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Abstract

Context: Solar panels are exposed to different weather conditions
and gets damaged. Sand storms and hail storms could cause serious
damages. However, they need to be used for the human survival in
almost every harsh condition possible.

Objectives: Our goal is to design and create a working prototype
of an automated solar panel shield. The meteorological conditions
around the solar panels should be monitored, including wind speed,
air quality, rain, and humidity. The shield automatically protects the
solar panel based on the sensor data. The solar shield should even
protects panels from harm from small animals.

Methods: A microcontroller Arduino Uno is used. Various sen-
sors are used to monitor multiple weather conditions, including an
ultrasonic sensor, a rain sensor, a smoke sensor, and a custom-built
anemometer. Based on daylight status, the stepper motor is activated
to roll up the protective cover over the solar panel.

Results: The output from all the sensors and actuators are ver-
ified. The values of the sensors are updated in the web application,
that can be used by the user. The web application is used to monitor
the weather conditions around solar panel.

Conclusions: An working model of shield is made, in addition
a cleaning system is made. A bird deterring system is also included.
All the additional sensors for monitoring can be used for performance
automation.

Keywords: Arduino Uno, Weather monitoring, Sensors, Solar panel,
Shield.
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Chapter 1
Introduction

Every form of life requires energy to function daily. Solar energy is used by
plants to produce food, and animals eat plants. To complete daily tasks, humans
require a variety of energy resources. These energy resources offer the energy
needed to keep the contemporary world running. Renewable and non-renewable
energy resources are the two categories of energy resources. Renewable energy
resources can be renewed naturally. Non-renewable resources cannot and will not
be replenished if they are overused. Solar energy is the most common renewable
energy source that everybody can freely access. The solar panel is a device that
generates electricity when exposed to sunlight. Solar panels can be installed in
homes or on a large scale for industrial purposes. The Figure 1.1 shows the lo-
calisation of solar panels used in Boston

Figure 1.1: Localisation of solar panels used in Boston [1]

The solar panels are used all around the world in different weather condi-
tions. When the solar panels are exposed to different weather conditions, different

1



Chapter 1. Introduction 2

factors can affect the solar panels. Hail storms, rain, wind speed, snow and even
birds could damage the solar panels. The Figure 1.2 shows the different types of
damages caused for the solar panel.

Figure 1.2: Different types of damages to solar panel [2]

It is known that farmers commonly use solar panels to decrease their cost
of electricity. But due to the environment around the farm, soil dust or pollen
from farms could cover the solar panels. Due to this, the efficiency of the solar
panels may decrease. Generally, to avoid these problems, the solar panel should
be manually cleaned. However, manual cleaning requires experts. If the farmer
tries to clean the solar panel by himself, there is a chance that he could get in-
jured. One could also get electrocuted if the solar panel is damaged. This manual
cleaning leads to approximately 100 to 200 deaths annually worldwide, and many
are severely injured during this process [16]. Manual cleaning also increases the
material cost for safety gears and cleaning equipment. So manual cleaning is not
the best way to clean a solar panel.

To avoid referred dangers, a system of shield, which protects the solar panel
from harsh weather conditions automatically is developed. This solar panel shield
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Figure 1.3: Different types of damages to solar panel [3]

should monitor weather like rain, humidity, temperature, wind speed and air qual-
ity, and also day or night light. It could also detect birds on the solar panel that
could damage it. Using the data gathered from the weather monitoring system,
a strong shield or cover is moved onto the panel automatically or by using a web
or app interface. This shield is protecting the solar panel from harsh weather
conditions like heavy rains, snow, hail and sand storms, which could decrease
the efficiency and lifetime of the solar panels. In addition, the service cost and
manpower required for the panel maintenance could decrease.

In this report all the details on how to build a solar panel shield is ex-
plained. In the second chapter all the related works similar to solar panel shield
previously are shown. In the third chapter, the problem that is solved by us-
ing the solar panel shield, main objectives of the project and the contributions
are shown. It also shows basic design and flow chart of basic functionality of
solar panel shield. In Chapter 4, User Driven Design based modeling, hardware
and software implementations along with validation of the system are shown. In
Chapter 5 conclusions and how the solar panel shield can be updated in future
are shown. All the references are given at the end of the report.



Chapter 2
Survey of Related Work

There are different methods generally used to protect solar panels from envi-
ronment and weather changes. Generally in roof tops a cloth cover as shown in
the Figure 2.1 is used to cover the solar panel when not in use. These covers
are not water proof or does not protect the panels from different objects and
animals [4].

Figure 2.1: Solar panel cover [4]

To prevent birds from nesting under the panels and causing damage,
mesh covers as shown in the Figure 2.2 and abatement screens are installed [17].
But these meshes only protect the bottom and sides of the solar panel. The top
of the solar panels are still exposed for the birds.

4



Chapter 2. Survey of Related Work 5

Figure 2.2: Protection from birds from nesting under panels [5]

Usually man power as shown in the Figure 2.3 is used to clean the solar
panels when they are covered with different types of dust or dirt. This method
is not only cost ineffective but also become a dangerous job in some conditions.
It also requires special expertise and training to clean solar panels in large scale.

