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A New Solar Tracking Strategy to Upgrade Solar Power
Efficiency using ZIP codes as an Alternative to Sensors

Abstract. Over the last few years, solar trackers has gone from being a modern power technology to a major source of electricity production. Thus
far, the solar tracking technology has dominated the market of solar power and renewable energy. Usually solar trackers use sensors to locate the
sun's position with a high degree of accuracy; however; the biggest disadvantages of sensor based solar trackers is that they can be complex,
inaccurate with the high response time and are slightly more expensive than their stationary counterpart. In that matter, the main objective of this
work is to design a new, cost effective and simple solar tracker that increases the solar power efficiency without using sensors nor feedback loops.
Instead, we have found a new and more accurate strategy to properly determine the position of the sun by using a tracking code that is based on
countries ZIP codes. In this paper the design, simulation and testing of a high-precision and sensorless solar tracking system is carried out using sun
position algorithm and astronomical equations. Results show that our tracking system can be 99.9% as accurate as a GPS based solar tracker;
moreover, it can be flexible, efficient, low-cost and fitting for both large and small solar generation.

Streszczenie. W ciggu ostatnich kilku lat trackery stoneczne z nowoczesnej technologii energetycznej staty sie gtdbwnym zrédtem produkcji energii
elektrycznej. Do tej pory technologia $ledzenia storica zdominowata rynek energii stonecznej i energii odnawialnej. Zwykle trackery stoneczne
wykorzystujg czujniki do lokalizowania pozycji storica z duzg dokfadnoscig;, jednakze; najwiekszga wadg trackeréw stonecznych opartych na
czujnikach jest to, ze mogg by¢ skomplikowane, niedoktadne z dfugim czasem reakcji i sq nieco drozsze niz ich stacjonarny odpowiednik. W tym
zakresie gtownym celem niniejszej pracy jest zaprojektowanie nowego, efektywnego kosztowo i prostego trackera stonecznego, ktéry zwiekszy
efektywno$c energii stonecznej bez uzycia czujnikéw i petli sprzezenia zwrotnego. Zamiast tego znalezliSmy nowa i doktadniejszg strategie
prawidtowego okre$lania pozycji storica za pomocg kodu $ledzenia opartego na kodach pocztowych krajow. W tym artykule projekt, symulacja i
testowanie bardzo precyzyjnego i bezczujnikowego systemu $ledzenia Storica sg przeprowadzane przy uzyciu algorytmu potozenia storica i rownan
astronomicznych. Wyniki pokazujg, ze nasz system $ledzenia moze by¢ w 99,9% tak doktadny, jak lokalizator stoneczny oparty na GPS; ponadto
moze byc¢ elastyczna, wydajna, tania i odpowiednia zaréwno dla duzych, jak i matych generatoréw energii stonecznej. (Nowa strategia Sledzenia

energii sfonecznej w celu poprawy wydajnosci energii stonecznej za pomoca kodéw pocztowych jako alternatywa dla czujnikéw)
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Introduction

The Sun is an incredibly potent source of power that
releases radiant energy from the occurrence of nuclear
fusion process inside of it, the amount of the sun’s energy
surrounding the earth is roughly (1370 wym”2 , but only
644wm”2 arrives at the earth surface[1]. While some of it
can be used by plants or reflected by 50 % because of the
ground cloudiness[2], the solar radiation striking the earth
surface is more than 10,000 times the human 's energy use
[3].

Due to the fact that solar energy can profitably and
expeditiously produce power, the solar PV market is swiftly
developing all over of the globe with a capacity record
elevated from 177 GW at the end of 2014 , to 385 GW by
the year 2017[4]. The world is making remarkable advance
in the development of its renewable energy sector, yet
using the conventional solar power generation techniques is
not enough to cover the world's total energy needs,
therefore a more practical technique and high quality
technology must be used such as solar tracking system.

