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Abstract 

 

The work discusses about the detailed design and construction of a prototype of solar tracking system which detects the 

sun’s intensity using the light dependent resistors. The control circuit for the tracker is microchip make peripheral 

interface controller 16F877A. The controller is programmed to detect the sunlight with the aid of photo sensors and then 

actuate the motor to align the solar panel where it achieves the maximum solar intensity. The panel’s voltage and the 

current reading were transmitted to the personal computer using universal synchronous and asynchronous 

receiver/transmitter protocol. The proposed tracking system is hybrid hardware and software prototype which provides 

best alignment of solar panel with the sun. It uses three photo resistors which are mounted on the sides of the solar photo 

voltaic panel. By using photo resistors, solar tracking system becomes more sensitive and allows it to determine a more 

accurate location of the panel to align to the sun. A comparative analysis was performed between the fixed and the single 

axis tracking system. 
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1. Introduction 

 
1
 Energy is driving human life which is crucial for human 

development and also for human life. For the sustainability 

of the growing world, there is a need for a secure and 

accessible supply of energy. Continuation of the use of 

fossil fuels faces multiple challenges including depletion 

of fossil fuels reserves, global warming, continuing fuel 

price rise, military conflicts etc. Fossil fuels are causing 

vast blow on the environment. Climatic changes driven by 

human activities results in production of green house gas 

emission and thereby directly impacts the human 

environment. These challenges create an unsustainable 

situation, where renewable energy is the only solution to 

energy crisis. Renewable energy resources like solar, 

wind, biomass, tidal, wave are abundant inexhaustible and 

environmental friendly. 

 Solar power systems provide a continuous, reliable 

power solution that's easily deployed, cost-effective and 

requires little maintenance. Solar power system is the one 

which can be conveniently installed and transported. It 

also has the perfect characteristics of self-control, self-

protection, needing no attention, compact structure, 

elegant outline and convenience for using etc. Solar power 

to produce electricity is not the same as solar to produce 

heat. Solar thermal principles are applied to produce hot 

fluids or air. Photovoltaic principles are used to produce 

electricity. A solar panel is made of the natural element, 
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silicon, which becomes charged electrically when 

subjected to sunlight. Solar panels are directed at solar 

south in the northern hemisphere and solar north in the 

southern hemisphere at an angle dictated by the 

geographic location and latitude of where they are to be 

installed. Typically, the angle of the solar array is set 

within a range of between site-latitude-plus 15 degrees and 

site-latitude-minus 15 degrees, depending on whether a 

slight winter or summer bias is desirable in the system 

(SMACCNA, 1978). 

 Tracking technology for solar PV panels follow the 

course of sun and increase the electricity production by 

40% compared with modules at fixed angles. In any solar 

application, the conversion efficiency is improved when 

the modules are continuously adjusted to the optimal angle 

as the sun traverses the sky. A tracker produces more 

power over a long time than a stationary array with same 

number of modules. The additional output can be defined 

as a percentage of output of the stationary array. This 

output or gain varies with latitude, climate and the type of 

the tracker. Sun tracker systems are widely used to 

enhance and maximize the energy production of 

photovoltaic plants. This is achieved by aligning the panel 

perpendicular to the maximal radiation direction. To 

improve the solar energy efficiency; the development of 

an inexpensive and precise solar tracker was designed and 

developed. This work aims to determine the amount of 

voltage and current generated by a solar PV module, by 

designing a hardware prototype and comparing the results 

with fixed system. 
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2. Literature Review 

 

There are mainly two ways by which the efficiency of the 

solar cells could be improved. One is by recuperating the 

actual energy conversion technique or by incorporating a 

solar tracker system on the panel (Elagib and Osman, 

2013). An ideal tracker allows the solar panel to accurately 

point towards the sun, compensating for both changes in 

the altitude angle of the sun (throughout the day), 

latitudinal offset of the sun (during seasonal changes) and 

changes in azimuth angle. 

Solar trackers can be classified into two main 

categories (Gevorkian, 2011). They are Passive thermally 

operated models and Active electrically operated models. 

