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A target tracking device incorporating a Position Sensitive 
Detector (PSD) 1 is described. A target is illuminated by a 
laser of a suitable Wavelength. The target re?ects the laser 
radiation and the re?ected radiation is incident on a ?ying 
vehicle carrying a target tracking device. The PSD in the 
device outputs a signal representative of the position of the 
incident laser spot. The output signal is input into control 
electronics, the control electronics incorporating a resistive 
transimpedance ampli?er. A higher than usual bias voltage is 
applied to the PSD yielding improved pulse response of the 
target tracking device. Therefore, the tracking device is par 
ticularly suited for use With a target marking laser having a 
short pulse duration. 
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TARGET TRACKING DEVICE AND METHOD 

[0001] The invention relates to a target tracking device. 
More speci?cally, but not exclusively, the invention relates to 
a target tracking device comprising a position sensitive detec 
tor, thereby enabling a fast response time of the device. 
[0002] Simple ?ight vehicles, such as gliding or guided 
bombs or defense rockets can be directed to their targets With 
the aid of a laser guiding system. An operator ‘lights’ a target 
With suitable radiation and the tracking device detects the 
radiation spot on the target and guides the ?ight vehicle 
toWards the target. In order to detect the radiation on the 
target, a target guiding device can comprise a detector for 
example, a quadrant detector, Where the radiation is incident 
on four detector cells. The ?ight vehicle is directed toWard the 
target such that the same parts of the radiation spot are imaged 
on the four detector cells. HoWever, as such a narroW non 
detecting area is arranged betWeen the detector cells, the 
target tracking can result in errors. 
[0003] Alternative detectors have been proposed. For 
example GB-A-24l53l0 discloses a target tracking device 
utilising a Position Sensitive Detector (PSD) in an integrating 
pre-ampli?er system. In such a con?guration, pulses output 
by the PSD in response to the incident radiation are integrated 
and, after some signal processing by control electronics, a 
control signal is output, capable of directing the ?ight vehicle 
toWard the target. 
[0004] It is a disadvantage of a device incorporating a PSD 
that integrating pulses can result in energy loss, particularly in 
the energy not immediately detected as the pulse time is short 
but the response time of the PSD is relatively long. 
[0005] According to the invention there is provided a target 
tracking device for a ?ight vehicle including a position sen 
sitive detector having at least tWo signal outputs, the signal 
outputs being processed by control electronics, the control 
electronics sampling, amplifying and optimising the impulse 
response of the position sensitive device. 
[0006] According to the invention, there is further provided 
a method of tracking a target comprising the steps of: 
(a) illuminating the target With radiation of a suitable Wave 
length; 
(b) detecting radiation re?ected or emitted by the target using 
a position sensitive detector; 
(c) the pulses output by the position sensitive detector in 
response to the incident radiation, into a resistive transimped 
ance ampli?er; and 
(d) analysing the data output by the ampli?er using suitable 
control electronics, the subsequent data produced being used 
to alter the trajectory of a ?ight vehicle incident on the target. 
[0007] The invention Will noW be described With reference 
to the folloWing diagrammatic draWings in Which; 
[0008] FIG. 1 shoWs a diagrammatic draWing of a position 
sensitive device (PSD) as used in one embodiment of the 
invention, the PSD providing an analogue output (I1, I2) 
directly proportional to the position of a radiation spot on the 
detector surface; 
[0009] FIG. 2 shoWs plan and side vieWs ofthe PSD ofFIG. 
1, in situ in one form of target tracking device, the target 
tracking device further including an optical lens system for 
focussing the incident radiation on the surface of the PSD and 
control electronics for processing signals output by the PSD. 
[0010] FIG. 1 shoWs a PSD 1. The PSD 1 is a photodiode 
that provides an analog output I1, I2 directly proportional to 
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the position of a radiation spot 2 on the active area 3 of the 
detector. The photodiode may be a silicon photodiode or a 
photodiode formed from any other material suitable for 
operation at alternative radiation Wavelengths. The method of 
operation of PSDs is knoWn in the art therefore a detailed 
description Will not be included here. The outputs of the PSD 
effectively track the motion of the peak intensity of radiation 
incident on the detector surface. A single element can deter 
mine the position of the radiation spot in tWo axes by having 
four contacts attached to the detector. Signal levels from the 
four contacts are used to determine the position of the energy 
centroid of the spot. 
[0011] FIG. 2 shoWs the PSD 1 ofFIG. 1 in a target tracking 
device 4. The output I1, I2 of the PSD 1 is input into the control 
electronics 5. The control electronics 5 include a non-inte 
grating resistive transimpedance ampli?er (RTIA). The RTIA 
(not shoWn) samples pulses representative of the position of 
the radiation spot on the PSD 1. The discrete pulses are 
ampli?ed and optimised, the resultant signal being further 
processed and a feedback mechanism being provided to 
adjust the ?ight vehicle trajectory and direct it to the target. 
