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ABSTRACT

Military targets such as aircrafts and flares do not exhibit unique infrared mgnatwes their emissions are dommated by
combustion products (mostly water vapor, carbon dioxide and hydrogen chloride) and hot metal greybody emissions.
An algorithm has thus been developed to categorize target signatures based on their emission source components. The
signatures are then partitioned, based on their emission components, into groups of similar emission characteristics.
Using previous trial data, seven unique flare categories were defined. A second algorithm was finally developed to

exploit this signature description and interrogate individual field measurements for target detection and categorization.
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1. INTRODUCTION

The DRDC Valcartier Spectral Imagery Laboratory currently supports two infrared ground based hyperspectral imagers
designed for field measurements of military targets. The Passive Infrared Ranging And Target Evaluation System

(PIRATES) and Baby-PIRATES have been used over the years for the infrared signature characterization of a variety of

target types, résulting in a rich library of military related target signatures. For a previous international trial, Canada was
tasked to collect the spectral signatures of the infrared (JR) decoy flares deployed by various air platforms. During the
three-week measurement perlod of this trial, 24 different flare types were used, involving 13 aircraft (fighters, transport
and helicopters) and resulting in a total of 1000 flare deployment events and a large number of descriptor sets. Each

- unique set of descriptor is defined by a Flare type, An’mﬂ used, Aircraft Aspect at time of deployment and Time-into-

burn combination.

" In a first instance, this paper addresses the algonthms that have been developed to characterize all these descriptor sets.

In order to improve the reliability of the signature characterization, only the descriptor sets having at least three -
measurements were used. This has reduced the usable data set to 1864 signatures corresponding to 292 set descriptors.
The geal of the work was to reduce this vast 292 dimensional parameter space to a more manageable set of flare .
“categories” based on the relative spectral characteristics of their IR emissions. The distinct flare categories found
{distinct by their unique infrared s:gnann'es) have been implemented in a military target infrared signature lfbmry In this

- study the absolute intensities of the flare emissions were not mcluded

Havmg at hand a library of potential military sngnamres, it was log;ca] to aim at developing an algorithm allowing to
detect and identify target present within the field of view of the sensor. Hence, any individual field measurement could
be 1dent1ﬁed by its correlation with the mgnature categonu included in the library.

The detalls of the classification algorithm will be the subject of section 2, while section 3 will bneﬂy discuss the
identification algonthm and a result example. Section 4 contains the summm'y

2. FLARE CLASSIFICATION

2.1 Data processing

The flare signatures”have been collected with the hyperspectral imager PIRATES. Its spatlal resolution is prowded by
an 8x8 InSb detector array, covermg the 1900-4800 cm™ spectral band with a 5.5 milliradians (mrad) field-of-view. The
spectral resolution was set at 16 cm™ for this trial, corresponding to a measurement rate of S0 scans per second. Overall,

the spatial extent was 2.5 degrees which corresponds approximately to the field-of-view of conventional IR secker-
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heads. The ranges of deployment, relatwely to PIRATES, were approxunately found between 750 m and 2000 m.
Targets were tracked manually during this trial, permitting in some instances the measurement of emissions from
multiple sources. This latter capability was exp]o:ted to significantly extend the single-flare deployment data set ﬁ"um
under 100 to over 2000 entries. Each flare signature in this data set was iabelled as follows:

‘& Air platform used (one of 13), ' ‘ .
s  Flare type (one of 24), |

s  Air platform aspect to observer at time of ﬂare deployment {one of five poss1ble nose-on, 45 degrees off-nose,
side-on, 45 degrees off-tail or tail-on),

* One of thnee times-into-burn (0.1, 0.2, or 0.5 second).

In order to obtain the final spectra for the study presenwd here, the followmg procedure was applled to each raw
measurement (interferogram):

»  apodization with a tnangular function;
»  Fast-Fourier Transfoirm;

o phase correction; |

s radiometric calibration.

A representative background spectrum was selected for each target and subtracted in order to generate the ﬂare
" emission-only signatures. Each flare spectmm has been truncated (the strong carbon dioxide (COs) [2250-2380] cm™
and water vapour (H;0) [3500-3900] cm™ atmospheric absorption bands have been removed): each spectrum is then
described by N=517 frequency points. All signatures L are thereafter normalized according to :

i’

sz=1 - W

k=1

. The intensity information is therefore not used in our classification.
2.2 Procedure outline .

The flare categorization procedure can be simplified into two main steps: the extraction of mpmsentative‘ coefficients
and the classification of the flares based on those extracted coefficients. - This is illustrated in Figure 1., The flare
signature data set consists of 1864 measurements that can be initially -grouped into 292 flare descriptors (i.e. a
combination of flare type, platform, aspect angle. and time-into-burn). Each flare descriptor has been restricted to

contain at least three different measurements in order to take into account the possible fluctuations between the different
measurements. In"order to reduce this dimensionality further, we can apply algorithms that will find the lowest number
of parameters to describe each spectrum, without any loss of information. This exnactlon of mpresentanve coefficients
constitutes the dimensional reduction.

