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1

- ADAPTIVE MTI CLUTTER
TRACKER-CANCELLER METHOD AND
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject invention pertains to the field of radar
clutter cancellation and more particularly to the adapt-
ive cancellation of clutter with non-zero mean frequen-
cies.

2. Description of the Prior Art

Ground based air surveillance radar systems require
the elimination of unwanted echo returns, commonly
referred to as clutter, to reliably detect and track air-
borne targets of interest. Many sources of clutter exist,
however two, land and weather, are dominant and pres-
ent serious impediments to tracking airborne targets.
Land clutter is created by radar reflections which, with
respect to the radar platform, are stationary or move at
velocities that are slow relative to the velocity of the
airborne targets. These reflections, therefore, exhibit a
doppler shifted frequency spectrum clustered about
zero frequency. Since the mean frequency of the land
clutter spectrum remains at zero, all radar clutter re-
turns may be suppressed by a fixed MTI canceller.

Weather clutter is created by reflections from wind
driven clouds and precipitation, causing the main dop-
pler frequency of the weather clutter spectrum to be
non-zero. This shift of the mean doppler frequency is a
function of the wind velocity, which may vary with the
range-azimuth position of a target of interest. Since this
doppler frequency is not known a priori, a single fixed
MTI canceller cannot be designed to suppress the
weather clutter. Consequently, an adaptive technique
must be employed to eliminate this form of clutter.

The first adaptive MTI processors were developed
for the elimination of ground clutter in airborne radar
systems, which due to the velocity of the aircraft exhibit
non-zero mean doppler frequencies. A system of this
type, TACCAR, is described by Skolnik in “Radar
Handbook”, McGraw Hill, New York, 1970. Adaptive
clutter rejection systems for shipborne and land based
MTI systems have subsequently been utilized for reject-
ing chaff, sea, and weather clutter. These systems which
operate at i.f. frequencies, exhibit blind speeds, utilize
analog circuitry, are either extremely complicated or
can be used only in a single delay line configuration,
thus limiting the clutter cancellation capability, provide
cancellation only on a pulse-to-pulse basis, and do not
perform well with pulse compression systems.

SUMMARY OF THE INVENTION

An adaptive moving target indicator (MTI) clutter
canceller in accordance with the present invention uti-
lizes digital circuitry with I and Q processing, and may
comprise a mixer coupled to receive i.f. signals from a
radar receiver and signals from a voltage controlled
oscillator (VCO) for providing a signal having a fre-
quency representative of the difference between the i.f.
signal frequency and the frequency of the VCO. This
difference frequency is coupled to the input terminal of
a delay line and to a phase comparator to which the
output terminal of the delay line is also coupled. A
phase comparison determines the difference in phase
between the instant signal output from the mixer and
the signal output therefrom preceding by a time interval
corresponding to the transit time through the delay line.
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2

A signal representative of the phase difference between
the instant and delayed signals is coupled to an averag-
ing circuit, wherein an average, over a predetermined
number of range bins within a range sweep, is taken and
a signal representative thereof is coupled to a second
averaging circuit. The second averaging circuit aver-
ages the signal representative of the average phase dif-
ference over the predetermined number of range cells
over a preselected number of range sweeps, thus pro-
viding a signal representative of the phase average
within a sector defined by the predetermined number of
range cells and the preselected azimuth interval. This
two dimensionally average phase difference is coupled
to the VCO for controlling the frequency thereof.

In order to avoid target display interference due to
sidelobes generated by uniformly weighting the signals
in each range cell during the range averaging process,
the signals from the range bins about the central range
bin are weighted in accordance with a weighting func-
tion that is consistent with the target display resolution
desired prior to summing in the averaging process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s a block diagram of an adaptive MTI clutter
tracker-canceller which incorporates the principles of
the invention.

FIGS. 2q and 2b are a schematic diagram, partially in
block form, of a preferred embodiment of the invention.

FIG. 3 is a block diagram indicating the placement of
an MTI canceller for the elimination of ground clutter
within the preferred embodiment of FIG. 2, to form a
second preferred embodiment.

