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ABSTRACT

IR multispectral imagers acquire information
simultaneously in various spectral ranges of the
thermal infrared. Compared to single-band IR
imagers they are expected to have several
advantages in military applications. These
advantages include the opportunity to use the best
spectral range for given atmospheric conditions,
the potential of a better detection of camouflaged
targets, an improved discrimination between
targets and decoys etc.

The Paper gives an overview on the different types
of multispectral imagers, their practical realization
and the possibilites to improve observer
performance due to multispectral image fusion.

1. INTRODUCTION

Before discussing multispectral imagers, it is
necessary to define some terms:

Band is used for a continuous part of the
electromagnetic spectrum, for example the visual
(VIS) spectral range, the long wave infrared
(LWIR), mid wave infrared (MWIR) etc.

Colour is used whenever a band is divided in
smaller parts. A typical example is the division of
the visual band in the colours “red”, “green” and
“blue”.

Channel is a more general term than band or
colour. It is used here to address a part of the
spectrum that is not necessarily continuous. An
example is colour measurement according to the
tristimulus colorimeter method. The filters used for
this measurement are matched to the spectral
response of the human eye. The filter for the “red”
measurement is a kind of notch filter with maxima
around 450 nm and 600 nm. So neither band nor
colour applies. Cameras that work according to this
principle are known. But for ease of manufacturing
usually two different colours are used instead of a
channel.

A multispectral imager is able to acquire different

! Formerly known as FGAN-FOM.

channels at the same time, while a broadband,
single-band or standard system only works in one
band, colour or channel. In contrast to a
hyperspectral imager, a multispectral system is not
intended to provide spectral resolved information.
A typical multispectral imager is a visual colour
camera. Information is acquired in three different
spectral channels using three different filters and to
a human this information gives a better
understanding of the world than a simple intensity
(black/white) image does. It is still an open
question, if this holds true also for multispectral
imagers in the infrared spectral range.

Multispectral imagers are very common in air and
space based platforms, typically including many
channels simultaneously in the VIS, NIR and IR. In
contrast there are no systems introduced for
ground applications yet, although they are
expected to have several advantages in military
applications. These advantages include the
opportunity to use the best band for given
atmospheric conditions, the potential for a better
detection of camouflaged targets and an improved
discrimination between targets and decoys. Most
of these advantages have not yet been verified
and/or quantified.

Chapter 2 gives an overview of the different
possibilities to create a multispectral imager. In
Chapter 3 a detailed look is given on one special
type, the so-called 3" generation of thermal
imagers that include multispectral capabilities and
which are close to introduction in military service.
Multispectral processing for improved observer
performance is discussed in Chapter 4. The
examples given there are based on work
conducted at Fraunhofer IOSB in the last years.
Chapter 5 discusses briefly the experimental
assessment in the laboratory as this will be
necessary when multispectral systems become
more common. This discussion is based on the
experience gained during actual measurements.
Chapter 6 summarises the paper.



2. TYPES OF MULTISPECTRAL IMAGERS

It is possible to distinguish multispectral imagers
according to the spatial and temporal
correspondence of the channels. Four different
types are possible:

Type 1: Temporally and spatially asynchronous
In the simplest form of a multispectral imager, the
detector elements do not match and temporally the
channels operate asynchronously. An example is a
set of several broadband imaging systems that run
independent and operate in different channels. As
consequence the post processing to match the
channels both spatial and temporal may be very
high. Nevertheless it is a common method to
simulate a multispectral system or to assess
multispectral techniques. By synchronization
and/or spatial adjustment, a system of type 2, 3 or
4 may be obtained.

The most common military use of this type of
multispectral imager is the combination of night
vision goggles with typically a long wave infrared
camera (for example [2]).

