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Abstract Solar energy production is provided by thermal and photovoltaic (PV) systems. Among them, PVs 

are considered one of the most important power generation systems that produce safe and sustainable energy. 

Depending on the outdoor conditions, PV systems get dirty over time due to dust, rain and environmental 

factors. Above the PV system When polluted, it causes a significant decrease in their efficiency. Especially in 

large photovoltaic power plants, it is seen that the panels are not polluted equally. But the cleaning robots 

system When it starts to clean, it cleans all the panels. Cleaning all clean and dirty panels causes energy 

consumption, material life and spare parts waste. In the system we have planned, it is planned to clean the 

panels by detecting the dirty panels with the camera and directing the cleaning robot only to the contaminated 

areas. Since only the contaminated areas will be cleaned, the energy production efficiency of the panels will 

increase and the cleaning time will be shortened. 
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Introduction 
 

In recent years, global warming and the decrease in fossil fuels have increased the interest in renewable energy 

sources (RES) such as solar, wind, hydroelectric and geothermal energy. Among these energy sources, solar 

energy is one of the remarkable types of RES. Solar energy has become a more acceptable and promising energy 

source thanks to its enormous potential power and safe energy production (Korkmaz, 2021). Due to the 

disadvantages of using fossil fuels; Renewable energy sources such as wind, solar, geothermal and biomass have 

begun to be used. Among the renewable energy sources; Resources such as solar energy, hydraulic energy, wind 

energy, geothermal energy, solar energy, biomass energy, hydrogen energy, wave energy can be shown among 

the widely used energy sources (Önal, & Turhal, 2021). Compared with traditional energy sources, solar energy 

has many advantages such as abundant source, wide spread, free of environmental pollution, free use and easy 

accessibility (Diallo D, 2021) One of the important features of this energy is the easy installation of the systems 

required for production and low infrastructure costs (Pratt & Govender, 2021). Thus, solar power generation 

plants have become increasingly common around the world. Worldwide, the total PV power generation capacity 

has exceeded 625 GW at the end of 2019, while it was only 23 GW 10 years ago. The annual addition of PV 

capacity increased from around 8 GW in 2009 to more than 115 GW in 2019. In addition, it is estimated that PV 

capacity can meet the energy production of 3,518 TWh in 2030 (Khezri et al., 2022). However, various 

problems arise in the production and use of PV systems, such as reliability of panels, power drop, outdoor 

conditions and failures. PV panels are installed outdoors and are usually protected from the environment by an 

aluminum frame and glass lamination. However, these measures may not be sufficient due to harsh climatic 
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conditions and many different malfunctions may occur during installation, such as breaking or cracking the 

panel, falling tree branches, snow, insect marks, burn marks, shading and discoloration. In addition, 

manufacturing defects such as faulty soldering or connection can also cause PV panels to be damaged. Such 

various problems hinder the current flow of PV systems, reducing generation power and efficiency. Therefore, 

in solar power plants, it is necessary to monitor the operating status of the panels and replace or repair the 

defective units to ensure maximum efficiency (Naveen Venkatesh &Sugumaran, 2022). At this stage, by using 

an artificial intelligence algorithm that controls the PV lines, the system can also monitor the energy situation 

produced and record possible errors that occur. This artificial intelligence algorithm, which has many different 

versions of object recognition applications, collects recording data with the help of a camera, preventing losses 

during energy production. By directing the cleaning system or robots locally, it ensures that the dirty area is 

cleaned. 

 

 

Material and Method 
 

Deep learning helps machines understand the world and solve complex problems. It is the most popular 

approach for developing artificial intelligence, deep learning method, multi-layer for feature extraction and 

transformation nonlinear processing units. Successive layers take the output of the previous layer as input and 

process it (Kızrak, & Bolat, 2018). 

