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ABSTRACT

Recently, Indonesia has seen an increase in its overall energy consumption. While the current supply is still
meeting the demand, one may wonder how to address the rapid growth of the the needs of the country overall. Alternative
sources of energy that have been developed in the world such as solar energy are a great opportunity for Indonesia and its
important population.Of course, the development of such utilities need a good technological and engineering approach.One
way to utilize alternative sources is by making solar panel system with controlling two degrees freedom for pitch and yaw
angle. To build a solar panel system, DC motors parameters, LDR data retrieval sensor, and panel data collection are
required. Solar tracking system is designed by 3 controllers which are PID controller, Fuzzy Logic and PSO-Fuzzy. This
research is using MATLAB/SIMULINK as a simulator by applying different total membership functions, which are 3 and
5 for Fuzzy logic control and PSO-Fuzzy. From the research performed, it could be deduced that the solar panel system has
been designed and simulated using PSO-Fuzzy control mode with the input error angle and delta error of elevation angle is
from -180° to 180°and azimuth angle is from -360° to 360°. Moreover, the output of fuzzy in the form of PWM DC Motor
is from -255 to 255. Build upon all the PID Controller, Fuzzy Logic Controller, and PSO-Fuzzy based on the performance
index that responding; basically the designed system is able to work well. The optimum result gained from PSO-Fuzzy by
looking at its performance index for pitch angle are 15°, 30°, 45°with maximum overshoot (Mp) = 0%, 0%, 0%; settling
time (ts) = 21.95 seconds, 21.95 Seconds, 23.86 seconds; Error Steady State (ESS) = 0.001%, 0.001%,0.0007%. and for
the yaw angle 30°, 60°, 90°, and the maximum overshoot (Mp) = 0%, 0%, 0%; settling time (ts) = 38.18 seconds, 41.52
seconds, 43.47 seconds; Error Steady State (ESS) = 0.009%, 0.005%,0.003%.

Keywords: PSO-fuzzy, solar panel system.

INTRODUCTION

The need of alternatives sources such as
renewable energy aligns with the augmentation of
electricity consumption in Indonesia. Nowadays,
electricity are produced partially by utilizing existing
resources i.e. Hydroelectric Power Plant (PLTA), Steam
Power Plant (PLTU), Nuclear Power Plant (PLTN), etc.
However, the utilization of natural resources for power
generation is not sufficient. Hence, renewable sources are
needed in order to balance the energy demand. Sunlight
can be utilized as an alternative energy source. Sun or
solar energy has several advantages such as unlimited
energy sources can be obtained freely, cleanly, and
economically. But the utilization of solar energy also has a
weakness caused by the uncertain solar radiation and
sunlight intensity that changes every day. Besides, there
are also the time limit between the sunrise and the sunset.
To obtain high efficiency, solar panel system is designed
to follow the direction of sun motion from sunrise to
sunset. The solar panel system converts sunlight into
electricity. It uses fuzzy logic control based on the
mathematical modelling. Using fuzzy logic approach can
improve system performance and simplify applications. In
this case, the system performs using fuzzy logic control
and optimized by Particle Swarm Optimization (PSO)
method as of solar panel system can be more effective and
responsive. Before the solar panel system is applied in
hardware form, “Pitch and Yaw Angle ControlSystem
Design in Solar Panel Using PSO-Fuzzy Method” using
MATLAB / SIMULINK Software are required.

SUPPORTING THEORY

Solar panel system

Solar cells are designed to optimize the
absorption of solar energy. Solar panel system is a set of
motor motion’s control to enhance the sunlight intensity
received by solar cell. The movement of solar panel
should be parallel to the sun's angle. In the morning, motor
will move from east to west following the direction of the
sun. LDR are placed in each direction, to detect east, west,
north or south side. This system consists of two permanent
DC magnet motors (PMDC) to drive the pitch and yaw.
Figure below shows the architecture of solar panel system
for one direction. This number represents the vertical
control architecture; the horizontal control of the
architecture is also the same.[1]

Controller '——| Driver |——| B otor

Figure-1. Architecture of solar panel control
for one direction [1].
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Light Dependent Resistor (LDR)

In order to track the sun trajectory, dual axis solar
tracking mechanism allows the solar panels to achieve two
motions. In the solar panel system, the sensor used is LDR
(Light Dependent Resistor). LDR is a type of resistor that
changes its resistance due to the influence of light. When
the light is less, the resistance gets bigger while the light is
bright the value becomes smaller. LDRis a type of resistor
commonly used as a light detector. Solar tracking system
uses 4 pieces of LDR to detect the movement of the sun in
north, east, west, and south[2]

North East

sensorl . . sensor3

sensord . . sensor2

West South

Figure-2. Position of 4 pieces LDR and detector
function on solar panel system [2].

