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Abstract 

olar energy is rapidly gaining importance as 

an alternative source of electric power 

energy. To make solar energy more 

practical, effectiveness of solar panel system 

must be maximized. A feasible approach to 

maximized the efficiency of the solar panel 

systems is the sun tracking. The assembly 

programming language is used to interface the 

microcontroller with the 

solar tracking system. 

This paper is about 

moving a solar panel 

along with the direction 

of sun light; it uses a 

motor to change the 

position of the solar 

panel, motor is 

controlled by Atmel 

89c51 microcontroller, 

which detects the sun 

light using photocells and 

liquid crystal display 

(LCD) to display the 

charging voltage of the 

PV module at every point 

in time.  

 

Introduction 

umans nowadays feel uncomforted about the global warming 

situation. One of the way to reduce the global warming is to 

reduce the  utilization  of  electrical  voltage  and  change  to  a  

natural  voltage source  like  wind, rain, tides, sunlight and geothermal 
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heats. So, the engineers try to create a new device that can convert the 

natural energy to an electrical energy like solar panel for sunlight energy, 

wind turbines for wind energy, water turbines.  Hence today we have solar 

installations, wind turbine installations, etc.  

Every solar installation has the solar panel, battery bank, charging control 

unit and the inverter.  Similarly the sun is a factor that is affected by the 

weather condition; this phenomenon may affect the performance of the 

solar installation. Electricity can be produced directly from photovoltaic, PV, 

cells. (Photovoltaic literally means “light” and “electric.”) These cells are 

made from a material which exhibit the “photovoltaic effect” that is when 

sunshine hits the PV cell; the photons of light excite the electrons in the cell 

and cause them to flow, generating electricity. (Greenough River Solar 

Farm, 2016). Sunlight is made of photons, small particles of energy.  These 

photons are absorbed, when they pass through the material of a solar cell 

or solar photovoltaic panel. The photons 'agitate' the electrons found in the 

material of the photovoltaic cell.  As they  begin  to  move  (or  are  

dislodged),  these  are  'routed'  into  a  current.  This, technically, is 

electricity - the movement of electrons along a path. Solar panels made of 

silicon to convert sunlight into electricity. Solar photovoltaic are used in a 

number of ways, primarily to power homes that are inter-tied or 

interconnected with the grid. ( JAMALUDIN, 2008).  

Atoms in a photovoltaic cell absorb energy from light wavelengths that 

roughly correspond to the visible spectrum. The cell made up of silicon, 

which is mixed with two different impurities that produce positive and 

negative charges. Kumar was of the opinion that light causes the charges 

to move the electrons, producing an electric current and that material 

containing different impurities, changes for different wavelengths. (Kumar 

et al, 2014). Oloka argues that change of the light intensity incident on a 

solar cell changes all the parameters, including the open circuit voltage, 

short circuit current, the fill factor, efficiency and   impact of series and 

shunt resistances. Therefore, the increase or decrease has a proportional 

effect on the amount of power output from the panel. (Oloka, 2015),  

He also noted that extraction of usable electricity from the sun became 

possible with the discovery of the photoelectric mechanism and 
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subsequent development of the solar cell. The solar cell is a semiconductor 

material which converts visible light into direct current. Through the use of 

solar arrays, a series of solar cells electrically connected, to generate a DC 

voltage that can be used on a load. There is an increased use of solar arrays 

as their efficiencies become higher. (Oloka, 2015).  

 

METHODOLOGY AND DESIGN   

Realizing the set out objectives here requires a physical model, which is the 

prototype. A physical prototype of sun tracker would be actualized using 

locally sourced materials. This would comprise the microcontroller based 

circuit that provides the logic function that determines when to tilt the PV 

cell to the direction of the sun and the mechanical unit that takes control 

instruction from the log control circuit.  The prototyping methodology will 

also cover the software aspect of this project. The step by step procedure 

adopted in this paper to develop the microcontroller based sun tracker is 

highlighted as follows:  

 

Design Specification  

• Input Interface Design  

• Process Flow Chart  

• Output Interface Design  

• Integrating the Microcontroller System  

 

Design Specification  

The project was designed to fulfill the following conditions:  

Input voltage 12V, input current 6A, and maximum angle of rotation: 240 

degrees.  

