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[571 ABSTRACT

An adaptive N-pulse MTI processor for obtaining opti-
mum clutter cancellation with a minimum of hardware,
comprising a first input pulse line; first delay means for
providing an interpulse delay T to pulses on this first

input line; a first adaptive canceller with its auxiliary
input connected directly to take pulses from the first
input line, and with its main input connected to take
delayed pulses from the first delay means; and N—2
series-connected canceller circuits, with each canceller
circuit associated with a different level of pulses. The
nth canceller circuit, where 1=n=N-2, includes an
nth adaptive canceller; an nth input pulse line; n series
connected delay means for providing a series of inter-
pulse delays T to pulses propagating on the nth input
pulse line, and with n+1 terminals for taking pulse
outputs in front of each of the n delay means and after
the last of the n delay means; and nth commutating
switch means with a plurality of switch positions con-
nected for applying pulses from the n+1 terminals to
the main and auxiliary inputs of the nth adaptive cancel-
ler. The commutating switch means operates to provide
appropriate sets of two pulses from the n+1 terminals
to the main and auxiliary inputs to effect the n+2 can-
celler level of Gram-Schmidt pulse decorrelation on the
output line of the nth canceller. The output from the
n=1 adaptive canceller is connected to the first input
pulse line. The output from the first adaptive canceller
then provides the Gram-Schmidt decorrelation. With
this configuration, only N—1 cancellers are required to
implement the optimum Gram-Schmidt decorrelation
for an N-pulse MTL.

5 Claims, 3 Drawing Figures

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise~
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 U.S.C, 157,
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1
GENERALIZED ADAPTIVE MTI SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates generally to improve-
ments in signal processing systems, and more particu-
larly to improved techniques and designs for eliminat-
ing interference or otherwise undesirable signal compo-
nents from serial data samples to be processed by a
moving target indicator type radar system.

As is well known in the art, desired information re-
ceived by a communication, sonar or a radar system is
frequently not isolated by itself, but is found in the pres-
ence of unwanted signals. These unwanted signals typi-
cally vary much more slowly with time than the desired
signals. Thus, these unwanted signals generally are cor-
related from data pulse sample to data pulse sample.
With specific respect to a moving target indication
radar system, radar echos from non or slowly moving
radar reflectors such as ground clutter, sea returns, and
reflections from wind driven interference such as rain
and chaff, all generate echos which have frequency
components which are relatively slowly changing
withg respect to a moving target. Thus, the echos from
this radar clutter are correlated between successive
radar pulse samples, i.e., these echo components appear
the same in adjacent data pulse samples. Accordingly,
since rapidly moving reflectors, i.e., targets, do not
correlate from data sample to data sample, it is possible
to significantly enhance the moving target signal by
removing the correlated signal components resulting
from sea, ground, rain, and chaff echos.

Prior art MTI systems utilize cancellers in order to
decorrelate the output of a data pulse sample from an
adjacent data sample. The typical 2-pulse adaptive can-
celler operates to phase shift and amplitude weight one
of the data samples, and then to subtract this phase
shifted and weighted data sample from another of the
data samples. Such systems work well to eliminate cor-
related interference when only one narrowband inter-
ference source is present. However, when multiple
and/or wideband interference sources are involved, a
multiple degree-of-freedom system is needed to cancel
the correlated components of the data samples. Theo-
retically, if N independent interference sources are pres-
ent in a signal environment, the interference signals may
be cancelled by multiple cancellers fed by inputs from
separate data sample pulses. In practice, however, it has
been found that effective cancellation cannot be ob-
tained unless the data pulse sample inputs are indepen-
dent, i.e., decorrelated from one another, in order to
prevent the reintroduction of signals which have been
cancelled in a previous canceller’s circuit.

A typical prior art adaptive moving target indicator
system for providing optimum clutter cancellation uti-
lizing independent auxiliary data samples, requires N(N-
1)/2 cancellers, where N is the number of pulses used in
the MTL A prior art MTI structure of this type is
shown in FIG. 1. This configuration utilizes Gram-
Schmidt processing using series iterative cancellation.
FIG. 1is broken up by means of dashed lines in order to
show a 2-pulse canceller configuration, a 3-pulse can-
celler configuration, a 4-pulse canceller configuration,
and a 5-pulse canceller configuration. The extension to
higher order configurations is clear. A standard tapped
delay line 10 is utilized in order to obtain multiple data
samples. Each delay line provides a delay equal to the
interpulse delay T between radar pulse. Accordingly,
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for a 2-pulse cancellation system, a radar pulse return
signal is applied from the terminal 14 directly to the
auxiliary input of canceller 16 and indirectly through an
interpulse delay element 12 to the main input of the
canceller 16. The result of this cancellation for a series
of pulse samples numbered consecutively 1, 2, 3, 4, . ..
is obtained on line 18 and, for the first two pulses num-
bered 1 and 2, is equal to 112=A, i.e., the components
of the pulse sample 1 that are perpendicular to the com-
ponents of pulse sample 2, or more succinctly stated,
pulse sample 1 decorrelated from pulse sample 2. The
2-pulse canceller is sufficient to cancel one source of
narrowband interference.

