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METHOD AND DEVICE FOR
DETERMINING THE SPEED OF A MOVING
OBJECT BY MEANS OF A PULSE-
COMPRESSION RADAR OR SONAR

BACKGROUND OF THE INVENTION

The present invention relates to a method for determining,
by means of a remote detection device of the pulse-
compression radar or sonar type, the speed of a target which
is moving toward said remote detection device, as well as to
a device for implementing said method.

In the context of the present invention, pulse is understood
to mean a group of oscillations capable of being subjected to
compression as described below.

For reasons of simplification of the description, the inven-
tion will be presented hereinafter solely in relation to a
remote detection system of the radar type. However, all the
characteristics of the invention which will be presented by
reference to such a radar clearly apply in the same way
equally to a sonar.

The present invention applies more precisely to pulse-
compression radars or sonata which transmit frequency-
modulated pulses with a linear and continuous variation law.
In a normal way, such pulses transmitted by a radar are
picked up after reflection on a target to be analyzed, then are
processed. The processing is intended to reduce their dura-
tion and to increase their amplitude. These pulses thus
processed or “compressed” make it possible very precisely
to calculate the distance between said target and said radar.
It is thus possible to equip such a pulse-compression radar
with a precise rangefinding means exhibiting good range
resolving power.

However. the range measurements performed by a radar
equipped with such a rangefinding means are falsified when
the target is moving with respect to said radar, by reason of
a phenomenon of ambiguity between the speed and the
range which is characteristic of linear frequency modulation.
For example, when the radar transmits a pulse the frequency
of which increases linearly over time, a moving target which
is traveling away from said radar is located at a greater range
than the true range, and conversely when the moving target
is approaching said radar. These measurement errors are
reversed when the radar transmits a pulse the frequency of
which decreases over time.

In a known way, this defect of the pulse-compression
radar can be eliminated by modulating the transmitted pulse,
with an increasing frequency law during the first half of the
transmission duration, then with a decreasing frequency law
during the second half of the transmission duration, or
conversely. Under these transmission conditions, the puise
picked up and processed makes it possible precisely to
calculate the distance between the moving target and the
radar.

The object of the present invention is to associate with
such a pulse-compression radar, making it possible precisely
to determine the range of a target, a means making it
possible moreover to determine the speed of said target
when the latter is moving toward said radar.

Tt will be noted that the document U.S. Pat, No. 5 294 932
discloses a method making it possible simultaneously to
measure the speed and the range of a moving target by
means of a radar. However, this method applies to a radar
with high recurrence frequency which is by design,
extremely precise for speed measurement and which is
particularly well adapted to the airborne-radar surveillance
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function. The method described in this document makes it
possible to combine, with this speed measurement, range
measurement which, however, exhibits a limited accuracy.

Consequently, the above-mentioned American document
and the present invention apply to different types of radar,
both in terms of the fiequencies used and in terms of the
measurements performed, since the present invention is
implemented, as previously indicated, in a pulse-
compression radar which operates at low or medium recur-
rence frequency and which is, by design, very accurate for
range measurement. This operating mode is employed, in
particular, in remote detection radars.

No means currently exists making it possible to determine
the speed of a moving target from such a pulse-compression
radar.

SUMMARY OF THE INVENTION

The object of the present invention is to fill in this gap in
the state of the art. '

To this end, according to the invention, the method for
determining, by means of a remote detection device of the
pulse-compression radar or sonar type, the speed of an
object moving toward said remote detection device, is
noteworthy in that:

two associated pulses are transmitted, frequency-

modulated with linear and continuous variation laws,
one of said puises being modulated with an increasing
variation law and the other with a decreasing variation
law;

said pulses are detected after they are reflected on said

moving object; and

said detected pulses are processed so as to reduce their

duration and to increase their amplitude,

a sum signal is formed by adding the two pulses thus

processed;

a difference signal is formed by subtracting the two pulses

thus processed; and

the speed of the moving object is deduced from said sum

and difference signals.
Thus, by virtue of the invention, it is possible to measure the
speed of a moving object by means of a pulse-compression
radar or of a sonar, on the basis of the processing of said two
pulses.

Moreover, these two pulses are frequency-modulated,
respectively with an increasing variation law and a decreas-
ing variation law, which makes it possible to overcome the
ambiguity phenomenon previously described and existing
between the speed and the range with linear frequency
modulation, so as to be able to make a non-erroneous range
measurement simultaneously with said speed measurement.

