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Abstract

This paper illustrates design of solar tracking system
using FPGA(Field Programmable Gate Array).Use of
Astronomical equation in this design. Astronomical
equation gives altitude and azimuth angle using this
position of the sun can be determined. Main idea of this
design is to develop an solar panel which uses sun rays
as energy and generate maximum power effectively.This
design contain clock module, sunrise module and PWM
generator module. The design of verilog code has been
successfully implemented on SPARTEN 3E FPGA Kkit.
For design entry Xilinx ISE 14.2 software is used, syn-
thesis and dump the bit file onto FPGA kit has been
done, Xilinx simulator used for functionality check.
FPGA having advantages of massively parallel data
processing, field reprogram ability, Performance gain
for software applications and real time application per-
formance, which allowed fast processing and lower de-
velopment cost.
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|. Introduction

The use of the energy is more demanding as the world
population increases day by day. In present time oil and
coal which is main source of energy is about to end up.
we require reliable source of energy. Solar energy is one
of the non-pollutant, reliable and cost-effective source
of energy[Garg 2000].There are variety of applications
of solar energy such as producing electricity, transporta-
tion, cooking and many more.

Solar cell become extremely popular for utilizing so-
lar energy. we use solar energy through SPV/(Solar Pho-
tovoltaic Cell) or solar cell to meet our electricity re-
quirements. Solar cell is a electrical device that convert
solar radiation directly into electricity by photovoltaic
effect. The solar radiations are gathered by solar collec-
tor. In photovoltaic effect light form the sun is collected
by the P-N type junction and causes movement of elec-
trons to p-side and holes to n-side of junction. As the
result number of electron-hole pairs are generated which
create the flow of electric current[G.D.Sharma May

2006].
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Figure 1. Working of PV cell

Il. Evaluation of solar tracker

As the sun moves across the sky, for receiving the
best angle of the sun radiation for collection of energy.
Most photovoltaic (PV) solar panels are fitted fixed.
Though the sun moves across the sky during the day,
this is not an ideal solution. Solar panels are installed in
the direction of maximum of radiation of sunlight. Now
the problem arises that the sun is moving so we can’t get
maximum radiation all time.

To solve this problem a tracking mechanism is often
implemented into the solar panel to keep the panel’s
face in the direction of the sun. A sun tracker is device
over it the solar panels are fitted which tracks the sun
movement across the sky make sure that the maximum
amount of sunlight strikes on the panels throughout the
day. Most of solar radiation is absorb when it strikes
perpendicular to the PV panel. By accurately tracking
the sun, efficiency of the power generation can be in-
creased. There are basically two types of tracker one is
passive tracker and the another is active tracker[Vaibhaa
Sharma 2013].

The passive trackers use a low boiling point gas fluid
which is driven and cause to move the tacking system.
The liquid is then vaporized by the added heat of the sun
and the center of the mass is shifted leading to that sys-
tem finds the new position.

Active tracking mechanism directed the solar panel
towards the sun with the help of light dependent resist-

ISSN No: 2250-3536

Volume 5, Issue 2, March 2015

51


http://www.sciencedirect.com/science/article/pii/S0927024805001662

>

| JATER

er(LDR). Motors are employed to direct the tracker to-
wards the sun’s direction[Balfour 2013].

I11. Types Of Tracker

The sun position in the sky changes with seasons and
during the day. There are two types of trackers are being
described.

Mechanism rotates the single axis tracker in one direc-
tion only. Single axis tracking system increase power
production by 20% to 25% compared to fixed PV cell
panel[Dhanabal, R.et al 2013]. Advantages of single axis
trackers are less complicated and cheaper.

Dual axis tracks the sun entirely. Track the sun both in
azimuth and altitude angles, Capture full path of the sun.
Dual axis tracking system increase power production by
34% to 37% compared to fixed PV cell panel[Dhanabal,
R.et al 2013]. But dual axis trackers are slightly more
complex, little expensive.

IV. Sun Path

In earth’s southern hemisphere, the sun rises in the
east, sets in the west and move across the northern sky.
The location of the sun can by described by two angle,
the altitude and the azimuth angle[Sanjay K. Jain 2012].
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Figure 2. Solar altitudes and azimuth’s typical behavior of
sun path.

