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Abstract— The double dangers of vitality exhaustion and a 

worldwide temperature alteration put the improvement of 

strategies for outfitting sustainable power source assets at 

the focal point of open intrigue. Sun based vitality is a 

standout amongst the most encouraging sustainable power 

source assets. Sun trackers can generously enhance the 

power creation of a photovoltaic (PV) framework. This 

paper proposes a novel outline of a double hub sun based 

following PV framework which uses the input control 

hypothesis alongside a four-quadrant light ward resistor 

(LDR) sensor and straightforward electronic circuits to give 

powerful framework execution. The proposed framework 

utilizes an extraordinary double hub AC engine and a 

remain solitary PV inverter to achieve sun powered 

following. The control usage is a specialized development 

that is a basic and compelling plan. Moreover, a downsized 

lab model is developed to check the possibility of the plan. 

The adequacy of the Sun tracker is affirmed tentatively. To 

finish up, the aftereffects of this examination may fill in as 

important references for future sun powered vitality 

applications. 
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I. INTRODUCTION 

With the quick increment in populace and monetary 

improvement, the issues of the vitality emergency and a 

dangerous atmospheric devation impacts are today a reason 

for expanding concern. The usage of sustainable vitality 

assets is the key answer for these issues. Sun oriented 

vitality is one of the essential wellsprings of perfect, rich 

and boundless vitality that gives elective vitality assets, as 

well as enhances natural contamination. 

 The most prompt and mechanically alluring 

utilization of sun powered vitality is through photovoltaic 

transformation. The material science of the PV cell 

(additionally called sun based cell) is fundamentally the 

same as the traditional p-n intersection diode. The PV cell 

changes over the daylight specifically into coordinate 

current (DC) power by the photovoltaic impact [1,2]. A PV 

board or module is a bundled interconnected gathering of 

PV cells. With a specific end goal to expand the power yield 

from the PV boards, one needs to keep the boards in an ideal 

position opposite to the sunlight based radiation amid the 

day. In that capacity, it is important to have it outfitted with 

a Sun tracker. Contrasted with a settled board, a portable PV 

board driven by a Sun tracker may support reliably the 

vitality pick up of the PV board. 

 Sun based following is the most proper innovation 

to upgrade the power generation of a PV framework. To 

accomplish a high level of following exactness, a few 

methodologies have been broadly examined. For the most 

part, they can be delegated either open-circle following 

writes in light of sun oriented development scientific models 

or shut circle following composes utilizing sensor-based 

criticism controllers [3– 5]. In the open-circle following 

methodology, a following recipe or control calculation is 

utilized. Alluding to the writing [6– 10], the azimuth and the 

height edges of the Sun were controlled by sun oriented 

development models or calculations at the given date, time 

and land data. The control calculations were executed in a 

chip controller [11,12]. In the shut circle following 

methodology, different dynamic sensor gadgets, for 

example, charge couple gadgets (CCDs) [13– 15] or light 

ward resistors (LDRs) [12,16– 19] were used to detect the 

Sun's position and an input blunder flag was then created to 

the control framework to ceaselessly get the most extreme 

sun oriented radiation on the PV board. This paper proposes 

an observational research approach on this issue. 

 Sun based following methodologies can be 

executed by utilizing single-hub plans [12,19– 21], and 

double pivot structures for higher precision frameworks 

[16– 18,22– 27]. When all is said in done, the single-hub 

tracker with one level of flexibility takes after the Sun's 

development from the east to west amid a day while a 

double hub tracker additionally takes after the height point 

of the Sun. As of late, there has been a developing volume 

of research worried about double pivot sunlight based 

following frameworks. Be that as it may, in the current 

research, the majority of them utilized two stepper engines 

[22,23] or two DC engines [16,17,24,25] to perform double 

pivot sunlight based following. With two following engines 

plans, two engines were mounted on opposite tomahawks, 

and even adjusted them in specific ways. Now and again, 

the two engines couldn't move in the meantime [5]. Besides, 

such frameworks dependably include complex following 

procedures utilizing microchip chips as a control stage. In 

this work, utilizing a double hub with just single following 

engine, an endeavor has been made to create and execute a 

straightforward and proficient control conspire. The two 

tomahawks of the Sun tracker were permitted to move at the 

same time inside their individual reaches. Using traditional 

electronic circuits, no programming or PC interface was 

required. Additionally, the proposed framework utilized a 

remain solitary PV inverter to drive engine and give control 

supply. The framework was independent and self-governing. 

