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RINGKASAN: Penyelidikan ini menumpukan kepada rekabentuk dan pembangunan pengawal 
logik samar yang bersesuaian untuk mengawal pergerakan sistem robotik. Satu pengawal 
logik samar direkabentuk, dibangunkan dan dipasang kepada sistem robotik terekabentuk 
bagi mengawal kelajuan robot di bawah arahan tertentu dan sepanjang perubahan dinamik. 
Gambarajah blok "Simulink" dan sebuah sistem antaramuka pengguna grafik interaktif telah 
dibangunkan untuk menyelakukan dan menganalisis prestasi dan kestabilan sistem robotik 
sepanjang pergerakannya. Keputusan penyelakuan dan sifat keluaran menunjukkan 
pengubahan kelajuan sistem disebabkan oleh perubahan isyarat-isyarat dari sistem-sistem 
lain seperti pengesan, sistem penghindaran halangan, sistem menjejak garisan dan sistem 
pergerakan berekabentuk mekanikal. Antaramuka pengguna grafik akan memaparkan 
pergerakan sistem keseluruhan ke dalam ke/uaran penggambaran dua dimensi berasaskan 
pendekatan kawalan logik samar. Keputusan telah menunjukkan bahawa perlaksanaan 
pengawal logik samar dalam sistem robotik boleh meningkatkan prestasi keluaran keseluruhan. 
Dengan blok kawalan logik samar, sistem terekabentuk boleh diperbaiki untuk mengendalikan 
isyarat tidak tepat yang lazim dalam dunia nyata. Bila-bi/a masa isyarat bertukar, kelajuan 
sistem robotik diubah dengan menggunakan pengawal logik samar untuk memberi pembetulan 
pergerakan yang bersesuaian. 

ABSTRACT : This research focuses on design and development of a fuzzy logic controller 
that is suitable to control movement of the robotic system. A fuzzy logic controller is designed, 
developed and attached to th~ designed robotic system in order to control speed of the robot 
under specified direction and during dynamic changes. The Simulink block diagram and an 
interactive graphical user interface (GUI) system have been developed to simulate and analyse 
performance and stability of the robotic system during its movement.The simulation result and 
the output characteristic· show the alteration speed of the system due to the change of signals 
from other systems such as sensor system, obstacle avoidance system, line tracking system 
and mechanical designed movement system. The GUI will display the movement of overall 
system into two-dimensional visualisation output based on the fuzzy logic control approach. 
The result has shown that the implementation of fuzzy logic controller in the robotic system can 
improve the overall output speed performance. With the fuzzy logic control blocks, the designed 
system can be improved to handle imprecise signals which are very common in the real wor1d. 
Whenever the signals alter, the speed of the robotic system is adjusted using the fuzzy logic 
controller to give an appropriate movement correction. 

KEYWORDS : Movement control, intelligent control, fuzzy logic controller, robotic systems, 
graphical user interface (GUI) 
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INTRODUCTION 

In the development of artificial intelligent human-based robotic design system, fuzzy logic 

controller is very important when dealing with uncertainty in the working condition. Unknown 

moving path condition and imprecise input signal are two common problems that occur in the 

real world robot operations. Because of this, fuzzy logic controller is implemented to the system 

design in order to handle these conditions. 

Fuzzy logic set is a generalisation of conventional set theory and was introduced by Dr. Lotti 

Zadeh in 1965 as a mathematical way to represent vagueness in everyday life (Novakovic, 

1997). Fuzzy logic is used to imitate the way a human brain works and attempts to turn artificial 

intelligence into real intelligence. In robotic design, fuzzy logic controller plays an important 

role to the obstacle avoidance system development. Fuzzy logic controller is capable to make 

decision when facing unpredictable obstacle in the movement path where the speed of robotic 

movement can be easily controll~d using fuzzy logic system. 

Currently, there are a lot of applications developed by implementing fuzzy controller and 

technique. Flexible Manufacturing System (FMS) is one of the most popular intelligent controlled 

manufacturing systems used in industries involving mass production processes. This system 

is normally aided with robot arms, conveyor system, Computer-Numerical-Controlled (CNC) 

machines and Programmable-Logic-Controller (PLC). Intelligent control for FMS can be 

programmed digitally using relay ladder logic provided for each module in PLC circuit design. 

The PLC relay ladder logic programming provides all possible solutions and commands for 

the intelligent system operations. Study about relay ladder logic development in industries 

control system is discussed in the journal article written by Day and Dermmermuth (1993) . 

Besides the digital control FMS system, some industries require analog controlled design, for 

example, the control of flow in various types of tank. This system requires proportional-integral

derivative (PID) controller for high performance application. The details about intelligent control 

for PID control using fuzzy system can be obtained in the study by Coleman and Godbole 

(1994). 

