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Abstract

Solar energy, which is one of the renewable energy sources, has an important role in meeting the increasing electrical energy demand
of our globe. In recent years, many countries have established their energy policies based on solar energy, and researchers have been
working on solar panel efficiency, maximum energy extraction from the sun, control and power electronics. The energy extracting from
the sun is converted into electrical energy via solar panels. To extract continuously maximum energy level from the sun reduces
installation costs and makes it easier to meet the demanded peak electrical power. Physical conditions such as muddy rain, snow and
dusting place between the solar panel and the sun. This situation results the reduced electrical power extraction level which can be
technically produced with clean solar panel surface. Therefore, it is also very important to keep the solar panels clean as well as the
maximum power point tracking devices. In this study, a solar panel cleaning robot (SPCR) has been designed and tested in real time.
The designed dual-motor and crawler robot moves horizontally and the cleaning brush runs on the vertical axis. In addition, the length
of the solar panel array can be detected by position switches to keep the SPCR in desired working area.

Keywords: Photovoltaic system, Solar panel efficiency, Solar panel cleaning robot, Arduino software development board.

Giines Paneli Temizleme Robotu Tasarimi ve Uygulamasi

Oz

Yenilenebilir enerji kaynaklarindan olan giines enerji, yer kiiremizin artan elektrik enerji talebinin karsilanmasinda 6nemli bir konuma
gelmistir. Son yillarda {ilkelerin ¢ogu enerji politikalarin1 giines enerjisi tabanli kurmakta ve arastirmacilar da giines paneli verimi,
giinesten maksimum enerji ¢ikarimi, denetimi ve giic elektronigi iizerine ¢aligmalarini siirdiirmektedir. Giinesten gelen gelen enerji
giines panelleri yardimiyla elektirik enerjine ¢evrilmektedir. Panellerden alinan enerjinin siirekli maksimumda tutulmas: kurulum
maliyetini diislirerek talep edilebilecek tepe elektrik giiciiniin karsilanmasini da daha kolay duruma gelmektedir. Camur halinde yagan
yagmur, kar ve tozlanma gibi fiziksel durumlar panel ile giines arasina girerek tertilebilecek gii¢ seviyesini azaltmaktadir. Bu nedenle
maksimum gii¢ noktasi izleyici cihazlarin yaninda giines panellerinin temiz tutulmasi da hayli 6nem arz etmektedir. Bu ¢alismada bir
glines paneli temzileme robotu (GPTR) tasarlanmig olup sistemin gercek zamanh testleri de yapilmigtir. Tasarlanan ¢ift motorlu ve
paletli robot yatay diizlemde hareket ederken temizleme firgasi ise dikey eksende calismaktadir. Ayrica konum anahtarlar ile giines
paneli dizisinin boyutlar1 algilanarak GPTR istenilen ¢aligma alani i¢inde tutulabilmektedir.

Anahtar Kelimeler: Fotovoltaik sistem, Giines paneli verimi, Giines paneli temizleme robotu, Arduino yazilim gelistirme kart1.
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1. Introduction

Because of imbalance cost, declining reserve and enviromental effects on climate change and carbon emission, fussel oils such as
coal, gas and oil are no longer an option in energy production. Also, considering the increasing energy demand in the world, solar power,
as a sustainable, renewable and eco-friendly energy alternative, has been expanding all around the globe due to its advantages in both
technological and economical aspects. In addtion, it acts as an economical savior for the countries which are highly dependent on foreign
countries in terms of energy.

From the perspective of Turkey, total annual insolation time is 7.5 hours per day and the total solar energy obtained from the sun is
4.18kWh/m? per day [1]. Also, in Turkey, installed total electrical power capacity (licensed and unlicensed) was nearly 3.42GW by the
end of 2017. This capacity was updated to 3.95GW by the end of February 2018 [2]. That means total installed solar power capacity
has 15.5% growth which is a significant increase for our country in the subject of economical problems.

There are two major ways to convert solar energy to electrical energy: photovoltaic solar systems of which directly use the sunlight
and the other way is heat based systems. But, solar power is generally produced by photovoltaic panels [3]. Solar panel efficieny which
depends on heat and solar irradiation is one of the important topic in order to extract maximum available power from the sun.