DC Motor

DC motors are commonly used for solar panel
systems. Selection of the suitable motor and the
combination of motor drive can save the energy and
improve the performance of the solar panel system. Some
advantages of DC motor are having a large rpm, large
torque (depending on type), low power applications and
linear performance, therefore it suitable for solar tracking
system. [3]

Figure-3. Electronic circuit of DC motor[1].

A motor coil can be modelled as a resistor in
series with inductor. When the motor has zero velocity, the
result voltage is the EMF voltage. The EMF voltage is
proportional to the velocity. According to the Kirchhoff
Voltage Law ''F

V(t) = Ra.la(t) +La.dIZ—t(t)+Eb(t) (1)
Where V is the voltage applied to motor
Eb(t) = Kb.a(t) )

Torque obtained from motor is proportional to
current.
Newton II Law:

Tm(t) = ]da;it)

+ By w(t) 3)

Where Tm is motor torque.

‘Pfé N
T(t) = Kt.Ia(t) ()]
Details:
Va = Armature Voltage [V]
Ra = Armature Resistance [R]
La = Armature Inductance [H]
Ia = Armature Current [A]
Eb = Back EMF [V]
® = Angular Velocity [rad/s]
Tm = Motor Torque [Nm]
® = Angular Position of Rotor Shaft [rad]
Jm = Motor inertia [Nm.sz]
Bm = Viscous Friction Coefficient [Nm.sec/rad]
Kt = Torque Constants [Nm/A]
Kb = Back EMF constants [Vs/rad]

Equations (1) and (3) describe the dynamic
behaviour of motor. Equations (1), (2), (3) and (4) can be
rearranged as in equations (5) and (6) for making block
diagrams.

V() = Ra-Io(®) + Lo P22 + Ky 0 (2) (5)
Ke-la(6) = Jm “5,2 + B () (©)

Transformation Laplace from equations (5) and

(6) are
V,(s) = Ry 1,(s) + Lg. 1,(s)s + Kp. ®(s) @)
K. 1,(s) = Jip-0(S)s + By w(s) ®)

The current obtained from equation (8) and be
substituted to equation (7).

1
V,(s) = w(s).z. [La-Jm-5* + (Rg-Jm + Lq-Br)s +
(Ra- Bm + Kb- Kt)] (9)
The relationship between the rotor shaft speed

and the use of armature stress can be represented in the
following transfer functions.

w(s) _ K
Va(s)  [La-Jm-5%2 + Ry.Jm + La. Bm)s + (Ra. By + Kp. Ko

Relation between position and velocity as follow:
1
0(s) = < w(s)

The transfer functions between the shaft position
and armature voltage without load as follow:

G(S) _ Kt
Vo(s)  [LaJm-S3 4+ (Ra.Jm + La- Bm)s? + (Ry. By + K. Kps]

Form the equations (10), could be illustrated into
MATLAB/Simulink for DC motor.
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Figure-4. Simulink Model [1].

Particle Swarm Optimization-Fuzzy (PSO-Fuzzy)

The conventional design of membership
functions and the basic rules of the fuzzy inference system
are based on the experience of the operator or system
designer. Various techniques have been proposed to
improve the design and performance of this fuzzy
inference  system including the Particle Swarm
Optimization-Fuzzy (PSO-Fuzzy) method. [7] In fuzzy
logic control, the PSO plays a role in optimizing the
membership function of input and output fuzzy. PSO is
very important since the membership function in fuzzy
logic control is made based on a trial and error therefore to
be optimal, PSO can change the membership function
(membership function).The following is a PSF diagram.

(2]

#50 Design

uzry
unction Rule Base

N
—_— Fuzrification

out
—_—

Inference
Engine

———» | Defuzzification

‘

Fuzzy Precessing

Figure-5. Systematic of Particle Swarm Fuzzy.
RESEARCH METHODOLOGY

Control block diagram

Figure-6 is a pitch and yaw angle control system
on solar tracking. To explain the process of system work
and its components can be described in the following
block diagram.

