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ABSTRACT

Persistent surveillance and collection of airbointelligence, surveillance and reconnaissance imiation is
critical in today’s warfare against terrorism. Higlkesolution imagery in visible and infrared bandsydes
valuable detection capabilities based on targetpsisaand temperatures. However, the spectral rasalut
provided by a hyperspectral imager adds a spedraiension to the measurements, leading to additiona
tools for detection and identification of targets®sed on their spectral signature. The Telops Hygem
sensor is an interferometer-based imaging systeah éhables the spatial and spectral analysis ofets
using a single sensor. It is based on the Founiandgform technology yielding high spectral resauatiand
enabling high accuracy radiometric calibration. ptovides datacubes of up to 320x256 pixels at spkc
resolutions as fine as 0.25 ¢mrhe LWIR version covers the 8.0 to 11.8 um spleeinge. The Hyper-Cam
has been recently used for the first time in twmpgact airborne platforms: a belly-mounted gyro-#iaed
platform and a gyro-stabilized gimbal ball. Bottagbrms are described in this paper, and successfults
of high-altitude detection and identification ofdats, including industrial plumes, and chemicaillspare
presented.

1.0 INTRODUCTION

Emerging applications in the civilian and defeneatext require sensors with state-of-the-art setgitand
capabilities. Among these sensors, the imagingtspmeter is an instrument yielding a large amafnich
information about the measured scene. This powspiectrometric tool is becoming more common iril civ
applications such as search and rescue, geologiicaeys, pollution monitoring, forest fire detectiand
monitoring and combustion studies. These sensm@sabo emerging as important assets for defense
operations through the role they can play for trpogtection against chemical attacks [1], detectibmines

and unexploded ordnance (UXO) [2] and for milittayget detection [3].

Imaging spectrometers have unmatched capabiltieseet the requirements of these applications. vEisé
majority of commercial-off-the-shelf airborne hyppectral imaging sensors are of the dispersive-pumbm
type. The Hyper-Cam sensor developed by Telopsitgue in that it is an interferometer-based systieat
operates in the 8-12 um longwave infrared (LWIRjct@l range. In principle, it can map regionsesfain

by using a step-and-stare technique if the poinstadpility of the system is sufficiently reliabléhe Hyper-
Cam is based on the Fourier-transform technologydiyig high spectral resolution and enabling high-
accuracy radiometric calibration. The Hyper-Canpoatable sensor, provides datacubes of up to F®x2
pixels at 0.35 mrad spatial resolution and at spesolutions of up to 0.25 cm-1. The Hyper-Caw-has
been used in several ground-based field campaigecisiding the demonstration of standoff chemicadratg
detection [1].
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The HyperCam has been recently used the first time in two compact airborne platformseadly-mounted
gyro-stabilized platform onboard a fix-wing aircraft and a gyro-stabilized gimdadll mounted at the froi
of a helicopter.This paper describes boand presents successful results of raghude detection an
identification of targets includingases and chemical sp.

2.0 TELOPS HYPER-CAM-LW

The Hyper€am is a lightweight and compact imaging radiorsespectrometer. The spectral measurernr
are performed using a Fourigansformspectrometer (FTS), which incorporates a 320x266élfplane arra
detector that can be windowed and formatted tivéitdesired image size and to decrease the adpjuitine.
Both, MCT and InSb focal plane arrays are usedoteercthe LWIR and the MWI bands, respectively.
Spectral resolution is user selectable and ranmges .25 to 150 c-1. This instrument generates a comp
spectrum of each pixel in the image, with eachldieing an instantaneous fi-of-view of 0.35 mrad. Thi
field-portable sensor is shown Figure 1. The instrument has two internal calibration blzudies used t
perform an end-t@nd radiometric calibration of the rared measurements. The sensor also has adv
acquisition and processing electronics, offering ¢lapability to convert the raw interferograms isp@ctre
using a real-time discretésurier transform (DFT), and also offering the daliy to apply tre radiometric
calibration, generating for output re@he calibrated spectra in radiance units.

The control software has a uddgendly interface and provides r-time feedback to the operator.
screenshot of the control software (named Revea) Rrpresented in Figure.1On the right, the nc
uniformity corrected broadband IR image is dispthygth a greyscale code where black means low naé
level and white high radiance level. The uncalibdataw spectrum (or the interferogram as selecyethé
operator) of a selected pixel in the image is diggtl in real time on the left of the screen. Thessehas th
capability to change the focus tife IR image to produce a clear image from 3 maters$o infinity. The
HyperCam was presented in detail in previous papersHJL,# has been successfully used during se\
field trials.

