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1. INTRODUCTION

Electro-optic target acquisition and tracking units (E-O seekers) on guided missiles or bombs are constructed
from several basic components, each of which require extensive testing in the laboratory. This is necessary
to analyse the performance and limitations of present weaponry, as well as support the development of new
systems. The latest trend in seekers is to incorporate imaging optics to allow detailed analysis of the
target. This places new demands on an infrared (IR) laboratory which need to be carefully considered.

This report outlines the facilities necessary to adequately test seeker components. One requirement is to
support the in-house development of an imaging IR seeker. Such seekers comprise three principal sections:
the imaging optics (including the scanning mechanism), the photodetector and the image processing
algorithms. The infrared laboratory needs to be able to test the optics and detector components, and ensure
that the processed image is of realistic resolution and contrast. It also needs to support the testing of
non-imaging seekers. The processing algorithms used in imaging seekers for analysing the image and
identifying the target are not considered in detail here. However, they must be included in any measure of
the resolution of the operational seeker system. The following sections divide the tasks into tests of the
optics, the photodetector, and the integrated system. The report concludes with a discussion of equipment
selection.

2. MEASUREMENT OF OPTICAL COMPONENTS

The principal function of the optics is to pass the waveband of interest (usually 3 to 5 um or 8 to 12 um) and
place an image of the target scene onto the photodetector. The optics in non-imaging seekers is often
complex due to the need to withstand high temperature gradients without mechanical distortion so that
tight focusing tolerances can be maintained. Imaging seekers present even greater design problems. When a
single photodetector (or small array) is used, a scanning mechanism is required to sample the complete
image of a target scene. This involves the use of moving optics and a driving motor which can lead to
degradation of resolution due to vibration or imprecise scanning, particularly with the fast speeds required.
The image quality needs to be assessed for the full seeker system, but it is also important to test the optical
components during construction to ensure that they are performing adequately. This includes measurements
of spectral transmission and reflection, alignment and resolution. The emissivity and reflective properties
of the lens mounts and walls are also important.

2.1 Transmission

The total spectral transmission of the optics needs to be matched to the atmospheric transmission
windows (either 3 to 5 um or 8 to 12 um) and the response of the photodetector. The transmission can be
easily measured using a broad-band source (eg a blackbody) coupled to a monochromator, the
transmitted signal being measured with a broad-band detector (eg a pyroelectric or thermopile
detector). Alternatively, a calibrated photodetector with a limited wavelength response (eg a
photoconductive HgCdTe detector) can be used for greater responsivity. The reflection properties of the
components and their coatings can be obtained with the same equipment.
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2.2 Alignment

The alignment of optical components (usually for a focus with the target positioned effectively at an
infinite distance) can be tested by viewing collimated images of pin-holes illuminated by a blackbody
source. If the optics contain rotating components, the focus needs to be checked for all orientations. The
illuminated pin-hole could be replaced by a low-power 10.6 im CO; or 3.39 pm HeNe laser with beam
expansion optics. CO; lasers have minimum stable output powers of several watts, which necessitates
gross attenuation for use with sensitive detectors. This can be achieved by passing a small portion of a
highly expanded beam, or by taking a multiple reflection off a thick ZnSe window placed at an angle
to the incident beam.

An imaging pyroelectric detector, which provides a visual display of the IR beam, can be used for
initial alignment and focusing. A small photodetector element (of around 30 um square) on a moving
stage can be used for more precise alignment. An additional laboratory aid is a beam selector (a
wavelength dependent beamsplitter) to combine 3.39 um or 10.6 pm laser beams with visible light from
a 0.6328 um HeNe laser (see eg Melles Griot Optics Guide 4, 1988). This simplifies many laboratory
measurements on invisible IR radiation.

2.3 Angular resolution

Angular resolution tests for imaging seekers can be performed in several ways. The best measure of
angular resolution is given by the modulation transfer function (MTF) which describes the ability of the
optical system, as a function of spatial frequency, to transfer object contrast to the image. The MTF gives
the ratio of output to input contrast (modulation) for spatial sine waves. As thermal sine wave patterns
are not easy to construct, IR resolution testing is done with bar patterns. However, square waves emerge
distorted when passed through any optical system and the value of the ratio measured using a bar
target needs to be reduced by a factor of around n/4 to obtain the MTF (Shumaker et al 1988, Wolfe and
Zissis 1985).

