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Abstract. Solar energy is one of the renewable energy that gets more 

attention from many countries. Solar photo voltaic (PV) takes the right 

position to get the maximum energy yield. The study was conducted by 

comparison of performance with two methods of tracking the sun with one 

axis and two axes by using ANFIS control (Adaptive Neuro-Fuzzy 

Inference System). The solar tracking system is a system that operates on 

the sun by using a light sensor and controls the photovoltaic to always 

perpendicular to the sun by changing the pitch and yaw axis of the sun 

tracing properties. LDR (Light Dependent Resistor) is one of the light 

sensors whose resistance changes depending on the intensity of incoming 

light. Direct current (DC )motor is used as a PV drive panel in a solar 

tracking system. A two-axis solar tracking system has a greater power 

output than a tracking system with a single photovoltaic panel that does not 

use a tracking system (fixed). 
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1 Introduction 

Solar energy is one of the renewable energy that gets more attention from many countries 

[1]. According to law number 30, the year 2007 article 29 paragraph 2 about the energy, the 

development of energy directed to the development of renewable energy [2]. According to 

data from IRENA [3] (The International Renewable Energy Agency) at 2015 the 

distribution of solar photovoltaic installations in Indonesia is only 0.1 % of the total 
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installed renewable energy technology, the world alone is installed at 11.2 % of the overall 

renewable energy technology installed, while Indonesia is a country that is on the equator 

which is always sunlit throughout the year. In addition, the range of the year 2010 to 2015 

decreased the price of solar PV modules by 75 % to 80 %. 

Solar PV needs the right position to get maximum energy yield [4, 5]. The solar tracker 

can implement with one-axis solar tracking if desired higher accuracy can use two-axis 

solar tracking. Two-axis solar tracking has two kinds that are solar tracking and azimuth 

tracking [6]. Solar tracker not always needs to point right to the sun; when it missed 10 %, 

the resulting output is still 98.5 % of that produced by solar tracker that is always pointing 

towards the sun. Cloudy areas, the gain is about 20 % annually, while in bright areas, it can 

reach 30 % to 40 % annually [7]. ANFIS stands for an adaptive neuro-fuzzy interface 

system. ANFIS is a method with a combination between the neural network and the fuzzy 

system. Some data will be trained firstly then implied to the fuzzy system [8]. 

In previous studies, the solar tracking system is used in a tropical area. The study 

conducted in 2015 showed that a single axis solar tracking system, when used in the 

tropical area, resulted in a more extensive power conversion of about 25 % compared to 

fixed panels [9]. Research in 2012 in Malaysia, the performance ratio of P-Si type 

photovoltaics of 59.40 %, uses a solar tracker system with one axis [10]. Therefore, it is 

necessary to compare the performance between two methods of tracking the sun that is with 

one axis and two-axis using ANFIS (Adaptive Neuro-Fuzzy Inference System) control in 

the tropical area, so it can show the difference in performance produced by the solar tracker 

system with one axis and two-axis solar tracking. 

The research will be done by simulating one axis and two-axis solar tracking system 

with ANFIS (Adaptive Neuro-Fuzzy Inference) control with active sun-tracking mode. The 

single-axis solar tracking system uses two LDR, each on the east and west. Two-axis solar 

tracking system uses four LDR, each on the north, south, east, and west. Use                    

170 mm × 250 mm paper size (W × H mm) and adjust the margins to those shown in the 

Table 1. The final printed area will be 130 mm × 210 mm.  

Table 1. Parameters of DC motor. 

