International Journal of Engineering & Technology IJET-IJENS Vol:16 No:01

65

Optimization of PID Controller Based on PSO
for Photovoltaic Dual Axis Solar Tracking in
Gresik Location–East Java
Abdul Adhim 1, Ali Musyafa 2
Abstract— To improve the efficiency of electricity production of
solar cell panels made by adding a solar tracking system. With a
sun-tracking system sectional Photovoltaic (PV) is always facing
the sun, so that the optimum electrical energy produced. There is
a control technique is offered to solve this problem, among
others, conventional PID control. In this study built-PSO PID
control system, to optimize existing PID control. Adding
algorithms particle swarm optimization (PSO) as tuning PID.
PID parameters can be selected so that more precise. Designed by
PID control and PID-PSO for PC iteration .For horizontal axis of
rotation with a minimum three-stage fitness function final 1:33.
Values obtained KP = 212.4, Ki = 27.1, and KD = 152. In the
design of control PV vertical axis of rotation at iteration to eight
by the end of the minimum fitness function = 8.6801. values
obtained Kip = 487.2, Kid = 21.4, and Kid = 732.02, Performance
PSO-PID control system of horizontal rotary axis stabilized
system with maximum value overshot = 1.69%, settling time =
0.05 sec. Performance PSO-PID control system for rotary axes
generate maximum value overshot = 1.83%, settling time = 0.104
seconds. So that the system is designed capable of tracking the
position of the sun

Index Term— photovoltaic, solar tracking, PID control,
PSO, auto tuning

I. INTRODUCTION
Indonesia as a tropical country has the potential of solar power
is quite high, with an intensity of 4.8 kWh / m2 per day. In
2013 Indonesia on new solar energy for electricity installation
amounted to 42.78 MW [1]. With an abundance of solar
energy resources are not used optimally, while at the other
parts of Indonesia have not been entirely inaccessible
electricity installation because the electricity network. Solar
Power Plant (SPP) with the system modular and portable is
one solution that can be considered as an alternative power
generation. At this time the cost of generating solar power is
still relatively expensive when compared with the cost of
generating conventional power.
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Till now the device main for the conversion of solar energy
into electrical energy (photovoltaic modules) is still a tool that
must be imported and efficiency of photovoltaic modules is
relatively low at 16 % which led to the purchase price per kW
solar power is relatively high [2].
Efforts to improve the efficiency of the solar cell panel by
adding a solar tracking control system. Sun tracking control
system is a control system that always follows the position of
the sun. The purpose of the solar tracking system is to put
cross-section that is always in a position facing toward the
sun, so if it is placed on top of solar cell panels, electrical
energy generated by the solar cell panel to maximum. Solar
tracker systems are classified into, which is tracking the sun
one axis and two-axis sun tracking.
At the one-axis solar tracking system can be divided into
two, namely the elevation angle tracking system / solar
altitude and azimuth angle of the sun tracking system. While
the two-axis solar tracking system, which is controlled angle is
the angle of elevation of the sun and solar azimuth angles at
once. Elevation angle is the angle of the sun height is
measured from the horizontal direction. At sunrise or sunset
the value of the elevation angle is zero degrees. Elevation
angle is the maximum value of 900 when the position of the
sun is directly above the head. Azimuth angle of the sun is the
position of the sun angle is measured from the north earth. The
value of the azimuth angle of the sun 00 in the north, 900 in the
east, 1800 in the south, and in 2700 in the west.
Comparison of the qualitative and quantitative
performance photovoltaic systems of two-axis sun tracking in
terms of radiation and better energy yield of photovoltaic
systems fixed position by climatic environments Malaysia [3].
Research calculate the increase in efficiency within one year at
Azimuth-Altitude Dual Axis Solar Tracker solar tracking
system than without amounted to 48.98% and 36.504%
efficiency increase in a year when compared with single-axis
solar tracker [4]
To develop solar tracking photovoltaic systems, several
studies have been conducted among Hossein Mousazadeh.
Analyzing the solar tracker system to maximize power output.
Control system used in the conventional system and intelligent
control system, combined with optimization algorithms such
as PSO has developed a PSO to determine membershiip
functions fuzzy control and called PSF (Particle Swarm
Fuzzy). Here the solar tracking system designed two-axis sun
tracking angle or elevation and azimuth angles are controlled
by PID control system PSO (Particle Swarm Optimization Proportional-Integral Derivative). The definition of PSO-PID
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control system here is a system that values PID control
parameters Kp, Ki, and Kd its optimized by PSO algorithm.
With PSO-PID control system of two-axis solar tracker is
expected at any time of the solar panel surface is always in a
position perpendicular to the sun's position [5,14].

