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RADAR FOR THE DETECTION OF FIXED
'TARGETS IN CLUTTER .

BACKGROUND OF THE“"INVEN’;_!_‘ION

- This invention concerns radar systems generally and
more specifically relates to enhanced detection of fixed
targets in the presence of undesired echoes (clutter).

The term:clutter refers to unwantéd echoes such as
produced by the ground, grass and foliage, and sea
surface as.well as atmospheric precipitation. Useful or
desired echoes coming from targets of interest are often
masked by clutter echoes, hence the need to separate
the useful echoes from the clutter echoes. In the case of
moving targets, use can be made of the Doppler effect
in a number. of known ways to detect them within the
clutter. However, this solution is obviously not applica-
ble to fixed targets. The manner in which the invention
advances, the art by providing novel means for detec-
tion of fixed targets in clutter will be descnbed hereinaf-
ter.

SUMMARY OF THE INVENTION

''The general objective of the invention may be said to
have been the prov1s1on of a radar allowing ﬁxed targets
to: be detected in the midst of clutter.

Accordmg to one characteristic of the invention, the
radar used is'a frequency-modulated continuous-wave
radar having high range resolution, on the order of the

minimum distance between bright points of targets hav-
" ing large radar cross section. The discrimination be-
tween targets and clutter is based on the echo intensities
received from a resolution cell containing a bright point
of a target and a resolution cell located at the same
range but containing only clutter.

Other characteristics.and advantages of this invention
will be brought out in the following description made in
connection: with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a typical frequency deviation curve of
the signal transmitted by a frequency-modulated radar.

FIG. 2 is a graph indicating, for various clutter condi-
tions;, and as.a function of range, the minimum target
radar cross-section detectable in a resolution cell by the
radar according to the invention. .

FIG. 3 shows the basic schematic block diagram of
the radar according to the invention.

FIGS.:4(a) through 4(d) show waveforms of signals
generated at selected points within the radar system
according to the invention.

FIG. -5 shows a typical frequency spectrum corre-
sponding; to the analysis of a portion of the range cov-
ered by the radar according to the invention.

DETAILED DESCRIPTION

The principle employed for detection of fixed targets
(as hereinbefore summarized) in the midst of clutter is
based on:the observed differences between the RF dif-
fusion characteristics of the desired targets and those of
the clutter: Targets of .interest (tanks, vehicles, build-
ings, . . ..) have edges:and approximately flat surfaces

defining, from the point of view of echoes, a-small num-
ber of diffusers;. each-having a relatively large radar
cross-section and separated in:range on the order of one
to several meters.. Such a:set of diffusers determines
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2
practxcally the total radar cross-section of the desired
target. =« . iih
Clutter echioes, on t}ne contrary, generally are com-
posed of a large number of diffusers located relatively
close to each other, but each having a small radar cross-
section.

According to the invention, fixed targets in the midst
of clutter are detected by the radar of high range resolu-
tion, on the order of magnitude of the minimum dis-
tance between bright points of the target (diffusers hav-

‘ing a large radar cross-section), for example on the

order of one meter. Thus, the intensity of the echo
received from a resolution cell containing a bright point
of the target will be greater than that of an echo re-
ceived from a resolution cell located at the same dis-
tance but.containing only clutter.

The high-resolution radar used in the invention is of
the frequency-modulated continuous-wave (FM-CW)
type. The following mathematical expressions are used
to determine the radar range resolution as a function of
the carrier wave modulation characteristics.

We shall call:

¢ the phase shift between the echo received from a
point and the transmitted wave;

D the distance between the radar and the said pomt of
reflection;

F the frequency of the transmitted wave;

c the propagation velocnty, and

t the time.

The phase shift ¢ is equal to:

b=4nFD/c m

This phase shift varies as-a function of time if F or D
varies and results in an apparent frequency f of the echo:

S=(1/: 2'rr)(d¢/dt).

This expression may be rewritten, from equation (1)
as follows:

(B ) (%)

Limiting the discussion to'fixed targets for the mo-
ment, the apparent frequency f is a function only of the
transmitted wave frequency F, as follows:

S=Q@D/c)dF/dD).

