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(57) ABSTRACT 

Apparatus for determining positional information for an 
object transmits a probe signal toWards the object. The probe 
signal as returned by the object is received at a plurality of 
spaced apart locations. The relative timing of the returned 
probe signals as received at the plurality of locations is 
detected, Whereby positional information for the object can 
be determined. A number of realizations of the invention are 
disclosed. 
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FIG. 11 (PRIOR ART) 
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APPARATUS FOR AND METHOD OF 
DETERMINING POSITIONAL 

INFORMATION FOR AN OBJECT 

This is a continuation of PCT application No. PCT/ 
GB96/02448, ?led Oct. 7, 1996. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to apparatus for and a 
method of determining positional information for an object. 
The positional information might typically be angular ori 
entation or attitude With respect to or range from a given 
datum. 

The invention has application in a number of ?elds 
including but not limited to automotive collision avoidance, 
intruder detection, and sensors in robotics for supporting 
motion in a complex and changing environment. One par 
ticular use for the invention is in a scoring system of the type 
Which can provide a score for the proximity of approach of 
an object such as a small aircraft or intruder to a speci?ed 
location such as a target aircraft or other detection location. 

The invention is described in detail later With reference to 
an electromagnetic sensor apparatus, and particularly With 
reference to short range electromagnetic sensing using short 
pulse, impulse systems (such as With pulses up to a feW 
nanoseconds in duration). HoWever, it could also function 
successfully using, for example, infra-red or acoustic tech 
niques. A speci?c example of the present invention, Which 
Will be used to describe its preferred features, is that of a 
precision terminal trajectory scoring radar system. 

2. Related Art 

Electromagnetic sensors (impulse radars) employing 
short pulse transmissions have been used previously for 
evaluating the trajectories of various targets. In such 
applications, the requirement is often to measure the trajec 
tory of the target in a region about the sensor, as Well as 
target parameters such as the length or its orientation. For 
instance, an electromagnetic sensing apparatus is knoWn 
from International Patent Application No. PCT/GB90/ 
00602, Which names Cambridge Consultants Ltd. as patent 
applicant now US. Pat. No. 5,181,039 issued Jan. 19, 1993 
and Whose disclosure is incorporated by reference. 

FIG. 1 shoWs the con?guration of this prior art apparatus, 
With an aircraft 10 notionally cocooned in a set of range 
gates 12. 16 range gates in total are shoWn. A target 
approaching the object (aircraft), as represented by the linear 
track 14 superposed on the range gates, Will cross these 
range gates in a unique sequence determined by its relative 
trajectory. As can be seen from the linear track of the target, 
the different range gates are crossed at different times and so 
the solution for the full track is derived by assuming a 
particular form such as a straight line for the track. 

FIG. 2 is a simpli?ed schematic representation of this 
prior art apparatus shoWing just 2 of the 8 receive antennas 
typically provided. In brief, under the timing of timer 20 
transmitter 22 transmits probe pulses via transmit antenna 
14. The return signals are received via ?rst and second 
receive antennas 26 and 28 and ?rst and second RF ampli 
?ers and ?lters 30 and 32. Under the timing of the timer 20 
?rst and second sets of pulse generators PG1 to PG4 and 
PG5 to PGS generate detection timing signals at varying 
delays With respect to the time of transmission of the probe 
pulse to trigger detection of the received signal at those 
delays by ?rst and second sets of samplers S1 to S4 and S5 
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2 
to S8. The various delays correspond to the various range 
gates 12 notionally surrounding the aircraft. Finally, the 
sampled signal is passed through ?rst and second sets of 
audio frequency processing units AFl to AF4 and AF5 to 
AFS, through ?rst and second sets of data channels DC1 to 
DC4 and DC5 to DCS, to data processor 34 and data 
transmission means 36, and thence ?nally to a ground station 
38 or the like. 

In the present context, particular points of interest are that 
each range gate of the apparatus requires its oWn sampler, 
pulse generator and audio frequency processing unit 
and that the existence of independent pulse generators 
means that the differential delay betWeen corresponding 
range gates With respect to different antennas is uncon 
trolled. 