EoT = 9,87 sin(2B)-7,53 cos (B)-1,5 sin (B)
(2)
Where,

II. MATERIALS AND METHODS
Solar tracking system can be classified into two, oneaxis and two-axis. A single-axis solar tracker grouped into
three, namely the horizontal axis solar tracker, solar tracker
vertical axis, and tilted-axis tracker. The two-axis solar
trackers grouped into two, azimuth-elevation tracker and tiltroll (or polar) tracker. Tracking solar azimuth-elevation types
of rotary axes consisting of horizontal and vertical rotary axis.
The horizontal rotary axis solar tracker is intended to follow
the sun's height or angle of elevation or altitude (α) sun.
Vertical swivel axis solar tracker is intended to traced azimuth
angle (γ) of the sun. Two-axis solar tracker is shown in Figure
1 [6].

Value (d) the number of days counted from the beginning of
the year, (TC) Time Correction is a correction time in minutes
and is calculated based on LSTM time variation in a particular
time zone longitude due to variations in time zones and EOT.

B = {(360/365) (d-81)}

TC=4(Longitude - LSTM) + EoT

(3)

(4)

(LST) Local Solar Time is defined as the time when the sun is
at the highest position in the sky.
LST = LT + (1/60) TC

(5)

(HRA) Hour Angle is the change in the local solar time (LST)
to the number of degrees sun moves across the sky. By
definition, the HRA is 0 ° during the day.
HRA = 15o ( LST-12)

(6)

Declination is the maximum angle of tilt of the earth to the
axis of rotation of 23.45 ° and the angle of declination varies
plus or minus of the value. Declination angle can be calculated
by the equation:
δ = 23.45o . sin {(360/365)(d-81)}

(7)

Elevation angle is the angle of the sun in the sky height is
measured from the horizontal. At sunrise the elevation angle is
0 ° and 90 ° when the sun is directly overhead

Fig 1. The two-axis solar trackers [7]

Determined based on the position of the sun elevation
angle (α) and azimuth angle (γ). Both the angular position
change at any time throughout the year. To determine the
position of the sun in broad outline takes two parameters,
namely the location of the measure and the measurement time.
Parameters related to the location are the longitude and
latitude. Parameters related to time is the time and date.
Somewhere location on the earth's surface at the same time
and date, the sun is in the same position for different years.
[4,7].
To determine the position of the sun (angle of
elevation and azimuth angles) all the time, required knowledge
related to solar time. Here are some terms and related
calculations sun. Covers (LT) Local Time or local time of a
location on the earth's surface due to the adjustment of the
time zone region. LSTM local longitude standard time (Local
Standard Time Meridian). Longitude standard local time is the
time a location based on longitude of the Greenwich standard
time (GMT). Further written equations associated with the
sun's position as follows [8].
LSTM=150. (LT-GMT)
(1)
(EOT) equation of time, the equation of time in minutes
is an empirical equation that corrects the eccentricity of
Earth’s orbit and tilts the Earth's axis.