Figure 2.3: Using man power to clean solar panels [6]

A company called Unelko has made a transparent coating that could be
applied on the solar panels [18]. This coating is a water repellent, that does not
allow water to come in contact with the solar panel. The coating is renewable
and invisible. But it could not protect from heavy damage like stones or hails.
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Instead of man power and special coatings, some companies use large ma-
chines to clean the solar panels. The company Geva Bot manufactures machines
as shown in the Figure 2.4 and Figure 2.5 that are used to clean solar panels in
large scale. These machines are useful in large scale cleaning of solar panels. But
for domestic purpose these machines may become a burden of cost as they are
used only once a while.

Figure 2.4: Geva bot cleaner for solar panels [7]

Figure 2.5: Geva bot cleaner for solar panels [7]

Instead of using different components, the design of solar panels is also
changed so that it gets protection from environmental and weather harms. One
example of this design is a flower-shaped solar panel, as shown in Figure 2.6.
These shapes help to retract the solar panels in harsh conditions and be cleaned
easily. But the main problem is these are large and average households cannot
afford these panels, and they also cover a large area compared to the regular solar
panel.
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Figure 2.6: Flower design solar panel [8]



Chapter 3
Problem Statement, Objectives,

Hypothesis and Main Contributions

As discussed in the survey of related work, even though there are different
ways to protect and clean solar panel, each of them has some respective flaws.
The main problem with the solar panel shield is that, it should be able to monitor
the weather around the panel and be able to cover and protect the solar panel
fully. The shield should be strong, flexible and cost friendly. It could also be used
in both industries as well as in personal households.

The objectives of this project can be presented in the form of the following
research questions:

- What weather conditions can lead to dangerous situations and need to be
monitored around the solar panels?

- Which panel protective shield construction is suitable for not obstructing
the solar energy conservation and protecting the panel from natural disasters?

- In which way can the panels be protected from industrial dust and birds
causing damage?

The environmental conditions that need to be monitored are rain, winds, air
quality, humidity, temperature, and daylight. A-frame over the panel and a linear
actuator, which helps to open and close the protective shield, is a suitable design
for the protector. The shield can protect the panels from sandstorms, hails, and
heavy rains. The panel is open to the atmosphere so solar energy conservation is
not obstructed. Ultrasonic sensors and the servo motor are used to prevent birds
from damaging the panel. The servo motor is moved to deter the birds when their
presence is detected. When smoke is detected over the panel, it can be cleaned
with the help of brushes fixed under the shield cover [19]. When the cover closes,
the cover acts as a wiper and cleans the panel’s surface.

All sensors are used for monitoring, and the protective shield is operated with
the help of a linear actuator. MQTT protocol is used as an information carrier
to the web interface. The user can read the sensors’ measurements and control
the linear actuator’s movement. The step by step process of the system is shown

8
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in the flowchart given in Figure 3.1.

For this project we have worked with two members with four core tasks
such as hardware system (connection of components), mechanical design (physi-
cal parts), user interface and a combining all parts (combination of components
of project). Every part required basic knowledge and preparation to start the re-
spective work. The first member - Raghu focused his work on mechanical design
and combination of all components. Due to his contribution the outer work of
the project is done. The second member - Phani worked himself on connecting
components to microcontroller, web interface and custom made anemometer.

Figure 3.1: Flow chart of the system



Chapter 4
Solution

4.1 Modelling
For modelling of the solar panel shield, we use different hardware components

and software tools. For the understanding of different hardware components and
software technologies we can first define all the functionalities of the system and
find the technologies, which could fulfil those functionalities. The User Driven
Design is a suitable way to start the respective analysis of the project. In this
chapter after understanding the UDD table, all hardware, mechanical and soft-
ware parts are discussed.

4.1.1 User Driven Design - UDD

The Table 4.1 shows general and itemized functionalities, particular constraints,
and possible technologies and algorithms. The device is expected to be deployed
on home rooftops and a wide-scale for industrial facilities. As a result, a me-
chanical frame that is both secure and easy to install and maintain is required.
Temperature, rain, air quality, wind speed, and even whether it is day or night
must all be monitored by the gadget. Temperature, humidity and rain sensors, a
smoke sensor for air quality, and an anemometer for wind speed monitoring are
needed. The light-dependent resistors are used to monitor whether it is day or
night. The device must monitor the weather and detect birds or other animals
that could damage the solar panel. Ultrasonic sensors are used for this. Apart
from monitoring all the factors, a user interface is needed for processing and con-
trolling the panel cover. The MQTT protocol is used for the development of the
web interface. The cover can be controlled automatically. When panel closes or
opens, a cleaner like sponges or brushes is attached to the bottom of the cover,
and when the cover moves, the sponges automatically clean the panel.