Development of fuzzy controller for intelligent control has now dominated the automation 

industries. Case study about fuzzy intelligent control for automation in tuning process was 

discussed by Ramaswamy et al. (1993). In this study, the fuzzy controller uses a set of control 

rules and inference mechanism to determine the control action for a given process state in 

tuning mechanism. 

Development of intelligent sensor system is one of the important parts of developing an 

automation designed system. Intelligent control requires precision readings from sensors to 

enable the whole system to operate accordingly. An Autonomous Fuzzy Logic Architecture for 
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Multisensor Data Fusion (Gibson et al., 1994) is one of the studies available regarding the 
construction of intelligent controlled sensor system. 

The recent success of heuristic methods using intelligent design technique such as fuzzy 
logic, neural networks and generic algorithm present possible improvement due to their ability 
to handle non-linearities, robustness and their capacity to perform in non-ideal situation. 
Study about this intelligent control was done by Galt et al. (1996). In this design, intelligent 
control method was considered for possible use in the co-ordination of the motion of the 
designed robot. 

Beside the usage of normal sensor devices circuits in robot design, virtual environment 
technology is introduced to create, view and interact with computer generated objects. According 
to Stytz and Block (1993), simulation and training environment provides capability for 
participants to interact in real-time when performing group and individual tasks. 

In controlling a process where large parameter changes occur or little process knowledge is 
available, data obtained is not sufficient for normal controller circuit to perform well. In this 
case an adaptive controller is required to achieve good performance. A good design of an 
adaptive controller will be able to measure its own performance and change its strategy as a 
result. A sample of adaptive fuzzy controller design can be observed in the article by Pham 
and Karaboga (2001 ). 

PIO controller is one of the earliest industrial controllers where its construction cost is economic, 
simple, easy to be tuned and robust. However, the PIO controller has certain drawback when 
dealing with non-linear processes, time-varying parameters, compensation of strong and rapid 
disturbances and supervision in multivariable control. In this case, fuzzy logic intelligent 
controller is used to anticipate the closed loop behaviour and to improve the PIO control 
response, mainly to solve the windup in the integral action due to actuator saturation and 
effect of strong and rapid disturbances in PIG controller. Details about this design can be 
obtained in study by Gharieb and Nagib (2001 ). 

This paper concentrates on design of a fuzzy logic controller that is suitable for controlling the 
movement of robotic system. Fuzzy logic controller is added into the design, purposely to 
control the speed of the robot under specified direction and during dynamic changes. A simulink 
block diagram and an interactive graphical user interface (GUI) system have been developed 
to simulate and analyse the performance and stability of the robotic movement control system. 
The simulation and analysis of this robotic movement control system provide designer with 
information on how the fuzzy logic controller system can affect the output speed and stability 
of the system. 
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The simulations result and the output characteristic of the system are displayed in the rule 

viewer. Both outputs give the alteration speed of the designed robotic due to the changes of 

signals from other system such as sensors, obstacles avoidance system, line tracking system 

and mechanical designed movement system. The GUI will display the movement of overall 

system into two-dimension visualisation output for the fuzzy logic controlled system. From the 

result, the implementation of fuzzy logic controller in the robotic movement control system 

can improve the overall output speed performance. With the fuzzy logic control blocks (MATLAB, 

2001 ), the designed system can be improved so that it can handle imprecise signals which 

are very common in the real world. Whenever the signals alter, the speed of the robotic system 

is adjusted using the fuzzy logic controller to give an appropriate movement correction defined 
for the whole system. 

MATERIALS AND METHODS 

Robotic system design is becoming one of challenging tasks for engineers. Moving towards 

the technology of artificial intelligent robotic designed system, software simulations and control 

are very important parts before the engineers can proceed with the mechanical and electronic 

construction of the whole system. The main consideration in this project is to control the 

movement speed of the designed robotic system. Motor and sensor signals are two important 

parts that play a major role for this purpose (Soh et al, 2004). 

Robotic Movement Control System Model 

The movement control of robotic system for this project is based on a few subsystems normally 

available in most digitally controlled movement design technology. DC motor subsystem is 

the main system's speed. This system can be divided into two parts, the mechanical and 

electrical systems. 

The sensor subsystem is designed to interact with the controller subsystem. It will provide all 
information or signals about the environment condition to the controller subsystem. From this 

information or signals, the controller is expected to be able to control the DC motor subsystem 

rotation speed. Input switching subsystem is designed to turn on and off the motor. In this 

study, a controller system with fuzzy logic base has been designed. Figure 1 shows the 

overall system of robotic movement control system. 

The DC motor subsystem is the main component that decides how fast the robotic system 

will move. This subsystem is connected to the mechanical movement system of the 

designed robot. 

