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Abstract - Solar energy is the most popular source of renewable energy due to rapid increase in greenhouse effect and rapid 
increase in energy demand worldwide. Due to which, solar energy is rapidly gaining the major consideration. In solar power 
system, solar cells are used to convert sun rays into electrical power by means of solar cell. However the major drawbacks of 
solar power systems are high initial installment cost and low efficiency of energy conversion. Electrical power of solar cell 
mainly depends on solar irradiation level and temperature. To harvest maximum solar energy from the sun, an efficient and 
cost effective micro controller based solar power tracking system has been designed and its hardware is implemented. Due to 

the alignment of solar panel with the movement of sun it intends to produce maximum electrical power. The methodology is 
a combination of software and hardware that can be used to control hundreds of solar panels in the solar power plant. In this 
paper a dual axis solar tracking system has been designed. Tracker continuously tracks the sun and changes its position to 
maximize the energy output. The sensors compare the light intensities of each side and moves the panel accordingly until it 
receives the equal light on both sides. Tracker also tends the solar panel to reposition itself for the next morning. The 
advantages and need of such solar power tracking system has been discussed and the result has been tested. 
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I. INTRODUCTION 

 

Electricity is one of the most important and basic need 

in everyday life. As most of the machinery used in 

houses, factories, hospitals etc. is operated by 

electricity. The main source of electricity are fossil 
fuels, hydro, nuclear and solar power. Fossil fuels are 

used to drive steam turbines and generators which 

may cause high exhaust gases in the environment, 

which is the major cause of greenhouse effect. Due to 

industrial and technological development and 

population growth globally, energy demand has been 

enhanced most effectively. For the fulfilment of 

energy demand fossil fuels are being used extensively 

hence decreasing the natural reservoirs (oil, gas and 

coal) dramatically and greenhouse gases are being 

exhausted in the environment. Keeping in view the 
rapid decrease of natural resources and excessive 

pollution in the environment, world has been urged to 

find the alternate source of energy. Renewable 

energies like wind power, biomass, geothermal, solar 

power are the most popular and feasible alternate 

sources of energy. 

 

Some factors which should be considered while giving 

importance to renewable energy resources are the 

reliability, capacity, cost, ease of installation, and 

geographical position of the source under study. 

Thermal power requires best geographical position 
and is costly, while wind is less costly comparatively 

but is unreliable due to changing wind conditions. 

Solar power is comparatively cheaper than other 

sources but it strongly depends upon the intensity of 

solar light [1]. 

Solar panels directly convert sun rays into electricity 

with no harmful impact on the environment. When 

photons of sunlight fall on the solar cell which is made 

of semiconductor materials like silicon; electrons in 

the valence band are excited to move to conduction 

band, in this way flow of charge take place and 
current will flow through the circuit. Greater the 

number of photons i.e. sunlight, greater will be the 

current flow. But unfortunately all the photon energy 

is not converted to electricity. Its efficiency ranges 

between 10-30% [2]; therefore there is an extreme 

need of increasing the solar panel efficiency. The most 

appropriate way of enhancing solar panel efficiency is 

to keep the solar panel aligned with the movement of 

sun from sunrise to sunset. 

Several techniques have been designed and 

implemented for harvesting maximum sun rays. O.C 
ozerdum implemented the single axis solar tracker 

with different control techniques like traditional 

control method, ID control method, and solar 

orientation based on location and time and concluded 

with enhanced power output compared to static solar 

panel [3]. A.R.M Siddique has implemented dual axis 

solar tracking system and estimated that about 57% of 

energy may be harvested with solar tracking system as 

compared to static solar panel [4]. Ashish k Panchal et 

al demonstrated the cleaning and solar tracking system 

for solar panel for the improvement of efficiency and 

to diminish the shading effects on the panel [5]. 
Kamala J and Alex Joseph in their paper designed a 

single axis solar tracking system in which the 

movement of solar panel was based on whether at new 

position the power is raising or not. Lot of power may 

be saved in uncertain conditions as the power and 
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intensity level on the sensors remains the same [6]. 

