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ABSTRACT  
 

This paper is on survey for various technologies  used  for  detection  of  gas  leakage. This paper also 

has the advantages and disadvantages related to the existing technologies. High voltage electrical 

equipments use SF6 gas as insulation medium. Detection of Sf6 gas can be performed   by   various   

technologies   such   as infrared image processing technique, wireless sensor networks, and also by using 

infrared camera. WSNs can be used for accurate boundary estimation. With the development of on-line 

leakage detectors, more and more new devices are applied to the power system. Accurate boundary 

estimation is a important issue due to the fast movement, changing shape, and invisibility of the gas 

leakage compared with the other single object detections. Industries are mainly effected by gas leakage.  
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[1] INTRODUCTION  
  

With the rapid development of petrochemical industries in  recent  years,  the  interest in  gas  leak 

detection and localization has increased due the loss of life, injuries, and damaged equipment caused by 

the toxic gas leakage . Apart from the manufacturing and production point of view, real time information 
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about the distribution area of hazardous toxic gases in large-scale industry is needed to ensure safety 

precaution for the first line working staff during various operations in production, storage, transportation, 

and usage. Thus, gas leakage source estimation continues to be a major part of intelligent industrial 

sensing systems. Gas leakage source localization and boundary tracking have been  

  

Intensively investigated in the existing literature as follows:  

  

1. Fixed Cable Based Sensing: Traditional monitoring system consists of high-resolution sensors 

with fixed installation. The sensor data is sent to the control center  through long-distance cables,  which 

results very high cost. Deploying a large number of fixed   cable-based   sensing   devices   is   not   cost- 

effective in a very large monitoring area.  

  

2. Big Mobile Robots: Expensive mobile robots are used to localize underwater gas leakage. 

Generally, these  robots  are  designed in  large  size  with  good mobility, however, require very high 

cost for manufacturing as well as maintenance. Since the localization in robot-system is difficult due to 

its high degree of mobility, the high cost restricts further applicability in the large-scale monitoring.  

  

3. Small  Autonomous Mobile  Robots,  Called  as Electronic Nose: Small size autonomous 

robots with low complexity and high mobility are widely used for sensing  continuous  objects.  The  

smell  and biochemical sensors in a single robot measure the gas density and estimate the direction as 

well as velocity of the gas diffusion. The collaborative biochemical gas source localization is based on 

adaptive swarm intelligence. This localization scheme forms an autonomous group by more robots that 

have a wide coverage. However, the mobility of these robots is limited by the energy consumed by a 

long time in the large area. As the gas leakage source is estimated according to the wind field distribution, 

the localization  accuracy  is  depends  on  the environmental factors, e.g., wind speed and wind 

direction.4.  WSN-Based  Localization  and  Tracking: Wireless sensor networks (WSNs) are multi-

hop systems with randomly deployed sensor nodes in the monitoring area. The gas concentration, 

diffusion direction, speed, and other physical parameters are measured by various senor  nodes.  

Compared  with previous collaborative localization and tracking systems, WSNs have the following 

advantages:  

  

•Due to low-price sensor nodes, the self-organized WSNs perform better target estimation and localization 

than the robots which have higher cost and lack of cooperative movement.  

  

• As the number of mobile robots is less, a long-time observation is required for the localization of objects. 

In contrast, the widely distributed sensor nodes can quickly estimate the location of the continuous objects,  

  

• The sensor nodes are easily deployed in hard-to- reach areas where the robots have no-access for 

monitoring.  

  

Over the years, high voltage (HV) insulation relying on the use of sulfur hexafluoride (SF6) has passed 

the required qualification tests to become the most commonly used insulating gas in electrical systems to 
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date. While SF6 insulated HV equipment adequately fulfills its functional purposes, unanswered scientific 

questions are currently the object of various research activities on SF6 or related mixtures, in the hope 

that the results will help to improve either the short or the longterm material properties, the design and 

cost of gas  insulated  switchgear  (GIS)  installations,  the safety and health of the personnel, and finally 

long- term global environmental effects.  

  

Gas insulated systems are now a major component of power transmission and distribution networks all 

over the  world.  GIS  is  exclusively used  above  400kV, having all components interconnected and 

insulated via compressed SF6 (i.e., circuit breakers, disconnections, grounding switches, bush bars, 

potential transformers, power transformers, cable insulation).Due to their compactness and steel 

shielding, they offer significant savings in land use, are aesthetically acceptable, have relatively low radio 

and audible noise emissions, and enable substations to be installed in cities very close to the loads. SF6 is 

an anthropogenic ally produced slow reacting gas  with  a  relatively  high  molecular  weight.  It exhibits 

excellent arc extinction properties and this gives rise to its high applicability in power technology. In its 

normal state it is chemically inert, non-toxic   and   non-flammable.   Because   of   its inertness  and  non-

toxic  characteristics it  has  been treated  as  an  environmentally safe  and  acceptably non-toxic material, 

in the sense that it does not react unfavorably with the biomass. However, when dissociated under high-

pressure conditions in an electrical discharge the pure SF6 may readily reform toxic byproducts. Its 

maximum allowable concentration in air is 1,000 ppm vol.8 In addition, SF6 exhibits exceptionally long 

life times in the earth atmosphere.  
  