In order to cancel additional or wideband sources of
interferecne, 3-, 4-, and 3-pulse cancellers are utilized.
In FIG. 1, a 3-pulse canceller is formed by adding a
second interpulse delay segment 20 in conjunction with
a second canceller 22 and a third canceller 24. In opera-
tion, pulses are applied from the terminal 26 in the delay
line 10 directly to the main input of the canceller 22 and
then indirectly through the interpulse delay element 20
to the auxiliary input of the canceller 22. The resulting
output from the canceller 22 is pulse 3 decorrelated
with pulse 2 and is represented as 312=B. B is then
applied on the line 30 to the auxiliary input to the can-
celler 24. The ouput A on line 18 is applied to the main
input of the canceller 24. The output from the canceller
24 on line 32 is A decorrelated from B and is repre-
sented by A_LB. In order to obtain a 4-pulse canceller, a
third interpulse delay element 34 is utilized in the delay
line 10 and three additional cancellers 36, 38, and 40 are
included. In operation, pulses are taken from the termi-
nal 42 in the delay line and are applied directly to the
main input of the canceller 36. The signal at point 14 in
the delay line is applied via the line 44 to the auxiliary
input to the canceller 36. In the example shown in the
figure, pulse 2 in the pulse sequence is applied to the
auxiliary input of the canceller 36 while pulse 4 is ap-
plied directly to the main input of the canceller 36. The
result is pulse 4 decorrelated from pulse 2 and is repre-
sented by 412=C on line 48. C is then applied to the
main input for the canceller 38. B from the canceller 22
on line 30 is applied to the auxiliary input for the cancel-
ler 38. The resulting output from the canceller 38 is on
line 50 and is C decorrelated from B and is represented
by CLB. CLB is applied via the line 52 to the auxiliary
input to the canceller 40. The signal on line 32, A 1B, is
applied to the main input of the canceller 40. The result-
ing output from the canceller 40 is on line 54 and is
(ALB)L(CLB).

Finally for a 5-pulse canceller, a fourth interpulse
delay element 60 is utilized in the delay line in conjunc-
tion with the additional cancellers 62, 64, 66, 68. The
fifth pulse is applied from the terminal 70 directly to the
main input of the canceller 62. Pulse 2 from terminal 14
in the delay line is applied via the line 71 to the auxiliary
input to the canceller 62. The resulting output from the
canceller 62 is found on line 72 and is pulse 5 decor-
related from pulse 2 and is represented by 5.2=D. The
output from the canceller 62, i.e., D, is applied to the
main input of the canceller 64. The output B on line 30
from the canceller 22 is applied to the auxiliary input of
the canceller 64. The resulting output from the cancel-
ler 64 is found on line 74 and is D decorrelated from B
and is represented DLB. The output DB is applied to
the main input of the canceller 66. The output CLB on
line 52 from the canceller 38 is applied to the auxiliary
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input for the canceller 66. The resulting output from the
canceller 66 is found on line 76 and is (DLB)1(C.LB).
This output on the line 76 is applied to the auxiliary
input to the canceller 68. The output (ALB)L(C.LB) is
applied on line 54 to main input to the canceller 68. The
resulting output from the 5-pulse canceller is found on
line 80 and is [(ALB).L(CLB)]L[(DLB)L(CLB)].

It can be seen from the above discussion of FIG. 1
that in order to obtain optimum clutter cancellation, a
significant number of cancellers are required. In this
regard, as the number of pulses in the pulse cancellation
system increases, the number of required cancellers
rapidly increases, i.e, N(N—1)/2 cancellers are re-
quired for N pulses. In the example shown in FIG. 1 for
a 5-pulse MTI, 10 cancellers are required. This large
number of cancellers required to obtain an optimum
clutter cancellation is so costly that it is essentially im-
practical.

OBJECTS OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an optimum clutter cancellation with a mini-
mum of hardware and cost.

It is a further object of the present invention to signif-
icantly simplify the implementation of an optimum mul-
tiple-pulse adaptive MTI processor.

Other objects, advantages, and novel features of the
present invention will become apparent from the de-
tailed description of the invention, which follows the
summary.