10
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Table 4.1: User Driven Design
Functionalities Particular Possible technologies

General Itemized constraints and algorithms

Installation House roof top, Secure, easily to AutoCAD,
Industrial facility install and maintain mechanical tools
Temperature Waterproofed, rust

resistant, detecting
changes

Arduino Uno, Tem-
perature and humidity
sensor

Weather Rain Rain sensor
monitoring Light detection LDR Sensor

Air Quality Smoke sensor
Wind Anemometer

Detection Detection of in-
truder

Range: 5 m - 6 m Ultrasonic sensor, IR
sensor

User interface Web interface Reading measure-
ments and motions

MQTT protocol, Java
script, HTML and
CSS coding.

Mobile app Able to control, fast in
response

MIT app inventor

Cover control Automated Based on Automated with
mechanical daylight

Manual design over the when the smoke or
rain

solar panel sensor is activated,
Linear actuator

Panel cleaner Shutter Attached under the
shutter

Sponges or brushes
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To control all the components the Arduino Uno is used. All the sensors will
be controlled using this microcontroller. The Figure 4.1 shows the basic block
diagram of the solar panel shield.

Figure 4.1: Block diagram of the system
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4.2 Hardware Implementation
The hardware components used in the project are sensors, actuators and Micro-

controller. The applied sensors are: rain sensor, LDR, ultrasonic sensors, smoke
sensor, anemometer, temperature and rain sensor. Furthermore, we use step mo-
tor and Arduino Uno, which is used as micr-controller. Figure 4.2 represents
model of our circuit. Detailed explanation of all the components are provided in
the following part of the report.

Figure 4.2: Circuit diagram of the system
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4.2.1 Arduino Uno

Different sensors are used in the project but to connect, control and monitor
all the sensors and actuators, we need a micro-controller. For this purpose, an
Arduino Uno is used. It works as the brain of the system. This Arduino Uno
is a low-cost, flexible and easy-to-use programmable open-source device, which
can be integrated with different electronic components. It consists of 14 digital
and 6 analogue ports that help to connect all the sensors and actuators. The
Figure 4.4 shows the pin-out diagram of Arduino Uno.

Arduino specifications:

• Microcontroller: ATmega328.

• Operating Voltage: 5 V.

• Input Voltage (recommended): 7 V - 12 V.

• Input Voltage (limits): 6 V - 20 V.

• Number of digital I/O Ports: 14 (of which 6 provide PWM output).

• Number of analog Input Ports: 6.

• Clock Speed: 16 MHz.

Figure 4.3: View of Arduino Uno Rev 2
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Figure 4.4: Arduino Uno Rev 2 pin out [9]

4.2.2 Ultrasonic Sensor

The ultrasonic sensor measures distance using ultrasonic waves. Those ultra-
sonic sensors (see Figure 4.5) have a head that emits an ultrasonic wave. When
this ultrasonic wave collides with an object, it reflects back to the sensor, and the
detector receives waves back. The ultrasonic sensor measures the time the wave
takes to reflect, and then the sensor measures the distance between the sensor and
the object. In this project, we use two ultrasonic sensors to detect any presence
on the solar panel. When we attach these ultrasonic sensors near a solar panel,
and if any birds come on the solar panel, it obstructs the ultrasonic waves of the
sensor. When ultrasonic waves are blocked, then the distance reading will be
changed. Using these changes as input, the solar panel will be covered if there is
any presence on the solar panel.

Ultrasonic sensor specifications:

• Power Supply: 3.3 V – 5 V.

• Operating Current: 8 mA.

• Working Frequency: 40 Hz.

• Ranging Distance : 3 cm – 350 cm.

• Resolution : 1 cm.

• Measuring Angle: 15◦.

• Trigger input pulse width: 10 μS TTL.

• Dimension: 50 mm x 25 mm x 16 mm.
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Figure 4.5: View of ultrasonic sensors - HC-SR04 [10]

4.2.3 Servo Motor

Servo motor is rotatory actuator that can be controlled precisely by sending
electrical signals of Pulse Width Modulation (PWM) through control wire. When
the Ultrasonic Sensor detect movement on the solar panel, the servo motor ro-
tates and make a move. This movement could scare of the birds near solar panel.

Figure 4.6: View of servo motor - MG90S [11]
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Servo Motor specifications

• Modulation: analog.

• Stall Torque: at 4.8 V: 2.20 kg/cm, 6.0V: 2.50 kg/cm.

• Speed: at 4.8 V: 0.11 s/60◦,

• 6.0 V: 0.10 s/60◦.

• Weight: 14.0 g

• Dimensions: Length: 23.1 mm,

• Width: 12.2 mm, Height: 29.0 mm.

• Gear Type: Metal

• Rotation/Support: Dual Bearings.

• Rotational Range: 180◦

• Pulse Cycle: 20 ms.

• Pulse Width: 400 μs - 2400 μs

4.2.4 Light Dependent Resistor

A Light Dependent Resistor (LDR) (seenFigure 4.7), is a resistor that has a
variable resistance that varies depending on the light intensity that falls on the
resistor. The resistance of the resistor decreases as the light intensity increases.
As the light intensity increases, resistance decreases, and more current passes
through the resistance. This LDR can be used to detect whether it is day or
night. At night when no solar energy is there to be used by the solar panel, the
solar panel can be closed automatically using these LDR results as input.

Light Dependent Resistor specifications:

• Max power dissipation 200 mW.

