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ABSTRACT

This paper presents the comparison and performances analysis between Proportional Integral Derivative
(PID) Controller and Fuzzy Logic Controller (FLC) designs for yaw control of an Autonomous Underwater
Vehicles (AUVs). PID controller is easy to be implemented as PID parameter can be obtained based on the
software used and it’s can be achieved, precisely. Moreover, the PID parameter can be acquired based on
tracking error and treats the system to be “blackbox” if the system parameter is unknown. However, the
designed PID controller may not resist the uncertainties and disturbances. Hence, FLC design had been
implemented to improve the performances of AUV-yaw control using heuristic approach until the
satisfactory results are obtained. It is necessary to tuning the rules and the range of membership functions
in order to get the desired output and improve the system response. The aim of this work is to analysis the
performances between PID and FLC for AUV yaw control. Simulation are done in MATLAB/Simulink,
using Fuzzy Logic Toolbox and Simulink block. The differences tuning process of PID and FLC are
demonstrated and analyzed. The results of simulation shows the implementation of FLC improved the
performance of the system response in terms of overshoot and rise time.

Keywords: Proportional Integral Derivative,; Fuzzy Logic Controller; Autonomous Underwater Vehicle; Yaw
control

maneuverable in three dimensions [1]. The
applications for AUVs for fabrication industries are

1. INTRODUCTION

Unmanned Underwater Vehicles (UUVs) can
be categorized as the Remotely Operated
Underwater  Vehicle (ROV),  Autonomous
Underwater Vehicle (AUV), Underwater Glider
and so on. UUV is a useful application especially
in monitoring under unstructured and dangerous
underwater conditions. In this paper, AUV for yaw
control will be focused. (AUVs) can be defined as
a mobile robot which travels underwater without
any input as operator. AUV is a robotic device that
is driven through the water by a propulsion system,
controlled and piloted by an onboard computer, and

progressing day by day. The marine resources such
as species of flora, fauna, microbes, coral reefs,
renewable resources and non-renewable resources
are needed to maintain and monitor regularly [2].
Hence, AUV plays an important role to overcome
the underwater condition [1].To obtaining a better
performances and stability to design control system
for AUV are the main issues of developing these
systems [2].

There are several controllers to improve this
system such as Proportional Integral Derivative

e ——
4256




Journal of Theoretical and Applied Information Technology =z

15" September 2017. Vol.95. No.17

R

© 2005 - Ongoing JATIT & LLS 2 a ma

S/Mina

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

(PID) control and fuzzy logic control (FLC). The
method of PID control is simple and the effect of
control is good which has been used widely in
industrial application. Figure 1 shows the general
block diagram of the system to be implemented in
this paper. A conventional PID controller is a
control loop feedback  mechanism. The
conventional PID controller has characteristics of
simplicity, stable system and high reliability. The
PID regulation law can gain a good control effect
for quite a number of industrial control objects,
especially for linear time-invariant systems control
depends on each parameter setting of PID
controller. However, PID control cannot set
parameter via online. It cannot control well in non-
linear and time-varying systems since the
parameter is difficult to set [3].However, the
methods of fuzzy logic controller (FLC) are getting
more and more popular to improve the performance
of the system. Therefore, it is necessary to compare
the performance between PID control and fuzzy
control.

PID controller

Output

Input P Switch

I %

FLC

Figure 1: The General Block Diagram Of The System

MATLAB/Simulink is one of the block diagram
environment for multidomain simulation. It
supports simulation, automatic code generation,
and continuous test and verification of the systems
[4]. MATLAB/Simulink is used to analyze the
performance of the AUV for yaw control.
Moreover, Fuzzy logic Toolbox is used for the
implementation of the FLC. Fuzzy Logic
Toolbox™ provides functions, apps, and a
Simulink block for analyzing, designing, and
simulating systems based on fuzzy logic [5].

