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ABSTRACT 

This paper presents the design and implementation of an automatic solar tracking system for optimal 

energy extraction. A prototype system based on two mechanisms was designed and built. The first 

sub-system is the search mechanism (PILOT) which locates the position of the sun while the second 

mechanism (Intelligent PANELS or optimal energy extraction mechanism) aligns itself with the 

PILOT only if maximum energy possible could be extracted. The unique feature of this designed 

system is that instead of taking the earth as its reference, it takes the sun as a guiding source with 

an innovative alignment procedure for accurate and precise alignment between PILOT and PANEL 

so that maximum energy is extracted. For synchronization purpose between the PILOT and PANEL, 

two active sensors; LDR (light dependent resistor) constantly detects the sun rise and ultrasonic 

sensors detects the east position while the servo motors rotate the panel towards the direction where 

the intensity of sunlight is maximized. The two systems are driven by a microcontroller ATMEGA 

328P programmed in C-language. At maximum, the solar tracker was perpendicular to the light 

source by 10 degrees. The built system achieved 25% improved output power at 10:00am compared 

to the conventional practice where solar panels are fixed mid-way between the geographical east 

and west with approximately 30 degrees towards the south as this optimal tilt was based on the 

season, and geographical location index of Minna, Niger State, Nigeria on the following 

coordinates; 9.5836° N, 6.5463° E. 

Keywords: Solar Tracking System, Pilot, Panel, Automatic, ATMEGA 328P 

1 INTRODUCTION 

The use of solar energy is in the upswing due to its 

environmental friendliness and abundance (Mpodi et al., 

2019). Solar energy is the form of renewable energy that 

comes directly from the sun through the form of solar 

radiation (Al-rousan, Ashidi, Isa, Khairunaz, & Desa, 

2020). Renewable energy (RE) integration dramatically 

rises in vital challenges and impacts on present power 

systems (Jamroen, Komkum, Kohsri, & Himananto, 2020). 

It’s important for us to also know that solar thermal system 

has been envisioned for utility scale applications. However, 

on the low end the domestic applications can be made 

realizable through low end automation (Muhammad et al., 

2020). Energy crisis is the most important issue in today’s 

world also its consumption is directly related to the 

progress of man power, industrialization and economy of 

the country (Chandrasekar, 2013) (Ignacio, et al., 2016). 

One of the major sources of energy available in the world 

are fossil fuels (Ghassoul, 2018). Conventional energy 

resources are not only limited and costly, but also the prime 

cause for environmental pollution. The environmental 

pollution and rising cost of the fossil fuels have drawn 

considerable attention to renewable energy sources 

(Tharamuttam & Ng, 2017). Considering the rate at which 

fossil fuels are consumed today, studies suggest that most 

of the known reserves of fossil fuels are likely to get 

exhausted by the end of this century (David and Ralph, 

2009) (Byron, et al., 2016). The problem of epileptic power 

supply, high cost of energy, environmental pollution, and 

unreliable central electricity distribution systems is to have 

distributed generation system (DG) Roth et al., (2004). The 

use of renewable types of distributed generation is 

preferable, since they provide a more sustainable and 

healthier environment, most available options include; 

solar, wind and tidal (Jamroen et al., 2020). To provide a 

sustainable power production and safer world to the future 

generation Ghassoul M., (2009), there is a growing demand 

for renewable energy sources like wind, solar, geo thermal 

and ocean tidal wave (Abu_Malouh, et al., 2011). 

Renewable energy resources are getting priorities in the 

whole world to lessen the dependency on conventional 

resources (Jeya, 2011). Solar energy is rapidly gaining the 

focus as an important means of expanding renewable 
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energy uses (Fernando et al., 2011). Lots of researches 

have been carried out in improving solar cells efficiency 

which also involves the positioning of the cells to maximize 

energy extraction during the day (David and Ralph, 2009) 