Maksimum power point traking (MPPT) devices are one of the way for increasing solar array efficiency by changing equivalent
load. These devices are DC-DC converters controlled with MPPT algorithms. Among the MPPT algorithms, Perturb and Observe (P&O)
method and the Incremental Conductance (IC) method are widely used ones [4-6].

Some physical conditions also cause loss of effciency of solar system. One of these condition is shading affect caused by cloudy
weather, nearby tree or buldings. A small part of shading occured on solar panels makes a big impact on output power. In [7], authors
claimed that under partially shaded conditions, the PV curves have multiple peaks and the existing MPPT schemes remain inadequate.
Commissioning and decommissioning of PV systems shaded parts or different connection and configuration types of PV panels a re
suggested in literature to minimize shading effect on produced PV power [8,9].

The other condition of reducing PV system efficieny is dust accumulation on PV cells and soiling of PV cells owing to pollen, sand,
bird droppings and etc. This situation decreases total system efficiency by preventing solar irradiation to arrive solar panel. The negative
effect of talcum, sand and dust on a PV cell current-voltage (I-V) chacteristic is studied in [10] experimentaly. According to [11],
analizing the effect of dust accumulation on the power outps of solar modules in real outdoor condition of Dhahran in Saudi Arabia,
50% decrease in power output could be experienced if cleaning is not performed on modules for a period of time that exceeds six
months. In [12], Based on author’s study, they recommended a table that has been developed to guide for identifying appropriate
cleaning and maintenance period for PV systems inresponse to the prevalent climatic and environmental conditions. Also, in the study
[13], an experimental investigation of the impact of airborne dust deposition on the performance of solar photovoltaic (PV) modules is
done. Experimental results show that the reduction of efficiency has a linear relationship with the dust deposition density and the dust
deposition and accumulation on solar panels causes a significant reduction in short circuit current.

To solve above-mentioned problem, engineers design various type of automatic solar panel cleaining systems. Some of these
automatic cleaning systems: Gekko solar robot with the advantage of high cleaning capacity, improved safety and easy handling [14]
and Gekko solar farm robot [15] with convincing productivity, variable cleaning width, no additional installations and easy handling
by using radio and joystick, Solar brush [16] with quality, cost and environmental advantages, Hector [17] including superiorities such
as small size, weight favor, completely autonomous and reduced cost, Sunpower-greenbotic’s GB1 [18] which is wireless and
rechargeable, Heilotex’s automatic cleaning system [19] which is also cooling the PV module and PIC microcontroller and
programmable logic controller (PLC) based cleaning systems [20-23]. Also, comparision of installation cost and variable cleaning types
for PIC and PLC based systems can be found in [24]. For detailed explanations on history, comparision, shortcomings and advantages
of above-mentioned solar panel cleaning systems, the studies [25-27] can be analyzed.

Hereby, we design a cost effective solar panel cleaning system. The software of the system is implemented on Arduino
development board. A charge and also park station is available The system moves on PV module both in vertical and horizontal axis. In
horizontal axis, robot goes on one panel to another and cleaning brush runs on the vertical axis. The length of the solar panel array can
be detected by position switches to keep the SPCR in desired limiting array. The detailed explanations on designed cleaning system is
given in following section with the subtitles hardware and software parts.

2. System Description

In this project, the cleaning of the dust materials accumulated and formed on the PV panel surface will be facilitated. Control
of the device will be provided by microprocessor which is explained detaily in software section. Designed device completes the cleaning
process automatically with limit and distance sensors. It will be able to charge the battery in the parking station so that it will be ready
for the next washing process without any extra effort. In the movement system, pulley pallet system which is specially designed for the
PV panel provide a smooth transition from the gaps between the PV panels. Thanks to this pallet system, there is no need for any
additional rail system for PV panels that results in reducing both material and labor costs. Aluminum sigma profiles used as frame and
rail system provide the advantage of lightness to the device. The parts used in connections of metarials are filament and the designs are
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produced with 3D printer. By reduced weight and cost of the designed SPCR system, cheap, lightweight, automatic and low maintenance
cleaning will be obtained.