Active trackers use photoelectric sensors to determine the 

angle of the sun and are more accurate and powered by 

electricity and not the sun’s heat and could be used in cold 

and winter climates. Active trackers are classified into 

microprocessor and electro-optical sensor type, PC 

controlled date and time based, auxiliary bifacial solar cell 

based and a combination of these three systems (Camacho, 
et al, 2012). Electro optical solar trackers consists of at 

least one of antiparallel connected photo resistors which 

are by equal intensity of illumination of both elements, get 

electrically balanced so that there is no control signal to 

drive a motor. In auxiliary bifacial solar cells, the solar 

cell senses and drives the system to the desired position. In 

PC controlled date and time based, a computer calculates 

the Sun’s position with respect to date and time with 

algorithms and creates signals for the control system 

(Hossein,et al,2009). 

Passive trackers on the other hand are mechanically 

operated and the absence of electrical components makes 

it to function properly and have less cost comparing to 

active trackers (Bonda and Snyder, 2008). These trackers 

respond very slowly in winter due to powering from the 

heat of the sun. These trackers don’t follow the seasonal 

altitude changes of the sun and have to be manually 

aligned for summer and winter declination. Passive 

trackers doesn’t require sensors or motors and are 

incorporated with tubes positioned on either side of PV 

array and are filled with liquid refrigerant, Freon. When 

sunlight strikes tube on the right, it heats up the liquid 

causing it to expand. As a result some liquid forcefully 

flows to the left side of the tube. This causes weight to 

shift to left which causes array to rotate and thereby 

tracking the sun (Chiras, 2010). 

Tracking systems are classified into two classes based 

on their motion. They are Single axis and Dual axis 

trackers (Fadil,et al,2013),(Paulescu,et al,2013).Single 

axis trackers have one degree of freedom and are aligned 

along a true north meridian. Dual axis trackers have two 

degrees of freedom and act as axes of rotation and are 

normal to one another. The axis which is fixed with 

respect to the ground is the primary axis. Single axis 

trackers include horizontal single axis trackers, vertical 

single axis trackers, tilted single axis trackers and polar 

aligned single axis trackers. Based on the orientation of 

primary axes with respect to ground, Dual axes trackers 

are of tip-tilt dual axis trackers and azimuth-altitude dual 

axis trackers. 

2.1 Sensor and Microprocessor based 

 

A solar tracker with two stepper motor for free rotation on 

X and Y axis was designed (Abas and Fadzil, 2010). A 

microcontroller device PIC 18F4560 programmed with C-

language controls the entire operation. The pyranometer 

sensor is guarded by the algorithm implemented inside the 

controller. The intensity data of the ultraviolet is high from 

8:00am to 18:00pm while the reading of the ultraviolet lies 

between 0.8 to1.6kW/m
2
.The several testing process 

indicates that the pyranometer sensor is reliable and 

significant to track the sun light. 

A two axes tracking system which tracks the sun in 

both azimuth and elevation plane was designed and check 

the suns position using microcontroller 16F877 and align 

the solar panel to the point of maximum intensity. The 

developed system searches for the azimuth and the tilt 

angle during the day time and is not controlled by the 

geographical location of the solar panel installation. The 

tracker scans at an angle of 120degree east-west everyday 

and the system is completely controlled by the 

microcontroller. The comparative study of the output from 

the fixed and tracking panel shows an efficiency of 

21.7%.The system may give erroneous results when the 

panel is exposed to temporal variations like rain, cloud, 

fog etc (Barin and Vang, 2013). 

 

2.2 Date and Time based 

 

An electromechanical system which tracks the sun in both 

azimuth and altitude angle was developed and designed. 

The entire system is controlled by programmed logic 

controller and analogue module was designed along with 

the set-up. The Siemens make PLC controller, EM232 

performs 12-bit operations, the resolution value obtained 

when the numerical value is converted to analogue value 

provides a variation in the control signal, and as a result a 

variation of 0.05 degree occur in the value of angle to be 

adjusted. The developed prototype provides 42.6% more 

energy when comparing to the photovoltaic panels with 

fixed stand alone positions (Sungur, 2009). 