Measurement of the MTF in this way requires a set of bar targets with differing spatial frequencies
(lines per mm). A reflective collimator can be used to image small bar targets placed in front of a
blackbody source. Alternatively, large targets (of the order of 1 m) can be illuminated by an IR lamp or
diverged beam from a CO, laser (for 8 to 12 um optics). In this case the resolution targets would be
placed in a dark tunnel (giving a stable and uniform IR background) at a distance which is calculated to
be effectively infinite for the seeker optics (an alternative is to have the targets closer and slightly
re-focus the optics onto them).

A more accurate, although more difficult, procedure for calculating the MTF involves measurement of
the point spread function (PSF), the MTF being the modulus of the Fourier transform of the PSF. The
MTF can only be calculated in a rigorous sense if the optical system is spatially invariant. This is not
the case when the system under test contains a scanning element, as the image will contain discrete lines
in the cross-scan direction. For this reason linear-scanning systems are commonly tested using the line
spread function (LSF) from an illuminated slit instead of the PSF from a pin-hole. The LSF is measured
with the slit normal to the high speed scan direction, and the MTF is calculated from the fast Fourier
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transform (FFT). The FFT needs to be corrected for the finite slit width and the spectra averaged in the
power domain to reduce noise effects and FFT errors (Holst 1989). The orientation of the slit will require
careful consideration if this technique is to be applied to imaging systems with novel scanning methods.

A more limited measure of the angular resolution can be obtained by the knife-edge test. An imaging
detection system (such as an imaging pyroelectric detector) can also be used to test the resolution of the
optical components, but it should be noted that the resolution measured can be no better than that of the
imaging detection system itself.

24 Background radiation

A further problem which must be considered is the radiant emission and reflections from all components
in the optical assembly, including the walls of the seeker enclosure. This background radiation has the
effect of reducing the sensitivity of the seeker. There is little opportunity to vary the optical
components themselves, but the material and coatings for the lens mounts and walls can be carefully
chosen. In general these need to be selected so as to give an acceptable balance between low reflection
and low radiant emission. Low emissivity is particularly important in the region near the front
protective window and the scanning motor where greatest heat is generated. The emissivity can be
tested by placing the components in contact with (or coated onto) a heated block of accurately known
(and variable) temperature. Calibrated broad-band detectors (eg pyroelectric) can then be used to
determine the emissivity. The temperature of the block need not be measured if a reference material of
known emissivity is used. The bi-temperature and bi-background methods (Johnson et al 1988)
typically yield the emissivity to better than +0.02.

3. MEASUREMENT OF PHOTODETECTOR CHARACTERISTICS

Photodetector characteristics are critical in determining the overall performance of a seeker. Laboratory
measurements are principally necessary to check the manufacturer's specifications and give a direct
comparison of photodetectors under various conditions. To this end it is useful to have 'standard’ detectors
of known performance, against which the detectors under test can be compared. Selection of the optimum
photodetector requires measurement of the spectral response, detectivity, speed of response (time constant)
and consideration of the ancillary electronic and cooling requirements. Hudson (1969) gives a summary of
the techniques involved: As well as the specific items described below, a well-equipped laboratory must
contain a detector power supply and preamplifier/bias supplies, as well as a lock-in amplifier for
subsequent signal processing,.

3.1 Spectral response

The spectral response is measured using a broad-band source coupled to a monochromator, the output
having been calibrated using a standard detector. The beam path may be flushed with nitrogen to
remove absorption by water vapour or carbon dioxide. If this is not possible it is necessary to link
absorptance calculations using LOWTRAN (Kneizys et al 1983) to the analysis routine. A wet and dry
bulb hygrometer and a barometer are required to measure the laboratory atmospheric parameters. The
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atmospheric transmission calculations can be avoided if it is possible to directly compare the detector
under test and the standard detector. This requires the same source-detector path length and the same
atmospheric conditions.

Seekers normally operate in either the 3 to 5 um or 8 to 12 pm atmospheric windows. The selection of
optimum atmospheric window depends on a complex calculation of photodetector sensitivity, target
range and atmospheric transmission in the 'most likely' meteorological conditions (Laflamme 1981,
Rice and Findlay 1988). In imaging seekers this calculation is further complicated by the
characteristics and requirements of the image-processing software. For example, the primary concern
may be the identification of the target from within background clutter during the initial target search
phase at a distance of several kilometres, or it may be the correct analysis of 'friend’ or 'foe' at much
closer range. Since either window may be used, spectral response testing equipment must have
capability in both.