FIG. 3 shoWs a timing diagram for the prior art apparatus, 
for the sake of simplicity With just a single receiver and a 
single transmitter. Four range gates are formed using the 
four range gate samplers, at delays of 60, 122.5, 185 and 
247.5 ns from the relevant probe pulse. In theory each 
sampler might be considered to yield not one but a sequence 
of range gates from each of the previous probe pulses, each 
spaced apart by 500 ns (equivalent to 76 HoWever, in 
practice only a single range gate is formed because the signal 
from a target decreases as the fourth poWer of range and so, 
quite deliberately, any re?ection from previous probe pulses 
is arranged to be beloW the noise ?oor of the apparatus and 
is hence undetectable by the samplers. Thus although the 
?rst sampler theoretically could give range gates at approxi 
mately 9, 85 and 161 m and so on, the signal at 85 m Will 
be 39 dB beloW that from 9 m and so it Will not be detectible; 
likeWise the signals at 161 m and beyond Will also be 
undetectable. Hence every sampled return signal corre 
sponds unambiguously to one range gate. 

Another feature of the prior art apparatus is that the timing 
module is fairly complex because each sampler for a 
receiver is driven With an independent clock Which has to be 
set to the required delay betWeen range gates. 
A re?nement of the prior art apparatus is knoWn from 

Internal Patent Application No. PCT/GB94/00738, Which 
also names Cambridge Consultants Ltd. as patent applicant 
and Whose disclosure is also incorporated by reference. In 
this case, it Was recogniZed that to achieve higher accuracy 
on smaller vehicles than that of the original apparatus Would 
require very accurate knoWledge of the location of the range 
gate and hence a real time autocalibration system Was 
employed. This system While improving the performance 
had the disadvantages of requiring yet more circuitry for the 
autocalibration receiving means and timing generator, and of 
increasing the bandWidth of the signals required to evaluate 
target position. 

In both of these prior art apparatuses, the three dimen 
sional vector position of the target is evaluated by making 
absolute range measurements to speci?c features of the 
target to be tracked from receivers distributed around the 
vehicle on Which the sensor is mounted. Akey feature of the 
apparatuses is that the range measurements With respect to 
the different receivers are not simultaneous and so deriving 
the precise trajectory of the target requires ?tting an assumed 
model trajectory (such as a straight line or a constant 
curvature curve) to these non-simultaneous measurements. 
Hence they have the disadvantage that until the full three 
dimensional trajectory of the target as a function of time has 
been computed, no representation of the three dimensional 
position of the target at a particular time is available; hence 
the processing is not real time. Also, there is critical reliance 
on the particular assumed model trajectory. 
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Yet a further feature of these tWo known apparatuses is 
that the accuracy of position measurements deteriorates for 
smaller vehicles carrying the apparatus, to the point Where 
they become unusable for very small vehicles. This is 
because the knoWn apparatuses measure the trajectory of the 
target With a precision determined by the minimum baseline 
of the antennas as installed, and thus the smaller the vehicle 
on Which the system is mounted the less accurate the 
position measurement. This problem Was addressed in PCT/ 
GB94/00738 by incorporating an autocalibration system to 
measure in real time the absolute locations of the range gates 
With very high precision Without affecting the normal opera 
tion of the sensor. This too had the practical limitations that 
the accuracy Was limited if the antenna separation Was less 
than 1 m and the extra hardWare required Was expensive. 

SUMMARY OF THE INVENTION 

According to a ?rst aspect of the present invention (the 
“differential delay aspect”), there is provided apparatus for 
determining positional information for an object, compris 
ing: 

means for transmitting a probe signal toWards the object; 
means for receiving, at a plurality of spaced apart 

locations, the probe signal as returned by the object; 
and 

detecting means, coupled to the receiving means, for 
detecting the relative timing of the returned probe 
signals as received at the plurality of locations; 

Whereby the positional information for the object can be 
determined from said relative timing. 

By detecting the relative timing (also termed “differential 
delay”) of the returned probe signals as received at the 
plurality of locations, the positional information can be 
determined in real time, for example through a process of 
triangulation. Also, accuracy can be preserved or even 
enhanced, especially When the apparatus is mounted on a 
small object. With other improvements taught herein, it is 
possible to control the differential delay to Within roughly 5 
ps (0.7 