In this paper, the FLC toolbox and Simulink are
used to control the AUV for yaw motion. Two
methods of control system will be used such as PID
control and FLC based on simulation process. The
model of AUV come out from system identification
technique based on yaw control open loop system
[6]. The comparison of simulation results in terms
of performances of system response reports in this
paper and also can identified the advantages and
disadvantages of the two methods. The overshoot,

rise time, settling time in the system response also
reported in paper.

2. THEORY FOR CONTROLLER
(PID)

A. Proportional-integral-derivative
controller

A PID controller is a control loop feedback
mechanism or controller which provides a
continuous variation of output to accurately control
the process, eliminate the oscillation and improve
the efficiency. It is the most common control
algorithm used in industry and commonly used as
the industrial control system. PID control is also
referred to as “Three-term” control which are P for
Proportional, I for Integral and D for Derivative as
shown in Figure 2. The “Three-term” control
responses is calculated and summed up to compute
the desired actuator output [6]. PID controller
continuously calculates the error value which is the
difference between a desired set point and a
measured process and applies a correction based on
the “Three-term” control.

;—i"| P K.eft]

Figure 2: Block Diagram Of A PID Controller
Proportional Response

Proportional (P) represents present values of the
error. For instance, if the error is large and positive,
the control output will be large and positive too.
The error term is referring to the difference
between the set point and the process variable. The
proportional gain (Kp) determines the ratio of
output response to the error signal. For example, if
the error term has a magnitude of 15 and a
proportional gain of 5, a proportional response of
65 is produced. In general, the proportional gain is
proportional to the speed of the control system
response. The increase in the proportional gain will
increase the speed on the control system response.
However, the process variable will begin to
oscillate if the proportional gain is too large. The
oscillations will become larger if Kp is increased
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further. Hence, the system will become unstable
and the oscillation may out of control [7].

Integral Response

Integral (I) represent the past values of the error.
For instance, if the current output is not enough
strong, the integral of the error will accumulate
over a period and the controller will respond by
applying a stronger action. The integral component
is used to sum up the error term over time. In
general, a small error term has its own effect on the
integral result. The result is that a small error term
will also cause a slightly increase in integral
component. The integral response will continually
rise over time only if the error is zero, hence the
effect is to reduce the steady-state error to nil.
During the integral response, the ramp rate which is
known as the integral time constant must be longer
than the time constant of the process to avoid
oscillations [6][7].

Derivative Response

Derivative (D) represent the possible future trends
of error based on its current rate of change. The
derivative response is proportional to the rate of
change of the process value or variable. The
derivative component will result a decrease in
output if the process variable is increasing rapidly.
The control system will react tremendously to the
changes in the error term and increase the speed of
the overall control system response if there is an
increase in derivative time (Tc) parameter. Most of
the practical control systems use minute derivative
time due to the high degree sensitivity of derivative
response towards noise in the process variable
signal. If the sensor feedback signal is noisy or the
control loop rate is slow, the derivative response
will make the control system unstable [6][7].

B. Fuzzy Logic Controller (FLC)

Fuzzy control is a logical system based on fuzzy
logic which is much closer in spirit to human
thinking and behaviour than traditional logical
systems. Fuzzy logic controller (FLC) based on
fuzzy logic provides an algorithm which able to
convert a linguistic control strategy based on
expert knowledge into an automatic control
strategy [8-10]. Basically, fuzzy logic captures the
approximate, inexact nature of the real world
effectively [10-12].

A fuzzy set is represented by a membership
function defined on the universe of discourse. It is
a generalization of an ordinary set by allowing a
degree or grade of membership for each element. A
fuzzy set allows the elements in its set to have
partial membership in the interval from 0 to 1 [9].

