
Proceedings – Int. Workshop on Atmospheric Icing of Structures IWAIS 2022 - Montreal, Canada, June 19-23 

 

1 of 6 

Research on Recognition Algorithm of Residual 

Snow and Icing on Photovoltaic Module 
Jiawen Wang1, Xinbo Huang1*, Yongcan Zhu1, Ruiwen Zhou1 

1 College of Electronics and Information, Xi’an Polytechnic University, Xi’an 710048, China 1  

 
* Corresponding author; E-mail:286844943@qq.com, huangxb1975@163.com 

 
Abstract— The ability of receiving solar energy for ice-covered 

or snow-covered photovoltaic module will be seriously affected, 

therefore its power generation efficiency will be greatly reduced 

and the PV module will be probably damaged. The paper 

proposed a new method to detect the freeze-thaw state of ice and 

snow covered the PV module by using UAV to obtain images and 

image processing. Firstly, the paper uses the corner points of the 

image to identify the specific location and size of the PV module 

according to the structural characteristics. Secondly, the 

background template of the PV module images is estimated by 

sliding window, and the original image is differentiated from the 

compensated background template to obtain an image with a 

uniform background. Thirdly, the snow-covered area is located 

by morphological filtering and the minimum external rectangle, 

and the coverage area of ice and snow on the photovoltaic module 

is determined. The research result is helpful to predict the power 

generation efficiency of PV modules under ice and snow 

conditions in winter. The findings help to locate PV modules that 

require manual deicing and predict the power generation 

efficiency of PV modules under winter ice and snow conditions. 
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I. INTRODUCTION 

Solar energy is an indispensable energy source in the 21st 

century and an important renewable resource. Solar energy is 

a clean energy, which is widely used and plays a positive role 

in improving the environment and climate change. 

Photovoltaic power station is one of the most encouraged 

green power development projects. Now, around the world, 

even in the north and polar regions, it is becoming more and 

more feasible to use solar energy production to meet the 

growing energy demand. Although the solar radiation 

intensity in some areas is relatively low and the amount of 

electricity generated in winter will be greatly reduced, 

photovoltaic cells are still a feasible source of energy for part 

of the year[1]. 

In recent years, under the influence of global climate 

change and other factors, all kinds of natural disasters occur 

frequently. As most of the photovoltaic power stations operate 

in the wilderness and mountainous areas, the natural 

environment is relatively bad, and it is not uncommon to 

report that photovoltaic power stations are affected by 

disasters caused by torrential rain, lightning, floods, ice and 

snow, earthquakes and so on[2]. Photovoltaic technology faces 

some challenges in cold climates, and snow and ice may form 

and accumulate on the panel, preventing light from reaching 

the battery, thus hindering power generation. The 

accumulation of ice and snow will greatly reduce the power 

generation efficiency of PV modules, affect the life of PV 

modules, cause assembly collapse and other problems, which 

has become one of the main factors affecting the normal 

operation of photovoltaic power stations in winter [3-4]. 

In addition, no matter what the climate, ice and snow may 

form at high elevations. PV modules can generate electricity 

in remote high-altitude areas, such as mountain huts, and 

distributed photovoltaic power generation is used because it is 

expensive to extend the cable to connect it to the grid. 

Therefore, the problems related to snow affecting photovoltaic 

systems are not limited to the north or polar regions. 

Through the study of the effect of shading, the effect of 

snow on PV modules can be quantified. Light blocking is the 

main problem of photovoltaic cells, and the effects of shading 

and pollution have been widely studied. The behavior of 

various types of photovoltaic cells under low light conditions 

has been studied[5]. Hockersmith S has shown that compared 

with uniform shading, local shading is more critical to the 

operation of photovoltaic systems[6]. Although uniform 

shadows only reduce the output of the system, similar to 

clouds that block solar radiation or sunset, some shadows can 

lead to complex changes in current balance and battery 

conductivity. Snow and ice can cause uniform and partial 

occlusion in all cases. When the above situation occurs, it is 

necessary to detect the degree of ice and snow on the 

photovoltaic panel in real time. If the identification is carried 

out manually one by one, not only the workload is heavy, but 

also the cost is high, and the patrol inspection is not 

continuous. Especially in some mountainous areas with harsh 

environmental conditions and complex topography, it is 

difficult to arrive manually, and the working environment is 

often complex and arduous, and the workload is heavy, and 

there are many unpredictable dangerous conditions. The 

rapidity and real-time performance of monitoring cannot be 

well guaranteed [7], and it costs manpower, material and 

financial resources to send someone to test it without knowing 

whether it is covered with ice or not. 