(Tanvir, et al., 2010). A Solar tracker is a device used   for 

orienting a solar photovoltaic panel or lens towards the sun 

by using the solar or light sensors connected with the 

machine (Mpodi et al., 2019). In other to maximize energy 

extraction during the day and increasing the photovoltaic 

cell efficiency against the conventional practice where 

solar panels are fixed mid-way between the geographical 

east and west with approximately 30 degrees towards the 

south. Studies have shown that this is not ideal position for 

maximizing energy extraction (Mostefaet al., 2013). It has 

been estimated that the yield from solar panels can be 

increased by 30 to 60 percent by utilizing a tracking system 

instead of a stationary array (Mostefaet al., 2013). A better 

way is to orient the panels continuously towards the sun, 

using single axis or double axes (Bill, 2008). Several 

factors must be considered when determining the use of 

trackers (Thulasiyammal and Shylaja, 2010). Some of 

these include: the solar technology being used, the amount 

of direct solar irradiation, feed-in tariffs in the region where 

the system is deployed, and the cost to install and maintain 

the trackers Chin et al., (2011). Concentrated applications 

like concentrated photovoltaic panels (CPV) or 

concentrated solar power (CSP) require a high degree of 

accuracy to ensure the sunlight is directed precisely at the 

focal point of the reflector or lens (Adrain, 2010). Non-

concentrating applications do not require tracking (Arafat, 

2011) but using a tracker can improve the total power 

produced by the system (Alsoud, et al., 2009). Photovoltaic 

systems using high efficiency panels with trackers can be 

very effective (Allen, 2011). The automatic solar tracking 

system is designed around two sub-systems. The first is the 

PILOT for detecting the position where maximum energy 

could be extracted and the second is the solar panel with 

the control strategy. The aim of the PILOT is to move to 

the new angle, and picks up the voltage induced. That 

voltage is compared with that sensed by the sensor mounted 

on the panels. If the panel voltage is less than that of the 

PILOT by a predetermined threshold offset, then the panels 

move and align themselves with the PILOT, otherwise they 

stay in their current position. A better way to orient the 

panels continuously towards the sun using a search 

mechanism (PILOT) which locates the position of the sun 

while the second mechanism (Intelligent PANELS) aligns 

itself with the PILOT only if maximum energy possible 

could be extracted. 

2 METHODOLOGY 

2.1 Preamble  

This section of the paper presents the design and 

implementation of the research work. The design is based 

on 5V DC supply from a 7.2V DC battery. The 

implementation is developed considering two sub-systems 

for an optimal positioning; The PILOT and PANEL. The 

block diagram in Figure 2.1 shows a general preview of the 

stages involved in the design and implementation of the 

work.  

 

2.2     Design Approach 

 

The automatic solar tracking system prototype to maximize 

energy extraction was designed and built. The research 

method basically consists the following: 

 Collecting solar energy data 

 Selecting and studying component characteristics, 

hardware requirement and costs, 

 Modelling of system block diagram and its circuit 

diagram Simulation with the flowchart analysis 

 Studying the operation of the servomotor as it 

constitutes the mechanical system configurations 

 Selection of optimum component based on 

modelling/simulation results 

 Prototype implementation output power 

compared to a fixed system  

 Performance evaluation of the selected system. 

 

A modular approach was used to break the research work 

into separate tasks. The light dependent resistor (LDR) 

detects the rays from the sun in other to align the PILOT to 

the panel. A motor circuit is used to perform this movement 

based on the signal received from the comparator, 

proximity ultrasonic sensor/switch and controller.  

The hardware sections consist of Light Dependent Resistor 

and Inductive Proximity sensors (Ultrasonic sensor), 

Microcontroller, Voltage regulators, Comparators, RS flip-

flops, servomotors, panel, variable resistors, transducer and 

assembling structure. 

1. Light Dependent Resistors (LDR) detects sunrise 

while Proximity Sensors and Ultrasonic sensor 

detects the east position. 

2. Microcontroller converts analogue photocell 

voltage into digital values and provide for output 

channels to control motor rotation also program 

will be loaded in the microcontroller. 

3. The crystal oscillator takes note of the clock 

produce by the pre-scaler. 

4. Comparator compares the two voltages and the 

output is used to trigger the controller accordingly  

5. RS flip flop reset priority, where the flip flop is set 

when end run proximity switch is activated while 

sun sets, and is reset when the start proximity 

switch is activated. 

6. Servo motors provides precision positioning 

control applications for the PILOTS and Panels. 

7. Solar panel extract maximum energy during the 

day when positioned mid-way between 

geographical east and west with approximately 30 

degrees towards the south. 
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8. Variable resistors set the predetermined threshold 

by which the panels move to align itself with the 

PILOT.  

9. Filters and regulators are used to set the required 

7.2V dc to the sub-systems. 