Α = arc sin {( sin δ sin φ – cos δ cos φ (HRA)}

(8)

Zenith angle (ζ). is the altitude of the sun angle is measured
from a vertical direction
ζ = 90o

(9)

The state of the current position of the sun; Sunrise, Sunset,
and noon

𝑠𝑢𝑛𝑟𝑖𝑠𝑒 = 12 −

1
𝑇𝐶
𝑎𝑟𝑐𝑐𝑜𝑠
−tan𝜑tan𝛿
−
150
60

1
𝑇𝐶
𝑠𝑢𝑛𝑠𝑒𝑡 = 12 + 0 𝑎𝑟𝑐𝑐𝑜𝑠 −tan𝜑tan𝛿 −
15
60
𝑠𝑢𝑛𝑟𝑖𝑠𝑒 − 𝑠𝑢𝑛𝑠𝑒𝑡
𝑛𝑜𝑜𝑛 =
2

(10)

(11)
(12)

Azimuth angle of the sun is the compass direction measured
from the north (00) rotates clockwise.
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𝛾 = 𝑎𝑟𝑐 cos

 Update position

sin 𝛿 cos 𝜑 − cos 𝛿 sin 𝜑 cos 𝐻𝑅𝐴
cos 𝛼

(13)
PID control, is a control system that uses feedback
techniques, the controller input is an error (the error). Error or
mistake is the difference from the set point (desired output
value / reference) to the value of the actual output
measurement. The e(t) = error (mistake), u (t) = the set point
value, and y (t) = value output. The output of the PID
controller is the sum of three parts, namely up (t) which is
proportional to the error (error), ui(t) which is proportional to
the integral time of the error, and ud(t) which is proportional
to the derivative of the error [9].
𝑢 𝑡 = 𝐾𝑝. 𝑒 𝑡 + 𝐾𝑖. 𝑒 𝑡 𝑑𝑡 + 𝐾𝑑.

𝑑𝑒 𝑡
1
𝑑𝑒 𝑡
= 𝐾𝑝. 𝑒 𝑡 + . 𝑒 𝑡 𝑑𝑡 + 𝜏𝑑.
𝑑𝑡
𝑇𝑖
𝑑𝑡

(14)
The second method of Ziegler Nichols tuning rules are
calculated through the PID parameter (Kp, Ti and Td) based
on the value of critical gain (KCR) and the critical period
(PCR). In the second method, the plant is controlled in
proportion to the gain Kp. Continues to gain added value from
0 to the critical value KCR where indicated by the first
oscillating output in a sustainable manner (If output does not
produce sustained oscillations, then this method does not
apply). While the value obtained PCR critical period of
oscillation period [9].
Algorithms Particle Swarm Optimization, According to
James Kennedy and Russell Eberhart [10], Particle swarm
optimization (PSO) is one of the heuristic algorithms based
modern population which is inspired by the behavior of the
movement of herds of animals such as fish (school of fish),
animal herbivores (herd), and birds (flock) in search of food.
They move together in a group and not individuals. The next
object of each animal simplified into a particle. A particle in
space has a position that is encoded as a vector coordinate.
This position vector is considered as a state of being
occupied by a particle in the search space. Each position in the
search space is an alternative solution that can be evaluated
using the objective function wich is each particle moves with
velocity v. According Alrijadjis [5], PSO itself is one of
optimization techniques and the kind of evolutionary
computation techniques. This method has a good robust to
solve problems that have nonlinear characteristics and non
differentiability, multiple optima, large dimensions through
adaptation derived from social-psychology theories. PSO
equation is expressed in the form [15].
 Speed Update
𝑡+1

𝑡

𝑡
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𝑡

𝑣𝑖,𝑚 = 𝑤. 𝑣𝑖,𝑚 + 𝑐1 ∗ 𝑅𝑎𝑛𝑑 ∗ 𝑝𝑏𝑒𝑠𝑡𝑖,𝑚 − 𝑥𝑖,𝑚 + 𝑐2 ∗ 𝑅𝑎𝑛𝑑 ∗ 𝑔𝑏𝑒𝑠𝑡𝑚 − 𝑥𝑖,𝑚

(𝑡+1)

(𝑖)

(𝑡+1)

𝑥𝑖,𝑚 = 𝑥𝑖,𝑚 + 𝑣𝑖,𝑚

(16)
From equation PSO, divided into three main sections,
Momentum Part :
Particle velocity cannot be changed freely, but changes
through speed now, Cognitive part:

(𝑡)

𝑐1 ∗ 𝑅𝑎𝑛𝑑 ∗ 𝑝𝑏𝑒𝑠𝑡𝑖,𝑚 − 𝑥𝑖,𝑚
(17)
Is part particle experiences, learn from the experience of the
particle itself. Social part
(𝑡)

𝑐2 ∗ 𝑅𝑎𝑛𝑑 ∗ 𝑔𝑏𝑒𝑠𝑡𝑚 − 𝑥𝑖,𝑚
(18)
It is a collaboration between the particles, to learn from
the experience of other particles. Block Diagram PSO-PID
controller system for the plant shown in Figure 2.