3.2 Detectivity

The detectivity is usually referred to an electrical bandwidth of 1 Hz and a photodetector area of
1 cm?, measured for a particular wavelength and chopping frequency. This results in the quantity D*, a
function of the area of the detector (Aq), the electrical frequency bandwidth of the post-detector
electronics (Af), the responsivity (R), and the 'noise' (Vymg). ‘

J
D’(‘ — LMR
Vims

The responsivity is the rms signal voltage (output of the preamplifier divided by the preamplifier
gain) per watt of incident radiation, and is normally measured using a blackbody source at 500 K.
Alternatively, the responsivity can be measured for a range of wavelengths, resulting in a range of D*
values. The 'noise’ is given by the rms noise voltage measured at the specified chopping frequency. The
responsivity and noise can alternatively be measured by current rather than voltage. These
measurements are adequate to give the value of D* and require the use of a blackbody source, a
variable-speed chopper with a frequency meter, a calibrated broad-band (thermal) detector, a tunable
narrow bandpass electrical filter and an rms voltmeter (or current meter). Laser sources and a
monochromator on a broad-band source are useful for obtaining the responsivity at a given wavelength.

3.3 Time constant

For non-imaging seekers, the information on target direction is often encoded by a rotating reticle in
front of the photodetector. The response time of the photodetector must be short enough to accurately
convert the modulated incident radiation to an output signal. For imaging seekers the requirements are
more severe: the response must be fast enough to allow accumulation of data from the full target scene
during each scan. Basically, the response time of the detector and electronics must be such to make
adjacent 'instantaneous field of view' samples independent; the combination of scan rate and
instantaneous field of view defines the required detection and processing bandwidth. As an example, a
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system which scans at a speed of 4 kHz over a 20° horizontal field-of-view requires a detector with a
response of around 1 ps to give a resolution of the order of 2 mrad. Multi-element detection systems may
pose different requirements. In the case of a 2-D array in staring mode, the required speed may be
defined.more by platform or target dynamics.

The speed of response is measured in terms of the time constant, which is normally calculated from a
plot of photodetector output versus chopping frequency (using an approximately square pulse shape).
However, a time constant of 10 us would not show a drop of response until around 15 kHz which cannot
easily be achieved with a conventional mechanical chopper. One solution would be to use a pulsed
light emitting diode as the source, but although some diodes made of ternary alloys give emission in
the wavebands of interest they are difficult to obtain commercially. Another solution is to provide the
modulated optical input by reflection off a spinning prism (G.G. O'Connor, pers. com.). Pulses of duration
much less than 0.1 ps can be obtained, so long as the prism is positioned far enough away from the
detector. Examination of the photodetector pulse on an oscilloscope then gives a direct measure of the
time constant. A laser is the ideal light source for use with the spinning prism, there being little loss of
power over the laser/detector distance. An extended source, such as a blackbody, gives appreciable 1/R?
loss of power when both it and the detector are placed far enough from the prism to give a very short
pulse. However, longer pulses with a sharp cut-on and cut-off could be generated with an extended
source and collimating optics. This would allow independent measurement of rise and fall times.

4. MEASUREMENT OF THE TOTAL SEEKER SYSTEM

The basic requirement for a seeker is to be able to find and adequately track the target. The key aspects of
performance for an imaging seeker are the angular resolution, thermal resolution and tracking ability. The
first two can be determined by presenting a 'static' target scene to the detector, but the measurement of
tracking ability requires an 'active' scene in which the target is moving and increasing in size and aspect as
the missile approach is simulated (ie a 'hardware in the loop' simulation). A missile simulation centre to
perform this task is presently under construction at DSTO.

41 Angular resolution

The angular resolution (for a target of high emittance relative to the background) can be measured using
the techniques discussed in Section 2.3. The resolution will be limited by the weakest component in the
seeker system. This could be the optics themselves (including the protective window at the face of the
seeker), the response time of the detector or associated electronics, or limitations in the subsequent
signal processing (eg the software to construct and extract information from the image).