10. 7.2V, DC supply lead acid accumulator is used to 

supply 5V dc 

 

                                                   Figure 2.1: Block Diagram of the system 

 
                                                     Figure 2.2: Block diagram of the hardware sections 

 

2.3   Design Procedure 

The design consists of two sections developed to improve 

the performance of the solar collectors which 

demonstrated an accurate alignment procedure capable 

of optimal energy extraction. The energy output energy 

performance is compared with a Fixed solar panel which 

receives the morning and evening sunlight at an acute 

angle, thus reducing the total amount of electricity 

generated each day. The value from PV panel infixed 

mode and in tracking mode were measured and obtained 

at different hours of the day. In an ideal situation where 

atmospheric influence is negligible, the theoretical 

calculation of the energy surplus is carried out assuming, 

the maximum radiation intensity, I=1100w/m2 is falling 

on the area perpendicular oriented to the direction of 

https://www.bayerojet.com/


 
 
 
                                                                                                                                       ISSN: 2449 – 0539    
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.15 No.3, AUG, 2020 pp 110-123 

Also available online at https://www.bayerojet.com 113 
 

radiation and the day length, 𝑡 =
12 ℎ𝑜𝑢𝑟𝑠 (43,200 𝑠𝑒𝑐𝑜𝑛𝑑𝑠) (Hazim et al., 2016). The 

design implementation consists of two sections, the micro 

controller programing and the hardware section.  For the 

microcontroller programming section, the program is 

written in C language using Atmel studio. The micro-

controller could also be erased and reprogrammed online 

using the In- 

Circuit Serial Programming technique (ICSP). 

The hardware section consists of five parts: Light 

Dependent Resistor and Inductive Proximity sensors, 

Ultrasonic sensors Microcontroller, Crystal Oscillators, 

Comparators, RS flip-flops, Relays Servo motors, panel, 

variable resistors, power supply and assembling structure. 

The hardware sections are shown in Figure 2.2. 

From the block diagram in Figure 2.2 it can be seen that the 

whole system is divided into the following sub-units 

 Power supply 

 Light Dependent Resistors (Light sensors) 

  Position sensors 

 Control units  

 Servo motors 

 Motor drives (Intelligent drives units) 

  Panels 

 Mechanical model 

2.3.1 Power Supply Design 

The source of power for the research work is from a 7.2 

volts DC battery supply. The dc was then regulated to 5V 

dc using a 5V regulator (LM7805). According to the 

datasheet of the LM7805, the output voltage is a constant 

voltage of 5Vdc. The circuit of the power supply is shown 

in Figure 2.3 

Figure 2.3: Circuit Diagram of a Regulator. 

Mathematical design analysis of the circuit in Figure 2.3: 

Battery Voltage   VVb 2.7  

All capacitors ensured stable supply 

Let voltage drop across regulator be dV  

Therefore; OUTINd VVV                                       (2.1) 

52.7 dV  

VVd 2.2  

Power dissipate by Regulator   IVP                      (2.2)                                                          

VIP 2.2  

54.0I Amp  (Current drawn by the circuit 

components). 

IP 2.2 Watts19.154.02.2   

2.3.2 Light dependent resistors  

They are light sensitive resistors whose resistance 

decreases as the intensity of light they are exposed to 

increases. The resistance of an LDR may typically have the 

following resistances: Daylight = 5000Ω, while when it is 

dark = 20000000Ω. This design work is using two LDRs 

for sensing the light, that is, the sun moves from east to 

west, the level of intensity falling on both the LDRs 

changes and this change is calibrated into voltage using 

voltage dividers shown in Figure 2.4 

 
Figure 2.4: Voltage divider for the determination of the equivalent value 

of the LDR 

Mathematical design analysis of the circuit in Figure 2.4: 

V out   is the output voltage that goes to the microcontroller 

unit.  

cco V
RR

R
V 




21

2
                                                      (2.3)                                                           

Where  𝑅1is the LDR resistance and, 

 kR 102  

𝑉𝑐𝑐 = 5V 

1.0 VOLTAGE DIVIDER
LDR

R2
0V
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The changes in voltage are compared using built-in 

comparator of microcontroller and motor is used to rotate 

the solar panel in a way so as to track the light source. 

Figure 2.5 gives the pictorial representation of LDRs 

 
Figure 2.5: Physical representation of an LDR (Allen, 2011) 

The two LDRs shown in this paper perform the following 

functions;  

 Sunrise and Sunset detection 

 Voltage level detection. 

Sunrise and Sunset detection: The sunrise and sun set 

detection circuit in figure 2.6: illustrate the detection 

capabilities of LDR in this project design; 

 
                        Figure 2.6: Sunrise and set capture 

When sun rises, the LDR resistance decreases and the 

current through it increases. The voltage at the transistor 

base builds up until the transistor is forced into saturation. 

