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4.1  OVERVIEW 

 

High voltage Gas Insulated Switchgears (GIS) are prone to 

metallic particles. The presence of particle void can reduce the 

dielectric strength of the SF6 insulation gas. This chapter discusses 

on the development of a particle detector for GIS using image 

processing techniques to reduce flashover phenomena on energized 

GIS. The developed particle detector consisted of a borescope, a 

laptop and a detection program. The program was coded using 

MATLAB (Matrix Laboratory) via image processing algorithm. 

In-lab testing was conducted on simulated GIS to see the 

effectiveness of the particle detector to detect small particle inside 

a narrow GIS enclosure. In real world application, the borescope 

will be inserted through GIS access hole before filling the 

enclosure with SF6 gas. This new approach is proposed to be 

conducted during the erection and commissioning of new GIS. 

This new approach looks promising because it can reduce 

flashover phenomena caused by the presence of metallic particle 

and also reduce Greenhouse gas emission to the air. 
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4.2  INTRODUCTION 

 

Gas insulated switchgears (GIS) are one of the important apparatus 

in power electrical systems, especially for high voltage 

transmission. It was introduced in early 1970s and nowadays the 

GIS have been widely used around the world [1]. 

GIS consist of several parts such as circuit breakers, 

disconnectors, busbars, current transformers, voltage transformers, 

and control panels. High voltage GIS are usually located at 

substations to protect the transmission systems during faults. 

A GIS uses Sulfur Hexafluoride (SF6) gas as its dielectric 

component [2]. An SF6 GIS has many advantages over other 

switchgears because of the perks that SF6 properties have. Even 

though GIS has many advantages, it also has its weaknesses. Since 

a GIS is compact in size and uses SF6 as its dielectric material 

between a conductor bar and an earthed enclosure, the dielectric 

strength can be weakened and flashover can occur when there is 

particle floating inside the enclosure of the energized switchgear. 

Flashover accidents can damage the switchgear and shorten its 

lifespan [3]. 

This chapter introduces a new approach in reducing 

flashover phenomena caused by the presence of metallic particles 

for newly-installed GIS. The new approach will be using image 

processing techniques [4]. This technique, with the help of a 

borescope and a laptop, will be applied before the switchgear is 

filled with SF6 gas to assist particles detection. 

Better quality control during the installation of GIS can 

lead to better lifespan of GIS. Another advantage of this method 

over other techniques is, if the test failed, there would be no 

chances of flashover occurring during the test since the switchgear 

was not energized. The effects of the developed detector on the 

environment will also be discussed throughout this chapter. 
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4.3  BACKGROUND 

 

4.3.1  Necessity of Particle Detector for GIS 

 

Switchgears play a vital role in electrical power systems. 

Switchgears can be categorized based on insulating medium, 

voltage class, current rating, construction type and many more. The 

most common type of switchgear for use in high voltage systems is 

the gas insulated switchgear. Gas insulated switchgears use SF6 as 

insulating medium. GIS have many advantages over vacuum, air 

and oil insulated switchgears such as compactness, low 

maintenance, low cost of first installation and operation, low noise 

during operation and long service life. Since SF6 is inflammable, it 

is possible to install the switchgear in a closed indoor area [5]. 

SF6 has good dielectric strength [6]. Because of this 

property, GIS only need one tenth of air insulated switchgears’ 

space for the same performance capacity. However, this advantage 

has its downside. A GIS is built compact, has smaller diameter and 

the distance between the busbar conductor and the enclosure is 

relatively small. If there is foreign metallic particle floating on the 

gas, it can be a medium for charge to flashover from the conductor 

busbar to the earthed enclosure. This phenomenon is not good as it 

could damage the switchgear. Foreign metallic particles usually 

contaminated the enclosure of the switchgear during construction 

and sometimes during maintenance work as a result of drilling, 

vibration and abrasion of components, etc. [7]. This flaw, however, 

can be resolved by ensuring better quality control during the 

construction of the switchgear. 