Nursadul Mamun et al implemented a solar tracking 
system with an array of low cost photo sensors. He 

analyzed the sun position changing phenomena during 

winter and summer and therefore was able to use a ray 

of sensors for better reliable system. The authors took 

three different tracking systems under observation and 

found that the result of the system with ray of sensor 

was more than the other traditional hybrid tracker 

system. The power was 32.3% more than the hybrid 

solar tracking system [7]. 

 

II. PROPOSED SYSTEM 

 

 
Figure. 1. Block Diagram Of the Of Proposed System 

 

Block diagram of the proposed system is shown in 

Figure.1 the main components of the system are solar 

panel, microcontroller, Light dependent resistor and 

stepper motors. 

 

III. MICRO CONTROLLER 

Micro controller is the most important unit of this 

system as all the data are executed by it and then 

necessary actions are taken. Micro controller may be 4 

bits.8, 16, 32, 64 and 128 bits. Pic 16F877A is used in 
the proposed system and it consist of the components; 

central processing unit, random access memory, read-

only memory and some other necessary interrupts. 

These all components are mounted on a single chip. 

This chip has different I/O pins [8]. Different micro 

controllers are designed depending on the number of 

bits it executes. Micro controller takes analog voltage 

from potential divider circuit and convert that into 

digital value for comparing and further processing 

whether to excite the stepper motor winding for 

movement or not. 

 

IV. STEPPER MOTOR 

 

Stepper motor is the electromechanical device that 

converts electrical pulses into discrete mechanical 

movements. These pulses are applied to the phases of 

the motor in proper sequence in order to energize the 

phases to create desired torque. The direction of the 

motor shaft mainly depends on the sequences of 

pulses. The frequency of the pulses applied indicates 

the speed of the motor shaft. This motor gives 

relatively high torque at low speed. According to 
construction point of view, there are three types of 

stepper motor; Variable reluctance, Permanent 

magnet and Hybrid. In the proposed system, unipolar 

stepper motor is used with two phases with half step 

sequence excitation method. In this way angle 

resolution may be enhanced to desired level. Two 

stepper motors are used for the proposed system one 

for azimuth angle control and the other for altitude 

angle control. Table 1. shows the specification of this 

stepper motor. 
 

Table 1. Specification of Stepper Motor 

 

 

And the driver circuit for stepper motor is shown as 

below in Figure. 2 in which MOSFETs are used to 

excite the stepper motor windings in proper sequence 

for magnetic pole production to have proper discrete 

step rotation. 

 
Figure.2. Stepper Motor Driver Circuit 
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V. LIGHT DEPENDENT RESISTOR 
 

It is the type of resistor that has inverse relation with 

light intensity. It is also referred to as photocell or 

photo resistor [9]. Higher the light intensity incident 

on it, lower will be its resistance and vice versa. 

Under full dark conditions, it has resistance which 
may range up to 1MΩ and in moderate conditions, it 

ranges up to 10 kΩ and at full bright situations it may 

decrease up to 2 kΩ or may be lower. 5 volt from the 

voltage regulator is applied to the LDR and a 

potential divider circuit is established by adding a 10 

kΩ resistor in series with LDR sensor. Whenever sun 

light intensity will incident on it, current will start 

flowing through the circuit and the voltage drop 

across the resistor will be fed to the micro controller 

to compare and to take action whether to excite the 

stepper motor winding in particular direction. Four 

LDR sensors are used in the proposed system one for 
each side of solar panel and a fifth LDR for next 

morning detection. Potential divider circuit is shown 

given in Figure 3.  

 

 
Figure. 3. Potential divider circuits 

 

The equation used to find the voltage output from the 

potential divider circuit is given below. 

out IN

LDR

R
V V

R R



  (1) 

Where R is the series resistor and is taken 10kΩ in 

the proposed system. 

