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ABSTRACT

Current missile-warning sensors on aircraft mostly operate in the ultraviolet wavelength band. Aimed primarily at
detecting short-range, shoulder-fired surface-to-air missilegletieetion range of the sensors is of the same order as the
threat range, which is 3-5 km. However, this range is atthined against older missiles, with bright exhaust flames.
Modern missile developments include the use of new propellants, which generate low-intensity plumes. These threats
are detected at much shorter ranges by current ultraviolet warning sensors, resulting in short reaction times. Infrared
sensors are able to detect targets at a much longer range. In contrast with the ultraviolet band, in which a target is
observed against an almost zero background, infrared semsmt extract targets from a complex background. This
leads to a much higher false-alarm rate, which has thus far prevented the deployment of infrared sensors in a missile
warning system. One way of reducing false-alarms levels is to make use of the spectral difference between missile
plumes and the background. By carefully choosing two wavelength bands, the contrast between missile plume and
background can be maximised. This paper presents a method to search for the best possible combination of two bands in
the mid-wave infrared, that leads to the longest detection ranges and that works for a wide range of missile propellants.
Detection ranges predicted in the infrared will be compared with those obtained in the ultraviolet, to demonstrate the
increased range and, therefore, thiréased reaction time for the aircraft.
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1. INTRODUCTION

Missile warning sensors that are currently in use operate in the ultraviolet part of the spectrum. At these wavelengths, a
low to almost zero background enables the use of simpdetdmn algorithms and the near absence of both natural and
man-made sources that emit ultraviolet radiation results in a low false alarm rate. The latter is a primary requirement for
a fully automatic self-protection system. The disadvantage of the use of ultraviolet is that the atmosphere strongly
absorbs the ultraviolet radiation, limiting the detection ranges of typical threat missiles to a few kifdmatheseas

this provides sufficient warning time for the older missiles with bright exhaust plumes, the detection range for modern
stealth propellants can become insufficient for the deployment of countermé@a¥¥mesing sensors operating in the
infrared domain are generally seen as the future successargerit systems, as at infrared wavelengths the threat can

be detected from longer ranges. However, the need foreipeaagressing to detect the tardgn the complex infrared

scene and to obtain a sufficiently low false alarm level have so far prevented the development of successful systems.
Infrared warning sensor development is in essence an optimisation problem with many variables. In many studies, a two-
or multi-filter approach is usédto exploit the spectral differences betweargets and backgrounds. Some authors
approach the problem from the sensor side, to develop a technically feasiblé“sefisisr paper approaches the
problem from a theoretical point of view, with the aim to define a method that finds the best set of two filters, that
maximises detection range and that minimises false alarm rate. Technical aspects of sensor system design are not
addressed in this paper.

The following sections outline the method used to obtain the best choice of two filter bands in the 3-5 um band. Typical
missile plumes are computed for both high-intensity and stealth propellants. This provides not only a realistic range of
threat signatures in terms not only of total intensity, but also of spectral behaviour. Detection ranges are computed for a
hypothetical sensor operating in background-limited mode, which provides an upper limit to sensor performance. It is
shown that the design of infrared threat warning sensors is relatively insensitive to the spectral nature of the threat
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signature. The detection of targets that could generate false alarms, such as warm or hot objects and sun glint, is
modelled and the suppression by a two-colour infrared system is shown.

2. METHOD

2.1 Targets. missile plume spectral emission

Generally, the infrared signature of a missile is dominated by the emission from its exhaust plume. The hardbody
signature dominates only at near nose-on aspect angles, when most of the plume is hidden behind the missile body. The
infrared signature of the hardbody is assumed to be due to aerodynamic heating and is derived from the relation
T =T, (1+0.176M?2), whereT is the missile body temperaturky, is the ambient air temperatusadM is the Mach

number (see, e.g., ref. [5]). The emidtyivf the missile coating is 0.8.

The code NIRATAM is used to compute the spectral emission fthexmissile plume. Table 1 lists the exit plane
conditions for the four propellants that were used in the current study. The propellants range from high-thrust aluminised
fuel (HTPB-AP-AI) to low-intensity fuels (HTPB-AP, GAP/AN). The exit radii listed in the table were adjusted to result

in equal thrust for the four propellant types, which makes it possible to directly compare results for the different
propellants. Flow fields for different missile speeds were computed with the REf,astlieh were used as input to
NIRATAM to produce aspect-angle dependent emission spectra in the 3-5 um band.

