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1. INTRODUCTION

Measurement of the solar irradiation intensity in a specified position is the key to study the optimal
design and to predict the performance and efficiency of photovoltaic (PV) systems [1, 2]. The performance of
a PV system, module or array depends on many factors; one of which is the solar irradiance that the could
solar panels receive during the day (peak sun-hours) [3, 4].

The total solar radiation potential will be key parameter for designing and predicting the
performance of solar energy equipment and solar energy potential [5, 6]. It has been verified that the higher
altitude greater the total solar radiation under the clear and intermediate sky conditions. Under the overcast
days the solar radiation is very low in comparison with sunny days [7, 8]. The solar radiant energy on the
earth’s surface is a requirement not only in the studies of climate change, environmental pollution but also in
agriculture, hydrology, food industry and promotion of overall solar energy technology programs [9-11].
Measuring of the solar irradiance at different positions is one of the most important tools to catch the
maximum solar radiation. Siti Amely Jumaat and Mohamad Hilmi Othman (MATEC Web of Conferences,
2018) measured the solar irradiance using LDR at three modules; sunrise position, upward position and
sunset position [12].

The high cost of the design of solar irradiance devices, such as the pyranometer [13], and the
irradiance meter, is the significant problem [14]. These devices can measure irradiance with high accuracy
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and cover a wide spectral range. These devices such as lux meter [15, 16] can therefore be expensive and also
sometimes need special installation prior to the measurement [17, 18].

This paper develops a lower cost, easy to use platform to determine a localized maximum sun lux.
This solution looks a competitive for the most alternatives. Two different regions in Egypt (Cairo and Luxor)
of different solar profiles as shown [19] in Figure 1 are selected for verifying the proposed system validity.
The choice of the angles is made for collecting the most concentrated solar irradiation varying with time [20-
22]. The choice of areas is due to their different weather and sun shines [23].

EGYPT MEAN SURFACE ENERGY POTENTIAL

Figure 1. The solar atlas of Egypt

2. OPERATIONAL PROCEDURE

The whole system is activated where the arduino is connected to group of LDR for two steps of the
peak lux coarse and fine as shown in Figure 2. The proposed system configured of two main modules as
followings:

2.1. Coarse lux determination
During this procedure that called coarse determination, a LDR has installed at each arm of the quad
directions (north, south, east and west).

2.2. Fine lux determination
Additional steps are including the LDR installation at (90°, 100°, 110° and 120°) of second quarter
(90°- 180°) for determining the most appropriate sun lux presence.
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Figure 2. Stepped sun lux tracer
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3. THE SYSTEM PLATFORM

In this work, the main controller which is the arduino receives analog input from LDRs and it
converts the input into digital signal by using analog-to-digital (A/D) converter. Then the controller sends the
measured lux values to SD memory card (storage). The block diagram of the experimental work is shown
in Figure 3.

This project is divided into two stages namely, hardware and software development. In hardware
development, four light dependent resistors (LDRs) were utilized to capture the maximum light source from
the sun, RTC to retain time of reading and memory for data storage. In the software part, the code was
constructed by using C++ programming language and was targeted to the arduino uno controller.

Input Output

Figure 3. Block diagram of overall system

3.1. System hardware
This work hardware platform configured of three main parts as follows:

3.1.1.Light dependent resistor (LDR)

Light dependent resistor (LDR) sensor: A light sensor is used to sense devices illumination level of
the sun light. A photoresistor is a sensor which electrical resistance is altered depending on the light intensity
falling on it. In spite of the PD sun sensor availability [24, 25], the resistance of the LDR is inversely
proportional to the light intensity at higher sensitivity degree.

3.1.2.Arduino board

The arduino uno is microcontroller board ecosystem that consists of a processor platform on the
ATmega328. It has 14 digital input and output pins: 6 pins used PWM outputs and 6 pins is analog input such
as the clock speed is 16MHz, the ceramic resonator, the USB connection, the power jack, the ICSP header
and the reset button.

3.1.3.Real time clock (RTC) module

A real-time clock (RTC) is a computer clock (most often in the form of an integrated circuit) that
keeps track of the current time. This should not be confused with hardware clocks which are only signals that
govern digital electronics, and do not count time in human units. The RTC module keeps accurate time for
years using a tiny coin-cell, and is very simple to connect to the Arduino board. The module uses the Arduino
analog pins As and As for "I2C" serial communications with the sketch. No other pins on the arduino are
used by the module other than power and GND, so they are all available for connection to other devices in
your projects. A driver library allows a program to easily set or read the time and date.

The arduino requires a power supply 12 V adapter. The controller works with 6V dc power supply
while sensors, RTC and SD memory work with 5V DC power voltage divider or DC chopper can therefore,
be used.

