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Abstract 

In this study, we found the temperature difference (MTD) between the normal part of a PV module and the damaged 
area is closely related to the efficiency of the module. Specifically, when the MTD is lower than a certain threshold, the 
efficiency of the module is significantly reduced. We also found that the MTD is closely related to the size of the damaged 
area. The experiment results of our study suggest that UAV and thermal imaging cameras can be used to detect and 
diagnose partially damaged PV modules with high accuracy. This can help reduce maintenance costs and increase the 
efficiency of PV systems. Moreover, this study provides a new method for diagnosing partially damaged PV modules, 
which can be used for further research. 
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1. Introduction

The UAV can fly over the photovoltaic system and take thermal images of the modules. By analyzing the thermal images, 
the system can detect the hot spots which indicate the potential damage of the PV modules [1-3].  

Comparing to the traditional methods, this method can save a lot of manpower and time while still achieving the same 
accuracy. This method can effectively identify the faulting modules on the photovoltaic system by making use of the 
difference between the temperature of normal modules and the temperature of faulting modules. Thermal images of PV 
modules can be taken by UAV-mounted thermal imaging cameras, which can be piloted to fly over the photovoltaic 
system [4-5].  

The analysis of thermal images can provide insight on the status of the photovoltaic system, such as the location of hot 
spots on the modules, the temperatures of the modules, and so on. With the help of a computer vision algorithm, the 
faulting modules can be identified in a much shorter time than traditional manual inspection. This method is also more 
efficient and cost-effective, since it eliminates the need for manual labor and reduces the amount of time required for 
detection [6]. 

The thermal imaging camera can detect the abnormal temperature of PV modules, which is a sign of potential damage. 
UAVs can fly over the PV system and take the thermal images efficiently and accurately. By analyzing the thermal images, 
the damaged PV modules can be located and repaired quickly. The process of using UAV and thermal imaging cameras 
for PV module damage detection has many advantages [7].  

Firstly, it is much more efficient than traditional manual inspection methods. UAVs can fly over large areas in a very 
short time and take the thermal images of the entire photovoltaic system. With the help of image processing algorithms, 
the abnormal temperature of the PV modules can be detected quickly and accurately [8-9]. 
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Secondly, it is very cost effective. UAVs can be operated at a much lower cost than traditional manual inspection 
methods. In addition, the cost of thermal imaging cameras is relatively low. It is much cheaper than buying large 
quantities of PV modules to replace the damaged ones [10].  

Thirdly, it is safe. UAVs can fly over large areas without any danger to the technicians. Moreover, the thermal images 
can be used to detect the abnormal temperature of the PV modules without any physical contact. 

In conclusion, the combination of UAVs and thermal imaging cameras can be used for effective and efficient damage 
detection of PV modules in a large area of photovoltaic system. It is cost effective, efficient and safe. It can provide an 
effective and efficient way to locate and repair damaged PV modules quickly [7-10]. 

The use of an unmanned aerial vehicle (UAV) equipped with a thermal imaging camera to detect damages in various 
photovoltaic (PV) modules can be extremely beneficial. This technology can be used to identify potential problems with 
the PV system before they become major issues that could lead to costly repairs or replacements. By using a UAV with 
a thermal imaging camera, the user can detect hotspots and other anomalies that may indicate a problem with the PV 
system. This technology can also be used to detect changes in temperature throughout the day, which can be indicative 
of a potential issue with the system. Additionally, the use of thermal imaging can help to identify damage caused by hail 
or other natural disasters, giving the user the opportunity to take preventive measures before the damage becomes too 
severe. Finally, the use of a UAV with a thermal imaging camera can also help to reduce downtime, as the user can 
quickly identify and address any issues before they become major problems [11]. 

The results show that the efficiency of the damaged module is lower than that of the reference module, and that the 
MTD increases as the damaged area increases. The amount of power generated is also reduced as the damaged area 
increases. The analysis program is able to accurately predict the amount of power generated by the damaged module 
according to the MTD and damaged area. The results of this experiment provide useful information for PV system 
operators, which can be used to assess the performance of damaged modules and to optimize the system layout and 
operation. Furthermore, this study demonstrates the potential of UAV thermal imaging for PV module monitoring and 
damage detection. 

2. Material and method 

The method to measure temperature difference (MTD) is a measure of the difference in temperature between the top 
and bottom of the PV module. It is used to assess the thermal behavior of the module and the impact of thermal losses 
on the module's efficiency. The lower the MTD, the better the thermal performance of the module. 