The collector current in turn increases and the coil is 

energized, and in turn it pulls the relay to close connecting 

the supply to the micro controller input. When darkness 

falls, the LDR resistor increases and the transistor base 

current decreases cutting the collector current, and in turn 

disconnecting the relay (The flywheel diode is connected 

to protect the transistor against the di/dt effect). An 

identical circuit is used for the sun set, with small 

difference where the input is connected to the micro 

controller. Voltage level detection: The voltage difference 

between that of the panels and that of the PILOT is detected 

using the circuit shown in Figure 2.7.  

 
Figure 2.7: Detection of voltage difference between pilot LDR and cell 

LDR 

The LDR on the right is connected to the panel and the 

LDR on the left is connected to the PILOT. The two 

variable resistors are used so that the voltage threshold 

could be adjusted. When the light intensity on the PILOT‟s 

cell is bigger than that on the panel’s cell, the induced 

current is bigger in the PILOT’s branch than that in the 

panel branch; and the voltage at the positive input of the 

comparator is bigger than the voltage at the negative input; 

as a result, the output of the comparator goes high. This 

triggers the microcontroller to activate the panel to follow 

the PILOT. If the difference between the two voltages is 

less than the threshold, then the panels stay in the current 

position, and the PILOT searches for new position. 

2.3.3 Proximity switch (position sensors), ultrasonic 

sensor 

Proximity sensors detect the presence of objects without 

physical contact. Typical applications include the position 

detection. An inductive proximity was mounted onto the 

panel and a reflector on the PILOT for effective alignment. 

When the PILOT moves to the new position, the voltage 

difference between the voltage detected by the PILOT 

sensor and that detected by the panel sensor is greater than 

the threshold then the panels rotate forward to align 

themselves with the PILOT. That happens when the panels 

come close to the proximity of the reflector mounted on the 

PILOT (about 3 mm), the proximity switch closes. This 

latter activates the input of the microcontroller; and as a 

result, the controller drives the panels to standstill. Thus, 

the panels always follow the PILOT regardless of the load, 

weather conditions, friction as well as the software problem 

where duration adaptation was needed all the time with the 

previous reviewed designs. 

2.3.4 Control units  

The control unit uses a microcontroller ATMEGA 328P 

which has internal ADC and memory. The controller was 

clocked with a frequency of 16 MHz. This is used to 

achieve a compact system since two ADC is needed to 

check both the voltage and current. The controller is 

programmed to communicate with the LDRs, position 

sensor, servo motor, panel, opto couplers mechanical 

model and relay connected to the position sensors which is 

1
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responsible for the east and west switching. The basic 

connection of the controller is shown in Figure 2.8. 

Figure 2.8: Microcontroller Circuit Connection. 

Pin 7 which is the Vcc is connected to 5 V as specified in 

the datasheet which is to power the controller while pin 8 

is grounded. ATMEGA 328P has four timers, timer 0 

(TMR0), timer 1 (TMR1), timer 2 (TMR2) and timer 3 

(TMR3). In this project, only timer 0 and timer 3 are used; 

because they could be programmed either as 8 or 16-bit 

timers/counters as well as having a programmable pre-

scaler to scale down the clock. Timer 0 is used to determine 

the wait duration. That is the time for which the PILOT is 

standstill, and timer 3 is used to determine the time of the 

rotation. Each timer is associated with a number of special 

registers. This is how Timer 0 control register is set. On sun 

rise, the pilot starts rotating through a fixed angle 

determined by the micro controller internal timer0. Timer0 

is programmed with its pre- scalar dividing the system 

clock (500 KHz obtained from the 4 MHz crystal oscillator) 

by 1:256, and is used to count the clocks produced by the 

pre-scalar. When the time elapses, the timer delivers a 

programmed pulse proportional to the angle which the 

PILOT has to be driven through to the new position, so that 

it keeps facing the sun. The PILOT motor is controlled 

through PORTB, just by setting pin RB3 of ATMEGA 

328P, and to bring it to standstill at the end of the step the 

pin is reset (known as soft latch). The angle by which the 

PILOT rotates is set through timer3. The panel’s motor is 

activated by setting pin RB6 of the microcontroller when 

the proximity switch comes into the proximity of the 

reflector and the condition is met it is reset and the panel 

stops. The procedure then repeats itself. 

