic controller. The second transformation is performed by the defuzzifier

which performs scale mapping as well as defuzzification. The fuzzified yields a non-fuzzy, crisp control action from the

inferred fuzzy control action by using the consequent membership functions of the rules.
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Figure 12: Defuzzification by centroid method

The most popular defuzzification method is centroid calculation, which returns the center of the area under the curve.

Speedcrisp =

∑7
i=1 AiWi∑7
i=1 Ai

(13)

where Ai is the area of the clipped triangle (shaded trapezium), Wi is the middle angular speed corresponding to the

area Speedcrisp is the output of the defuzzification process which is the speed of the motor recommended by the fuzzy

controller.

5.1.5 Control System Structure

The complete block diagram of the mobile robot navigation control system is shown as follows.

Target Global Path

Planning

Local Path

Planning

Using

Fuzzy Logic

Translation

Compare and

Approximate

Current Location

driver

circuit

Left

Motor

driver

circuit

Right

Motor

Obstacle Sensors
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(Lat,Lon) Dir(θ)

Dis(m)

Ul(t)

Ur(t)

Vl(t)
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ωl(t)

ωr(t)
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C
u
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t
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o
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o
n

Reference

Controller
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Figure 13: Mobile Robot Control System Structure
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6 Simulation Results

In this section, the various results obtained during the research are presented and discussed in detail. The dynamically

changing environment will be simulated using MATLAB software and the response of the controller due to the changing

environment will be monitored with the help of graphs and 3-D animation. This simulation uses the following data (Robot

mass = 6Kg, Length between rear wheels = 32 cm, Wheel radius = 7cm, and motor constant = 0.1 V/ (rad/s)) Friction

is ignored.

Figure 14: Robot Control System MATLAB model

6.1 Results

The fuzzy controller performance is evaluated in the MATLAB Simulink model using 3-D animation. The following snap

shot is taken from MATLAB simulation.

Figure 15: 3-D Environment model

There are six numbers of input and two output variables that should be monitored for mobile robot navigation.
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Surrounding information (obstacles and location statuses) is detected using different sensors. Based on all these input

conditions the controller will make a decision on which direction and at what speed the robot should move. All these

real-time conditions are represented in MATLAB to see the effect of one on another graphically. The following graph

shows the response of the fuzzy controller on the speed of two right and left motors with the changing of front obstacles

and the location of the mobile robot.

Figure 16: Left and Right motor Speed vs Front obstacle, distance, and direction

As we can see in Fig. 17 the robot starts its motion with the right motor speed of 200 rpm and the left motor at

a speed of 170 rpm in forward direction. Then the motion is interrupted at around 20 seconds with the front obstacle

approaching. Immediately the controller gives a response by changing the speed of the two back motors as shown. Since

there is only one obstacle in the front direction the other 3 sides of the robot are free. So the controllers choose to go

in to right direction at a slower speed. When the obstacle is removed, the speed of the motors changes to a new value

which will drive the robot to the proper location from the new location. When the robot approaches its target location,

the speed of the two motors starts to decrease as we can see on the graph. Distance and direction to the target are also

shown on the graph.

In Fig. 17 only front obstacles are considered. To see the response of the controller from a different perspective, in

Fig. 18 the effect of all input conditions varying randomly is considered. At around 9 seconds obstacle from the right

comes near to the robot, but the controller doesn’t respond as it is free from the front side. At around 12 seconds, the

front obstacle is set to very near to the robot. Then the controller sets the motor’s speed in to differential manner that

will drive the robot to avoid the obstacle. When the robot moves around the obstacle the direction of the target also

changes, then the controller develops a new path plan from the new location and continues in this way until the target

is found. As shown on the graph at 51 seconds the distance to the target becomes zero, and then the controller sets the

motors to stop status.

We can also see the tracking performance of the fuzzy controller for a given path trajectory. The path planner will

generate a path dynamically that will take the robot to the destination by excluding obstacles on its way. Then the robot

will follow that path. Fig. 19 shows us the planned path versus the path followed by the robot.
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Figure 17: Motor Speed vs. obstacles and location status (obstacles varying randomly)

Figure 18: Planned path vs. Path followed by the robot

As indicated in Fig. 19, the controller has difficulty following the exact path line when the path direction changes

very quickly. The error is shown in Fig. 20.
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Figure 19: Tracking error

7 Conclusion and Future Work

7.1 Conclusion

This research covered mobile robot motion controller design and simulation. Mobile robot navigation to goal position

in an unknown dynamic outdoor environment is identified to be a non-linear problem with multiple control variables.

The path planning and obstacle avoidance problem is addressed by using a fuzzy logic control algorithm. One of the

advantages of the use of fuzzy logic control resides in the possibility of averaging the conclusion of several rules to obtain

an intermediary action. The basic idea behind a fuzzy logic controller is to avoid the design of a strategy based on a

detailed dynamic model, by taking the approach of a human operator to an ill-defined system.

Simulations were carried out on differential drive non-holonomic mobile robots to test the performance of the proposed

fuzzy controller. The mobile robot was seen to reach the target location efficiently with obstacle conditions.

However, the modeling of a fuzzy controller is an iterative process of trial and error. It involves tuning the shapes of

the membership function as well as fuzzy rule bases. For relatively complex control problems this synthesis procedure

can turn out to be lengthy depending on the availability of expert knowledge or intuition. This study proposes the use

of optimization techniques like Genetic Algorithms and Neural Networks to tune fuzzy membership functions and rule

bases for better results.

The obstacle avoidance fuzzy algorithm performs nicely with the limitation of the inability to identify passable narrow

paths. This problem is caused by the limitation of sonar sensors to measure the distance between obstacles and the size

of obstacles. This can be solved by using camera or 3-D sensors.

Overall it became clear that fuzzy logic is a suitable control system where the control of mobile robots is concerned.

The simulation result shows that the fuzzy controller was successful at following a defined path and avoiding obstacles.
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