 

VI. SOLAR PANEL 
  

The proposed system is made for 200 watt solar panel. 

Solar panel is the series and parallel combination of 

solar cells that are made of semiconductor material 

like silicon or germanium. Solar cell converts sun 

light into electrical power upon exposure to sun. 
Higher the sun rays imposed on solar cell or panel 

higher will be the electrical power output. Solar panel 

may comprise of 36 or 72 solar cells depending upon 

the size or capacity of the solar panel. Solar panel 

does not remain perpendicular with sun all the time to 

harvest huge amount of sun rays for higher electrical 

power production. The proposed system will trace the 

sun with help of LDR sensor to keep solar panel 
aligned with sun. Characteristics curve of solar cell is 

mainly dependent on the solar irradiation and 

temperature. Characteristics curve is shown as below 

in Figure 4. Solar cell can produce up to 3.5A current 

and open circuit voltage of up to 0.6 volts.The point at 

the knee at which power is considered maximum is 

referred to as maximum power point and can be traced 

by using efficient maximum power point tracking 

(MPPT) charge controllers. 

 

 
 

Figure.4. I-V & P-V characteristics curve [10] 

 

VII. LIMIT SWITCHES 

 

Whenever solar panel will move from sun rise to 

sunset, a limit switch is fixed in the mechanical frame 

of solar tracker to limit the solar panel movement. 

Solar panel collides with switch at sunset and the 

stepper motor will stop to save energy and to reset the 

solar panel for next morning sun rise. 

 

VIII.PROPOSED ALGORITHM 

 

The flow chart for the proposed system refers to the 

operation of the tracking system. The flow chart is 
programmed in the micro controller and whole system 

operation is performed by micro controller. The 

analog voltage is taken from the potential divider 

circuit which is connected to the ADC pins of micro 

controller to convert that analog voltage into 10 bits 

digital values. As two LDR sensors are used for 

azimuth or altitude angle control, therefore, the 

voltage of the two LDRs are compared and final 

decision is made by micro controller to excite the 

stepper motor winding in particular sequence in order 

to move the panel in desired direction. The movement 
will be continued until equal intensity levels are 

achieved at the sensors. The whole process is shown 

by the flow chart given in Figure 5. 
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Figure.5. Flow chart of proposed system 

 

IX. CIRCUIT DIAGRAM AND SIMULATION 

 
Figure 6. shows the simulation diagram of the 

proposed system in which the LDR values are 

displayed on the LCD and the difference between the 

two sides of the LDR voltages will ensure the 

movement of stepper motor in the direction where 

LDR will detect higher intensity. 

 

 
Figure.6. Simulation model of the system 

 

X. HARDWARE IMPLEMENTATION 

&RESULTS 

 

12 Volt 7A battery supply is used which is converted 

to 5 volt by using voltage regulator for operation of 

micro controller, LCD, stepper motor and LDR 

sensors. This battery is charged from the panel with a 

small diode installed in between., as the seasonal 
variation of earth with respect to sun is not so high as 

it deviates from its path up to 46ᵒ throughout the year, 

therefore that stepper motor will not be functional all 

the time in order to preserve the energy and only the 

stepper motor is responsible for the solar panel 

movement from sunrise to sunset. Main circuit board 

is shown in Figure 7. 

 
Figure.7. Main circuit board 

 

Each stepper motor is fed by proper drivers. Unipolar 

stepper motors have simple driver circuit compared to 

the bipolar stepper motor. As stepper motor draws 2A 

per phase for excitation which can’t be drawn through 

micro controller, MOSFETs are used in the driver 

circuits to provide pulsed sequence for excitation of 

stepper motor winding for proper movement in 

desired direction. Complete solar tracking system 
diagram is shown in Figure 8. and LDR readings at 

different time is given at the time of testing in Table 2. 