It will be noted that several known methods exist for
calculating the speed of the moving object on the basis of
said sum and difference signals. However, for preference,
said speed is determined by means of the following opera-
tions:

the difference signal is divided by the maximum value of

the sum signal;

the derivative of the difference signal thus divided is

calculated; and

the speed of the moving object is deduced from said

derivative, said derivative being proportional to the
speed at the instant when said sum signal exhibits its
maximum value.
According to one advantageous characteristic of the
invention, the two pulses, modulated respectively with an



5,659,320

3

increasing law and with a decreasing law, are transmitted
simultaneously, which makes it possible to perform the
calculations as soon as these two detected pulses are
received, obviously simultaneously, and makes it possible to
simplify the device intended for implementing the method.
It will be noted, in this case, that the speed of the moving
object can therefore be calculated from a single detection of
pulses.

However, according to a variant embodiment of the
invention, it is also possible to transmit the two pulses
successively after a defined time delay, and. in this case, this
time delay is taken into account upon detection and upon
processing of the pulses. after they have been reflected on
the moving object.

As previously stated, the remote detection device to
which the invention is applied still makes it possible pre-
cisely to determine the distance between the moving object
and said remote detection device. For preference, this dis-
tance is determined, according to the invention, on the basis
of said sum signal.

The present invention also relates to a remote detection
device for implementing the aforementioned method.

According to the invention. said remote detection device
of the type including:

a transmitter system capable of transmitting frequency-
modulated pulses;

a receiver system capable of detecting the pulses trans-
miftted by said transmitter system and reflected by the
moving object; and

a signal processing system associated with said receiver
system,

is noteworthy in that said transmitter system is capable of
transmitting two associated pulses, one of which is modu-
lated with an increasing variation law and the other of which
is modulated with a decreasing variation law, and in that said
signal processing system includes:

two correlation means intended to reduce the duration and
to increase the amplitude of the detected pulses, each of
said correlation means being adapted to one of said
pulses;

an addition means intended to carry out the addition of the
two processed pulses;

a subtraction means intended to carry out the subtraction
of the two processed pulses; and

a computer linked to said addition and subtraction means,
and capable of determining the speed of the moving
object.

Advantageously, said transmitter system includes:

a signal generator capable of generating a signal modu-
lated by increasing frequencies;

a signal generator capable of generating a signal modu-
lated by decreasing frequencies;

a summing means grouping together the signals generated
by said signal generators; and

a transmission means controlled by said signals and
transmitting corresponding pulses.

Moreover, when the two pulses are transmitted successively
after a defined duration, the device in accordance with the
invention advantageously includes a delay system which is
mounted in series with the correlation means processing the
pulse transmitted first, said delay system delaying the for-
warding of the received information for a time correspond-
ing to said defined duration.

Moreover, according to a variant embodiment of the

invention, a delay system, delaying forwarding of the infor-
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mation received for a defined duration, can be mounted in
series with each of said correlation means, downstream of
the latter in the information forwarding direction. The addi-
tion and subtraction means, in this case, do the addition and
the subtraction of the various possible associations of the
delayed and non-delayed signals, and thus form several sum
and difference signals, which makes it possible to increase
the range of calculation of the speeds capable of being
determined by the device in accordance with the invention.

The present invention can be applied to various types of
radar, in particular to a synthetic-aperture radar, installed on
board an aircraft and intended for territorial surveillance.

In this case. the device in accordance with the invention
may advantageously form, from information available at the
output of said computer:

on the one hand, an image of the fixed and moving targets
situated on said territory, from said sum signal; and

on the other hand, an image of the moving targets, from
said difference signal, said difference signal further
making it possible to calculate the speed of said moving
targets.
The figures of the attached drawing will give a good
understanding of how the invention can be produced. In
these figures, identical references designate similar ele-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the block diagram of a device in accordance with
the invention.

FIG. 2 illustrates the determining of the frequency-
modulated pulses intended to be transmitted.

FIG. 3 shows the result of the compression of a signal
picked-up and processed.

FIG. 4 shows the sum signal formed in accordance with
the invention.

FIG. 5 shows the difference signal formed in accordance
with the invention.

DETATLED DESCRIPTION OF A PREFERRED
EMBODIMENT

The remote detection device 1, of the pulse-compression
radar or sonar type, produced in accordance with the inven-
tion is represented diagrammatically in FIG. 1. Said device
1 which makes it possible, in a known way. with very great
precision, to determine the distance between said device 1
and a target, in particular a moving target 2, is improved
according to the invention so as to be able additionally to
determine the speed V of said target 2, toward said device 1.