Input 8
Controller Actuator Optocoupler and Plant Ourpuz

v [
f> f+ A >
_f (PSO-Fuzzy) (DC Motor) Conversion System (Solar Panel)
Angle Sensor

(CMPS 10)

Figure-6. The control block diagram.

Data sensor collection

On the solar tracking system, 4 LDR sensors are
used to detect north, south, west and east direction based
on the sun movement. The retrieval of LDR sensor data is
performed to determine the linearity between the sunlight
intensity received by the LDR compared to the resistance
generated also the voltage generated by the voltage divider
circuit.

The data retrieval required some supporting tools,
which are multimeter, 5 VDC adapters, Lux meter, and
voltage divider circuit. The following are graph obtained
from LDR; the luminance is proportional to the voltage on
voltage divider circuit. As well as luminance proportional
to resistance.

v Oy

=
o

w

Q
l

Voltage (V)
Qo =

Light intensity (Lux)

Figure-7. Time-based luminance propositional to
the voltage.
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Figure-8. Time-based luminance proportional to
the resistance.

DC Motor data collection

Parameters from data retrieval of DC motor will
be used for modelling. The parameters sought are Constant
Voltage (To), Torque Constant (Kt), Inertia Motor (Jm),
Motor Resistance (R), Motor Inductance (L), and Viscous
Friction Coefficient (Bm). To collect the data, several
supporting tools are used, such as lathe machine (CNC),
multi-meter, RLC meter, and DC lamp.

= Voltage Constants (Ke)

To get the value of voltage constant (Ke) the
following formula is used: [5]
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B Volts [V]
~ Speed [rad/sec]

[Volt. sec]
€ rad

=  Torque Constants (Kt)
To get the value of Torque Constant (Kt) the
following formula is used:[5]
Kt [Nm] _ Ke
Al 0011827

=  Motor Inertia (Jm)

To get the value of motor inertia (Jm) the
following formula is used:[5]
torques acceleration

m [Nm.sec?] =
Jml ] acceleration

Where:
. Aw Wy _wy
Acceleration (a) = —=——
At Tt —t,
Torque acceleration (Tm) = AT
= (Kt x Imax) — (Kt x Imin)

To retrieve data, DC motor is connected not only
to an automatic CNC but also a DC lamp of 0.3 V to
obtain the current generated on a DC motor in a certain
RPM. [5]

=  Motor Resistance (R) and Motor Inductance (L)

To get the motor resistance value (R) and motor
inductance (L) are by connecting positive and negative
pole DC motor to RLC meter. After that, calculating the
average from 32 times repetition. [5]

= Viscous Friction Coefficient (Bm)
To obtain Viscous Friction Coefficient (Bm) use
the following formula: [6]

d( ) = Tm(t)
Where:
Jm = Motor Inertia [Nm.Secz]
B = Viscous Friction [Nm.Sec/rad]
[0) = Angular Velocity of DC motor [rad/s]
Tm = Motor torque [N.m]

DC Motor is connected to a gear box with ratio
1:407,1675. From the equations (1) to (6) the Voltage
Constants (Ke), Torque Constants (Kt), Motor Inertia

1D T} Sibsyatem

1234

Digi| Coo:

Wektu vz Kusl Perwvahayssn
LDR Selatan

Respan Tegangan

Tegangan LOR Utara rhadap LDR Selatan
(Valy

N o
H, T.,M«
o T }H@

(Jm), Motor Resistance (R), Motor Inductance (L), and
Viscous Friction Coefficient (Bm) are obtained as follows:

Table-1. DC Motor parameters.

Motor parameters Value
Ke 11,2958 Volt.sec/rad
Kt 11,2869 Nm/A
R 1772 Q
L 0,00353 Henry
Jm 0,028035 Nm.s’
Bm 1,8392 Nm.sec/rad

Sensor modelling

The pitch angle of DC motor corresponds to the
sun's elevation angle where the pitch angle output value
must be equal to the sun's elevation angle. There are 2
inputs for the pitch angle, which are the sun’s elevation
angle and the intensity of south LDR. In order to obtain
the effective intensity required the following formula. [7]

Figure-9. Effective Intensity on solar tracking[7].