2.1. Software implementation

The aim of the software part of the project is to control hardware of the system including mechanical components. Generally,
microcontrollers and PLC systems are preffered such system control. In our project, we used Arduino nano compact board. The board
based on ATmega328 microcontroller with 16Mhz clock speed, 8 number of analog inout pins, 22 digital input-output pins (6 of which
pulse width modulatin (PWM)), and 5V operating voltage [28]. The reasons why we use Arduino nano are small pcb size (18x45 mm),
7g weight and cost effective. The board has been programmed with a computer program which is an open-source Arduino Software
(IDE). The program allows user to write code and upload it to the board easily. It can be download from given link in [29]. The
operational flow diagram of the writed code for this project is illustrated in Fig. 1. As seen, the code based on logical decision units
YES means logical 1 (+5V) and No means logical 0 (0V).
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Figure 1. Algorithm flow chart used for SPCR system
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2.2. Hardware implementation

The hardware schematic representation is shown in Fig. 2. The device will store electrical energy while it is in standby state. When
it is activated, the cleaning brush begins to rotate and move down vertically through the PV panel. When cleaining procees of a PV
panel is finished, the brush will stop rotating and vertically go up and SPCR moves horizontally to the other PV panel. This cycle
continues until the end of the PV array. Then, the device returns to parking station and begins to charge. The device will be charged
while waiting for the activation command in parking station where is located at the left side of the PV array. In this manner, shading
effect of the SPCR will be also prevented. The photo of the designed SPCR system is illustrated in Fig. 3 with with description of
subsystem compenents.
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The vertical movement is the first step of the loop operation. The brush moves circularly with the help of DC motors. As the second

step of the cycle, when the cleaning process is finished, SPCR moves to the right side to the next cleaning zone and also, brush moves
vertically to the top of the robot. These loops continue until the end of the panels. When the cycle is complete, it returns to the standby

station. In Fig. 4, zoomed photos of the subsystems are given
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Figure 2. Schemeatic hardware of the designed SPCR.
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Cleaning brush.
Control unit
9V DC motor for rotating the brush (2 pieces).

DC motor that allows the brush to move up and
down.

Special design pallet. It provides the right and
left movement of the device without rail (2
pieces).

DC motor for rotating pallets.

Limit sensor used to check if the brush is at the
top.

Limit sensor used to check if the brush is at the
bottom.

Limit sensor used to check if the device is at the
parking/charging station.

10) Ultrasonic distance sensor used to check

whether the panel array of the device is finished.

11) Rail of the mechanism with up and down

movement of the brush.

12) Movement mechanism connected to rail.
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Figure 4. Photos of the charging station (a), pulley pallet system (b) and DC motors used for rotating and moving the brush (c).

In control unit, shown in Fig. 5, there are Arduino nano development board, motor driver (L298) used to drive DC motors for SPCR
horizontal and brush vertical movements, bluetooth module (HC06) used for remotely activation command, voltage regulators 7809
and 7805 used to supply DC +9V and +5V for motors, tansistors used as switches, power input +12V and connetion terminals.

e-ISSN: 2148-2683 347



Avrupa Bilim ve Teknoloji Dergisi

Figure 5. Control unit.

3. Results, Discussion and Recommendations

As a conclusion, we presented a microcontroller based SPCR system which is cost and lightweight effective. The proposed system
reduces the effect of dusting on the output power of the PV panels. This system is deigned in short time period and also, the tests are
likewise. However, more testing of the device will be done to ensure the reliability.

As future aspects, we want to make some improvements on our project. Some of these developments are to provide shortest cleaining
time, minimum water and electricity storage requirements. The cleaning time can be reduced by changing brush type. Also, for the next
version of the device, a light dedection circuit will be included to the system for day and night dedection. To avoid placing birds on PV
panels, flashing leds and a moving structure will be considered. In order to wait for the bluetooth data used for activation of the system,
an automatic periodical time (three or two times per day) activation may be designed.
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