A tracker was designed with an embedded 

microcontroller which has a database of angles and no 

signal is incorporated at the inlet side of the tracker and 

therefore, it functions as an open loop system. The 

developed prototype produces a power gain of 26% in 

eight hour. The system doesn’t suffer from temporal 

variations in atmospheric conditions like rain, cloud, fog 

etc. The tracker is designed and programmed for searching 

the maximum solar illumination during the working day 

time and otherwise only the elevation has to be adjusted 

periodically(Beltran, et al,2007).  

          

3. Hardware 

 

Fig.1 shows the block diagram of the tracker developed. 

The detection of the position of the sun and the 

illumination measurement undergoes various steps. A 

digital system is implemented in the circuit to estimate the 

maximum suns intensity. The system is connected to 

stepper motor and photo resistors to redirect the panel to 

http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Peter+Gevorkian%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Eduardo+F.+Camacho%22
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the sun. It forwards the position of the sun to stepper 

motors in order to orient towards the sun.  

Three light dependent resistors are used to detect the 

illumination and the output voltage levels are compared 

and given to PIC controller for tracking purpose. These 

resistors are aligned at an angle of 60 degree apart on the 

top of the photovoltaic panel in order to get sun’s 

illumination. The intensity variations are determined by 

the voltage variations of the sensors. 

 For the controlling circuit, microcontroller 

PIC16F877A acts as a brain which controls the movement 

of the motor via relay circuit. Data received from the 

sensors are processed by the controller circuit and sends 

the control signal to geared motor to ensure solar panel is 

perpendicular to the sun. Relay controls the rotation of the 

motor to rotate either clockwise or anticlockwise. The 

solar panel which is attached to the motor reacts to the 

control signal from controller accordingly. 

The position angles are saved in the registers of the 

controller and voltage and current readings are displayed 

on the LCD and transmitted to remote location using RS-

232 cable for further processing using software’s or 

display in hyper terminal. The accuracy of the system is 

enhanced by gear factor and ratio, with gears added to the 

motors, some factors were improved such as degree/step 

and high torque. Less degrees per step gives better 

accuracy in position and angles 

 
Fig.1 Block diagram of tracker 

 

3.1. Light Dependent Resistor 

 

Cadmium sulphide photo conductive cells are used to 

detect the intensity of sun’s light whose spectral response 

similar to that of the human eye. When the sun’s radiation 

increases and when it falls on the light dependent resistor, 

its resistance decreases. To make use of the LDR as a light 

detecting element it has to be placed in series with a 

resistor and voltage divider thus formed and the output 

voltage at the junction is determined by the two resistance 

values. The voltage appearing at the junction of voltage 

divider increases when resistance of the light dependent 

resistor reduces. 

 

3.2. Voltage and Current Sensing 

 

Solar power is measured by sensing the voltage and 

current reading of the photovoltaic panel at every instant 

of sun’s illumination. Voltage sensing is done by voltage 

divider circuit and the analog voltage sensed from solar 

panel is connected to input 'AN0' of micro-controller. It 

varies from 3.26V to 4.03 V in the presence of 

illumination and it is less than 3.26V in the absence of 

light i.e. during dim light or night hours. 

The input voltage was reduced using voltage divider so 

that half of the solar voltage appear at the input of ADC 

input of the PIC.The resolution of the ADC is 10 bits and 

for an ADC value of 5,the reading would be 1023(2
10

-1). 
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2

Voltage appearing at theinput of ADC pin

ADC value


   (1) 
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Voltage appearing at theinput of voltage divider

ADC value 


  (2) 

For measuring the Current,Ohms law was used,a 100 ohm 

load resistor was added in the circuit and  by using the 

voltage divider,solar voltage can be measured. The current 

sensed from solar panel is connected to input 'AN1' of 

micro-controller. By using the ohms law, 
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          (3) 

 

3.3. Peripheral Interface Controller 

 

As the work is mainly focussed on embedded software 

controller, Microchip make PIC16F877A controller was 

used as the heart of the system. The selected controller 

satisfies the below features to attain the goal of tracking 

the sun. 

 10-bit, up to 8-channel Analog-to-Digital Converter 

(A/D) 

 Timer1: 16-bit timer/counter with prescaler, can be 

incremented during Sleep via external 

crystal/clock.(Selected controller is having three 

timers, out of which Timer1 is used) 

 Universal Synchronous Asynchronous Receiver 

Transmitter (USART/SCI) with 9-bit address detection 

 Five Input/output ports. 