Basic structure of a DC motor can be divided into two parts; voltage controlled circuitry and 

mechanical rotor. The electrical circuit of a simple DC motor model is represented in Figure 2. 
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DIGITAL 
INPUT SIGNAL DIGITAL 

MECHANICAL 
(ON/OFF) CONTROLLER 

SYSTEM 
SUBSYSTEM 

ROBOTIC ELECTRICAL SENSOR 
SYSTEM SYSTEM 

SUBSYSTEM SPEED 

FUZZY LOGIC DC MOTOR 
ENVIRONMENT CONTROLLER SUBSYSTEM 

CONDITION 

Figure 1. Block diagram of the robotic movement control system 

The motor torque provides the movement over inertia for the rotor system. If the motor is in 
static condition initially, it requires larger torque value to start the motor. However, if the motor 
is in moving condition initially, the inertia of the motor will sum up with the system torque to 
give a greater rotation which will further increase the movement speed of this system. 

Voltage 
Source (V) 

Electric resistance (R) 

i = amature current 
Ke = amature current 
K1 = amature current 
o = amature current 

Electric inductance (L) 

Torque, T = Kt i 

Figure 2. Equivalent electrical circuit of a DC motor 

Motor 

The velocity of the motor can be defined as the rate of change in rotor position, 0. 

Motor Velocity = 
d (} 
dt 
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From the study of Newton's law, the motor rotation angle characteristic can be defined as : 

d 2 (} d(} 
J-- =T-b 

dt2 dt 

Where: 

J = moment of inertia of the rotor, 

T = motor torque, 

b = damping ratio of the mechanical system, 

d 2 () 
= rotational acceleration and 

dt 

d(} = rotational velocity 
dt 

This equation for motor rotation characteristic was further simplified to : 

d z(} = !_ ( K i - b d (} ) 
d t2 J t dt 

(2) 

(3) 

The second equation that needs to be taken into consideration is the DC motor equivalent 

circuit characteristic equation. Using the Kirchoff's Law, the circuit equivalent equation can be 

developed as shown below : 

Start: L di = - R i + V - K 
dt 8 

di (R i + V - Ke dd(}t ) 
dt = L 

Where: 

L = electric inductance, 

electric resistance, R = 
v 
K e 

= 

= 

Applied voltage source and 

Motor constant 

(4) 

(5) 

The constant parameter value can be set by the designers themselves theoretically or through 

a certain experiment to define all those values. The default values used for this design are 

derived by an experiment from an actual motor in Carnegie Mellon's undergraduate controls 

lab (Intelligent System Laboratory, 2001 ). 
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Moment of inertia of the rotor (J) = 
Damping ratio of the mechanical system (b) = 
Electromotive force constant (K = K 0 = K 1) = 
Electric resistance (R) = 
Electric inductance (L) 

Design of Fuzzy Logic Controller 

0.01 kgm 2 s·2 

0.1 Nms 
0.01 NmAmp·1 

1Q 

0.5H 

To design the fuzzy logic controller rules based system, all input conditions need to be taken 
into consideration. Based on the "IF-THEN" condition, rules for the fuzzy logic controller system 
have been established acceding to Mamdani Fuzzy rule editor. Mamdani Fuzzy Inference 
System Controller has been chosen because of its flexibility in input output variation and 
provide suitable characteristic for system observation. In this design, closed set fuzzy logic is 
developed to create more stable and reliable system (Mamdani and Asisilian, 1975). 

In this robotic system design, the input signals are assumed to be the signals from the sensor 
system. Two probabilities of the inputs are the weight of the sensor's signals (V) and the rate 

of change in the sensor's signals ( ~~).The first input of the controller is the sensor signals. 

In a normal electronic design, the sensors signals ranged from OV to 5V. Therefore, the weight 
of the input is initially set in the range from O to 5. Signals from the sensor are subdivided into 
five ranges; very weak signal, weak signal, medium signal, strong signal and very strong. The 
second input is the rate of change in the sensor's signal. In this case, the signals are assumed 
to change positively and negatively. Initially the signals change rate is zero. When the sensor's 
signals increase proportionally to the time period (sensor's signal become stronger), the sensor's 
signal rate is said to change positively. If the sensor's signal decreases proportionally to the 
time period (sensor's signal become weaker), the sensor's signal rate is said to change 
negatively. 

The main consideration of this design is the movement speed of the robot. In this case, the 
designed system considers that the robot is moving toward the target. The output is designed 
to have weight of 10 and uses the triangular-shaped built-in membership function. Weight of 
the output represents the speed of the robot, respectively the speed of the motors in the 
robotic design. Designed output is further subdivided into six ranges; stop range, very slow 
speed, slow speed, medium speed, fast speed and very fast speed. 