Figure 1: Picture of the Hyper-Cam (left), a LWIR hyperspectral imager, and graphical user interface
(right).
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3.0 BELLY-MOUNTED GYRO-STABILIZED AIRBORNE PLATFORM

The Hyper-Cam airborne system comprises the Hypan-Ghstrument along with several modules. The
primary function of the assembly is to compensatdlie aircraft displacement and its angular pitol,and
yaw. It also adds accurate aircraft position aniude data to the acquisition file metadata ineortb later
geo-reference the acquired data. The followingiaedtescribes the role of each subsystem to falfél flight
requirements.

In order to acquire the most useful infrared s@kctnges, the Telops airborne system allows mogritvo
different Hyper-Cam instruments as shown in Fig2rérhe Hyper-Cam-MW measures from 3 to 5.5 um
whereas the Hyper-Cam-LW measures the 8 to 11.5vawelength range. A single Hyper-Cam airborne
platform is also available. The optical bench idelsi a stabilization platform, the two Hyper-Cam
instruments, two Image Motion Compensation (IMC)rors, a GPS/INS unit and two visible boresight
cameras. All these modules are rigidly mounted bigh-stiffness base plate. This base plate is tealian
the stabilization platform.

NG/ GPS

Hyper-Cam MW

e /

Hyper-Cam LW

Stabilization Plafform

Figure 2: lllustration of the airborne configuration with two Hyper-Cams
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Figure 3: Interferogram acquisition in airborne configuration
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As illustrated in Figure 3, the IMC mirrors are dg¢e compensate the airplane pitch, roll and fodaraption
(independently for each Hyper-Cam sensor), whigedtabilization platform is used to dampen thelairg
vibrations and to compensate the airplane yaw. [M@ mirrors are controlled by the navigation module
which receives and uses the information from twaewitrackers (one from each Hyper-Cam) and a GISS/IN
unit. The GPS/INS also enables ortho-rectificatod geo-referencing of the collected data.

The Hyper-Cam instruments offer uncommon flexipilin adjusting their spatial, spectral and temporal
parameters. This flexibility proves to be invalwalibr airborne applications where the flight partarse
impose severe restrictions on spectrometer operatio

4.0 GYRO-STABILIZED GIMBAL AIRBORNE PLATFORM

Camera systems in their aerial enclosures are giagious names, including turrets, camera ballgl an
gimbals. For the purpose of this discussion, therall’aerial sensor system, i.e. the Telops Hypen€W
and the gyro-stabilized gimbal mount represente&igure 4 will be referred as the gimbal. The pmmna
function of the mount carrying the camera is tovte a working environment for the sensor that gbates

the maximum amount to the task of the sensor —igiry a maximum of useful information quickly. Majo
considerations for successful aerial imaging systentlude environmental protection (shock/vibration
temperature/moisture/pressure, wind loads), getadpeeference system, motion control (steering and
stabilization), payload capacity, and aircraft afistion parameters. The PV Labs LDG-265 gimbal was
chosen for this application because it provideddpgmum combination of performance and flexibiltty
meet the system requirements for this applicagsrdetailed below.

4.1  Aircraft installation parameters

For mission flexibility, it is desirable that thembal be able to work in a wide range of aircrafida
installations without significant re-packaging. Teilitate the widest possible range of aircrafitatlations,
the gimbal design ideally must provide a modulgsrapch that permits a traditional internal mourakiog
through an opening in the aircraft belly or be ahii¢ for installation on the exterior structure ki&xd points,
pods, or pylons. For external mounting applicatitims necessitates an aerodynamic outer structitfe w
provisions for sealing, optical quality windows,daa range of motion suitable to provide the range o
coverage required by the mission CONOP.

4.2  Environmental protection

The gimbal structure is the host for the sensotesysand to permit success in capturing jitter freagery
through a wide range of motion it must provide potion from wind loading, isolate shock and vilmatiand
through design and component selection have sefficsub-systems to monitor and control for effexfts
temperature, pressure, and moisture. The rangessilge aircraft requires a solution flexible enotig cover
the wind, safety, and manoeuvre loads of fixed véirgraft as well as the relatively harsh vibratioads of
rotorcratft.