Table 1.  Parameters for plursteucture and composition modellfhdlozzle radius is adjusted for each propellant to achieve the a
thrust of 1kN for all propellants. Table reproduced from ref. [2]. Missile velocity is 500 m/s.

HTPB-AP-A| HTPB-AP GAP/AN Kerosene
Exit radius [mm] 16.2 16.3 23.2 13.71
Axial velocity [m/s] 2404.6 2388.1 2292.4 2688
Radial velocity [m/s] 356.7 354.2 340.0
Exit pressure [kPa] 200.4 168.7 57.6 1
Exit temperature [K] 2327.2 1578.0 689.4 1745.5
Exit plane mole fractions
N2 8.151x10? 9.912x10? 2.517x10! 2.120x10"
CO 2.106x10" 6.745x10? 1.344x10" 2.306x10!
H20 1.368x10" 4.212x10* 3.943x10! 2.812x10"
CcO2 1.713x10 1.537x10" 7.773x107 1.681x10*
H2 2.985x10! 6.370x10? 1.390x10" 1.081x10*
H 4.094x10° 8.000x10° 1.090x10% 7.155x10°
OH 3.210x10° 2.000x10° 3.800x10° 1.099x10°
02 1.000x10° 1.000x10° 1.000x10° 6.493x10°
o) 3.000x10° 1.030x10° 1.000x10° 5.593x10°
HO2 1.000x10° 1.000x10° 1.000x10° 1.000x10"°
Cl 1.552x10° 2.000x10°
CI2 1.000x10° 1.000x10°
HCI 1.576x10! 1.929x10"
Al203 9.065x10°
MgO 2.661x10°

Plume spectra are shown in Figures 5 through 8 (left panels in figures). Figure 5 shows the spectrum, at 5° off nose, for
the aluminised, high-intensity HTPB-AP-AI fuel; the non-aluminised HTPB-AP plume spectrum is shown in Figure 6.
Both plume were computed for a missile speed of 500 m/s. As the thrust of the all propellants listed in Table 1 is equal,
the results in Figure 5 through 8 correspond to missiles with the same performance. The aluminium that is added to the
HTPB-AP-AIl propellant to increase the thrust increases thelRi¥ignature by a factor of at about ten in the 3-5 um

band. The contribution from the target body, altifio it is at a temperature of ov&R0 °C, is insignificant in the
wavelength band shown. The missile body is 2 m long and 8 cm in diameter. Figure 7 shows the spectrum for a plume of
a missile with GAP/AN propellant. This propellant burns at a relatively low temperature and produces a plume that is a
factor of about five lower in intensity than from the non-aluminised HTPB-AP propellant. This propellant may be
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indicative of future low-intensity propellants. A spectrum for a kerosene plume is shown in Figure 8. This spectral
emission from this plume differs from that of the other three (solid) propellants, which results in different optimum filter
bands for an infrared warning sensor, as shown in the following sections.

2.2  Atmosphere

A look-up table of spectral atmospheriartsmission was computed with MODTRANfor the standard mid-latitude

summer atmosphere, over a horizontal path of variabigthe Transmission for a specific path length was computed
through interpolation of the look-up table. The aerosol type sed to rural, with a visibility of 14 km. The contrast of

the target (missile) at the sensor was found by multiplying the zero-range spectral emission with the transmission
spectrum for a given path length, adding the path radiance (assuming an air temperature of 15 °C) and integrating over
the sensor waveband. This is explained in more detail in section 2.5. Figure 1 shows the transmission over a horizontal
path with a length of 2 km, in the 2-6 um band. The &l&orption band around 4.3 |isrelready clearly defined. The

interval 3.4-4.0 um is charactezisby relatively high transmission.
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Figure 1. Spectral transmission in the 2-6 um range, over a horizontal path of 2 km. The atmosphere is the MGRTRARN
atmosphere mid-latitude summer.

2.3  Backgrounds, sun glint

The background, against which the target is observed, imadsio be at a fixed tempenat. Noise is represented by

small variations in the apparent temperature of the background. Figure 2 shows two background spectra, corresponding
to apparent temperatures of 15 °C and 15.5 °C. This cclettel is relatively low for land backgrounds, but has the
proper magnitude for (overcast) sky backgrounds. Land backgrounds, which are relevant to the study of missile warning
sensor performance for the case of surface-to-air missietiat, are complex and aretramnsidered explicitly here.
Elements in the background are treaitedsection 3.2. Sky backgrounds are vala for air-to-air scenarios and for
ground-to-air scenarios in which the airborne platform is at a higher altitude. The noise in the background was computed
from the curves in Figure 2, for the appropriate sensor lveange The temperature variations were assumed to occur on

a spatial scale equal to the sensor instantaneous field of view.