Type 2: Temporally synchronous, spatially
asynchronous

In this type of system the channels are temporally
matched but corresponding detector elements look
at different positions within the field of view. A well
known example is the 1-Chip-camera for the visible
spectral range. The spectral selectivity is realised
by equipping groups of three or more detector
elements on one detector with filters for the “red”,
“green” and “blue” colours, respectively. Thus the
colour information for the three channels is
acquired at the same time. But since the detector
elements of one group are at slightly different
positions they do not exactly view on the same
spot within the field of view. Again this method is
common in the visual and starts to substitute the 3-
Chip-Cameras (see Type 4), but no such
realisation is known in the infrared. A possible
explanation may be the much lower number of
detector elements possible in the infrared
compared to the visual. So this may change with
the introduction of focal plane arrays having mega
pixels of detector elements or more.

Another approach for this type of system is to
produce separate detector elements instead of
using filters. Prototypes based on HgCdTe focal
plane arrays were produced by DEFIR (Dual-Band
MWIR/LWIR) [8] and by AIM (Dual-Colour
MWIR/MWIR) [9].

Type 3: Temporally asynchronous, spatially
synchronous

Until lately this was the most common form of
multispectral systems in the infrared. It is usually

realised by using a scanning mechanism, for
example a rotating filter wheel. This results in a
spatial match for the detector elements in all
spectral ranges, but the acquisition is sequentially.
The time difference between the bands depends
on the scan speed. Because of this time difference
the system can be unsuited for some tasks. Such a
system is very flexible as it is easy to change the
filters. Examples for realisations of this type are the
DEGAS from Galileo Avionica that uses six
spectral filters and a scanning HgCdTe detector for
the long-wave infrared [3] and a system from AIM
that includes four spectral filters in front of an
HgCdTe focal plane array for the SWIR/MWIR
spectral range [4, 5].

Belonging also to that type of system are imagers
that use a detector with different channels
manufactured as layers one above each other, but
where the channels are not acquired at the same
time. The Albino DWIR dual-band MWIR/LWIR
detector manufactured by Selex-Galileo [6]
belongs to this type of systems and a dual-colour
MWIR/MWIR prototype manufactured by DEFIR
was described in [8].

Another interesting approach for this type are
systems that apply narrow band tuneable filters [1].
These filters can be used as single unit covering
the whole focal plane array or manufactured as
part of each single detector element. At the
moment only the first approach is realized, for
example the AIRIS system manufactured by
Physical Science Inc. [7]. This system uses an
HgCdTe focal plane array with a Fabry-Perot
based filter.

Type 4: Temporally and spatially synchronous

From the signal processing point of view this is the
ideal type of a multispectral system. The
information in the different channels is collected at
the same time and at the same position within the
field of view. A well known realisation is a visual 3-
Chip-Camera: three detectors are mounted within
one housing in such a way that corresponding
detector elements of all three detectors view at the
same spot within the field of view while the
acquisition is temporal synchronised. Although this
method is common in the visible spectral range no
application is known in the infrared. However, the
manufacturing of the different channels as layers
on top of each other is state-of-the-art. A current
disadvantage of these arrays is that the amount of
layers is limited to two and that the spectral
selection of the channels is limited by the detector
material. In addition spectral crosstalk can be a
problem for this kind of method. Known realisations
are either dual-band- or dual-colour-focal plane
arrays. Dual-band MWIR/LWIR cameras have
been reported which are based on HgCdTe, for



example from DRS Infrared Technologies [10, 13],
or based on QWIP technology, for example
AlIM/Fraunhofer IAF [11, 12] or Lockheed Martin
[13, 14]. Although both materials are applicable for
dual-colour detectors only QWIP based prototypes
are known [14]. A recent development is a dual-
colour MWIR/MWIR camera based on super
lattices structures developed by AlM/Fraunhofer
IAF [15] that showed promising results for missile
warning.