4.3 Geo-Spatial Reference System

Image stabilization systems require a referencéesyso compensate for angular motion and determine
absolute position information. Use of a commonhhpgrformance system for INS and steering/staltitina
permits real-time processing, tipping and cueiny] data indexing as well as minimization of costl an
system size/weight/power (SWaP).
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4.4  Motion Control

Steering and stabilization are the key ingredientschieving high quality imagery. Once environnant
protection has been provided, and precise geospdtamation is available to the control systeimg design
of the servo control system provides the final pietthe equation. 3 axes of stabilization is resghfor high
resolution, and sensor stability of less than 5 di&® is the target to achieve image motion blss fgan
50% of pixel pitch in most cases. Motion contrabteyns also need to provide solutions for ‘Forwaiatitvh
Compensation’ in both linear and orbital flight lmato eliminate blur and provide greater sensagiration
time. Tools to provide flight path control for teensor through ‘Geo-Steering’ also lead to moreisbbmage
acquisition independent of aircraft flight path.rRystems operating at or near nadir, it is impegato
arrange control system axes to prevent gimbal-latckadir. The order of steering axes to permit this
roll/pitch/azimuth, whereas most traditional ISRngal systems offer only 2 steering axes in Azinfeitich
configuration.

4.5 Payload Capacity

To achieve maximum useful information on targdtss idesirable to provide a system with a multietp
sensor solution bore-sighted to a common refereaioe,to maximize the number of sensors residemt in
single collection system. Sensors are continuoasblving, and must have the option of adopting &t ne
generation solution without significant cost antiextule implications. To provide this flexibilityhe gimbal
system was designed on an easy-to-access opeteatate which accommodate for relatively large pagll
volume and modular sub-system components. As nmisdifinition dictates or permits an increase or
reduction in overall system SWaP, the gimbal systeunst be able to follow without incurring signifita
cost/schedule/performance risk.

Figure 4: The Telops Hyper-Cam in a PV Labs Look Down Gimbal
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5.0 DETECTION AND IDENTIFICATION OF SUBSTANCES

To test the Hyper-Cam with the belly-mounted gyiabgized platform and with the gyro-stabilized dpiah
mount, two experiments were conducted. The expatiméth the belly-mounted gyro-stabilized platform
was carried out on March 25, 2009 using a fixedgaaircraft in which the airborne Hyper-Cam was able
acquire measurements over a Canadian industrelusider clear sky conditions. The experiment wlih
gyro-stabilized gimbal ball mounted on a helicoptas conducted on August 30, 2011 in summer camiti
at Defence R&D Canada’s premises at Valcartier.

5.1 Detection algorithm

The Generalized Likelihood Ratio Test (GLRT) dataectalgorithm was used to identify the gas plumd an
other chemical targets in these experiments. ThRTGalgorithm has been used extensively by DRDC in
previous work, and a detailed description of thé¢hme is given in references [6, 7]. Essentialy GLRT is
described mathematically by:

mTPBlm _ (P;mY(PBLm) B Hpslm”z

GLRT: mTPBLSm = (PBtm)T (Pgtm) - HPBLSWIHZ

where the numerator represents the squared notimeafheasurement, m, projected out of the background
space, B, and the denominator represents the shuaren of the measurement projected out of the
background + signature space, S. If the measurtedoes not contain the signature of interest, dsailt of

the GLRT is approximately one.

5.2 Industrial site with the belly-mounted gyro-stdilized platform

Measurements of an industrial site were obtainetlarch 25, 2009 during clear sky conditions. Aotwl
image of the site showing a prominent stack isgures] in Figure 5A and the LWIR image measurediy t
Hyper-Cam is shown in Figure 5B.

Chimney

Figure 5: Images of the industrial site obtained from Google Earth (A) and with the airborne Hyper-
Cam-LW (B).

19-6 RTO-MP-SET-183



OTAN Airborne Infrared Hyperspectral Imager for
- Intelligence, Surveillance and Reconnaissance Applications

The LWIR image of the industrial site, shown in tfig 5B, measured with the airborne Hyper-Cam, was
analyzed for gaseous emissions using the GLRT ighgor Figure 6 shows a summary of the detectiah an
identification results in the proximity of a largdimney. The measured radiance spectrum andga®
signature are represented in the upper panel afr&igA. It is evident that the $S@ present even in the
unfiltered airborne Hyper-Cam measurement. Thestopanel of Figure 6A also shows an excellent match
between the projected measurement and signatwrktste§ he output of the GLRT filter is shown ingkre

6B; the SQis detected well above the threshold value. Thme is clearly identified in the image of Figure
6C at the opening of the chimney. The correspanB@C curve for the SQletection is given in Figure 6D,
where the detection probability is high comparethtprobability of detection error [8].
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Figure 6: The detection and identification of SO, gas at the industrial site using the GLRT algorithm.
Measured radiance and SO; signature (upper panel), and projected measurement and SO; signature
results (lower panel) (A). Filter output showing the clear detection and identification of SO, well
above the threshold value (B). Identification of the plume in the LWIR image (C). ROC curves for SO,
for a different numbers of basis vectors (D).

