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Abstract1: Concentrated solar plants consist of tracking systems to focus a large area of sunlight onto a 

small area. In this paper, a Fuzzy-Based Tracker System (FBTS) is presented using if-then fuzzy rules 

controller. The proposed FBTS is able to optimize the localization of the sun while also considering the 

availability of clouds and the wind direction to predict if there will be any shadow caused by the clouds 

in a part or the whole site area in which the group of lenses are installed. Having such a possibility will 

reduce the energy consumption in the stepper movement of the lens controller motor and at the same time 

prevent the wear of the rotating gears to find the best azimuth the related lenses. The test of Fuzzy-Sugeno 

model showed that the designed control system is robust to both sunny weather and clouds and has good 

flexibility on different days of the year. 
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1.Introduction 

 Concentrated-solar technology systems use mir-

rors or lenses with tracking systems to focus a 

large area of sunlight onto a small area. The con-

centrated light is then used as heat or as a heat 

source for a conventional power plant (solar ther-

moelectricity) [1]. The solar concentrators used 

in CSP systems can often also be used to provide 

industrial process heating or cooling, such as in 

solar air conditioning [2]. As a sample of CSP , a 

modern CSP is illustrated in Fig.1. 

 
Figure.1. Schematic airborne image of a modern 

Concentrated Solar Panel (CSP) [3] , notice to the 

collector column in the center and thousands of 

mirrors around it. 

Recent studies [3,4,5,6] are mostly focusing on 

the configuration of the mirrors in order to opti-

mize the collected energy quantity while also 

pretend to get the minimum risks for the environ-

ment.  

One of the disadvantages of the available CSP's 

is the Dead warbler burned phenomena in mid-

air by solar thermal power plant, in this study we 

replaced the mirrors by lenses to solve this prob-

lem, also the lenses controllers are based on a 

neuro-fuzzy system which helps to achieve a bet-

ter optimized collection of solar energy during 

the day and reusing it at night hours. 

 
Figure2.Dead warbler burned in mid-air by solar 

thermal power plant[3]. 

2. Mechanical design of sun tracker Lens    

In this research, sun trackers were designed 

based on light collector lenses. Each of sun track-

ers contain two gears which enables it to have 

two degrees of freedom for the lens movement. 

Both gears are simultaneously rotating to put the 

lens in an optimal position relative to the appar-

ent location of the sun in the sky so that it re-

ceives the maximum intensity of sunlight at any 

given moment. The mechanical structure of the 

designed sun tracker is presented in figure 3 and 

the related parts with descriptions are listed in 

Table1. 

 
Figuure3.3D view of Mechanical structure of the 

designed sun tracker lens (for description of the 

parts see Table1). 

 

Table1. The list of mechanical parts of the de-

signed sun tracker lens. 
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One of the challenges is the presence of clouds in 

the sky, if the location of the clouds in the sky. 

Because if the clouds cast a shadow on the lens, 

the intensity of the received light will decrease, 

so it is better to adjust the angle of the lens so that 

the least shadow of the clouds is placed on it. In 

this way , an intelligent Neuro-Fuzzy system was 

implemented in which the optimized angle of the 

lens is predicted not only based on both the time 

and date (the appearance location of the sun in 

the sky)  but also the weather condition from the 

viewpoint of if it is cloudy and/or rainy. In the 

next section this neuro-fuzzy system is explained 

with more details. 

3.Design of Adaptive Neuro-Fuzzy Interfer-

ence System(ANFIS) for adjusting sun 

tracker   

3.1.ANFIS concepts and mathematics 

 ANFIS approximates the functional relations be-

tween responses and input variables of the pro-

cess under study by gradually fine-tuning the val-

ues of parameters. The ANFIS architecture with 

two inputs is shown in Figure 4.  

 
Figure4.Scematic diagram of an ANFIS structure 

with two inputs. 

The circular nodes are fixed whereas the square 

nodes have parameters to be learnt. A Two Rule 

Sugeno ANFIS has rules of the form:  

If x is A1 and y is B1 THEN f1 = p1 x + q 1y + r1       

(1) 

If x is A2 and y is B2 THEN f2 = p2 x + q2 y + r2     

(2) 

The final output of ANFIS is a weighted summa-

tion of f1 and f2(see figure5). 

For training the network, there is a forward pass 

which propagates the input vector through the 

network layer by layer and in the backward pass, 

the error is sent back through the network in a 

similar manner to back propagation. 

 
Figure5. Weighted summation of f1  and f2 in 

ANFIS to gain f as output. 

3.2. Design of ANFIS for sun tracker lens con-

troller 

After the position of the sun in the sky was cal-

culated for each moment of the day with a sam-

pling rate of ten minutes for all days of the year 

2020, we teach these solar positions to a neural-

fuzzy network as training data until after training 

the neural network.  Fuzzy controller is able to 

easily estimate the position of the sun in the sky 

with very high accuracy by receiving the exact 

date/time related to the longitude and latitude and 

the weather conditions from the view point of 

cloudy and rainy. The cloudy and rainy condi-

tions are known based on online weather forecast 

applications very easily as are available in valid 

internet sites(Figure6).   

The test of designed ANFIS error indexes are 

listed in Table2.The results showed that the intel-

ligent sun tracker is suitable with the minimum 

errors indexes for a full 24 hours of the day when 

membership functions are Gaussian shaped, ei-

ther in the days light or at nights as it has a good 

ability to collect energy for night times. 

 

Table2.Error indexes of designed ANFIS 

Member-

ship  

function 

MSE NMSE R2 MAPE(%) 

triangle 0.00711 0.05 0.90 2.979 

Bell-shape 0.00707 0.06 0.88 2.957 

trapezoidal 0.00719 0.06 0.75 2.999 

Gaussian 0.00702 0.06 0.93 2.963 
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Figure.6. Structure of the ANFIS designed in this 

study to predict apparent angle of sun position 
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