FIG. 4 is a block diagram of a digital weighted sum-
ming network.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, the principal components of and
adaptive MTI clutter tracker-canceller 10 includes a
mixer 11, a delay line 12, a phase comparator 13, a
circuit for averaging target return signal phase varia-
tions from sweep to sweep over a predetermined num-
ber of range cells 14, a circuit to average the range
average phase variation over an azimuthal sector 15 and
a VCO 16.

An i.f. signal from a radar receiver is coupled to an
input terminal 17 of the mixer 11 wherein it is mixed
with the signal coupled to the mixer 11 from VCO 16 to
provide a signal having a frequency that is the differ-
ence between the i.f. signal frequency and the frequency
coupled from the VCO 16. This difference signal is
coupled to delay line 12 and to a 90° phase shifter 21 in
the phase comparator 13, which also includes mixer 22
and lowpass filter 23. The output signals from the delay
line 12 and the phase shifter 21 are coupled to mixer 22
wherefrom the resulting signals are coupled to the low-
pass filter 23 from which a sequence of signals each
representative of the sweep-to-sweep phase difference
in a given range cell emerges. This sequence of signals
is coupled to averager 14 wherein they are processed to
provide a sequence of signals representative of the aver-
age sweep-to-sweep phase difference in M+1 range
cells centered about range cells Ng, N1, N2, ... Ny Nj,
Ni+1, being contiguous range cells. The sequence of
averaged signals is coupled to a second averager 15 and
processed to provide a sequence of signals each repre-
sentative of the average of the average phase difference
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about a N; Signals from averager 15 are coupled to
VCO 16 wherefrom a sequence of averaged signals, at
frequencies corresponding to the average phase differ-
ence over range and azimuth for each given range cell,
is coupled to mixer 11. The sequence of signals coupled
from VCO 16 to mixer 11 is in synchronism with the
radar return during a range sweep, thus providing an
output signal from mixer 11 for each range cell that is
frequency shifted in accordance with the average phase
variations for the range cell. When weather clutter is
present in the radar return, a large portion of the spec-
trum of the i.f. signal coupled to input terminal 17, for a
given range cell, will be located at the wind velocity
determined doppler frequency .. If the delay time for
the delay line 12 is selected to be the interpulse period of
the radar, the two input signals to the phase comparator
13 are sequential azimuthal returns from the same range
cell. Since . is approximately constant over short
range and azimuth intervals, the average of the phase
difference over each range-azimuth sector will be pro-
portional to w.. The sequence of signals coupled from
VCO 16 each has a frequency that is a function of this
proportionality for the corresponding range cell. The
weather clutter portion of the output signal from mixer
11 is therefore shifted to zero doppler in each range cell
and a fixed MTI canceller 24 may then be used to sup-
press the resulting clutter as in a conventional surveil-
lance radar system.

Refer now to FIGS. 2¢ and 2b wherein a preferred
embodiment of the invention is illustrated. The input
terminals of a mixer 25 are coupled to an i.f. reception
terminal 26 and to the output terminal of a coherent
local oscillator 27, while the input terminals of a mixer
28 are coupled to the i.f. reception terminal 26 and,
through a 90° phase shifter, to the coherent local oscilla-
tor 27. Output terminals of mixers 25 and 28 are respec-
tively coupled to filters 32 and 33, the output terminals
of which are respectively coupled to analog-to-digital
(A/D) converters 34 and 35, each having their output
terminals coupled to a complex multiplier 36. A first
output terminal of complex multiplier 36 is coupled, via
terminal 41, to the input terminal of N sample delay line
42, the positive input terminal of a difference circuit 43,
and to one input terminal of a multiplier 44. Similarly, a
second output terminal of complex multiplier 36 is cou-
pled, via terminal 45, to the input terminal of an N
sample delay line 46, the positive input terminal of a
difference circuit 47, and a muitiplier 48. Output termi-
nals of N sample delay lines 42 and 46 are respectively
coupled to the negative terminals of difference net-
works 43 and 47. The output terminal 51 of difference
network 43 is coupled to a second input terminal of
mutltiplier 48, the output terminal of which is coupled to
a negative terminal of difference network 52 and the
output terminal 53 of difference network 47 is coupled
to a second input terminal of multiplier 44, the output
terminal of which is coupled to the positive input termi-
nal of difference network 52. A (M- 1) sample tapped
delay line 53 has its input terminal coupled to the output
terminal of subtraction network 52 and its parallel out-
put terminals coupled, through lines 54, to a summation
network 55, the output terminal of which is coupled to
a divider network 56. A summation network 57 has one
input terminal coupled to the output terminal divider
network 56 and a second input terminal coupled to a
constant multiplier circuit 58, while the output terminal
of summation network 57 is coupled to a (N—M/2)
sample delay line 61, the output terminal of which is
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4

