
 

  
                       
 

1. OGI 101 – OGI Equations 

Optical Gas Imaging (OGI) technology has proven to be a handy tool for detecting and visualizing small gas leaks 

and more substantial fugitive emissions in petroleum refineries, other Oil & Gas facilities, and other industries. 

OGI technology was primarily portable, mid-wave infrared (MWIR), cryogenically cooled detector cameras, for 

imaging volatile organic compounds (VOCs). Since its inception in the early 2000s, the OGI technology gradually 

started developing along with the regulatory process and acceptance. Only in the recent years, there is a fast track 

emergence of new OGI technologies, expanding the field of OGI technologies to the long-wave infrared (LWIR) 

uncooled detector cameras, to fixed installation of OGI cameras with automated detection and quantification 

capabilities, and to drone-borne OGI surveys.   

The objective of this short monograph is to introduce the fundamental physical principles of OGI technology, 

outside and inside the camera. This is a cornerstone chapter for several OGI related monographs that will discuss 

various topics such as sensitivity, range, and quantification using OGI technology. Each of these following 

monographs will cite this reference document of the OGI Equations described below.  

Physics Outside the Camera  

Figure 1 below illustrates the “outside of the camera” physical principles of gas plume detection using OGI 

technology. We use a simplified 3-layer (background (b), gas plume (g), and foreground air (a) as depicted in 

Figure 1) radiative transfer model to describe the thermal radiance transferred from the background to the OGI 

camera.  Each layer in Figure 1, as all bodies in nature, irradiate a temperature-dependent thermal electromagnetic 

radiation according to the black body Plank’s function.  

Figure 1 Illustration of simplified 3-layer radiative transfer model for detection of gas plumes using OGI technology 

Before formulating the radiative transfer model, we first define for simplicity (using Beer’s Law) the transmission, 

𝜏 , as a function wavelength, 𝜆, for each absorbing layer. The transmission for the foreground air layer, 𝜏𝑎(𝜆), is: 

𝜏𝑎(𝜆) = 𝑒𝑥𝑝[−𝛼𝑎(𝜆)𝐶𝑎𝐿𝑎] (1) 

Where 

𝐿𝑎 – is the distance of the gas plume to the OGI camera (foreground air layer thickness). 



 

  
                       
 

𝛼𝑎 – convoluted extinction coefficient of foreground air layer which primarily comprised from absorption 

coefficient of assumed homogeneous layer of gas, such as water vapor or carbon dioxide (depends on OGI camera 

spectral filter), and of scattering coefficient of assumed homogeneous layer of aerosols (particulates and/or fog).  

𝐶𝑎 – Convoluted concentration of homogeneous gas and aerosol layer. 

And the transmission for the gas plume layer, 𝜏𝑔(𝜆), is: 

𝜏𝑔(𝜆) = 𝑒𝑥𝑝[−𝛼𝑔(𝜆)𝐶𝑔𝐿𝑔] (2) 

Where 

𝐿𝑔 – is the gas plume width typically in meters. 

𝛼𝑔 – absorption coefficient of the target gas in the plume typically in ppm-1 m-1.  

𝐶𝑔 – average concentration of gas in the plume in ppm.  

When a gas plume is present, the thermal radiance, 𝐼𝑔𝑎𝑠(𝜆), arriving at the OGI camera optical aperture is:   

𝐼𝑔𝑎𝑠(𝜆) = 𝜏𝑎𝜏𝑔𝐵(𝑇𝑏 , 𝜆) + 𝜏𝑎𝐵(𝑇𝑔, 𝜆) − 𝜏𝑎𝜏𝑔𝐵(𝑇𝑔, 𝜆) + 𝐵(𝑇𝑎 , 𝜆) − 𝜏𝑎𝐵(𝑇𝑎 , 𝜆)  (3) 

Where 

𝐵(𝑇𝑖, 𝜆) – the blackbody Planck function of ith layer.  

Note: all transmission variables are function of wavelength and were omitted for concise presentation. 

We may rewrite Equation 3 above to have only 3 terms, one for each corresponding layer with assumed constant 

properties (temperature, transmission): 

𝐼𝑔𝑎𝑠(𝜆) = 𝜏𝑎𝜏𝑔𝐵(𝑇𝑏 , 𝜆) + 𝜏𝑎𝐵(𝑇𝑔, 𝜆)(1 − 𝜏𝑔) + 𝐵(𝑇𝑎 , 𝜆)(1 − 𝜏𝑎)  (4) 

When the gas is not present between the background layer to the camera, we may eliminate the middle term and 

substitute 𝜏𝑔 = 1 in Equation 4  to receive: 

𝐼𝑛𝑜 𝑔𝑎𝑠(𝜆) = 𝜏𝑎𝐵(𝑇𝑏 , 𝜆) + 𝐵(𝑇𝑎 , 𝜆)(1 − 𝜏𝑎) (5) 

 The contrast, ∆𝐼,  is defined as the difference between the thermal radiance with gas plume not present, 𝐼𝑛𝑜 𝑔𝑎𝑠(𝜆), 

and the thermal radiance with gas plume present, 𝐼𝑔𝑎𝑠(𝜆). Taking the difference between equations 5 and 4 and 

when we rearrange, we retrieve the wavelength dependent General OGI Equation:  



 

  
                       
 

∆𝐼(𝜆) = 𝐼𝑛𝑜 𝑔𝑎𝑠(𝜆)−𝐼𝑔𝑎𝑠(𝜆) = 𝜏𝑎(𝜆) [(𝐵(𝑇𝑏 , 𝜆) − 𝐵(𝑇𝑔 , 𝜆)) (1 − 𝜏𝑔(𝜆))] (6) 

Several observations rise from the General OGI Equation for scene detectability (outside camera scene contrast): 

1. The General OGI Equation is applicable for any thermal (mid-wave and long-wave infrared) OGI camera 

and is expressed in the wavelength (spectral) domain. Integration in the spectral/wavelength domain is 

done by each specific camera’s bandpass filter, as described by the camera-specific OGI Equation below. 