• Max voltage 200 V.

• Peak wavelength 600 nm.

• Min. resistance 1.8 kΩ.

• Max. resistance 4.5 kΩ.
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Figure 4.7: View of Light Dependent Resistor [12]

4.2.5 Rain Sensor

One of the significant weather changes that should be monitored is rainfall.
Rain may be an advantage in the short term for a solar panel. But after a long
time, rain may cause rust to the installation or leak inside the glass, which might
destroy the photovoltaic cells in solar panels. So to monitor the rainfall, a rain
sensor - LM394 shown in Figure 4.8 is used. The rain sensor also has a rain sen-
sor module. This sensor module permits to gauge of moisture through analogue
output pins and it gives a digital output while the moisture threshold surpasses.

Pin configuration:
Pin1 (VCC): It is a 5 V DC,
Pin2 (GND): it is a GND (ground),
Pin3 (DO): It is a low/ high output,
Pin4 (AO): It is an analog output.

Rain sensor specifications:

• Operating voltage ranges from 3.3 V to 5 V.

• The operating current is 15 mA.

• The sensing pad size is 5 cm x 4 cm with a nickel plate on one face.

• Comparator chip is LM394.

• Output types are AO analog o/p voltage) and DO (digital switching volt-
age).
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Figure 4.8: View of rain sensor - LM394 [13]

• The length and width of PCB module 3.2 cm x 1.4 cm.

• Sensitivity is modifiable.

• Red/Green LED lights indicators for Power and Output.

4.2.6 Smoke Sensor

Some solar panels may be used in a large scale for industrial purpose. But
these industries may produce industrial dust that cover the solar panel due to
which the efficiency of the solar panel may decrease. To measure the air quality
near industries smoke sensor MQ135 shown in Figure 4.9 is used. Using this sen-
sor when there is a large quantity of dust particles in air the solar panel could be
covered.

Smoke sensor Specifications

• Operating voltage 5 V.

• Load resistance 20 kΩ.

• Heater resistance 33 Ω ± 5 Ω.

• Heating consumption is less than 80 mW.

• Sensing Resistance 10 kΩ – 60 kΩ.

• Concentration Scope 200 ppm - 10000 ppm.
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Figure 4.9: View of smoke sensor - MQ135 [14]

4.2.7 Stepper Motor

The stepper motor is the crucial piece of the solar panel shield. This stepper
motor is used to open and close the solar panel cover. Arduino Uno takes all the
senors readings, processes them and then controls the stepper motor accordingly.
As shown in Figure 4.10, the stepper motor is a low-cost device with low power.
The stepper motor rotation is controlled effectively by providing the required
electrical pulses. With each electrical pulse, the stepper motor turns one step,
thus the name stepper motor. It can be rotated in both directions.

Stepper motor specifications:

• Drive system: Uni polar.

• Step angle: 1.8◦ full step 0.9◦ half-step.

• Phase/Winding’s: 4/2.

• Voltage Current: 400 mA at 12 V.

• Resistance per Phase: 30 Ω.

• Inductance per Phase: 23 mH.

• Holding Torque: 18 Ncm.

• Detent Torque: 2.15 Ncm max.

• Weight: 0.24 kg.
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Figure 4.10: View od stepper motor - Nemma 17 [15]

• Max continuous power: 5 W.

• Rotor Inertia: 22 g/cm2.

• Bearings: Ball.

• Leads: 45 cm. 26 AWG UL 1007.

• Insulation resistance: >100 MΩ at 500 VDC.

• Dielectric strength: 500 V 50 Hz/minute.

• Mounting hole space diagonal: 4.4 cm.

• Mounting screws: 3 mm diameter. 0.5 mm pitch.

• Shaft diameter: 5 mm).

• Motor footprint: 4.35 cm. × 4.35 cm .

• Motor height: 3.81 cm.

• Ambient temperature: -10◦C to +55◦C.
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4.3 Mechanical Design Implementation
A frame that could be installed on the panel should be built for making a solar

panel shield. On this frame, all the hardware components could be placed. To
construct this frame, we designed it. This frame was developed in the Inventor
Studio. The design of the frame is shown in the Figure 4.11, Figure 4.12 and
Figure 4.13. The engineering diagram that could be used to build this frame
is shown in the Figure 4.14. An average dimension of the solar panel will be
approximately 1 m in length and 1.5 m in width. But for the prototype, we have
minimized the measures, so it will be helpful to understand the performance of
the shield easily. In the Table 4.2 the comparison between sizes of the original
solar panel and the frame we used is shown.

