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Abstract 

 

Implementing new methods of detection and identification of gases using 
an infrared imaging Fourier-transform spectrometer is discussed in the 

paper. It’s focused on using a multi-function toolbox to get the best results 

possible. It shows how combining different methods can improve gas 
detection and identification on a real life example during manhole 

observation. 
  
Keywords: hyperspectral detection, infrared imaging, spectroradiometer. 

 

1. Introduction 
 

Every city has sewerage, an infrastructure of sewers that collects 

wastewater. Wastewater is full of byproducts from industrial, 

domestic or agricultural use. It can contain physical, chemical and 

biological pollutants like washing water, liquids from domestic 

and commercial sources and off course human excreta. 

Wastewater chemical composition differs depending on the source 

of the pollutants and they can be composed of: heavy metals, 

organic particles, macro-solids objects like children’s toys, gasses, 

emulsions, toxins and pharmaceuticals. Some of them are soluble 

in water and mix with each other. Wastewater is dangerous to the 

environment and to people, this is why it’s being kept in the 

tunnels, separated from the world. Despite big infrastructure of 

sewers wastewater is still dangerous because it releases a variety 

of gases that reach the surface through the drainage catch pits or 

manholes.  
Passive infrared hyperspectral imaging was previously shown 

successful for carrying out gas imaging on large distances [1]. 

FTIR’s are the best instruments to provide reliable estimates of 

quantities data and substance identification. Selective chemical 

imaging is possible by comparing unique spectral signature of the 

target object against a database of known substances. This task is 

not trivial because some substances, like gases, are transparent and 

their signature is mixed with all of the background signatures. 

Therefore, to successfully image a gas cloud, high spectral and 

spatial resolutions are required. Advanced signal processing 

method confirms substance detection for all pixels simultaneously, 

no matter the distance of the object [2].  
Sewer gas is a complicated mixture that can include hydrogen 

sulfide, methane, sulfur dioxide and nitrogen dioxides. Dangers 

associated with the presence of large quantities of such substances 

include health risks and a potential fire or explosion. Gases can’t 

enter buildings because of a series of plumbing traps that are 

installed but there is still a risk connected to the water evaporation. 

However, the odor commonly felt in-door is mostly not 

dangerous. Typical sewer gas is denser than air and may 

accumulate near the floor, with time it should mix with the 

atmosphere and dissipate. 
Because of the dangers and complexity of sewer gases they have 

been chosen to be a target for an experiment. This paper will show 

two spectral data analysis done with different software tools using 

data gathered over the same gas leak target. First is Telops Inc. 

imaging Fourier-transform spectrometer data analysis program 

and the second is Multi-function analysis software developed by 

Military University of Technology. The paper will present the 

spectrometer, measurement setup and the experiment description 

as well as the software tools explaining how both programs work 

and how the results compare. Methods of hyperspectral data 

obtained using Telops HyperCam were described with details in 

previous references [3, 4], this article focuses on data analysis and 

visualization. 

 

2. Experimental Information 
 

2.1. Experiment setup 
 

Measurements in manhole have been made in order to determine 

the emitting gases composition. Imaging Spectrometer HyperCam 

LWIR was installed 12 m away from the target in a way that the 

space above the manhole is in the cameras line of sight. 20 

measurements have been made and the hyperspectral data have 

been analyzed with the Telops official software and a Military 

University of Technology program made for Hypercube data 

processing. Figure 1 presents the experiment setup. 

 

 
 

Fig. 1. Scheme experiment setup 

 

 

2.2. Standoff infrared hyperspectral imaging 
 

Experiment was done with a Telops Inc. imaging Fourier-

transform spectrometer (IFTS). This Hyper-Cam model operates 

in Longwave Infrared (LWIR) spectrum and uses Fourier 

Transform Infrared Radiometry (FTIR) to detect gases spectral 

signature. Michelson Interefometer’s output is being imaged onto 

a focal plane array creating an interferogram for each single pixel. 