Azimuth angle (©,) is measured clockwise around person’s
horizon from north. So an object due north has azimuth of 0°
,east 90%,south 180° and west 270°.The vector from position
of person to the sun position is projected perpendicularly
onto a plane means the angle between a reference plane and
projected vector. The sun Altitude angle (©,) is the angle
between the line connecting to the sun and the horizontal
plane. The altitude angle depend on latitude of the earth, the
declination angle and the hour angle[Fawzi et al 2011].
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ros~ Y [gin & coz §—cosé sin Scos(HA)]

Azimuth Angle = 1)

cos o
Altitude Angle = sin™'[sin 6 cos 8 + cos 6 cos Scos(HA)] (2)

Where, HA is Hour Angle and o is the elevation angle, decli-
nation angle is 6, latitude is denoted by @.

Declination Angle(6) of the sun is the angle between a line
drawn from the centre of the Earth to the sun and equator.
The declination is maximum (23.45°) in the summer/winter
(India 21 June and 22 December)

Declination angle is given as

Declinaton Angle = 23.45" s[n[ﬁﬂ] —817] (3)

Arctic Circle
Autumnal
equinox

Amtarctic Circle

Figure 3. The Declination Angles

Where, the number of the day is denoted by D.
Hour angle which convert local solar time(T) into degree. It

is given as

HRA = 15°(T — 12) )

V. Design Methodology Of Tracking
System

Figure 4 shows the block diagram of solar tracking sys-
tem. This diagram contain FPGA, two stepper motor
driver IC, stepper motor to rotate panel both in horizon-
tally as well as in vertical direction.

This design contain four modules are clock module,
sunrise module and two PWM generator module. These
have been implemented on FPGA kit. This design is cost
effective. Figure 5 shows Design of Tracking System.

Azimuth
angle

FPGA Controller

ULN2003 Stepper Motor

Figure 4. Block Diagram of Solar Tracking System
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A. Digital Clock Module

When | turn on the tracking circuit clock starts. Clock
module used in the tracker provides outputs in second, mi-
nute ,hour ,day and day5.day5 is the output which contains
5 days. To make my calculation easier | divide 365days in
73group.For this counter is used like second counter when it
reaches 59 then minute output increase by 1.If second and
minute counter exceed 59 then hour has increased by 1 and
hour counter reaches 24 then day increased by 1 and so on.

B. Sun Rise Time Module

This module gives rise time for each group. When it goes
high then stepper motor set for azimuth angle start rotating
from east to west and when it goes low then west to east.

C. PWM generator modules

There are basically Pulse generator module is design to
send the pulses to stepper motor, for rotation of motor in
both direction.

Stepper

Clock Motor

Digital

PWM
Module

Clock Rise Time

Figure 5. Design of Tracking System

V1. Working Principle of Solar Track-
ing System

There are various ways from which we can find the posi-
tion of the sun. Implementation of astronomical equations
for calculating azimuth angle is quiet difficult and takes
more time. To tackle this problem, | have used online sun
position calculator to calculate the azimuth angle value of
sun for the year of 2014. | gathered the data containing val-
ues of azimuth angle for location Ahmedabad city in India
for 2014.

Table 1. Aniles of sun rotation with delai
6

11 to 12 16"
12 to 13 19°
13t0 14 18°
14 to 15 15°
15 to 16 12°
16 to 17 8°
17 to 18 7°

The whole problem is divided into three parts.

a. There is almost negligible variations in degree of
azimuth for 5 days, so to make calculations easier
take 5 days as one group thus there are total 73
groups means 1% to 5™ day be the 1% group and
360" to 365™ become the 73" group

b. The data is taken online contains values for azi-
muth angle for every group with delay of 60 mi-
nute.

c. Calculate angle changes after every 60 minute of
delay from sunrise time to sunset time for every
group of the year

Table 1 lists the change in azimuth angle for the 1% group

after a delay of one hour. For instance time from 7 to 8 the
value of azimuth angle varies by 6°.

Table 2. values of azimuth anile for 1% Groui
113 113 113 112 112

7
8 119" 119" 119" 118° 118°
9 126" 126" 126" 126° 126°
10 137" 136" 136" 136° 136°
11 150" 150" 149" 149° 149°
12 167" 166" 166" 166° 166°
13 185" 185" 185" 185° 185°
14 204° 203° 203° 203° 2037
15 218° 218° 218° 218" 218"
16 230° 230° 230° 230° 230°
17 238° 238° 238° 2387 2387
18 245° 245° 245° 245" 245"

The grouping of the days makes task easier. The changes
in azimuth angle from the previous day value are negligible
as shown in Table 2.This table represent azimuth angle for
Ahmedabad city in India.

» Method of tracking

7108 The motion of the tracking system 0° at sunset and sunrise
5109 -0 time and 90° for tilt angle.
9to 10 11°
10to 11 13°
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The tracker system starts from 1% group .The tracker
reaches the 365™ day of the year up to this the tracker sys-

tem is doing its operation continuously.

