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DESCRIPTION

Background of the Invention

[0001] This invention relates to apparatus for use in operator training with, and the testing and evaluation of, infrared sensors for
missile detection. More especially, this invention relates to apparatus for use in the testing and evaluation of infrared sensors
which are for missile detection and which integrate incident energy over a finite time period.

[0002] Apparatus is known for use in operator training with, and the testing and evaluation of, infrared sensors for missile
detection. The known apparatus comprises an infrared illumination source for illuminating the sensors. The infrared illumination
source may be a lamp such for example as a xenon arc lamp or a quartz halogen lamp. Alternatively, the infrared illumination
source may be thin filaments of carbon or a metal. The apparatus tests and evaluates the infrared missile detection sensors by
illuminating them. The infrared missile detection sensors may be positioned on, for example, an aircraft.

[0003] In the above mentioned known apparatus, the use of infrared illumination sources such for example as the lamps or the
thin filaments has proved to be a limiting factor in the generation of high powers in the mid-infrared wavelength range of 3 - 5pym.
More specifically, problems associated with the known apparatus using the lamps or the thin filaments are as follows.

1. 1. High input power requirements for high power sources.

2. 2. Attempts to reduce out of band wavelengths may lead to thermal management issues.

3. 3. The generation of wavelengths which extend beyond the required infrared band can result in impractical operating
conditions due to the wavelengths generated, such impractical operating conditions including those relating to eye safety
and to covertness of source.

4. 4. The beam width in any illumination system is limited by the source extent and by aperture constraints. For complete
coverage of all infrared missile warning sensors, for example as placed on an aircraft, a beam width around 3° is required.
However, beam widths much greater than 3° obtained with existing infrared illumination sources may result in a lower power
density across the intended target.

5. 5. Modulation capabilities of heated lamps and filaments are limited. These modulation capabilities are adequate for
present day infrared missile detection sensors but they generally do not have the capacity for future developed infrared
missile detection sensors.

6. 6. High electromagnetic emissions, which are related to normal operation and the infrared illumination source being
modulated, may be generated at problematic magnitudes. This is especially a problem for infrared illumination sources in
the form of lamps.

7. 7. The known infrared illumination sources cannot generate sufficient infrared power within aperture limitations which apply.
These aperture limitations are dictated by the need to present a realistic source extent to the sensor, for example when
mounted on an aircraft. This is especially so where imaging systems are employed.

[0004] In US-A-4,173,777, an apparatus and method of simulating missile and/or jet aircraft plumes is described. The apparatus
and method provide means to test optical missile and/or jet aircraft detectors. Here, in spite of firing a missile or an engine, the
generation of optical radiation with optical intensity and spectral characteristics similar to those of a missile is proposed. More
specifically, a xenon lamp is used as an optical source and an infrared detector is tested. Additionally, the light generated by the
xenon lamp propagates a filter, in order to filter out the optical energy in the visible range and to prevent eye damage.

[0005] In WO-95/00813-A, a handheld device with an UV light source for imitating airborne weapons is described. Particularly, a
quartz halogen lamp is provided as the UV light source within the device. The mentioned device can be used to test optical
detectors for detecting airborne weapons, particularly for detecting missiles. The device is construed to be applied in combination
with UV airborne weapon detectors.

[0006] It is an aim of the present invention to reduce the above mentioned problems.

Summary of the Invention

[0007] Accordingly, in one non-limiting embodiment of the present invention, according to claim 1, there is provided apparatus
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for use in operator training with, and the testing and evaluation of, missile detection systems which use infrared sensors which
integrate incident energy over a finite time period.

[0008] The apparatus of present invention comprising the features of claim 1 is advantageous over known apparatus in that it
uses

a pseudo continuous wave laser infrared illumination source. The advantages of the pseudo continuous wave laser infrared
illumination source as compared with known infrared illumination sources such as those mentioned above are as follows.

1. 1. Infrared missile detection sensors being tested respond only to a very narrow band of wavelengths. Infrared illumination
sources currently used emit energy over a very broad band of wavelengths. The use of the pseudo continuous wave laser
infrared illumination source offers a much greater in-band power output within a given aperture, for a given input power,
resulting in highly efficient emitter apparatus.

2. 2. The pseudo continuous wave laser infrared illumination source has lower electrical power supply requirements than
known currently used infrared illumination sources. Thus the apparatus of the present invention has low power control
requirements in terms of switching, and thereby considerably less electromagnetic compatibility issues than is the case for
known and currently used infrared illumination sources.

3. 3. The pseudo continuous wave laser infrared illumination source is a narrow band illumination source which causes
considerably less eye safety issues than are caused by known and currently used infrared illumination sources.