Hence the inventive step in this aspect recogniZes ?rstly 
that for closely spaced antennas the backscattered Waveform 
from the target object Would be very similar at the same 
range. This occurs because the relative geometry of the 
target and the (for example) tWo receive antennas Would be 
equivalent so long as the range gate range Was large in 
comparison to the antenna separation. Moreover, for a given 
separation betWeen the range gates the distance a target 
Would travel betWeen the range gates Was a Well de?ned 
function of the angle betWeen the target position and the line 
going to the tWo receivers. Therefore, With multiple non 
coplanar receivers, a full three dimensional position could 
be triangulated. Hence, if the range gates With respect to 
different antennas had a Well-de?ned differential range, the 
time delay betWeen arrival at the tWo similar range gates 
With respect to different antennas could be very highly 
accurately measured simply by ?nding the peaks in the 
correlation of the tWo signatures. In fact, it turns out that the 
accuracy of differential range measurement can be several 
times better than the accuracy of absolute range measure 
ment and since the derived position error increases depend 
ing on the range error divided by the antenna separation, the 
position error can be improved by sWitching to a differential 
range based technique. 

Preferably, the apparatus includes means for determining 
the positional information for the object from said relative 
timing. Suitably, the determining means is adapted to deter 
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4 
mine the angular position of the object, since this is par 
ticularly easily determined by the technique of the present 
invention. HoWever, alternatively or usually additionally 
other positional information such as absolute or relative 
range may be determined, as may the velocity of the object. 
For example, the position of more than one feature of the 
object may be measured (at more than one range gate) and 
hence the orientation of the object may be derived from 
measurements at at least tWo range gates. 
A particular advantage of being able to determine the 

relative angular position of the object, at a given instant, is 
that no compensation is required for possible changes in the 
attitude of the apparatus over time. Such compensation 
might otherWise need to be provided by a system of gyros or 
the like. 

Preferably, the determining means is adapted to determine 
the positional information by triangulation. Hence, the 
present invention may provide a processing sub-system 
Which measures the differential delay betWeen each receiver 
pair to infer the vector position of the target by triangulation 
betWeen the results from the different receiver pairs. In three 
dimensions, triangulation may suitably be carried out either 
using 3 independent angles and one range measurement or 
using 4 independent angles. 
More preferably, the determining means is adapted to 

determine a trajectory for the object by triangulating at a 
plurality of discrete times. By using triangulation in this 
Way, the present invention can determine the trajectory 
Without detailed (or indeed any) prior assumptions being 
made about the trajectory, and Without any knoWledge of the 
motion of the apparatus itself. 

Preferably, if the detecting means is adapted to detect the 
returned signals at a given minimum range from the 
apparatus, the angle mutually subtended by the locations at 
that minimum range is less than 10, more preferably less 
than 5, and even more preferably less than 3 degrees. This 
can ensure that errors due to variability in back-scatter from 
the object are minimiZed so that the invention can operate 
effectively. 

Preferably, the detecting means is adapted to detect the 
relative timing of the returned signals by cross correlating 
betWeen them. This has been found to be a particularly 
ef?cient Way of putting the invention into practice. More 
preferably, the processing sub-system measures the differ 
ential delay betWeen target re?ections in different receiver 
channels at the same range by correlating the output of the 
receiver channels at the same range and inferring the delay 
by identifying and precisely timing peaks in the cross 
correlation function. Again, more preferably the cross cor 
relation is carried out in the audio frequency range. 

There are a number of restraints concerned With the 
timing of the detection of the returned probe signals. It is 
important that When detecting the relative timing this is 
carried out for probe signals Which are received as close in 
time to each other as possible. There are several reasons for 
this. If the relative timing Were detected for signals Which 
are received at greatly different times, ?rstly the variation in 
the back-scatter due to the likely motion of the object could 
render the correlation process difficult or impossible to carry 
out accurately; this problem could be solved by keeping a 
library of likely return signals, and further correlating 
against these, although this may be undesirable. Secondly, 
the correlation process Would require to be carried out over 
a relatively long time span. This Would be computationally 
expensive. 
A third reason is concerned With the length of the probe 

signal; preferably the probe signal takes the form of a pulse 



US 6,218,983 B1 
5 

of a given duration, and, if so, the detecting means is 
preferably adapted to detect the relative timing of returned 
signals Which are received Within tWice such given duration, 
more preferably Within once or one half said given duration. 

Typically, the probe signal pulse has a duration of less 
than 5 ns, say 1, 2, 3 or 4 ns; preferably therefore the 
detecting means is adapted to detect the relative timing of 
returned signals Which are received With 3, 2, or 1 ns of each 
other, or more preferably in fact Within 500, 250 or 100 ps 
of each other. Indeed, most preferably the detecting means 
is adapted to detect the relative timing of returned probe 
signals Which are received substantially simultaneously. 
This can be an important feature Which can enable real time 
determination of positional information and can enable 
triangulation to be carried out successfully. 