Nowadays, with the rapid development of UAV technology, 

it can be deeply applied to the inspection of power equipment, 

and its characteristic is that the detection results are more 

objective and are not affected by terrain factors. Based on 

UAVs that can be equipped with thermal infrared imaging 

cameras and visible light imaging cameras to conduct power 

equipment inspection, collect photovoltaic module power 

generation operation data information, use image processing 

technology and photovoltaic module fault detection 

technology, independently develop image processing 

algorithms, combined with photogrammetry technology  It 

can automatically detect abnormal conditions such as ice 

coating, dust, dirt, occlusion, and heating of components, and 

report abnormal details and precise location information. It is 
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an efficient, intelligent, component-level inspection and 

diagnosis tool for photovoltaic power plants[8]. Through the 

image processing algorithm in this paper, the ice and snow 

conditions of photovoltaic modules can be sensed from a 

distance, the size of the ice and snow conditions of 

photovoltaic modules can be estimated, the position of 

photovoltaic modules can be positioned, and the final data 

results can be used to choose whether to remove ice and snow 

from photovoltaic panels.  At the same time, a large number 

of identification of the degree of ice-covered areas of 

photovoltaic panels through image processing can provide a 

reliable theoretical reference for the subsequent impact of ice 

and snow on photovoltaic power generation efficiency. 

 
Fig.1 Photovoltaic module icing and artificial snow removal 

II.  IDENTIFICATION METHOD OF SNOW AND ICE  

The icing of power system has been studied for a long 

time at home and abroad, and some substantial progress has 

been made, including transmission line icing detection, 

insulator icing detection and large wind turbine blade icing 

detection. In view of the above icing, the following methods 

are available for detection: 

1) Establish observation stations: According to the actual 

situation, an observation station is established in the place 

where ice-covered disasters may occur, and technicians are 

sent to be on duty at the observation station to record the 

climate information and the ice-covered situation of power 

facilities, and then use statistical models according to the 

various information obtained [9], to calculate the ice load of 

electrical equipment such as transmission lines, insulators, 

wind turbine blades, etc. in a certain period of time. This 

method is manual inspection, at present, it is still used in a few 

remote areas, and its shortcomings are also obvious. It 

consumes a lot of manpower, material and financial resources, 

and the judgment is subjective and the work intensity is large. 

It is a great test for the eyesight and physical quality of the 

testers, and the test results vary from person to person, and the 

specific values can not be used to express the severity of icing. 

2) Sensor thickness measurement: Fang Liqian et al. [10] 

proposed that because the dielectric constants of air, water and 

ice are between 1 and 80 minutes 3-4 respectively at standard 

atmospheric pressure, so we can calculate the icing of 

electrical equipment by using the principle of the sensor and 

through the difference of the permittivity between ice and air. 

3)Model calculation: Firstly, through a large number of 

data collected in advance, a set of ice thickness measurement 

model of electrical equipment is established according to a 

certain physical relationship. Then, through the sensors on the 

electrical equipment, the physical quantities such as the wind 

speed in the environment of the electrical equipment such as 

the transmission line, the gravity change of the iced wire and 

the inclination angle of the insulator are detected, and then 

these physical quantities are put into the measurement model, 

thus the output value of the model is calculated. Finally, the 

obtained data is sent back to the dispatching center, and the 

experts judge the actual operation status of the line through 

their own experience and on-site results, and then give 

information on improvement measures, so as to prevent the 

occurrence of natural accidents such as ice disasters [11]. 