After the dimensional reduction step, as shown in Figure.1, each signature is represented by a set of W coefficients. This
means that all flares from the data set are now associated to a point in a W-dimensional plot. A second algorithm is then
applied to span this W-dimensional space and determines which points (signals) are close enough to be associated to the
same ‘category. Finally, the classification is done by associating each flare descriptor set to one of the X-categories
found by the second algorithm. In other words, it means that many descriptor sets, among the initial 292, are
undistinguishable. Therefore the class:ﬁcauon regroups this descriptor set into X dlstmgmshable classes (X <<292).

In the following subsections, the coeﬂ'iclent extraction method and the clasmﬁcatwn method will be shown, ‘as well as
* the results obtained w:th those methods.
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The flare spectra are originally grouped into 292 families:

F2. N Fzgz.

Extract the representative coefficients

F1

l Classification

Class 1 F1,F12,F13,... eee ClassX|  F6,F40,F115,...

List of all families belonging
to this class

The flare spectra are finally grouped into X classes

Figure 1 : Schematic plot of the flare classification

2.3 Coefficient extraction method

The technique that has been selected to extract the representative coefficients is Least Squares (LS). In this LS
approach, the decomposition is done into a set of chemical elements that are included in the matrix S. The matrix §
contains W spectra, each corresponding to a pure emission species. In order to describe as much as possible the emission
pattern of the flare signature, the following constituent spectra are included:

» 3 blackbody (BB) spectra (7=700°C, 1400°C, 2500°C)

e 4 spectra of CO; (from hot to very hot)

e 1 spectrum of water (H,O)

e 2 spectra of hydrochloric acid (HCI) (medium-hot and hot)
e 1 spectrum of carbon monoxide (CO)

e 1 spectrum of hydrocarbons (CH)

These spectra are illustrated in Figure 2. In order to describe the contamination of the spectra by sun glint, a typical sun
glint spectrum has also been included in the constituent spectra (Figure 3). In a similar way typical background spectra
could also have been included in the constituent spectra in order to isolate the flare signatures. However, for this data set
the background contributions had already been removed.

We thus have W=13 spectra. The spectra displayed in Figure 2 have a 4 cm’' spectral resolution and correspond to a
measurement distance of 300 m. For the processing that follows, each of these spectra are degraded (by truncating the
corresponding interferogram) to the flare signature resolution (16 cm™). The same procedure is also applied to the sun
glint spectrum. Then, all constituent spectra are treated with the same apodization, spectral resolution and spectral grid
than the flares signatures. Furthermore, an atmospheric transmission 7r is evaluated using the program PcModWin
(MODTRAN version 3.7) and calculated for the range of the flare (minus the 300 m already included in the constituent
spectra), and applied to each constituent spectra, excepted for sun glint. All constituent spectra are finally truncated (in
order to remove atmospheric absorption regions) and normalized to one (see Eq. (1)).
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Figure 2 : Normalized constituent spectra that describe the flare signatures. The spectral resolution is 4 cm’ and the range is
300 m
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Figure 3 : Sun glint spectrum at 4 cm™' resolution
A function G is then defined for each flare signature L:
Gy=¢8 4 +38, 4 +-t oSy — Ly . )
The chi-square function is thereafter defined by:
2 < 2
7=Y.G". (3)

k=1

The G function is then minimized by looking at the minimum of the chi function, as a function of the individual relative
concentrations:

oy >
A =0="GiS - @)

This corresponds to a linear set of equations that can be written into matrix form:
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The first matrix on the left hand side and the right hand side matrix are known. The concentration vector
C, 1w =[c; ¢; ... cy] is isolated from the equation using numerical algorithms: we solved this equation with
the bi-conjugate gradient method [1]. The reconstructed flare signal is given by:

W
ka = ZC”:’SM . (6)
h=1

The parameter describing the efficiency of the fit is the residual between the flare spectrum and the
reconstructed spectrum:

Sl -5
e )
>

1=}

Since the range to the flare is not exactly known, an iterative procedure can be performed using Eq. (2) to Eq.
(7), for different atmospheric paths (applying different Modtran transmissions 77). The effective range
selected is the one giving the smallest residual r,. We highlight here the “effective” character of the evaluated
ranges, since the MODTRAN transmission windows that are applied correspond to the standard
configuration, which might not exactly reflect the real atmospheric conditions at the time of the flare
deployments.

The sun glint contribution should not be included in the classification; its contribution is therefore removed
from the coefficients and the remaining sets of coefficients are normalized:

LS
18 C™rw-1
C™1wa i

Z cs, (8)

j=t

An example of the LS decomposition is shown in Figure 4. The residual of the fit is 0.069 in that example.
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