Another important restraint concerns the relative uncer 
tainty as to When the returned probe signals are received, 
sine this directly affects the ultimate accuracy of the tech 
nique. Regardless of hoW great the time difference betWeen 
receiving the signals of interest, preferably, the detecting and 
receiving means are adapted such that the uncertainty in said 
relative timing is less than 100, 50, 20, 10 or 5 ps. 

Preferably, the receiving means includes means for lim 
iting the poWer of the probe signal as received. The limiting 
may be partial or complete; in other Words, either attenua 
tion of the signal may occur if the poWer is too great, or the 
signal may be sWitched out altogether Whilst it is of eXces 
sive poWer. This is to avoid damage to the receiving means. 

Further preferred features of the various integers of the 
invention are as folloWs. The transmitting means may com 
prise a transmitter sWitched into one or possibly more 
transmit antennas, in the latter alternative to achieve full 
volume coverage of the area Where the object needs to be 
tracked. 

Preferably, the receiving means comprises at least 4, 5 or 
6 receive antennas at respective ones of the spaced apart 
locations. The relative timing is then suitably detected as 
betWeen pairs of such antennas. Preferably also, the receive 
antennas are non-coplanar so that the differential delays are 
sufficient to de?ne the three dimensional position of the 
object. More limited 2-D arrangements are of course pos 
sible if only 2-D position is desired to be measured (for 
eXample, in the case of intruders). 

Preferably, the detecting means comprises narroW aper 
ture samplers triggered from the same pulse generator at 
each discrete value of range used by the apparatus, as Well, 
preferably, as appropriate processing means to detect the 
said relative timing. Preferably also, the detecting means 
forms more than one range gate, and preferably again this 
means derives the position of the object at each of the range 
gates and infers position betWeen the range gates by inter 
polation or curve ?tting. In this case, suitably a single output 
channel contains range gates at a multiplicity of delays 
separated by more than the length of the target. Also, 
suitably the output channel is generated by adding the output 
from the sampling means into a common audio frequency 
processing section. Again, preferably, at least tWo range 
gates at any antenna are set up at close and tightly controlled 
separations so that the normal velocity of the target can be 
directly measured from the time the target takes to move 
betWeen them. 

In the ?rst aspect, the present invention also provides a 
method of determining positional information for an object, 
comprising: 

transmitting a probe signal toWards the object; 
receiving, at a plurality of spaced apart locations, the 

probe signal as returned by the object; and 

10 

15 

25 

35 

45 

55 

65 

6 
detecting the relative timing of the returned probe signals 

as received at the plurality of locations; 
Whereby the positional information for the object can be 

determined from said relative timing. 
The method may include the step of determining the 

positional information for the object from said relative 
timing. 

Preferably in this method aspect, the angular position of 
the object is determined. 
The positional information may be determined by trian 

gulation. A trajectory for the object may be determined by 
triangulating at a plurality of discrete times. 

Preferably, the probe signal takes the form of a pulse of 
a given duration, and the relative timing is detected of 
returned signals Which are received Within tWice such given 
duration, more preferably Within once or one half said given 
duration. Preferably also, the relative timing is detected of 
returned signals Which are received Within 3, 2 or 1 ns or 
500, 250 or 100 ps of each other. Again, preferably the 
relative timing is detected of returned probe signals Which 
are received substantially simultaneously. Yet again, prefer 
ably the uncertainty in said relative timing is less than 100, 
50, 20, 10 or 5 ps. 

Again, preferably the returned signals are only detected at 
given range gates, and the gate separation is greater than 1, 
preferably greater than 1.2 or 1.5, and more preferably 
greater than 1.7, times the maXimum dimension of the object 
taken in a direction toWards any of said spaced apart 
locations. 

In the ?rst (differential delay) aspect, the present inven 
tion also provides an electromagnetic sensor system com 
prising a transmitter and associated transmit antenna; at last 
tWo receive antennas With receiving means con?gured to 
measure the returned signal at controlled and nearly equal 
delays; and a processing sub-system Which extracts the 
differential delay betWeen the time of arrival of a pulse at 
each of the receivers to infer the angular position of the 
target. 