Figure 4.11: Frame1
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Figure 4.12: View of frame

Figure 4.13: View of frame

Table 4.2: Comparison of real Solar panel to Prototype
Dimensions Real Panel Prototype
Length 150 cm 60 cm
Width 100 cm 30 cm

Table 4.3: Approx. parameters of real solar panels - HC- Half Cut Cell
Power Output Number of Cells Each Cell size Dimensions
300 W - 380 W 120 HC 166 mm 1 m x 1.7 m
350 W - 450 W 144 HC 166 mm 1m x 2.1m
450 W - 560 W 132 or 156 HC 182 mm 1.1 m x 2.3 m
560 W - 680 W+ 132 or 156 HC 166 mm 1.3 m x 2.4 m
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Figure 4.14: Frame full diagram

The frame and requirements that a protective cover could able to move ac-
cording to the sensor data and stepper motor movement have been designed in
such a way that it allows easy movement and less weight. For this purpose, we
have made small pieces of wood, as shown in the Figure 4.15. This cover’s di-
mensions are shown in the engineering diagram of Figure 4.16. Thirty pieces of
the wooden pieces are tied together.
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Figure 4.15: Cover model view

Figure 4.16: Cover dimensions

Belt and gears specifications

Both the frame and the cover is connected through a stepper motor. stepper
motor and the cover are connected and controlled using belt and pulleys as shown
in Figure 4.17. These belt and pulleys are connected to the stepper motor and
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used to open and close the frame by moving the cover.

• GT2 Belts

• Material: PU.

• Length: 5 m, Width: 6 mm.

• GT2 pulley(Gear)

• Material: Aluminum.

• alloy diameter: 16 mm.

• Hole: 5 mm

• Size: 16 mm

• Teeth: 20.

Figure 4.17: View of stepper motor and pulleys
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4.4 Software Implementation
In our project, the software is used in two areas — one for hardware com-

ponents and the other for a web interface. As Arduino Uno is used as a micro
controller, Arduino Integrated Development Environment (IDE) is used for coding
all the hardware components. For the web interface, HTML, CSS and JavaScript
are used. The code for different sensors and the web interface is explained in the
below sections.

4.4.1 Arduino Code

The working of the hardware is code written in Arduino IDE and then uploaded
to Arduino Uno board. This code can be explained in a block-wise manner. Every
task is a block, and the combination of all the blocks is the complete working of
our code. In the below paragraphs, the working of each block is explained.

Rain sensor code block:

Rain sensor- LM393 is a sensor, which is used to detect the rain. The
Figure 4.18 shows the block code of the rain sensor. In this code if the water is
not present on the rain sensor i.e. the val is equal to 1, it shows that "Sky is
Clear, bro". Else it prints out as "Man, it’s raining".

Figure 4.18: Code for rain sensor control
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Smoke sensor code block:

A smoke sensor (MQ 135) is used to detect the smoke over the panel that might
be exhausted from industries. We would have automated the solar panel to close
the shutter when smoke is detected. But the shutter will automatically close ev-
ery night when there is no sunlight. This closing movement of the shutter is used
for cleaning the panel. So the Smoke sensor is used just for monitoring. The code
block of the smoke sensor is shown in the figure 4.19. Sponges are under the shut-
ter, so the smoke is also automatically cleaned while the shutter closes and opens.

Figure 4.19: Code block for smoke sensor

Wind sensor code block:

We used an LDR sensor instead of the anemometer to measure the wind
speed. We designed a particular device, as shown in the figure 5.7. This device
will rotate at different speeds concerning wind speed. When this device turns at
different rates, the light’s duration changes. This change in duration is measured
using LDR, by which we can calculate the wind speed. Figure 4.20 shows the
block code for measuring speed using this method.
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Figure 4.20: Block code for wind sensor
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Bird detecting code block:

This block code (Figure 4.21) is for deterring birds whenever their presence is
detected. Here we use an ultrasonic sensor and servo motor to detect and deter
birds automatically. Whenever an object is present between 0 cm - 70 cm from
the ultrasonic sensor, it triggers the servo motor to make the motion. This motion
will deter the birds near the solar panel.

Figure 4.21: block code for bird deterring
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Shutter control code block:

The main block (Figures 4.22 and 4.23) of our project is to control the shutter
using the LDR Sensor. When it day the LDR approves the stepper motor to
open the shutter and for night the stepper motor closes the shutter. This whole
process is automated. A motor driver TMC2209 is used to control the motor by
external power source.

Figure 4.22: Code for shutter control
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Figure 4.23: Code for shutter control
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Data serial code:

This code is for serializing the data acquired from the sensors and upload it into
JSON string.

Figure 4.24: Code for data serializing

4.4.2 Communication Interface / JSON string

The serialized data from sensors are uploaded to the Internet. To see the data
in an interface we used a web interface. The codes we used to design are HTML,
CSS and Java script. The JSON string is used to load the values from the Inter-
net into web site.

Figure 4.25: Code of JSON string
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Validation and Testing

The objective of the project to design an automated protector of a solar panel
without obstructing the panel’s efficiency and output has been accomplished.
The shutter opens and closes for daylight, cleans the panel whenever the shutter
opens and closes and deters the birds approaching the panel. The system has 3
basic functions, daylight automation, bird scaring and weather monitoring. Each
function results are discussed briefly in the following sections.

Figure 5.1: Image of shutter prototype

34
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5.1 Light Controlled Automation
The Figure 5.2 shows the image of frame and shutter with the sensors mounted

on it. It was tested that the prototype works for daylight, it means open and
closes in respect to sunlight and night darkness respectively.