OUTPUT

INPUT DECISION
—— FUZZIFICATION MAKING + DEFUZZIFICATION
L [ Lo
KNOWLEDRGE
BASE

Figure 3: Block Diagram Of Fuzzy Logic
Controller

The basic configuration of an FLC comprises four
principal components which are fuzzification
interface, knowledge base, decision-making logic
and defuzzification interface as shown in Figure 3.
Fuzzification

Fuzzification interface is used to measures the
values of input variables. Besides, fuzzification
interface conducts a scale mapping that transfers
the range of values of input wvariables into
corresponding universes of discourse. It also
converts the input data into suitable linguistic
values which may be viewed as labels of fuzzy sets

[8].
Knowledge Base

Knowledge base is made up of knowledge of the
application domain and the attendant control goals.
A knowledge base contains a data base and a
linguistic control rule base. The data base provides
required definitions which are used to define
linguistic control rule and fuzzy data manipulation
in a FLC whereas the linguistic control rule base
characterizes the control goals and control policy of
the domain experts by a set of linguistic control
rules [8].

Decision-making Logic

Decision-making logic is the kernel of a FLC. It is
able to simulate the human decision-making based
on fuzzy concepts and inferring fuzzy control
actions employing fuzzy implication and the rules
of inference in fuzzy logic [8].

Defuzzification
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Defuzzification interface conducts a scale mapping
which converts the range of values of output
variables into  corresponding universes of
discourse. It utilizes a non-fuzzy control action
from an inferred fuzzy control action [8].

C. Comparison between PID controller and FLC

PID controller has only three parameters (Kp, Ki,
and Kp) to tune whereas FLC has a lot of
parameters to tune in order to improve the system.
The three parameters of conventional PID control
need to be constantly adjusted in order to achieve
better control performance. The parameters of FLC
are adjusted automatically in accordance with the
speed error and the rate of speed error-change. FLC
has a longer computing time compared to PID
controller due to its complex operations such as
fuzzification and defuzzification. The main
advantage of FLC over conventional PID controller
is FLC do not need an accurate mathematical
model. Besides, the FLC can work with imprecise
inputs and handle non-linearity [9-11].

3. METHODOLOGY

The method used and experimental set-up are
discussed thoroughly in this section. At first, the
model is given and shown in Equation (1). Next,
the model is controlled or tested by using PID
controller and Fuzzy Logic Controller through
MATLAB software. The purpose of using this both
controllers is to make a comparison between their
results after tuning and choose the best controller in
order to control this model. After that, a block
diagram for AUV yaw control system is designed
by using Simulink as shown in Figure 4. The
circuit is run and simulated without any tuning in
order to e sysfem.
R

|

Y .

E.l
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Figure 4: Block Diagram Of AUV Yaw Control
System In Simulink By Using PID Controller.

35.625+84.32

TF =
52 +1.027s +0.5668

(1

Figure 5 shows the initial parameters of PID
controller, where P=1, I=1, D=0, and N=100. Next,
the system is tuned by clicking the tune button in

the function block parameters of PID controller and
the plant model is obtained by linearizing the plant
as shown in Figure 6. After auto-tuning, the final
values of PID parameters are generated as shown in
Figure 7. The block is updated and the result is
shown in the next section. The system result of
using PID controller is compared between before
tuning and after tuning. Then, the result is
compared again with the result of using FLC where
both results are discussed in discussion part.
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Figure 5: Function Block Parameters Of PID
Controller Before Tuning.

()] Obtain plant model = © El
Linearizing plant...

Figure 6: PID Tuner.

o o Cancal [
Figure 7: Function Block Parameters Of PID
Controller After Tuning.