In a second aspect (the “common pulse generator” aspect, 
although not limited solely thereto), there is according to the 
present invention provided apparatus as aforesaid further 
comprising means for generating a detection timing signal at 
a delay after a given probe signal transmission time, corre 
sponding to at least one selected range for the object; and 
Wherein the detecting means comprises a plurality of 
detectors, each one for detecting the returned probe signal as 
received at a respective one of the locutions in response to 
a common detection timing signal. 

This important aspect is provided independently. Hence, 
according to the second aspect, there is provided apparatus 
for determining positional information for an object, com 
prising: 

means for transmitting, at a given transmission time, a 
probe signal toWards the object; 

means for generating a detection timing signal at a delay 
after the transmission time, corresponding to at least 
one selected range for the object; 

means for receiving, at a plurality of spaced apart 
locations, the probe signal as returned by the object; 
and 

detecting means coupled to the receiving means and 
comprising a plurality of detectors, each one for detect 
ing the returned probe signal as received at a respective 
one of the locations in response to a common detecting 
timing signal; 

Whereby the positional information for the object can be 
determined from the outputs of the detectors. 
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By arranging that the detectors detect the returned signals 
in response to a common detection timing signal, ?rstly the 
necessary timing accuracy can be achieved to facilitate the 
determining of positional information using the differential 
delay technique referred to previously; secondly, the appa 
ratus can become less hardWare intensive since the detection 
timing signal generating means need generate feWer differ 
ent detection timing signals. 

Indeed, if, as is preferred, the generating means comprises 
a pulse generator, a single such generator is advantageously 
used to generate the common timing signal. Suitably, the 
transmitting and generating means are timed by a clock, 
preferably the same clock. Advantageously, the detection 
timing signal is used to generate one or more range gates. 

The present inventive step recogniZes that building appa 
ratus With Well de?ned differential delay betWeen range 
gates is possible by using a neW trigger arrangement (the 
common detection timing signal) for the sampling receivers 
employed. To then de?ne the trajectory and orientation of 
the object can be accomplished With apparatus With only tWo 
ranges so long as the three dimensional position of the object 
at each range gate can be derived. Moreover, developments 
in electronics pursuant to the present invention have enabled 
this to be done so long as the processing algorithms can 
handle the more complex data output from the sampler. Such 
an apparatus also has the advantage of highly rationaliZing 
the electronics required and so decreasing cost. 

Preferably, the detecting means comprises a plurality of 
sets of detectors (preferably no more than tWo, three or four 
such sets) and the generating means is adapted to generate 
a plurality of common detection timing signals, a respective 
one for each set of detectors. Each common detection timing 
signal Would advantageously be generated by a single pulse 
generator, and Would be used to generate one or more further 
range gates. 

Preferably, no more than tWo detectors are provided for 
detecting the returned probe signals as received at any one 
of the locations. In this Way the amount of hardWare required 
can be reduced by comparison With that provided by the 
known apparatuses. 

Preferably, the apparatus includes means for distinguish 
ing from the output of the detectors information concerning 
different ranges. This may be necessary if the output of a 
single detector bears information concerning several differ 
ent ranges, Which may be the case if a multiple pulse in ?ight 
technique (as later described) is employed. The distinguish 
ing means may be embodied in processing softWare or 
hardWare, and suitably carries out a process of “de 
interleaving” (again as later described). 

Preferably, the generating means is adapted to generate 
different kinds of detection timing signals. The signals may, 
for eXample, differ as to polarity. Different signals can be 
arranged to actuate a different detector, Which can alloW the 
use of yet less hardWare intensive generating means. 

In the second common pulse generator aspect, there is 
according to the present invention also provided a method as 
aforesaid further comprising generating a detection timing 
signal at a delay after a given probe signal transmission time, 
corresponding to at least one selected range for the object; 
and providing a plurality of detectors, each one detecting the 
returned probe signal as received at a respective one of the 
locations in response to a common detection timing signal. 

This method aspect is also provided independently. 
Hence, according to this aspect the present invention pro 
vides a method of determining positional information for an 
object, comprising: 

transmitting, at a given transmission time, a probe signal 
toWards the object; 
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8 
generating a detection timing signal at a delay after the 

transmission time, corresponding to at least one 
selected range for the object; 

receiving, at a plurality of spaced apart locations, the 
probe signal as returned by the object; and 

providing a plurality of detectors, each one detecting the 
returned probe signal as received at a respective one of 
the locations in response to a common detection timing 
signal; 

Whereby the positional information for the object can be 
determined from the outputs of the detectors. 

