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TARGET-TRACKING RADAR CLASSIFIER WITH GLINT DETECTION AND
METHOD FOR CLASSIFICATION

CLAIM OF PRIORITY

This patent application claims the benefit of priority to U.S. Patent
Application Seral No, 13/087,527, filed on April 15, 2011, which s hereby

10 incorporated by reference herein in s entirety,

GOVERNMENT RIGHTS

This invention was made with United States Government sapport under
1S Contract Number NOG024-07-C-5437 with the Departiment of the Navy. The United

States Government has certain rights in this invention,

RELATED APPLICATION

26 This application is related to U.S. patent application entitled “TARGET-
TRACKING RADAR AND METHOD FOR RESPONDING TO FLUCTUATIONS IN
TARGET SNR” {attorney docket no.1547.135US1 {Ref No. 10-0664]} filed March

30, 2011 Serial No, 13/075,299, which is incorporated herein by reference.

25 TECHNICAL FIELD

Embodiments pertain to target-tracking radars including monopulse radars.
Some emboediments relate to target glint detection and target classification. Some
embodiments relate to tracking non-mancuvering targets including ballistic targets,
3¢ such as artillery, munitions, mortars, rockets and missiles. Some embodiments relate
to distinguishing targets of interest from targets of non-interest.
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BACKGROUND

Target-tracking radars, such as monopulse radars, are configured to track
targets by simultancously transmitting a single radar pulse in two or more lobes and
are able to obtain, among other things, angle information from the single pulse. One
issue with target-tracking radars is discrimoinating between targets of interest from
targets of non-interest. Target-tracking radars with sutficiently high bandwidth may
madvertently respond to noise in a target’s epsilons (1.¢., the off-boresight angles or
error estimates), This noise may result from a reduction in a target’s signal~to-noise
ratio (SNR) which results o an increase in the variance of the measored epsilons.
This makes discriminating between targets of miterest from targets of non-interest
difficult.

Thus, there are general needs for improved target-tracking radars and
methods that can discriminate targets of interest from targets of non-interest. There
are also general needs for target-tracking radars and methods that can reject a target

of non-interest while maintain tracking a target of interest,

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates an operational environment of a target-tracking radar in
accordance with some embodiments;

FI1G. 2 1s a flow-chart of a target-classification procedure in accordance with
some embodiments: and

FIG. 3 is a functional block diagram of a target classifier in accordance with

some embodiments.
DETAILED DESCRIPTION
The following description and the drawings sufficiently illustrate specific

embodiments to enable those skilled in the art to practice them. Other erabodiments

"?
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may incorporate structural, logical, clectrical, process, and other changes. Portions
and features of some embodiments may be mcluded in, or substituted for, those of
other embodiments. Embodiments sct forth in the claims encormpass all availabic
equivalents of those claims,

FIG. 1 illustrates an operational environment of a target-tracking radar in
accordance with some embodiments. Target-tracking radar 102 may be configured
to track one or more targets, such as target 104, based on the reception of radar-
return signals from the target 104, Target direction relative to boresight may be
determined based on a comparison of the returmn signals. In some embodiments, the
target-tracking radar 102 may be a monopulse radar and may be configured to track
the target 104 by simultancously transmitting a single radar pulse in two ot more
fobes 103 to obtain angle information. In these embodiments, the refurm signals from
cach lobe may be amplified separately and compared to cach other allowing, among
other things, the direction of the target 104 relative to boresight to be determined.
Since this comparison may be carried ont during one puolse, changes iu target
position or heading will have little or no effect on the comparison,

In accordance with embodiments, the target-tracking radar 102 melndes,
among other things, a target classifier 106 and target-tracking cirenitry 108, The
target classifier 106 may be configured for classifying a target 104 using measured
target epsilons and target ghint information, as well as a target-track range. In these
cembodiments, the target classifier 106 may be configured to compare a total epsilon
measurement with the target glint information to determine whether the target 104
being tracked is an intended target type. Based on this comparison and other
mnformation, the target tracking circuitry 108 may cither continue tracking the target
104 or break-off from tracking the target 104, Accordingly, the target-tracking radar
102 can discriminate targets of interest from targets of non-interest. These
embodiments are discussed in more detail below.