 
Table 2. LDR Values at Different Time 

 
 

 
Figure.8. Complete system diagram 

 

Solar power tracking system was tested and found 

working correctly by keeping solar panel aligned with 
sun after initial adjustments. The working of solar 

power tracking system was also tested in simulation. 

The flow chart was programmed in micro controller 
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by Mikro c software. LCD shows the LDR values 

which is shown in Figure 9. Below. LCD is 
connected to the port D of micro controller. 

 
Figure.9. LCD Showing LDR Values 

 

CONCLUSION 

 

Design and implementation of the hardware of dual 

axis solar tracking system was successfully 

accomplished. This system keeps the solar panel 

aligned with sun and tends maximum sun rays capture 

which results maximum electrical power output. LDR 

setup ensures the accuracy of the system. The limit 

switches upon contact with solar panel and will tend 

the tracker to move the panel back to the initial 

position and remains off till the next sunrise. 

 

ACKNOWLEDGMENT 

 

All praise to ALLAH for guidance at every step, 

indeed I could have done nothing without His 

priceless help and guidance.  

 I would like to thank my supervisor Dr. 

Nasrullah Khan for his tremendous support and 

cooperation. I am extremely thankful to my beloved 

parents for their guidance and support. 

 

 

 

 

REFERENCES 
 
[1] A. Pradip, A. Ashraf AV, S.S. Kumar, “Nonconventional 

sources of sustainable energy generation for rural areas”,IEEE 

International Conference on Engineering and Technology, 

Lahore, pp: 1245 - 1248, 15-16 December, 2016. 

[2] W. J. C. Melis, S. K. Mallick, and P. Relf, “Increasing Solar 

Panel Efficiency in a Sustainable Manner”, IEEE International 

Energy Conference, Croatia, pp. 912–915, 13-16 May 2014.  

[3] O. C. Ozerdem and A. Shahin, “A Pv Solar Tracking System 

Controlled By Arduino / Matlab / Simulink”, IEEE 24th 

International Symposium on Industrial Electronics (ISIE), Rio 

de Janeiro, pp. 5–10, 3-5 June, 2015. 

[4] F. Afrin and T. Titirsha, “Installing Dual Axis Solar Tracker 

on Rooftop to Meet the Soaring Demand of Energy for 

Developing Countries”, Annual IEEE India Conference, 

Mumbai, pp.1-5, 13-15 December, 2013. 

[5] B. Abhilash, A.K. Panchal, “Self-Cleaning and Tracking Solar 

Photovoltaic Panel for Improving Efficiency”, 2nd 

International Conference on Advances in Electrical, 

Electronics, Information, Communication and Bio-

Informatics, Chennai, pp.1-4,27-28 February, 2016. 

[6] J. Kamala and A. Joseph, “Solar Tracking for Maximum and 

Economic Energy Harvesting”, International Multi-

Conference on Automation, Computing, Communication, 

Control and Compressed Sensing, Kerala, Vol 5, No.6, 

pp.5030-5037, 22-23 March, 2013. 

[7] N. Mamun and N. H. Samrat, “Multi-directional Solar Tracker 

Using Low Cost Photo Sensor Matrix”, International 

Conference on Informatics, Electronics & Vision, Dhaka, 

pp.1-5, 23-24 May, 2014. 

[8] P. Enhanced and F. Microcontrollers, “Data Sheet,” 2003. 

[9] A. Zakariah, J. J. Jamian, and M. A. Yunus, “Dual-Axis Solar 

Tracking System Based on Fuzzy Logic Control and Light 

Dependent Resistors as Feedback Path Elements”, IEEE 

Student Conference on Research and Development , Kuala 

Lumpur,pp.139–144,13-14 December, 2015. 

[10] Z. N. Ahmad and A. K. Janjua, “Cost Effective Maximum 

Power Point Tracking of Photovoltaic Cell”, International 

Conference on Modelling and Simulation, Istanbul pp.408–

413, 27-29 May,2015. 

 

 

 

 

 

 
 

http://iraj.in/