In the rule editor, all the possible fuzzified input and output criterias are shown in the rules 
development boxes. Using the "IF-AND/OR-THEN" condition, all the required rules for fuzzy 
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controlled sy.stem can be established. Based on the condition defined in Table 1, the rules of 

the initially designed robotic system are generated. 

Table 1. Fuzzy Logic Controller Designed Rules 

IF 
Input 1 

Condition 
Input 2 

Condition 
Output 

(Signals) (Rate of Change) (Speed) 

RULE 1 Very Weak AND Negative THEN Very Fast 

RULE2 Very Weak AND Zero THEN Fast 

RULE3 Very Weak AND Positive THEN Medium 

RULE4 Weak AND Negative THEN Very Fast 

RULES Weak AND Zero THEN Fast 

RULE6 Weak AND Positive THEN Medium 

RULE7 Medium AND Negative THEN Fast 

RULES Medium AND Zero THEN Medium 

RULE9 Medium AND Positive THEN Slow 

RULE 10 Strong AND Negative THEN Medium 

RULE 11 Strong AND Zero THEN Slow 

RULE 12 Strong AND Positive THEN Very Slow 

RULE13 Very Strong AND Negative THEN Slow 

RULE 14 Very Strong AND Zero THEN Very Slow 

RULE15 Very Strong AND Positive THEN Stop 

Robotic Simulink Model Design 

Robotic design is divided into various parts; controller system, sensor system, mechanical 

construction, motors, power system and so on. The speed of the robotic system is designed 

based on the development of the motor system. Various types of motors are recommended 

for the robot joint, robot base system and robot arm design. For a simple robotic system, 

designers normally choose to use either DC servo motor or step motor. In this study, digital 

controlled DC motor model is selected for the robotic movement control system design. 

Developing the simulink robotic model requires the knowledge of mechanical and electrical 

design of the system. All the mechanical models can be represented by the state space function 

or transfer function depending on the complexity of the design. Another condition which needs 

to be considered in this design is the negative feedback of the system. 

The DC motor subsystem design is divided into two parts; the mechanical motor rotation 

velocity characteristic and the equivalent electrical circuitry system defined by equation (3) 

and (5) respectively. Referring to equation (3) Simulink blocks to verify the rotation velocity of 

the motor can be constructed as shown in Figure 3. 
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' S:tJm lnerll , lrdecgrat\lf 

b d9 
dt 

de 

Figure 3. Simulink block diagram for the motor rotation velocity characteristic 

By referring to equation (5), the second Simulink blocks to verify the equivalent electrical 
circuitry characteristic of the DC motor subsystem was constructed as shown in Figure 4. 

R; ·~~.~ I " ['dtl 1 _ ---r::/ s _ 1_) 
Voltage Sum·l Inductance lntegrato r1 To input subsystem 1 
Source 

'---< K :...I) 
K de Ke Feedback from subsystem 1 

' dt 

Figure 4. Simulink block diagram for DC motor equivalent electrical circuit 

The overall subsystem of the DC motor model Simulink block can be developed by combining 
the motor rotation characteristic Simulink blocks and the equivalent circuitry characteristic 
Simulink blocks as displayed in Figure 5. 

Ri.-----~ 
'-

'~ 1---M/L >--------i.i.J 
Sum1 Inductance lntegrator1 

'-----------<Ki.--- ----------~ 
Ke 

Figure 5. Simulink block diagram for the whole DC motor subsystem 

The input voltage source block can be replaced by a voltage signal (step voltage) whereas the 
output block can be replaced by a scope block to observe and analyse the DC motor subsystem 
characteristic. All the subsystem blocks in Figure 5 can be represented as a group as shown 
in Figure 6. 
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[I]---+ VOLTAGE 

Step 

Subsystem 

SPEED ~11 'I 
Scope 

Figure 6. Grouped DC motor simulink block diagram 

The digital controller system design for this project is assumed to be represented in a transfer 

function. This assumption can be done based on the concept that any mechanical or electrical 

system can be converted into transfer function. The initial digital controller transfer function 

value is taken from previous study by Carnegie Mellon's undergraduate control laboratory. 

The experimental transfer function value for the digital controller subsystem is given below: 

( z - 0.85 ) ( z- .085 ) 
Digital Controller = 450 

( Z+ 0.98) ( Z- 0.7) 
(6) 

Designing the digital controller for this system requires additional Zero Order Hold blocks 

added to both of the input and output blocks. The first Zero Order Hold block connected to the 

input block is used to convert a discrete-time signal to a stepwise-constant continuous signal 

and the second Zero Order Hold connected to the output block is used to take discrete samples 

of the output from the subsystem shown in Figure 7. 