3. MWIR/LWIR DUAL-BAND-CAMERAS

Although no IR multispectral systems are
introduced in military service for ground
applications yet, it can be foreseen that the next
generation will be a multispectral system. The so
called 3" generation of thermal imagers is often
defined as a dual-band MWIR/LWIR system [16,
17]. Studies by the U. S. Army RDECOM CERDEC
NVESD indicate a significant military operational
performance advantage for such systems
compared to single-band thermal imagers [17].
This result is mainly based on just using the best
band for a given task. Examples of such an
approach are shown in Fig. 1 to 3.

Fig. 1 and 2 shows a lorry (cold target) and a
generator (hot target) recorded at a distance of
350 m from the camera. The recording was done
using a QWIP based Type 4 multispectral
MWIR/LWIR system [18] in central Europe during
November around sunrise. Fig. 1 shows the two
bands under clear conditions. The differences are
minimal; none of the bands is superior. Shortly
afterwards fog closed in the measurement area.
Fig. 2 was recorded under these conditions. The
targets are almost undistinguishable in the MWIR
but can still be seen in the LWIR; the LWIR is
superior.

Figure 1. Lorry and generator recorded with a Type
4 multispectral system under clear conditions.

Figure 2. Scenario of Fig. 1 under fog conditions.

In Fig. 3 the behaviour is vice versa. Shown is a
super tanker recorded in an equatorial area with a
QWIP based Type 1 MWIR/LWIR multispectral
system. The interesting thing is the skyline in the
background which can be clearly seen in the
MWIR but not in the LWIR.

Figure 3. Equatorial costal area recorded with a
Type 1 MWIR/LWIR multispectral system.

Although there are still questions that have to be
studied more in detail, especially how to present
the information to the observer and how to decide
for the right band at a given situation, it clearly
shows the advantage to field a dual-band system.
On the other hand, it is still an open question if it is
possible to process the information or the
difference in information of the multispectral
system and gain additional knowledge and thus
increase detection, recognition and identification
range.

4. IR MULTISPECTRAL IMAGE PROCESSING

In the visual it is obvious that a colour image is
superior to an intensity (black/white) image in
many respects. With the development of the IR
multispectral imagers the question arose if it is
possible to do something similar with the
multispectral data. Approaches range from simple
colour fusion [19, 20] to sophisticated Laplace
pyramids, principal component analyses etc. [21,
22]. A physical approach is used for absolute
temperature measurement [23-25]. Although this
approach looks promising, it is problematic for the
scene temperatures associated with military
applications, because the reflective radiation
component is neglected.

Figures 4 and 5 give an example for colour fusion.
Shown are images of wood- and grassland
including military targets. The images were
recorded using a Type 3 multispectral imager
similar to the one described in [5] around midnight
(Fig. 4) and noon (Fig. 5). Three of the four
channels of the system are presented and they
were used to produce the RGB images. As shown
they look totally different for the two times of the
day. This is a typical problem for the colour fusion
approach as in contrast to the visual the “colour” in
the IR is not only based on the reflectance of the
material but also on temperature and emission. In
spite of this the fusion can give good results in
observer tests [22].



Channel 1 (red)

Channel 2 (green)

Figure 4. Wood- and grassland including military
targets recorded around midnight with a Type 3
SWIR/MWIR multispectral system and the RGB
colour image calculated from the channel data.

Channel 1 (red)

Channel 2 (green)

around noon.

The absolute temperature method was tested with
a Type 1 QWIP MWIR/LWIR multispectral system
in preparation for a similar Type 4 system. For this
method it is assumed that the emissivity is the
same in the channels used. Under this assumption
the absolute temperature T can be calculated
according to [23, 25]

T~ =) (4 - 2y)
n Ll.m
L (4

where 1 and 2 denote the channels, A denotes the
effective wavelength of the channel and L denotes
the measured radiance. An example of the
calculation is shown in Fig. 6. It shows a cup filled
with hot water in front of a board with bar targets.

1)

Problems associated with the method are that the
assumption that the emissivity is channel

independent is not necessarily true and that the
reflective component is totally neglected®. Childs
[25] concludes that “... ratio thermometers are less
sensitive than spectral band thermometers.” In
spite of this systems for military use based on the
ratio principle are developed today [24].