Fig 2. Diagram Block of PID-PSO Controller [6]

PID parameter estimates used to search for ITAE performance
index (time integral of absolute error [5,9].
∞

𝐼𝑇𝐴𝐸 = 𝑡 𝑒 𝑡 𝑑𝑡
0

19)
The research methodology follows the design flow diagram of
auto tuning PID control system PSO on two solar tracking
photovoltaic system axes is shown in Figure 3.

(15)
Inertia weight (w) can be made constant with a value between
0.2 – 0.9.
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Position sensor 1

Start

Drive1

study of literature & search for data
Modeling angular position
1. DC motor
2. Solar tracker without load
3. Two-axis solar tracking photovoltaic system
- Tracking elevation angle of the sun (horizontal rotation axis)
- Tracking azimuth angle of the sun (vertical axis of rotation)

Elevation input

Error 1

DC motor 1

Gears1

Elevation angle

Controler1

the sun position

The movement of
the sun modeling

PID tuning based on PSO and ZN

Failure
Analysis

Solar panel
Error 2

Azimuth input

Controler2
Drive2

Designing PSO algorithm for optimization PID controller
(PID auto tuning based PSO)

PSO test for multiple models PV

DC motor 2

Gears2

Azimuth angle

validation
No

Position sensor 2

system response
meets criteria
Yes

Fig 4. Design of the control system at the PV system of twoaxis solar tracking [13].

Simulation PSO-PID controller
response on photovoltaic 2-axis
solar tracking systems

DC motor modeling, shown in the electrical equivalent circuit
of the armature and the rotor of a DC motor is shown in Figure
5.

Analysis of the data results and discussion
preparation of reports
End

Fig. 3. Flow diagram of the design of PID-PSO

The design phase auto tuning PID control system using
the PSO on solar tracking photovoltaic system includes a twoaxis sun tracking two axes, PID control, PID tuning with ZN,
build algorithms PSO and PSO-PID control. Data used include
DC motor parameters (moment of inertia, friction constant,
constant emf, constant torque, resistance and inductance), gear
parameters (mass and diameter), as well as parameters of
some models of photovoltaic (mass and dimensions). Both
behavioral modeling system that includes modeling of the
angular position of DC motor, gear corner position farthest
from the fusion of DC motor with gear transmission system
(basic tracking the sun), and the modeling of the angular
position tracking solar photovoltaic system two axes. solar
tracker photovoltaic system consists of a two-axis vertical
rotary axis (vertical rotating-axis) and horizontal swivel axis
[11].
Phase three is the PSO algorithm design for the
optimization of PID parameters or PSO-PID controller design
that is capable of controlling the angular position of the
system. Stage four PID tuning parameters (Kp, Ki, Kd) using
PSO algorithm design and two Ziegler Nichols methods for
each model system obtained from the second step with
Matlab. The fifth test or algorithm design application in solar
tracking photovoltaic system with a two-axis PV different
loads. If the response does not meet the system performance
criteria of the control system, then back to the third step to
reevaluate the steps that have been made. Reveres , if the
response performance of the system as expected, then go to
the next step. Sixth analysis and discussion as well as the final
preparation of the report. Stage six model the movement of
the sun, the seventh step response simulation PSO-PID control
on the 2-axis solar tracking photovoltaic. System Design PSOPID Control in Photovoltaic Systems Solar Tracker, the two
axes are designed to follow the design shown in Figure 4[12].