[2] METHODOLOGIES  
  

1. BASIC PRINCIPLE OF SF6 INFRARED IMAGING LEAKAGE DETECTION 

TECHNOLOGY  

  

SF6 gas and air have different infrared absorption properties, which makes it easy to observe SF6gas that 

leaks into the air through infrared imaging detection technique. The principle block diagram is shown in 

Figure 1.  

  

 
  

Figure1.Principle block diagram of infrared imaging detection 
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The traditional way to recognize leakage region is realized by human observing of the acquired infrared 

video image, which may leads to high false rejection rate and false detection rate. With the development 

of digital  image  processing  technology,  it  is considerable to locate the leakage region by moving 

target   detection.  The   detailed   procedure  of   theproposed  method  is  shown  in  Figure  2,  which 

includes the following 5 steps:  

  

(1) Read the original video data, extract time-series images and convert each image to gray image.  

  

(2) Image preprocessing to the each gray image, including   image   cropping,   image   enhancement, image 

de-noising et al.  

  

(3) Use moving target detection algorithm to detect sequence image motion area.  

  

(4) Edge detection to the result of step (3), extract the contour of the edge and show it in the original image.  

  

(5) Compare the test results with real spill area.  

  

2. INFRARED IMAGE PREPROCESSING  

  

Due to the fact that the shooting process can be easily affected by the external environment, the 

background acquired by infrared imaging leak detector is dark, which makes the contrast between the 

spill area and background very small and difficult to detect the leakage region directly. So preprocessing 

to the original image is needed so as to enhance the contrast of the original image, restrain background 

noise and improve  the  signal-to-noise  ratio.  Taking  a  SF6 circuit breaker video taken by an infrared 

camera as example, one frame of the original infrared video . To improve the efficiency of the algorithm, 

first of all, the original image is cropped in order to remove the redundant data and retain only the required 

image area.  

  
  

Figure2. The process of infrared video image processing.  
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Figure 3(a). An original infrared image  

  

 
  

Figure 3(b).The cropped image  

  

   3. Detection of SF6 Leakage Based on Photo acoustic Spectrometry  

  

Detection of SF6 Gas Leakage Based on Photo acoustic Spectrometry. The photo acoustic technique is 

used to survey the photo acoustic characteristic of SF6 molecule at 10.6 µm wavelength. The detection 

sensitivity can reach 0.12× under standard atmospheric  pressure.  The  results  show  that  the system 

could detect the SF6 gas concentration accurately and reliably. The quality of the devices is steady in a  

long run service.   It is also unable to locate the leakage region.  

  

4. SF6 Leakage Detection using infrared camera.  

  

The Gas Detection cameras are infrared cameras are used to visualize gas .The camera produces a full 

picture of the scanned area and leaks appear as smoke on the  camera’s viewfinder or  LCD, allowing the 

user to see gas emissions. The image is viewed in real time and can be recorded in the camera for easy 

archiving.  The camera has proven many times that it can identify leaks at some distance. A Gas Detection 

camera is  a  quick. Limited to  a  certain extent by environmental conditions .  
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 Method  Advantage  Disadvantage  

  

SF6    Leakage  A Gas  Limited    to     a Detection 

 Detection  certain extent
 
 by using   infrared 

 camera is a  environmental   

 camera.  quick.  conditions    

 Detection of  The  quality  of  It is also una
 
ble  

 SF6 Leakage  the devices is to     locate     t he  

Based on steady  in  a leakage region  Photo acoustic long 

run  

 Spectrometry  service.    

  

 Infrared  Can be used in  Artificial    

 Imaging  hard-to-access  judging can still  

 Optical SF6  locations.  lead to high fa
 
lse  

Breaker  rejection rate  Leakage  and false   

 Detection[J].  detection rate .  

  

     

[3] CONCLUSION  
  

To overcome the problems in existing technologies various methods can be developed. The problems 

related to SF6 and the power industry are not without solutions and may eventually lead to new 

opportunities. Besides current efforts and recommendations to control the release of electrically stressed 

SF6, the introduction of additional environmental standards concerning recycling procedures or on-site 

gas purity control have yet to become available.  
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