Figure 5.2: Image of shutter prototype (top view)

Figure 5.3: Shutter status in serial monitor
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5.2 Test of Cleaning Function
The Figure 5.4 shows the cleaner for the panel. The cleaners cleans the panel

whenever the shutter opens and closes. As the shutter opens once in a day closes
once in a night. Which cleans the panel one round in a day. The cleaners are
attached under the protector. When it opens the cleaner will clean the panel.

Figure 5.4: Smoke cleaner sponges mounted under shutter.
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5.3 Testing Monitoring of Bird Presence
The Figure 5.5 shows bird detecting system. When ever any presence of bird

is detected, the servo motor vibrates to scare the birds. The output is serialized
as shown in Figure 5.6. The servo motor moves so that the presence is scared
before harming the panel.

Figure 5.5: Automation for deterring birds

Figure 5.6: Serial monitor
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5.4 Testing of Wind Sensor
The presented sensor is a wind sensor built by using LDR. The Figure 5.7 shows
the structure of wind sensor. There is a slit on the wings of wind sensor. when-
ever the slit passes over the LDR the timer triggers. It means LDR measures
the duration of each rotation. To know the speed of wind, divide it with the
circumference of the wind sensor excluding the slit. The Figure 5.8 shows the
readings of wind sensor that are getting updated in serial monitor.

Figure 5.7: Image of our wind sensor

Figure 5.8: Wind sensor readings on serial monitor
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5.5 Serialized Data
The weather monitoring system is connected to the Wi-Fi and data is uploaded
to the Internet. The uploaded data from sensor can be seen in Figure 5.10.

Figure 5.9: image of sensors mounted over the panel

Figure 5.10: Serial monitor
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5.6 Web Interface
The outputs of sensors are updated on the web interface. The Figure 5.11 shows
the front-end of web interface. The weather monitoring is continuously function-
ing and updates immediately whenever any change in the weather.

Figure 5.11: Image of web interface
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Conclusions and Future Work

We successfully built a working model of shield, that protects solar panel from
external damages. This shield made out of plywood protects solar panel from
birds or small animals like squirrels. It does not allow birds or small animals to
get under the solar panel. The shutter of solar panel shield automatically closes
when its dark or night and opens when it is day. With this feature we can protect
the panel from external damage at night times or when the solar panel is not in
use. We are also successful in adding bird repellent system to our project. This
system automatically senses any motion around the solar panel and scare them
away by making motion.

We successfully built a working shield that protects the solar panel from dif-
ferent weather conditions and other hazardous situations. The shield prototype
comprises of plywood frame that protects the solar panel from birds and small an-
imals like squirrels and others. This model can successfully monitor the weather
around the solar panel and helps to increase the life expectancy and efficiency of
a solar panel. The web interface allows the user to observe the real-time weather
conditions around the solar panel.

The model built for only one solar panel can be extended and use for
multiple panels. According to the region and its weather changes, the design could
be customised. A screw model can be used instead of belts to move the shutter.
Using aluminium metal, the frame can be made at a low cost and be lightweight.
In the future, instead of using all the different sensors, we can use advanced
cloud technology to monitor the weather in a certain region automatically. This
technology can provide data to the system without needing a different sensor on
every solar panel. Not only on solar panels but this mechanism can also be used
to clean windows and rooftops for tall skyscrapers.
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Chapter 7
Appendix

7.1 Code of our work

#inc lude <SPI . h>
#inc lude <WiFiNINA . h>
#inc lude <ArduinoMqttClient . h>
#inc lude <ArduinoJson . h>
#inc lude <Arduino_LSM6DS3 . h>
// Sensor p ins
#de f i n e sensorPower 7
#de f i n e sensorPin 8
#de f i n e d i rP in 10
#de f i n e stepPin 11
#de f i n e s tepsPerRevo lut ion 700
#inc lude<Servo . h>
Servo Myservo ;

boolean s t a t i=f a l s e ;

/////// p l e a s e ente r your SSID and Password
// char s s i d [ ] = "IOTLab" ; // your network SSID (IOTLab) Use i t in
char s s i d [ ] = " realme3 " ;
char pass [ ] = "0123456789"; // your network password ( use f o r WPA, or
// char s s i d [ ] = "AlperWIFI " ;
// char pass [ ] = "2212716582";
i n t s t a tu s = WL_IDLE_STATUS; // the WiFi radio ’ s s t a tu s

WiFiClient w i f i C l i e n t ;
MqttClient mqttCl ient ( w i f i C l i e n t ) ;

// MQTT se rv e r setup
// const char broker [ ] = "192 . 1 6 8 . 1 . 1 1 " ;
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const char broker [ ] = "185 . 5 7 . 1 0 7 . 2 4 " ;
i n t port = 1883 ;
const char t op i c [ ] = "P11 " ;