Fig. 5. System of DC-motor

DC motor parameters: the moment of inertia (J), the
constant shear viscosity of the motor (b), a constant
electromotive force (Kb), the motor torque constant (Kt),
resistance (R), and inductance (L). The input of this system is
the source voltage (V), while the output is the position of the
shaft (theta). The rotor and shaft are assumed rigid. Friction
torque is proportional to the angular velocity of the shaft. The
data used in the DC motor parameters from experimental
results Carnegie Mellon's undergraduate controls laboratory.
where

,
,

,
,

, and

. [16].
Gear transmission system is a spur gear comprising two
gear namely M1B12 models (number of teeth 12, mass 10 g)
and the model M1A20 (number of teeth 120, a mass of 1.32
kg) (source: http // md. Electric.com/prod/ PTIC /
375_PTI_CATALOG.pdf, page 376). The angular position
sought by integrating the speed, then the system transfer
function in the s.

𝜃𝑠
𝐾
=
𝑉 𝑠 𝑠 𝐽𝑠 + 𝑏 𝐿𝑠 + 𝑅 + 𝐾 2

𝑟𝑎𝑑
𝑉
(20)

Substituting the value of the parameters A, B, C, R, and L
derived model of a DC motor,
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𝐹𝑇𝑖𝑛𝑐 =

𝜃𝑠
0.0274
=
−12
3
𝑉 𝑠 8.878 × 10 𝑠 + 1.291 × 10−5 𝑠2 + 0.0007648 𝑠

(21)
Solar Photovoltaic System Modeling two-axis trackers
with Load, System photovoltaic solar tracker is a two-axis sun
tracking solar cell panel with load and driven in two rotary
axes are rotary axes vertical and horizontal swivel axis. useful
vertical rotary axis to follow the direction of the sun's annual
angles (azimuth), while the horizontal swivel axis is intended
to follow the direction angle of the sun daily (elevation) from
east to west.
Modeling Photovoltaic Solar Tracker Rotate Axis Horizontal,
in the mechanical system of horizontal rotary axis solar
tracker. Photovoltaic rotated along the axis x-x right down the
length dimension L. load torque value is obtained from the
moment of inertia of photovoltaic solar cell panels swivel
multiplied by the angular acceleration. Rotary angular
acceleration is derived from the angular acceleration gear1.Momen inertial solar cell panel horizontal rotary axis [4].
𝐽1 =

1
𝑁2
𝑚 𝐿2 .
12 𝑝𝑣 𝑁1

2

𝑟𝑎𝑑
𝑉

(25)
The transfer function of the horizontal rotary axis
solar tracker for each model of the solar cell panel shown in
equation 26.

FT =

0.00274
3.289×10 −10 𝑠 3 +0.0004783 𝑠 2 + 0.0007648

𝑠
(26)

Modeling Photovoltaic Solar Tracker Play Vertical Axis
(Vertical Rotating Axis), photovoltaic Burden played right in
the long dimension LxW. Load torque value is obtained from
the moment of inertia of photovoltaic solar cell panels swivel
multiplied by the angular acceleration. Rotary angular
acceleration is derived from the angular acceleration inertia
gear. Momen solar cell panel vertical-axis rotating.
1
𝑁2
𝐽2 = 𝑚𝑝𝑣 𝐿2 + 𝑊 2 .
2
𝑁1

2

𝑘𝑔. 𝑚2

(27)

Moment of inertia of a rotating vertical-axis tracker solar PV,

𝑘𝑔. 𝑚2

𝐽𝑇2 = 𝐽𝑠𝑡 + 𝐽2 𝑘𝑔.𝑚2

(22)

Moment of inertia of rotary horizontal axis solar tracker

𝐽𝑇1 = 𝐽𝑠𝑡 +𝐽1 𝑘𝑔.𝑚2
−5

𝜃𝑠
𝐾
= 𝑤𝑅.
𝑉𝑠
𝑠 𝐽𝑇1 𝑠 + 𝑏 𝐿𝑠 + 𝑅 + 𝐾 2
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𝐽𝑇1 = 2.71684 × 10 + 𝐽1 𝑘𝑔.𝑚

(23)

2

(24)
III. RESULTS AND DISCUSSION
Detailed calculation of the value of the moment of
inertia rotary axis horizontal cell panel J1dan total moment of
inertia horizontal rotary axis solar tracker JT1 for the fifth
model of the solar cell panels used are shown in Table 1.
Here is a sample calculation step for determining the position
of the sun and other information related to the sun with the
data as follows; Gresik location (latitude south: -6.99465 ° = 6 ° 59' 41'') east longitude: 112 562 ° = 112 ° 33' 43'', time:
10:00:00 hrs, dated December 28, 2015  d = 362 days, the
time difference GMT: 7 hours.