The following are the calculation on how to

obtain the effective intensity on solar tracking [7]
I
sin <= %

Ieff =].sin «

Where:
o = Elevation Angle
Lot = Effective Intensity

=Intensity

MMMMM

Figure-10. LDR Modelling
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DC Motor modelling

Based on the Khirchhoff’s II Law on equations
(1), (2) and Newton's II Law (rotation) in equation (3), (4)
obtain the laplace transform function of equations (7) and
(8) as follows: [1]

Equation (7)

V,(s) = Ry 1,(s) + Lg. 1,(5)s + Kp. ®(s)

Va(s) — Kp.@(s) = I,(s)(Rq + Lgs)
_a(s) — Ky 0(s)

@ Ryt Lgs

Ia = Va(S) - Kb.G)(S).m
Equation (8)

K. 1,(s) = ] w(S)S + By w(s)
t-fa

JmS + By,
w(s) = K;.

w(s) =

l,,—————
@ Jms + By,

Based on the equations (7) and (8), it can be
illustrated into MATLAB/SIMULINK for DC motors.

1 1 .
_— = (380°uM(2pi)
0.0280355+1 8382 s

(D

Sudut Pitch

o e —’b—’b S
0.0035335+17.72
Vin
Trersfer Fon K

Torque Load

129

Transfer Fent Integrater Karversi rad ke dergjal

‘\_K\j‘

Figure-11. Simulink model for DC motor.

Controller modelling

PID controller

In the solar tracking system, the parameters such
as Kp, Ti, and Td on the PID Controller, done using auto
tuning.

Controller parameters

Proportional (P): 13.5967294606052

Integral (1): 10.8790543993607
Derivative (D): -0.0503805150795171

Filter coefficient (N): | 108.436464225907

Figure-12. Value of Kp, Ti, Td on PID controller
(Pitch Angle).

Controller parameters

Proportional (P): 23.3931550246965

Tntegral (1): 24.6506127521877
Derivative (D): -0.0444503761636146

Filter coefficient (N): | 142.947099671032

Figure-13. Value of Kp, Ti, Td on PID controller
(Yaw angle).

Fuzzy logic controller

Solar tracking system using 2 inputs, which are
pitch and yaw angle error, and delta error of angel pitch
and yaw (Aerror). Method used is Sugeno. Both 2 inputs
are defined as following. [5]

e(t) = SP — PV
Ae(t) =e(t) —e(t—1)

Both input are using 3 and 5 memberships
function and also triangle membership function. Range
membership function used for pitch angle is -180° to 180°.
Here is the input or fuzzification error angle and delta
error angle.

[ ] e lnse L Fand -7EN B Bl bt i R - ol

Figure-14. MF Pitch angle error and 3 MF delta errors
pitch angle.

- =B

Cmm e e - |

| e — —

Figure-15. 5 MF pitch angle error and 5 MF Pitch
angle delta error.

Range of membership function used for yaw
angle is from -360° to 360°.
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Figure-16. 3 MF Yaw angle error and 3 MF Yaw
angle error.
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Figure-17. 5 MF Yaw angle error and 5 MF Yaw
angle delta error.

Output or defuzzification used in this system is
PWM 8 bit DC motor that has range -255 to 255.
Defuzzification is used for pitch and yaw angle. The
minus value (-) in the parameter only indicates the
direction of DC motor rotation.

MF Name Parameter
CW 255
S Stop 0
P e CCW -255
oy Eare ol | G

L] Moty o Lo vamtogets = = IEH
= ~
: = MF Name Parameter
CW Fast 255
— —— CW Slow 170
- = = Stop 0
= CCW Slow -170
—— = — CCW Fast 255

Figure-19.Defuzzification of 5 MF DC motor PWM.

PSO-Fuzzy

| Initialization |

Evaluate the mitial particles
To get phest and ghest

¥

‘ Next iteration ‘

T=T+1
¥
| Get particle positions |
L]
Evaluated update particles
To get new phest and ghest

¥

Mo

Update fuzzy set Parameters
to build fuzzy MF model

Stoping criteria statisfied 7

‘ Get the optimal fuzzy set values ‘

Figure-20. PSO flowchart for membership function.