The measurements of image quality can be taken beyond simple resolution tests. The image processing
can be tested by presenting more complex images to the seeker. These could be either large targets at a
distance, or the collimated images from small target-shaped apertures placed in front of an extended
blackbody source. The principal problem with the small aperture approach is that, due to a relatively
long focal length, a standard 5 inch collimator at full aperture presents a maximum field-of-view of
9 mrad (whereas, for example, a frigate at 5 km subtends about 20 mrad). Collimators with larger
apertures (and similar focal lengths) are available, but at a prohibitive cost. A more economical
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solution is to view the apertures with a reflective microscope objective. An alternative approach is to
use an intermediate scale, with heated models as targets and a low-power collimator (ie
supplementary lens) fixed on the seeker axis.

4.2 Thermal resolution

The thermal resolution of the seeker is important because many targets may have an effective
temperature of only a few tenths of a degree above background. For example, a seeker designed for
targets at near ambient temperature may need to find a ship at an average temperature of 302 K in a sea
at 300 K. The 2K contrast is reduced significantly at the ranges at which initial target detection is
required. The seeker sees not just the emission from the ship, but also radiant emission from the
intervening atmosphere. The further away from the ship, the greater is the contribution from the
atmosphere, as well as the absorption of radiation from the ship. Calculations involving the use of
LOWTRAN 6 (Kneizys et al 1983) suggest that a tropical atmosphere at 300 K will cause the 302K
ship to have an effective temperature of about 300.2 K at 10 km (for seekers at either 3 to 5 um or 8 to
12 um). Hence for this application it is necessary for the seeker to be able to discriminate
target/background temperature differences to better than 0.2 K.

For imaging seekers the ultimate laboratory requirement is to be able to estimate the temperature
resolution for a specific target and a particular image processing algorithm. One technique for doing’
this is discussed later, but for general testing of seeker hardware it is more useful to break the seeker at
the image generator/image processor interface and measure specific properties of the image at this
interface. These measurements are discussed first.

The thermal resolution of an imager is often defined by the minimum resolvable temperature difference
(MRTD), which is the equivalent blackbody temperature difference between a specified target and its
background when the target is just resolved visually on a display screen (Lloyd, 1975). The conventional
method for measuring the MRTD is to present to the imager a resolution target which is of variable
temperature with respect to the background. From the above discussion the temperature differential
needs to be accurately controlled and measured to at least 0.1 K, and for comparison of seeker systems an
accuracy of 0.01 K would be an advantage. The best approach is to use a differential temperature
blackbody source (typically giving temperature differences to 0.01 K), but these items are relatively
expensive. Another possibility is to simulate a temperature difference by viewing two coatings painted
onto a heated block, the ratio of emissivities being accurately known (and close to one). This technique
requires very accurate measurement of the relative radiant emittance from each coating and is unlikely
to yield effective temperature differences of less than 0.1 K.

The MRTD should be measured for targets spanning a range of spatial frequencies, yielding a curve
which is inversely related to the MTF. The principal disadvantage of the MRTD as a measure of
resolution is that it gives only a subjective measure, dependent on a visual interpretation of when
targets are just resolved. A number of researchers have attempted to quantify the eye/brain detection
process in order to achieve an objective MRTD measurement technique, and a number of measurement
routines have been developed (McCracken 1988, de Jong and Bakker 1988, Williams et al 1988, Holst
1989). Most of these techniques equate the MRTD to the noise equivalent temperature difference
(NETD) divided by the MTF and multiplied by an 'eye' factor which incorporates a threshold signal to
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noise ratio and other properties of eye/brain interpretation. For seeker testing the human interface
need not be considered as it is not present in the operational system. What is required is a reliable
relative measure which can be used to compare different imager systems. The ratio NETD/MTF
probably fulfils this requirement (Holst, 1989, found that multiplying this by a factor of 0.7 gave the
experimentally derived MRTD for three forward-looking infrared systems). The NETD is a
single-valued figure which is a measure of the total in-band noise (see Lloyd, 1985, for a description of
the measurement procedure). If the noise deviates substantially from white noise, it is necessary to use
the noise power spectrum rather than the NETD.

The above measurements of temperature resolution cannot be directly applied to the image processor
section of the seeker. This section can only be tested by specifying a particular target and a given image
processing algorithm. The following procedure uses computer generation of images, given some measured
system parameters. It has some similarities to the method described by Steinberg and Rivera (1987),
who use Monte Carlo simulations to test their processing algorithm.