4. 4. Pulsed lasers sources are available over a broad range of infrared wavelengths, such that the spectral characteristics of
the illumination source can be tuned to specific applications efficiently. This could include use of more than one source to
generate a complex spectrum. This is especially pertinent for infrared detectors which use spectral characteristics as a
discriminator for determining the veracity of the illumination source.

5. 5. The pseudo continuous wave laser infrared illumination source is able to be modulated at rates which exceed the fastest
features of interest to a missile detection system.

6. 6. The pseudo continuous wave laser infrared illumination source can approximate point sources and optical components
can be designed to optimise the beam forming for a specific application, maximising boresight power for any given beam
width.

[0009] In a first embodiment of the present invention, the apparatus is one in which the pseudo continuous wave laser infrared
illumination source is an optical parametric oscillator which is pumped by a laser.

[0010] The pump laser is an yttrium aluminium garnet (YAG) laser. Other types of laser may be employed. A single optical
parametric oscillator is able to give sufficient power in the apparatus of the present invention.

[0011] The modulation circuit comprises an acousto-optic modulator. The acousto-optic modulator is preferably positioned
before the optical parametric oscillator. Such positioning allows the use of common, high-efficiency, low-cost modulators as
opposed to the customised, low-efficiency modulators that would be required for the longer wavelengths at the optical parametric
oscillator output. Preferably the optical parametric oscillator is a periodically poled lithium niobate crystal but other optical
parametric oscillators may be employed.

[0012] In the first embodiment of the apparatus of the invention, the pseudo continuous wave laser infrared illumination source
may include at least one mirror for separating unwanted wavelength signals, at least one mirror for creating a cavity for the optical
parametric oscillator, at least one lens for focusing the laser beam into the optical parametric oscillator, and at least one beam
sink for unwanted wavelengths.

[0013] Preferably, there are two of the mirrors for separating unwanted wavelengths. Preferably there are two of the mirrors for
creating a cavity for the optical parametric oscillator. Preferably there are two of the beam sinks for unwanted wavelengths.

[0014] The laser may include an optical unit for shaping the beam in order to set the required beam divergence and output
aperture size. The optical unit may be a faceted optical unit. Preferably, the faceted optical unit is a faceted mirror unit.

[0015] The faceted mirror unit preferably comprises a diverging lens, a reflector, and a faceted compound mirror for receiving
reflected infrared energy from the reflector. The faceted mirror unit preferably also includes a window to seal the apparatus
against environmental effects. In a second embodiment of the present invention, the apparatus is one in which the pseudo
continuous wave laser infrared illumination source is a quantum cascade laser.
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[0016] Usually, there will be an array of the quantum cascade lasers, for ensuring that there is sufficient power for their use in
the apparatus of the invention. In addition, because of the slight variation in the spectral response between individual quantum
cascade lasers, an array of lasers will ensure a greater spectral diversity should that be required for a particular application.

[0017] In the second embodiment of the invention, the apparatus may include collimating means for collimating the laser beam.

[0018] The apparatus may be one in which the array of quantum cascade lasers is an array of quantum cascade laser chips,
and in which the collimating means comprises at least one collimating lens for each one of the quantum cascade laser chips. The
collimating means may also comprise at least one faceted optical unit for increasing size of the output aperture.

Brief Description of the Invention

[0019] Embodiments of the invention will now be described solely by way of example and with reference to the accompanying
drawings in which:

Figure 1 shows first apparatus for use in operator training with and the testing and evaluation of infrared missile detection
sensors;

Figure 2 shows in more detail part of the apparatus shown in Figure 1; and

Figure 3 shows part of second apparatus for use in operator training with and the testing and evaluation of infrared missile
detection sensors.

Detailed Description of Exemplary Embodiments of the Present Invention

[0020] Referring to Figures 1 and 2, there is shown apparatus 2 for use in the testing and evaluation of infrared sensors which
are for missile detection and which integrate incident energy over a finite time period, according to an exemplary embodiment of
the invention. The apparatus 2 comprises at least one infrared illumination source for illuminating the sensors. The infrared
illumination source is in the form of a pseudo continuous wave laser infrared illumination source with signal duty and peak power
controlled by means of an amplitude, pulse width and pulse repetition interval modulation circuit, whereby the infrared illumination
source operates at shorter repetition intervals than the finite time period so that the laser infrared illumination source appears to
the infrared sensors to be a missile signature. The laser infrared illumination source is an optical parametric oscillator 4, which is
pumped by a laser 6. The laser 6 is a yttrium aluminium garnet (YAG) laser.