The sample time field of each block is set to 0.001 s which has faster response than the 

MATLAB desired step response signal. This will give an approximate continuous signal as 

required in the design. 

Zero,Order 
Hold 

Zere,~rder 
Hold1 

Figure 7. Additional Zero Order Hold block implanted for digital control 

This digital controller block can be developed using the Discrete Transfer Function Block 

provided in the MATLAB Simulink block library. The feedback system with unity gain is designed 

for the feedback loop of the digital controlled motor system as shown in Figure 8. 
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450" com,([1 · .85].[1 · .85]) 

com,([1 .98}.[1 -.7]Xz) 

Controller ~--~ Zero- Order Scope 
Continuous Plant Hold1 

Figure 8. DC motor system with digital controller 

This model can be used to represent the basic movement control system of a robotic design 
without fuzzy logic controller system. Any robotic system using DC source controlled motor 
require similar system as shown in this design. The only difference is the parameter value of 
each part or block of the model. 

Initially, robotic movement system model is constructed theoretically with some experimental 
parameters used to define certain blocks. It is an ideal model. But, in real situation, this system 
may not function accordingly because of the dynamic change of environmental condition such 
as friction in movement, effect of high temperature and high pressured condition. 

To improve performance of this design, the fuzzy logic controller block is implemented to 
this system to give fuzziness control over the digitised control signal. The input signals of 
the fuzzy controller are developed from the sensor voltage signal (V) and voltage rate 

change ( ~~ ) in the sensor signal. The designer can view the fuzzy logic controller 

specific block diagram from this fuzzy logic controller simulink block to check the 
characteristic of the designed fuzzy controller system. The fuzzy logic controller specific 
simulink block is shown in Figure 9. 

The summation of the fuzzy controller block and the digital controller block provide the total 
input of the motor subsystem. The Simulink block diagram for the whole robotic system with 
fuzzy controller is shown in Figure 10. 

Robotic Movement System Analysis Using GUI 

The Graphical User Interface (GUI) provided by MATLAB software enables the designers to 
develop their own interface system which is more user friendly and can be easily suited with 
the design application (MATLAB). 

123 



Azura Che Soh, Mohd Khair Hassan, Mohd Amran Mohd Radzi and Li Hong Fey 

Figure 9. Fuzzy logic controller specific simulink block 

Sensor Integrator Gain Sensor 

Voltage S ignal 

450"con,([1 ·.85],[1 -.851) 

con,([1 .Q8J,[1 -.7JX2) 

Conholler 

Fuzzy 
Output 

Figure 1 O. Robotic movement system simulink block 
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The GUI layout in this design has been divided into two main interfaces, the start-up GUI 

layout and the main menu GUI layout. The main menu GUI layout is subdivided into four 

design interfaces; the DC motor design GUI layout, the controller system design GUI layout, 

the stability analysis GUI layout and the Simulink block diagram GUI layout. Before proceeding 

with the detail design, the basic layout planning of the GUI system should be planned as 

shown in Figure 11. 

GUI 
Toolbox 

START 
MENU 

MAIN 
MENU 

DC MOTOR 
SYSTEM 

SYSTEM 
CONTROLLER 

STABILITY 
ANALYSIS 

SIMULINK 
BLOCK 

DIAGRAM 

Figure 11. GUI design flow diagram 

DESIGN OF 
MOTOR 

DIGITAL 
CONTROLLER 

FUZZY LOGIC 
CONTROLLER 

S1EPFUNCI10N 
ANALYSIS 

ROOT-LOCUS 
ANALYSIS 

OPEN-LOOP 
ANALYSIS 

FUZZY LOGIC 
CONTROLLED 

SYSTEM 

NON-FUZZY 
CONTROLLED 

SYSTEM 

The GUI developed for this system (Figure 12) provides the user with various capabilities to 

redesign various parts of the robotic movement system including the DC motor subsystem as 

shown in Figure 13 and the fuzzy logic controller system as shown in Figure 14. The designer 

can check the stability of system from the stability analysis GUI and the functional's of the 

system from the simulink block diagram analysis as shown in Figure 15. 

This part of study focuses on how the GUI can operate with the robotic movement system 

design and how the stability of the system can be analysed using various functions and 

command provided by this GUI system design. 
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The main part of the robotic movement control is the DC motor subsystem. The designer 

should consider five properties of the DC motor mechanical design :- moment inertia of the 

motor, damping ratio of the mechanical system, electric resistance, electric inductance and 

electromotive force constant. 