2.3.5   Servo motor 

To rotate the PILOT and panel along the axes for precise 

and accurate alignment, this project design implementation 

used servo motors. Although servo motors are not a 

specific class of motor, they are intended and designed to 

be use in motion control applications which require high 

accuracy positioning, quick reversing and exceptional 

performance. Servo motors have a high-speed response due 

to low inertia and are designed with small diameter and 

long rotor length. Servo motors work on servo mechanism 

that uses position feedback to control the speed and final 

position of the motor. Internally, a servo motor combines a 

motor, feedback circuit, controller and other electronic 

circuit. Operational assembling structure of servo motors is 

shown in Figure 2.9 

Figure 2.9: Shows the assembling structure of a servo mechanism 

2.3.6 Motor drives (intelligent drives units) 

The control drives for PILOT and panels motors are 

identical, except of course the energy to drive the panels is 

much higher than that driving the PILOT. The PILOT is 

driven by the PIC micro controller through its output port 

B (PORTB) pin RB3 for the forward rotation and RB4 for 

return rotation whereas the panels are driven through pin 

RB5 for the forward rotation and RB6 for the return 

rotation. When RB3 is activated, Q5 and Q6 are both driven 

into saturation, and the PILOT motor is energized, and 

rotates in clockwise direction. The duration of rotation is 

derived by the controller timer0. Figure 2.10 and 2.11 

shows the power drives circuit for the PILOT motor and 

Panel motor respectively; 

Figure 2.10: Power drive internal circuitry for PILOT motor 
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Figure 2.11: Power drive internal circuitry of Panel motor 

When RB4 is high, Q7 and Q8 are driven into saturation 

and the pilot motor rotates in counter clockwise direction. 

Unlike RB3, RB4 is connected to a software flip/flop which 

drives the system back to the origin by hitting a proximity 

switch which resets the flip flop and the system comes to a 

standstill (Refer to Figure 2.11). The same procedure takes 

place with the panels. When RB5 is activated, it drives Q1 

and Q2 into saturation. And the panel motor is energized 

and rotates in the clockwise direction. The duration of 

rotation comes to an end when the proximity switch closes 

when it comes into the proximity of the reflector mounted 

on the PILOT (Figure 2.10). When sun sets, the controller 

activates RB6, which in turn drives Q3 and Q4 into 

saturation, energizing the power motor, and it rotates 

counter clockwise, simultaneously with the PILOT towards 

the start. They come to standstill, when the start limit 

switch is activated. As it is well known, the flywheel diodes 

are used to protect the control circuit from any current 

surge due the rate of change coil current.  

Required drive current = 100𝑚𝐴  at 5V supply 

𝐼𝐵𝑈𝑍 = 𝐼𝑐  

𝐼𝑐 =Transistor collector current 

Therefore, bc II                                (2.4)

    

mA
I

I c

b 5.2
40

100



 

 gain of the transistor 

Therefore; mAIb 5.2  

IRV  according to Ohm’s Law 

mAIIRV 5.2  

?R  

Base emitter junction voltage 7.0 for silicon transistor 

Therefore,  

voltage at the base of the transistor =  V7.05  

since, IRV   

I

V
R   

5.2

3.4

5.2

7.05



R  

 kR 7.1  

The nearest resistance to be calculated result is   k5.1
Therefore, the transistor base resistance chosen  k5.1  

2.3.7 Comparator  

This design incorporates an LM741 which is a common 

operational amplifier with a power dissipation of 500 mW. 

This comparator setup has an overall power dissipation of 

1W. Since the sun rotates at 2π radians / 24 Hours or 7.272 

x 10-5 rad/s which corresponds to a frequency of about 1.16 

x 10-5 Hz, the comparator circuit doesn’t need to be able to 

handle fast switching speeds. Since the logic gates can’t 

handle high frequency input signals a low pass filter was 

designed to allow roughly 10 Hz or lower. Allowing the 

system to move at higher frequencies wasted power and 

contributed to jitter in the tracking. A 1µF capacitor was 

used and the following calculation was used to calculate the 

resistor. 

   kFHzR 9.1511021                        (2.5)    

 Therefore, a 15 kΩ resistor was used in the low pass filter. 

The output from the comparator circuit are not necessarily 

discrete. When the light intensity was greater on one photo 

resistor or the panel voltage is less than that of the PILOT 

by the predetermined threshold (this is set through a 

variable resistor), then the panels start moving to align 

themselves with the PILOT until the proximity switch is 

activated when it comes close to the reflector mounted on 

the PILOT. If this condition is not met, then the system 

moves to the next scan. 