The intelligent tracking systems optimize the electrical
power output of the solar panels by keeping the solar
module perpendicular as close as possible to the Sun’
radiation[5].Solar trackers can be classified according to the
mode of their motion as single axis or two axes
trackers[6];And as passive, active or open loop trackers
depending on the type of control and detection. The emitted
solar radiation that falls on the panel's surface can be
estimated and it consists of three components, direct,
diffuse and reflected solar radiation. the output energy of a
solar tracker depends on the amount of solar radiation
falling on the PV panel[7].

Since solar radiation intensity depends on geographical
location [8].the position of the sun (altitude and azimuth
angles) must be determined accurately .The LDR sensors
are highly inaccurate with the high response time, and they

are so sensitive to temperature [9].In contrast, GPS sensors
are more accurate and less sensitive to external
conditions ;however, there biggest disadvantage is that they
need power to function which drains battery in 8 to 12
hours[10].

The solar tracking system was first invented as a
mechanical system by C. Finster in 1962[11]. A lot of
researches has been conducted on solar trackers ever
since to improve of the efficiency of the PV system and
reduce cost and complexity of solar tracking
systems.However, one of the biggest problems that the
solar tracking technology poses is either because of the
inaccuracy of the sensors in bad weathers, their energy
consumption , the complexity of the system ,or because of
the high cost in comparison to their stationary
counterparts[12]. Thus, the objective of this work is to
present a new method to determine the location of the solar
tracker that can be as accurate as a GPS sensor, and cost
effective as LDR sensors, with less complexity and better
efficiency, by using countries ZIP codes to determine the
position of the sun instead of sensors.

In this work, we have designed a new, cost-effective and
more accurate solar tracker that uses countries ZIP codes
instead of specific sensors to determine the tracker’s
angles. This new method consists of increasing solar
system power efficiency without using sensors, but rather
using sun position calculators and algorithms based on the
astronomical equation. The sun’s position from a specific
set point based on a pre-calculated geographic coordinates
is determined by converting a tracking code that uses ZIP
codes into geographic location (altitude and longitude). A
comparison between our solar tracker that uses tracking
code (ZIP codes) and GPS based tracker has been
conducted to test the performance and accuracy of our
system .A graphical user interface was also designed to
give the user the privilege of interacting with the solar
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panels and optimizes the user experience requiring
minimum effort on the user's part to receive maximum
desired outcome since it has as input parameters only the
ZIP code of the location. The system was designed and
simulated using Arduino microcontroller with MATLAB and
Proteus environments.

By simulation results, it has been shown that the
accuracy rate of solar tracking system using tracking code
(ZIP codes) is approximately 99.9% in comparison to the
GPS tracker, which can be a complementary factor in
increasing the solar energy generation in a cost effective
and less complicated way.

 Start

o]
sunrise<time>sun

Send command to
controller

Fig. 1 Flowchart of the developed solar tracker based on tracking
code (ZIP code

Methods and Materials
Proposed method

In this study, a new solar tracking technique has been
designed and tested using MATLAB and Proteus software.
This technique consist of using countries administrative
divisions (ZIP codes) as an indicator to the position of the
solar tracker in a specific geographic location.

Administrative  division are generic names for
geographical areas into which a particular country is
divided. Each region is represented with a ZIP code.
Therefore, we have used ZIP codes to provide users with
positioning and timing instead of sensors. Since the position
of the sun in the sky is a function of both the time and the
geographic location of observation on Earth's surface. We
have developed a sun tracking algorithm that can
accurately determine the tracker’s angle depending on the
position of the sun by converting a ZIP code into geographic
coordinates. The position of the sun is calculated using
predefined algorithms based on mathematical calculations
about sun’s trajectory particularly azimuth and altitude
angles. The main parts of the developed solar tracking
system (shown in Fig. 1) are described as follows:

-The ZIP code of the location in which the solar tracker
has been installed must be inserted.

-The developed algorithm will then give the location
coordinates (latitude and longitude) of the selected ZIP
code.