(29)
Detailed calculation of the value of the moment of inertia
vertical-axis rotating panel J1 cells and moment of inertia
vertical-axis rotating JT1 total to five models of solar cell
panels used are shown in Table II.
TABLE II
THE MOMENT OF INERTIA VERTICAL-AXIS ROTATING TOTAL

The system transfer function rotating vertical-axis
tracker solar PV is obtained from the equation (30) with the
value and multiplied by the ratio of angular velocity wR
𝐹𝑇𝑣𝑒𝑟𝑡 =

TABLE I
TOTAL OF INERTIA MOMENT IN HORIZONTAL ROTATION AXIS

𝜃𝑠
= 𝑤𝑅.
𝑉𝑠
𝑠

𝐾

𝐽𝑇2 𝑠 + 𝑏 𝐿𝑠 + 𝑅 + 𝐾2

𝑟𝑎𝑑
𝑉

(30)

The transfer function rotating vertical-axis tracker solar PV for
each model of the solar cell panel can be calculated following
the transfer function of rotating vertical-axis tracker solar PV
each model is represent.
FT =

Solar tracking system transfer function of the horizontal rotary
axis is obtained from the equation (25) with a value of J = JT1
and multiplied by the ratio of angular velocity wR

(28)

𝐽𝑇2 = 2.71684 × 10−5 + 𝐽2 𝑘𝑔. 𝑚2

0.00274
2.384×10 −9 𝑠 3 +00.003467 𝑠 2 + 0.0007648 𝑠

(31)
System Design PSO-PID control is done by finding the
PID parameter (Kp, Ki, Kd) are simulated using PSO
algorithm in MATLAB. Parameter PID tuning process using
PSO algorithm to plant shown in Figure 6. The design phase
of the PID control system includes modeling plant controlled,
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Determining the fitness function to determine the performance
criteria of the time integral absolute error (ITAE). Determine
the limit function limits the function of optimization criteria
such as settling time systems based on the design of the
controller Ziegler Nichols [14].
Further developing the algorithm PSO-PID, determine
the parameters of PSO. The parameters used in the design
PSO is .Dimension, d = 3 (Kp, Ti and Td); The number of
particles, N = 40; Maximum iteration, I = 100; The upper limit
Kp, Ti, Td = 100, 5, 5; Lower limit Kp, Ti, Td = 0, 0, 0;
Constant acceleration, C1 = 1.2; Constant acceleration, C2 =
0.9; Weighting factor, w: w max = 0.9; w min = 0.4. Tuning
the system control is done by giving step input to the system.
Figure 6-10 and Table as overview PID parameter tuning
process with PSO algorithm in a DC motor.

70

Response test DC motors, DC motors from the model
in equation (35), tested the response of the open loop, closed
loop, ZN-PID, and the PID PSO. Each response is shown in
Figure 7-10.

(a)

(b)

Fig. 7. Response open-loop DC motor with input step (a),
Closed loop DC motor with input step (b)

The performance comparison ZN-PID and PSO-PID on DC
motors :

(a)

Fig 8. The performance comparison ZN-PID and PSO-PID on DC
motors

Test Response System Photovoltaic solar two axis
tracking PV STM40-50 to load, test with load Horizontal axis
response. Model horizontal axis solar tracking PV load
STM40-50 in equation (62), close loop response test, ZN-PID,
and the PID PSO. Each response is shown in Table 3.