Figure 12. Main menu GUI 

Figure 14. Simulink block diagram GUI 

' ..... 
rm: llilllil!i!!RU- o.a 

prn 111'11i'.111'1'1P o.• 

~0.4 

~0.2 -$5~1;~,
MBiflliMIH 
i'iikiiitlhli·%M 

Figure 13. DC motor design GUI 

Figure 15. Stability analysis GUI 

The Simulink block diagram GUI layout provides user with access to the Simulink block diagram 

design of the robotic movement control system with fuzzy logic controller and robotic movement 

control system without fuzzy logic controller. This GUI layout also provides three techniques 

to analyse the stability of the designed robotic movement system; step function analysis, root

locus analysis and open-loop analysis. 
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RESULTS AND DISCUSSION 

Fuzzy Logic Controller Output Result 

The design of fuzzy logic controller system requires the designer to define the input membership, 
output membership and the membership function rules as previously discussed. The output 
characteristics of the fuzzy logic controller are observed from the rule viewer. 

Rule viewer is one of the output displays provided for fuzzy logic controller output analysis. 
The designer can vary the input signal from any rate value and the rule viewer will show how 
much the designed rules are weighted for the specified input condition. The fuzzy controller 
provides the generated output following the defined rules. The defuzzification process can 
also be observed from this output. 

The overall fuzzy logic controller input and output values are displayed on the top of the rule 
viewer as shown in Figure 16. The centered input design with the sensor input voltage weighted 
at 2.5 and sensor voltage changing rate is set to zero as displayed in the rule viewer output 
diagram. In this case, the sensor signal is assumed to have a median value. The robotic 
system is moving in constant distance with the obstacles in this condition. Zero signal rate 
shows that the robotic system is not moving toward or moving away from the obstacles in the 
moving path. 

This condition only occurs either when the obstacle is moving in the same velocity with the 
robotic system or the obstacle is detected continuously in the same range at the side of the 
system. From this output, the robotic movement speed is weighted at "6". If the designed 
system can have a maximum velocity of 10 kmh·1, the robotic system is moving at velocity of 
6 kmh·1 for this case. From the rule viewer output, rule seven is applied for these types of 
input signals. 

The robotic system is now assumed to move toward the obstacles. Both the sensor signal 
magnitude and rate are increasing as shown in the rule viewer output. Assumptions are made 
that the sensor signal magnitude is weighted at 4 and the sensor signal rate at 0.75. The rule 
viewer output is displayed in Figure 17. The output speed weight is decreasing rapidly from 6 
to 2.14. That means the speed of the robotic system is reduced from 6 kmh·1 to 2.14 kmh·1• 

The designed movement system is decelerating in this condition. From the rule viewer output, 
rule number 12 is dominated in the system while rule number 11, 13, 14 and 15 supply some 
weights to the output system. The defuzzified output has a higher standard derivation value 
and a lower magnitude. 

The conditions that the robotic system is moving away from the obstacles are being considered. 
The sensor signal magnitude decreased rapidly (assumed to be weighted at 1) and the sensor 
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signal rate is increased in negative values (assumed to be weighted at -0.75). The rule viewer 

output is shown in Figure 18. From this output result, the robotic system speed weight increased 

from 6 to 9.05. The robotic system speed is increased from 6 kmh·1 to 9.05 kmh·1• The system 

is shown to have acceleration. From the rule viewer output, rule number 4 dominates the 

system while rules number 1, 2, 3 and 5 supply some weight to the system output. 

The designed robotic system is extremely close to the obstacle and is moved closer to it. The 

sensor signal magnitude (weighted at 5) and the sensor signal rate (weighted at 1) are set to 

maximum values. The rule viewer output is shown in Figure 19. From this output, the minimum 

system speed is weighted at 0.633 or having velocity of 0.633 kmh·1• This shows that the 

system will not stop completely when the robotic system is extremely close to the obstacles. 

This problem should be taken into design consideration to avoid any of the system crashing 

into the obstacle when this condition occurs in the real environment. From the rule viewer 

output, rule number 15 is applied for this case. 

When the robotic system is extremely far from the obstacle and is moving away from the 

obstacle at high rate, the sensor signal magnitude is set to minimum value (assumed to be O) 

and the sensor signal rate is decreasing in the negative direction (assumed to be -1 ). The rule 

viewer output is shown in Figure 20. In this condition, the system is assumed to detect no 

obstacle in the moving path. The robotic system should be set to move in the highest speed. 

The maximum speed for this system could go up to 9.37 units or 9.37 kmh·1• Taking the 

environmental condition into consideration such as fraction, power lost and heat, the robotic 

system is not moving in the highest designed speed (10 units initially). The rule viewer shows 

that rule number 1 is applied for this condition. 

The rule viewer shows how every rule and input signal affect the output speed of the designed 

system. The last block at the output speed column shows the total output speed characteristics 

being generated from the defuzzification process. This block shows how the centre of area is 

distributed in the output and is normally defined as the gravity of defuzzification. 