-Then position of the sun according to the given location
(azimuth and altitude angles) will be calculated using
astronomical equations in function of the location’s latitude
and longitude. -The solar tracker angles will then be
calculated using the sun’s azimuth and altitude angles.

-The calculated tracker angles will be converted into
motor motion (rotation angle).

-The last step is to send the motor angles to the
microcontroller so that the solar panel will face the sun
directly; thus, maximize the power production.

The location of the solar tracker is determined by
selecting the ZIP code of the region where the tracker is
being mounted, since our study has been done in Algeria,
our solar tracking system uses Algerian postal codes and
convert them into geographic location. Algeria is
administratively divided into 58 provinces (as shown in Fig.
2). Each province represent a county. The counties are
divided into 2324 municipality. We have developed a
MATLAB code that helps the user to get latitude and
longitude in all of the provinces and municipalities across
Algeria including 2324 different regions[13]( as indicated in
Table 1)

Table 1. Example of the data used in the MATLAB code (Algeria)

2P Latitude Longitude provinces municipalit
code es
9000 36.473571 2.832315 Blida Blida
9002 36.458546 2.849169 Blida Sidi Kebir
16000 | 36.779443 3.061738 Alger Alger Gare
16081 | 36.694293 2.973317 Alger Baba Hassen
14191 | 35.373814 | 1.315758 Tiaret Ouarsenis el
Beida
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Fig. 2 Administrative divisions of Algeria[14]

Mathematical model

After getting the coordinates of the location (latitude and
longitude) from the ZIP code, the control program uses
astronomical equations to calculate the sun’s position and
track the sun firmly.

In virtue of astronomical equations, the solar tracker
system pursue the movement of the sun in the sky from any
location on Earth at any time and date by means of two
angles altitude and azimuth. Where the azimuth angle is as
an angular displacement of the Sun reference line from the
observer point. And the altitude angle is the angular height
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of the Sun in the sky from the same point. The Following
equations, from the Astronomical data can be used to
estimate the sun’s position [15]:

The azimuth and altitude angles are given as:

(1) Zg= cos!((sind. cos ¢-cos é. sin ¢. cos 7) [ cos @))

2) a=sin™ (sin d. sin p+ cos 8. cos p. cos )

where: Zg— azimuth angle, J — declination angle, ¢ —
coefficients, o— hour angle, « — altitude angle, ¢ — zenith
angle.

The angle between the Earth-Sun vector and the
equatorial plane defined as “angle of declination “is

calculated by:
(3) 0=23.45° sinB

where B can be calculated by the number of days
elapsed in a given year up to a particular date d as
follows:

(4) B =360/365.(d — 81)

The angular displacement of the Sun from the local
point known as” hour angle” is given by:

(5) 0=15°.(LST-12)

where: LST — local Solar Time

The Time Correction factor in minutes 7C defined as the
true solar time is given by the daily apparent motion of the
true or observed Sun as follows:

6) TC=4 (L-LSTM) +EoT

Where: LST M— mean local Solar Time, L— longitude,
EoT — Apparent solar time.

The difference between apparent and mean solar times
EoT is given by:

(7) EoT=9.87sin(2B)-7.53 cos(B)-1.5 sin(B)
where: LST — local Solar Time

By calculating the angles of the sun, the solar tracker
can easily track the sun. However, tilt and azimuth angles
are not the only facture affecting the efficiency of a PV
panel [16]. The angle of incidence can as well effect
occasionally the performance of a PV panel due to its
technical properties [17]. keeping the solar module
perpendicular to the Sun’ radiation require maintaining this
angle at the ideal zero degree[18] .The incidence angle of
solar radiation (shown in Fig. 3) is defined as the angle
between the sun’s rays and the normal on a surface. the
general expression for the angle of incidence is given as
follows[19]:

cos(0) =

sin(L) sin(8) cos(B) —

cos(L) sin(8) sin(B) cos(Zy) +
cos(L) cos(8) cos(h) cos(B) +

sin(L) cos(8) cos(h) sin(B) cos(Z) +
cos(6) sin(h) sin(B) sin(Zs)(8)

where: 8 — tilt angle, # — hour angle, 8 —coefficients, o—
hour angle, a — altitude angle, ¢ — zenith angle.