The right-hand-side panel in Figure 2 shows a spectrum of glistinwhich is considered in the following sections as a
possible source of false alarm. The slintgvas computed by assuming a horizontal surface of 5x5 m?, with an infrared
reflectivity of 5%, representative of standard coatings, and a BRDF lobe width of 3°. As evident from the two panels in
the figure, the sun glint is several orders of magnitude more intense than the background, with the intensity decreasing
towards longer wavelengths, in contrast with the spectral behaviour of the background.
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Figure 2. Left: background spectra, for apparent background temperatures of 15 °C and 15.5 °C. Right: spectrum of san glint off
5x5 m2 object.

24  Sensor
The sensor is assumed to be background-limited and to operate in photon-counting mode. The irradiance on the
detector, in terms of photons per frame is computed with the expression

(M) N, =[ENLAd

where/ is wavelength (um), is pixel (ir)radiance and a parameter that converts radiat@@hoton count (in units of
photons per pixel per frame) on a single detector elemeatintégration in (1) is over the sensor wavelength band. The
parametef is given by

TD2 AL,

2 /] = int

(2) $(A) e

whereD is the lens diametehy the area of a single detector elemeptthe integration timel the focal lengthh
Planck’s constant andthe speed of light. For the current stuby5 cm andA;=20%20 um. The focal lengthcan be

varied to obtain different values for the instantaneous field of view (IFOV), although for this paper only a single IFOV is
considered.

To find those combinations of two bands within the interval 3-5 um that yield the best detection of missile plumes, a
search through sensor parameter space is conducted.nBoe parameter space is defined by IFOV, waveband centre
and waveband width. The pixel field of view (IFOV) is defined to be 0.5 mrad; the band centre is varied from 3to 5 um
with steps of 0.08 mrad and the band width is varied from 0.01 um to 1.5 um in steps of 0.06 um.

Current missile warning sensors operating in the ultraviolet, where no background signal is present, have a typical
spatial resolution of 1° (about 17 mrad). For the IR sensors a higher spatial resolution is needed to detect the weak
signal from a distant target in the strong background signal. Note that pixel size is less significant for current
(ultraviolet) sensors, due to the absence of background radiation. For sensors operating in the (solar blind) ultraviolet,
pixel size only affects the angular resolution.

25 Detection range
For each hypothetical sensor, defined by IFQYand A4/, target contrast is computed at a series of ranges (1, 2, 4, 6,
10, 15, 20, 25, 30, 35, 40 and 100 km). At each range tliain@e on a pixel containing the target is computed with

Proc. of SPIE Vol. 5787 137



T L
3)  Ergr = @ +00Lyyg +% Ly W/

where 7y, is atmospheric transmissidn;gr target radiance [W/m?#/sifyct target area [m?),g«c background radiance
[Wimz/sr], Qthe pixel solid angle and the range to the target. The second tier3) represents the contribution from

the background, when the target does not completely fill the pixel (the taitahe fill factor). The last termin (3)

gives the radiance of the atmosphere akbmgoptical path to the sensor. Althouwdt explicitly indicatedn (3), at each
range a check is performed of whether the target fills a pixel. Path radiance and the contribution from the background
are added to the total irradiance accordingly. Pixel irradisncenverted to photon flux using the expressions given in
section 2.5, giving photon flud;gr for the target pixel anNgkg for a pixel on the background.

In the computation of (3), the approximation is madetti@tadiance of the background is given by the ambient air
temperature. Expression (3) is computed as an integrver the sensor waveband, to account for the spectral
character of transmission and target and background radiance.

Using these expressions, target irradeanontrast is computed as a functddmange. For all combinations of two
wavebands, the ratioget andrggg are computed:

I\ITGT ,1(R) _ N BKG,1
NI /oy’ BKG T
NTGT,Z(R)

4) rer(R) =
Ngke,2

At each range, the contrast of the target ratio in the two filters with the background ratio is computed. Detection is
assumed to take place once the ratio exceeds the detection threshold:

Itet ~ Bk
%) ——> 2 KNRyyresnold
OBKG

whereogg is the noise level in the background &rid a parameter that can be tuned to control the false alarm rate.