‘ Temperature
L '

Figure 6. Cup filled with hot water in front of a
board with bar targets recorded with a Type 1
MWIR/LWIR system and the calculated true
temperature image.

Although the conducted test of the ratio
temperature measurement where not favourable it
was noted that there can be a gain as shown in
Fig. 6. In the original data there is a shadow from
the cup on the board as well as the reflection of the
hot radiation of the cup. Both are reduced by the
temperature calculation. Additionally there is a
printing on the cup that is most visible in the
temperature image. Main reason for these effects
is the ratio calculation in equation (1).

Based on the experience with the absolute
temperature measurement a method for image
fusion was developed at Fraunhofer IOSB that is
based on the difference in apparent temperatures
in MWIR and LWIR [18, 26]. This method is based
on two reference images with known temperatures
and the measured Signal Transfer Functions of the
two bands. The fusion algorithm simply calculates
the difference (D1) between the two apparent
tempel‘atures Tapp,LWIR and Tapp,MWIR:

DT = Tapp,LWIR _Tapp,MWIR )

The idea behind the fusion is very simple but with a
physical background. A band dependence of an
object parameter (emissivity etc.) should result in
different apparent temperatures for the two bands
and the difference calculation reveals these
differences, whereas a black- or grey-body like
target should show no difference. As there is a
complex behaviour of emission, reflection and path
radiance in both bands, it is in most cases difficult
or even impossible to know the reason for a
measured apparent temperature difference
between the two bands.

2 A detailed analysis of the method from the
temperature measurement point of view can be
found in [23].



In most applications, the apparent temperature
differences between the two bands are small and a
very accurate temperature calibration is necessary
to detect them. An example is shown in Fig. 7. The
images show three target vehicles, marked by
ovals, at a distance of approximately 540 m from a
QWIP based Type 4 MWIR/LWIR multispectral
system. The displayed temperature range is the
same in the two single-band images. Visually,
there are no big differences in the two bands; the
two images look more or less the same. The
vehicles vanish in the high clutter of the target area
and are hardly to detect even if their positions are
marked as in the presented images. A dramatic
change occurs when the fused image is generated.
Now the vehicles show up very well against the
background. This indicates the great potential in
improving target detection by image fusion.

Figure 7. Three vehicles in a highly cluttered area
recorded with a dual-band MWIR/LWIR Type 4
multispectral system. Shown are the two original
images and the fused image. Vehicle positions are

marked by ovals.

A perception experiment was conducted to test this
potential [26]. This experiment included sequences
of single-band and fused imagery from six
distances between 600 m and 2100 m. It was
conducted with 10 observers that were briefed to
mark all positions where the signature gives a hint
of a vehicle. The observer's performance was
analyzed for detection probability, false alarms and
decision time. The results showed the fused data
to be superior to the single-band data in all
respects. As example for this result Fig. 8 shows
the probability of detection in dependence of target
distance. The detection probability was zero for the
single-band imagery at target distances higher
1500 m. In contrast, the fused imagery gave still a
detection probability of more than 80 % at 2100 m,
which was the highest target distance measured
during the field trial.

Similar, the average false alarm rate dropped from
about 90 % for the single-band imagery to 33 % for

the fused imagery and the decision time was about
the half for the fused imagery compared to the
single-band imagery. Performance for the single-
band imagery was nearly the same for MWIR and
LWIR.
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Figure 8. Probability of detection versus target
distance for a perception experiment based on
data as shown in Fig. 7. Symbols present median
observer response and the dotted lines give a
speculative trend to the data.

In order to get information if or how this changes
during the course of the day, the
target/background contrast was analysed. For this
purpose the informational difference (ID) concept
[27] was used:

2
|D=o.5.[(12+12J-AT2 +[°’T_st ] 3)
O-T O-B O'B UT

indices T and B indicate Target and Background,
AT denotes the difference in average temperature
between target and background and o denotes the
standard deviation of the temperature. The
resulting daily variation is presented in Fig. 9.
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Figure 9. Informational difference versus time of
the day for a vehicle target according to Fig. 7.