Damaged area is the percentage of the module's surface area that is damaged, either by physical damage such as 
scratches, cracks, or deformations, or by environmental damage such as soiling, corrosion, or exposure to UV light.  

The relationship between MTD and efficiency can be measured by comparing the efficiency of the undamaged module 
with the efficiency of the damaged module. If the MTD of the damaged module is higher than that of the undamaged 
module, then the efficiency of the damaged module is likely to be lower. Conversely, if the MTD of the damaged module 
is lower than that of the undamaged module, then the efficiency of the damaged module is likely to be higher than that 
of the undamaged module [12].  

By comparing the MTD and efficiency of the undamaged and damaged modules, we can gain insights into the 
relationship between MTD, damaged area, and efficiency. This will allow us to assess the impact of damage on the 
module's efficiency and understand the optimal MTD for a given level of damage, Equation (1). 

…………….(1) 

Where, 𝑇𝑛𝑜𝑟𝑚𝑎𝑙: Normal operating temperature; 𝑇𝑎: Temperature above the 𝑇𝑛𝑜𝑟𝑚𝑎𝑙; 𝑛𝑎: The number of temperatures 
below the average temperature.  

The hardware design involves the selection of components such as the microcontroller, the solar cell, the voltage 
regulator, and the transistors. The microcontroller is used to control the system, while the solar cell and the voltage 
regulator are used to generate the necessary power for the system. The transistors are used to amplify the signals from 
the solar cell and the voltage regulator.  
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The software programming involves the creation of an algorithm that will detect the presence of a PV module. The 
algorithm will first measure the voltage output from the solar cell and the voltage regulator and then compare the two 
values. If the two values are within the specified range, then the system will detect the presence of a PV module. The 
algorithm can also be modified to detect the presence of other components, such as a battery or an inverter.  

The system can be configured to send an alert or a notification when a PV module is detected. This alert or notification 
can be sent to a mobile device or to an email address. Additionally, the system can be configured to shut off the system 
when a PV module is detected. This will help to prevent the system from malfunctioning due to an overload of power. 

The thermal imaging camera is connected to a laptop via USB port, for the purpose of image acquisition. The camera 
captures the thermal image of the target and sends it to the laptop. The laptop provides software to process the image 
and display it in real-time. The software can be used to calculate the temperature of the target and display it in a 
graphical format. The user can also choose to save the image or video of the target. The GPS is also connected to the 
laptop, to provide the location of the UAV. The location data is used to calculate the position of the target and the camera. 
The location data is also used to determine the altitude of the UAV, shown in Figure 1.  

The video and audio transmission system is used to send the live video and audio from the UAV to the laptop. The laptop 
can be used to record and store the video and audio. The data from the thermal imaging camera, GPS, and video/audio 
transmission system are processed and analyzed by the laptop to provide the location, altitude, and temperature of the 
target. The result is then displayed on the laptop for the user to view. 

The experiment demonstrates the feasibility of using UAVs equipped with thermal imaging cameras for remote sensing 
applications. The experiment also shows the potential of using UAVs for search and rescue operations. The results of 
the experiment can be used to improve the effectiveness of UAVs and their sensors in various applications, shown in 
Figure 2 and Figure 3. 

 

Figure 1 The thermal image processing system block diagram 
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(a) (b) 

Figure 2 (a) UAV; (b)Thermal imaging camera 

  

 

Figure 3 The software flow chart 

3. Results  

One of the detection results is shown in Figure 4 and Table. 1. A polycrystal silicon PV module with detect height 1.5 m 
and scan velocity 3.6 m/s. Also we measure the degree of damage by measuring I-V curves of the PV modules. 

Table 1 Testing result of difference of damaged and undamaged PV module 
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Figure 4 Damaged PV module in thermal image Detect height: 1.5 m, scan velocity: 3.6 m/s 

4. Conclusion 

Our study used UAV and thermal imaging cameras to detect various PV modules with partial damage. We examined the 
relationship between the mean temperature difference (MTD) and the damaged area, as well as the efficiency of the 
module.  

We found that the MTD is closely related to the efficiency of the module. Specifically, when the MTD is lower than a 
certain threshold, the efficiency of the module is significantly reduced. We also found that the MTD is closely related to 
the size of the damaged area. 

Our results suggest that UAV and thermal imaging cameras can be used to detect and diagnose partially damaged PV 
modules with high accuracy. This can help reduce maintenance costs and increase the efficiency of PV systems. 
Moreover, this study provides a new method for diagnosing partially damaged PV modules, which can be used for 
further research. 
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