Motor Parameters Parameter Value Motor 

Ke 12.843 69 V s rad–1 

Kt 12.844 37 Nm A–1 

R 22.424 5 Ω 

L 0.006 386 Henry 

Jm 0.723 779 Nm s2 

Bm 3.434 949 Nm s rad–1 

2 Literature review 

2.1. Solar tracking system 

The solar tracking system is a system that acts to detect the sun's position by means of a 

light sensor and controls the photovoltaic so that it is always perpendicular to the sun by 

changing the pitch and yaw axis of a solar tracker. The purpose of the solar tracking system 

is to keep photovoltaic always perpendicular to the sun, and it can optimize the output 

power of photovoltaic. The output power of the photovoltaic will produce greater energy 
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than the photovoltaic that is not always perpendicular to the sun. Sunlight comprises several 

sensor components, controller, DC motor, battery, and photovoltaic [11]. 

2.2. Light sensor (LDR) 

LDR (Light Dependent Resistor) is one of the light sensors whose resistance changes 
depending on the intensity of incoming light. LDR is used to convert light energy into 

electrical energy. An LDR is strung together with one resistor whose value can be changed 

and one resistor whose value is fixed. This series circuit has functioned as a voltage divider. 
The voltage divider in Equation (1): 

                                                                                                                 (1) 

 

Fig. 1. Voltage devider and LDR. 

2.3. ANFIS architecture 

 
 
Fig. 2. Voltage Divider and LDR. 

ANFIS stands for Adaptive Neuro-Fuzzy Inference System. ANFIS is also an 

amalgamation of an artificial neural network method with a fuzzy system. Adaptive 

networks are usually used in a variety of modeling, decision-making, controlling, and signal 

processing applications. The adaptive network class is functionally equivalent to a fuzzy 

system. The architecture of this is called ANFIS. The set parameters are set to apply hybrid 

𝑉𝑜𝑢𝑡 =
𝑅2

𝑅1 + 𝑟2
𝑉𝑖𝑛  

3

E3S Web of Conferences 190, 00005 (2020)
ICoRER 2019

https://doi.org/10.1051/e3sconf/202019000005



learning rules for ANFIS architecture that represent both Sugeno and Tsukamoto fuzzy 

models. The layers in the ANFIS architecture [8, 12] shown in Figure 2.  
The first layer has adaptive nodes whose parameter values may change with learning. 

The node function as follows in Equation (2): 

                                                                             
𝑂𝑖

1 = 𝜇𝐴𝑖(𝑥) 
                                                    (2) 

Where x is the input for node i and Ai is the language naming associated with the node 

function for the Gaussian function (commonly used), which is specified in Equation (3): 
                                     (3) 

Where
 𝜎𝑖 , 𝑐𝑖  is set parameter. The parameters in this layer are shown as the premise 

parameter. The second layer has a non-adaptive node whose parameter values are fixed. 

The function of this node is as a multiplication of each input signal. The function of the 

node is as in Equation (4): 

      (4) 

Each output node of this layer represents the degree of activation for each rule. 

This third layer is a non-adaptive node that can display the function of the normalized 

firing strength that is the output ratio of the i-th nodes in the previous layer to the entire 

output of the previous layer. The function of the node is as in Equation (5): 

                                                          (5) 

 

The output of this layer is called normalized firing strength. 
In the fourth layer, all the nodes are adaptive to the normalized activation degree of 

layer 3. The function of the node is as  in Equation (6): 

                                                                                             (6) 

This fifth layer contains only one non-adaptive node with a function to sum all 

inputs. The function of the node is as in Equation (7): 

                                                                                                  (7) 

3 Research methodology 

3.1 System modelling 

Modeling of one-axis and two-axis solar tracking system is done by using 
MATLAB/Simulink to perform simulation, using component parameters to obtain the 
simulation of one-axis and two-axis solar tracking system. The LDR sensor is a sensor that 
converts light energy into electricity. It is obtained from changes in the resistance found in 

the LDR sensor when exposed to sunlight. In the modeled photovoltaic, the output voltage 
of the fixed resistor is 1 000 Ω. The relationship equation between irradiance and resistance 
to LDR sensor can be explained as in Equation (8): 

 

                                                                                                             (8) 

Where: 
[12]. = Resistance of LDR sensors LDR (Ω) 

