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Abstract - The current trending tests are demonstrating advances in the materials and creative innovation of Photovoltaic 
(SOLAR) modules. Efficiency is likewise a fundamental issue for as of now introduced SOLAR modules since they were 
created utilizing a less performing technology. 
In this situation, symptomatic methodology ready to check the present condition of a strength of every single SOLAR cel l 
expects a vital significance. This paper presents a thermography-based diagnostics ready to give a clear and unambiguous 

data, on account of a PC supported examination in light of the InfraRed (IR) investigation: the proposed technique, indeed, 
gives an excellent diagnostics (both in numerical and in a subjective frame) for every cell of the SOLAR module. 
Additionally, the paper proposes a product stage that actualizes the work process and consequently creates a report, so 
coming about a quick and powerful instrument for the experts of the Operation and Management. 
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I.  INTRODUCTION 

 

The 21st century has seen a huge uprise in the 
adoption of photovoltaic (PV) energy.  Solar power is 

a rapidly developing industry. Energy production 

capacity in India has expanded 8 times from 2,650 

MW on 26 May 2014 to over 20 GW as on 4 January 

2018. With an ever-increasing demand for energy and 

growing government interest, proposals for large-

scale PV plants able to sustain entire towns have been 

on a high rise. Maintenance of these once set up PV 

plants is equitably as important. 

A critical aspect for PV plants is to maintain 

maximum output power capacity ensuring minimum 
diminution of power thus securing profitability. Solar 

plants need to continually monitor PV panels for 

defects and degradations. There arises a need for 

robust and scalable methods for detection of PV in 

solar power plants. 

Conventional methods used to detect solar panels 

incorporate expensive electric detection circuitry in 

addition to thermal imaging. The current 

methodology used in detection by thermal imagery is 

inefficient and cannot guarantee accurate results. 

Imaging of solar panels from ground level generates 

trapezoidal shapes. FLIR has an examination 
instrument for its cameras which works fine, 

however, isn't designed for breaking down images. 

An engineer is appointed to observe and manually 

detect the faults. He is expected to manually draw the 

region of interest which is restricted to rectangles. To 

reduce his workload, we made a basic model for 

breaking down IR image. 

This model helps to generate a report inclusive of 

specific important parameters for maintenance of 

SOLAR modules. This model uses OpenCV to detect 

panel and to detect hotspot on SOLAR modules. 

Temperature extraction is done with the help of 

MPneuro method which gives the prior result. 

The workflow investigates on a new approach to solar 
panel detection system which automates the entire 

process and mitigates the need for manual placement 

of contours on solar panel imagery for large solar 

farms. 

 

II. LITERATURE SURVEY 

 

A present method for solar panel detection uses 

analysis of FLIR images. The images are run through 

FLIR tools to obtain CSV datasets. 

 
The following demonstrates the flow of the process. 

 

 
 

Upon extracting the pixel-wise temperature data 

results, the data of the adjacent panels along the 

background hinders with the user data. Using the box 

tool for every solar panel and ensuring it covers the 

entire panel is time consuming and tedious process. 
Especially if this were to deploy in actual solar power 

plants wherein workers evaluate datasets of panels in 

thousands, it would be entirely unfeasible. The 

reliability would solely depend on the ability of the 

individual. Likewise, symmetry plays a key role 

because the region under interest has to be more 

precise as the panel also contains aluminum frame 

which generally hotter then panel so frame region has 
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to be discarded. To attain perfect symmetrical 

pictures demanded by the software one has to capture 

aerial shots of the panels thereby reducing the cost-

effectiveness factor[2-3]. 

The current tests propose models that analyze images 

by template matching techniques in computer vision 

library. The model works fine with identifying solar 

panel but the template matching techniques are 
susceptible to several factors like insufficient 

contrast, shadowing, background light interference 

and too much variation between parts resulting in less 

efficiency. More contributions overcome this problem 

by application of thresholding techniques. ROI 

derived solely by thresholding can be further 

improvised with more image filtering techniques. 

Gaussian blurring accompanied by morphological 

methods contributes to yielding better results 

maximizing efficiency. 

 

 
 

On extraction of the dataset of the panels, the 

black region creates complications for analysis. 

 

 
 

III. PROPOSED METHODOLOGY 

 
This problem makes it necessary for a need of 

processing the acquired IR images[5]. 

 

Nowadays there are softwares which carry out this 

process of extracting necessary information for the 

report[5]. 

 

Our model helps in the analysis of IR image of the 

PV module, in above methods most the part is done 

manually but our model aims for analyzing and 

creating a report automatically. 

 
The workflow is based on the processing of the IR 

image of the module and it will detect the panel 

irrespective of the shape of solar panel (polygon or 

irregular shape) with OpenCV library and carry out 

thermal analysis with mpNEURO method which will 

help in getting parameters such as maximum, 

minimum, modal temperature for report. 

 

Unlike the other method where this analyzing are 

done manually, our model does this analyzing 

automatically with spot detection and generating a 
report which will contain the parameters(minimum, 

maximum temperature), hotspot value and panel 

image with a spot over the panel. 