[0021] The modulation circuit comprises an acousto-optic modulator 8 for modulating and controlling a laser beam 10 in order to
create a precise temporal output profile for the laser beam 10. As shown in Figure 1, the acousto-optic modulator 8 is placed
before the optical parametric oscillator 4. The optical parametric oscillator 4 is in the form of a periodically poled lithium niobate
crystal. Positioning of the acousto-optic modulator 8 before the optical parametric oscillator 4 is innovative and advantageous, it
being a more common practice to place an acousto-optic modulator after an optical parametric oscillator. By placing the acousto-
optic modulator 8 before the optical parametric oscillator 4, the following benefit is obtained: The wavelength that the acousto-
optic modulator 8 needs to modulate before the optical parametric oscillator 4 is shorter than the preferred wavelength after the
acousto-optic modulator 8. This means that the optical specification for the acousto-optic modulator 8 is lower when placed before
the optical parametric oscillator 4. For example, the cost of a 1um region off-the-shelf acousto-optic modulator is significantly less
than an equivalent mid-infrared acousto-optic modulator.

[0022] The laser head contains a laser source, a power supply and other necessary laser component parts.

[0023] The apparatus 2 includes two mirrors 12, 14 for separating unwanted wavelength signals, and two mirrors 16, 18 forming
a meniscus to create a cavity for the optical parametric oscillator 4. A lens 20 focuses the laser beam 10 into the optical
parametric oscillator 4. Beam sinks 22, 24 are provided for unwanted wavelengths. A faceted optical unit 26 is provided for
shaping the beam 25 into beam 28 in order to set the required divergence and aperture size.

[0024] As shown in Figure 2, the faceted optical unit 26 is a faceted mirror unit which comprises an optional diverging lens 30, an
optional reflector 32, a faceted compound mirror 34 and an ext window 36. The faceted compound mirror 34 is for receiving



DK/EP 2013564 T3

reflected infrared energy from the reflector 32 as shown. For simplicity of illustration, the faceted compound mirror 34 has been
shown with only four facets. The actual number of facets will depend upon the required final beam width for the shaped beam 28
and the required effective aperture size and fidelity. The exit window 36 receives infrared energy from the faceted compound
mirror 34 as shown.

[0025] In operation of the faceted optical unit 26 shown in Figure 2, the faceted compound mirror 34 distorts the optical path of
each reflected portion of the infrared beam as reflected from the reflector 32. The resulting image appears as a number of
separate sources, one for each facet. There may be, for example forty facets. The composite source, which appears as a
combination of each source, is spread across the entire aperture. For use with an infrared sensor on an aircraft, as the sensor
cannot spatially resolve these points at range, they appear as a realistic larger source extent. This source manipulation is
essential if the infrared sensor is not to dismiss the infrared illumination source as a false alarm. A secondary purpose of the
faceted compound mirror 34 is to ensure that the output beam has a sufficient width and height to illuminate as necessary, for
example to illuminate an entire aircraft. By its inherent nature, the laser beam 25 is narrow and would only illuminate a portion of a
required object such for example as an aircraft if it were optically unaltered.

[0026] Referring now to Figure 3, there is shown part of apparatus 38 in which the laser infrared illumination source comprises
an array 40 of quantum cascade lasers 42. The array 40 of quantum cascade lasers 42 is such that the quantum cascade lasers
42 are in the form of quantum cascade laser chips. The apparatus 38 includes collimating means 44 for collimating the laser
beam 52 into the laser beam 46. The collimating means 44 comprises a separate collimating lens 48 for each one of the quantum
cascade laser chips. As shown in Figure 3, the apparatus 38 also comprises an optical beam shape control unit 50.

[0027] The number of the quantum cascade lasers 42 employed in the array 40 is dictated by the power required from the
apparatus 38. Low power applications may require as few as one laser. In low power applications the laser beam 52 aperture may
be increased and the beam shaped using one or more faceted optical units such as described in Figure 2. In such cases the
diverging lens 30 may not be required as quantum cascade lasers 42 typically have diverging output beams 52. High power
applications require multiple quantum cascade lasers and as such have a suitable optical aperture by nature of the spatial extent
of the array 40. Figure 3 represents a high power application. The beam 52 exiting each quantum cascade laser chip 42 requires
collimation with an appropriate collimating lens 48. Each quantum cascade laser channel provides a single optical aperture. At
long range, for example more than 500 metres, sensors, for example on an aircraft, cannot resolve the detail, and the array 40
appears as a single extended source. The individual collimated beams 46 are able to be expanded or formed with further optics
50 in order to meet beam divergence and aperture requirements.

[0028] In the apparatus 38, modulation is achieved by means of modulation drive circuits 53. Each quantum cascade laser 42
has a modulation drive circuit 53 that controls pulse width, pulse repetition interval and pulse amplitude. The quantum cascade
lasers 42 are capable of very high pulse repetition frequencies. Such operating frequencies are much faster than the time
constant of infrared sensors for missile detection, creating a pseudo-continuous wave beam that the sensors determine to be a
realistic threat. The use of the three modulation parameters in combination maximizes the dynamic range of the system. Further,
the use of duty modulation to control output power provides a near-linear and repeatable control function so that the apparatus
38 produces a more accurate and reproducible source than is achievable with known apparatus comprising an infrared
illumination source for illuminating the sensors. The relatively low individual power from the quantum cascade lasers 42 means
that the array 40 is required for demanding applications, and the array 40 may be in the order of tens of the quantum cascade
lasers 42. The use of the array 40 means that pulses from individual channels can be interleaved, thereby reducing the pulse
repetition frequency requirements of each channel by a factor proportional to the number of quantum cascade lasers 42 in the
array 40. Consequently, an increase in array size may provide further improvements to the overall system dynamic range.