I = Irradiance into the LDR sensor (W/m2) 

log𝑅 = −
3

4
log𝐼 + 5 

μ𝐴𝑖 𝑥 = exp[−0.5  
𝑥 − 𝑐𝑖

𝜎𝑖

 
2

] 

𝑂𝑖
2 = 𝑤𝑖 = 𝜇𝐴𝑖 𝑥 × 𝜇𝐵𝑖 𝑥 , 𝑖 = 1.2 

𝑂𝑖
3 = 𝑤 =

𝑤𝑖

𝑤1 + 𝑤2
, 𝑖 = 1.2 

𝑂𝑖
4 = 𝑤 𝑖𝑓𝑖 = 𝑤 𝑖(𝑎𝑖

1𝑥 + 𝑎𝑖
2𝑦 + 𝑎𝑖

0) 

𝑂𝑖
5 =  𝑤 𝑖𝑓𝑖

𝑖
=

 𝑤𝑖𝑓𝑖𝑖

 𝑤𝑖𝑖
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Fig. 3. LDR sensor modeling. 

3.1.1 Modeling of DC motor 

The DC motor is the driving force of the PV panel to keep up with the sun. One-axis solar 

tracking system uses one motor with pitch angle tracking, while the two-axis sun tracking 

system uses two motors with tracking pitch and yaw angles. The pitch angle moves 
between the angles of 0° and 180° and the yaw angle moves between angles 0° and 360° at 

low speeds.  
DC motors can also be used to drive PV panels in a solar tracking system. The 

advantages of this DC motor rotation speed can be set so that PV panels can follow the sun 
precisely. The modeling of a DC motor, which converts the voltage value to rpm speeds is 
as in Equation (9) and Equation (10), follows [13]: 

                                                
𝑉𝑎 𝑡 = 𝑅𝑎 . 𝐼𝑎  𝑡 + 𝐿𝑎 .

𝑑𝐼𝑎 (𝑡)

𝑑𝑡
+ 𝐾𝑏 . 𝜔(𝑡) 

                                         (9) 

                                                      
𝐾𝑡 . 𝐼𝑎  𝑡 = 𝐽𝑚

𝑑𝜔(𝑡)

𝑑𝑡
+ 𝐵𝑚 . 𝜔(𝑡) 

                                               (10) 
 

Then, the equations of voltage and current in DC motors are transformed in Laplace 
transformation: 

                                            
𝑉𝑎 𝑠 = 𝑅𝑎 . 𝐼𝑎  𝑠 + 𝐿𝑎 . 𝐼𝑎  𝑠 𝑠 + 𝐾𝑏 . 𝜔(𝑠) 

                                   (11) 

                                                     
𝐾𝑡 . 𝐼𝑎  𝑠 = 𝐽𝑚 .𝜔 𝑠 𝑠 + 𝐵𝑚 . 𝜔(𝑠) 

                                         (12) 

After that, the substitution result is: 

         
 

              (13) 

  
 

With the relationship value between angle and speed is 
𝜃 𝑠 =

1

𝑠
𝜔(𝑠) 

, the relationship 

between voltage and angle is as in Equation (14) follows: 

                      

𝜃(𝑠)

𝑉𝑎(𝑠)
=

𝐾𝑡

 𝐿𝑎 ∙ 𝐽𝑚 ∙ 𝑠3 +  𝑅𝑎 ∙ 𝐽𝑚 + 𝐿𝑎 ∙ 𝐵𝑚  𝑠2 +  𝑅𝑎 ∙ 𝐵𝑚 + 𝐾𝑏 ∙ 𝐾𝑡 𝑠 
 
               (14) 

 

Where: 
Va  = Armature Voltage (V)  
Ra = Armature Resistance (R) 

