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ABSTRACT 

The thermal hyperspectral sensor Hyper-Cam was mounted on a light aircraft and measured continuous 

releases of several atmospheric tracers from a height of 2 km. A unique detection algorithm that 

eliminates the need for clear background estimation was operated over the acquired data with excellent 

detection results. The data-cubes were acquired in a "target mode", which is a unique method of 

operation of the Hyper-Cam sensor. This method provides multiple views of the plume which can be 

exploited to enhance the detection performance. These encouraging results demonstrate the utility of 

airborne LWIR hyperspectral imaging for efficient detection and mapping of effluent gases for 

environmental monitoring. 
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1. INTRODUCTION 

FTIR technology has been widely used for the remote detection and identification of gas plumes. In 
2005, when Telops introduced the Hyper-Cam, the first commercial hyperspectral imager operating in 
the thermal infrared band, imaging and tracking of gas plumes was demonstrated. Since then, many 
R&D groups developed algorithms and data processing capabilities to convert the hypercubes of 
radiance obtained with the Hyper-Cam into real-time videos of gas plumes. IIBR scientists refined the 
gas imaging algorithms further to include an essential capability, the in-scene automatic background 
determination. With this powerful algorithm, there is no need to have a measurement of the background 
prior to a gas release, enabling the possibility to detect and identify gas clouds from airborne 
measurements.  In this paper, after an introduction to the airborne Hyper-Cam, we present the 
experimental setup we used to validate the detection of gaseous plumes from airborne hyperspectral 
imagery. The algorithms are briefly described and data analysis of airborne measurements is 
performed.  Images of detection results are presented showing the performance of the solution.   

 

2. AIRBORNE HYPER-CAM 

The Hyper-Cam is a lightweight and compact imaging spectrometer. It has been introduced as a 
commercial product by Telops in 2005 [1] and has been widely used by several groups to demonstrate 
a great number of applications [2-7]. A picture of the Hyper-Cam is shown in Figure  1 .  The Hyper-
Cam used for the work presented here is a LWIR, covering the infrared band from 7.8µm to 11.8µm.  
Its Focal Plane Array (FPA) is a cooled MCT with 320×256 
pixels. The spectral resolution is user selectable from 
0.25cm-1 to 150cm-1. The basic field of view is 6.4°×5.1° 
which can be modified with the use of an afocal telescope. 
Compatible with the airborne configuration, there is a 0.25× 
telescope providing a total field of view of 25.6°×20.4° where 
each pixel has an IFOV of 1.4mrad.  For the experiment of 
this paper, we used the basic configuration, so each pixel has 
an IFOV of 350µrad. 

The airborne configuration of the Hyper-Cam is a clever 
approach where the same optical head used for ground-based 
measurements just needs to be installed on a dedicated 
stabilizing platform.   The platform, presented in Figure 2, is 
equipped with a 2-axis pointing mirror for active image 
stabilization. It also has a GPS/INS unit for an accurate 
geolocation of each measurement. 

 

 

 

 

Figure  1: Picture of the Hyper-Cam. 
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1. Installing the hyperspectral sensor (HyperCam, Telops Inc., Canada) on a light aircraft, operating
and data gathering during the flight, calibrating the acquired data and delivery of the data-cubes to
the user for analysis: Dimap (HK).

2. Operating the light aircraft (Piper Navaho) during the campaign: Ofek Air Ltd (Israel).
3. Ground release of atmospheric tracers and meteorological measurements: IIBR (Israel).

The sensor and its components were installed on the aircrafts on the ground (see Figure 4). 

Figure 4 – Onboard installation of HyperCam sensor on the light aircraft. Left and right – Sensor 
installation inside the aircrafts; Middle-down – a view from below; Middle-up – a general view of the
aircraft. 

A small scale field test was conducted to prove the feasibility of detection and identification of gaseous 
plumes using airborne hyperspectral imaging. The experimental setup was composed from three 
elements:

3. EXPERIMENTAL
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Figure 5 – Ground setup at release point. Left – on site meteorological station; Middle-down – release 
point; Middle-up – mass flow controllers; Right – release stack. 

The flight parameters were set using Telops' software Flight Assistant which optimizes the best sensor 
performance according to the desired flight profile. The main constraints on the flight parameters were 
the spectral resolution (4cm-1) and FOV optics (5X6°), minimum image size and aircraft speed. Also, 
since the exact location of the release point was known – we operated the sensor at a target mode. The 
combination of all of these constrains yielded a flight height of 2km and provided between 1-2 
datacubes at each pass over the release point.  

The ground release point was located in a middle of a planar and open rural area. The dissemination 
was carried out from an original high pressure cylinder through mass flow controller in order to ensure 
constant flow of 2 Kg/min of each atmospheric tracer (SF6, CHF3, and R134a) through a stack (3m 
high, 40cm in diameter and air flow of 10000 m3/hour). A 2m meteorological mast was mounted near 
the release point to provide the air velocity, air temperature and its humidity. A total of 9 successful 
passes over the release point were carried out – 3 releases of each tracer. Every release was 
synchronized with data acquisition using air to ground communication link in order to ensure that the 
obtained datacube will include a fully developed plume. The measurement was conducted around noon 
time. The weather was very typical to this area during the summer: mostly sunny, warm and somewhat 
humid (28.5˚C, RH of 50%) and a prevailing sea breeze (2-3 m/s from northwest). Figure 5 shows the 
ground setup. Upon aircraft landing, the raw data were calibrated and handed for processing. 