Next, the block diagram of using FLC to control
the AUV yaw control system is designed by using
Simulink as shown in Figure 8. In order to change
the setting of FLC for improving the system
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response, a FIS editor is opened by typing ‘fuzzyl’
in the command window of MATLAB. Figure 9
shows there are two inputs and one output in this
controller where mamdani inference engine is used
for this controller. Input 1 and input 2 are set to
error and data error respectively while the output
are named as torque. The two inputs and one output
are designed with 5 X 5 membership functions and
their type of membership functions are set to
triangular as shown in Figure 10, Figure 11 and
Figure 12 respectively. Each of the partitions for
the 5 X 5 membership functions of the inputs and
output are designed from Negative Large (NL),
Negative Small (NS), Zero (ZE), Positive Small
(PS) to Positive Large (PL).
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Figure 8: Block Diagram Of AUV Yaw Control
System In Simulink By Using FLC.
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Figure 9: FIS Editor Of 'Fuzzyl'.
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input variable "srror”
Figure 10: The Membership Function For First Input
'Error’.
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Figure 11: The Membership Function For Second
Input 'Data Error'.
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output variable “torgue”

Figure 12: The Membership Function For Output
"Torque’.

The rule statements are constructed automatically
by using the Rule Editor based on the descriptions
of the input and output variables defined with the
FIS editor as shown in the Figure 13 according to
the Table 1. Theoretically, the number of rules can
be constructed based on the number of membership
functions partitions. Hence, 25 rules are developed
from the 5 X 5 membership function partitions in
this FLC design. After that, the FIS editor is
exported to a file which is named as‘fuzzyl’ and
then exported to the workplace. In the Simulink,
the fuzzy logic controller is set to fuzzyl also in
order to link the setting of FIS editor. Finally, the
block diagram is run and the result is obtained.
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Table 1: Rule Table Of FLC For AUV Yaw Control
System. 6. RESULT AND DISCUSSION
Data Error After simulated the circuit of using PID controller,
PL | PS | ZE | NS | NI, | the initial system response is shown in Figure 16
Error while Figure 17 shows the system response after
NL 7E INS | NL | NL | NL | PID auto-tuning. Based on the graphs shown, black
NS PS | ZE | NS | NL | NL line represents desired response while purple line
7E PL I PS | ZE | NS | NL | represents actual response of PID controller. The
PS PLIPL 1 PS [ ZE [ NS step response graph for both before tuning and after
tuning through PID controller is compared and
PL PL | PL | PL | PS | ZE

shown in Figure 18.

The rule statements can be analyzed in another
point of view which is called rule viewer as shown
in Figure 14. The rule viewer serves as a guidance
for the adjustments to be made when tuning the
fuzzy logic controller by adjusting the range of the
inputs and output. Besides that, Figure 15 shows
the surface view of the rules in a three dimensional
graph before tuning.

Figure 16: Initial PID Step Response.
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Figure 14: The Rule Viewer Before Tuning
FLC.
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Figure 18: Initial And Final PID Step Response.

Based on Figure 18, it is clearly shows that the
system which used auto-tuning of PID controller
has a less smooth response, which is slightly
underdamped compared to the initial system
response. According to the tuning parameters that
shown in Table 2, it can be analyzed that the
system which used PID auto-tuning has a higher
percentage of overshoot, increasing in rise time,
settling time and peak value when compared to the
initial setting. Hence, the original PID controller
that without using any tuning has a better system
response or performance and the result is compared
with the system that using FLC in the next part.

Table 2: Controller Parameters.

Tuned Block
P 0.012993 1
| 0.0074384 1
5] 0.00090351 0
M 1355 100

Performance and Robustness

Tuned Black
Rise time 1.4 seconds iD.C'S?_? seconds
Settling time 6.89 seconds 10,494 seconds
Overshoot 72 % 4.81 %
Peak 1.07 1.05
Gain margin Inf dB @ NaM rad/s Inf dB @ NaM rad/s
Phase margin 60 deg @ 1.14 rad/s 86.3 deg @ 335.7 rad/s
Closed-loop stability Stable Stable

Next, a FLC is adding to the circuit for the purpose
of observing the system response after simulation
and make a comparison with the result of using
PID controller that without any tuning. The initial
response of using FLC is shown in Figure 19 while
the system response after manually tuning is shown
in Figure 20. As mentioned before, the black line
represents the desired response which is as a
reference while the purple line represents the
system response which is using PID controller. In

addition, the cyan line represents the system
response of using FLC.