In some embodiments, for cach dwell, a total angular measurement (i.c., a
target epsilon) is compared to a threshold based on a theoretical total epsilon noise

value. Based on this comparison, a target-tracking flag may be set to cause the target
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tracking circuitry 108 to break-off from tracking the target 104. These embodiments
are further discussed in more detail below,

Accordingly, a target that is determined to be too ‘glinty” at a current
tracking range than it should be for its target type may indicate that the target being
tracked is a different target type. For example, if artiiery is mtended to intended be
tracked, the target may appear more glinty than expected at a particular range when
the target being tracked is actually another target type {such as an aireraft), The
accurate classification of target type may, for example, help prevent
countermeasures from being divected at non-~-intended targets. In these embodiments,
the glint of different target types may be characterized at different ranges and the
target’s ghint characteristics moay be used to distinguish intended from non-intended
targets.

In some embodiments, the target-tracking radar 102 is configured to track
the position of the target 104 at range. In some embodiments, the target-tracking
radar 102 may be part of a land-based or ship-based missile defense system to
detect, track and engage incoming rockets and artitlery fire, although the scope of
the embodiments are not Himted in this respect as the target-tracking radar 102 may
be used for tracking almost any target object.

FI1G. 2 1s a flow-chart of a target-classification procedure in accordance with
some embodiments. The target-classification procedure 200 may be performed by
the target classifier 106 (FIG. 1) of the target-tracking radar 102 (FIG. 1). In
procedure 200, for cach dwell, a total epsilen (i.c., angular) measurement is
compared to a threshold based on a theoretical total epsilon noise value for an
intended target type. Based on this comparison, a target-tracking flag may be set to
cause the target tracking circuitry 108 (FIG. 1) to break-off from tracking the target
104 (FIG. 1) f, for example the target is a non-intended target type.

For example, both meoming aircraft and incoming artillery appear as point
targets at further range, however, aircraft targets transition to non-point targets
earlier than artillery targets. This transition occurs at what is referred to as a pivot
range. During this transition, the total epsilon measurement for a target begins to
exceed the theoretical epsilon noise value for the intended target type.

4
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Procedure 200 may usc the following inputs: signal power, azimuth angle
(azimauth cpsilon), elevation angle {elevation cpsilon), track range, nominal noise
power, moving average one-sided window length, azimuth slope antenna factor,
clevation slope antenna factor, noise threshold multiplier, up/down counter
threshold, maximum processing voltage gain, and pivot range. Some of these inputs
may depend on the intended target type.

In operation 202, the target classifier 106 may be configured o wait until the
target 104 1s acquired and the tracking 1s stable (i.¢., the target 104 has settled into a
stable frack). Once the tracking is stable, as part of operations 204 through 232
described below, the total angular measurement (the epsilon) may be compared to a
threshold based on a theoretical total epsilon noise vahue for every dwell,

In operation 204, the target classifier 106 may be configured to calculate
theoretical epsilon standard deviations (i.e., the monopulse errors in both azimuth
and elevation) for the current dwell (i.e., dwell 1) based on a nominal noise power
and normalized signal power of the received signals. These are given as follows for

dwell »:

['w

_ LR . nom
g =G Ky ‘\ffP
signal ,n

Where,

0.4z 18 the azimuth channel theoretical standard deviation for dwell n,
o, 51 18 the clevation channel theoretical standard deviation for dwell »,
K47 15 the azimuth channel K factor (the hard-coded constant),

K 18 the elevation channel K factor (the hard-coded constant),

G 1s the maximum processing voltage gain,

Noom 18 the nominal noise power (the hard-coded constant), and
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P, » 18 the normalized signal power for dwell # (from the input argument),

In operation 206, the target classifier 106 may be configured to calculate the
means of the theoretical epsilon standard deviations for the current dwell using a
windowed average of the theoretical epsilon standard deviations, The mean
theoretical epsilon standard deviations for a point target for dwell # may be

determuned as follows:

7ot
I s
O.rz,AZ - 3 O“i,AZ

_ ‘E i
Oy e ™ ST X T ri

=n—L

Where,

T, . . : e
=A% s the mean theoretical azimuth epsilon standard deviation for dwell »,

»EL 45 the mean theoretical clevation epsilon standard deviation for dwell #,

£ 1s the moving average one-sided window length {e.g., a hard-coded constant), and
o7 4z 18 the theoretical azimuth epsilon standard deviation valuce for dwell /.

o; g is the theoretical elevation epstion standard deviation value for dwell 4.