Check Group of Day

‘ Start Position Pulse Generated ‘

East to West

Wait for 60 minutes ‘ ‘ Move Reverse ‘
‘ Pulse Generated

l l
l

‘ ‘ Start Position ‘

‘ Move Forward ‘ @

Figure 6. azimuth angle movement flow chart

The flow charts for azimuth angle movement is shown in
Figure 6.As given in the flow chart, angle have to wait for
rise time.PWM generation depends on the rise time value.
After initializing, the tracker will first check group of the
day it belongs to. If the rise time is ‘HIGH’ then start the
position of the tracker.

VII. Stepper Motor & Driver Theory

The tracking system consists of two motors, which control
the solar panel position and a control circuit to direct these
motors.

A stepper motor is controlled by the series of electromag-
netic coils. Series of magnet mounted on the center shaft, the
coils surrounding the shaft are given current alternately and
generate fields which attract or repulse the magnet, causing
motor to rotate[9].

The motors are classified into two types unipolar stepper
motor and bipolar stepper motor.

A. Unipolar Stepper Motor

The unipolar stepper motor has five wires or it may be six
also. Power always comes in on this pole so they are called
unipolar stepper motor[10].
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Figure 7. Stepper Interior

B. Bipolar Stepper Motor

The bipolar stepper motor has four wires. Unlike unipoar,
bipolar stepper motor has no common connection. They have
two separate sets of coils[10]. The sequence are given in
table 3.

Table 3. steis of the steiier motor

1 high low high low
2 low high high low
3 low high low high
4 high low low high

Stepper motor are mostly used in the position control ap-
plication and robotics application. Stepper motor moves
when the pulses are provided by PWM generator and given
to a driver IC for current amplification. The driver circuitry
is the main heart of stepper motor. The stepper motor strong-
ly depends on driver circuitry[Urmila Meshram et al 2009].

ULN2003 +12 -28V
Inputs i —D-v 5
From = p. 4 l‘;.,r | S
FPGA {> [ E: Coil 2 Coit 1
31> 13 l
s—> 12 é [
61— > 1 7 j :’/
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Gnd 3 >t 9 Stepper Motor
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Figure 8. Stepper motor with driver circuit.
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VIIl. Simulation And Results

The control logic of solar tracking system contains the
digital clock module, the sunrise time module and pulse
generator modules(PWM module). Three modules are de-
signed, synthesized and dump on FPGA. The output from
FPGA is given to stepper motor driver IC(ULN2003) which
drive the stepper motor in azimuth direction. Each module
explain one by one. Solar tracking system simulated using
Xilinx ISE 14.2.

clock _module
4 A

clk_in day(3:0)
day5(6:0)
hour_counter(4:0)

min_counter(5:0)

swi seconds_counter(5:0)

A -
clock _module
Figure 9. RTL view of clock module

Figure 9 shows RTL view of clock module of solar tracking
system. This is one of the module of the solar tracking sys-
tem here Clk_in and swl are inputs and module provide
outputs in minutes, hours, day, and day5.here day5 indicate
group of five days, So in year 365days divided into 73
groups. Figure 10 shows the Simulation result of digital
clock module.

Figure. 10. Simulation result of digital clock module

Figure 11 shows RTL view of top module which contain
clock module and rise time module. Rise time module have
hour counter,day5,minute counter as input and rise as output
port which gives the rise time of sun during a year.

top:1

clock_module risetime

r

top
Figure 11. RTL view of top module

Figure 12 shows Simulation result of top module, here
output of this module is rise. Sun rise time and sunset time
of sun varies during a year so here the module is design that
gives us rise time of the year. For example rise time of 1%
group is 7 and set time is 18 so during this period rise be-
come high then it goes to low.

Figure 12. Simulation result of top module

Figure 13 shows the RTL view of the proposed system.
Figure 14 illustrates the results of the design. First rise
signal is high at 7 for the 1st group,then set of PWM
pulses are generated with some delay to drive the stepper
motors to track the azimuth angle.
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Figure 13. RTL view of solar tracking system
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Figure 14. The pulse generated of the azimuth

Figure 15. Technology Schematic of solar tracking system

IX. Conclusion & Future Work

Solar panel efficiency was substantially improved with a
sun tracker. Timing based controlling is an attractive feature.
In this design totally depends on time rather than use of light
sensor. The logic is implemented on FPGA sparten 3E kit
successfully. Timing base control system is advantageous
because tracking system lead to no error in partially cloudy
weather. Because using light sensor if there is less or no light
strike on sensor then you will not get satisfied result. Thus
this design is facing the sun even in cloudy weather. This
design has very less cost and easy to design.