SUMMARY OF THE INVENTION

Briefly, the present invention comprises an adaptive
N pulse MTI processor for obtaining optimum clutter
cancellation with a minimum of hardware, comprising a
first input pulse line; first delay means for producing an
interpulse delay T to pulses on the first input line; a first
adaptive canceller with a main and auxilliary inputs and
an output line, with the auxiliary input connected di-
rectly to take pulses from the first input line, and with
the main input connected to take delayed pulses from
the first delay means, the first adaptive canceller for
decorrelating a signal applied to the main input from a
signal applied to the auxiliary input and generating a
residue signal on the output line thereof; N—2 series
connected canceller circuits, with each canceller circuit
associated with a different number of pulses, with the
nth canceller circuit, where 1=n=N-2, including an
nth adaptive canceller, with a main and an auxiliary
inputs, and an output line, for decorrelating a signal
applied to the main input from a signal applied to the
auxiliary input and generating a residue signal on the
output line; an nth input pulse line; n series connected
delay means for providing a series of interpulse delays T
to pulses propagating on the nth input pulse line, and
with n+ 1 terminals for taking pulse outputs in front of
each of the n delay means and after the last of the n
delay means; nth commutating switch means with a
plurality of switch positions connected for applying
pulses from the n+ 1 terminals to the main and auxiliary
inputs of the nth adaptive canceller, with the nth com-
mutating switch operating to provide appropriate sets
of two pulses from the n+1 terminals to the main and
auxiliary inputs to effect one canceller level of Gram-
Schmidt pulse decorrelation on the output line of the
nth canceller; wherein the output line for the nth adapt-
ive canceller is connected to the n—1 input line for the
n—1 canceller circuit, and wherein the n=1 canceller
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circuit has the output line from its adaptive canceller
connected to the first input line, and wherein the output
line for the first adaptive canceller provides the full
Gram-Schmidt pulse decorrelation output.

In a preferred embodiment, the adaptive cancellers
utilized in the present design are digital adaptive cancel-
lers.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic block diagram of a prior art
canonical moving target indicator (MTI) structure.

FIG. 2 is a schematic block diagram of one embodi-
ment of a 3-pulse MTI in accordance with the present
invention.

FIG. 3 is a schematic block diagram of a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention discloses an adaptive N pulse
MTI processor for obtaining optimum clutter cancella-
tion with a minimum of hardware. This invention, for
an N-pulse MT]I, places N—1 cancellers or pulse decor-
relators in series, and utilizes a plurality of tapped delay
lines for obtaining pulse samples along with a plurality
of commutating switchs for providing the proper pulses
from the tapped delay lines to the main and auxiliary
inputs of the individual cancellers. In particular, for
each canceller except one, there is a set of at least two
switches for providing the proper pulse inputs to that
canceller’s main and auxiliary inputs. The logic utilized
in the present design permits optimum clutter cancella-
tion with only N—1 cancellers instead of N(N—1)/2
cancellers as required in the prior art.

Before discussing the logic of FIG. 2 in detail, a brief
discussion will be provided of the operation of a stan-
dard canceller or pulse decorrelator. The MTI operat-
ing assumption is that a moving target will provide a
small echo amplitude and be in just one range cell.
Accordingly, there should be no correlation of the tar-
get echo pulse between adjacent pulse samples. In con-
trast, ground clutter, waves, chaff, and wind driven
interference provide echos which change very slowly
in amplitude and phase relative to the moving target
echos. Accordingly, these clutter echos will correlate
from pulse to pulse. The purpose of the canceller is to
subtract various sets of pulses in order to reduce this
correlated clutter to zero. The basic equation for the
canceller is R=M—WA, where R is the residue re-
maining after the cancellation process, M is the signal
applied to the main input of the canceller, A is the signal
applied to the auxiliary input of the canceller, and W is
the weight which is to be multiplied with the auxiliary
signal A in order to cause WA to approach the value of
the main signal M and reduce R to zero. The weight W
is obtained by averaging over a series of n range cells
and is set up primarily on the clutter echos. Typicaily, it
is desired to minimize the power of the residue R in the
least squares sense. This minimization is accomplished
via the orthogonality principal, i.e., that R should be
orthogonal to A*, the complex conjugate of A. This
orthogonality results in the equation RA*=0, which
must be averaged because this is a random process. The
weight W can be obtained by first taking the standard
canceller equation R=M-—WA, then muitiplying this
equation by A* to yield the following equation RA*=-
MA*_—W AA*. This equation is then solved for W to
yield the following equation: W=MA*/AA* In es-
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sence, the weight W changes the amplitude and the
phase of the auxiliary signal A to make the residue R
perpendicular to the auxiliary signal A. Equivalently,
the residue comprises the component of the main signal
M that is perpendicular to the auxiliary signal A.
Referring now to FIG. 2, there is shown one embodi-
ment of a 3-pulse adaptive MTI in accordance with the
present invention. Given three consecutive pulses A, B,
C, with adjacent pulses separated by the radar inter-
pulse period, the purpose of this design is to provide the
Gram-Schmidt decorrelation (ALB)1(C1lB) with a
minimum number of adaptive cancellers, i.e., N—1, or
in this case, two cancellers. The circuit includes a first
input pulse line 110, a first delay means 112 for provid-
ing an interpulse delay T to pulses on the input line 110,
and a first adaptive canceller 114 with a main input M
and an auxiliary input A and an output line. The first
adaptive canceller 114 operates to decorrelate a signal
applied to the main input M from a signal applied to the
auxiliary input and to generate a residue signal on its
output line 116. A switching means 118 with a plurality
of switch positions is connected for applying a pulse
from before the first delay means 112 and a pulse from
after the first delay 112 to the auxiliary and main inputs,
respectively, of the first canceller 114, at one switch
postion, and to the main auxiliary inputs, respectively,

