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Abstract: 

The scarcity of non-renewable resources, people are considering to use alternate sources of energy. From all other available 

resources, sun energy is the most abundant and it’s comparatively easy to convert into an electrical energy. The fixed solar panel 

may not be able to generate optimum energy. This tracking movement is achieved by coupling a stepper motor to the solar panel 

such that the panel maintains its face always perpendicular to the Sun to generate maximum energy. Th is is ach ieved by using an 

embedded programming to deliver a periodical t ime intervals for the stepper motor to rotate the mounted panel as desired 

position. The microcontroller used in this project is ATMEL 89C51 .The aim of this project is to design an automatic tracking  

system, which can locate the position of the sun. The tracking system will move the solar panel so that it is positioned 

perpendicular to the sun for maximum energy conversion at all t ime.  

Keywords: micro controller- stepper motor- solar tracking -Solar panel-solar- radiation-solar t imer- optimizat ion- solar power 

generation. 

 

I.  INTRODUCTION 

 

The world is currently facing a serious global warming due to 

the use of non-renewable sources for power generation.There 

are different kinds of renewable resources available to us. 

Among them, solar energy is considered to be the best. 

Because it is abundantly availab le at  any corner of the globe 

and proven to be more efficient in power generation.  Tracking 

devices require some external sources to rotate the panels in 

accordance with the sunlight. Tracking can be done in two 

ways. we used an Embedded programming it to rotate panel 

according to time and direction of availab ility of sunlight.  

 

II.PROJECT OUTLINE 

 

 
Figure.1.Project Outline  

 

III. COMPONENTS  DIS CRIPTIONS 

 

A) Microcontroller:  

In the figure the interfacing circuitry  of the Unipolar Stepper 

Motor with microcontroller AT89C51 is shown. The 

AT89C51 provides a set of standard features: 4K bytes of 

flash, 128 bytes of RAM, 32 I/O lines, two 16-b it 

timer/counters, five vector two-level interrupt architecture. 

Here we have used L293D as the motor driver. Port 1 is 

getting the input from the output of the comparator in 

particular b it pattern.  

 

Using program it is compared the bit pattern and send signal to 

the motor driver to drive the stepper motor in specified 

direction. The circu it diagram is shown in Fig. 1 

 
 

 Figure. 1. Total circuit diagram 
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B) STEPPER MOTOR: 

A stepper motor is one kind of electric motor used in the 

robotics industry. Stepper motors move a known interval for 

each pulse of power. These pulses of power are provided by a 

stepper motor driver and is referred to as a step. As each step 

moves the motor a known d istance it makes them handy 

devices for repeatable positioning. 

 

Step angle:  Stepper motors have a step-angle. A fu ll 360° 

circle div ided by the step-angle gives the number of steps per 

revolution. For example, 1.8° per fu ll step is a common step 

size rating, equivalent to 200 steps per revolution. Most 

stepper motors used for a Mendel have a step-angle of 1.8 

degrees. It is sometimes possible to use motors with larger 

step angles, however for printing to be accurate, they will need 

to be geared down to reduce the angle moved per step, which 

may lead to a slower maximum speed. 

 

Micro stepping: A stepper motor always has a fixed number 

of steps. Micro stepping is a way of increasing the number of 

steps by sending a sine/cosine waveform to the coils inside the 

stepper motor. In most cases, micro  stepping allows stepper 

motors to run smoother and more accurately. Micro stepping 

between pole-positions is made with lower torque than with 

full-stepping, but has much lower tendency for mechanical 

oscillation around the step-positions and you can drive with 

much higher frequencies. If your motors are near to 

mechanical limitations and you have high friction or 

dynamics, micro steps don't give you much more accuracy 

over half-stepping. When your motors  are 'overpowered' 

and/or you don't have much frict ion, then micro stepping can 

give you much higher accuracy over half-stepping. You can 

transfer the higher positioning accuracy to moving accuracy 

too. 

 

C) STEPPER MOTOR DRIVER: 

Motor driver L293D with stepper motor part: The L293D is a 

quadruple high-current half-H driver designed to provide 

bidirectional drive currents of up to 600-mA at voltages from 

4.5 V to 36 V. It is designed to drive inductive loads such as 

relays, solenoids, dc and bipolar stepping motors, as well as 

other high-current/high-voltage loads in positive-supply 

applications. There are three ways to drive unipolar stepper 

motors (one phase on full step, two phases on full step, or half 

step), each one has some advantages and disadvantages. In this 

project two phase full step mode is used. 

 

D) SOLAR PANEL:  

Solar panel refers to a panel designed to absorb the sun's rays 

as a source of energy for generating electricity or heating. A 

photovoltaic (in  short PV) module is a packaged, connected 

assembly of typically 6×10 solar cells. Solar Photovoltaic 

panels constitute the solar array of a photovoltaic system that 

generates and supplies solar electricity in commercial and 

residential applications. Each module is rated by its DC output 

power under standard test conditions, and typically ranges 

from 100 to 365 watts. The efficiency of a module determines 

the area of a module gave the same rated output – an 8% 

efficient 230-watt module will have twice the area of a 16% 

efficient 230-watt module. There are a few solar panels 

available that are exceed ing 19% efficiency. A single solar 

module can produce only a limited amount of power; most 

installations contain mult iple modules. A photovoltaic system 

typically includes a panel or an array  of solar modules, a solar 

inverter, and sometimes a battery and/or solar tracker and 

interconnection wiring. 