 

 
The typical work plan of an IR diagnostic analysis is 

based on steps the following methods are: 

 

1. Image Denoising : 

The first step is the image denoising which consists 

of the following methods: 

 

 Grayscaling - Converting image for RGB 

spectrum to grayscale for efficiency. 

 Thresholding - Used to eliminate 

background noise by distinguishing shades 

of colors. 

 Gaussian blurring - Smoothes out the 

rough edges and spots making them 

uniform. 

 Morphological methods - Used in the 

dilation of edges and makes the broken 

edges continuous. 

 Edge detection- Detects the probable edges 

based on sharp changes in image brightness. 
 

The sample image undergoes a number of steps 

which are thresholding and gaussian blur to clear 
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unwanted noises for edge detection, then we do 

dilation which comes under morphological method so 

to connect lines properly and there is continuity in 

edges. 

Grayscaling here makes the computation much faster 

than computation over RGB image. 

Thresholding is a much straightforward process, here 

we use binary thresholding which undergoes 
Blurring. Gaussian Blurring here helps to remove 

noises from the thresholding image,  this makes edge 

detection more efficient for Canny edge detection. 

Some morphological methods such as dilation and 

erosion are used to fill the small empty spots and get 

the clear ROI(Region Under Interest). 

 

2. Contours 

Contours is a  curve joining all the continuous limit of 

points with a similar color or intensity. The contours 

are a useful tool for shape analysis and object 
detection and recognition. 

It gives good result due to the processed image that 

we got from image denoising, applying contours on 

the region under interest to get the proper panel. Then 

we apply contour by area here the area value should 

be less than the thresholding value for a particular 

image and  if the area is found to be greater then the 

thresholding value, then the sample will share back to 

image denoising with changes in some parameter in 

canny edge value, till the value is less than the 

thresholding value. 

 

3. Check Contours by Area 

As we get the required contours, the contours will run 

PolygonPointTest. This method returns the points 

which lie inside the contours. This will provide each 

interested pixels so we can perform temperature 

extraction over the ROI. This will help extract the 

parameters for reports such as modal temperature, 

minimum and maximum temperature. As the  below 

picture demonstrates how ROI is obtained by 

eliminating surrounding area getting the area of a 

single panel . 
 

 
3.0 Getting ROI (Region Under Interest ) 

 

4. Spot Analysis 

Now after the getting the region under interest, we 

have to detect hotspot in it. Spot detection is done by 
thresholding bright spots after detection of a panel 

(ROI). We will perform temperature extraction over 

spot then to find delta which is 

 
5. IR Image Processing with mpNeuro 

Python module used here to analyze data is Written 

by Michael Patterson Palmiter lab 2014-2016. 

EXIF is for the jpeg, is only 160x120pixels 

(compared to the jpeg's 320x240), contains intensity 

data (not temperature), and that the data was collected 

with the wrong -endian, the thread sufficiently 

contained  details to figure out a way to extract the 

image from the EXIF(Exif Tool is a free and open-
source programming program to read, write, and 

manipulate with picture, sound, video, and PDF 

metadata. It is stage free, accessible as both a Perl 

library and order line application) using ExifTool, 

and capable to change the endian using 

ImageMagick(python module used image conversion 

and editing). 

 

The imaging data which is then needed to be 

converted to temperature is extracted. Here the thread 

came in handy again, specifically which outlined how 
to convert radiance to temperature. All of the 

constants for the equation are also stored in the EXIF 

of the jpeg, which allowed us to calculate the 

temperature for each point. 

 

6. Report Generation 

The parameter like maximum temperature, minimum 

temperature and average temperature delta with 

actual flir image on which this whole diagnostic is 

done is appended to an excel sheet with the help of 

xlsxwriter and pandas(python module is used to read, 

write and to modify excel sheets). 
This is how the reports are generated. 

All these processes are done without any manual 

efforts. 

 

 
6.0 Generated report 

 

FUTURE OUTLOOK 

 

With the recent developments in IoT, our model 

serves to be competent in a plethora of commercial 

applications. The process can be migrated to the 

cloud thereby making it possible to generate reports 

remotely. We have managed to achieve an efficiency 

rate of 86%. Our model works only for a single panel. 
This is further expected to increment with more fine 

tuning with the code. Although our model is capable 

of analyzing despite of inconsistencies in imagery, 
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accuracy can be drastically improvised if automation 

is delivered in the process of capturing the images. 

 

CONCLUSION 

 

This contribution states a methodology for PV 

modules in view of processing thermal images 

automatically from the thermal camera and 
generating a report. A better result can be obtained if 

the resolution of the thermal image is good because 

IR image process is rough based methodology. At 

this moment we will be improving our method in  

order to achieve the best image processing method for 

hot spot detection and  to add new features which will 

increase the accuracy for getting report parameter 

(minimum, maximum & average temperature etc) of 

PV modules. 
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