20

25

of the first canceller 114, on the next consecutive switch

position. Thus, for the three consecutive pulses A, B, C,
the first canceller 114 generates on its output line con-
secutively A LB and then C1B. A second delay means
132 is included for providing an interpulse delay T to
pulses on the output line 116 of the first canceller 114. A
second adaptive canceller 134 with a main input M, an
auxiliary input A, and an output line 136 is provided for
decorrelating a signal applied to the main input M from
a signal applied to the auxillary input A and then gener-
ating a residue signal on the output line 136. The auxil-
iary input A is directly connected to the output line 116
of the first canceller 114. The main input of the cancel-
ler 134 is connected to take delayed pulses from the
output line 133 of the second delay means 132.

The two delay means 112 and 132 may be imple-
mented by any standard delay device which is capable
of providing a delay equal to the radar interpulse per-
iod. By way of example, such delay means may com-
prise shift registers, or standard delay line elements.

The first and second cancellers 114 and 134 may be
implemented by a variety of analog or digital cancellers.
By way of example, an analog closed loop canceller,
such as the Howells-Applebaum canceller, or the digital
open loop cancellers disclosed by Lewis and Kretsch-
mer, Jr. in U.S. Pat. No. 4,086,592, may be utilized.

The switching means 118 may take a variety of con-
figurations in the present design. In the embodiment
shown in FIG. 2, the switching means comprises a com-
mutating switch 120 and a commutating switch 126. By
way of example, these switches may be implemented by
single pole double-throw switches that throw between
pulse echo returns. The commutating switch 120 has its
pole connected via line 121 to the input line 110 and
includes three switch positions: position 119, a dummy
terminal; position 122 connected to the auxiliary input
of the canceller 114; and position 124 connected to the
main input of the canceller 114. The commutating
switch 126 has its pole is connected to the output line
123 from the first delay means 112 and has three switch
positions 127, 128, and 130. Switch position 127 is a
dummy position. Switch position 128 is connected to
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6

the auxiliary input of the canceller 114. Switch position
130 is connected to the main input of the canceller 114.
These switches are designed to throw or commutate on
every pulse transmission.

It should be noted that the switch position shown in
FIG. 2 comprises only one of many switch configura-
tions which could be utilized to implement the switch-
ing means 118. By way of example, it is possible to
reverse the switch configuration such that the pole of
the switch 120 is connected directly to the auxililary
input of the canceller 114 and has two switch positions
connected to the lines 121 and 123, respectively. Like-
wise, the pole of the switch 126 could be connected
directly to the main terminal of the canceller 114 and
could include two switch positions connected to the
lines 121 and 123, respectively.

In FIG. 2, the pulse signals A, B, and C are shown as
being applied to the line 110 at the times ti, t2, and t3,
respectively. The time difference between any two
adjacent times is the radar interpulse delay period T. It
can be seen that the first pulse A is available on the line
110 at time t;. One interpulse delay period T later, the
second echo pulse B arrives at the line 110 and the first
echo pulse A is now available on the output line 123 for
the first delay means 112. At this time t3, the switches
120 and 126 are in the positions labelled t; in order to
provide the B pulse echo to the auxiliary input of the
canceller 114 via the switch position 122 and to provide
the A pulse echo to the main input of the canceller 114
via the switch position 130. Accordingly, the output
from the canceller 114 at the time t; is A decorrelated
from B, i.e., ALB. The output ALB is applied to the
second interpulse delay means 132. One interpulse per-
iod T later, i.e., at the time t3, the pulse echo C is now

'on line 110 and the pulse echo B is available on line 123.