Preferably, in the generating step a pulse generator is 
provided, a single such generator generating the common 
timing signal. 

Preferably, a plurality of sets of detectors is provided and 
a plurality of common detection timing signals is generated, 
a respective one for each set of detectors. 

In a third aspect (the “multiple pulse in ?ight” aspect) of 
the present invention, in any of the methods as aforesaid, in 
the transmitting step pulsed probe signals are transmitted at 
a selected pulse repetition frequency, a measure of the 
inverse of said frequency de?ning a pulse repetition fre 
quency path length for the signals; and in the detecting step 
the path length for the signals greater than Which the object 
cannot be detected de?nes a maXimum detectible path 
length; the pulse repetition frequency being selected such 
that the pulse repetition frequency path length is less than the 
maXimum path length. 
By selecting the pulse repetition frequency such that the 

pulse repetition frequency path length is less than the 
maXimum path length, signal to noise ratio and resolution 
can be improved; also hardWare savings can be made since 
a single detector can generate multiple range gates. 
HoWever, this does mean that returned signals Will not 
correspond unambiguously to a particular range gate (since 
there may be multiple pulses in ?ight), and hence as taught 
herein various processing enhancements are required to cope 
With the ambiguity. 

This third aspect is also provided independently. Hence 
according to the present invention there is provided a 
method of determining positional information for an object, 
comprising: 

transmitting pulsed probe signals toWards the object at a 
selected pulse repetition frequency, a measure of the 
inverse of said frequency de?ning a pulse repetition 
frequency path length for the signals; 

receiving the probe signals as returned by the object; and 
detecting the returned probe signals, the path length for 

the signals greater than Which the object cannot be 
detected de?ning a maXimum detectible path length; 

the pulse repetition frequency being selected such that the 
pulse repetition frequency path length is less than the 
maXimum path length; and 

Whereby the positional information for the object can be 
determined from the returned probe signal. 

Typically, the maXimum path length is tWice the range of 
the furthest of a series of notional range gates around the 
apparatus. It Will be understood that the path lengths referred 
to Would usually be bi-static ranges (to and from the object). 
The pulse repetition frequency path length is typically 
de?ned as the speed of light divided by the pulse repetition 
frequency. 

Advantageously, the path length greater than Which the 
object cannot be detected is de?ned in terms of a given noise 
threshold; in other Words, the object is de?ned as not being 
detectible When a particular return signal is beloW a given 
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noise threshold. The noise threshold may be set at some 
factor (say 2, 3 or 5 times) times the ambient noise. If more 
than one transmit antenna is employed, the pulse repetition 
frequency Would usually be taken as the frequency of all the 
pulses in combination. 

Preferably, the maXimum path length is greater than 
tWice, and more preferably greater than three, four or ?ve 
times, the pulse repetition frequency path length; indeed, 
Within reason the higher it is the better. This feature can 
enhance the signal to noise improvement. 

Preferably, the pulse repetition frequency path length is 
greater than tWo times, and more preferably greater than 
three or even four times, the maXimum dimension of the 
object taken in a direction toWards any of said spaced apart 
locations. This can avoid various features of the object being 
detected at ambiguous ranges. 

The returned signals may be detected at a given sampling 
frequency. If so, then preferably one of the pulse repetition 
frequency and the sampling frequency is an integral multiple 
of the other. In appropriate circumstances range gates can 
then be formed sequentially rather than simultaneously. 

In a ?rst preferred realiZation of the present invention, the 
tWo frequencies (pulse repetition and sampling) are the 
same. In a second preferred realiZation the probe signals are 
transmitted alternately from tWo transmit antennas at a 
combined pulse repetition frequency Which is the same as 
the combined sampling frequency of the tWo detectors 
Which are used per receiver. In a third preferred realiZation 
the sampling frequency is tWice the pulse repetition fre 
quency. In a fourth preferred realiZation, multiple pulse in 
?ight techniques are actually not employed, but the outputs 
of some or all of the detectors are summed to achieve the 
date rate advantages achievable With the other realizations. 
In a ?fth preferred realiZation probe signals of different 
relative amplitude are transmitted. More particularly, the 
transmitter is pulsed faster than the detector and the ampli 
tude of the probe pulse is modulated pulse-to-pulse both to 
form the multiple range gates through a sampling element 
and to limit the dynamic range of the channel. HoWever, in 
other preferred embodiments the probe signals are all of the 
same amplitude, and are indeed all preferably identical. 