In the solar tracking system using the objective
function approach through performance index [9]

Fitness =tr+ts + OS+SSE ........cooviiiiiiiiiiinnn, (26)
Where,

tr = rising time

ts = settling time

(0N} = overshoot

SSE = Steady State Error

The constraint used in the solar tracking system is
the range of angel error. For pitch is from -180° to 180°
meanwhile for yaw is -360° to 360°. The following are 5
memberships functions before and after being optimized
by PSO on the pitch angle.

plot points:
Cel s il Membership function piots ~ Plot points: 81

13 s F3 P P = s =

0 0
450 -0 50 0 50 100 150 50 100 50 [) 50 100 150

Figure-21. Membership function on pitch angle before
and after optimization by PSO.

Wembership function plots Plot points: 1ot
Wembership function plots. Pt points: e

g s 3 P o
1 ng nze Ps B

0 0
300 200 100 [) 100 200 300

Figure-22. Membership function on yaw angle before and
after optimization by PSO.

840



VOL. 13, NO. 3, FEBRUARY 2018

ARPN Journal of Engineering and Applied Sciences

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

ISSN 1819-6608

www.arpnjournals.com

The following are 3 membership functions before
and after being optimized by PSO on the pitch angle.

Wembership function plots ~ Plot points: 181 Membership function plats  Plot points: 181

lieg ze P nga ze R

0 0
150 00 50 0 50 100 150 150

100 50 0 50 100 150

Figure-23. Membership function on pitch angle before
and after optimized by PSO.

Hembership funciion plots _ Pot ponts 181 Membership functon plots _ Plotpoits: o1

ze [ =3 Fos

0 0
300 200 -100 [) 100 200 300

300 200 100 0 100 200 300

Figure-24. Membership function on yaw angle before and
after optimized by PSO.

Below is the parameter initialization to get the
membership function form with a more optimal response
result.

Table-2. Parameter initialization.

Parameter Value
Swarm 30
Iteration 50
Inertia 1
C 2
DATA analysis

To verify the response on the solar tracking
system, there are several test methods which are set point

testing with the tracking test to determine the control of
the design and modelling of the solar tracking system.

Figure-25. Circuit on MATLAB/SIMULINK
forset point test.

Figure-26. Circuit on MATLAB/SIMULINK for
setpoint test.

Controller using 3 membership function

Set point test

For the sun’s elevation angle the set point used
are 15°, 30°, and 45° while for the azimuth angle of sun
usedare30°, 60°, 90°.

Table-3. Performance index comparison of pitch angle.

Sun’s Elevation Angle

Performance 15 30° 45°

Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-

-PSO PSO PSO

Maxmum
Overshoot 0.46 0 0 0.32 0 0 0.46 0 0
(%8)
R'Ee Tm 990 i 2 " ] 718
(second) 289 | 1092 688 | 2.88 | 10091 01 | 288 1091 15
SertlmzTime | 85.8 " g1 024 ng ", 931 x .
(second) 3 62.01 | 2431 3 6449 | 2524 5 65.85 25.49
Emor Steady - - N - 2
State (%) 005 | 0.02 0.009 | 0.02 | 0.008 | 0.005 | 0.01 | 0.005 0.003

841



VOL. 13, NO. 3, FEBRUARY 2018

ISSN 1819-6608

©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences @

www.arpnjournals.com

Table-4.Performance indexcomparison of Yaw angle.

test.