In operation 208, the target classifier 106 may be configured to calenlate a
total epsilon noise value for a current dwel from means of theoretical epsilon
standard deviations. The theoretical total epsilon noise value for dwell # may be

detined by:

a

n,iotal

Where,
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il 4o the theoretical total epsilon noise value for dwell #,

Oﬂn ,AZ

is the theoretical azimuth epsilon standard deviation for dwell », and

mEL g the theoretical elevation epsilon standard deviation for dwell n.

5 As the target 104 moves closer in range, multiple scatters will resolve and
the target 104 may no longer look like a point target and the glint may increase.
Accordingly the target angle noise will change making the angle noise a piccewise
fimction.

In operation 210, the target classifier 106 may be configured to adjust the
10 total epsilon noise value for the current dwell based on a pivot range and detect
range. The total epsilon noise value may be multiplied by an additional value to get

the adjusted total epsilon noise value as follows:

FR,>= R,

1 < 'Crn,uaj =

woadi ﬁn,mtai ’ R 3
]

End If

Where,
Oﬂp adi 3 : : Tt X7 £
20 w4 35 the theoretical total epsilon noise value for dwell #,

meil §g the theoretical total epsilon noise value for dwell »,
K, is the pivot range, and

R, 1s the detect range for dwell » from the input argument.

25 The total epsilon measurement may be calculated as described in operations
212 through 216 as follows:
In operation 212, the target classifier 146 may be configured to compute

epsilon means by performing a windowed average of the measured target epsilons.

-3
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The measured target epsilons comprise the off-boresight crrors. The epsilon means

may be computed for dwell # by

~

HMogr &0

Where,

A

F1 . .
Tl s the measured azimuth epsilon mean for dwell »,

Iy
M EL

is the measured elevation epsilon mean for dwell #,
L is the moving average one-sided window length, and
&; 47 is the azimuth epsilon value for dwell /.
&; g1 18 the elevation epsilon value for dwell i

In operation 214, the target classifier 106 may be configured to calculate a
total epsilon measurcment for the current dwell from the off-boresight errors. The
total epsilon measurement may be calculated by subtracting the epsilon means from
the measured target epsilons for the current dwell. The total epsifon measurement

may be calculated as follows:

- BN PN iy ERTI N Y Z
én,tata] - '\j{'{'!z,AZ - ‘un,;é}f) Rl g\énﬁEL aumEl,)

Where,
g P E . ~
Uil ig the total epsilon measurement for dwell #,

E . . . ;
#4213 the azimuth epsilon measurement for dwell n,

“nl is the elevation cpsilon measurement for dwell n,

PCT/US2012/025200
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0,47 i the measured azinuth epsilon mean for dwell #, and

~
[ £
Mo EL

is the measured clevation epstlon mean for dwell #.

In operation 216, the target classifier 106 may be configured to compare the
total epsilon measurement with the adjusted total epsilon noise value to determine
whether to increase or decrease a noise count value. In operation 218 when the total
epsilon measurement is determined to be greater than the total epsilon noise value,
operation 220 is performed. When the total epsilon measurement is not greater than
the total epsilon noise value, operation 222 may be performed.

In operation 220, the target classifier 106 may be configured to increase the
noise count value for the current dwell. This is because the target is notsier or
ghintier at the current range than expected for the intended target type.

I operation 222, the target classifier 106 may be configured to decrease the
noise count value for the current dwell,

For example, for dwell », operations 220 and 222 may be described as
follows:

~ -
IF gn,tatui - k O-”-’»,ff!@'

THEN

NoiseCount, = min(NoiseCount,.; + 1, CounmtThresh + 1)

S

ELSE

NoiseCount,, = max{NoiseCount,.; — 1, 0},
ENDIF
Where,

NoiseCount, is the up/down count for dwell #,

NoiseCount, ; 1s the up/down count for dwell - £,

k is the noise threshold multiplier (the hard-coded constant),

CountThresh 1s the up/down counter threshold (which may be a hard-coded constant

for a particular target type).
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The term max(NoiseCount, ; — 1, 0) helps ensure that the count cannot fall

below zero. The term min{NoiseCount, ; + 1, CountThresh + 1) caps the count at

just above the threshold. The count may be initialized to zero.

In operation 224, the target classifier 106 may be configured to compare the
noise count value with the notse count threshold. The target classifier 106 roay set
the target tracking tlag wheo the noise count value exceeds the noise count

threshold. For example,

IF NoiseCount, > CouniThresh THEN

NoiseFlag, = true

ELSE

NoiseFlag, = false.
ENDIF
Where,

CountThresh is the up/down counter threshold (the hard-coded constant),
NoiseFiag, s the noise check flag for dwell », and

NoiseCount, 18 defined as above.