The image is digitized into a two dimensional array of pixels, each pixel containing a certain signal
level (corresponding to photon counts) for one scan. This is the basic input to the image processing
algorithm. The presence of a resolvable target in the image will depend upon the magnitude of signal in
the target pixels compared with the background pixels, and the way that the image processing
software attempts to recognize and classify a target. It is possible to estimate the likelihood of
detection (for a given target, target/background temperature difference, scanning rate and processing
algorithm) from a measurement of the change with temperature of the quantity 'signal per pixel per
scan’. This quantity varies only slowly with temperature (several percent per degree at around 300 K)
and can be easily measured by observing a single blackbody source as it heats or cools. Measurement over
several degrees allows accurate calculation of the change over much smaller temperature increments (eg
allowing calculation of the NETD). If the system response is linear, 'signal per pixel per scan’ need only
be measured for one temperature.

Once the variation in pixel signal with temperature is known, a computer program can be written to
randomly generate scenes. The mean pixel count for positions corresponding to target and background is
calculated from their respective temperatures. Poisson statistics and a knowledge of the system noise
characteristics provide a random variation of pixel count across the image. When the temperature
difference is very small, these variations mask the target. The generated images are used in a Monte
Carlo simulation to test the efficiency of the processing algorithm at detecting targets at different
temperatures. This method requires an assumption about the system noise, but otherwise is simple to
apply. The disadvantage is that it is specific to the individual target and image processing algorithm
and it does not incorporate the optical properties of the imaging optics (although these could be built
into the model).

From the above discussion it is clear that there are a variety of options for the measurement of thermal
resolution and further work is needed to identify an overall procedure which is ideal for seekers. The
MRTD gives an adequate measure of image quality before the image processing, but the introduction of a
human interface seems unnecessary. The use of the ratio NETD/MTF as a relative resolution measure
may be adequate to compare different systems. The real resolution test of an imaging seeker is the
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ability to correctly classify a target. This can only be tested by scene generation, using either an IR scene
generated in a simulation laboratory or one which is computer-generated in the manner described
above.

4.3 Environmental considerations

The performance of a seeker system needs to be assessed under various operational conditions. The high
temperatures that may be encountered during supersonic flight can be simulated to some extent by
heating the seeker in a laboratory oven. The effects of local heating and electronic noise pick-up from
scanner electro-mechanical drives can be tested by pulsing them. Driving them at different rates could
also provide useful information, although this may alter the system performance due to other factors
(eg the detector response time). The degradation of image quality with vibration can also be measured.

It is important to realize that external factors may also influence the angular and thermal resolution

attainable. Turbulence during the flight may cause unexpected movement of the target scene during

scanning, affecting image reconstruction by the software. During flight the seeker will experience

temperature gradients different from those simulated in the laboratory. This could produce de-focussing

of the optics and subsequent image-blur. Additionally, the protective window in front of the seeker may

contribute undesirable radiation. Apart from reducing the contrast of the target, any non-uniform

heating of the window may produce false signals in the target scene. Some of these effects can be
estimated (eg Whitney 1976), but a flight trial is necessary to fully determine the combined influence of

all factors.

44 Tracking ability

Some aspects of seeker tracking ability can be measured without the use of a full missile simulation
facility. For example, a single axis spin table can be used to measure the tracking ability as a function of
line-of-sight (LOS) rate. Different target scenes can be used to test the performance of both the optical
system and the signal processing. A more elaborate approach could involve the use of small radiating
resistive components as the target, imaging them onto the seeker with the aid of a reflective
microscope objective (O.M. Williams, pers. com.). An array of these components could be controlled so
that the target increases in size to simulate missile approach. In developing such a system the IR
laboratory must be able to test the resistive components. There are limits to how far the simulation
should be refined as this is really the brief of a specialist simulation laboratory.

4.5 Benchmark system

Measurements during the development of experimental seekers have much greater relevance if they can
be compared with those from a high quality existing system. The system would also be used for some of
the measurements on optical components and ancillary measurements such as investigation of the
resistive components described in Section 4.4. Such an imager is also necessary to provide support to the
development of image processing algorithms in the seeker. This includes the collection of a library of
target (and clutter) images and the validation of models which calculate thermal emission. It would be
an advantage to be able to gather images in both the 3 to 5 pm and 8 to 12 um bands. In addition to
standard lenses, it may be necessary to use telephoto optics (either lenses or a Cassegrain reflector) to
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obtain images of distant objects. For accurate temperature calibration large blackbody sources can be
placed in the target scene. An adequate source can be constructed by immersing a black cavity in water
which is heated to the desired temperature by an electric element (Oermann 1985). Other reference
sources can be constructed from large heated panels (Johnson 1987).