 Up to 8K x 14 words of Flash Program Memory 

 Up to 368 x 8 bytes of Data Memory (RAM) 

 Up to 256 x 8 bytes of EEPROM Data Memory 

 

3.4. Liquid Crystal Display 

 

LCD is used to display the voltage and the current reading 

of the solar panel at the instant of sun’s illumination. A 

Hitachi make 20 character × 2 line LM032L liquid crystal 

display was used in the prototype developed. The display 

is a 16 pin which works with maximum power supply of 

6.5V and the data can be sent in either 4 bit, 2 operations 

or 8-bit, 1 operation so that it can be interfaced to 8 bit 

microprocessors. 
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3.5. Stepper Motor and Driver 

 

Stepper motor implemented in the work has with five 

wires and is used for the precise movement of the panel 

programmed in full step mode. It requires +12V power 

supply and four control pulses at its terminals having a 

gear ratio of 42.50 degree and step angle of 7.50 degree. 
In order to keep the motor’s power loss within a 

reasonable limit, the current in the windings must be 

controlled. The motor of the tracker is controlled by using 

driving circuit in which the IRF540N HEXFET Power 

MOSFET is used to provide the proper current rating to 

the motor. The maximum drain current the chip can 

withstand is 33A and the gate to source voltage is 

±20V.The driver provides the proper drive sequence to 

rotate the motor either clockwise or counter clockwise. 

 

3.6. MAX-232 

 

MAX-232 converts signals from an RS-232 serial port to 

signals suitable for use in TTL compatible digital logic 

circuits. The MAX232 is a dual driver/receiver and 

typically converts the RX, TX, CTS and RTS signals. The 

signals from the microcontroller are transmitted to the 

personal computer through the TX and RX pins of the 

controller IC using MAX-232 chip. This data can be 

further processed or stored for future use using the 

MATLAB software. 

 

3.7. Photovoltaic panel 

Two photovoltaic panels are implemented in tracking each 

have a specification of 3V and 150mA current capacity. 

These PV panels are connected in series so that the open 

circuit voltage from the system being 7.2V and the short 

circuit current being 165mA. 

 

3.8. Power Supply 

 

A 12 V adapter was used for deriving power from the AC 

mains. The stepper motor works with 12V dc power 

supply and the controller, sensors, power MOSFET and 

the LCD works with 5V DC power. The L7800 series ST 

make three terminal positive regulator is used for 

providing 5V DC voltage. 

 

4. Implementation of the prototype 

 

 
 

Fig.2 Schematic of tracker 

The schematic for the tracker is shown in Fig.2. The 

system consists of three LDRs, PIC16F877A controller, 

geared stepper motor, MAX-232 and LCD. The three 

LDRs are mounted at an angle of 60° apart on the top of 

the solar panel. The tracker measures the intensity of the 

light from the LDRs and depending on the analogue 

voltage levels of these sensors, the panel move towards the 

level of high intensity. Geared stepper motor attached to 

the photovoltaic panel, rotates according to the pulses 

generated by the microcontroller. The system provides a 

real time PC monitoring of the voltage and current of the 

photovoltaic panel at the point of illumination.Fig.3 

provides the developed tracker. 

 

 
 

Fig.3 Developed tracker 

 

5. Result and Investigation 

 

The developed prototype was tested at latitude 31°25′N 

and 31°52′N and between 76°18′E and 76°44′E longitude, 

at an altitude of 785 meters on 19
th

 February, 2014.Data 

was taken at an interval from 9:00 am to 6:00pm.The 

average power efficiency of the tracking solar panel is 

measured by, 

2 1

1

100%
P P

P


 
 


        (4) 

An embedded system incorporated with software as well 

as hardware and the tracker prototype was developed after 

step by step procedures. In order to obtain the efficiency of 

the tracker, it was necessary to compare the experimental 

results for the fixed panel with the smart solar tracker 

system. To obtain this data, simple experiments were 

performed. Readings were taken from 9:45am to 5:45pm 

for both fixed and tracking mode of operation and is 

shown in Table 1. In the fixed position mode, the module 

was fixed at the time of measurement facing the south 

position with an altitude angle. 