Hyper-Cam device uses a 320256 pixel Mercury Cadmium 

Telluride (MCT) focal plane arrays (FPA) with a 6º  5º FOV. 

Incoming signal is being mixed with itself at different time delays 

and thanks to FTIR transform data is being obtained in a form of 

an interferogram and time domain waveform.  
Data is collected within the spatial range between 830 cm1  

(12 µm) and 1290 cm1 (7.75 µm) with user-selectable resolution 

up to 0.25 cm1. Simultaneously, integrated visible camera records 

the image of the observed scene. Hyper-CAM LWIR 

hyperspectral imaging system is shown in Fig. 1. The unit is 

supervised by industrial computer. Data integrity is provided by  

a RAID drive [5]. 
 

a) b) 

 
 

Fig. 2.  a) The infrared imaging Fourier-transform spectrometer (IFTS) HyperCam,  

b) block diagram of imaging Fourier-transform spectroradiometer 
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2.3. Radiative Transfer model 
 

The broadband image associated with each hyperspectral cube 

was obtained by summing, for each pixel, the radiance measured 

at each wavenumber over the whole FPA detector spectral range. 

Column density results, expressed in units of ppm×m, were 

obtained by solving Eq. 1, where L is the measured radiance at 

sensor, Lbkg is the radiance at the back of the gas plume, εbkg is the 

spectral emissivity associated with the background, Dw is the 

downwelling radiance, τplume the gas plume transmittance, Lplume is 

the self-emission radiance associated with the gas plume, and Latm 

and τatm are the self-emission radiance and transmittance 

associated with the atmosphere respectively [6, 7]. 

 

                                         

                           (1) 

 

Self-emission is function of the surface thermodynamic 

temperature while transmittance is a function of gas concentration 

(expressed in ppm), path length l (expressed in meters) and the gas 

molar absorptivity κ (with units of m1. ppm1) as expressed in Eq. 

2. Only gas contributions with relative fitting error lower than 

30% were considered positive detections. 
 

                        (2) 

 

3. Data Collection 
 

3.1. Hyperspectral data 
 

Many materials encountered in outdoor environments behave 

like infrared grey bodies, i.e. their emissivity is independent of 

wavelenght. Unlike many common materials, gases like methane 

(CH4), dioxide ammonium (NO2), water vapor (H2O) or sulfide 

(H2S) behave like selective absorbers/emitters of infrared 

radiation. Their absorption/emission pattern is function of 

wavelength (or wavenumbers).  
 
a) b) 

  
 

Fig. 3.  a) Example of data registered by Fourier-transform spectrometer (IFTS) 

HyperCam, b) visible image of scene 
 

Therefore, their presence can be easily detected when looking at 

high spectral resolution infrared data. Hyperspectral imaging 

allows recording of such spectra for each pixel. In order to 

illustrate the great variety of infrared-active material within  

a scene, typical spectra associated with selected pixels are shown 

in Fig. 3. Three points presented in Fig. 3 are: A – region were 

signature gas is expected, B – quartz sand region treated as grey 

body with known emissivity, C – vegetation region which gives 

the information about Sun's radiation. These three regions will be 

analysed in order to detect a region where the expected gases are. 
The infrared spectrum associated with a grey body surface 

should be a smooth curve. However, because of the presence of 

atmospheric gases in the path located between the infrared sensor 

and the target, the measured spectrum is highly structured. They 

are mostly associated with ground-level atmospheric component 

like methane (CH4), dioxide ammonium (NO2), water vapor (H2O) 

and sulfide (H2S) (Fig. 4). Using radiance values recorded by 

HyperCam the temperature was recalculated according the 

Planck’s law. This temperature, named the brightness temperature, 

is the result of the radiance measurement of the radiation traveling 

from the target trough the atmosphere to the sensor, expressed in 

units of the temperature of an equivalent black body. The 

brightness temperature is the fundamental parameter measured by 

passive spectral radiometers. 
 