𝑉𝑎 𝑠 = 𝜔 𝑠 ∙
1

𝐾𝑡
∙  𝐿𝑎 ∙ 𝐽𝑚 ∙ 𝑠2 +  𝑅𝑎 ∙ 𝐽𝑚 + 𝐿𝑎 ∙ 𝐵𝑚  𝑠 + (𝑅𝑎 ∙ 𝐵𝑚 + 𝐾𝑏 ∙ 𝐾𝑡)  
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𝑉 = 𝑉𝑛 − Φ T − 𝑇𝑟𝑒𝑓  − 𝑅𝑝𝑣 (𝐼 − 𝐼𝑛 ) 

La = Armature Inductance (H) 

Ia = Armature Current (A) 

ω = Angular Speed (rad s–1)  
θ = Position of Angular Shaft Rotor 
(rad) Jm = Motor Inertia (Nm s2)  
Bm = Viscous Friction Coefficient (Nm s rad–1) 
Kt = Torque Constant (Nm A–1)  
Kb = Back EMF Constant (V s rad–1) 

The parameters of DC motor are obtained with the following Equation (15 to 17) [14]; 

                                                                

𝐾𝑒 =
𝑉𝑜𝑙𝑡𝑎𝑔𝑒 [𝑉]

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 [
𝑟𝑎𝑑
𝑠

]
 

                                                   (15) 

                                                

𝐾𝑡 =
𝐾𝑒

0.118 27
 
𝑁𝑚

𝐴
  

                                    (16) 

                                                          
𝐽𝑚

𝑑𝜔(𝑡)

𝑑𝑡
+ 𝐵𝜔 𝑡 = 𝑇𝑚(𝑡) 

                                            (17) 

This DC motor has connected gearbox with ratio1:348.079 2. After the DC motor data were 
taken and the calculation of DC motor parameters according to equations, we obtain the 
following parameter values: 

3.1.2 Photovoltaic modeling 

Photovoltaic modeling is done by using photovoltaic parameters and current and voltage 
output equations on photovoltaic, as for the following Equation (18) and Equation (19) 
[14]: 
 

                                             
𝐼 =   

𝑠

𝑠𝑟𝑒𝑓
  𝜇 𝑇 − 𝑇𝑟𝑒𝑓  + 1 − 𝐼𝑠𝑐  + 𝐼𝑛  

                                    (18) 

 

                                                              (19) 

 

Table 2 Parameter of photovoltaic. 

No Parameter Parameter Value 

1 Short Circuit Current, Isc 1.25 A 

2 Open Circuit Current, Voc 21.5 V 

3           Temperature Coefficient of Isc, µ 0.000 05 A °C–1 

4         Temperature Coefficient of Voc, ɸ -0.003 6 V °C–1 

5 Refrence Voltage, Vn 17.2 A 

6 Reference Current , In 1.16 A 

7 Maximum  Power at STC 20 W 

8 PV Internal Resistance, Rpv 1.11 Ω 
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3.2 Design of ANFIS control 

ANFIS is a combination of neural networks and fuzzy logic. Artificial neural networks that 

will determine the membership function and rule base of fuzzy logic. ANFIS requires a pair 

of train data to be trained on artificial neural networks. The input of this training data is 

error and delta error while the output of this training data is PWM. The ANFIS control uses 

the membership function with the type of Gauss and the membership number of five 

represents Clockwise Fast (CWF), Clockwise Slow (CWS), Stop (S), Counter Clockwise 

Slow (CCWS) and Counter Clockwise Fast (CCWF). The Membership Function of the 

input before being trained is as shown in Figure 4. The membership function of the input 

after being trained from each ANFIS control for DC motor control on the pitch and yaw 

axis as shown in Figure 5 and Figure 6. 

 

Fig. 4. Membership function of error and delta error on pitch and yaw axis. 

 

 
 
 
 
 
 
 

 
 
 
 

(a) 
 
 
 
 

 

 
 
 
 
 
 
(b) 

Fig. 5. Membership function of (a) Error and (b) Delta error on pitch axis. 
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(a) 

(b)  

Fig. 6. Membership function of (a) Error and (b) Delta error on yaw axis. 

