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APPLICATION NOTE 

Thermal Infrared Hyperspectral Imaging for the Detection, 

Identification, and Quantification of Industrial Stack Gas 

Emissions 

Thermal infrared hyperspectral imaging is well suited for the detection, identification, and quantification of industrial stack 

gas emissions. This application note describes a measurement campaign performed at the Port of Rotterdam with the 

Telops Hyper-Cam, a commercial high-performance, FTIR-based hyperspectral imaging instrument. Principles of gas 

detection, quantification, and identification are discussed and computed mass-flow rate results are presented from data 

acquired at a commercial alkene production facility.

Introduction 

Volatile organic compounds (VOC’s) include a wide-

variety of toxic pollutants associated with environmental 

degradation and negative human health outcomes that 

are often emitted into the air as a byproduct to various 

industrial production processes. A major category of 

analytical methods commonly used to detect, identify, 

and quantify these VOC emissions from industrial stack 

exhaust are based on infrared-spectroscopy point-

sensors. These methods provide strong identification 

capabilities due to the unique infrared signature 

produced by chemical species but are limited in their 

ability to provide information describing the spatial 

distribution of chemical species within the exhaust gas 

plume. Other techniques include optical gas imaging 

cameras which utilize narrow-band optical filters to only 

collect light over a narrow spectral region in which the 

target gas has a strong infrared absorption signature. 

While these devices provide increased spatial resolution 

compared to point-based infrared spectroscopy 

measurements, they suffer from limited gas detection 

and quantification capabilities. Passive infrared 

hyperspectral imaging combines the detection, 

identification, and quantification capabilities of a 

spectroscopic method with the spatial resolution of an 

imaging technique. This application note describes a 

measurement campaign performed in 2019 at the Port 

of Rotterdam to demonstrate the gas detection, 

identification, and quantification capabilities of the 

Hyper-Cam. 

Experimental information 

Telops Hyper-Cam 

Telops manufactures and sells an advanced passive 

Fourier-transform infrared hyperspectral imaging 

instrument called the Hyper-Cam. The Hyper-Cam 

features a 320 x 256 pixel focal plane array detector that 

can be configured to operate across a variety of spectral 

bands in the thermal infrared spectral region. The FPA 

detector allows for a native total field of view of 6.4o x 

5.1o which can be modified through the use of foreoptic 

lenses or telescopes to fit measurement requirements. 

The Hyper-Cam features an internal Michelson 

interferometer that allows for the collection of a 

complete infrared spectral radiance spectrum for each 

pixel of the detector. Spectral resolution is a user-

selectable parameter with a maximum resolution of 0.25 

cm-1 which allows for the collection of up to 1600-

channel images in the very longwave configuration (7.7 – 

11.8 μm) or up to 19,000-channel images in the extended 

midwave configuration (1.5 – 5.4 μm). 

The Hyper-Cam produces a three-dimensional data 

product called a datacube with spatial information 

represented in the traditional x-y directions and spectral 

information encoded along the z-axis. A datacube can be 
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thought of as a traditional two-dimensional thermal 

image with a continuous infrared spectrum associated 

with each individual pixel. The Hyper-Cam features two 

on-board calibration blackbodies and real-time 

processing electronics that allow the instrument to 

produce fully radiometrically calibrated data in real-time. 

In conjunction with the Hyper-Cam, Telops offers a plugin 

for the Reveal Pro control software called Reveal D&I 

which allows the user to perform gas detection and 

identification tasks. Detection and identification results 

are color-coded and presented to the user live for easy 

visualization as shown in Figure 1 where an ethylene 

(C2H4) plume is easily revealed and tracked. The 

corresponding target name in the Targets panel will also 

be highlighted in red to indicate which component is 

detected. The graph in the Spectral panel displays the 

spectral measurement curve of the selected pixel in black 

and the database signature of the selected targets in 

their corresponding color. 

Figure 1 Main Operation Screen of Reveal D&I 

Port Rotterdam Measurement Campaign 

A measurement campaign was performed in 2019 at the 

Port of Rotterdam with the goal of detecting, identifying, 

and quantifying unknown VOC emissions from a variety 

of industrial sites around the port area. This application 

note will describe measurements acquired from an 

industrial alkene production facility. 

Ground-based thermal infrared hyperspectral 

measurements of the production facility were acquired 

using the Hyper-Cam longwave configuration which is 

sensitive over the 7.7 – 11.8 μm spectral range. Spectral 

resolution was varied between 3 – 6 cm-1 which allowed 

for acquisition rates of 0.5 – 2 datacubes per second. 

Multiple measurements of the exhaust stack emissions 

were acquired in order to obtain a representative data 

set. 