Analysis comes about have exhibited the achievability of the 

following PV framework and confirmed the benefits of the 

proposed control execution. 

 The rest of the article is composed in the 

accompanying way: Section 2 portrays the following 

methodologies of the created shut circle sun oriented 

following framework in which a sensor-based input 

controller is utilized. The definite design of the Sun tracker 

equipment is proposed in Section 3. In Area 4, a downsized 
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research facility model is fabricated and tried. At last, the 

primary finishes of this work are attracted Section 5. 

II. DEVELOPED CLOSED-LOOP SOLAR TRACKING SYSTEM 

The piece outline of the created shut circle sunlight based 

following framework is represented in Figure 1, portraying 

the organization and interconnection of the framework. For 

the shut circle following methodology, the sun oriented 

following issue is the manner by which to cause the PV 

board area (yield) to take after the daylight area 

(contribution) as nearly as could be allowed. The sensor-

based input controller comprises of the LDR sensor, 

differential speaker, and comparator. In the following task, 

the LDR sensor measures the daylight force as a source of 

perspective info flag. The unbalance in voltages created by 

the LDR sensor is opened up and afterward produces an 

input mistake voltage. The blunder voltage is relative to the 

distinction between the daylight area and the PV board area. 

As of now the comparator contrasts the mistake voltage and 

a predefined edge (resistance). In the event that the 

comparator yield goes high express, the engine driver and a 

transfer are enacted in order to pivot the double hub 

(azimuth and rise) following engine and convey the PV 

board to confront the Sun. As needs be, the input controller 

plays out the key capacities: PV board and daylight are 

always checked and send a differential control flag to drive 

the PV board until the point that the mistake voltage is not 

exactly a pre-indicated edge esteem. 

 
Fig. 1: Block diagram of the solar tracking system 

 The framework tracks the Sun self-governingly in 

azimuth and rise edges. The entire working calculations are 

summed up in the flowcharts appeared in Figures 2 and 3. 

The daylight power from four distinct headings is estimated 

by the LDR-based detecting circuit. The voltages vE, vW, 

vS and vN are characterized as the detecting voltages 

delivered by the east, west, south, and north LDRs 

individually. While trying to draw greatest power from the 

PV board, the azimuth and height following procedures can 

at the same time continue until the PV board is adjusted 

orthogonally to the daylight. The tracker establishment isn't 

confined to the land area. 

 The framework tracks the Sun self-governingly in 

azimuth and rise edges. The entire working calculations are 

summed up in the flowcharts appeared in Figures 2 and 3. 

The daylight power from four distinct headings is estimated 

by the LDR-based detecting circuit. The voltages vE, vW, 

vS and vN are characterized as the detecting voltages 

delivered by the east, west, south, and north LDRs 

individually. While trying to draw greatest power from the 

PV board, the azimuth and height following procedures can 

at the same time continue until the PV board is adjusted 

orthogonally to the daylight. The tracker establishment isn't 

confined to the land area. 

 
Fig. 2: Flowchart of tracking algorithm for azimuth control 

 
Fig. 3: Flowchart of tracking algorithm for elevation control 

III. SUN TRACKER HARDWARE DESIGN 

Figure 4 presents one of the equipment circuits of the 

proposed Sun tracker for azimuth following. The whole 

framework has two equipment circuits with both of azimuth 

course and height heading to drive the double hub AC 

engine. The created Sun tracker is contained three modules, 

which are the LDR-based detecting circuit, comparator and 

an engine driver with a transfer. 

 
Fig. 4: Complete control circuit diagram of the Sun tracker 

for azimuth tracking 
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A. LDR-Based Sensing Circuit 

To track the sunlight, it is necessary to sense the position of 

the Sun and for that an electro-optical sensor is needed. The 

proposed Sun tracker uses the electro-optical sensor for self-

calibration. A LDR or photoresistor is a variable resistor 

whose electrical resistance depends on the intensity of the 

light falling on it. The LDR resistance decreases with 

incident light intensity increasing. As seen in the first part of 

Figure 4, the LDR sensor is a part of the voltage divider 

circuit in order to give an output voltage. 