2.3.8 Panels 

Panels directly converts solar radiations into electricity 

energy. This prototype design incorporates an individual 

solar cell is typically made out of crystalline silicon. The 

equivalent circuit of the solar cell is shown in Fig. 2.12. 
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Figure 2.12: Solar Cell Equivalent Circuits 

 

The current supply Iph represents the electric current 

generated from the sun beaming on the solar cell. Where; 

Rj is the non-linear impedance of the P-N junction.  

Dj is a P-N junction diode,  

Rsh and Rs represent the equivalent line up with the 

interior of the materials and connecting resistances in 

series. Usually in general analysis, Rsh is large, and the 

value of Rs is small. Therefore, in order to simplify the 

process of analysis, one can ignore Rsh and Rs. The 

symbol Ro represents the external load. I and V represent 

the output current and the voltage of the solar cell, 

respectively. From the equivalent circuit, and based on 

the characteristics of the P-N junction. Equation (2.6) 

represents the mathematical connection between the 

output current I and the output voltage V: 




















 1exp

s

satpphp
n

V

KTA

q
InInI        (2.6) 

where;  

np represents the parallel integer of the solar cell;  

ns represents the series connected integer of the solar cell;  

q Represents the contained electricity in an electron 

(1.6×10−19Columbic); k is the Boltzmann constant 

(1.38×10−23J / °K);  

T is the temperature of the solar cell (absolute temperature 

°K); and  

A is the ideal factor of the solar cell (A= 1 ~ 5). The current 

sat Iin Equation (2.7) represents their version saturation 

current of the solar power.  

Further, sat I can be determined by using the following 

formula: 
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Where; 

Tr represents the reference temperature of the solar cell.  

Irr is the reversion saturation current at the time when the 

solar cell reaches its temperature Tr. 

EGap is the energy needed for crossing the energy band gap 

for the semiconductor materials. (the crystalline EGap = 

1.1eV). From the study we are able to know that when the 

temperature is fixed; the stronger the sunlight, and the 

higher the open-circuit voltage and short-circuit current 

are. Here we can see the obvious effects of illumination on 

then short-circuit current, rather than the open-circuit 

current. Therefore, the solar cell can provide higher output 

rate as the sunlight becomes stronger, i.e. solar cell facing 

the sun (Chuang et al., 2007). 

 

The overall circuit diagram comprises the DC power 

supply, LDRs, position sensor, servo motor and intelligent 

drives units. This is shown in Figure 2.13. 
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                                                        Figure 2.13: Circuit diagram of the overall design for the system

 

2.4 The Prototype System 

The final system design consisted of a mechanical 

assembly made of clear mechanical structures to 

demonstrate the inner workings of the system, aluminum, 

steel pivots and threaded fulcrum parts for the axle, spindle 

and motor mount assemblies and the electrical control 

system which was composed of the microcontroller 

development board circuit boards. During the testing phase 

of this paper, 5V was chosen arbitrarily as a starting point 

to help design the circuits. The circuits boards hold are the 

H-bridge for the motor, the potentiometers for balancing 

the signals from the solar panels and two indicator LEDs 

used for troubleshooting the system. The developed search 

mechanism (PILOT), Optimal energy extraction 

mechanism (Intelligent PANEL) and control unit makes up 

the hardware while the programming of the 

microcontroller is the software implementation. The 

prototype is implemented on a voltage level of 7.2/5 DC  

 

volts’ battery supply. The dimension of the panel is 

measured and the area in meter square is given by S0 as the 

collector area (𝑆0 = 0.024𝑚2). the maximum radiation 

intensity, I=1100W/m2 is falling on the area perpendicular 

oriented to the direction of radiation and the day length, 

t=12hours (43,200 seconds) The developed prototype 

circuit is shown in in Plate I. 
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Plate I: Prototype circuit implemented   

2.4.1 Procedure for testing in fixed mode 

The first test of the prototype was to measure the 

angular difference between a light source and the 

tracker center, referred to as the angular error. To do 

this, the altitude axis of the tracker was disabled by 

removing power to that H-bridge. The altitude axis 

was also oriented at 90° so that the azimuth sensors 

were perpendicular with the light source. Then from 

this, the exact center of the tracker was found and 

marked by measuring to the exact center of the sensor 

array and translating that center to the bottom platter 

using a pendulum. For this test the tracker center was 

oriented at a starting point and shut off. The light was 

set to the 0° mark on the protractor so that the error 

before turning the tracker on was its starting position 

in degrees. Then the tracker was turned on and its 

movement to find the light was closely observed. The 

mathematical expression for sun beam projection on 

photovoltaic cell is outlined below for a fixed system; 

For fixed solar collector the projection of sum beam 

on the PV cell is given by 

Where S0 is the collector area  2024.0 mSO           (2.8)                                                          

The projection of sum beam on the PV cell is given by  

SSO   

𝜃 is the angle changing in interval (
𝜋

2
  𝑡𝑜 −

𝜋

2
)  during 

the day? 