4) Video image detection: in areas prone to ice disaster of 

electrical equipment such as transmission lines, we install a 

camera on the transmission line tower, through which the 

information next to the electrical equipment is transmitted to 

the dispatching center in real time for video surveillance, and 

combined with image recognition technology, the icing of 

3of6 transmission lines and insulators is monitored in real time 

with the help of existing video surveillance devices, so that the 

result analysis can be made quickly. Avoid huge economic 

losses caused by icing disasters [12-13]. This method has 

attracted more and more attention and research by scholars, 

especially after the large-scale icing disaster occurred in 

southern my country in 2008. But in general, this method still 

has a lot of defects. The methods used are traditional edge 

extraction methods, and the proposed method is rarely verified 

by experiments. 

III. ICING TYPES AND MORPHOLOGICAL CHARACTERISTICS OF 

PV MODULE 

Icing is a common phenomenon in power system, but for 

PV modules, some shadows will lead to complex changes in 

current balance and cell conductivity, reduce power 

generation efficiency, and even damage solar panels. 

According to the shape of icing observed by human eyes, the 

types of icing can be divided into glaze ice, hard rime,soft rime, 

white frost and snow. 

Rime is generally formed in the weather of freezing rain, 

mostly in low-altitude areas, frequently occurs in severe 

winter, and lasts for a short time. In the north, when cold air 

invades, the temperature of the air layer near the ground is 

between 0 ℃ and-3 ℃, and it encounters warm air with higher 

humidity from the south, which forms a warm stratosphere 

with a temperature slightly higher than 0 ℃, while the 

temperature of the cloud layer is often lower than-10 ℃. As a 

result, snowflakes falling from the clouds become supercooled 

raindrops when they pass through the warm layer near the 

ground. When the supercooled raindrops fall on the 

photovoltaic panel with a temperature lower than 0 ℃, it will 

gradually gather on the bottom surface of the board and 

immediately freeze, so that ice edges appear on the lower edge 

of the photovoltaic plate, that is, rime is formed. Rime is a 

kind of ice cover, which is glass-like and crystal clear. It often 

occurs when the ambient temperature is 0 to-3 ℃ and the wind 

speed is 2-20m/s. When the surface of the supercooled 

raindrop and the photovoltaic panel is not completely 

condensed, if it happens to encounter windy weather, another 

raindrop will collide with it, in this repeated humid 

temperature to form ice, that is, rime, the initial stage of mixed 

ice is rime icing. 
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There are two types of rime, soft rime and hard rime. When 

the photovoltaic board is covered with rime, in most cases, 

soft rime and hard rime coexist. Under the action of the wind, 

a large number of small fog droplets will constantly collide 

with the surface of the board and accumulate freeze and stick 

on the surface of the photovoltaic board to produce rime. The 

most obvious feature of rime in appearance is "shrimp tail" or 

"pine needle". It is attached to the windward side of the 

photovoltaic panel, and this form of icing can often be seen in 

higher and colder areas in winter. The color of rime is white 

or milky white, and its shape is mainly granular and crystalline. 

The density of soft rime does not exceed 0.1g/m3, and the 

density of hard rime is 0.1-0.3g/m3. 

Mixed glaze is a form of ice coating formed by the collision 

of supercooled water droplets and freezing on its windward 

surface. It is translucent and appears in the form of hard ice. 

The bonding force of the mixed glaze is very strong, and the 

density is between 0.2-0.6g/m3; the mixed song will develop 

rapidly under the condition of low temperature and strong 

wind speed. 

White frost is formed in the air near the ground layer, and 

adheres to the surface of photovoltaic panels that are cold 

enough, but the bonding force is very weak, generally scaly, 

feathery or fan-shaped. A summary of the above content is 

shown in Table 1. 

TABLE I. TYPES AND PHYSICAL PROPERTIES OF ATMOSPHERIC ICE  

If there is snow on the surface of the photovoltaic panel, it 

must meet the condition that the snow in the air is "wet snow". 

If it is dry snow and ice crystals, it is not easy to stick to the 

surface of the photovoltaic panel. In windy weather, 

snowflakes can easily fall off the surface of photovoltaic 

panels, so snow-covered photovoltaic panels are more 

common in mountainous areas than in low-lying areas without 

wind. 