1) Solar Sensing Device: 

The paper creates a Sun tracker using LDRs with a 

cylindrical shade as a Sun sensor. Figure 5 shows the 

designed solar sensing device, which comprises a four-

quadrant LDR sensor and a cylinder mounted on a wood-

block. The solar sensing device is attached to the PV panel. 

The East/West LDR and the South/North LDR are 

respectively used in the detection of azimuth motion and 

elevation motion of the PV panel. The design of the light 

sensor is based on the use of the shadow. If the PV panel is 

not perpendicular to the sunlight, the shadow of the cylinder 

will cover one or two LDRs and this causes different light 

intensity to be received by the sensing device. 

 
Fig. 5: Solar sensing device with a four-quadrant LDR 

sensor 

2) Creating Feedback Error Voltage: 

The simple electronic circuit for creating error voltage is 

presented in the first part of Figure 4. It can be seen that the 

output voltage of the voltage divider will be lower when the 

corresponding LDR is shadowed. If one sensor is lighted 

and the other is shadowed, the differential amplifier 

amplifies the difference voltage between them. The 

feedback error voltage can be expressed as: 

 
which can be rearranged as follows: 

 
If the west LDR is shaded, vE  vW and vEW  0. 

B. Comparator 

The main function of the comparator is to act as a switch to 

turn on the relay and rotate the motor. A comparator is 

essentially an operational amplifier (op-amp) operated in an 

open-loop configuration, which converts a time-varying 

analog signal into a binary output. As depicted in the second 

part of Figure 4, the comparator is designed to compare the 

error voltage with two threshold values. The threshold value 

is defined as the input voltage at which the output changes 

states. As shown in Figure 4, there are two threshold values 

which are given as: 

 
 The output of the comparator is a high saturated 

state VH or a low saturated state VL. The saturated output 

voltages VH and VL may be closed to the supply voltages 

+VCC and −VCC, respectively. The comparator outputs are 

then expressed as follows: 

 
 The voltage transfer characteristics of the 

comparator with ideal op-amps are shown in Figure 6. It is 

noted that the sensitivity for the tracking system is 

dominated by the threshold values, which are adjusted by 

the variable resistor R4 according to the tracking accuracy. 

As R4 decreases, the tracking accuracy increases. However, 

the system tracking response will become increasingly 

oscillatory. 

 
Fig. 6: Voltage transfer characteristics of the open-loop 

comparator 

C. Engine Driver with a Relay 

As found in the last piece of Figure 4, it is watched that the 

composed engine driver with a transfer comprises of two 

Darlington sets that give expanded momentum pick up and 

activate the hand-off. On the off chance that the west LDR 

is shaded, a criticism mistake voltage vEW is created. At the 

point when vEW > VTh1 > VTh2, the comparator yields 

vPE and vPW go high and low soaked voltages separately. 

The transistors Q1 and Q2 will accordingly lead and Q3 and 

Q4 are in the cutoff state. Alluding to Figure 4, transistors 

Q1 and Q2 work in the forward-dynamic mode, and the 

information current or the base current of Q1 is: 

IB1 = VH − VBE 1 − VBE 2 (7) 

R 

where VBE is the forward-one-sided base-producer voltage 

of the bipolar transistor. In this manner, the yield current can 

be composed as: 

≅ β1β 2 IB1 (8) 

The parameters β1 and β 2 are the normal producer current 

pick up of the bipolar transistors. 
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 The hand-off is initiated by the yield current and 

typically open contact a1 closes. For this situation, the 

following engine turns clockwise in the azimuth bearing and 

therefore the PV board moves eastbound to confront the 

Sun. All the more particularly, the Sun tracker endeavors to 

change the PV board with the end goal that every one of the 

voltages delivered by LDRs are almost equivalent and 

adjust. Therefore, the PV board is relatively opposite to the 

daylight and has a high vitality age. 

D. Stand-Alone PV Power System 

A stand-alone or off-grid PV power system is designed to 

charge DC power generated by PV panel into battery and 

convert the DC electricity into AC source for AC 

appliances. The stand-alone power system is depicted in 

Figure 7. The inverter changes 12 V DC input voltage to 

120 V AC output voltage used to power the AC motor and 

provide the power supply. The motor rotates the PV panel, 

and the power supply provides a DC source to the entire 

circuit. In other words, the developed system has an 

autonomous energy supply. 