5. EQUIPMENT SELECTION

A summary of the equipment necessary to support seeker analysis and development is illustrated in
figures 1 and 2. The list has been derived from the discussion above. Appendix 1 gives the general
specifications for the key items. The selection of most components is clear cut, but some of the sources and
detectors need further consideration. '

The blackbody source chosen needs to be able to provide adequate power through a small pin-hole for
accurate resolution tests. This requires it to be capable of temperatures to around 1000°C. Ideally the
blackbody aperture would be several centimetres in diameter, but a 7 mm aperture is acceptable if cost
constraints prevail. Even with a chopper system, the pin-hole and target apertures mounted in front of the
blackbody may need to be cooled for maximum stability when measuring 8 to 12 pm (Hudson 1969). For
monochromator illumination an IR lamp could be used in place of the blackbody source. A monochromator
facility with a globar IR source (a rod of bonded silicon carbide), calibrated using a Golay Cell, has been
used at DSTO for measuring spectral response from 3 to 15 um (Oermann and Brunker 1987). A cheaper
alternative to a monochromator is a 3 to 14 um interference filter wheel, on which the film thickness varies
with angular position. These give half-bandwidths of less than 2% with transmission >30% . The
combination of monochromator and filter wheel would give excellent rejection of unwanted wavelengths,
but exacerbates the problem of low monochromator throughput for high resolution.

The choice for broad-band (thermal) detection is principally between pyroelectric or thermopile elements.
Thermopile detectors tend to be slower in response (Wolfe and Zissis 1985) and although modern units show
good spectral range to beyond 100 um, the experience in this laboratory is that the black coating which
covers the junctions can become degraded with time. Commercial pyroelectric detectors have a similar
detectivity but a significantly faster response, making these the preferred instrument. One problem is that
the fast response of pyroelectric detectors is achieved through the use of very thin black coatings which are
not perfect absorbers at all wavelengths. This can result in 'ripples’ in an otherwise flat spectral response.
The variable frequency chopper should be external to the detector unit, allowing it to be placed so as to
minimize the background contribution.

For many laboratory measurements it is best to use a calibrated photon detector rather than a broad-band
thermal detector, as D* is significantly greater. The choice of photodetector depends on the wavelength
band to be measured. There are many options in the 3 to 5 um band, with InSb photovoltaic detectors a
popular choice. Ternary alloy detectors such as Hg(1-x)CdxTe (MCT) can be tailored to the wavelength
response of interest by varying the proportions of each constituent and are suitable for both 3 to 5 um and 8
to 12 um bands.

The choice of imager for evaluating the optics and collecting thermal images of targets depends upon the
need for flexibility in spectral response. Pyroelectric imaging systems are suitable for all wavelengths
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(provided appropriate lenses are used) and are invaluable for general laboratory use, but are one to two
orders of magnitude less sensitive than systems comprising cooled photon detector elements. An imager such
as the Kollmorgen MICRO-FLIR is an obvious, albeit expensive, choice. It has been used in seeker systems
and is a standard against which comparisons could be made. Other commercial units are available which
use cooled photodetectors with response in either the 3 to 5 um or 8 to 12 um bands. The resolution varies
widely and needs to be carefully considered before purchase. The ultimate selection is likely to be
determined by cost constraints.

Thought should be given to automating some of the measurements. Computer control of sources, motorized
positioners and scanners and motorized dual axis mirrors would speed up many of the experiments described
above.

There are changing trends in seeker technology which pose new problems for the infrared laboratory. The
increasing use of multi-element detectors requires a capability to adequately test these systems. Some of the
tests described in this report are not appropriate for multi-elements and some thought needs to be given to
the best approach. Additional tests may also be required (eg measurement of cross-talk between elements).
Another trend is the use of dual mode seekers (radio frequency and IR). In the future the testing laboratory
will need to be able to cope with these as well.
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APPENDIX |

A summary. of the key experimental equipment and a guide to the general specifications required.