//Test v a r a i b l e s

S t r ing PoParam="";
S t r ing DID ;
f l o a t Xaxis , Yaxis , Zaxis ;
const long i n t e r v a l = 100 ;
unsigned long M i l l i s = 0 ;
S t r ing subMessage = "" ;
S t r ing subMessage2 = "" ;
S t r ing subMessage3 = "" ;
S t r ing subMessage4= "" ;
S t r ing subMessage5= "" ;
// f l o a t subMessage6= "" ;
boolean s t a t =0;
S t r ing subStr ing ="Led i s OFF" ;
S t r ing subStr ing2 ="ra in s t a tu s " ;
S t r ing subStr ing3 ="smoke s t a tu s " ;
S t r ing subStr ing4 ="presence de t e c t i on " ;
S t r ing subStr ing5 ="day s t a tu s " ;
S t r ing subStr ing6 ="speedw " ;

f l o a t x , y , z ;
i n t smokeA0 = A0 ;
i n t const t r i gP in = 4 ;
i n t const echoPin = 3 ;
i n t const t r i gP in2 = 6 ;
i n t const echoPin2 = 5 ;

i n t LED = 13 ;
f l o a t startTime ;
f l o a t endTime ;
f l o a t durat ion ;
f l o a t speed0 ;
byte timerRunning ;
f l o a t prev ;

i n t pos ;
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void setup ( ) {
pinMode (LED, OUTPUT) ;
pinMode ( sensorPower , OUTPUT) ;

d i g i t a lWr i t e ( sensorPower , LOW) ;
pinMode ( t r igP in , OUTPUT) ;
pinMode ( echoPin , INPUT) ;
pinMode ( t r igPin2 , OUTPUT) ;
pinMode ( echoPin2 , INPUT) ;
Myservo . attach ( 2 ) ;

pinMode ( stepPin , OUTPUT) ;
pinMode ( dirPin , OUTPUT) ;

pinMode ( smokeA0 , INPUT) ;
// I n i t i a l i z e s e r i a l and wait f o r port to open :
S e r i a l . begin ( 9600 ) ;
whi l e ( ! S e r i a l ) {

; // wait f o r s e r i a l port to connect . Needed f o r nat ive USB port onl
}

// check f o r the WiFi module :
i f (WiFi . s t a tu s ( ) == WL_NO_MODULE) {

S e r i a l . p r i n t l n ("Communication with WiFi module f a i l e d ! " ) ;
// don ’ t cont inue
whi l e ( t rue ) ;

}

// attempt to connect to WiFi network :
whi l e ( s t a tu s != WL_CONNECTED) {

S e r i a l . p r i n t (" Attempting to connect to WPA SSID : " ) ;
S e r i a l . p r i n t l n ( s s i d ) ;
// Connect to WPA/WPA2 network :
s t a tu s = WiFi . begin ( s s id , pass ) ;
// wait 10 seconds f o r connect ion :
de lay (10000 ) ;

}

whi l e ( ! mqttCl ient . connect ( broker , port ) ) {
S e r i a l . p r i n t ("MQTT connect ion f a i l e d ! Error code = " ) ;
S e r i a l . p r i n t l n ( mqttCl ient . connectError ( ) ) ;

}

// sub s c r i b e to a top i c
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mqttCl ient . sub s c r i b e ( t op i c ) ;

// you ’ re connected now , so p r i n t out the data :
S e r i a l . p r i n t l n ("You ’ re connected to the network " ) ;
S e r i a l . p r i n t ("SSID : " ) ;
S e r i a l . p r i n t l n (WiFi . SSID ( ) ) ;

i f ( ! IMU. begin ( ) ) {
S e r i a l . p r i n t l n (" Fa i l ed to i n i t i a l i z e IMU! " ) ;

whi l e ( 1 ) ;
}

S e r i a l . p r i n t (IMU. acce l e rat ionSampleRate ( ) ) ;

}

void loop ( ) {
i n t va l = readSensor ( ) ;

i n t sv = analogRead (A5 ) ;
StaticJsonDocument <200> OutMes ;
StaticJsonDocument <200> inMes ;

IMU. r eadAcce l e ra t i on (x , y , z ) ;

//Data S e r i a l i z a t i o n
// OutMes [ S t r ing (" ID")]=" Device 1" ;

OutMes [ " smokestatus "]=( subStr ing3 ) ;
OutMes [ " Rainstatus "]=( subStr ing2 ) ;
OutMes [ " p r e s en c ede t e c t i on "]=( subStr ing4 ) ;
OutMes [ " speedw"]=( speed0 ) ;
// OutMes [ " daystatus "]=( subStr ing5 ) ;

s e r i a l i z e J s o n (OutMes , PoParam ) ;
// S e r i a l . p r i n t l n (PoParam ) ;

//Read incoming message
i n t messageSize = mqttCl ient . parseMessage ( ) ;
i f ( messageSize ) {

subMessage = "" ;



Chapter 7. Appendix 48

// use the Stream i n t e r f a c e to p r i n t the contents
whi l e ( mqttCl ient . a v a i l a b l e ( ) ) {

subMessage = subMessage + ( char ) mqttCl ient . read ( ) ;
}

//Parse Messages from Sender
d e s e r i a l i z e J s o n ( inMes , subMessage ) ;
DID=inMes [ " ID " ] . as<Str ing >() ;
Xaxis=inMes [ "X" ] ;
Yaxis=inMes [ "Y" ] ;
Zaxis=inMes [ "Z " ] ;
i f (DID=="Device 2"){