3.2. The system software

This system uses the arduino IDE on the windows platform to develop the application of auto
sunlight measurements. The arduino integrated development environment (IDE) is used to write and upload
the computer code to the physical board. Arduino IDE is a cross platform application developed using Java.
It is available for Windows, Linux and Mac operating systems. The graphical data representation is
implemented on Microsoft excel.

4. THE EXPERIMENTAL WORK

A photo diode accompanied with 9V relay driven by BC547BP transistor is used as a day/system
operation starter. The soft operation of the system is developed according to the flow chart of Figure 4. The
source codes were targeted to arduino uno board to be compiled and uploaded. The four LDRs were
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connected to arduino analog pins Ay to A3 to act as the input for the system. The built-in analog-to-digital
converter (ADC) transforms the analog value of LDR into digital pulse width modulation (PWM). Each LDR
was connected with fixed resistance and then connected to the arduino to read sun lux. The readings were
taken every 10 minutes by RTC module to know it’s time readings which connected with the arduino and the
readings were stored in SD memory card. Prototype was placed on a building roof because for much more
sunlight detection. The experiment carried out start of July up to October, 2018.

Initialize Ports

Is light?

Turn Controller ON

Set Sampling Rate

Set Measuring Angles

ADC Converting

Storage (SD memory)

Is Light
Sufficient?

Figure 4. System procedure flow chart

The work is designed first on the famous drawing program CorelDraw we have used in drawing the
solar tracking system circuit and drawing the base of the control circuit. Second, we performed the drawings
on the machine CNC Co2 laser cutting and engraving machine to implement the proposed system. Figures 5
and 6 shows the schematic diagram that illustrates the measurements of the solar irradiations.

Int J Pow Elec & Dri Syst, Vol. 10, No. 2, June 2019 : 777 — 784



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 781

Figure 5. The experimental proposed control system, 1) LDR starter, 2) 9V from adaptor, 3) Operational
amplifier, 4) Transistor BC547BP, 5) Relay 9V, 6) 9V to arduino, 7) 5V from arduino, 8) 7 jumpers from
LDRs, 9) Switch from 7 jumpers from LDRs to analog pins of arduino, 10) Arduino Uno, 11) RTC module,
(12) SD memory card

Figure 6. Arrangement of sensor for sun lux measurements

The LDR was first mounted at the northern zero and the lux was recorded. The same procedure was
repeated for different angles.

5. RESULTS AND ANALYSIS

The proposed sun lux tracer (SLT) configured of a fixed orthogonal quad LDRs that are allocated at
the quad direction (north, south, east and west). During the coarse sun lux determination, the results showed
that the quarter (90°- 180°) has the peak lux detection. This is accomplished at Luxor and Cairo as shown in
Figures 7 and 8, respectively. These curves will indicate the sun lux rising and decaying during daylight
hours.

The peak value of the sun lux is differing from Cairo to Luxor cities, Figures 7 and 8, respectively
that it can due to the difference of the sky clearance of the two cities. The accurate limited sector that can
grantee the greatest radiated energy of the sun is allocated by installing the LDR at the angles 90°, 100°, 110°
and 120°. The measured results of Cairo and Luxor cities are depicted as shown in Figures 9 and 10
respectively. The closes results of the Luxor may be due to the lower sky fogs and dust.

It is observed from the experimental results of Figures 9 and 10 that the angle 100° has the
maximum sun lux. For significantly identification of this optimized angle; the lux was repeatedly measured
along different days to verify the obtained results. Figures 11 and 12 show that the recommended
measurements of 100° angle have almost peak values for these different days. This shows that the sun lux is
independent on the week days. This can explain why no need for MPPT mechanical solutions. This of course
will grant reliable and long-life time PV system utilization. Figure 11 displays the measurement results
similarity and stability due to the sky clearance as depicted in Figure 9.

The results confirmed that the Egyptian sun light offers higher than 1500 lux for around eight hours
in case of clean sky. The sun lux of the other national cities is much better than Cairo state which attributed
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to the factories spread around the Cairo state. On the other hand, Luxor city has been selected as another

location of the national cities. The inter dependence of the life time as well as the additional cost of the

mechanical solution for tracking system are sufficient enough to search any other technique. The results

assure that the mechanical maximum power point track (MPPT) can waste power much more than that can be

added.
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6. CONCLUSIONS

Low cost, easy to use and efficient technique for a static localized maximum sun lux estimator has
been proposed and implemented. It provides in a short time (day to view days) an accurate angle of
maximum sun lux. This system can be considered a competitive alternative to the mechanical maximum
power point track (MPPT) systems. The light intensity has been measured using the LDR sensor connected to
an arduino based system. The obtained measurements at many days have almost maximum values at 100°
angle. A resultant cost reduction and long-life time of the photovoltaic (PV) system utilization have therefore
achieved. This work will be continued up to filling the whole year sun lux profile
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