 

 

Artificial Neural Networks (ANN) 

 

ANN are machine systems developed for ANN to perform functions such as learning, generalizing and 

generating new information, inspired by the human brain, imitating the way the brain works, and are different 

from traditional algorithms. They use the calculation method. ANNs have fault tolerance and draw from 

experience, but are also hardware dependent. Neural networks contain input, weights, bias, sum function, 

activation function and output. A simple neural network example is given in Figure 1. Inputs can come from 

another neuron as well as from the outside world and form inputs to neurons. Incoming data is recorded with a 

weight value. It is multiplied by the bias value and added. In this way, it is known that the effect on the inputs to 

be produced can be adjusted. The addition function is the input by multiplying; It is the function that gives the 

net input of that cell by summing its values. Depends on ANN Sometimes the value of the inputs is important, 

sometimes the number of incoming inputs can be important (Su et al., 2021).  

 

 
Figure 1. A simple neural network example 

 

 

Convolutional Neural Networks (ESA) 

 

People look at an image and make quick inferences about where they are in the image. ESAs created with 

today's computer vision field have achieved significant success in modeling the human visual system. ESA is 

used in many fields. Object recognition, object classification, object tracking, sentence modeling etc. ESAs 

consist of many layers. These are input layer, convolution layer, ReLu, pooling layer, fully connected layer, 

dropout layer, classification layer and output layer. The first example of Convolutional neural network is given 

in Figure 2. 
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Figure 2. Convolutional neural network 

 

 

Object Recognition Algorithms 

 

Object detection is used in almost every field such as people counting, autonomous vehicles, pedestrian 

detection, face detection. The general purpose of object detection is to create a new image of a predefined object 

class in the system and determine the position of each detected object in this image using a rectangle 

surrounding it. There are many accurate and fast algorithms for object detection and tracking. The simplest deep 

learning approach for object detection and object tracking in deep learning is a convolutional neural network. 

An output class is obtained for each input image. Image This system can also be used to detect various objects. 

The biggest problem with this approach is that the object in the image can be of different sizes. As a result of 

this problem, it will cause the computation time to take quite a long time. Many object detection neural 

networks are available (Gu et al., 2018). 

  

Examples of these are R-CNN, Fast R-CNN, Faster R-CNN, SSD, YOLO. The YoloV5 algorithm is very fast 

because it passes the image through the neural network in one go and predicts the class and coordinates of all 

objects. The most important feature that istinguishes YoloV5 from other object detection algorithms is that it is 

ahead of its competitors in general average sensitivity (mAP) values in real-time object detection and tracking. 

 

 

WORKS DONE 
 

Data Set Creation and Labeling 

 

 
Figure 3. Data set creation 
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Photo recordings started with a camera placed on the solar panel. Later, a training set was created out of 

approximately 1600 photos. Since a data set of this size would prolong the training process, the dimensions of 

the photos were changed to 640x640 pixels. All photos with varying sizes in the dataset were tagged. The 

purpose of tagging is to save the coordinates of the object in a text file. After photo tagging, the data set is 

divided into training, testing, and validation. Out of 1600 photos, 1400 are reserved as training data, 180 as test 

data, and 20 as validation data.  

 

 
Figure 4. Experimental design 

 

Experimental Studies 

 

The dataset consists of 1600 photos. After the data set was created, labeling was performed for all photographs 

in the data set. Tagging took 20 seconds for a photo. The tagging process for all photos took approximately 10 

hours. After the dataset is labeled, the neural network parameters are set. Then the training process was started 

and the average error graph was drawn.  

 

 
Figure 5. Experimental results 

 

The learning rate has an important place for the error function. The mean error function is not expected to 

decrease either too fast or too slowly. In this thesis study, the learning rate that most appropriately reduces the 
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mean error value was selected by training with different learning rates. In Figure 5, the average error graph is 

given when the learning rate is 0.01. As can be seen from the Figure 5, it will be seen that the average error 

graph decreases very rapidly. Although this learning speed has accelerated the training process, it is highly 

affected by the data set. For this reason, the rate of pre-education learning should be reduced. 

 

 

Conclusion 
 

After the study, an effective deep learning model has been proposed for the detection and classification of 

pollution in photovoltaic (PV) panel cells. Among the object detection algorithms, the YoloV5 algorithm turned 

out to be faster and more sensitive. The photos taken were run by this algorithm. According to the result of the 

algorithm, a cleaning robot will be sent to the PV panel area. 
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