IV.  UAV INSPECTION AND PHOTOVOLTAIC MODULE ICE AND 

SNOW IDENTIFICATION 

The drone is equipped with an advanced Flir Tau2 13mm 

thermal infrared sensor and Sony QX1 20mm visible light 

camera. The thermal infrared camera has a resolution of 

640×512, a field of view of 45°×37°, a temperature 

measurement sensitivity of 0.05K, and a radiation level of 214, 

which can effectively and quantitatively detect the small 

temperature difference of the solar panel; the visible light 

camera The resolution is 20 million pixels, and the field of 

view is 60°×47°, which can clearly display the problems of ice 

coating, damage and dirt on the surface of the battery panel. 

The two sensors simultaneously collect image data in similar 

fields of view, which facilitates further image analysis and 

data processing. 

First, the image of PV modules is obtained by drone. 

There are technical problems such as positioning tracking and 

flight control in the process of drone inspection, and the 

shooting environment and background are complex. The 

photos taken are generally affected by electromagnetic 

radiation and lighting during shooting, which will lead to 

uneven exposure intensity. Currently, there is no standard 

open image database for PV modules captured by drones. 

Therefore, when selecting the research samples, the 

corresponding image samples were screened according to the 

actual inspection operation requirements, and the scope of the 

samples was expanded as much as possible. 

The flight operation flow of the UAV patrol inspection 

system is as follows: (1) The image acquisition equipment 

carried by the UAV is used to collect, record and store the 

image in the flight range. the acquired image information is 

transmitted to the wireless module and to the ground station 

through the wireless network. (2) The ground station receives 

the image through the wireless receiving module, and the 

display screen can display the image in real time. The staff 

can observe the pictures taken by the UAV, while ensuring 

the smooth flight of the UAV, adjust the UAV to collect the 

image of the transmission wire at an appropriate distance and 

angle. (3) The ground station sends the acquired transmission 

wire image to the image monitoring center through the 4G 

communication network. (4) The image monitoring center 

analyzes and processes the collected images according to the 

embedded intelligent algorithm, and obtains the inspection 

results.  The intelligent algorithm is shown in Fig.2. 

TYPE OF 

ICE 
DENSIT

Y 

(G/M3) 

APPEARANCE AND 

PROPERTIES 
ADHESION

/ 

COHESION 
Glaze ice 0.7-0.9 transparent, grown in a 

wet regime sometimes 

with inclusions of air 

bubbles and often with 

icicle formation 

strong/strong 

Hard rime 0.3-0.7 opaque to 

transparent, grown in a 

homogeneous structure 

with air bubbles 

inclusions 

strong/ very 
strong 

 

Soft rime 0.15-0.3 white, granular 

structure 

medium/ low 
to medium 

 

Wet snow 0.85-0.1 white, grown in 

various structures and 

shapes and may have 

high liquid water content 

medium/medi

um to strong 
 

Dry snow 0.05-0.1 white, grown in 

various structures and 

shapes 

low/low 
 

Hoar frost <0.1 white, needle 

structure 

    low/low 
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Fig.2 Algorithm Flow Chart 

A. Image preprocessing 

The collected photovoltaic module image information 

affected by the shooting environment will produce noise, 

reflection and other interference factors that are not conducive 

to image processing. Therefore, image preprocessing is often 

needed in the early stage, such as image graying, image 

denoising, image enhancement and so on. Preprocessing can 

simplify data, eliminate adverse interference, restore image 

quality, and improve the speed and accuracy of image 

segmentation. Prepare for later image segmentation and area 

calculation. First of all, according to the characteristics of high 

gray value of pixels in the background area of the photovoltaic 

module covered with ice and snow image, the background 

template of the photovoltaic module image is estimated by 

sliding window, and the difference between the original image 

and the compensated background template is made to get a 

uniform background image. Secondly, meanshift is used to 

smooth out the noise points and enhance the details at the same 

time.   