E

Fig. 3 the sun’s position angles diagram.

Now that we have managed to keep the solar module
perpendicular to the sun, we can predict the global solar
radiation on a tilted surface. the amount of solar radiation
on a tilted surface known as the global irradiance G7 is the
sum of direct, diffuses and reflected irradiance (shown in
Fig. 4)[15],it can be estimated using the following equation:

(8) Gr=Gp+Gp+Gy
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Fig. 4 Solar radiation component on a tilted surface

Design process

In this study, a solar tracker that uses ZIP code
instead of sensors has been designed using MATLAB and
Proteus 8 software. In this project we have chosen a dual
axis solar tracker due to its high efficiency and good
performance. The position of the sun was determined from
a specific geographic location using ZIP code, then the
calculated tilt and pitch angles of the solar panel were
converted into motors motion such that the panel is faced
accordingly to the sun radiation. In order to control the two
motors we have used virtual serial connection between
Proteus and MATLAB software, the MATLAB algorithm will
generate a certain commands and send them to the tracker
to follow the sun vertically and horizontally. We have also
designed an attractive, accessible and efficient user
interface using MATLAB app designer that allows the user
to interact with the solar tracker and optimizes the user
experience requiring minimum effort on the user's part to
receive maximum desired outcome since it has as input
parameters only the location’s ZIP code.

MATLAB app designer

This interface (shown in Fig. 5) is designed to detect the
position of the sun for a given location specified by a ZIP
code at the present time and moves the panel accordingly.
The user will have the privileged to receive information
about the tracker such as: power output, voltage, current
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and collected irradiance, as well as the tracker’s rotation
angles to firmly follow the movement of the sun. The
position of the sun in the sky is also presented in a global
frame with the mention of the sun’s azimuth and altitude
angles.

The main parts of the solar tracker interface panel are
described as follows:

-Specify the location of the solar tracker using ZIP code.

-Rotate the solar panel accordingly to the sun.

-Convert calculated tracker angles into motor motion-
Monitor the solar tracker performance by getting information
about it generated power output.
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Fig. 6 Dual axes solar tracker simulation using Proteus software

Table 2 shows parameters used to develop our solar
tracker user interface calculator program.

Table 2 Solar tracker interface calculator parameters

No Parameter Source Reference

1. Latitude and Longitude of the Table 1 [13]
location

2. Tilt angle Eq. (1) [20]

3. Yaw angle Eq. (2) [20]

4. Irradiance Eq. (7) [15]

5. Power, voltage and current Chapter 2 [15]
outputs

Proteus software

To test the feasibility and the proper work of our system,
the designed solar tracker was simulated on Proteus
software. The designed system (shown in Fig. 6) uses
keypad board to get the ZIP code from the user, then the
optimum tilt and yaw angles generated from the Arduino

microcontroller will be sent to the solar tracker’s motors.
The location’s ZIP code and the motors angles are
displayed to the user using an LCD display.

MATLAB Simulink

The solar tracking system using a tracking code (ZIP
codes) was simulated using MATLAB Simscape Multibody
(as shown in Fig. 7) to simplify the design of the control
system and test its level of performance. This model uses
the ZIP code as an input to the MATLAB code that
calculates the yaw and pitch angles and sends them as a
motion input to the gear revolute joint. The outputs of the
solar tracker are plotted with a scope block.
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Fig. 7 Solar tracker system simulation bloc.
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Fig. 8 A day’s profile of the Sun’s altitude and azimuth angles using
GPS vs ZIP code tracking system