We shall assume that the transmitter is frequency-
modaulated linearly with according to a triangular wave-
shape a deviation AF for a time T, as shown in FIG. 1.
The frequency F of the transmitted wave varies linearly
between values F, and F,,+AF during the time period
T. We can then write:

dF/dt=AF/T.
Whence:

f=Q@2D)AF/eT @)
And thus:

D=cTf/2AF.
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Range resolution, which will be called AD, is a func- R
tion of the uncertainty of measurement of t rent | s e e
p 'y Le yAf beeali ement of the appal e;: s;s¢Tilled ground: ; -G'ur—‘ 0001 m2/m ( 30 dB);
requency tting this uncertamty over the Average vegetation: o = 0,005 m%/m? (—23 dB);
frequency f,'we can wme Tl e L o Woode& (Forested) ground B o = 0032 mZ/mZ(—ls dB).

AD=(cTHAN/2AF. . '
. eneps Although'moving tiargets can be detected, as is well

- The time-interval available for the measurement cf f known, by a Doppler radar, they will also be detected
being equal to T, the uncertainty of measurement Af- by the hlgh—resolutlon radar according to the invention.
will therefore be on the order of 1/T if the measurement 10 Thilr?&ge errolrn lgtm;lu; Tg 3);,;11106 wDoppler effect is
is made on a single frequency deviation. The range neglgivle, as wiil be explaine

resolution AD is therefore given by: , Cons1der |
Apmensl ' @ Fp=2vA
For example, a range resolution AD of 0.5 m is ob- 15 in Whnch

tained with a frequency deviation AF of 300 MHz.
- The following mathematical expressions are used to
determine the ratio a=useful signal/clutter signal. '

Fpis the Doppler frequency of the target;
_ v is the radial velocity of the target; and
A is the wavelength.

We have: By making A equal to three centimeters (10 GHz), we
obtain a Doppler frequency of 66 Hz for a radial veloc-

a=o/o. ity of 1 m/s. From the expression (2), we can calculate

in which the range error introduced by that Doppler effect.

Using AF equal to 300 MHz and T equal to 1 ms, we
.find an error of only 33 millimeters for a velocity of 1
m/s.

- FIG. 3 shows_ the basic block diagram of the high-
resolutxon frequency-modulated continuous-wave
radar in accordance with the principles of the invention,
.30 Permitting the detection of fixed targets in the midst of

clutter. It includes a pilot oscillator 1, frequency-
+~modulated linearly under the control of a clock 2. The
curve giving the value of the frequency F of oscillator

o . represents the radar cross-section of the clutter in
a resolution cell of size AD located at a distance D from 23
the radar, and

o represents the radar cross-section of the target in
the said resolution cell.

oc may be then written as

o =0 (dXONAD)

where ‘ 1 as a function of the time t has the shape of a trlangular
O is the clutter density per unit area, and . 35 wave, as shown in FIG. 4(a). The frequency F varies
0 'is the bearing beamwidth of the antenna lobe. - ‘from F,+AF/2 to F,—AF/2 over a period T. Oscilla-

By replacing AD by expression (3), we have: " tor 1 is followed by a microwave transmitter 3, for
example one including a travellin wave tube. Trans-
- Fe=(XDNON)/ QAP : mxttell') 3is connectedgto a rotatmg antenna through a
40 duplexer 5. The echoes received by the anntenna 4 are
delivered at output 17 of duplexer 5, and are then mixed
with a fraction of the transmitted signal in a mixer 6.
= —=S200(F ___ @ This fraction of the transmitted signal is tapped off by
+ (@0 (D) (6) (©) means of a directional coupler 7. The output of mixer 6
45 is conrected to the input of a video amplifier 8 deliver-
ing a signal having a frequency equal to the difference
between the transmitted frequency and the received
fréquency. This difference frequency is referred to as
the apparent frequency f of the echo. The bandwidth of
50 amplifier 8 is equal to the range of expected variation of
the said apparent frequency, which will be called
(Frnax. — fmin). The apparent frequency fyqx. corresponds
o=1m?, and to the maximum detection range, which will' be called
D=1km. Dmax. The apparent frequency fynin, corresponds to the
Expression (4) can be used to calculate the muumum 55 minimum detection range, which will be called Dy;y..