The angular velocity of the sun moving across the sky, 

sec

10
727

7 rads

                  (2.9)

  

 The angular velocity of the sun moving across the sky 

ISDtdE                                                                       (2.10)                                                                                    

 Integrating both sides taking limit from(
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 OISE = SWatt.1026.7 5  

The value from PV panel measured and obtain in fixed 

mode is shown in Table 3.2. The output voltage and current 

values were measured and obtained at different hours of the 

day. This experiment was carried out on 2
nd 

July, 2017 

between 10am and 4pm. The plate II gives the physical 

representation during fixed mode. 

 

Plate II: Physical representation of implemented prototype during fixed 
mode 

2.4.2 Procedure for testing in tracking mode 

In order to determine a tilt angle that provided the best 

accuracy and the best response to a change in the angle of 

incidence a testing setup with a 100-watt light bulb was 

built. The adjustable mount allowed for tilt angles of 25°, 

35°, 45°, 55°, and 65°. The light bulb was positioned 

approximately a foot from the adjustable tilt angle mount. 

A separator that was fixed by the mount allowed the light 

bulb to be rotated around the mount, while maintaining the 

foot-long distance. The value from PV panel measured and 

obtain in tracking mode is shown in Table 3.3. The output 

voltage and current values were measured and obtained at 

different hours of the day. This experiment was carried out 

on 2
nd 

July 2017 between 10am and 4pm. Plate III gives 

the physical representation during tracking mode. 
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Plate III: Physical representation of implemented prototype during 
tracking mode 

The mathematical expression for sun beam projection on 

photovoltaic cell is outlined below for a tracked system. 

For tracking collector; 

 

tISE O , and since 
o0                                   (2.12)                                                          

 

200,43024.01100 E  

 

SWattE .1014.1 6  

 

Therefore, comparison between the results shows that 

there is an energy surplus achieved with the tracking 

system. 

Therefore 57% surplus is achieved. 

2.5 The Software Implementation 

ATMEGA328P microcontroller which was used in the 

implementation of the design. the inputs to the controller 

are: 

1. The detected voltage from the pilot LDR 

2. The detected voltage from the panel LDR 

3. The sun rise/set indication 

The controller was then programmed in C language to 

compare the pilot and panel voltages using a comparator 

and give a 1 if pilot LDR voltage is less than panel (i.e. the 

current pilot position will capture more power). If the 

comparator output is LOW, then the panel motor is kept at 

its current position but if it is a HIGH then the panel will 

be adjusted to the position of the pilot so as to achieve 

maximum power extraction.  

The controller as earlier said also controls the pilot motor 

to search for the point of maximum power by tracking the 

suns movement every hour. This was achieved by using a 

timer which advances the motor by 10o every hour and 

resets the motor and timer to its start position (due east) 

when the set/rise indicator is LOW.  

The software implementation for the prototype is the 

programming of the ATMEGA328P microcontroller used 

in the intelligent drives, monitoring, control system 

developed. The program is written in C language using 

Atmel studio  

2.5.1   Control algorithm 

Step 1. Install the solar panel 

Step 2. Keep the solar panel in initial position 

Step 3. Find the maximum sunlight using photo resistor and 

save the position of solar panel 

Step 4. Measure the current  

Step 5. If current is less than threshold value, wait until 

greater than threshold and go to step 3 otherwise go to 

Step 6. Turn the panel towards left for provided step angle 

of 10 degrees and measure the current. If the current is 

greater than previous current, continue turning left until the 

maximum current in x and y axes 

Step 7. Send the coordinates(x,y) of the solar panel to the 

controller. 

Step 8. Go to step 3 

 

3 RESULTS AND DISCUSSION 

3.1 Preamble 

This section covers the testing, of the project, the results 

obtained and the discussions on the results. The prototype 

is tested in both fixed and tracking mode. The panel square 

meter area is calculated to be 0.024m2   and the energy 

falling on the PV cell was determined assuming an ideal 

situation where atmospheric influence is negligible, the 

theoretical calculation of energy surplus is achieved 

assuming the maximum radiation intensity I=1100w/m2 

with a single panel delivering 8volts. At the beginning, the 

prototype is oriented towards the east where the proximity 

switch (start) test for the east positioning. After the 

prototype was built, it was put through several tests of 

functionality to ensure that it met the original design 

requirements. The tracker’s angular setting, servo drive 

mechanism and power consumption were measured to 

calculate the tracker’s power generation in comparison to 

fixed solar panel systems. 