The designer can set the rule viewer into various conditions other than that discussed in 

Fuzzy Logic Controller Designed Rules. The rule viewer will show how every rule and input 

signal affect the output speed of the designed system. 

Simulation Result of Block Simulink Model 

Simulation of designed model using simulink block diagram provided in MATLAB is one of the 

most common methods used to analyse the output characteristic of the model. 

The output signal of the system (movement speed) can be displayed in the scope block (output 

graph). To display the system under various environmental conditions, the sensor voltage can 
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Figure 16. Rule viewer with centered input 
signal 

Figure 18. Rule viewer output (system moving 
away from obstacle) 
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Figure 17. Rule viewer output (system moving 
toward obstacle) 
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Figure 19. Rule viewer output (system moving 
extremely close to obstacle) 

s-tn_Slpils-.O~ ~..ft*--·t SJ)Md • 9.31 

' ' 

:~ i='="""'a='l 

" ~~~ " ),= 
"J---"'"-" 

~;;;;;;;~~ ":~:;~±: zt!i 
ZS I 

ZSI , 
ZS I" ' 

Z SI 

Figure 20. Rule viewer output (system moving far away from obstacle) 
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be modified to have either increasing rate ( when robotic system moves closer to obstacle), 

no change condition (when robotic system has a constant range with the obstacle) or decreasing 

rate (when robotic system moves away from obstacle). 

Increasing Sensor Signal Rate Condition 

For this design, the robotic movement system is assumed to move toward the obstacle. The 

sensor signal rate input is assumed to increase from O Vs·1 to 1 Vs·1 for this case. The initial 

voltage for the sensor rate input is set to O and the final voltage value is set to 1. The sampling 

time of the system is set to 0.01 s whereas the step time is set to 0.01 sand the simulation time 

is set to 1.0 s. 

Figure 21. Model velocity vs time Figure 22. Fuzzy logic controller output 
voltage vs time 

From the results shown in Figure 21 and Figure 22, the system will reach higher velocity 

before it decelerates and seems to have higher startup rate. This robotic system will stop and 

change the movement direction upon reaching 0.76 seconds. The designer should take this 

statement into design consideration to estimate the robot-obstacle range before the robotic 

system crashes into the obstacle. 

Decreasing Sensor Signal Rate Condition 

The robotic movement system input signal rate is maintained at step voltage of 5 V with 

sampling rate of 0.01 for this condition. The sensor signal rate is now decreasing to negative 

value from o vs-1 to -1 vs-1• 

The results are shown in Figure 23 and Figure 24. The fuzzy logic controller output seems to 

decrease when the output velocity increases in high speed. This shows that the fuzzy logic 

controller is trying to pull down the system velocity when it goes higher. This control signal can 

provide auto protection to the system whereby the output velocity is limited to certain value by 

the fuzzy logic controller system. 
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Figure 23. Model velocity vs time 

Constant Sensor Signal Rate Condition 

Figure 24. Fuzzy logic controller output 
voltage vs time 

In this design the robotic movement system is assumed to loose the obstacle at the step time 
of 0.01 second. The initial value of sensor signal rate set to 1 which further reduces to O as 
final value. The sampling time of this input is maintained at 0.01 s. The input signal of the 
robotic movement system is kept at step voltage of 5 V. 

The results are shown in Figure 25 and Figure 26. The output velocity for system with the 
fuzzy logic controller is 0.03 units higher than the normal designed movement system. This 
system still works under damped condition because it does not reach the maximum input 
value. The result shows that the system provides higher velocity with same input voltage 
which will increase the overall system peformance. The robotic movement system with fuzzy 
logic controller provides shorter startup time to the system. 

Figure 25. Model velocity VS time 
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Robotic Movement System Analysis Using GUI 

Through the GUI, the designers can choose either to set their own parameters or use the 

parameter values set by default in the system design. The step response output is displayed 

on the axes menu when the user presses the 'SIMULATE' button. This output is generated for 

DC motor system without the negative feedback function. In the real design, a negative feedback 

with unity gain is preferable to develop a stable system. 

Figure 27 and Figure 28 show the step response output in DC motor design GUI when the 

simulation is carried out by using the default parameter and user set parameter. 

= -·ifiW 
Miili'i'"iiiiiM 
liid'lfiihi if HM 

20 40 m m 100 120 

Figure 27. DC motor design 
(Default parameter) 

Figure 28. DC motor design 
(User set parameter) 

Both the DC motor designs give the same step response but the step response rate of the 

user defines system faster than the default set system. This output shows that the system is 

under damped or critically damped. 