Thus, a can be written in the form

As an example, the numerical values indicated below,
when substituted into equation (4), give a useful signal/-
clutter signat ratio of 22.86, or 13.6 dB. These substitu-
tlon example values are

=1° (0.0175 rad),
AF=300 MHz,
05=0.005 m2/m2, (average vegetation)

radar cross-section o min, Of a target detectable in a reso- The voltage gain of amplifier 8 is proportional to a
lution cell, as a function of the range for various condi- = power of the frequency, so as to provide automatic gain
tions of clutter, as follows: , _ control as a function of the range.

The frequency f signal delivered by amplifier 8 is

60 mixed, by means of a single-sideband mixer 9, with the
] . . . output signal of a frequency synthesizer 10 whose fre-
Caleulatlons have been made using the following quency can vary from F,+fmin. t0 Fo+fmax. in steps of
numerical values: Af,, under the control of clock 2. FIG. 4(c) shows the
a=20 output frequency of synthesizer 10 as a function of time.
0=1° 65 Jumps in frequency occur when the sign of the slope of

O min,=(aX oo XONHD)/(2AF).

AF =300 MHz. the sawtooth curve shown'in FIG. 4(a) changes, and are
The results are shown on the diagram of FIG. 2 for therefore spaced by a time period T. Mixer 9 is designed
three different types of clutter: to dellver a 81gnal with a bandwidth Afo The output




4,185,285

signal from the said mixer 9 is received by a spectrum 2% of the display at asmgle range determined by the volt-

5

analyzer 11; controlled by clock 2, Each step Af; defines
a portlon of distance AD,. within - the ‘total detection
zone going from; Dimin; . to Dmax. Thus; :on each fre-
quency step of synthesxzer 10, the 'spectrum analyzer 11

analyzes the corre:SpondIng portion of d:stance AD;.

The: total detection zone is analyzed by successive por-
tions of distance AD, during the frequency sweep of the
synthesizer. 10, this-function bemg baswally handled by
clock circuit 2. ‘

The spectrum analyzer 11 w111 preferably be of the
digital type. Processing is delayed by a time T, this
bemg accomplished by the expedient (known per se) of
using two alternately operating memories within 11. ‘A
time ‘T is thus available to the spectrum analyzer to
deliver the frequency spectrum of a signal of bandwidth
Af, with a resolution equal to the frequency resolution
Af of the: radar, this frequency resolution Af corre-
sponding. to the range resolution AD. The spectrum
analyzer should therefore deliver, in a time T, N lines
(where N=Af,/Af) corresponding to N distances each
separated by AD within a portion of distance AD,. FIG.
5 shows an example of a frequency spectrum for a given
portion of the range. It can be shown that low ampli-
tude lines .correspond to clutter, and larger amplitude
lines indicate a desired target, the discrimination occur-
ing above a threshold of amplitude S.

A threshold .circuit 12 (cutting off below level 8),
placed at the output of the spectrum analyzer 11, per-
mits the clutter signal to be eliminated, and delivers a
brightness signal to a cathode ray display 13 when the
amplitude of the signal delivered by the spectrum analy-
zer is above the said threshold S. The electron beam of
the display. CRT 13 is deflected in bearing by a sweep
circuit 14 controlled by an angle data take-off circuit 15
which determines the position of the antenna 4, and in
range by a range sweep circuit 16 controlled by the
clock 2. Blanking signals are also sent from the clock 2
to the display 13 during the bean return operation, thus
the clock 2 performs as a master synchronizing circuit.
Other blanking signals, shown in FIG. 4(b), are sent
from clock 2 to amplifier 8 at the time of the frequency
sweep reversal of oscillator 1 so as to exclude noise
signals present at that moment.