4 Result and discussion 

In the test setpoint, use three setpoint angles of sun elevation and three setpoint angle 

azimuth suns. For altitude angles the sun uses setpoint angle 30°, 60°, and 90° while for the 

azimuth angle of the sun use setpoint angle 30°, 60°, and 90°. The performance index of the 

pitch angle response is as shown in Table 3. 

Table 3. Performance index of pitch angle. 

No Performance Index 
Angle Value 

30° 60° 90° 

1 Rise Time 3.128 s 6.286 s 9.444 s 

2 Error Steady State -0.007 35 -0.007 35 -0.007 35 

3 % Maximum Overshoot 2.577 % 1.531 % 0.008 889 % 

4 Settling time 4.523 s 7.681 s 10.838 s 

The performance index of the yaw angle response is as shown in Table 4. 

Table 4. Performance index of yaw angle. 

Time 

Efficiency ( %) 

1 Axis to fixe d 2 Axis to fixe d 2 Axis to 1 Axis 

1 d 23.09 % 50.16 % 21.99 % 

3 d 13.63 % 36.67 % 20.28 % 

5 d 16.11 % 46.04 % 25.78 % 

7 d 15.98 % 46.65 % 26.44 % 
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Tracking test on the sun tracking system serves to determine the response of the system 

when the setpoint changed. The test is done by changing the setpoint from 30° raised to 60° 

then lowered to 40° then raised again to 70°. One of the important goals of the solar system 

applied to photovoltaics is to increase the output power. In the performance test on 

photovoltaic compared to output power output between PV that does not use the system of 

tracking the sun (fixed), solar tracking system with one axis and solar tracking system with 

two axes with data taking with a span of 1 d, 3 d, 5 d and 7 d. 

The PV power output profile is as shown in Figures 7. The efficiency of PV on one axis, 

two axis, and fixed axis systems is as shown in Table 5. 

 Table 5. Photovoltaic efficiency. 

No Performance Index 
Angle Value 

30° 60° 90° 

1 Rise Time 3.203 s 6.235 s 9.267 s 

2 Error Steady State -0.008 06 -0.008 06 -0.008 06 

3 % Maximum  Overshoot 1.531 % 0.505 % 0.004 778 % 

4 Settling time 3.836 s 6.867 s 9.899 s 

 

 

(a)                                                                           (b) 

 

(c)                                                                   (d) 

Fig.7. PV Power output profile for (a) 1 d (b) 3 d (c) 5 d and (d) 7 d. 
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5 Conclusion 

Based on the research that has been done, ANFIS control with point pitch test resulted in 

rising time performance index of 3.128 s, 6.28 s, and 9.44 s, maximum overshoot 2.577 %, 

1.533 %, and 0.008 9 %, settling time of 4.523 s, 7.681 s and 10.838 s at each corner 30°, 

60°, and 90° and error steady state -0.073 5 V. ANFIS control with setpoint yaw test 

yielded rise time index of 3.203 s, 6.235 s, and 9.267 s, maximum % overshoot 1.531 %, 

0.505 %, and 0.004 8 %, settling time 3.836 s, 6.867 s and 9.899 s at each corner 30°, 60°, 

and 90° and error steady state -0.008 1 V. The two-axis solar tracking system has a greater 

power output than the single axis solar tracking and fixed photovoltaic. The efficiency of 

power (data for 7 d) from a one-axis solar tracking system to the solar tracking system with 

fixed PV is 15.98 %, while for the efficiency of the two-axis sun measuring system against 

the solar tracking system with fixed PV is 46.65 %, while the efficiency of the tracking 

system two axes of sun to one axis sun track system is 26.442 %. In the next research, data 

used to train ANFIS should represent positive values and negative values so that ANFIS 

dicks can respond well when setpoints are raised or lowered. 
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