 

Input Interface Design  

The input interface of this work is the sensor.  The sensor is made of Light 

Dependent Resistor (LDR).  Two LDR sensors were used.  The configuration 

of each is as shown in Fig. 3.2.  The operational principle of the LDR was 

exploited in this design.  The resistance of LDR decreases with the presence 

of light.  If light is prevented from reaching the LDR the resistance increases.  
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LDR is a variable resistor (Varying with light). So we need to convert varying 

resistor to a voltage that the microcontroller can measure. We do that using 

the LDR and Resistor in a potential divider circuit.  

The top of the potential divider is 5V, the bottom is at 0V and (connected to 

port1 pin 4 and 6) is some value between 5V and 0V that varies as the LDR 

resistance varies according to the light level. The LDR and Resistor are in 

series with the applied voltage (5V), so the current flowing through them is 

the same. So the current through the resistors is;   

                                               I = 5 / R1 +R2                                                                                  (1)  

Now, the output voltage can be calculated using Ohm’s law;  

                                              V = I × R1                                                                                        (2)                  

 we can work out the voltage at the output by substituting Eqn. (1) in Eqn. 

(2)   

                                           Vo = 5×R1/ (R1 + R2)                                                                          (3)  

Where Vo is the output voltage and R2 is the top Resistor value, R1 is the 

bottom Resistor value;  

             Vo =  5×10000/10000 + 5000 = 5×10/15 = 3.33V                                               (4)                          

                                       
Figure 1 Input Interface Design.  

 

Each of the LDR was interfaced to an LM 358 operational amplifier as shown 
in Figure1, and the output of the amplifier connected to the microcontroller 
port.  One of the sensors acts as a pilot or tracker, always looking for the 
direction of sun intensity.  The second sensor acts as Omni directional 
sensor, which detects the presence of sun light at all times.  
The LM 358 is a duel single supply operational amplifier. As it is a single 
supply it eliminates the need for a duel power supply, thus simplifying 
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design and basic application use. One drawback is that the single supply 
does not offer a negative voltage supply. Due to this the output will not be-
able to go below 0V otherwise the waveform will cutoff also known as 
clipping.  
Clipping happens when a wave hasn't reached the max amplitude and stops 
at a point and stays constant causing a flat peak if you clip a sine wave. 
Clipping can often be heard in audio amplifiers when the speaker distorts 
small clipping percentages may go unnoticed to the ear so bare this in mind 
when using a LM358 for an audio pre amplifier etc.  
If you have small signals and need a more useful reading we could amplify it 
using the op amp, this is commonly used in sensors such as the LDR.  
Assuming the sensor output is 50mV and we want it to interface with a 
Microcontroller or so we need to amplify it till we get 5V this allows a small 
change of the sensor to have a big change on the Microcontrollers input 
this means we have greater accuracy of data that has being sampled.  
This is a voltage follower or buffer amplifier circuit, where the output is 
simply equal to the input. The advantage of this circuit is that the op-amp 
can provide current and power gain; the op-amp draws almost no current 
from the input.   
It provides low output impedance to any circuit using the output of the 
follower, meaning that the output will not drop under load. The load is a 1k 
resistor in this case; the op-amp provides all the current needed to drive the 
load, without requiring any current from the input.   
 
Process Flow Chart  
The process control flow chart is presented here.  It shows the flow 
sequence that determines when the solar panel tray should rotate and to 
what direction.  The following logic table was used in the development of 
the flow chart.  
 

000Table 1 Logic Table of the Sensor  

SN  Pilot  Omni Sensor  Action  

  0 (no light)  0 (no light)  Rest Position  

  0  1 (light)  Start tracking the sun  

  1  0  Stop tracking  
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Figure 2 System Flow Chart  

Figure 2 represents the flow chart of Table 1.  The flow chart shows design 

of the logic followed in the development of the program that determines 

the direction of the tracker. Two LDR sensors were used, one of the sensor 

acts as a pilot or tracker, always looking for the direction of high intensity 

of light. The second sensor acts as Omni directional sensor which detects 

the presence of sun light at all times.  

At the initialization (start), microcontroller reads the state of pilot (LDR1). 