The output power of the smart tracker was compared 

with the fixed panel design in order to determine the 

efficiency of the solar tracker system.  

 

1

19 / 02 / 2014

( ) 4.6388W

The sumof power fromthe fixed systemon

P 
 

2

ker 19 / 02 / 2014

( ) 5.5071W

The sumof power fromthetrac systemon
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Efficiency of the tracker system is, 2 1

1

100%
P P

P
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18.7167%   

 
 

Fig.4 Power vs Time plot for fixed and tracking panel 

taken on 19/02/2014 at NITH  
 

Table 1 Power readings of fixed panel and tracker taken 

on 19/02/2014 at NITH. 

 

S No: Time 
Intensity(W/

m2) 

Power 

from fixed 

panel(W) 

Power from 

Tracking 

system(W) 

1 9:45 389.274 0.37204 0.5412 

2 10:45 560.358 0.54225 0.7456 

3 11:45 685.009 0.66647 0.8675 

4 12:45 810.295 0.7921 0.7967 

5 1:45 738.595 0.71986 0.7283 

6 2:45 691.740 0.67318 0.7453 

7 3:45 455.429 0.43763 0.5231 

8 4:45 364.841 0.34801 0.4673 

9 5:45 96.423 0.08732 0.0921 

 

The PV module output voltage, efficiency of the panel and 

the power output depends on cell temperature in the PV 

module. The PV modules are encapsulated with glass 

covers which produce green house effect and results in 

heating of solar cells and thereby the temperature rises. 

This change in temperature from standard operating 

temperature influences the output power of a photovoltaic 

panel. The temperature variation for the fixed as well as 

tracking panel is shown in Table: 2. With increase in 

temperature of the module, the output voltage of the 

module decreases and thereby reduces the module 

efficiency and the module output power. 

 The cell temperature varies due to ambient 

temperature. The irradiance variation has dual effect on 

electrical characteristics when comparing to temperature. 

The influence of panel temperature is shown in Fig. 5. The 

modules open circuit voltage is independent of irradiation 

and is logarithmic in nature. The short circuit current is 

linearly dependent on the irradiance. 

 

Conclusions 

 

The proposed low cost microcontroller based automatic 

sun tracker which automatically tracks the sun for 

capturing the maximum solar energy was designed by 

controlling with embedded microcontroller system. It 

positions the solar photo voltaic panel to the point of 

maximum light intensity by using a software solution for 

maximizing the tracker output. The electronics required to 

activate the motor is very less and simple and can be 

configured for compound parabolic, flat plate, parabolic 

trough, Fresnel lens, parabolic dish collectors using minor 

mechanical modifications. 

 

Table 2 Temperature readings of fixed panel and tracker 

taken on 19/02/2014 at NITH. 

 

S No: Time 
Fixed front panel 

temperature (°C) 

Tracking front 

panel temperature 

(°C) 

1 9:45 38.2 37.6 

2 10:45 43.6 36.8 

3 11:45 44.6 40.6 

4 12:45 38.4 37.4 

5 1:45 36.2 35.2 

6 2:45 32.6 32.8 

7 3:45 31.6 30.2 

8 4:45 30.4 29.4 

9 5:45 28.9 27.1 

 

Fig.5 Temperature vs Time plot for fixed and tracking 

panel taken on 19/02/2014 at NITH 
 

Based on the results obtained, conclusion can be done that 

the proposed solution for the developed tracker provides 

various advantages concerning the movement of the 

photovoltaic panel. The energy consumption is very less as 

the panel movement is done only in necessary conditions, 

thereby eliminating the necessity of energy consumption. 

Photovoltaic panel positioning for the solar illumination is 

done at any initial position of the PV panel. The PV panel 

was aligned for an optimum position so that maximum 

output was derived only for sufficient values of light 

intensity. The developed tracker could be used for an array 

of solar PV panels which are interconnected by various 

communication protocols among the panels and the entire 

system could be managed by a central computation unit 

for monitoring and control. 
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