[0012] The use of a resistive transimpedance ampli?er in 
association With a PSD provides several bene?ts. Firstly, the 
above mentioned system produces an impulse output based 
upon a high percentage of the energy in the input pulse thus 
improving the temporal response and hence improving the 
estimate of the position of the true target. Studying the 
impulse response output enables the system to resolve dis 
crete pulses of very short duration, for example 20 nanosec 
onds. 
[0013] The PSD experiences a higher bias voltage Which 
may decrease the lifetime of the overall device. HoWever, use 
of an unusually increased bias voltage further improves the 
response of the system by increasing the percentage of inci 
dent energy collected from a pulse of a given duration. This 
unexpected response can require the PSD to be operated 
outside limits speci?ed by the manufacturers of the PSD. 
HoWever, this results in the improvements described above. 
[0014] Additionally, the bias voltage applied may then be 
used as a dynamic range control for the device. 
[0015] The poWer supply for the device may be standard 
12V, 15V, 3.3V and 3V supplies. HoWever, poWer supply 
?ltering is not essential. 
[0016] The PSD bias voltage may be generated externally 
and provided to the device. This is to enable maximum test 
?exibility. Note that the control electronics may provide the 
necessary PCB area and tracking to retrospectively imple 
ment a bias generation circuit Within the device. In this case 
the bias voltage Would be derived from the 12V supply. 
[0017] The PSD used in the target tracking device in this 
embodiment of the invention is optimised for 1064 nm radia 
tion. HoWever, it Will be appreciated that any suitable PSD 
may be used and its mechanical and electrical properties 
optimised for any other suitable Wavelength of radiation. 
HoWever, it should be noted that corresponding optimisation 
of the control electronics may be required. 
[0018] The device shall be optimised for 1064 nm radiation 
but may be optimised for any other suitable radiation. 
[0019] Preferably, the optical lens system should give the 
PSD a 20°><20° ?eld of vieW. If possible alternative inter 
changeable optics should be available to alloW the system to 
also have a l0°><l0° ?eld of vieW. Ifa 20°><20° ?eld of vieW 
cannot be feasibly achieved then the l0°>< 1 0° ?eld of vieW can 
be used as the primary requirement. 
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[0020] It Will be appreciated that these values are speci?c to 
a ?rst form of the invention. However, the device may be used 
With an optical system of appropriate design to suit the spe 
ci?cs of the application. 
[0021] A narroW bandpass ?lter may be used to limit the 
number of spurious signals and noise that the PSD receives. 
Preferably, a narroW pass band With nominal centre Wave 
length 1064 nm ?lter shall be included in front of the optics. 
The ?lter bandWidth should be 40 nm FWHM. 
[0022] Preferably, total transmission at 1064 nm shall 
exceed 70% and should exceed 80%. 
[0023] Whilst the optical focus of the system is not a key 
issue (as the PSD output is related to the energy centroid) any 
defocus should be as circularly symmetrical as possible and 
the spot siZe should be less than 1% of the PSD siZe. 
[0024] It Will be appreciated that the description above is 
one embodiment of the invention. Additional features, for 
incorporation into the device, that add functionality to the 
fundamental invention Will noW be described. 
[0025] The bias voltage applied to the PSD may be varied in 
real time in response to the signal level the target tracking 
device is receiving. By loWering or raising the bias voltage as 
appropriate the PSD can be kept at the optimum sensitivity for 
longer or enable the dynamic range of the system to be 
increased. 
[0026] The PSD Will have an optimum temperature to oper 
ate at for best sensitivity. By attaching a thermoelectric 
cooler/heater (or by some other method) the PSD could be 
kept at this temperature at all times (or at speci?c times 
deemed best for a particular application). An additional ben 
e?t of this is that the PSD could be made to operate over a 
greater range of external environmental conditions. 
[0027] Due to the physical siZe of the device and the fact 
that the radiation spot Will be falling on different parts of the 
device there could be a slight difference in time betWeen the 
read outs of the signals coming out of each side of the device. 
For example if the laser spot falls near the left edge of the 
device the signal Will perhaps appear on the left electrode 
slightly before the right electrode. Therefore, the actual tem 
poral response characteristic of the device may vary to a 
useful extent across the device due to the inherent variation in 
impedence across the PSD active area. Therefore measuring 
the temporal behaviour of the output Will give a means of 
determining the incident position of radiation independently 
of the output magnitude values. It is possible that this slight 
timing difference could be used to improve the standard posi 
tion measurement made by the PSD. 
[0028] The raW accuracy With Which the position of the 
incident radiation can be measured Will inherently be opti 
mised Within a given range of incident signal magnitude. To 
maintain the optimum signal level for the device the standard 
method of gain ranges could be augmented With constantly 
varying attenuation of the optical signal via an iris or any 
other physical means of reducing the signal reaching the PSD. 
[0029] Furthermore, the PSD could be hybridised With the 
ampli?er circuitry to provide some speed of read out advan 
tage and reduction of noise on the signal. 