It is known that pulse-compression radars are particularly
suitable for taking measurements of distances intended for
mapping, or used when tracking airborne vehicles.

In the known way, said remote detection device 1
includes:

a transmitier system 3 capable of transmitting pulses
frequency-modulated with linear and continuous varia-
tion laws, by means of an antenna 3A, as illustrated by
an arrow fe;

a receiver system 4 capable of picking up the pulses
transmitted by said transmitter system 3 and refiected
by said target 2, by means of an antenna 4A, as
illustrated by an arrow fr; and

a signal processing system 5 linked by a link 6 to said
receiver system 4.

Generally, said antennae 3A and 4A are produced in the form
of a single antenna. These antennac 34 and 4a have,
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nevertheless, been distinguished in FIG. 1 so as to differ-
entiate clearly, in the device 1, the part intended for trans-
mission from that intended for reception.

It will be noted moreover that the receiver system 4 of the
known type does not have to be produced specifically for
implementing the present invention. For that reason, said
receiver system 4, which in a known way includes at least
one mixer, a local oscillator and an intermediate-frequency
amplifier which are not represented, is not described in
further detail in the description which follows.

It is a different matter for the transmitter system 3 and the
signal-processing system 5 which, in accordance with the
invention, are formed specifically to allow the speed V of the
target 2 to be determined.

In fact, according to the invention, said transmitter system
3. as represented in FIG. 1, includes:

a signal generator 7 capable of generating a signal

frequency-modulated by an increasing variation law;

a signal generator 8 capable of generating a signal
frequency-modulated by a decreasing variation law;

a summing means 9 linked by means of links 10 and 11
respectively to said signal generators 7 and 8 and
grouping together the signals generated by said signal
generators 7 and 8; and

a transmission means 12 equipped with said antenna 3A
and linked by a link 13 to said summing means 9, said
transmission means 12 being controlled by the signals
supplied by said summing means 9 and transmitting
corresponding pulses, namely electromagnetic waves
(or groups of oscillations) in the case of a radar and
sound waves in the case of a sonar.

The signal processing system 5, in accordance with the
invention, itself includes:

a correlation means 14 intended to process the pulses
frequency-modulated by an increasing variation law
and picked up by said receiver system 4, said correla-
tion means 14 being linked to said receiver system 4 by
one branch 6A of the link 6 split into two branches 6A
and 6B;

a correlation means 15 linked by the branch 6B of the link
6 to the receiver system 4 and intended to process the
pulses frequency-modulated by a decreasing variation
law;

an addition means 16 linked by links 17 and 18 respec-
tively to said correlation means 14 and 15;

a subtraction means 19 linked to said correlation means
14 and 15 respectively via links 20 and 21; and

a computer 22 linked to said addition 16 and subtraction
19 means respectively by links 23 and 24, and capable
of transmitting information by a link 25.

It will be noted that the device 1 in accordance with the
invention can, obviously, be implemented by using the
techniques of digital signal processing.

The method of determining the speed V of the moving
target 2 by said previously described remote detection
device 1 is now presented.

According to the invention, the signal generator 7 gener-
ates a signal S1 of duration T1, frequency-modulated with a
continuous. linear and increasing variation law 1.1, as rep-
resented in FIG. 2. The frequency f of said signal S1 varies,
in this case, from a frequency f0 to a frequency f1.

The signal generator 8 itself generates a signal S2 of
duration T2, frequency modulated with a continuous, linear
and decreasing variation law L2, the frequency f of said
signal S2 decreasing from said frequency fl1 to said fre-
quency f0. Said durations T1 and T2 are equal.
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In order to bring fully to light the correspondence existing
between these two signals S1 and S2, they have been joined
together in the representation of FIG. 2, the signal S1 being
formed between instants t1 and t2 and the signal S2 between
instants t2 and t3.

The two signals S1 and S2 thus defined are forwarded to
the summing means 9 which groups them together into a
double signal S which is formed in such a way that said
signals S1 and S2 can be transmitted simultaneously.

To this end, the double signal S thus formed and for-
warded to the transmission means 12 is transmitted by the
latter in the form of pulses toward the moving target 2.

After reflection on said moving target 2, said signal S is
picked up by the receiver system 4 and it is processed by the
signal processing system 5.