If out of phase with light intensity, microcontroller command the motor to 

tilt the solar module to West (assuming the module has been in the East 

position) and stop ones sensed high intensity of light and display the 

voltage value of the solar module at that point. If pilot (LDR) is in phase with 

the light intensity, microcontroller commands the motor to tilt the solar 

module to East, stop and display the charging voltage.  
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Output Interface Design  

The output interface consists of a dc motor configuration used in the 

implementation of the motorized jack, which is made of two transistors 

coupled with relays as shown in Figure 3. The relay enables mechanical 

switching that activates the motor.    

The circuit diagram is as shown in Figure 3.  

  

  
Figure 3 DC Motor Configuration.  

 

At the base a pull-up resistor is used to switch the transistor on when the 

system is powered ON.  The transistor used is NPN.  The operating mode of 

the NPN in digital form is that the collector produces logic 1 when the base 

is not biased.  When the base is biased, the output of the collector is logic 

0.  Now the relay is connected to Vcc on one terminal, the other terminal is 

controlled by the collector output.  In this case, the transistor is biased; the 

collector reads 0 and thus completes the circuit for the relay to switch ON. 

Equation (5) was used in calculating the value of base resistor RB 

                                  (5)  

Q1= C945  
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ICmax = 100mA  

hfe(min) = 40          hfe(max)  = 500                           ICmax, hfe(min) and  hfe(max)  are 

determined from the data book.  

 

IE =   IC + IB                                                                                                             (6)  

hfe                                                                                                                    (7)                           

VB = VCC -VBE          (8)  

 

Where IE = Emitter current, IC = Collector current, IB = Base current and IE = IC, 

hfe = current ratio transfer.   

  

Assuming the hfe for Q1 is taken to be 40, substituting the values in equation 

(7), therefore    

        

 IB                                                                                                                                         (9)                             

  

 2.5mA.                                                                                                          

When Q1 is ON (i.e at saturation), VB = VCC    ̶ VBE = 

5 ̶ 0.7         = 4.3V.   

  

Substituting the value of VB (4.3V) in equation (5)  

Therefore  

 RB                                                                                                                                        (10)   

= 1720Ω, but 2.2kΩ was chosen as the closest resistor value in data 

book.  

  

Integrating the Microcontroller System  

Microcontroller is a single chip microcomputer made through VLSI 

fabrication as shown in Figure 4. A microcontroller also called an embedded 

controller because the microcontroller and its support circuits are often 

built into, or embedded in the devices they control. A microcontroller is 
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available in different word lengths like microprocessors (4bit, 8bit, 16bit, 

32bit, 64bit and 128 bit microcontrollers are available today).   

 
Figure 4. Atmel 89c51 Microcontroller pin out 

 

There are four ports, P0, P1, P2, and p3 in the microcontroller. Any part can 

be used as input and output part depending on how it was programmed.   

 

System Reset  

Reset as shown in Figure 5, is an input pin.  A high on this pin for two 

machine cycles while the oscillator is running resets the device. The reset 

enables the system to always return to a default state.    

Pin 9 of the microcontroller is used as the reset pin.  In this design, the 

internal reset circuit was used; hence pin 9 was connected to Vcc through a 

capacitor as shown in the Figure 5:  
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Figure 5. System Reset Circuit. 

 

System Clock  

In this design, the microcontroller uses its internal clock.  Pins 18 (XTAL1) 

and 19 (XTAL2), which serves as input and output pins respectively,  connect 

a 16MHZ crystal through 30pf capacitor on each terminal to ground as 

shown in Figure 6. This configuration is used if the internal oscillator must 

be used.   

 
  

Figure 6. Crystal Connection to the Microcontroller. 
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Complete Circuit  

The complete circuit diagram as shown in Figure 7 which shows the 

integration of all the sub units to the microcontroller.  The microcontroller 

pots were used to interface the various units.  The ADC was interfaced to 

the port 0 of the microcontroller, the LCD interfaced to the port 2, the 

motor unit was interface to port 3 and the operational amplifiers connected 

to port 1.  

  

  
  

 Figure 7 Complete Circuit Diagram.  