 

4. DATA ANALYSIS 

As mentioned before, the main objective of the airborne measurement campaign was to prove that a 
previously developed algorithm aimed to detect and identify gaseous plumes from ground based 
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hyperspectral imaging is also applicable for airborne operation without substantial modifications. The 
detection and identification algorithm had been widely described in previous publications [10-11] and 
we will briefly survey it again. The algorithm has two successive steps: 

The first step is spatial-spectral hierarchical unsupervised clustering based on the 3D content of a single 
data-cube. It is carried out by top-down K-means clustering with a correlation metrics at the spectral 
domain. The clustering procedure is halted when the size of a cluster falls below preset criterion. At the 
end of this process, the datacube is decomposed into a typical number of 2000-3000 clusters (scene 
content depended). Each cluster is characterized by a spatial connectivity and high mutual spectral 
correlation between all its elements. This step is the most fundamental of the algorithm and requires 
high quality hyperspectral imagery at a spectral resolution of about 4cm-1 that cannot be degraded. 

The next step uses a physical model of gas plume radiative transfer is order to identify the target gas 
and to extract it location. 

 
airbgd

airs
g TT

TT
−
−

=τ  (1) 

Each cluster is used twice: first as Ts where all the others are used as potential clear backgrounds, and 
second as a Tbgd for all the other pixels. The correlation coefficient between the obtained transmissions 
and those of the target gases is calculated and if it passed predefined threshold – the cluster is assigned 
as a part of the target gas plume that is obtained by the union of all the other yielded clusters. It is 
assumed that a minimum size of a cluster must be over 50 pixels in order to avoid false detections. The 
algorithm is insensitive to atmospheric transmission (as long signal to noise ratio remains adequate), 
but it is very sensitive to insufficient spectral resolution. Therefore, we have decided to acquire the 
hyperspectral imagery at high spectral resolution, even when it determinates a cruise altitude of 2 km 
(A narrow field of view and a target mode were preferred in order to acquire large portion of the 
plume). When an airborne imagery is used as an input for the detection algorithm, no change is 
expected in the results of the clustering phase. However, there is a fundamental difference in the signal 
formation radiative transfer equations. At a horizontal path, the air temperature and the atmospheric 
attenuation coefficient are constant throughout the path. This is not the case at airborne imaging when 
they are both a function of the altitude.  

It can be shown that at airborne imaging eq. 2 is modified into: 

 
[ ]
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As in equation 1, Ts and pathT abgd +τ  are direct measurements, but now the estimation of 

pathT aa +⋅τ)0(  is required instead of Tair. It is a much harder task since it requires to know both the 
air temperature at the plume plane and the atmospheric temperature and humidity profile. Ground 
meteorological station is a partial solution but not complete one as it provides only ground level data 
and additional estimation is needed. It can be achieved via atmospheric transmission and radiance 
models such as MODTRAN or through any other models based on the obtained data cube that exploit 
its high spectral resolution and the known boundary conditions to provide a good estimate of the 
temperature and humidity profiles. At the current stage, we guess the quantity pathT aa +⋅τ)0(  
through the analysis of the best obtained detection results, but this issue has to be settled in the future in 
order to allow a practical use.  
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   Figure 6 – A visible image of the scene (acquired by HyperCam visible camera) from a height of 
2km. The release point is marked by a black circle. 

 

Some results are shown in next figures after a visible image of the scene which presented at Figure 6.  
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Figure 7 – Detection results – an SF6 plume. 

 

                                  

Figure 8 – Detection results – CHF3 plume. Two consecutive datacubes at the same pass. 

 

The detection results were very good: the structure of the plume is clearly visible and with no false 
detection. Therefore, we can adopt the algorithm performance as quoted in a previous publication [10] 
for the airborne imaging as well. It significantly enhances the utility of this specific algorithm and 
proves again its robustness. 
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5. SUMMARY AND CONCLUSIONS 

We have successfully demonstrated an efficient detection of gaseous plumes from airborne LWIR 
hyperspectral datacubes obtained by HyperCam imager. This specific detection algorithm does not 
require any clear background estimation, making it ideal for airborne detection. Furthermore, since the 
ROC curve and the performance analysis of the detection algorithm are known [11] (at this spectral 
resolution of 4cm-1, and for the same sensor), we can immediately adopt the same parameters for 
airborne sensing. Further work should be done in order to obtain a good estimate of the quantity 

pathT aa +⋅τ)0(  which is a critical input needed to ensure correct results. In this paper we proposed 
two approaches to tackle this problem that left for future work. Another enhancement method that 
might be available following the work in a "target mode" is using multiple images of the plume on a 
single pass. While the background is mainly static between two successful datacubes, the plume shape 
and location varies according the atmospheric turbulence and wind. This feature can be employed for 
an enhancement of the detection fidelity and in order to reject possible false positives.            
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