The part S1 of the signal S picked up is processed in the
correlation means 14, and the part S2 of said signal S is
processed in the correlation means 15. Said correlation
means 14 and 15 process the received signals in a known
way, 5o as to increase their amplitudes and to reduce their
durations. Said means 14 and 15 to this end use the initial
signal S, which is forwarded by the transmitter system 3 to
the receiver system 4 via a link 26, and via the latter to said
correlation means 14 and 15.

In FIG. 3, the processing of the part S1 of the signal S by
the correlation means 14 has been represented. Said part S1,
of duration T1 at the input to said correlation means 14,
exhibits, at its output, as represented in FIG. 3, a form CS1
of duration 11 which satisfies the following relation t11=(T1)
/p, with p the signal compression ratio. The part S2 of the
signal S is processed identically by the correlation means 15.

The signals thus processed are slightly shifted in time at
the output respectively of said correlation means 14 and 15,
but the phases of these signals are very different, by reason
of the Doppler effect processed differently in the two cases.
From this phase shift, it is possible to determine the speed
of the target 2. )

To this end, the signals S1 and S2 thus processed and
correlated are added by the addition means 16. At the output
of said addition means 16, a sum signal Sm is obtained,
represented in FIG. 4. Said sum signal Sm exhibits a
maximum Smax at a time to. From said sum signal Sm, it is
possible in a known way to determine the distance between
the device 1 and the target 2.

Moreover, the signals processed by the correlation means
14 and 15 are forwarded to the subtraction means 19 which
performs the subtraction of the two received signals. In this
case, at the output of said subtraction means 19, a difference
signal Sd is obtained, the real component of which has been
represented in FIG. 5.

Said difference signal Sd exhibits a slope which depends
on the speed V of the moving target 2, at the instant to when
the sum signal Sm is a maximum.

In order to determine said speed, it is necessary, for
reasons of order of magnitude, to divide the difference signal
Sd by the maximum value Smax of the sum signal Sm, so
as to obtain a signal S0=(Sd)/Smax.

The variation in the derivative SO’ of said signal S0,
determined at the instant to when the sum signal Sm is a
maximum, is proportional to the speed V.

Thus the following relation is obtained: V=K.S0', K being
a proportionality constant capable of being determined by
calibration and recorded in the computer 22.

Consequently, said computer 22 which, on the one hand,
knows said proportionality constant K and, on the other
hand, is capable of determining the value SO’ from the
information received from. the addition means 16 and from
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the subtraction means 19, can calculate the speed V of said
moving target 2 from the abovementioned relationship, and
forward the resuit via the link 25, for example to a display
means. not represented. The calculation of the speed can
thus be performed iteratively afier each detection of said
simultaneously transmitted signals S1 and S2.

In the previously described embodiment, the two signals
S1 and S2 are therefore transmitted simultaneously during
the same transmission period.

However, according to a variant embodiment of the
invention, not represented, said signals S1 and S2 can he
transmitted successively after a defined time delay Tr. For
example, the signal S1 is transmitted at an instant t and the
signal S2 is transmitted at a subsequent instant t+71r. In this
case, it is necessary to take this time delay Tr into account
during processing of the signals in the signal processing
system 5.

To this end, said signal processing system 5 includes a
delay system. not represented, mounted in series with the
correlation means intended to process the signal transmitted
first, namely the correlation means 14 in the example
envisaged above.

This delay system can be mounted upstream or down-
stream of said correlation means 14 in the information
forwarding direction, and is intended to delay the forward-
ing of the signal by said duration Tr. either to the correlation
means 14 when it is arranged upstream thereof, or to the
addition 16 and subtraction 19 means when it is arranged
downstream, that is to say at the output of said correlation
means 14.

According to another variant embodiment of the
invention, such a delay system is mounted in series with
each of said correlation means 14 and 15, downstream of the
latter in the information forwarding direction, and said
addition 16 and subtraction 19 means do the addition and the
subtraction of the various possible associations of the
delayed and non-delayed signals then generated, and thus
form several sum and difference sigpals, which makes it
possible to increase the range of calculation of the speeds
capable of being determined by the device in accordance
with the invention.

It will be noted that the device 1 in accordance with the
invention can be implemented on many types of radar, for
example on a radar equipped with a filter for eliminating
fixed echoes, making it possible to measure the speeds of
moving targets. or on a pulse Doppler-effect radar, making
it possible to remove the uncertainty in the speed measure-
ment picked off at the output of the filters of said radar.

However, the present invention is particularly advanta-
geous when the remote detection device is produced in the
form of a synthetic-aperture radar placed on board an aircraft
for the surveillance of territory overflown by said aircraft.
Said radar can then form mapping images of overflow
terrain from information supplied by the computer 22. In this
case, said radar can form two different images: a first image
obtained from information supplied by the addition means
16 and a second image obtained from information supplied
by the subtraction means 19.