= sp

Sun’s Azimuth Angle
Performance | 3 &0° o0°
Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-
-PSO P50 PSO
Maxamum
Overzhoot 046 0 0 047 0 0 047 0 0
(%)
Fie Time| , c© = st | s || asoa -
(second) 221 | 2183 | 1554 | 221 | 2184 | 1575 | 221 | 2183 15.96
Settling T 66.5 . TLT | =y 2 —— L 29 B ",
(seccod) 2 64.68 | 37.16 = 1.34 | 62.05 o 66.3 58.26
Eror Steady = = = -
State (%) 008 | 0.019 | 0014 | 005 | 0009 | 0.00 0.02 ] 0.00 0.005
Table-5. Performance index comparison between output
voltageon north and south.
LDR output Voltage
Performance 1961V 257V 2801V
Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-
-PSO PSO PSO
Maxmum 0.00
Overshoot 0.16 0 0 0.11 0 0 '9 0 0
e
Rize Time | ,qe - - 5 5 & -
il 205 | 750 | 470 [ 205 65 [ 424 | 206 563 3.79
SettlmzTime | 658 | e on 588 235 | P3| 74 -
Gsecond 5 58.87 16.11 2 49.88 | 28.55 o 57.20 | 2395
Eror Steady = =
Stats (%) 0.08 | 0.02 001 | 0.0 0.009 | 0006 | 0.06 | 0.008 | 0.00
Table 6. Performance index comparison between output
voltage on west and east.
LDR output Voltage
Performance 25TV 3,074V 32V
Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzv-
-PSC PSO PSO
Maximum
Overshoot 0.11 0 o | 003 0 0 0 0 0
£ ___
Rise Tume| 537 [ 1307 | 032 [220] 060 [ 700 [112] 652 [ 492
(second)
SetfimgTmme | 54.0 - 0 wz | 2ean | 386 | = 5
(secand) 5| 4064 | 3000 [ 77 | 4175 | 283 : 30 2145
Exror Steady = =
State (%) 007 | 0014 | 0012 | 0.06 | 0.008 | 0.007 | 0.05 | 0.006 | 0.006
Tracking test [ ‘
Control mode of PSO-Fuzzy is used for tracking N v e
B
|
|
{ !
. | SN — G
2[ Time [st\‘ond;

Pitch Angle (Degree)

Time (second)

SP
........ PSO-Fuzzy Response

Figure-27. Response of tracking test on pitch angle.

PSO-Fuzzy Response

Figure-28. Response of tracking test on Yaw angle.
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— ’ ) Figure-30. Response of tracking test on LDR's output

Figure-29. Response of tracking test on LDR's output voltage in north and south.

voltage in north and south. . . .
Controller using 5 membership function

Set point test

15°, 30°, and 45° are the set point used in the sun
elevation. While for sun azimuth angle, 30°, 60° and 90°
are used for the set point.

Table-7.Performance index comparison of pitch angle.

Sun’s Elevation Degree

Performance 15° 30° 35°

Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-

-PSO PS0 PEO

Mazinum
Overzhoot 046 0 0 0.32 0 0 046 0 0
(%)
Rise Towe 2 | 2 2 |2 >
(second) 289 | 818 158 | 288 | 819 172 | 288 | 819 204
SettlmeTime | 85.8 z 13 : | 924 - : | 931 ¢ a7
(second) 3 4535 | 2195 3 4867 | 2195 5 50.61 2386
Emor Steady 2 " -
State (%) 003 | 001 | 0001 | 0.02 | 0.006 | 0.001 | 0.01 | 0.004 | 0.0007

Table-8.Performance index comparison of Yaw angle.

Sun’s Azimuth Degree

Performance 0P o o0°

Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-

-PSO PS5O PSO

Mazmum
Overshoot 0.46 0 0 0.47 0 0 047 0 0
(%)
Rise Time| ,, 5 54 2 oy =
(second) 221 | 1526 11 221 | 1637 11 221 | 1638 11
SettlingTime | 665 | - 2 717 - . | 76.6 n 247
(sacond) 2 5848 | 3818 = 6346 | 4152 o 624 434
Emor Steady & - - =
State (%) 002 | 0014 | 0009 | 0.05 | 0.00 0.005 | 0.02 | 0005 | 0003

Table-9. Performance index comparison between output
voltage on north and south.

LDR Output Voltage

Performance 1061V 257V 2,801V

Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-

-PSQ PSO PEQ

Maximuam 0.00
Overshoot 0.16 0 0 0.11 0 0 9 0 0
(36
Fize  Time s c " 08 o -
(second) 205 5.66 109 295 488 1.08 296 4.13 128
SettlmzTime | 058 | , 588 | 244 - | 335 | =m0
{second) 5 219 208 3 3478 | 1015 o 3212 941
Emor Steady - -
State (%) 008 | 0014 | 0010 [ 0.07 0.009 | 0.008 | 0.06 | 0.00 0.006
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Table-10. Performance index comparison between output
voltage on west and east.