(b)

TABLE III
COMPARATION OF THE PERFORMANCEOT THE SOLAR TRACKER WIT ZN-PID
CONTROL AND PID-PSO CONTROL

(c)
Fig. 6. The position of (a) particles initialization and G best in 3D, (b)
particles and G best the 10th iteration and (c) the position of the
particle and G best the 20th iteration

Best PSO algorithm generates value Kp = 83.036; Ti =
0.045268 or Ki = 1834.3; and Td = 0.016728 or Kd = 1.389.
In the transfer function of PSO-PID controller can be written
as follows.

0.0006977 𝑠 2 + 8.245 𝑠 + 2.436 × 104
𝑃𝐼𝐷 𝑠 =
0.0003385 𝑠

Comparison of performance ZN-PID response and PSO-PID
on solar tracking PV load STM40-50 horizontal axis is shown
in Figure 9.

(32)
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Java(southern latitudes = -6 ° 59' 41'' and longitude = 112 ° 33'
43'') in December28,2015. Tracking the results shown in Fig.
11 . While the Fig.12 is the result of tracking for one day on
28 December. Here are shown the results of PSO-PID control
Tracking the solar tracking photovoltaic system two axes at
sunrise in Figure 11-12, and the simulation results PSO-PID
control systems at two solar tracking photovoltaic system axis
within 24 hours. Control system is able to follow the
movement of the sun carefully.
Fig. 9. Comparison of response ZN-PID and PSO-PID on
the PV load tracking STM40-50 horizontal axis
TABLE IV

COMPARATION OF THE PERFORMANCE ON THE SOLAR
TRACKER PV LOAD HORISONTAL AXIS STM 40-50
Fig. 11. Tracking PSO-PID control on solar tracking
photovoltaic system two axes at sunrise

Test Response System Photovoltaic solar two axis tracking PV
STM40-50 to load, test with load Horizontal axis response.
Model horizontal axis solar tracking PV load STM40-50 in
equation (62), close loop response test, ZN-PID, and the PID
PSO.
Each response
is
shown
in Table
3.
Comparison of ZN-PID response and PSO-PID on solar
tracking PV load STM40-50 horizontal axis is shown on
Figure 10.

Fig. 10. Comparison of response ZN-PID and PSO-PID on the
PV load tracking STM40-50 vertical axis
TABLE V

THE COMPARISON OF THE PERFORMANCE OF THE SOLAR
TRACKING PV LOAD AXIS STM 40-50 VERTCAL

Test results of tracking the movement of the sun tracking
solar photovoltaic system is a two-axis PV load STM40-50,
PID auto tuning based PSO subsequently simulated by the
movement of the sun that is represented in the angle of
elevation and azimuth angles. Location is done in Gresik- East

Fig. 12. Simulation PSO-PID control system on the two solar
tracking photovoltaic system axis within 24 hours

IV. CONCLUSION
Based on the evaluation of the result and discussion that
has been done, In this study, PID auto tuning using PSO on
solar tracking photovoltaic systems for two-axis photovoltaic
load STM40-50 models can be concluded that the PID
parameter tuning results with PSO algorithm for horizontal
rotary axis is Kp = 212.38, Ki = 27.08, and Kd = 151.65
obtained in 3 iterations with minimum fitness function end =
1.33. While the PID parameter tuning results with PSO
algorithm for the vertical spin axis is KP = 487.21, Ki = 21:40,
and KD = 732.03 obtained in 8 iterations with at least the end
of the fitness function 8.68
Performance PSO-PID control system for rotary axes
horizontal and vertical axis sun tracking better than ZN-PID
control system. In the ZN-PID control horizontal swivel axis
has a maximum overshot = 69.76%, settling time = 0.1392
seconds. PSO-PID control for horizontal swivel axis has a
maximum overshot = 1.69%, and settling time = 0.05 sec.
ZN- PID performance control systems for rotary axis vertical,
i.e the maximum overshot = 69.77%, settling time = 0.45 sec.
PSO-PID control for vertical swivel axis has a maximum
overshot = 1.83%, and settling time = 0.10 sec. With the
elevation angle of the sun changes slowly (average of 4o per
minute) and settling time control of the PSO-PID = 0.05 sec,
the control system is designed capable of tracking the position
of the sun at any time
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