The noise level in the background ratio follows from both the noise level in the background for each of the filter bands
and apparent temperature variations in the background (clutter). For a background-limited sensor, the former is given by
the square root of the photon flux in each of the two filter bands. The clutter in the background is derived from the
background spectra given in Figure 2 and added to the intrinsic background noise. The threshold for Bestctidad,

follow from an analysis of possible targets and structures in the background.

photon flux [v/frame /pixel]

40 50 &0 100
range [km]

Figure 3. Irradiance (of the pixel containing the target) in terms of photon flux per pixel per frame as a function ahgedet r
a missile with the HTPB-AP-AI propellant. The sensor is assumed to be in photon-counting mode (background limited).
The horizontal lines in the diagram represents the flux from the background (at 15 °C). The sensor pixel size is 0.5 mrad.
Thin curve: wavelength band 4.49 — 4.56 pm; thick curve: 3.45 — 3.52 pym.
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Figure 4. Plots showing detection range as a function of cemtrelength (horizontal axis) and bandwidth (vertical axishef t

second filter. The first filter is 4.49 — 4.56 um. Top left: HTPB-AP-AI propellant; the colour scale runs from zero (black)
to 28.5 km (white). Top right: the same, now for propellant HTPB-AP (maximum range in panel is 14.5 km). Bottom

left: propellant GAP (maximum range in panel is 10.5 km). Bottom right: kerosene plume (maximum range in the panel
is 28.5 km).

Figure 3 shows two examples of photon count from a missile plume as a function of range, for two filter bands. The
vertical axis in the figure gives photon flux (in units of ghna/frame/pixel). The horizontal lines in the panels represent

the irradiance from the background. In the two wavelengthdahdwn, the target can be detected to ranges of about

30 km (in the 4.49 — 4.56 um band) and 12 km (in the band 3.45 — 3.52 um). It can be expected that when the data from
the two bands are combined to compute the spectral ratio that the detection range is smaller than 30 km. However, the

goal behind the development of two-colour systems (or multi-band systems) is not to optimise detection range, but to
minimise false alarms. This is discussed further in the following sections.
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3. RESULTS

3.1 Missletargets

Using the propellants listed above, all possible filter combinations in the 3-5 um band, with the limitations in filter
location and width as given above, were considered. This results in a 4-dimensional data base of detection ranges. For
clarity, results are shown below for a single choice of the first filter, showing the dependence of sensor performance
(=detection range) on the choice of the second filter.

Detection range as a function of centre wavelength and bandwidth of the second filter, with a fixed first filter, is shown
in Figure 4, for the propellants HTPB-AP-Al (aluminised, top left panel) and HTPB-AP (non-aluminised, top right
panel). The detection threshold used waS. Results for the low-intensity GAP propellant are shown in the bottom left
panel in Figure 4, while results for a (hypothetical) missile with kerosene are shown in the bottom right panel. The
diagrams show detection range for all possible combinatbegntre wavelength (restricted to the MWIR band) and
bandwidths between 0.01 and 1.5 um. The first filter is 4.49 — 4.56 um, in the red wing of, ttaali@ace of the target

plume. This filter gives almost the maximum detection ranges for all propellants. It is noted that the colour scales are
different for the four panels in the figure. The panels show that when one of the filter is chosen so as to sample the red
wing of the CQ radiance, the best performance of the MWS is obtained for only a few narrow-band filters near 3.5 um.
Figure 1 shows that this is the short-wavelength edge of the interval of high transmissions extending to about 4 um.
Combined with the decreasing radiance of the plumes with increasing wavelength in that same interval, this explains the
optimum location of the second filter. The plume specti@ignres 4 through 7 show that the spectral ratio between the

red wing and a narrow band near 3.5 um interval producgs tntrasts with the spectral ratio in the background
(shown in Figure 2).

This is illustrated in Figure 5 (left panel), which shows the HTPB-AP-Al plume spectrum, with the two filters
superimposed that represent the maximum detection range in the top left panel in Figure 4. Where the left panel in
Figure 5 shows the intrinsic plume spectrum, the right-hand-side panel in the figure shows irradiance as a function of
range. Spectra at ranges from 1 to 35 km are shown. The decrease in spectral energy in the 3.5 -4.2 um is relatively
independent of wavelength, which is the origin of the broad range of filter possibilities that give a good sensor
performance (see Figure 4 and Figure 1).