2. The wavelength-dependent scene contrast, ∆𝐼,  is a positive function of the absorption coefficient, plume 

width, and concentration of gas plume through the transmission term, 𝜏𝑔, for a given scene. For a known 

target gas, one may retrieve the integrated volumetric concentration, CL, typically in units of ppm x m 

(parts per million times meters). 

3. The scene contrast, and consequently, the detectability (sensitivity) of the detection scenario, is normalized 

by the temperature difference between the background and the gas plume. When the said temperature 

difference is approaching zero, the OGI camera is not able to detect gas regardless of target gas 

concentration. 

4. The scene contrast depends on the foreground layer thickness and atmospheric opacity conditions through 

the transmission term, 𝜏𝑎. In short ranges of several meters, one can assume 𝜏𝑎 = 1 to simplify Equation 6. 

In longer ranges with high humidity or haze conditions, the scene contrast is reduced and 𝜏𝑎 cannot be 

ignored. 

5. If the background is warmer than the gas plume (assumed the same temperature of the air around the 

plume), then the scene contrast is positive, and the gas plume absorbs the radiation propagating from the 

background to the camera. If the background is colder than the gas plume, then the scene contrast is 

negative, and the gas plume emits additional radiation into the camera. 

6. Unlike remote thermography, the emissivity term for the background is assumed to equal unity and does 

appear in the OGI equations. Since in OGI technology, we do not need to retrieve the actual temperature of 

the background, the thermal energy from the background layer entering the gas plume layer may be 

considered as the sum of emitted and reflected thermal radiance. 

Physics Inside the Camera 

In order to detect this mentioned contrast, a bandpass filter is installed in the OGI camera, typically between the 

lens and the detector. This filter transmits radiation only in the spectral region where the gas absorbs or emits 

electromagnetic radiation. For MWIR cooled OGI camera, designed for imaging VOCs, the bandpass filter is 

typically centered at 3.3 m ± 0.13 m (at half height), as shown in Figure 2 below for the replaceable “hot filter” 

of Opgal’s EyeCGas2.0. Figure 2 presents the absorption coefficient for methane, which is an example of VOC.  

Integrating Equation 6 over the spectral range of the OGI Camera’s bandpass filter will provide the Camera 

Specific OGI Equation for the contrast between pixels in the image with no gas and pixels in the image with gas. 

For a given stable detection scene, one may assume that the integrated difference of the Planck’s functions and the 

integrated transmission of the foreground are both constant. Taking these integrated constant terms outside the 

integral, we receive the Camera Specific OGI Equation:  

∆𝐼 = 𝐼𝑛𝑜 𝑔𝑎𝑠−𝐼𝑔𝑎𝑠 = 𝜏𝑎 [[𝐿(𝑇𝑏) − 𝐿(𝑇𝑔)] ∫ [(1 − 𝜏𝑔(𝜆)) ∙ 𝑡(𝜆)] 𝑑𝜆
𝜆2

𝜆1
] (7) 



 

  
                       
 

Where  

𝐼𝑛𝑜 𝑔𝑎𝑠 – integrated thermal radiance over the bandpass filter spectral range, on pixels with no gas. 

𝐼𝑔𝑎𝑠 – integrated thermal radiance over the bandpass filter spectral range, on pixels with gas. 

𝑡(𝜆) – bandpass filter transmission as a function of wavelength. 

𝐿(𝑇) – integrated Planck’s function over the bandpass filter spectral range. 

𝜏𝑎 – integrated foreground air transmission over the bandpass filter spectral range. 

The Camera Specific OGI Equation includes consideration of the specific transmission of the camera’s optics. 

The camera’s optics (primarily bandpass filter) is key for compound specific response to different levels of 

integrated concentrations, CL.  

Figure 2 Methane absorption coefficient and EyeCGas2.0 standard filter transmission 

The integrated concentration (CL) response term, (1 − 𝜏𝑔(𝜆)), in the OGI equations gets values between 0 and 1. 

Therefore, at higher concentrations the response is not linear as the contrast is limited to the temperature difference 

as expressed by the difference of integrated Planck’s functions of a given detection scene. Adding the bandpass 

filter, the compound specific response, CSRC, is given by: 

𝐶𝑆𝑅𝐶 = ∫ [(1 − 𝜏𝑔(𝜆)) ∙ 𝑡(𝜆)] 𝑑𝜆
𝜆2

𝜆1
 (8) 

The compound specific response is a very important function for optimizing any OGI camera to sensitively detect 

and accurately quantify gaseous compounds. 