LDR Output Voltage
Performance 257V 3,074V 32V
Index PID | Fuzzy | Fuzzy | PID | Fuzzy | Fuzzy- | PID | Fuzzy | Fuzzy-
-PSO Ps0 pele)
Masximum
Overshoot 0.11 0 0 0.03 0 0 0 0 0
()
Rjﬁe Tim 297 70 87 2N T8 ~ ) 3%
(second) 227 .78 6.57 .20 125 4.87 112| 4.86 326
SettlmgTmme | 340 | ., aaay | M9 3886 | , n
(second) - 32.63 | 27.31 p 3004 | 1948 2 2804 19.02
Emor Steady o - " -
State (%) 007 | 0.013 | 0011 | 0.06 | 0.00 0.006 | 0.05| 0005 0.003
Tracking test
Control mode PSO-Fuzzy is used for tracking
test. e i

Voltage (volt)

- s

Pitch Angle (Degree)

- PSO-Fuzzy Response

Time (second)

\'

,,,,,,, “ Figure-34. Response of tracking test of LDR output
#50.Fuazy Response voltage on West and East.

L

Time (second)

From the overall response, there is an error for

the test tracking response following the set point voltage.
The error can be caused by the membership function, rule
base on the controller which is less precise. The PSO plays
a role in optimizing the range of the membership function
in fuzzy. With the result that trial and error still used in the
establishment of rule base and number of membership
function. Some pitch angle responses can follow the set
point without oscillation, but there is also an overshoot
and undershoot. This indicates that the solar tracking
. system can do tracking and find the best position from the
777777 0-Fuzey Rspeae elevation angle and the sun azimuth properly.
: By looking at the index performance (Tables 11
and 12), solar tracking system using fuzzy and PSO-Fuzzy
with 5 membership function are more optimal comparing
with 3 membership functions.

Figure-31. Response of tracking test on pitch angle.

-

Yaw Angle (Degree)

Time (second)

Figure-32. Response of tracking test on yaw angle.

Table-11.number of membership function comparison on
15° pitch angle.

Pitch Angle
3INF 5SMF
Fuzzy Fuzzy-PSO Fuzzy Fuzzy-PSO
0 0 0 0

Performance
Index

Voltage (volt)

Maxirmmm
Overshoot (%)
,,,,,,, . Rise Time = : : =
S Gancsind) 0175 0.124 0.148 0.056

SettlnzTime S } . ‘
Time (second) ‘ (second) 0.725 0.402 0.559 241

. . Emror Steady -
Figure-33. Response of tracking test of LDR output Statn %) 0.114 0.071 0.086 0.016

voltage on North and South.
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Table-12. Number of membership function comparison on

15° Yaw angle.
_ Fuzzy | FuzzyPSO | Fumy | Fuzz-PSO
Ovenbont (0) | ° ’ ’ ’
Ré—;‘f:;e 0.051 0.033 0.037 0.029
Segif—gg&“)m‘ 0375 0.126 0.134 0.119
Scn | 00 [ oo [ oo [ oo

Based on the table comparison of performance

index above, could be deduced that the use of membership
function on fuzzy and PSO-Fuzzy affected to the system
response.

CONCLUSION AND SUGGESTION

Conclusion

From this research of solar tracking system with

two degrees of freedom can be concluded that:

a)

b)

c)

The solar panel system has been designed and
simulated using PSO-Fuzzy control mode with the
input of angle error and delta error of elevation that is
-180° to 180° and azimuth angle of the sun -360° to
360°. And the output of fuzzy is PWM of DC Motor
between -255 to 255.

Based on the 3 control modes that have been
designed, the best performance and optimal for the
solar panel system is PSO-Fuzzy based on the
performance index obtained for pitch angle 15°, 30°,
45° with maximum overshoot (Mp) = 0%, 0% 0%;
Settling time (ts) = 21.95 seconds, 21.95 seconds,
23.86 seconds; Error Steady State (ESS) = 0.001%,
0.001%, 0.0007%.

3. Using the PSO-Fuzzy control mode for yaw
angles 30°, 60°, 90° with maximum overshoot (Mp) =
0%, 0%, 0%; Settling time (ts) = 38.18 seconds, 41.52
seconds, 43.47 seconds; Error Steady State (ESS) =
0.009%, 0.005%, 0.003%.

Suggestion

a)

b)

Tuning modified PSO are required to obtain better
Pbest

The variation of membership function could be done,
examples, Gaussian, Trapezoidal etc.
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