1. A target tracking device for a ?ight vehicle including a 
position sensitive detector, for detecting radiation re?ected 
off the target, the detector having at least tWo signal outputs, 
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the signal outputs being processed by control electronics, the 
control electronics sampling, amplifying and optimising the 
impulse response of the position sensitive device such that the 
?ight vehicle is guided toWard the target. 

2. A target tracking device according to claim 1, in Which 
the control electronics includes a resistive transimpedance 
ampli?er, the ampli?er sampling pulses and outputting sig 
nals representative of the position of the incident radiation on 
the detector. 

3. A target tracking device according to claim 1, in Which a 
higher than recommended bias voltage is applied to the posi 
tion sensitive detector thereby improving the temporal 
response of the detector and hence the effectiveness of the 
tracking device. 

4. A target tracking device according to claim 1, in Which 
position is extrapolated independently of output magnitudes 
by suitable analysis of temporal response variation across the 
device. 

5. A target tracking device according to claim 1, in Which 
the control electronics comprises AC peak detecting circuitry, 
for detecting the pulses output by the position sensitive detec 
tor. 

6. A target tracking device according to claim 3, in Which 
the bias voltage applied to the position sensitive detector is 
variable in real time in response to the signal level the position 
sensitive detector is experiencing, thereby acting as a 
dynamic range control for the device. 

7. A target tracking device according claim 1, in Which the 
temperature of the position sensitive device is maintained at a 
constant temperature, thereby enabling operation of the 
device over a greater range of external environmental condi 
tions. 

8. A target tracking device according to claim 1, in Which 
the optimum signal level for the device is attained by con 
stantly varying attenuation of the incident radiation via an iris 
or any other physical means of reducing the signal reaching 
the PSD. 

9. A target tracking device according to claim 1, in Which 
the position sensitive detector could be hybridised With the 
control circuitry to provide speed of read out advantage and 
reduction of noise on the signal. 

10. A method of tracking a target comprising the steps of 
(a) illuminating the target With radiation of a suitable Wave 

length; 
(b) detecting radiation re?ected or emitted by the target 

using a position sensitive detector; 
(c) inputting the pulses output by the position sensitive 

detector in response to the incident radiation, into a 
resistive transimpedance ampli?er; and 

(d) analysing the data output by the ampli?er using suitable 
control electronics, the subsequent data produced being 
used to alter the trajectory of a ?ight vehicle incident on 
the target. 

11. A method according to claim 9 further comprising the 
step of analysing temporal response variation across the 
device such that position is extrapolated independently of 
output magnitudes. 

12. (canceled) 