The radar according to the invention can operate in
two different modes:

(1) Surveillance of the total detection zone; and

(2) Fine analysis of a selected portion of distance
ADj
Both of these operating modes are explained below:

Surveillance of the Total Detection Zone

In the surveillance mode, antenna 4 rotates and dis-
play 13 dlsplays the entire zone under surveillance, in
bearing and in range, in the PPI mode. When a target is
detected in a given portion of distance ADy,, 2 signal
point is illuminated on display 13 in the direction given
by the position ‘of the antenna 4, and at a range corre-
sponding to the analyzed portion of distance AD,. To
this  end, the synthesizer 10 delivers frequencies
changed by steps; as explained above and as shown in
FIG. 4(c). The range sweep circuit 16 delivers step
voltages, as shown in FIG. 4(d). The frequency steps of
the synthesizer 10.and the voltage steps of sweep circuit
16 are synchronized. Any spectral line received by the
threshold circuit 12 exceeding the threshold S will illu-
minate the display.. All spectral lines belonging to the
same portion of distance AD, will illuminate the screen
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6

age step which.is supplied by the sweep circuit 16,
resiilting in a single bright spot on the screen. . The range
resolutlon is then ADO.

Fine Analy31s of a Selected Portxon of Dlstance ADO

Fine analysis of a portion of distance AD, can indicate
the number and type of targets contained in this portion.
This mode of operation requires modification of some
clock signals., The antenna rotation is searchlighted

‘(brought to a stop in “the chosen direction) and the se-

lected portion of distance AD, is spread over the entire
screen. The frequency delivered by the synthesizer 10 is
fixed and corresponds to the portion of range in ques-
tion. Therefore the spectrum analyzer continuously

analyzes this same portion of range. The range sweep

circuit 16 supplies a sawtooth voltage corresponding to
a sweep of the entire screen. Thus, each line delivered
by the spectrum analyzer 11 that exceeds the threshold
S will illuminate a point on the screen, at the corre-
sponding range. The range-resolution is then equal to

Although this invention has been described in con-
nection with a particular embodiment, it is clearly not
limited to the said embodiment and is capable of varia-
tions and modifications within its inventive scope. For
example, it will be evident that the conventional CRT
sweep can be replaced by a television-type (raster)
sweep, with the use of a buffer storage element.

What is claimed is:

1. A high resolution radar for the detection of fixed
targets in clutter, comprising:

first means associated with said radar comprising an

angularly $cannable antenna and means for gener-
ating and radiating a continuous-wave frequency-
modulated transmitted signal, and means for re-
ceiving echo signals from targets and clutter illumi-
nated by said transmitted signals;

second means associated with said means for receiv-

ing echo signals and for successively selecting reso-
lution cells in range containing echo signals corre-
sponding to both clutter and fixed targets;

third means responsive to said echo signals from said

second means for successively producing a plural-
ity of spectral line signals each of amplitude, each
representing the magnitude of a corresponding
frequency component within a given resolution
cell, said spectral lines having greater amplitudes as
they result from fixed targets than as resulting from
clutter echoes;

and fourth means responding substantially only to

said spectral lines of greater amplitude for produc-
ing an output identifying a fixed target mixed with
clutter within a corresponding resolution cell.

2. Apparatus according to claim 1 in which said fre-
quency modulation of said transmitted signal is effected
in accordance with a linearly varying frequency-versus-
time function.

3. Apparatus according to claim 2 in which said fre-
quency modulation frequency-versus-time function is a
triangular wave having an envelope with substantially
linear increasing and decreasing slopes.

4. Apparatus according to claim 1 further comprising
cathode ray display means having range and angle scan-
ning means synchronized with said envelope of said
frequency-vesus-time function and the instantaneous
angle of scan of said scannable antenna, respectively,
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said display means being responsive tothe -output of said

4,185,285

fourth means to produce an intensified point on the. . .

screen of said display. :

5. A radar system according to claim 4 in which said

second means comprises means for successively analyz-
ing at least a portion of the total useful range of said
system D, by successive increments of ADy; -
in which said second means further includes a fre-
quency synthesizer whose frequency varies by
steps of Af, corresponding to the variation of the
apparent frequency of target echoes over said AD,,
said steps being spaced by time T and beginning at
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8

the time of each change of frequency slope of said
frequency-versus-time modulation function;
in which a single-sideband mixer is included con-
-nected to receive the output of said frequency synthe-
sizer and the received apparent target echo frequency f
to produce a signal of bandwidth Afy;-
and in which said third means is a spectrum analyzer
responsive to said single-sideband mixer to pro-
vide, in said period T, said spectral line signals of
said Af), said spectral lines comprising N lines sepa-
rated in frequency by Af, which value Af is a func-
tion of the effective range resolution of the system
AD.

* * * % *