Likewise, because the switches 120 and 126 throw or
commutate on every pulse transmission, the switches
120 and 126 are now in their solid arrow t3 positions,
such that the echo pulse C is applied to the main termi-
nal of the canceller 114 via the switch position 124,
while the echo pulse B is applied to the auxiliary input
of the canceller 114 via the switch position 128. Ac-
cordingly, at time t3, the output line 116 from the can-
celler 114 provides pulse C decorrelated from pulse B,
i.e.,, CLB. This output CLB is applied directly via the
line 116 to the auxiliary input of the canceller 134. The
previous output on line 116 at time t, i.e., ALB, is now
available on the output line 133 of the second delay
means 132. Accordingly, the output A LB is applied via
the line 133 to the main input of the canceller 134. The
output of the canceller 134 on line 136 is then
(AL1B).(CLB) at the time t3. Note that this output is
identical to that of prior art Gram-Schmidt adaptive
MTI cancellers but requires only two adaptive cancel-
lers instead of the three adaptive cancellers required
previously. It should be noted that the above described
output on line 136, in essence, is the echo pulse A decor-
related from the echo pulse B and from that part of the
echo pulse C which is decorrelated from the echo pulse
B, i.e., all new information.

It should be noted that in the embodiment of FIG. 2,
3-pulse sequences are used in the processing. Because an
initial pulse time t is used in each sequence to read pulse
samples on to the line 110 for the circuit, the dummy
switch positions 121 and 127 are included on the
switches 120 and 127, respectively, in order to provide
for proper 3-pulse synchronization for these switches.
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Note that there are switching configurations where
dummy switch positions may not be necessary.

From the above, it can be seen that optimum clutter
cancellation has been obtained for an N pulse adaptive
MTI while employing only N—1 cancellers. This
scheme has been accomplished with only the added cost
of a pair of switches, thus significantly reducing the cost
of the device while maintaining optimum performance.

Referring now to FIG. 3, there is shown an embodi-
ment of the present invention extended to higher order
canceller configurations. The precise canceller configu-
ration shown in FIG. 3 is a four-pulse canceller. How-
ever, some of the circuitry for a 5-pulse canceller is also
included in this figure to illustrate of the higher order
extension of the present invention. In this configuration,
it should be noted that only one canceller is required per
horizontal Gram-Schmidt level of cancellers. In this
context, a horizontal level of cancellers is of the type
shown in FIG. 1 wherein there are four separate hori-
zontal levels of cancellers to implement the 5-pulse MTI
structure. Accordingly, the present invention for a N
pulse adaptive MTI requires only N—1 cancellers
rather than N(N —1)/2 cancellers, as in the prior art.

Referring now to FIG. 3, the system therein com-
prises a plurality of series-connected cancellers. The
first canceller in the series is a 2-pulse canceller and
includes a first input pulse line 150 for providing echo
pulses or partially decorrelated echo pulses, a first delay
means 152, and a first adaptive canceller 154. The first
delay means 152 provides an interpulse delay T to the
pulses on line 150. The first adaptive canceller 154 has a
main and an auxiliary inputs and an output line 156. This
canceller 154 again operates in the same manner as the
cancellers of FIG. 2 to decorrelate a signal applied to
the main input from a signal applied to the auxiliary
input and to generate a residue signal on the output line
156. In this configuration, pulses on the first input pulse
line 150 are applied directly to the first delay means 152
and to the auxiliary input of the canceller 154. The
output on line 158 from the first delay means 152 is
applied to the main input of the canceller 154.

For each additional pulse added to the pulse cancel-
ler, there will be a separate canceller circuit connected
in series thereto. Accordingly, for an N-pulse canceller,
there will be N—2 series connected canceller circuits,
with each canceller circuit associated with a different
number of pulses, where 1=n=N-2. Each of these
canceller circuits includes an adaptive canceller with a
main and an auxiliary input and an output line, a plural-
ity of tapped delay lines comprising serially connected
delay means for providing a series of interpulse delays
T, and commutating switch means with a plurality of
switch positions connected for applying pulses from
taps on the delay line to the main and auxiliary inputs of
the adaptive canceller. This commutating switch means
operates to provide appropriate sets of two pulses from
the tapped delay line to the main and auxiliary inputs to
effect one canceller level of Gram-Schmidt pulse decor-
relation on the output line of the canceller. Note that
the last of these canceller circuits has its output line
connected to the first input pulse line 150. The ultimate
effect of this circuit operation is to provide the optimum
Gram-Schmidt decorrelation on a set of consecutive
pulses.