coupled to a constant multiplier 62 and to constant
multiplier 58 via a M/2 sample delay line 63. Another
summation network 64 has-its output terminal coupled
to an input terminal thereof via a N sample delay line 65
and a second input terminal coupled to the output termi-
nal of constant multiplier 62. The output terminal of
summation network 64 is also coupled to the input ter-
minal of VCO 60 and therefrom to the input terminals
of cosine generator 66 and sine generator 67 which have
output terminals coupled to the complex multiplier 36
via constant multipliers 68 and 69, respectively.

For ease of understanding and simplicity of explana-
tion, it will be assumed that the i.f. signal at input termi-
nal 26 is due to weather clutter only and that the fre-
quency of this signal may be represented by the mean
i.f. frequency of the clutter spectrum denoted as w,.

Referring again to FIG. 2, an i.f. signal coupled to
input terminal 26 is mixed with the output signal from
the coherent local oscillator in mixer 25, the resulting
signals being coupled to lowpass filter 32, from which a
signal that is in-phase with the coherent oscillator signal
emerges. This i.f. signal is also mixed with the signal
from the local oscillator 27 phase shifted by 90° in mixer
28, the resulting signal being coupled to filter 33, from
a signal that is in quadrature with the output signal of
the coherent local oscillator 27 emerges. These in-phase
and quadrature signals are coupled to analog-to-digital
(A/D) converters from which digital versions, denoted
I; and Qy, respectively, emerge. 1 is coupled to multi-
pliers 72 and 73 of complex multiplier 36, to which the
in-phase component I> and quadrature component Q; of
the output signal from the digital VCO are also respec-
tively coupled. The resulting product I; X I3, from mul-
tiplier 72, is coupled to an input terminal of a summer 74
while the resulting product I1 X Q3, is coupled to a nega-
tive terminal of a difference network 75. Similarly, the
product QX Q3 is obtained via multiplier 76 and cou-
pled to a second input terminal of summer 74 and the
product I3 X Q1 is obtained by multiplier 77 and coupled
to the positive terminal of difference circuit 75. The
output signals from summer 74 and difference circuit 75
hxXh+Q1XQy=Iryand I} X Q2 — I X OQ1=0 will be
recognized by those skilled in the art as being respec-
tively proportional to cos (we— wo)t and sin (we— wo)lt,
where o, is the radian frequency of the if. signal at
terminal 26, o, is the radian frequency of the VCO 60,
and T is the sample period.

The processing is continued by coupling Ins through
terminal 41 to the positive input terminal of difference
circuit 43, to one input terminal of multiplier 44, and to
the negative input terminal of difference circuit 43 via
the N sample delay 42 and coupling Qs through termi-
nal 45 to the positive terminal of difference circuit 47, to
one input terminal of multiplier 48, and via the N sample
delay 46 to the difference terminal of difference net-
work 47. Output signals from difference circuit 43 are
coupled, via terminal 51, to a second input terminal of
multiplier 48 while output signals from difference cir-
cuit 47 are coupled via terminal 53 to a second input
terminal of multiplier 44. Signals representive of the
products formed by multipliers 44 and 48 are coupled to
the positive terminal and negative terminal, respec-
tively, of difference circuit 52 wherefrom, it will be
recognized, a signal proportional to sin (we—we)T
emerges, T being the time delay of the N sample delay
circuits 42 and 46. :