  

TESTING, RESULTS AND DISCUSSIONS  

This section covers the results obtained after testing the prototype that was 

produced, and also the discussion on the result.  
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Testing and Result  

The developed system was completed and the control program 

downloaded into the microcontroller.  The system was then installed and 

tested in the month of July 2018.  While tracing the sun, the values of the 

LDR of both fixed panel and tracking panel at various instances were read 

through the ADC.  The programs on the microcontroller converted the 

values back to voltage value and were hence displayed on the LCD.  

The values were obtained for different hours from 6AM to 6PM in the 

month of July as shown in Figure 8. The readings were recorded 

accordingly.  The month of July was chosen because the month when 

average cloudy and sunny conditions were observed in Kaduna.  Table 2.  

shows the recorded result of both tracking panel and fixed panel values for 

2nd July 2018 in Kaduna.  

 

Table 2:  Results obtained on 2nd July 2017  

   Readings for a Static Panel   Readings for a  

Tracking   

Panel  

Time      Flat panel   Tracking Panel  

0630Hrs   0.196   1.477   

0730Hrs   0.249   2.104   

0830Hrs   0.225   3.411   

0930Hrs   0.723   3.783   

1030Hrs   2.011   3.900   

1130Hrs   3.910   4.657   

1230Hrs   4.888   4.990   

1330Hrs   3.803   4.990   

1430Hrs   3.456   4.985   

1530Hrs   3.930   4.892   

1630Hrs   1.544   4.694   

1730Hrs   0.980   2.456   

1830Hrs   0.718   0.968   
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The Table 2 shows the voltage increase that obtained from the tracking the 

sun with respect to that obtained without tracking (Flat panel). It was seen 

that at a point the voltages of both panel are the same. This was as a result 

of both panels facing the sun at the same inclination. It normally happened 

at midday when the sun is directly overhead.  

               

  
 Figure 8: Graph of Results obtained on 2ndJuly  

                                        
(a)Tracking PV Panel Tilted        (b) Tracking PV Panel Facing the Sun  

Figure 9 Tracking PV Panel at Different Intensity of Sun 

 

The graphical representation of voltage of both the fixed PV panel and 

tracking PV panel against day time is shown in Figure 8. From the graph, it 

can be seen that solar intensity increases with day time to maximum at 12 
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PM and then starts decreasing. Some fluctuations notable in the graph 

were as a result of some cloudy sky and abnormal atmospheric conditions. 

Figure 9 represent the position of the PV panel at different intensity of sun 

light.  

 

Analysis  

From the curves, it can be seen that the maximum sunlight occurs at around 

midday, with maximum values obtained between 12 noon hours and 2 pm. 

In the morning and late evening, intensity of sunlight diminishes and the 

values obtained are less than those obtained during the day. After sunset, 

the tracking system is switched off to save energy. It is switched back on in 

the morning.    

For the panel fitted with the tracking system, the values of the LDRs are 

expected to be close.   

This is because whenever they are in different positions there is an error 

generated that enables its movement. The motion of the panel is stopped 

when the values are the same, meaning the LDRs receive the same intensity 

of sunlight. For the fixed panel, the values vary because the panel is at a 

fixed position. Therefore, at most times the LDRs are not facing the sun at 

the same inclination.  

The graph also shows that at a point, the voltages of both panels are almost 

the same. This is as a result of both panels facing the sun at the same time.    

In terms of the power output of the solar panels for tracking and fixed 

systems, it is evident that the tracking system will have increased power 

output. This is because the power generated by solar panels is dependent 

on the intensity of light. The more the light intensity the more the power 

that will be generated by the solar panel.    

After examining the information obtained in the data table section and in 

the plotted graph, it has been shown that the sun tracking system can 

collect maximum energy than a fixed panel system collects and high 

efficiency is achieved through this tracker method of maximizing the light 

energy system received from the sun. This is an efficiency tracking system 

for solar energy collection.      
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RECOMMENDATION  

For maximum power used for charging solar batteries to be attained, there 

is need for the users to install their solar panels on a solar tracker.  This will 

enable them to save cost of installing many solar panels for a single 

purpose.  

  

CONCLUSION  

At the end of this project, microcontroller based solar tracker using Atmel 

AT89S51 was actualized.  The system was able to track the position of the 

sun where maximum intensity could be found.  The system was also able to 

measure and display the current battery level.  
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