Said first image makes it possible to view all the reflecting
points on said terrain, whether they are immobile or moving
(on condition that the movements are not too fast, so as to
avoid effects of defocussing of the synthetic-aperture radar).
However, the moving points are projected on the image at a
position spaced away from their true position, by a specific
effect of the processing of moving targets by the synthetic-
aperture radar.

The second image, for its part. makes it possible to view
only the moving targets and to measure their speeds of
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movement. The speeds thus measured can then be used to
correct the errors in the position of the reflecting points on
said first image intended to form the corresponding mapping
image of the terrain overflown.

I claim:

1. A method for determining, by means of a remote
detection device comprising a pulse-compression radar or
sonar, the speed of an object moving toward said remote
detection device. said method comprising the steps of:

(a) transmitting two associated pulses which are
frequency-modulated, one of said pulses having a con-
tinuously linearly increasing frequency and the other of
said pulses having a continuously linearly decreasing
frequency;

(b) detecting said pulses after said pulses are reflected
from said moving object;

(c) processing said pulses after said pulses are detected to
reduce the duration of said pulses and to increase the
amplitude of said pulses, said step (c) comprising the
steps of:

(cl) forming a sum signal by adding said pulses
together;

(c2) forming a difference signal by subtracting one of
said pulses from the other of said pulses;

(c3) dividing the difference signal by the maximum
value of the sum signal to form a first processed
signal;

(c4) calculating the derivative of the first processed
signal to form a second processed signal; and

(c5) determining the speed of said moving object based
upon the value of said second processed signal at a
point in time corresponding to the point in time at
which the sum signal has said maximum value.
2. The method as claimed in claim 1, wherein the two
pulses are transmitted simultaneously.
3. The method as claimed in claim 1, wherein the two
pulses are transmitted successively after a defined delay
time, and wherein this delay time is taken into account
during the detection and during the processing of the pulses,
after they have been reflected on the moving object.
4. The method as claimed in claim 1, wherein the distance
between said moving object and the remote detection device
is determined from said sum signal.
5. A remote detection device for determining the speed of
an object moving toward said remote detection device, said
remote detection device comprising:
a transmitter system for transmitting two associated
pulses which are frequency-modulated, one of said
pulses having a continuously lineatly increasing fre-
quency and the other of said pulses having a confinu-
ously linearly decreasing frequency;
areceiver system for detecting said pulses transmitted by
said transmitter system after said pulses are reflected
from said moving object; and
a signal processing system associated with said receiver
system, said signal processing system comprising:
two correlation means for reducing the duration of and
increasing the amplitude of said pulses, each of said
two correlation means reducing the duration of and
increasing the amplitude of one of said pulses;

addition means for generating a sum signal by adding
said pulses together;

subtraction means for generating a difference signal by
subtracting one of said pulses from the other of said
pulses;

a computer coupled to said addition means and said
subtraction means for determining the speed of the
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moving object based on said sum signal and said
difference signal.
6. The device as claimed in claim 5, wherein said trans-
mitter system includes:

a signal generator capable of generating a signal modu-

lated by increasing frequencies;

a signal generator capable of generating a signal modu-

lated by decreasing frequencies;

a summing means grouping together the signals generated

by said signal generators; and

a transmission means controlled by said signals and

tranpsmitting corresponding pulses.

7. The device as claimed in claim 5, the two pulses being
transmitted successively after a defined duration, wherein a
delay system is mounted in series with the correlation means
processing the pulse transmitted first, said delay system
delaying the forwarding of the received information for a
time corresponding to said defined duration.

8. The device as claimed in claim 5. wherein a delay
system. delaying forwarding of the information received for

10

a defined duration, is mounted in series with each of said
correlation means, downstream of the latter in the informa-
tion forwarding direction. and wherein said addition and

" subtraction means do the addition and the subtraction of the

10

15

various possible associations of the delayed and non-delayed
signals, the sum and difference signals formed then making
it possible to increase the range of calculated speeds.

9. The remote detection device as claimed in claim 5, of
the synthetic-aperture radar type, installed on board an
aircraft and intended for territorial surveillance, which
device forms, from information available at the output of
said computer:

an image of the fixed and moving targets sitvated on said

territory, from said sum signal; and

an image of the moving targets, from said difference

signal, said difference signal further making it possible
to calculate the speed of said moving targets.
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