The signal output from difference circuit 52 is repre-
sentative of the phase difference, averaged about a sam-
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pling time, between the received weather clutter at two
adjacent sampling. times. This signal is actually a se-
quence of signals, each element in the sequence being
representative of the average weather clutter phase
over an azimuth interval, about a ngen range cell. Each
range cell phase difference signal is clocked into the
(N+1) delay line §3, which may be a serial input paral-
lel output shift register, in the sequential order of ar-
rival. Although the samples from adjacent range celis
are statistically independent, the correlation statistics do
not change radically over several range cells. There-
fore, it is reasonable to characterize w, as constant over
the M+1 adjacent range cells (No—M/2, No-+M/2).
The range cell phasse information is sequentially
clocked into the shift register 53 at the range sweep rate,
incrementing the center range cell by one with each
clock pulse. After the center range has been incre-
mented, the signals representative of the phase informa-
tion in each of the (M+ 1) range cells are coupled to
summation network 55 and the phase information for
the next range cell in the sequence is clocked into the
shift register 53 from the difference network 52. Output
signals from the summation network 55 are coupled to
divider 56 where a division by (M+1) is performed to
couple a signal to the summation network 57 that is
represéntative of the average phase variation between
sample times over the (M+1) range cells.

The signals averaged about each range cell are added
to a weighted sum of preceding averages for that range
cell iri summer 57. These weights are provided by multi-
plying each average for a range cell, in the sampled
order of arrival, by increasing powers of a decay factor
K,,, the hlgher order terms multiplying the earlier arriv-
ing range average phase differences. Thus establishing a

6

azimuth reduces the loop response to rapidly changing
signals.

- It should be apparent to those skilled in the art that
the -digital signals Iy and Qv at terminals 41 and 45
correspond to signals at the output of mixer 11 in FIG.
1. Consequently, to provide a complete clutter cancel-

- ler, -these signals must be passed through a digital MTI
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signal vk, for the Kth range cell, at the input terminal of 45

constant multiplier 62 that may be expressed as
; i Koy
vk = SKj
j=Q 2 v

where Q is the initial sample, J the final sample, T the
sample period and sk, the j* signal for range bin K at
the output terminal of divider 56. This signal is multi-
plied by a factor K3 by multiplier 62 to establish a signal
at the input to the V.CO 36 that is substantially represen-
tative of an average incremental phase shift. The signal
substantially. representative -of the average incremental
phase shift from multiplier 62 is coupled to summer 64
wherein it is added to the previous increment which is
coupled to summer 64 from the N sample delay line 65.
Incremented signals from summer 64 are coupled to
cosine and sine generators 66 and 67, wherefrom signals
representative of the cosine and sine of the incremented
phase signal are coupled to multipliers 68 and 69
wherein they are multiplied by a scale factor K. These
multiplied cosine and sine signals are then coupled to
the complex multiplier 36 as I, and Q3, respectively, and
processed with 1} and Q; derived from the i.f. signal as
previously described.

-Averaging rain clutter returns in.range and azimuth,
as above described, lengthens the time response of the
system thus reducing the loop bandwidth. This reduced
bandwidth -significantly inhibits: the loop response to
rapidly changing signals, such as target returns, mini-
mizing the probability. of the cancellation of a target
. return. Two factors in the ‘averaging process contribute
to this minimization; averaging in range reduces the
effect of a signal in any-one range cell, averaging in
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canceller as described with reference to FIG. 1. It will
also be apparent to those skilled in the art that the sig-
nals at terminals 51 and 53 correspond to signals at the
output terminals of a single two-pulsed canceller. Con-
sequently, if the MTI canceller is a cascade of N two-
pulse cancellers one stage of this cascade may be elimi-
nated by coupling the signals from terminals 51 and 53.
In FIG. 1, the MTI canceller 24 is coupled in parallel
to the weather clutter cancellation loop. In some appli-
cations, it may be desirable for the MTI canceller to
precede the weather clutter cancellation loop as shown
in FIG. 3. A digital MTI canceller 82 for land clutter
rejection is coupled between the A/D converter 83 and
the complex multiplier 84, complex multiplier 84 being
coupled to the remaining circuitry as explained with
reference to FIG. 2. This circuit arrangement provides
for the suppression of ground clutter prior to coupling
the digital signals to the adaptive weather clutter can-
celler.
It is well known in the art that the periodic addition
of time separated signals with equal amplitudes exhibits
a sin X/X amplitude distribution in the frequency do-
main. Thus, the summation of the (M + 1) range cells
establishes such a response and causes bands of light and
dark areas about the range bin of interest to appear on
the display. These bands create range ambiguities and
may mask other real targets. By weighting the signals
coupled from each range bin to the summing network as
shown in FIG. 4, in accordance with functions well
known in the art, the sin X/X response may be modified
and sidelobes, resulting from the summation, may be
adequately suppressed to eliminate this problem. In
FIG. 4, the signal outputs from each cell from the range
cells such as 91 and 92 are coupled to multipliers such as
93 and 94 wherefrom the signals emerge with preas-
signed weights such as W; from multiplier 93 and W
from multiplier 94. The weighted signals are then cou-
pled to summing network 95 wherefrom they emerge as
a weighted sum.
While the invention has been described in its pre-
ferred embodiments, it is to be understood that the
words which have been used are words of description
rather than limitation and that changes may be made
within the purview of the appended claims without
departing from the true scope and spirit of the invention
in its broader aspects.
I claim:
1. An adaptive MTI clutter canceller comprising:
mixer means having input means for receiving signals
at first and second frequencies, said second fre-
quency differing from said first frequency by a
difference frequency, and output means for provid-
ing signals, at said output means, having frequen-
cies representative of said difference frequency;