For a 3-pulse canceller, there will be N—2 or one
additional canceller circuit. In FIG. 3 this 3-pulse can-
celler is shown as including an input line 160, a tapped
delay line 161 including delay means 162 with tap termi-
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nals S1 and S2 on either side thereof, an adaptive can-
celler 164, and commutating switch means 166. The
purpose of the tapped delay line 161 and the commutat-
ing switch means 166 is to provide the appropriate adja-
cent pair of pulses to the main and the auxiliary inputs of
the canceller 164. In the particular configuration shown
in FIG. 3, the commutating switch means 166 is imple-
mented by two single-pole four-position switches 168
and 170. The switch 168 is connected at its pole to the
auxiliary input of the canceller 164, while the pole of the
switch 170 is connected to the main input of the cancel-
ler 164. It should be noted that this 3-pulse canceller
configuration, including the two delay means 162 and
52, the two cancellers 164 and 154, and the two switches
168 and 170, is almost identical to the configuration
shown in FIG. 2. However, note that the commutating
switch means 166 is slightly different in that the pole
positions have been reversed so that the pole for the
switch 168 is now connected to the auxiliary input of
the canceller 164 while the pole for the switch 170 is
now connected to the main input for the canceller 164.
Also, there is an additional dummy terminal which will
be discussed later.

A 4-pulse canceller is shown as including an addi-
tional canceller circuit over that of the 3-pulse cancel-
ler. This additional canceller circuit includes an input
line 178 and a tapped delay line 179 with two serially-
connected delay means 180 and 182 for providing inter-
pulse delays T to pulses propagating thereto. Tap termi-
nals S3, S4, and S5 are provided in front of each delay
means and after the last delay means. This additional
canceller circuit includes a commutating switch means
184 and an adaptive canceller 186 with a main input, an
auxiliary input, and an output line 187. Again, the com-
mutating switch means 184 may comprise two single
pole multi-position switches 188 and 190 for providing
pairs of echo pulse samples to the auxiliary and the main
inputs of the canceller 186. The output line 187 of the
canceller 186 is applied to the input line 160 for the
3-pulse canceller.

For purposes of explanation of the 4-pulse canceller,
the input echo pulses applied on the input pulse line 178
are numbered consecutively as 1, 2, 3, and 4, and occur
at the times tg, t1, t2, and t3, respectively.

In the embodiment shown in FIG. 3, each of the
switches 188 and 190 is shown as including four switch
positions, one for each of the pulses applied onto line
178. These four switch positions ensure that the individ-
ual switches will commutate in proper synchronism
such that after a 4-pulse sequence, the switch will be at
its first position again. In this regard, the switch 188 has
a dummy terminal D which will be connected to the
pole of the switch at time to, a position S3 which is
connected to the terminal S3 on delay line 179 and is
connected to the pole of the switch at time t;, a switch
position S4 which is connected to the terminal $4 in the
delay line 179 and is connected to the pole of the switch
at time t», and finally a switch position S5 which is
connected to the terminal S5 in the delay line 179 and is
connected to the pole of the switch at time t3. Likewise,
the switch 190 has a dummy switch position D which is
connected to the pole of the switch at time tg, a switch
position S4 which is connected to the terminal S4 in the
delay line 179 and is connected to the pole of the switch
at time tj, a switch position S3 which is connected to
the terminal S3 in the delay line 179 and is connected to
the pole of the switch at time t3, and finally the switch
position S3 which is connected to the terminal S3 in the
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delay line 179 and is connected to the pole of the switch
at time t3. These switch configurations with the timing
synchronism noted result in the following outputs on
the output line 187 for the canceller 186: at time t; the
output 112=A; at time t; the output 312=B; and at
time t3 the output 412=C.

These outputs A, B, and C are applied via the output
line 187 to the input line 160 for the 3-pulse canceller.
These outputs are applied directly and by way of the
delay means 162 to the auxiliary and main inputs of the
canceller 164. Again, the commutating switch means
166 determines which pair of pulses are applied to the
auxiliary and main inputs of the canceller 164. In this
regard, the switch 168 has four switch positions D, D,
S1, and S2. The first switch position D is a dummy
switch position and is connected to the pole of the
switch at time to. The second switch position D is again
a dummy switch position and is connected to the pole of
the switch time t1. The switch position S1 is connected
to the terminal S1 in the delay line 161 and is connected
to the pole of the switch 168 at time tz. The switch
position S2 is connected to the terminal S2 in the delay
line 161 and is connected to the pole of the switch 168
at time t3. Likewise, the switch 170 has four switch
positions D, D, S2, and S1. The first switch position D
is a dummy switch position and is connected to the pole
of the switch 170 at time to. The second switch position
D is again a dummy position and is connected to the
pole of the switch at t;. The third switch position S2 is
connected to the terminal S2 in the delay line 161 and is
connected to the pole of the switch 170 at time t3. The
fourth switch position S; is connected to the terminal S1
on the delay line 161 and is connected to the pole of the
switch 170 at the time t3. As noted above, the pole of the
switch 170 is connected to the main input of the cancel-
ler 164 while the pole of the switch 168 is connected to
the auxiliary input of the canceller 164.