5.3 Experimental site with the gyro-stabilized gimil

A target site was set up at Defence R&D Canadaleavtier to test the performance of the Hyper-Camssr
mounted in the gyro-stabilized gimbal, which wasnfh at altitudes of 300, 1000 and 3000 m on Au@0st

2011 under clear-sky conditions.
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The area containing the interrogated targets isvshia Figure 7A. Benign chemical targets consisting
ammonium sulfate (AS) powder at different fill fart (12.! %, 25 % and 10@) were set up in 2 x 2m
arrays. Thearea also included a controlled gas release apgaistended for Freon -134a) disseminatiol
The area contained other targets such as hotptatetgne and methanol liquids and disturbed ¢

AS @ 12.5%
AS @ 100%

plates

-

AS @ 25%
N

_acetone- .

Figure 7: Target area as seen from flight altitude showing interrogated targets (A), 25% fill-factor
ammonium sulfate (AS) target (B), 100% fill-factor ammonium sulfate target (C), and gas release
apparatus on tripod (D).

Hyperspectratiata measured for the scene at the different fidfitudes from the helicopter platform we
analyzed for the presence of ammonium sulfate powdeng the GLRT algorithmFigure 8 shows the
infrared broadband images of the interrogated srédack & white. The detection and identificatiogsults
from the GLRT algorithm are shown as a colored layepattern over the broadband image. The col
pixels are those that showed positive detecticdh@interrogated materie

Figure 8: Broadband infrared image of the interrogated area with the colored overlay detection and
identification results of ammonium sulfate powder spills. The area is shown for altitudes of 300 m
(A), 1000 m (B) and 3000 m.
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The experiment shows successful detection and ifibation of the ammonium sulfate powder from
300m altitude for all fill factors (grids of 12 %, 25 % and 1006 respectively). The imaging quality of t
Hyper-CamkW sensor allows for the clear tinction of the different fillfactor grid patterns and witho
false alarms. The 1000 m and 30@Qaltitude measurements provide successful deteatial identificatior
for the 100 % fillfactor grid only. The ammonium sulfate spectratdess for the Iwer fill factor of othei
grids (12.5 % and 2%) could not be differentiated from the surroundanga.

Figure 9shows the results of hyperspectral data measur@xguioited for the scene at an altitude of m
using an acetone target consisting of a glass icentéilled with the liquid. The acene was detected and
identified at a flight altitude of 300 m, as sholy the colored pixels (B) and the detection pla@§ ¢f
Figure 9, but not at higher altitudes due to thalktarget size
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Figure 9: Picture of acetone target (A). Detection and identification of acetone from an open source
at 300 m altitude (B, C).

Figure 10shows the results of hyperspectral data nred and exploited for the scene at an altituded8 m
with a methanol target consisting of a glass coetafilled with the liquid. The methanol was degetanc
identified at a flight altitude of 300 m, as showy the colored pixels (A) and the detion plane (B) of
Figure 10 but not at higher altitudes due to the smalld¢tgige.
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Figure 10 Photo of methanol target (A). Detection and identification of methanol from an open
source at 300 m altitude (B,C).
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The dissemination of E34a gas could be detected and identified using@hRT algorithm at all fligh
altitudes, as shown in Figure.1The Freon gas was released at a rate ¢ L/min during the measureme
period.
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Figure 11: Broadband infrared image of the interrogated area with the coloured overlay detection
and identification results of a Freon F134-a release at an altitude of 300 m (A) and 3000 m (B).
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6.0 CONCLUSION

The Hyper€am sensor was installed onboard a {-wing aircraft and a helicopter using a b-mounted
gyro-stabilized platform and a gystabilizedgimbal ball, respectively. The fixed wing aircraft wasviin
over an industrial site in which sulphur dioxideiples were readily detected and identified using-ieer-
Cam. The gimbal-mounted Hyp&am onboard thhelicopter was flown over a site consisting of iget
chemical powders and gas plumes. In this casesahsor was capable of detecting ammonium sulfade
plumes of Ft34a, along with methanol and acetone at lowdudis.

The next steps will involr trying to c-add datacubes in order to further reduce the NESRebsenso
system, which will depend on having sufficient digbin the control of the pointing mechanism. &
possibility to temporally c&dd spectra is something not offered incal pushbroom sensor systel
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