Figure 19: Comparison Of FLC Response Before
Tuning

Figure 20: Comparison Of FLC Response After Tuning
And The Initial PID Response.

Based on the Figure 19, the FLC graph shows a
very high percentage of overshoot and peak value
before tuning where the range is [0 1]. For Figure
20, the system is tuned by FLC and the graph
shows that the peak value is scaled down to almost
same as the result of initial PID controller system.
The tuning process is done which is changing the
range values of the inputs and output from [0 1] to
[-5 5] in the FIS editor as shown in Figure 21,
Figure 22 and Figure 23 respectively. The rule
viewer and surface viewer that after tuning FLC are
also shown in Figure 24 and Figure 25,
respectively. Thus, the system that after FLC
tuning is better than its initial response.

i
P

5 4 2 5! i 1 2
input variable "error”

Figure 21: The Range Values For First Input 'Error' Is
Changed From [0 1] To [-5 5].
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Next, the final FLC response which is after tuning
is compared with the initial PID response.
According to the Figure 20, both PID and FLC
shows that the responses are following the set point
in the beginning and steady-state. However, there is
an overshoot for both responses. The system
e e response of using PID controller shows slightly
P L higher of overshoot than the system response of
using FLC. Hence, tuning method is essential to
Figure 22: The Range Values For Second Input 'Data perform in the fuzzy system in order to get a better
Error'Is Changed From [0 1] To [-5 3]. system performance. Scaling or shifting the
membership functions, changing the range values
and adjusting the rules are the basic tuning method
in FLC system. Therefore, the FLC graph is tuned
according to the basic methods mentioned before
until a satisfactory response is obtained as shown in
Figure 20, where the FLC graph is almost same as
the desired response and the percentage of
e == overshoot is reduced when compared with the PID
s graph. Table 3 shows the comparison of
performance of FLC and PID controller.

1 i
input variable "ﬂataerror"

T NS ZE i A

L
=

Figure 23: The Range Values For Output 'Torque' Is

Changed From [0 1] To [-5 5]. Table 3: Comparison Of Performance Of FLC And
PID Controller.

: wTOr = 1w lllllli ] : W\h:l .'!_. L PID PID
: —  — Parameter FLC Tuned Block
: ] — Rise Time (s) 0.0527 1.4 0.0627
= = = m—— Settling Time (s) 0.494 6.89 0.594
== —— Peak Time (s) 0.15 25 0.45
= e — Overshoot (%) 4.81 72 4.83
- — — Peak 1.05 1.07 1.06
= = m— 5. CONCLUSION

["F' e ["*l""' gt 1!""' e | 'I"I-H|Eﬂ

[ ot e b 22 = o= J] The performances of PID controller and FLC for

AUV yaw-control are compared and investigated.
Figure 24: The Rule Viewer After Tuning FLC. The simplicity, flexibility and robustness of PID
control and fuzzy control were integrated to play
their own advantages, which have fast rise time,
small overshoot value and good steady state error.
It is suitable to the AUV-Yaw control system. The
control performance could be significantly
improved by using FLC over PID controller. Based
on the simulation for PID controller, the overshoot
for auto-tuning PID controller is 7.2% which is
higher than PID controller without tuning. Hence,

= ; PID controller without tuning system is chosen to
e i compare with FLC. In fuzzy logic toolbox block
e e v | o | o= ] diggram, the tuning process for FLC.has done? by
adjusting the range values by using heuristic

= | approach. To get better result, the mapping of
membership function can be tuning and also

Figure 25: The Surface Viewer After Tuning FLC. number of rules can be adjusted. It is clearly shows
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that the robustness of Fuzzy Logic Control is better
than PID control.
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