 

 

4.3.2  “Bare Eyes” Visual Inspection and its Issues 

 

Figure 4.1 shows the conventional process flowchart for the 

construction of GIS and proposed process flowchart with an 

additional inspection step.  
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(a)                                                    (b) 

 

Figure 4.1 Flowchart of (a) conventional way and (b) proposed 

method for GIS construction process 

 

 

The process begins with switchgear parts from a factory sent to a 

construction site (substation) for assembling. After the assembling 

process, the whole inner side of the switchgear enclosure, 

especially the surface, will be cleaned to remove any dust and 

foreign objects. Then, the switchgear will be sealed before the 

filling process of SF6 gas. PD test will be conducted once the GIS 

are energized to check whether it is in good condition to operate or 

not [8]. During this test, if any particles were present inside the 

enclosure, the PD test will capture partial discharge activities. If 

the test failed, SF6 gas will be released and repairing process will 

take place if any damage occurred during the test.  
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The cleaning process will be repeated until the PD test 

passed [9]. Usually during surface cleaning, the cleanliness 

inspection will be done using bare eyes. Human fatigue sometimes 

affects the vision and thus reducing the accuracy of the surface 

inspection. Therefore, to increase the efficiency, the use of particle 

detectors is proposed, as highlighted in the methods in Figure 4.1. 

 

 

4.4  EXPERIMENTAL WORKS 

 

The experiment was carried out on simulated GIS assembled as in 

Figure 4.2. 

 

 

 
 
Figure 4.2 Particle detectors for gas insulated switchgear experimental 

setup 

 

For the experiment, the borescope will be connected to the laptop 

with a particle detector program. The borescope will be inserted 

into the GIS enclosure through the access hole. Video input from 

the borescope camera can be viewed on the laptop. If any particle 

is detected, the program will alert the user and highlight the 

detected particle. The user can locate and remove the particle 

afterwards. This program also has a counting feature that will 

count the number of detected particles for a single inspection.  
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For the experiment, particles size range from 1 mm to 10 

mm was used; particle size smaller than 0.5 mm is considered not 

harmful for gas insulated switchgear [7]. 

  

 

4.5  PROGRAM ALGORITHM  

 

The programming was done using MATLAB software on 

Windows platform and the programming algorithm is shown in 

Figure 4.3. The program firstly captures input from the borescope 

camera into the memory buffer on the computer. The input is then 

converted into image format by separating the video into frame by 

frame for ease of computation. Each of the frames, saved as Red 

Green Blue (RGB) format, is converted into black and white 

format using thresholding process to differentiate the real object 

and the background. To achieve better accuracy, noises and small 

blobs are removed by wiener filter [10]. 

The processed frame which contain only real object will be 

bounded by a reference box and the bounding box is layered back 

into original RGB-format frame and displayed to the screen for 

user view. The whole processed is repeated to produce live-view 

video output. 

 

 
 
Figure 4.3 Flowchart of GIS particle detector program algorithm 

using image processing technique 
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4.6 OUTCOME AND DISCUSSIONS 

 

4.6.1 Detection Analysis 

 

The detection system was tested using 10 mm, 8 mm, 6 mm, 

4 mm, 2 mm and 1 mm wire particles. Figure 4.4 and 4.5 shows 

the result of the detected metallic particle for size 10 mm and 1 

mm respectively. The program marked the particle with a green 

box. The green box follows the particle until the particle is not 

visible from camera view. 

 

 
 

Figure 4.4 10 mm particle length detected by the GIS particle detector 

 

 
 

Figure 4.5 1 mm particle length detected by the GIS particle detector 
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The graphical user interface (GUI) is developed for the program in 

order to make it user-friendly and can be used by anyone even by 

non-technical user. There are Start and Stop button with green and 

red color as a visual aid. The slider is used as sensitivity calibration 

according to the lighting and surface condition. The left hand side 

is where the live view input from the camera will be shown. Below 

the live view video, the number of particle detected will be 

displayed here and on the right of it was reset count button. On the 

right hand side of the GUI, there is capture button for user to save 

the image of the particle to the computer in JPEG format and the 

preview of the saved image will be displayed on top of the capture 

button. 

Figure 4.6 show the process flow of the system. The 

camera is inserted into the enclosure thru the access hole. Flexible 

rod is used to reach the narrow part inside the enclosure after the 

busbar has been assembled. The webcam will capture video inside 

the switchgear enclosure and feed it to MATLAB buffer for image 

processing. After the processing stage, the video with particle 

tracking will be display on the computer screen to be view by the 

user. User can also capture image to save into the computer by 

click the “capture button”. 