Almost all robotic system designs use digital controller such as microprocessor, microcontroller, 

programmable logic controller and programmable integrated chip. How the digital controller 

system is developed is not the concern in this study. Almost all systems are defined by transfer 

functions, including the digital controller system. 

Three main parameters need to be taken into consideration when defining the digital controller 

transfer function in the value of the numerator, denominator and gain. Both the numerator 

and gain input are entered into the "digital controller numerator'' input box. The denominator 

of the digital controller system is entered into the "digital controller numerator'' input box. The 

designer can also choose to use default parameter set in the system to define the digital 

controller system. 
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The designer can verify the stabilities of the digital controller system by generating the step 
response output graphs. These are shown in Figure 29 and Figure 30. 
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Figure 29. Digital controller design 
(Default parameter) 

200 --·---·-----

19J \ 

\ 
I f.· 100 \ 

\ 
50 \, 

1 ·.5U1 -.SD 

SET PARAMETER 

·, 
,,......_ ·-----.r''" 

40 50 00 

SINUlA lE OUf PUT 

Figure 30. Digital controller design 
(User set parameter) 

For step-response analysis, all parameters of DC motor and controller are set to the default 
values. The step responses for the robotic movement system with fuzzy logic controller and 
without fuzzy logic controller are shown in Figure 31 and Figure 32. 
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Figure 31. Step response analysis output 
result (system without fuzzy logic controller) 

Figure 32. Step response analysis output 
result (system with fuzzy logic controller) 

From the output results, the robotic movement system without fuzzy logic controller show 
negative response. In this case, the performance of this system may be degraded with time. 
When the fuzzy logic controller is connected to the system design, the performance and stability 
of the system can be improved over time. This can be shown in the over damping step response 
output with step of one at stability. 
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Root-locus analysis is used to describe the change in transient response and stability of a 

system. The system is considered to be stable if the root-locus sketch for the specific system 

does not cross the jw-axis. A stable system will have more poles than zeros. 

More points available in the negative site of the root-locus sketch show that there are more 

poles and zeros in the system. Figure 33 and Figure 34 show the root locus analysis results of 

both robotic movement systems with fuzzy logic controller and without fuzzy logic controller. 
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Figure 33. Root-locus analysis output result 
(system without fuzzy logic controller) 
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Figure 34. Root-locus analysis output result 
(system with fuzzy logic controller) 

From this root- locus analysis result, the critical point of the system without fuzzy logic controller 

is situated along zero value of the root-locus sketch. Some values can go beyond the positive 

site of the a-axis. This shows that the system is not stable and may have some positive 

feedback condition. From the root-locus sketch output for the robotic movement system with 

fuzzy logic control, all critical points are located to the negative site of a-axis. This shows that 

the system have a negative feedback control and stable electrically. From this analysis, the 

built in system with fuzzy logic controller can stabilise the designed system. 

Open loop analysis is used to check for the system response when there is no feedback 

system attached to it. Figure 35 and Figure 36 show the open loop analysis results for both 

robotic movement systems with fuzzy logic controller and without fuzzy logic controller. 

The robotic system without fuzzy logic controller shows negative damping gain of 10 during 

the open loop analysis. This shows that the system is critically unstable. To increase the 

system stability, the designer should implement a large gain negative feedback system into 

this design. 
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Figure 35. Open-loop analysis output result 
(system without fuzzy logic controller) 
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Figure 36. Open-loop analysis output result 
(system with fuzzy logic controller) 

Another alternative from using large negative feedback system is the fuzzy controller. From 

the open loop analysis result, the open-loop damping gain is zero for the robotic movement 

system designed with fuzzy logic controller. This shows that the system is highly stable after 

a period of time. 

CONCLUSION 

Implementation of fuzzy logic controller in the robotic movement control system can improve 

the overall output speed performance. The fuzzy logic controller design requires the user to 

define the membership function of the controller inputs and outputs. The controller rules and 

functions are developed using IF-THEN condition rule editor provided in fuzzy logic toolbox. 

The fuzzy logic output is verified by using the rules viewer output diagram. 

The Simulink block diagrams are used to represent the robotic movement control system 

model. The output of the system is generated from sink block diagram of the simulink model 

during or after simulation. The output is displayed in time domain graph. The development of 

GUI system eases the user in analysing the robotic movement control system. The GUI 

systems provide stability analysis and simulink block analysis for both robotic movement 

control systems; with and without fuzzy logic controller. The output is compared and analysed 

to see the difference between these two systems. From the analysis, the system with fuzzy 

logic controller can improve the output performance and increase stability of the system. 
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Simulation and analysis of this robotic movement control system provide designer with 

information of how the fuzzy logic controller system can affect the output speed and stability 

of the system. This information can be used as a guideline for designers to design and 

modify a larger system that requires complex controller system. 
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