In this prototype | have designed modules of solar tracking
system with the help of verilog code for design entry has

International Journal of Advanced Technology & Engineering Research (IJATER)

Www.ijater.com

menting the project. She has remained a constant source of
inspiration, guidance and encouragement to me. I also thank
all staff members of Electronics & Communication Depart-
ment, for their moral support and kind co-operation.

References

[1] Dhanabal, R., V. Bharathi, R. Ranjitha, A. Ponni, S.
Deepthi, and P. Mageshkannan. "Comparison of Ef-
ficiencies of Solar Tracker systems with static panel
Single-Axis Tracking System and Dual-Axis Track-
ing System with Fixed Mount." International Journal
of Engineering & Technology (0975-4024) 5, no. 2
(2013).

[2] G.D. Sharma “Charge generation and photovoltaic
properties of hybrid solar cells based on ZnO and
copper phthalocyanines (CuPc)” Research in solar
energy material and solar cell. A Bibliographic
Sourcebook, pp 933-943,Volume 90,May 2006.

[3] Fawzi, Al Naima and Abdul Majeed Bilal, “Spline-
Based formulas for the determination of Equation of
Time and declination Angle”, ISRN Renewable En-
ergy, (2011)

[4] Balfour, Johan. “Advanced Photovoltaic System De-
sign” Burlington, Mass. : Jones & Bartlett Learning,
2013.

[5] Urmila Meshram, Pankaj Bande, P. A. Dwaramwar,
“Robot Arm Controller using FPGA”2009, |EEE-
2009, pp 1397-140.

[6] Garg; H.P., Solar energy fundamentals and applica-
tions, TATA McGraw Hill, 2000.

[7]  Assi.prof Vaibhaa Sharma “Dual Axis Solar Tracker”
Master dissertation, Univ. of Gautam Budh Tech-
nical, E&CD Dept, May 2013 [online] Available :
http://www.slideshare.net.

[8] Asso. Prof. Dr .Sanjay K. Jain “Simulation studies on
Dual Axis Solar Photovoltaic panel tracking system

”Master dissertation, Univ. of Thapar, EIED
Dept,June 2012 [Online] Available:
dspace.thapar.edu.

[9] “Stepper Motor Basics” [Online] Available:

www.solarbotics.net.last visited Nov-2014

been done by Xilinx 14.2 tool and the functional verification  [10] “Unipolar & Bipoar wound Stepper motor” [online]
has been done using Xilinx simulator also dump the code on Available:http://mww.gtwmotor.com.last visited Oct-
FPGA Spartan 3E Kit. 2014
_ ) [11] Hon, Snehal P., M. T. Kolte, and A. Raut Shweta.
Main Goal oftrackgr is to rotate pane_ls smoothly. To con- "FPGA Based Sun Tracking System Using Fuzzy
struct an emergency light inverter circuit. Logic." International Journal of Scientific & Tech-
nology Research 2, no. 9 (2013).
Acknow|edgments [12] Chettibi, N., A. Mellit, and M. Drif. "FPGA-based
implementation of IncCond algorithm for photovolta-
I would like to thank my guide Ms.Rachna Jani, Associate Ic appllcatlor)s. In Microelectronics (ICM), 2012
Professor, Department of electronics and communication, 24th International Conference on, pp. 1-4. IEEE,
CHARUSAT, for her suggestions and guidance in imple- 2012
ISSN No: 2250-3536 Volume 5, Issue 2, March 2015 56


http://www.sciencedirect.com/science/article/pii/S0927024805001662
http://www.sciencedirect.com/science/journal/09270248/90/7
http://www.slideshare.net,last/
http://www.solarbotics.net.last/
http://www.gtwmotor.com.last/

>

| JATER

International Journal of Advanced Technology & Engineering Research (IJATER)

WwWWw.ijater.com

[13]

[14]

[15]

Raveendhra, Dogga, Babloo Kumar, Devesh Mishra,
and Meenakshi Mankotia. "Design of FPGA based
open circuit voltage MPPT charge controller for solar
PV system.” In Circuits, Power and Computing
Technologies (ICCPCT), 2013 International Confer-
ence on, pp. 523-527. IEEE, 2013.

Assi.prof Dipasri Das “FPGA Based Implementation
of MPPT of Solar Cell” National Conference on
Computing and Communication Systems (NCCCS)
(2012) .

Sharma, Meghana. "An Efficient Low Cost Solar
Tracker Using Microcontroller."

ISSN No: 2250-3536

Volume 5, Issue 2, March 2015

57