[0029] Atmospheric effects can influence the quality and performance of a laser based system through the process of
scintillation. The risk of these effects is addressed by the apparatus 38 shown in Figure 3 by the following.

. 1. A number of spatially distributed sources, which increase the effective source extent.
. 2. Individual aperture/lens size is maximised for each channel.
. 3. Pulse interleaving ensures that there is no interference between channels.

B WON =

. 4. The broad band, multimode nature of each quantum cascade laser channel, coupled with a short pulse duration,
reduces the coherence length from that of a conventional laser.

[0030] It is to be appreciated that the embodiments of the invention described above with reference to the accompanying
drawings have been given by way of example only and that modifications may be effected.
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Patentkrav

1. Apparat til anvendelse til operatgropleering med, og test og evaluering af,
missilsporingssystemer, hvor missilsporingssystemerne anvender infrargde
sensorer som integrerer indfaldende energi over et begraenset tidsrum, idet
apparatet omfatter:

- mindst en infrargd illumineringskilde (4,6) til at illuminere sensorerne, idet
apparatet er kendetegnet ved at

- den infrargde illumineringskilde (4,6) er en pseudo-kontinuert-balge
infrargd laserillumineringskilde omfattende en optisk parametrisk oscillator
(4) som pumpes af en laser (6), hvori laseren (6) er en yttrium-aluminium
garnet (YAG) laser, og med signalnyttevirkning og spidseffekt styret ved
hjeelp af et amplitude-, impulsbredde- og impulsrepetitionsinterval-
moduleringskredslgb omfattende en akusto-optisk modulator (8),

- hvorved den infrarade laserillumineringskilde (4,6) virker ved kortere
repetitionsintervaller end det begreensede tidsrum og amplitude-,
impulsbredde- og impulsrepetitionsinterval-moduleringskredslgbet
modulerer signalnyttevirkningen og spidseffekten saledes at den infrargde
laserillumineringskilde (4,6) over for de infrargde sensorer ser ud til at veere
en rigtig missilsignatur.

2. Apparat ifglge krav 1 hvor den akusto-optiske modulator (8) er anbragt fer den
optiske parametriske oscillator (4).

3. Apparat ifglge krav 1 eller krav 2 hvor den optiske parametriske oscillator (4) er
en periodisk polet lithiumniobatkrystal.

4. Apparat ifglge et hvilket som helst af kravene 1 til 3 hvor den pseudo-kontinuert-
bglge infrargde laserillumineringskilde omfatter mindst et spejl (12,14) til at
adskille ugnskede belgelaengdesignaler, mindst et spejl (16,18) til at danne et
hulrum for den optiske parametriske oscillator (4), mindst en linse (20) til at
fokusere laserstralen (10) til den optiske parametriske oscillator (4), og mindst en
balgesink (22,24) til ugnskede stralebglgeleengder.

5. Apparat ifglge krav 4 hvor to af spejlene er (12,14) til at adskille ugnskede
stralebglgelaengder.

6. Apparat ifglge krav 4 eller krav 5 hvor to af spejlene er (16,18) til at danne et
hulrum for den optiske parametriske oscillator (4).

7. Apparat ifglge et hvilket som helst af kravene 4 til 6 hvor to af stralesinkene er
(22,24) til ugnskede bglgelaengder.
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8. Apparat ifglge et hvilket som helst af kravene 1 til 7 og omfattende et
kollimatororgan (44) til at kollimere laserstralen (52).

9. Apparat ifglge et hvilket som helst af kravene 1 til 8 hvor laseren omfatter
mindst en optisk enhed (26) til at udvide stralen for at @ge sterrelsen pa output-
abningen.

10. Apparat ifalge krav 9 hvor den optiske enhed (26) er en facetteret optisk
enhed.

11. Apparat ifelge krav 10 hvor den facetterede optiske enhed er en facetteret
spejlenhed.

12. Apparat ifelge krav 11 hvor den facetterede spejlenhed omfatter mindst en
spredelinse (30), mindst en reflektor (32), og mindst et facetteret sammensat spejl
(34) til at modtage reflekteret infrargd energi fra reflektoren (32).

13. Apparat ifelge krav 12 og omfattende et vindue (36) til at forsegle apparatet
mod miljgpavirkninger.
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