 1V. SOLAR TRACKING: 

 

A solar tracker is a device that orients a payload toward the 

Sun. Payloads are usually solar panels, parabolic troughs, 

Fresnel reflectors, mirro rs or lenses. Trackers d irect solar 

panels or modules toward the sun. These devices change their 

orientation throughout the day to follow the sun’s path to 

maximize energy capture. In photovoltaic systems, trackers 

help minimize the angle o f incidence (the angle that a ray of 

light makes with a line perpendicular to the surface) between 

the incoming light and the panel, which increases the amount 

of energy the installation produces. Concentrated solar 

photovoltaics and concentrated solar thermal have optics that 

directly accept sunlight, so solar trackers must be angled 

correctly to collect energy. All concentrated solar systems 

have trackers because the systems do not produce energy 

unless directed correctly toward the sun. There are also several 

methods of driving solar trackers. Passive trackers move from 

a compressed gas fluid driven to one side or the other. Motors 

and gear trains direct active solar trackers by means of a 

controller that responds to the sun’s direction. Finally, a  

chronological tracke r counteracts the Earth’s rotation by 

turning in the opposite direction. 

 

V. TIME CONTROL BAS ED SOLAR TRACKING: 

 

We already discussed sun’s transition from east to west which 

makes it difficult for trad itional solar panels to harness solar 

energy. Irrespective of time, sun’s direction, and incidence 

angles remain same and can be known through sun calculator. 

So, in t ime-based control, we’ll know the timings of travel of 

sun and based on that we have to direct the solar panel in that 

direction.  

 

 
Figure. 2.  Sun transition from east to west 

 

VI. S UN CALCULATOR:  

 

Sun calculator is an online resource that helps us in this time 

control tracking in fo llowing ways  

 

1. It lets us know exact timings of sunrise and sunset in a 

given location.  

2. Gives the path of transition of the sun from east to west.  

3. It also provides different time parameters such as night, 

astronomical twilight, nautical twilight, civil twilight, sunrise, 

daylight, sunset, civil twilight, nautical twilight, astronomical 

twilight. We will have 12hrs of t ime from sunrise to sunset. 

Usually, a solar panel is placed at 45degrees. Now by our 

tracking movement, we need to move to 135degrees. So we 

have 900 movements.  

Time elapsed in sec: 12*60*60  

                                   : 43200  

Movement required in degrees: 135 – 45  

                                                  : 90 degrees 

 

http://reprap.org/wiki/Motor_FAQ
http://reprap.org/wiki/Motor_driver
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So, step-angle required for servomotor is 43200/900    

                                    = 480sec/1degree  

Now, for the panel to go to the init ial position we can take 

comparatively lesser time, say 30 min.  

Time elapsed in sec: 30*60  

                                 : 1800  

Movement in degrees: 90 

So, step-angle required for servomotor is 1800/90   

                                       = 20sec/1degree 

Now, we have 11.5 hrs for sunrise. So we need to keep tracker 

stalled for 11.5*60*60 i.e. 41400 sec. 

 

VII. CONCLUS ION: 

 

Non-renewable resources that we use today do not last long. 

Non-renewable energy sources have fueled the world’s 

industrial complex for far too long. It has reached a point 

where the word is facing rapid starvation in this sector. There 

are also other associated effects too which also need to be 

carefully looked at just to make sure things are running as 

intended. However, this is not the case. With increased 

exploitation of these fossil fuels, there are many associated 

environmental effects like land pollution and air pollution 

which in turn affect both animal and plant life. The far-

reaching consequences of non-renewable sources are 

inexplicable and the trend has to be reversed soon before it is 

too late to do anything. Though they are of h igher efficiency 

when compared to alternate resources, they are limited in 

quantity. So, it is not too late to switch to alternate renewable 

resources so that we can extend the life of those non-

renewable resources. We need to improve the efficiency of 

alternate resources. Earlier solar panels are fixed  in position 

and are exposed to sunlight for a maximum period of 7-8 

hours. It gives an efficiency of 14-16%. With solar tracking, 

we can extend the time of sunlight exposure to nearly 8-12 

hrs. With this efficiency increases to about 40%. The primary 

benefit of a t racking system is to  collect solar energy for the 

longest period of the day, and with the most accurate 

alignment as the Sun's position shifts with the seasons. In 

tracking technology also, when compared to light sensing 

technology, our proposed time-based control is far more 

advantageous. Because, light sensing method needs high-

intensity sunlight to fall on it, which is not possible always. 

Trackers may add up to the cost of solar installation but in 

near future, we’ll have nothing but money. So, it is better to 

employ solar tracking mechanism to these installations so that 

we can derive more power from same equipment 
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