Monochromator

Useable wavelength region 1 to 24 um with interchangeable gratings;

0.01 um bandpass;

wavelength driver with readout;

matched collection optics for increased collection efficiency (ZnSe optics is preferable to give a flat
spectral transmission). A

Blackbody source

Emissivity 0.99 +0.01;

temperature range 50 to 1000°C;

long term stability 0.1°C;

full aperture of 0.5 inch with an aperture set ranging from 0.0125 inch.
optional: IEEE interface and a fast temperature change capability.

Variable frequency chopper
Frequency range 40 Hz to 4 kHz;
frequency stability +0.1%;
chopper reference signal output.
optional: computer control.

Collimator

Off axis, reflection optics;
5inch clear aperture;
precision aperture wheel;
optical resolution 0.2 mrad.

Differential blackbody source

Temperature range 5 to 100°C;

differential temperature range -20°C < AT < +75°C;
set point resolution 0.01°C;

aperture 100 mm.

Heated block
Temperature range ambient to 100°C;
imbedded thermocouples.

Large aperture blackbody source
Temperature range ambient to 50°C;
aperture 30 cm.
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Laser sources

633 nm HeNe; 0.5 mW with beam expansion optics.
3.39 um HeNe; 1 to 2 mW with beam expander.

10.6 um COy; 5 to 10 W with beam expander/diverger.

Photodetectors (typical)

Standard detectors:

1 to 5 um: InSb; 0.25 mm; D* = 1 x 1011,

8 to 12 um: MCT; 0.25 mm; D* = 4 x 1010,

Miniature detectors:

3 to 5 pm: MCT; 0.025 mm; D* = 2 x 10°.

8 to 12.5 pum: MCT; 0.025 mm; D* = 4 x 1019,

Two colour detector:

1t0 5.5 um/8 to 12.5 um: InSb/MCT; 2 x 2 mm; D* = 1 x 1011 /1 x 1010

Broad band detector

Pyroelectric radiometer {spectral response UV to far IR});
measurement range 0.1 to 108 W;

external chopper.

Imaging detectors

Low sensitivity: Pyroelectric vidicon;

chopped mode;

ZnSe faceplate on vidicon tube for wide band operation (0.6 to 22 pm);
resolution 150 TV lines/ picture height;

sensitivity = 0.5°C;

broad band lens or two lenses of 3 to 5 um and 8 to 12 um;

TV compatible, PAL format.

High sensitivity: Cryogenically cooled photodetector imager;
dual photodetectors for 3 to 5 pm and 8 to 12 um;

broad band lens or two lenses of 3 to 5 um and 8 to 12 um;
resolution 2 mrad;

sensitivity 0.1°C;

TV compatible, PAL format.

Lock-in amplifier

Frequency range 5 Hz to 100 kHz;
sensitivity 1 uV to 250 mV rms;
high input impedance.
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Monochromator
1, associated optics > Output
Cooling system
T (8-12 um only)
Blackbody y
Apertures: Variable :
Differential |—>| Pin holes | frequency Output
b .
Blackbody ar targets etc chopper
Heated block —>»Coating ma’terials—T
Large Blackbody > Output .
IR Lamp v
Diverging lens Large resolution
(10?6 im) 2 g'cargets —> Output
Lasers: >
3.39 um HeNe
> Output
10.6 um CO2 ————>»1Beam expanders P
0.633 um HeNe
" —>| Beam selectors

Beam spilitters
Neutral density filters » Output
Windows (ZnSe, Ge, CaFz, etc.)
Spinning prism

Figure 1. A block diagram showing the sources, optics and targets necessary to test the detection systems of
seekers. The arrows indicate the general order in which the components are assembled for the
measurements described in the text
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Input
Optional optics: Standard photodetectors
—»1 (including matched ———> Electronics:
Monochromator bias supply / pre-amp.) _
Power supplies
50 mm lens RMS voltmeter
i i Test photodetectors Lock-in amp.
(3-5 um + 8-12 um) > (including matched ——» Oscilloscope

Telephoto optics bias supply / pre-amp.)

(3-5 um + 8-12 um)

Reflecting microscope ——>| Broad band detectors

objective |
Imaging detectors > Data logger
> Test seekers ,r

Figure 2. A block diagram showing the detection and electronic components necessary to test seekers, the

inputs being supplied by the sources illustrated in figure 1. Again the arrows indicate the order
of assembly
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