 

 
 

Figure 4.6 Overall process flowchart 
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Based on detection analysis, it is shown that this method can detect 

particle inside GIS enclosure. The system has no problem detecting 

wire particles in the smaller size as 1 mm. The detector was robust 

to be used in different switchgear which each of it has different 

surface condition. The algorithm has no problem with various 

surface condition from the experimental results obtained. With this 

new methodology on standard of operation of installing new 

switchgear can minimize the chances of flashover phenomena to 

happen and longer switchgear lifespan can be promoted. 
 

4.6.2 SF6 and Environmental Effect 

 

Sulfur Hexafluoride (SF6) is an inorganic, colorless, odorless, and 

nonflammable gas. Although it is nontoxic and hazardous to 

environment, it is the most potent greenhouse gas that it has 

evaluated, with a global warming potential of 22,800 times that of 

CO2 when compared over a 100-year period and it has an estimated 

lifetime of about 800 to 3000 years. According to Olivier & 

Bakker (1999), it is assumed that, in 1995, SF6 emission during 

erection and commissioning at sites is about 5% of stock per year 

[1]. If the proposed method is implemented during erection work, 

this number can be decreased significantly because less SF6 will be 

emitted into the air and the environment will be less affected by 

Greenhouse effects. The safety of the installers concerning toxic 

gas inhalation can also be improved with the proposed method – 

SF6 is highly toxic when it is in lower order form,  and arcing 

formed in SF6will convert some of it into Disulfur Decafluoride 

(S2F10) [11]. 

 

 

4.7 CONCLUSION 

 

From the detection analysis, it can be concluded that the proposed 

particle detector for GIS using image processing techniques is 

feasible to detect small metallic particle to improve quality control 

during erection and commissioning work of GIS. With better 

http://en.wikipedia.org/wiki/Inorganic_compound
http://en.wikipedia.org/wiki/Flammable
http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Global_warming_potential
http://en.wikipedia.org/wiki/Carbon_dioxide
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quality control, the safety of the installer can be improved and 

Greenhouse gas emission can be reduced. Flashover phenomena 

can also be prevented and the lifespan of the GIS can be improved. 

 

 

ACKNOWLEDGMENTS 

 

This research is supported by Ministry of Higher Education 

(MOHE) and Universiti Teknologi Malaysia (UTM) under ERGS 

grant Vot 4L007. 

 

 

REFERENCES 

 

[1] Olivier J. et al. 2002. Good Practice Guidance and 

Uncertainty Management in National Greenhouse Gas 

Inventories.  Montreal: the Nobel Foundation. 

[2] ICF Consulting. 2002. Byproducts of Sulfur Hexafluoride 

(SF6) use in electric power industry. Fairfax, Virginia. 

[3] Lungaard, L. E., M. Runde, and B. Skyberg. 1990. “Acoustic 

Diagnosis of Gas Insulated Substations: A Theoretical and 

Experimental Basis.” IEEE Transactions on Power Delivery; 

5(4): 1751-1759. 

[4] Shirvaikar, M. V. 2006. Trends in Automated Visual 

Inspection. USA: Springer. 

[5] Capiel. 2002. Switchgear and SF6 Gas. Paris: Capiel. 

[6] Buret, F. 1996. “SF6 Dielectric Behaviour in a High Voltage 

Circuit Breaker at Low Temperature under Lightning 

Impulses.” IEEE Transactions on Power Delivery; 11(1): 

267-273. 

[7] Mazurek, B. 1993. “X-ray emission accompanying cathode 

microdischarge.” IEEE Transactions on Electrical 

Insulation; 28(4): 488-493. 

[8] Huan, T. K. 2002. “Pattern Recognition of Partial Discharge 



New Gas Insulataed Switchgear Particle Detector                       49 

Signal in Gas Insulated Switchgear Apparatus using Visual 

and Cluster Analysis.” Proceeding of International 

Conference on Power System Technology (POWERCON 

2002): 1842-1846. 

[9] Hikita, M. et al. 2008. “Cross-equipment Evaluation of 

Partial Discharge Measurement and Diagnosis Techniques in 

Electric Power Apparatus for Transmission and 

Distribution.” IEEE Transactions on Dielectrics and 

Electrical Insulation; 15(2): 505-518. 

[10] Loong, L. S. 2010. Image Processing Using MATLAB - 

Learning Tool. Malaysia: Universiti Teknologi Malaysia. 

[11] Hattori, T. et al. 1988. “A study on Effects of Conducting 

Particles in SF6 Gas and Test Methods for GIS.” IEEE 

Transactions on Power Delivery; 3(1): 197-204. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 