The informational difference  shows the
target/background separation to be superior for the
fused data compared to the original band data.
Most of the times the fusion is within the “good” to
“very good” separation range, whereas the original



data is almost exclusively in the “difficult” to
separate range. On the other hand there are also
times where the fusion is not better than the
original data. The reason for this is yet unknown
and has to be further studied. Additionally,
measurements are planed to investigate if the
results attained are only valid for highly cluttered
areas or can be repeated under other conditions.

5. EXPERIMENTAL ASSESSMENT

A problem that should be addressed here briefly is
the experimental assessment of multispectral
imagers in the laboratory. For the assessment of
standard systems System Transfer Function,
Noise, Modulation Transfer Function and overall
performance measures like Minimum Temperature
Difference  Perceived, Triangle  Orientation
Discrimination or Target Task Performance are
used for characterisation (for example [28-30]).
This Figures of Merit are also a good basis for the
experimental assessment of multispectral imagers.
They are completely usable if no channel
processing is applied before presentation to a
human  observer. Only three  additional
measurements are necessary with regard to

- the spectral crosstalk,

- the temporal synchronisation and

- the spatial pixel alignment

of the channels (compare also Chapter 2).
Unfortunately it is not known yet how differences in
the figures of merit of the different channels affect
the application of the multispectral systems.

If the channels are processed before presentation
to the human observer (compare Chapter 4), it is
uncertain if these standard figures of merit are
useable. In some instances they are (for example:
temperature measurement method), but in most
cases they are probably not (for example:
difference in apparent temperature method). An
assessment with the standard methods and the
shown additional measurements is possible, if the
channels are available separately before
processing. But then the questions arise how this
measurements are connected to the figures of
merit for the resulting / processed data.

Conclusive it can be said that the experimental
assessment of multispectral systems is possible
without problems for the systems available at time
of writing. But if types with processing become
available it seems very probable that special
methods have to be developed. These methods
then will only apply to a special group of
multispectral systems.

6. SUMMARY

IR multispectral imagers acquire information
simultaneously in different spectral ranges,
whereas a broadband system uses only on
spectral range. In contrast to a hyperspectral
imager the multispectral imager is not analysing
spectra. It is assumed multispectral imagers will
have superior performance in military operations
compared to broadband systems.

Based on the working principle the multispectral
systems can be divided into four groups:
- Type 1: Temporally and spatially
asynchronous
- Type 2: Temporally synchronous, spatially
asynchronous
- Type 3: Temporally asynchronous,
spatially synchronous
- Type 4: Temporally and spatially
synchronous
Among these systems Type 4 is the ideal one from
a signal processing point of view but also the most
complicated to produce.

To date no multispectral system is introduced in
military service for ground applications. Planned is
the introduction of the so called 3" generation of
thermal imagers. This 3" generation is typically
defined as a dual-band MWIR/LWIR multispectral
system. The advantages foreseen for this type
against the standard systems are mainly based on
using the best band for a given task.

Still an open question is whether multispectral
image fusion has the potential to improve
detection, recognition and identification ranges in
military applications. A lot of methods were
proposed and have been tested; some of them
show a great potential to improve observer
performance. Unfortunately that does not hold true
for all situations. A fusion that is very good for a
specific situation can fail when applied under
different conditions. No general solution for this
guestion is yet in sight.

Another open question concerns the laboratory
assessment of multispectral systems. It is relatively
easy to assess systems that do not apply
multispectral image processing. In this case each
channel can be seen as an independent standard
system and the standard figures of merit can be
applied. Additional information can be gained by
measuring the spectral crosstalk, the temporal
synchronisation and the spatial pixel alignment. If a
multispectral system includes image processing it
is very probable that the standard methods can not
be used. New methods have than to be developed.
A lot of research still has to be done on this
subject.
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