a) 

 
b) 

 
 

Fig. 4.  a) Infrared spectra associated with a single pixel representative of the 

measurement points. The spectra are plotted on a brightness temperature scale 

for clarity purposes. b) Reference absorption spectra of methane (CH4), 

dioxide ammonium (NO2), water vapor (H2O) and sulfide (H2S) are shown  

for comparison purposes 

 

 

3.2. Tools for hyperspectral data analysis 
 

Collected hyperspectral data were analyzed using the developed 

software presented in paper [8]. The main feature of this program 

is a possibility of choosing a function or a sequence of functions 

for hyperspectral analysis to identify any chemical substances. 

New interface was designed to make all the necessary calculations 

and visualizations along the way, (Fig. 5a). Program has been 

written in the Matlab software. 
 
a) b) 

    
 

Fig. 5.  a) Box diagram of multi-function analysis program, b) Function chain 

schematic [8] 
 

At first the principal components transform (PCT) function 

detects most common substances and visualizes them along with 

their matching signatures. Then the user sets up a function chain  

are presented in a Fig. 5b). Functions are prepared in separate files 

outside of the software and program reads them during 

initialization. They are all available in the programs menu. 

Functions were not integrated into the software, so that each user 

has a possibility to write own formula and implement it into data 

analysis in any order and with any parameters. Mathematical 

functions were implemented in files that are treated as objects and 

program is a sort of a compilator of these objects. Data analysis 

results are presented in different windows and can be easily 

compared.  
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4. Results of analysis 
 

Registered data have been processed and analyzed with  

a software that detects gases. What we expected to find were 

methane (CH4), dioxide ammonium (NO2), water vapor (H2O) or 

sulfide (H2S). In addition a new compound have been registered, 

one that is not connected to the usual sewer gas processes. Figure 

6a presents the detected substance and it’s corresponding spectral 

signature in Fig. 6b. 
 
a) b) 

 
 

Fig. 6.  a) The infrared imaging Fourier-transform spectrometer (IFTS) HyperCam, 

b) spectral characteristic 
 

Analyzing the presented spectra data (Fig. 6b), it can be 

determined with a high probability that the unknown substance is 

in fact methanol. Methanol standard signature is shown in Fig. 7 

below. 
 

 
 

Fig. 7.  Spectral characteristic of methanol 
 

Based on the gathered data, expertise and through more analysis 

in the developed program, a new analysis method has been 

implemented, one that uses a methanol spectral characteristic as  

a target of its search. 

When the target mean is known, it is possible to use the spectral 

angle mapper (SAM, or the correlation coefficient) to detect the 

presence of targeted species. As its name indicates, SAM is an 

algorithm that computes the angle formed by the projection of  

a target on an image pixel. The results are limited between 0 and 

1. A value of 0 signifies that the image pixel and the target are not 

at all correlated whereas a score of 1 means that the two vectors 

are correlated perfectly. Obviously SAM is not a linear filter and it 

cannot indicate the strength of the signal. The detection and 

identification of chemical agent is performed through post-

processing of the recorded hyperspectral data. The result of 

analysis is presented in Fig. 8, green color present cloud of 

methanol [7]. 
 

 
 

Fig. 8. The results of analysis based on SAM filter – green color presents cloud of 

methanol 
 

5. Conclusions 
 

Using Infrared Imaging Spectrometer for pollution and chemical 

contamination monitoring in the populated area (with chemical 

substance swage drop monitoring being an example application) 

has been presented in this article. Urban environment 

measurement possibility has been confirmed and sophisticated 

analysis methods let various chemical compounds to be identified.  
Hyperspeectral data analysis during the measurement helped to 

detect even a chemical substance different than those expected and 

most common, such as methane (CH4), dioxide ammonium (NO2), 

water vapor (H2O) and sulfide (H2S). New software uses advanced 

hyperspectral data analysis methods possible and performs a chemical 

substance detection, identification and visualization on the image. 
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