Results and discussions

In order to test its accuracy, the solar orientations based on
location using ZIP codes method is compared with a GPS
positioning system. Instead of getting the location
coordinates (latitude and longitude) from the ZIP code, we
have used MATLAB gps.sensor command. Fig. 8 shows
the calculated altitude and azimuth angle profile every 1 min
for a solar day (sunshine to sunset) of the 26" of December
2022 for the city of Sougueur located in Algeria, with the
latitude of 35.18568 and longitude of 1.49612. by
comparing the two, we have noticed a very small deference
which is not even clear unless we zoomed in, from the
figure we can see that both of the methods only catches the
sun position in the period of time between 486min
and1065min, due to the fact that in that day, the sun rises at
08:01am and sets at 05:49pm.The results shows that the
ZIP code positioning method gives high precision results
and it can be as presided as a GPS sensor with an
accuracy percentage equal to 99.99% for the azimuth angle
and 99.96% for the altitude angle .
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After testing the accuracy of our solar tracking system,
we have predicted the hourly extraterrestrial solar radiation
profile for four different cities in Algeria, on the 26" of
December 2022 as shown in Fig. 9. The results shows that
the solar irradiance varies as the location of the solar
tracker changes,the most collected irradinace was

10785(w/m?)in El Oued city due to the fact that it is
considered to be one of the hottest areas in the country.in
countrast, the least collected irradinace was 10739 (w/m?)
in Sougueur city due to the cold weather.Therefore, our
tracking system using ZIP codes is flexable,simple,versatile
and suitable for tracking the sun precisely in different
locations with different weather conditions.

C‘?]zlhaoctad irrediance from Solar trackers placed in differnet cities in Algeria
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Fig. 9 Global solar radiation for four different cities in Algeria

To achieve the maximum radiation by the solar tracker,
the optimum tilt angle was calculated for Sougueur city one
time each week of the month of December 2022 as shown
in Fig. 10. The results shows that although the results were
taken in a cold and intermittent days (month of December)
in Sougueur city, tilt angle of the tracker varies with the
variation of days. Which proves the accuracy and high
precision of our tracking system, since the sensor-based
solar trackers fails to track the sun accurately in cloudy
days and bad weather.

SOOptimum Tilt angle for a Solar Tracker placed in Sougueur, Tiaret

-as
-40
-45
50 -

-55

Tilt angle (*)

-60

-85

01 Dec 2022
08 Dec 2022
15 Dec 2022
22 Dec 2022

-70 ‘

-75

-80 ' L L L s
800 2900 1000 1100 1200 1300 1400

Time (min)
Fig. 10 Optimum tilt angle in different days of the month of
December

Lastly, in order to prove the importance of using our high
precision solar tracker, we have compared the output power
generated from the tracker in the same location at different
times of the day. Fig. 11 shows that the most generated
power was at 12:52 am, reason being that the sun reaches
its highest position in the sky, thus the tracker collects more
irradiance and produces more power. Results proved that
the power output of a solar tracking system depends on the
collected irradiance. Therefore, the tracking system using
ZIP codes will improve the efficiency of power generation in
the country due to its high precision and low cost.
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Fig. 11 Power output of the ZIP code tracker at different times in a
day

Conclusion

In this paper we have designed a new, high-precision,
low-cost and simple solar tracking system based on a
tracking code that uses countries ZIP codes as an
alternative for sensors. From the results it is concluded that:

-Solar tracking system using ZIP codes can be 99.9%
as accurate as a GPS based solar tracker.

-The designed solar tracker can accurately track the sun
with high response time, without getting effected if the
weather is cloudy or rainy.

-This tracker can reduce energy consumption and cost
of installation and maintaince, since it doesn’t require any
sensors to function.

-It can be suitable for both large and small solar
generation.

-It is simple and flexible since it has as input parameters
only the location’s ZIP code.

-It could be suitable for any country in the world, so as a
perspective we are willing to develop our control program to
include 246 different countries with ZIP codes and
administrative divisions for each one.
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