          

(a) Original picture                     (b) Background difference 

       

(c)Image segmentation             (d) Morphological correction 

Fig.3 Image Processing  

B. Size estimation of Photovoltaic Module based on Corner 

recognition 

To estimate the size of the photovoltaic module, firstly, 

taking the upper corner of a single photovoltaic module as a 

reference, the pixel equivalent of the photovoltaic module can 

be obtained. Pixel equivalent refers to the number of pixels 

calibrated within this range under the actual physical size 

under the same condition, that is, the pixel equivalent under 

the physical size; it can also be interpreted as the actual 

physical size represented by a pixel in the image. Through the 

corner detection of the image of the local or continuous 

photovoltaic module covered with ice and snow, the number 

of pixels in the calibration range is obtained, and then the size 

of the local or continuous photovoltaic module can be 

estimated by proportional calculation. Sometimes it is 

necessary to deduce the snow and ice coverage from the size 

of the PV modules. 

 

C. Icing positioning 

Because of the obvious color difference between ice and 

snow and PV modules, the ice-covered area can be located 

after image segmentation. In addition, with regard to the 

positioning method of each photovoltaic module, one is that 

the geographical location of the photovoltaic module can be 

located by comparing the coordinates of the captured image 

with the coordinates of the actual photovoltaic module. The 

other is that when the UAV takes images, it takes off the UAV 

outside the safe range of the photovoltaic array, controls the 

UAV to fly to the top of the photovoltaic module manually or 

automatically, and flies along the photovoltaic module array 

and collects the image information of the photovoltaic module. 

When the images of all the checkpoints are collected, the UAV 

returns to the starting point, numbers each picture according 

to the shooting order, and the program reads each number into. 

Then locate the PV modules according to the number.The 

treatment effect is shown in Fig.4. 
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Fig.4 Icing Positioning 

D. Icing classification 

After the icing area is identified and located, the icing 

features are extracted, and the weighted feature fusion is 

carried out according to the geometric features, shape features, 

texture features, gray features and other features of ice and 

snow on the photovoltaic module, and then the icing types on 

the PV modules are classified according to different 

thresholds, in which the icing types mainly include rime, 

mixed rime, and snow.  

 
TABLE Ⅱ  PROCESSING RESULTS OF EACH PART 

 
TABLE Ⅲ PROCESSING ICING CLASSIFICATION AND RECOGNITION 

ACCURACY 

The processing results of each part are shown in Table 2. It 

can be concluded that the algorithm process can accurately 

identify the location of ice and snow on the PV modules. From 

the positioning map and Table 3, it can be seen that the 

algorithm has a good effect on the identification of mixed 

snow and snow types. The recognition rate of relatively 

transparent icing, such as rime needs to be improved and the 

classification error is 1% 

V. CONCLUSIONS 

Snow and ice will lead to a significant decline in the 

power generation efficiency of PV modules. In this paper, the 

UAV is equipped with a thermal infrared and visible light 

acquisition device to collect the visible light image and 

infrared thermal imaging image of the PV module, the image 

information is randomly stored, and the flight position 

information is recorded. The captured images are sent back 

online in real time, and then the ice and snow covered areas of 

photovoltaic modules are identified and located. Combined 

with the characteristics of the image sets of the ice and snow 

covered areas of PV modules, image processing technology is 

used to establish the identification algorithm process of ice 

and snow covered PV modules. The algorithm is used in the 

image monitoring center to greatly improve the efficiency of 

accurate tracking and determination of snow-covered PV 

modules during UAV inspections. It is of great significance 

for artificial snow removal and power generation prediction of 

photovoltaic power plants. 

 The main conclusions are as follows:  

1) Photovoltaic power stations are mostly located in 

remote and desolate areas, occupying a large area, and manual 

inspections during the ice and snow season are time-

consuming and labor-intensive. Therefore, using the drone 

inspection mode: 1 person operation, automatic collection of 

thermal infrared images and visible light images of 

components, no need for manual inspection, patrolling for 

about 4 hours, automatic analysis and judgment of faults on 

the acquired massive data, and automatic formation of 

professional analysis reports. Weak dependence on personnel 

experience, high efficiency in equipment failure detection, and 

improved power station information. 

 2) The morphological characteristics of the remaining 

snow and icing of photovoltaic modules are obvious, so a 

complete set of snow and icing identification process of 

photovoltaic modules is proposed, which mainly includes 

photovoltaic module preprocessing, corner location, accurate 

area segmentation, and ice-covered area location. It is an 

effective method to identify the snow and icing of 

photovoltaic modules. 
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