 

Figure 2 Typical Ground-Based Acquisition Setup for Port 
Rotterdam Measurement Campaign 

Gas Quantification Principles 

Collected spectral radiance datacubes were processed 

with a suite of algorithms designed to perform gas 

detection, identification, and quantification tasks. The 

first step in the data processing chain requires detection 

and identification of gas species based on a comparison 

of the observed individual pixel spectral signatures to a 

reference library of infrared gas spectra signatures. This 

can be accomplished in real-time with the Reveal D&I 

software plugin provided a list of candidate spectral 

signatures is loaded. Reveal D&I can utilize extensive 

reference libraries to monitor for the presence of up to 

15 gases simultaneously. 

Following gas detection and identification, a column-

path concentration map is produced from the spectral 

radiance datacube. The algorithm to produce this 
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intermediate data utilizes a physical radiative transfer 

model to describe the radiance signature received by the 

Hyper-Cam. This model is used to compute the 

transmittance of the gas plume and estimate the gas 

path concentration values. The intermediate gas column-

path concentration output is shown in the top panel of 

Figure 3. 

Once the gas path-concentration values are known, the 

total gas mass contained within a selected area (Figure 3 

middle panel) is estimated using the known Hyper-Cam 

field of view and the distance between the Hyper-Cam 

and the gas plume. Because the Hyper-Cam is 

continuously collecting high frame-rate images (>>100 

Hz) to build a single datacube, successive images are 

used to estimate the mean gas flow velocity for the same 

selected area as was used for the gas total mass 

computation. This is accomplished using a digital image 

correlation algorithm to estimate the relative translation 

offset of pixels associated with the gas plume between 

successive data cubes. The output of this algorithm, 

shown in the bottom panel of Figure 3, is a series of 

vectors describing the calculated gas velocity and 

direction for a variety of points, as well as the mean gas 

velocity over the entire specified area. 

 

Figure 3 Intermediate gas quantification results including gas 
column-path concentration (top panel), selected area for total 

mass and gas velocity estimations (middle panel), and computed 
gas velocity vectors (bottom panel) 

Once we have computed both the total gas mass and 

mean gas velocity within the specified area, we can 

calculate the average gas mass flow rate using the 

Equation 1 where 𝑚𝑔𝑎𝑠 corresponds with the total gas 

mass and 𝑣𝑔𝑎𝑠 corresponds to the computed mean gas 

velocity: 

𝐹 =  𝑚𝑔𝑎𝑠 ×  𝑣𝑔𝑎𝑠 

Equation 1 Gas Mass Flow Rate Computation 

Results and Discussion 

 

Figure 4 Visible (left) and Single-Wavenumber Hyperspectral (right) 
Images of Industrial Alkene Production Facility 

A visible image of the alkene production facility analyzed 

as part of the gas quantification measurement campaign 

is shown on the left side of Figure 4. The right side of 

Figure 4 displays the infrared image at approximately 

890 cm-1 collected by the Hyper-Cam. Because the Hyper-

Cam collect spectrally resolved imagery, the user can 

view the collected datacube at any wavenumber value 

across the spectral range of the detector in order to 

generate strong contrast between the plume and the 

background which facilitates detection and visualization 

of the exhaust gas plume. 

This particular facility was known to be emitting exhaust 

that was composed of a gas mixture that could 

potentially include ethene, vinyl chloride, hydrogen 

chloride, and/or dichloromethane. The signatures for 

these gases were loaded into Reveal D&I prior to analysis 

which allowed the software to successfully identify 
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locations displaying these spectral signatures in real-

time. The detection and identification results are shown 

in Figure 5 with pink pixels indicating the presence of 

ethene and green pixels indicating the presence of 

dichloromethane. 

 

Figure 5 Detection and Identification Results From Industrial 
Alkene Production Facility. Pink Pixels Indicate the Detection of 

Ethene and Green Pixels Indicate the Detection of 
Dichloromethane 

Following gas detection and identification, the 

intermediate gas path-concentration images, total gas 

mass, and mean gas velocity were computed as 

described in the Gas Quantification Principles section. 

This intermediate data was then utilized to compute the 

overall gas mass flux rate over a period of 30 seconds of 

data acquisition as shown in Figure 6. The solid blue and 

red traces correspond with mass flux rates calculated 

with gas velocities estimated by the digital image 

correlation algorithm. The shaded regions are bound by 

mass flow rates calculated using gas velocities of 1.95 

m/s and 2.5 m/s which correspond with the range of 

windspeed values measured at this location on this day. 

 

Figure 6 Computed Ethene Mass Flux Rate Given in g/h (blue trace) 
and g/s (red trace) 

Conclusion 

The Telops Hyper-Cam is a well-established, powerful 

tool for detection, identification, and quantification of 

gas species from industrial stack exhaust sources. 

Expanding on the gas detection and identification 

capabilities of Reveal D&I software, Telops has 

integrated a suite of data processing algorithms that  

extend these capabilities to include construction of 

quantitative path-concentration images, estimate the 

total gas mass and mean gas velocity within a specified 

area of those images, and finally compute the total gas 

mass flux rate exiting an emission source. 
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