S e r i a l . p r i n t l n ( subMessage ) ;
}

// Determine s t a tu s o f r a i n

i f ( subMessage2 == "") {
i f ( va l==1){

S e r i a l . p r i n t l n ("Sky i s Clear , bro " ) ;
subStr ing2 = "Sky i s Clear , bro " ;
}
e l s e {

S e r i a l . p r i n t l n ("Man, It ’ s r a i n i ng " ) ;
subStr ing2 = "Man, It ’ s r a i n i ng " ;

}
}

i f ( subMessage3 == ""){
i f ( sv< 30){

S e r i a l . p r i n t l n (" Smokey gas over panel " ) ;
subStr ing3 = "Smokey gas over panel " ;

}
e l s e {

S e r i a l . p r i n t l n (" Air i s f a i r " ) ;
subStr ing3 = "Air i s f a i r " ;

}
}
// f o r b i rd s c a r i ng

i n t durat ion , d i s tance , duration2 , d i s t ance2 ;
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d i g i t a lWr i t e ( t r i gP in , HIGH) ;
de lay ( 1 ) ;
d i g i t a lWr i t e ( t r i gP in , LOW) ;
durat ion = pu l s e In ( echoPin , HIGH) ;
// Distance i s h a l f the durat ion devided by 29 .1 ( from datasheet )
d i s t ance = ( durat ion /2) / 2 9 . 1 ;
d i g i t a lWr i t e ( t r igPin2 , HIGH) ;
de lay ( 1 ) ;
d i g i t a lWr i t e ( t r igPin2 , LOW) ;
durat ion2 = pu l s e In ( echoPin2 , HIGH) ;
d i s t ance2 = ( durat ion2 /2) / 2 9 . 1 ;
// f o r f i r s t us s enso r .
i f ( subMessage4 == ""){

i f ( d i s t anc e <= 70 && d i s t ance >= 0)
{

S e r i a l . p r i n t l n (" Something i s there , a c t i on i s taken " ) ;
subStr ing4 = "Something i s the re " ;
f o r ( pos=0;pos <=180;pos++){
Myservo . wr i t e ( pos ) ;

de lay ( 1 ) ;
}
}
e l s e {
S e r i a l . p r i n t l n ("CLEAR" ) ;
subStr ing4 = "nothing on the panel " ;

}
}
// f o r second us s enso r .
i f ( d i s t ance2 <= 70 && di s tance2 >= 0)

{

S e r i a l . p r i n t l n (" Something i s the re ac t i on i s taken " ) ;

f o r ( pos=0;pos <=180;pos++){
Myservo . wr i t e ( pos ) ;

de lay ( 1 ) ;
}
}
e l s e {
S e r i a l . p r i n t l n ("CLEAR" ) ;

}
// wind senso r model
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i n t analogValue = analogRead (A2) /4 ;
i f ( timerRunning == 0 && analogValue > 200) {
// S e r i a l . p r i n t l n (" ob s t a c l e detec ted " ) ;
prev =endTime ;
startTime = m i l l i s ( ) ;
timerRunning = 1 ;

}
e l s e i f ( timerRunning == 1)

{
i f ( analogValue > 200)
{

d i g i t a lWr i t e (LED, LOW) ;
}

e l s e i f ( analogValue <= 200)
{

endTime = m i l l i s ( ) ;
timerRunning = 0 ;
d i g i t a lWr i t e (LED, HIGH) ;
}
}

durat ion = startTime−prev ;

speed0= (28∗0 .03∗1000)/ durat ion ;
S e r i a l . p r i n t (" speed ( in m/hr ) : " ) ;

S e r i a l . p r i n t l n ( speed0 ) ;

de lay ( 5 0 0 ) ; // Take a read ing every second
S e r i a l . p r i n t l n ( ) ;

//Taking Action acord ing to subsc r ibed message
i f ( subMessage == "ONOFF") {

i f ( s t a t==1){
d i g i t a lWr i t e (LED_BUILTIN, LOW) ;
s t a t =0;
subStr ing = "Led i s OFF" ;
}
e l s e i f ( s t a t==0){

d i g i t a lWr i t e (LED_BUILTIN, HIGH) ;
s t a t =1;
subStr ing = "Led i s ON" ;

}
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}
}

// Publ i sh ing measured data through MQTT
i f ( m i l l i s ()− Mi l l i s >i n t e r v a l ){

mqttCl ient . beginMessage ( t op i c ) ;
mqttCl ient . p r i n t (PoParam ) ;
mqttCl ient . endMessage ( ) ;
M i l l i s=m i l l i s ( ) ;

}

de lay ( 1 0 ) ;
PoParam="";

}
i n t readSensor ( ) {

d i g i t a lWr i t e ( sensorPower , HIGH) ; // Turn the senso r ON
delay ( 1 0 ) ; // Allow power to s e t t l e
i n t va l = d ig i t a lRead ( sensorPin ) ; // Read the senso r output
d i g i t a lWr i t e ( sensorPower , LOW) ; // Turn the senso r OFF
return va l ; // Return the value

}