With the above described switch configuration and
utilizing the timing described, the following outputs are
obtained on the input line 150 for the canceller 164: at
time t; the output A_LB; at the time t3 the output CLB.

Accordingly, it can be seen that at time t3 the output
C1B will be available at the auxiliary input to the can-
celler 154 via the line 150, while the output AL B will be
available at the main input of the canceller 154 via the
delay means 152 and the output line 158. Thus, at time
t3 the canceller 154 will provide the output
(ALB)1(CLB). This output is the optimum Gram-
Schmidt output, as described previously.

From the above description, it is clear how the pres-
ent invention can be extended to higher order canceller
configurations of 5-pulse cancellation and above. Each
additional pulse would include its own canceller circuit
level. Each such canceller circuit level would include
an nth input pulse line, wherein for that level n would
be equal to N-2, an nth adaptive canceller, n series con-
nected delay means for providing a series of interpulse
delays T to pulses propagating on the nth input pulse
line, and with n+-1 tapped terminals for taking pulse
outputs in front of each of the end delay means and after
the last of the n delay means, and nth commutating
means with a plurality of switch positions connected for
applying pulses from the n-+1 terminals of the delay
means to the main and the auxiliary inputs of the nth
adaptive canceller. This commutating switch means
operates to provide appropriate sets of two pulses from
the n+1 terminals of the series connected delay means
to the main and auxiliary inputs to effect the n+2 can-
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10
celler level of Gram-Schmidt pulse decorrelation on the
output line of the nth canceller.

By way of example, for a 5-pulse canceller, there is
shown in FIG. 3 an input pulse line 200, n, where n is
equal to N—2 or 3 series connected delay means 202,
204, 206, with n+1 terminals S6, S7, S8, and S9 taken
from in front of each of the n delay means 202-206 and
after the last of the n delay means; an nth adaptive can-
celler 208, and nth commutating switch means 210.
Again, the commutating means may be comprised of
two single-pole multi-position switches 212 and 214.
Each of these multi-positions switches 212 and 214 in-
cludes five switch positions for the five pulses utilized in
the 5-pulse canceller. The pole for the switch 212 is
connected to the auxiliary input of the canceller 208,
while the pole of the switch 214 is connected to the
main input of the canceller 208. The output of the can-
celler 208 is applied via the dash line 211 to the input
line 178 for the 4-pulse canceller. For ease of illustra-
tion, the switch positions for the switches 212 and 214
are not shown. It should also be noted that some adjust-
ment will be required to the switches 188 and 190 in the
4-pulse canceller level and the switches 168 and 170 in
the 3-pulse canceller level. For example, at least one
additional dummy terminal must be added to those
switches in order to obtain the proper synchronization
of these switches for a 5-pulse canceller.

It should also be noted that although the switch con-
figurations shown in FIG. 3 utilize single pole switches
with the poles connected to either the auxiliary or the
main inputs for the respective cancellers, a variety of
other switch configuration could also be used to imple-
ment the present invention. By way of example, addi-
tional switches could be utilized at each canceller level
and the poles for those switches could be connected
directly to the terminals of the appropriate delay line.

The present invention has been disclosed in the con-
text of a commutating switch configuration, wherein a
pulse is optimally decorrelated in an N-pulse canceller
after N puises. Then a new set of N pulses would be
used in order to optimally decorrelate a second pulse.
For example, in a 3-pulse canceller the pulses A, B, and
C would be required in order to optimally decorrelate a
pulse in this configuration. Then three additionally
pulses D, E, and F would be required in order to opti-
mally decorrelate the next pulse. Thus, the output on
line 136 in FIG. 2 would be read out on every third
pulse. This type of configuration is advantageous in that
it facilitates the switching to a new frequency every N
pulses in order to avoid jammers. This configuration
also facilitates the change of the pulse repetition fre-
quency every N pulses. It should noted however, that
the present invention could be configured in order to
provide optimally decorrelated pulses on every pulse,
or after a given number of pulses less than N pulses,
after the initial pulses have been loaded into the circuit.

It should be noted that the present invention adaptive
MTI and its associated components may be imple-
mented in either analog or digital form.