A similar spectral behaviour with increasing range is shown in Figures 6 and 7, for the HTPB-AP and GAP propellants,
although the spectral intensity of the signal is much lower than for the aluminised HTPB-AP-AIl propellant. The results
in Figure 4 also show that the choice of wavebands is insensitive to threat type. With the exception of the kerosene
plume, sensor performance is maximum for the same set of two filters. The intrinsic spectrum and range-dependent
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Figure 5. HTPB-AP-AI plume spectrum, with superimposed filterdsad.49 — 4.56 pm (the filteredin the computation of the
results shown in Figure 4) and 3.45 52Bum, which is the combination of filters resulting in maximum detection range
in the top left panel in Figure 4. The right-hand-side paheivs plume spectra as a function of range, to illustrate the
wavelength and range dependence of atmospheric transmission (ranges of 1 to 35 km, top to bottom).
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Figure 6. As Figure 5, now for a HTPB-AP (non-aluminised) glumith superimposed filter bands 4.49 — 4.56 um (the filter
used in the computation of the results shown in Figure 4) and 3.45 — 3.52 pm.
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As Figure 5, now for a GAP plume, with superimpditted bands 4.49 — 4.56 um (tfiker used in the computatioof

Figure 7.
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Figure 8. As Figure 5, now for a kerosene plume, with sope@sed the same filter bands as in the previous figures.

irradiance for the kerosene plume is shown in Figure 8. The optimum filter choice for kerosene plumes are plotted in the
figure. The filters differ from those found for the other plumes, but sample the same general wavelength bands. This
feature could provide the means to discriminate betweenatii plumes (including afterburner plumes) and missile

plumes.
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Figure 9. Left: blackbody at 45 °C (maximum range in the panel is 25.1 km). Right: sun glint on a horizatal (seakimum
range in panel is 118 km). In both cases the first filter is 4.49 — 4.56 pum, the same as that used for the filter diagrams in
Figure 4.
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Figure 10. Blackbody target spectra as a function of range, for the filter combination 4.49 — 4.56 um and 3.45 — 3.52hem, as in
previous figures. Left: 25 °C blackbody; right: 45 °C blackbody. The detection range is relatively large due to the spectral
ratio between the two filter bands, caused by atmospheric giosomather than by inherent spectral differences between
target and background. Note that irradiation levels are (much) lower than for missile targets or sun glint.

32 Falsealarms

The signal-to-noise threshold for detection used in Figure 4 through 8 was 5, more or less a standard value for the
detection of point sources. However, the rationale for the development of a two-colour warning sensor is to reduce the
false alarm rate to an acceptable level, while retainiagptissibly long detection ranges at infrared wavelengths. The
SNR threshold for detection should be based on an analysistection ranges of objects in the infrared scene that
could give rise to false alarms.

Figure 9 (left panel) shows a filter diagram, similar to thind&igure 4, for a blackbody target at 45 °C. The first filéer i

the same as those in Figure 4 through 8. The similaritytednaf the filter diagrams to those obtained for the missile
targets (Figure 4). Range-dependent irradiance, for the same set of filters as used in Figure 4 through 8, is shown in
Figure 10, for blackbody targets at 25 °C (left panel) and 45 °C (right panel). In spite of the fact that their intrinsic
spectra are similar to that of the background (which is &C)5the spectral ratio for these targets is not close to zero.

Due to atmospheric absorption, the spectral ratio of thettémgthe two filter bands is large enough to result in an

142 Proc. of SPIE Vol. 5787



appreciable detection range. This is clearly illustrated gurei 10. It is noted that the spectral ratio increases with
range, due to stronger absorption in the filter 4.49 — 4.56 um. The irradiation levels, however, are lower than those from
the missile targets. Therefore, filter choice based on the spectral character of missile targets does not automatically lead
to rejection of warm or hot elements in the infraredne as targets. The combination of spectral ratio and signal
strength might be an additional discriminative for the rejection of these objects as false targets.
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Figure 11. As Figure 5, now for a sun glint (see Figure 2), sitberimposed filtebands 4.49 — 4.56 um (the filter usedtie
computation of the results shown in Figures 4 and 9) and 3.45 — 3.52 um.
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Figure 12. Detection range as a function of SNR detectioshble for several missile plumes and two objects with a blackbody
temperature of 25 °C and 45 °C. Also shawm curve for sun glint (see also Fig@e Filters used are the same as in
the previous figures.