Preferably, the returned signals are detected at a plurality 
of distinct range gates, using a number of detectors Which is 
less than the number of range gates. Indeed, there may only 
be one detector per range gate. In other Words, the multiple 
range gates may be generated by pulsing the apparatus faster 
than the maXimum unambiguous range of the apparatus 
implies (this being a different Way of vieWing the multiple 
pulse in ?ight concept). By using feWer detectors (samplers) 
than range gates, the component count of the apparatus can 
be reduced. Also the telemetry bandWidth can be reduced if 
the resultant data is being transmitted, since more than one 
gate contributes to only a single data channel. 

Analogous method steps to the above described apparatus 
features are also provided Within the scope of the present 
invention, and vice versa. Also, features of the different 
aspects of the invention can be applied as appropriate to 
other aspects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred features of the present invention Will noW be 
described, purely by Way of eXample, With reference to the 
accompanying draWings, in Which: 

FIG. 1 illustrates the con?guration of range gates in a 
knoW electromagnetic sensor apparatus; 

FIG. 2 is a schematic representation of the knoWn appa 
ratus; 
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FIG. 3 is a timing diagram for the knoWn apparatus; 
FIG. 4 illustrates the overall con?guration for the present 

invention; 
FIG. 5 is a schematic representation of the present inven 

tion; 
FIG. 6 is a modi?ed timing diagram for the knoWn 

apparatus; 
FIG. 7 is a timing diagram for a ?rst preferred realiZation 

of the apparatus according to the present invention; 
FIG. 8 is a timing diagram for a second such preferred 

realiZation; 
FIG. 9 is a timing diagram for a third such preferred 

realiZation; 
FIG. 10 is a timing diagram for a ?fth such preferred 

realiZation; 
FIG. 11 shoWs an eXpected signal pattern yielded by the 

knoWn apparatus for a single receive antenna; 
FIG. 12 shoWs an eXpected signal pattern yielded by the 

apparatus of the present invention for tWo receive antennas; 
FIG. 13 shoWs the signal pattern of FIG. 12 in duplicated 

form so as to reveal a characteristic hyperbolic pattern; and 

FIG. 14 is a diagram illustrating hoW the attitude of a 
target is evaluated. 

In the ?gures, like features are represented by like refer 
ence numerals. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Overall Con?guration for the Present Invention 

Referring ?rst to FIG. 4, three receivers 100, 102 and 104, 
are disposed at the vertices of a triangle but this is not 
fundamental so long as hoWever many receivers are pro 
vided are at knoWn locations. For simplicity, FIG. 4 shoWs 
just tWo range gates at the same delay With respect to the tWo 
receivers 100 and 102 (one gate per receiver); it should be 
noted that the range gates are not to scale. As is clear, the 
angle 0 betWeen the position at Which the target (possibly a 
missile) crosses the range gate and the line joining the tWo 
receivers is a function of the distance betWeen the range 
gates, Which in turn is directly proportional to the different 
delay, 6t; the distance is a maXimum When 0 is 0 or 180° and 
a minimum (Zero) When 0 is 90 or 270°. In three dimensional 
terms a given angle 0 Would be representative of a target 
placed on a hyperboloid focused at the tWo receivers. 

It is desirable that the tWo receive antennas are close 
together relative to the range gate range because the normals 
to the tWo range gates at the point the target crosses the range 
gate Will be nearly parallel. In this case, the distance the 
target ?ies betWeen the range gates characteriZes the posi 
tion of the target to be on a cone Whose vertex is at the 
midpoint of the tWo antennas, Whose slant length is given by 
the range gate delay and Whose cone semi-angle is hence 0, 
as denoted in FIG. 4 at 106. The vehicle on Which the 
apparatus is mounted is typically small, and hence the tWo 
receive antennas are often inevitably close together. If the 
vehicle is particularly large, it may be advantageous to place 
the receive antennas close together rather than at the 
extremities of the vehicle. 

Whilst FIG. 4 shoWs for simplicity three receivers 
(suitable in fact for tWo-dimensional operation), for full 
three dimensional vector position measurement, at least 
three non-coplanar receiver pair Would be needed, such as 
could be provided by a minimum of four suitably distributed 






