In the present invention, only one canceller is needed
per horizontal level of cancellers in the standard Gram-
Schmidt configuration. Thus, for an N pulse adaptive
MTI, only N—1 cancellers are required, rather than
N(N-1)/2 cancellers as in the prior art. This reduction
in the number of cancellers in the system significantly
reduces its complexity and its expense while providing
optimum clutter cancellation.
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Obviously many modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

What is claimed and desired to be secured by Letters
Patent of the United States is:

1. An adaptive N pulse MTI processor for obtaining
optimum clutter cancellation with a minimum of hard-
ware, where N is an integer greater than 2, comprising:

a first input pulse line;

first delay means for providing an interpulse delay T
to pulses on said first input line;

a first adaptive canceller with a main and auxiliary
inputs and an output line, with said auxiliary input
connected directly to take pulses from said first
input line, and with said main input connected to
take delayed pulses from said first delay means, said
first adaptive canceller for decorrelating a signal
applied to said main input from a signal applied to
said auxiliary input and generating a residue signal
on said output line;

N -2 series connected canceller circuits, with each
canceller circuit associated with a different number
of pulses, with the nth canceller circuit, where
1=n=N-2, including

an nth adaptive canceller, with a main and auxiliary
inputs, and an output line, for decorrelating a signal
applied to said main input from a signal applied to
said auxiliary input and generating a residue signal
on said output line;

an nth input pulse line;

n series connected delay means for providing a series
of interpulse delays T to pulses propagating on said
nth input pulse line, and with n+1 terminals for
taking pulse outputs in front of each of said n delay
means and after the last of said n delay means;

nth commutating switch means with a plurality of
switch positions connected for applying pulses
from said n+ 1 terminals to said main and auxiliary
inputs of said nth adaptive canceller, said nth com-
mutating switch means operating to provide appro-
priate sets of two pulses from said n+- 1 terminals to
said main and auxiliary inputs to effect the n+2
canceller level of Gram-Schmidt pulse decorrela-
tion on the output line of said nth cancelier;

wherein the output line for the nth adaptive canceller
is connected to the n—1 input line for the n—1
canceller circuit, and wherein the n=1 canceller
circuit has the output line from its adaptive cancel-
ler connected to said first input line, and wherein
the output line for said first adaptive canceller
provides the full Gram-Schmidt pulse decorrela-
tion output.

2. An adaptive N-pulse MTI processor as defined in
claim 1, wherein said commutating switch means com-
prises:

a first commutating switch connected to said main

input of said nth canceller; and

10

15

20

25

30

35

40

45

50

55

60

65

12

a second commutating switch connected to said auxil-
iary input of said nth canceller.

3. An adaptive N-pulse MTI processor as defined in
claim 1, wherein said first and second commutating
switches each have N switch positions.

4. An adaptive multi-pulse MTI processor for obtain-
ing optimum clutter cancellation with a minimum of
hardware, comprising:

an input pulse line;

a first delay means for providing an interpulse delay
T to pulses on said input line;

a first adaptive canceller with a main input and an
auxiliary input, and an output line, for decorrelat-
ing a signal applied to said main input from a signal
applied to said auxiliary input and generating a
residue signal on said output line;

switching means with a plurality of switch positions
connected for applying a pulse from before said
first delay means and a pulse from after said first
delay means to said auxiliary and main inputs, re-
spectively, of said first canceller on one switch
position, and to said main and auxiliary inputs,
respectively, of said first canceller on the next con-
secutive switch position, such that for three con-
secutive pulses A, B, and C, said first canceller
generates on its output line consecutively A.LB and
then CL1B;

second delay means for providing an interpulse delay
T to pulses on said first canceller output line;

a second adaptive canceller with a main input, an
auxiliary input, and an output line, for decorrelat-
ing a signal applied to said main input from a signal
applied to said auxiliary input and generating a
residue signal on said output line, wherein said
auxiliary input is directly connected to said first
canceller output line and said main input is con-
nected to take delayed pulses from said second
delay means, wherein the pulses on said second
canceller output line are decorrelated.

5. A method for decorrelating a pulse in a multi-pulse
MTI with a minimum of hardware, comprising the steps
of:

obtaining three consecutive puilses A, B, and C, sepa-
rated from each other by the MTI interpulse period
T;

applying pulses A and B simultaneouly to the main
and auxiliary inputs, respectively, of a single first
adaptive canceller;

decorrelating pulse A from pulse B to yield A LB;

applying pulses C and B simultaneously to said main
and auxiliary inputs of said single first adaptive
canceller one interpulse period later;

decorrelating C from B to yield CLB;

applying ALB and C.LB simultaneouly to the main
and auxiliary inputs, respectively, of a second sin-
gle adaptive canceller; and

decorrelating AlB from
(A1B)1(CLB).

*

ClB to yield

x*x %