delay means having input means coupled to said out-
put means of said mixer means for time delaying
said signals at said difference frequencies and for
providing said time delayed signals at an output
means thereof;
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phase comparator means having first input means
coupled to said output means of said delay means
and second input means coupled to said output
means of said mixer means for providing signals at
an output means that are representative of phase
differences between signals coupled from said out-

. put means of said time delay means and said output

means of said mixer means;
first averaging means having input means coupled to
said output means of said phase comparator means
for providing signals representative of an average,
over a first predetermined period, of signals cou-
pled from said phase comparator means;
second averaging means coupled to receive said aver-
age signal from said first averaging means for pro-
viding signals representative of an average, over a
second predetermined period, of signals coupled
from said averaging means; and
means having output means coupled to said input
means of said mixer means and input means cou-
pled to receive said average signal from said sec-
ond averaging means for providing signals having
frequencies that are functions of said average sig-
nals coupled from said second averaging means.
2. An adaptive MTI clutter canceller in accordance
with claim 1 wherein said first averaging means in-
cludes:
serially in-parallel out storage means for providing
digital signals with predetermined time delays at
parallel output means;

sum means coupled to said parallel output means of
said storage means for providing signals at output
means thereof that are representative of summa-
tions of said digital signals with said predetermined
time delays; and

means coupled to said output means of said sum
means for providing signals at output means
thereof representative of averages of said sum sig-
nals.
3. An adaptive MTI clutter canceller in accordance
with claim 2 further including weighting means coupled
between said serially in-parallel out storage means and
said sum means for applying multiplicative factors to
said digital signals with predetermined time delays in
accordance with a preselected function.
4. An adaptive MTI clutter canceller in accordance
with claims 1, 2, or 3 wherein said second averaging
means includes:
first sum means with first input means coupled to
receive said average signal from said first averag-
ing means, second input means and output means;

first delay means having input means coupled to said
output means of said first sum means and an output
means for delaying signals coupled to said input
means for a time Ty;

second delay means having output means and input

means coupled to said output means of said first
delay means for delaying signals by a time T>, less
than Ti, where T4 Ty=1T,

decay factor means having input means coupled to

said output means of said second delay means and
output means coupled to said second input means
of said first sum means for providing a multiplica-
tion of signals coupled from said second delay
means by factors less than unity; and

constant means having input means coupled to said

output means of said first delay means and output
means coupled to said signal means for multiplying
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8

signals at said output means of said first delay
means by a predetermined constant.

5. An adaptive MTI clutter canceller in accordance
with claim 4 wherein said mixer means couples digital
signals. representative of first and second components of
said difference frequency signal to said phase compara-
tor and said signal means couples digital signals repre-
sentative of first and second components of said signals
representative of said phase differences to said phase
comparator means and wherein-said phase comparator
means includes:

first multiplier means coupled to receive said first and

second digital components from said mixer means
and said first and second digital components from
said signal means for providing first and second
components of signals representative of phase dif-
ferences between said difference frequency signal
and said signal from said signal means;

first loop means having,

third delay means coupled to receive said first
component from said first multiplier means for
providing at output means thereof, delayed dlgl—
tal signals with a delay time T,