The right panel in Figure 9 shows a filter diagram for a sun glint off a horizontal target, as described in section 2.3.
Range-dependent spectra for sun glint are shown in FigurEh&ldetection range (69 km in this case) is determined

by the size of the target (5x5 m?), rather than by atmospheric transmission or signal strength. The spectra shown in the
figure show signal strength and illustrate that the spectral ratio that decreases only slowly with increasing range. These
results indicate that additional measures musaken to prevent false alarms from sun glint.
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3.3 False-alarm reduction

Figure 12 shows the detection range as a function of detection threshold for three missile propellants used above and
two blackbodies. Increasing the SNR threshold to above 10emibve from the scene seen by the sensor any objects

with a blackbody temperature below 25 °C (and temperature contrast below 10 °C). At the same time, the detection
range of missiles with HTPB-AP-AI propellant is decreased by about 20%, relative to the case for a detection threshold
of SNR=5, to about 22 km (for the atmospheric conditions used here). A further increase in the detection threshold to 20
will remove from the scene all objects with a blackbody temperature below 45 °C (temperature contrast below 30 °C).
This will probably result in a low false alarm level, as it is fair to assume that few natural objects have a temperature
higher than 30 °C with the average background, at theafoah significantly decreased detection range of missile
plumes. For this detection threshold, the high-intensity aluminised plumes can be observed to distances of about 15 km,
but the propellants that produce low-intensity plumes can now be observed only at distances shorter than about 5 km.

Figure 12 also shows a detection curve for sun glint. The glint, for which the spectrum is shown in Figure 2, has a high
spectral ratio and can be observed at long range. An elevated detection threshold does not remove glint from the list of
possible false alarms. As has been noted previbustyadditional feature of sun glint, at least when it occurs on large
surfaces such as lakes, is that the glint appears stationary in a sensor’s field of view. As a result, an analysis of the
relative motion in the scene can not be used to dismiss glinfadse alarm. The results presented here show that a two-
colour system not necessarily automatically suppresses glint. The same is true when one of the filter bands is chosen to
sample the blue spike of the g@lume radiance.

34  Comparison with ultraviolet band

In a previous pap&rthe detection range of the same plumes was analysed for the ultraviolet wavelength band. The
detection ranges found, for similar atmospheric conditions, varied from more than 8 km for the HTPB-AP-AI plume to
less than 0.5 km for the non-aluminised HTPB-AP plumes. Where the high-intensity plumes are detected at long range,
leaving sufficient time for countermeasures, the low-intensity si@alth threats are detected only at the last moment.
Clearly, a sensor operating at infrared wavelengths peevad much longer warning time. Even when the detection
threshold is increased to suppress warm and hot targets inftared scene, the detection range of missile plumes is
such that sufficient warning time is left, even for the low-intensity plumes. The additional warning time can be used for
additional analysis of the target signal, such as relative motion in the field of view of the sensor(s) and signal growth, to
further decrease false alarm rate.

4. DISCUSSION

The analysis presented here shows that two-colour infeysdms can be used in a missile warning role, to improve

over the limited detection ranges provided by the current systems operating at ultraviolet wavelengths. A method is
presented to search for those combinations of two filters in the 3-5 um band that produce the best sensor performance
(longest detection ranges) against current missiles. Several propellant types are analysed, ranging from high-intensity
aluminised propellants to low-intensity fuels representative of (future) stealth missiles. One of the main drawbacks of
infrared systems is the presence of background radiance, msiglts in higher false alarm levels than in the ultraviolet

band. The analysis shown here proves that in a two-colour system the false alarm rate can be reduced by increasing the
detection threshold in the spectral ratio of the two filter bands. It is evident that this also reduces the detection range of
the threat, yet the detection ranges remain significantly longer than at ultraviolet wavelengths. This results in sufficient
warning time for the deployment of countermeasures. One element of the infrared scene that may be difficult to suppress
is sun glint.

The results presented here are a first step towards a filliggtion process to find the best choice of two (or more)

filter bands in the mid-wave infrared region for a missile warning sensor. Several elements of the multi-parameter
optimisation process have been addressadh as threat signatures (different propellant types), atmospheric effects
(transmission losses) and sources of false alarm (objects in the infrared scene, sun glint). The first results indicate that a
robust infrared system is feasible, with the offer of detection ranges (and warning times) that are much longer than those
possible with current ultraviolet systems.
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