 
Fig. 7: Stand-alone PV power system 

IV. TEST VALIDATION 

To confirm the execution of the Sun tracker and to delineate 

the possibility of the control plot, a research facility model 

of the sun based following framework was assembled and 

tried. This work was done in New Taipei City, Taiwan on 16 

May 2012. It was somewhat overcast day. The scope of 

Taiwan is 23.5 degrees north, so the settled board was 

confronted the south at a tilt edge of 23.5 degrees with 

greatest normal sun based radiation. 

A. Trial Tests 

Figure 8 demonstrates the investigation tests on the 

polycrystalline PV board with the Sun tracker and with a 

settled edge. The physical measurements (L × W × D) of the 

PV board were 835 mm × 518 mm × 30 mm. The picked 

remarkable engine for this work was double hub 117V AC 

engine (LILIN PIH-303) with a speed of 6°/s in container 

and 3°/s in tilt. It had two degrees of flexibility to move the 

board in the azimuth point and the height edge at the same 

time. The work utilized paperless recorder (YOKOGAWA 

FX106) to show the constant estimation of the voltage and 

current produced by PV board. 

 The Earth turns 15 degrees regarding its pivot 

every hour, and the Sun moves gradually [26,28]. To limit 

control utilization, the following engine was not worked 

consistently. The created framework consequently received 

a period plan calculation to take after the Sun about each 

thirty minutes by differing the resistor R 

 
Fig. 8: Actual photograph of the experimental prototype 

B. Experiment Results 

The estimation aftereffects of producing voltage and current 

waveforms for the settled and following PV frameworks are 

appeared in Figures 9 and 10, individually. Keeping in mind 

the end goal to give a reasonable clarification on the vitality 

profitability, the creating quick powers of the two 

frameworks were additionally ascertained. Figure 11 

demonstrates the test comes about with promising result. 

 
Fig. 9: Measured time functions of output voltage and 

current for fixed PV system 

 
Fig. 10: Measured time functions of output voltage and 

current for solar tracking system 

Fig. 11: Comparison of the generating powers for the 

tracking and fixed systems 
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C. Performance Analysis 

As appeared in Figure 11, the execution of the following 

framework was essentially less at twelve. It could be 

contemplated that both of the PV boards relatively 

confronted a similar heading, yet a slight distinction of 

point. The expansion in control was engaged toward the 

evening. The producing electrical energies for the settled 

and following frameworks were 95.52 W-h and 123.06 W-h, 

separately. Thusly, an additional yield of 

(123.06−95.52)/95.52 = 0.2883 or 28.83% vitality age was 

acquired. The expanded sunlight based vitality was 

predictable with the current writing [18,23,27]. 

 Vitality pick up is the most vital factor in assessing 

a following framework. The vitality pick up implies how 

much the following framework builds the vitality created 

contrasted and a settled framework. In any case, to ascertain 

the net vitality pick up of the following framework, vitality 

utilization of the turning engine ought to be considered. The 

engine vitality utilization was 0.5 W-h. The vitality pick up 

of the following framework was (123.06−95.52−0.5)/95.52 

= 0.2831 or 28.31%. The incompletely overcast day would 

influence the vitality age. Besides, if the following 

recurrence was balanced sensibly as per real following 

condition, the enhanced power generation can be 

additionally improved. 

V. CONCLUSIONS 

The paper has displayed a novel and a basic control 

execution of a Sun tracker that utilized a solitary double hub 

AC engine to take after the Sun and utilized a remain 

solitary PV inverter to control the whole framework. The 

proposed one-engine configuration was basic and 

independent, and did not require programming and a PC 

interface. A research facility model has been effectively 

manufactured and tried to check the adequacy of the control 

usage. Examination comes about showed that the created 

framework expanded the vitality pick up to 28.31% for a 

halfway overcast day. 

 The proposed procedure is an advancement up until 

now. It accomplishes the accompanying appealing 

highlights: (1) a basic and practical control execution, (2) a 

remain solitary PV inverter to control the whole framework, 

(3) capacity to move the two tomahawks at the same time 

inside their particular reaches, (4) capacity to modify the 

following exactness, and (5) appropriate to moving stages 

with the Sun tracker. The observational discoveries persuade 

that the exploration work may give a few commitments to 

the improvement of sun based vitality applications. 
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