first difference means coupled to receive said first
component from said first-multiplier means and
said delayed signal from said third delay means
for providing at output means thereof, digital
signals representative of differences between
said first component from said multiplier means
and said delayed signal; second loop means hav-
g,

fourth delay means coupled to receive said second
component from said first multiplier means for
providing, at output means thereof, time delayed
signals with delay time T,

second difference means coupled to receive said
second component from said first multiplier
means and said delayed signal from said fourth
delay means for providing, at output means
thereof, digital signals representative of differ-
ences between said second component from said
multiplier means and said delayed signal from
said delay means,

second multiplier means coupled to receive said dif-

ference signals from said first difference means and
to receive said second component from said first
multiplier means for multiplying said difference
signal of said first difference means and said second
component from said first multiplier means and
providing a signal representative of said multlphca-
tion at output means thereof; -

third multiplier means coupled to receive said differ-

ence signal from said second difference means and
said first component from said first multiplier
.means for multiplying said difference signal from
said second difference means and said first compo-
nent from said first multiplier means and providing
a signal representative of said multiplication at an
output means thereof; and

third difference means coupled to receive said repre-

sentative signal from said second and third multi-
plier means for providing signals representative of
differences between said representative signals
from said second multiplier means and said repre-
sentative signal from said third multiplier means.

6. An adaptive MTI clutter canceller in accordance
with claim 5 further including means coupled to receive
said first and second components from said first multi-
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plier means for providing at output means thereof sig-
nals with clutter substantially cancelled therefrom.

7. An adaptive MTI clutter canceller in accordance
with claim 5 further including means coupled between
said first multiplier means and said mixer means for
coupling signals to said multiplier means with clatter
substantially cancelled therefrom.’

8. An adaptive MTI clutter canceller in accordance
with claim § further including means coupled to said
output means of said first and second difference means
for providing at output means thereof signals with clut-

‘ter substantially cancelled therefrom.

9. An adaptive MTI clutter canceller in accordance

with claim 4 wherein said signal means includes:

second sum means having first input means coupled
to said output means of said constant means, sécond
input means and output means for providing signals
representative of sums of signals at said first and
second input means;

fifth delay means having input means coupled to said
output means of said second sum means and output
means coupled to said second input means of said
second sum means for delaying signals coupled
from said output means of said second sum means
by a time T;

cosine generator means having input means coupled
to said output means of said second sum means and
output means coupled to said first multiplier means
for providing signals representative of cosines of
signals coupled from said second sum means, said
cosine signals being said first component of said
second signal; and

sine means having input means coupled to said output
means of said second sum means, and output means
coupled to said first multiplier means for providing
signals representative of sines of signals coupled
from said sum means, said sine signals being said
second component of said second signal.
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: 10
10. A method for cancelling doppler shifted clutter

comprising the steps of:

mixing a signal representative of said doppler shifted
clutter at a time t, said signal having a representa-
tive frequency, with a first signal having a first
frequency from a VCO to obtain a signal having a
frequency that is determined by differencing said
representative frequency and said first frequency;

delaying said difference frequency signal by a time T
to obtain a time delayed signal, T being an elapsed
time after said time delay;

comparing said time delayed signal with a signal
representative of said doppler shifted clutter at a
time substantially T+t to obtain a signal represen-
tative of the phase difference between said time
delayed signal and said representative signal at time
T+t;

averaging said phase difference over a first predeter-
mined time interval to obtain a first average signal;

averaging said first time average signal over a second
predetermined time interval to obtain a second
time average signal; and

controlling said voltage controlled oscillator with
said second time average signal. ‘

11. A method for cancelling doppler shifted clutter in

accordance with claim 6 wherein said mixing step in-
cludes:

mixing said representative signal with a signal from a
coherent oscillator and with said signal from said
coherent oscillator phase shifted 90° to obtain com-
ponents in-phase and in-quadrature with said co-
herent oscillator;

converting said in-phase and quadrature components
to digital signals;

multiplying said in-phase and in-quadrature compo-
nents from said analog-to-digital conversion with
said in-phase and in-quadrature components from
said voltage controlled oscillator to obtain in-phase
and in-quadrature components of said difference

frequency signal in digital format.
L I * * *