3.2 PILOT and Panel Angular Results Setting 

The controller was programmed to continually adjust the 

pilot motor by 15o from east to west every hour which is 

the approximate distance the sun travels every hour. The 

pilot motor continues searching for maximum power every 

hour till the sunset/rise LDR indicates sun set then the 

microcontroller adjusts the pilot and panel to the east (0o 

position) ready for the next day. The signals from the two 

LDR sensor pairs (U1 and U2) were compared to detect any 

change in value. Once the microcontroller detects 0 and 1 

at its input ports (pin 7 and pin 8) of Figure 2.8, it sends 

signal to the motor driver through pin5 and pin6 (Figure  

2 .8 )  to move the motor forward and equally send signal to     

stop the motor when the inputs are 1 and 1. Table 3.1 
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illustrates the operation control conditions of the 

microcontroller with respect to the input signal from the 

sensors. 

Table 3.1: Microcontroller controls and servo motor 

directions 

 

3.3 Sun Rise and Set Capture Results 

When sun rises, the LDR resistance decreases and the 

current through it increases. The voltage at the transistor 

base builds up until the transistor is forced into saturation. 

The collector current in turn increases and the relay is 

energized to close connecting the supply to the micro 

controller input. When darkness falls, the LDR resistor 

increases and the transistor base current decreases cutting 

the collector current, and in turn disconnecting the supply. 

Hence in the daytime starting at sunrise, a HIGH (5V) is 

sent to the controller while at night starting at sunset a 

LOW (0V) is sent to the controller. 

3.4 Fixed System Results Discussion.  

The result in Table 3.2 can be used to calculate the output 

power obtained in the fixed mode. This is shown as computed 

in Table 3.2 

 

 

Table 3.2: Solar output of PV panel in fixed mode (day, 

month, year) 

 

 

3.5 Tracked System Results Discussion.  

The result in Table 3.3 can be used to calculate the output 

power obtained in the tracking mode. This is shown as 

computed in Table 3.3 

 Table 3.3: Solar output of PV panel in tracked mode (day, 

month, year) 

 
 

3.5.1 Comparative assessment of the fixed mode and 

tracking mode output power 

To illustrates improvement in the output power gained by 

using an automatic solar tracking system with accurate 

alignment procedure to the output power in tracked 

mode. The percentage increase in solar power output 

gained is tabulated below in Table 3.4: The mathematical 

expression for the percentage increase in the solar power 

output gained by the automatic tracking system is given in 

equation 3.1; 

Output Gain (%) =  100


PFM

PFMPTM
            (3.1) 

Where; PTM is the power obtained by tracking mode and, 

PFM is the power obtained in fixed mode. 

The table shows the percentage o u t p u t  power increase 

that is obtained from tracking the sun with respect to that 

obtained without tracking. It is seen that at a point the 

power output of both the solar panel with and without 

tracking are the same. This is because of both panels 

facing the sun at the same time. The graphical 

representation of power output of both the fixed PV panel 

and the tracking PV panel against day time is shown in 

Figure 3.1. 

The graph in Figure 3.1 gives pictorial improvement in 

output power gained by using an automatic solar tracking 

system with accurate alignment procedure. It is seen that 

at a point the power output of both the solar panel with and 

without tracking are the same. This is because of both 

panels are facing the sun at the same time. 

Table 3.4: Percentage increase in output power gained by 

tracking and fixed mode 
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Figure 3.1: Graphical result of power output for both fixed mode 

tracking and automatic system tracking again time change in hours. 

4   CONCLUSION 

A cost effective intelligent automatic solar tracking system 

prototype to extract maximum solar energy possible was 

designed, built and tested. The system is based on two 

mechanisms. The first one is the search mechanism 

(PILOT) which locates the position of the sun. The second 

mechanism (intelligent PANELS) aligns itself with the 

PILOT only if maximum energy possible could be 

extracted. Thus, solar tracking system is an efficient and 

feasible means of obtaining optimal solar energy from the 

sun by constantly aligning the photovoltaic panel along the 

direction of sun. The solar module with automatic tracking 

system as demonstrated in the analysis achieves about 25% 

output power improvement at 10:00am over the fixed solar 

module. 
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