This comparison of operation 224 may take place every dwell as long as the

g

track detection type remains equal to a predetermined value {¢.g., five) indicating
that the target is in track for a consecutive pumber of dwells. If the track detection
type for a dwell falls under this value, the epsilon comparison may cease until the
track detection type has been equal to this value for a number (1.c., 24 + 1)
consecutive dwells again. In these embodiments, the noise count value may remain
the same until this comparison resumes. If the track mode indicator shows that the
system is no longer in track, procedure may return to operation 202 as described
clow,

In operation 226, the target classifier 106 may be configured to determine if
the target-tracking flag is set. If the target-tracking is set, operation 228 is
performed. When the target-tracking flag is not set, operation 230 may be
performed.

10
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In operation 228, the target classifier 106 may be configured to instruct the
target-tracking circuitry 108 to break off from tracking the current target 104 the
target-tracking is set and in some embodiments cause the target-tracking radar 102
to return to search mode. In this case, the target that was being tracked was a non-
intended target.

In operation 230, the target classifier 106 may be configured mstruct the
target-tracking circuitry 108 to remain 1o tracking mode and continue tracking the
target, Tu this case, the target that is bemng tracked appears 1o be an intended target,
at least at the current range.

In operation 232, the target classifier 106 may be configured to determine if
the track is stable. If the track is stable and the target 104 15 10 track, operations 204
through 230 may be repeated for the next dwell. If the track s not stable, the notse
count value may be reset and operation 202 may be performed unit the tracking is
stabilized.

FIG. 3 1s a functional block diagram of a target classifier in accordance with
some embodunents. Target classifier 300 may be suitable for use as target classifier
106 (FIG. 1), although other target classifier configurations may also be suitable.
Target classifier 300 may also be suitable for performing target-classification
procedure 200 (FIG. 2), although other target classifier configurations may also be
suitable.

In accordance with embodiments, the target classifier 300 may be configured
for classifying a target 104 (FIG. 1) using, among other things, measured target
epsilons 351 and target glint information 361, In these embodiments, the target
classifier 300 may compare a total epsilon measurement 315 with the target glint
information 301 to determine whether to the target 104 being tracked corresponds to
an intended target type. Based on the comparison, target tracking circuitry 108 (FIG.
i) may be configured to cither continue tracking the target 104 or break-off from
tracking the target 104, The measured target epsilons 351 comprise a total angular
measurement based on the target’s off-boresight errors which are generated from
received signals (i.e., radar return signals) that comprise a sum signal, an azimuth
delta signal and an clevation delta signal.

B
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The off-boresight errors of a target 104 may also be referred to as a target’s
off-boresight angles. The sum signal, the azimuth delta signal and the elevation
delta signal are described, for example in US patent application serial No.
13/075,299.

Target classifier 300 includes circuitry 304 to calculate theoretical epsilon
standard deviations 305 (1.¢., the monopulse errors azimuth and elevation) for the

current dwell (.e., dwell #) based on a nominal noise power 357 and normalize

In some embodiments, based ov a track-mode mdicator 361, the target
classifier 300 1s further configured to refiain from calculating the theoretical epsilon
standard deviations 305 until the target tracking is stable (i.¢., the target 104 has
settled into track). In these embodiments, track-mode indicator 361 may indicate
that the target 104 is being tracked (is in track) and that the tracking has stabilized.
Prior to the target being tracked, the target-tracking radar 102 may operate ina
target-acquisition mode. Once the target 104 15 acquired, the target-tracking vadar
102 may operate in a target-tracking mode.

Target classifier 300 includes cireuitry 306 to calculate the weans 307 of the
theoretical epsilon standard deviations 305 for the current dwell using a windowed
average of the theoretical epsilon standard deviations 305.

Target classifier 300 also includes circuitry 308 to calculate a total epsilon
noise value 309 for the current dwell from means 307 of theoretical epsilon standard
deviations 305. Target classifier 300 may also include circuitry 310 to adjust the
total epsilon noise value 309 for the current dwell based on a pivot range and detect
range for the intended target type and generate an adjusted total epsilon noise value
311

Target classifier 300 may inchude circuitry 312 to compute epsilon means
313 by performing a windowed average of the measured target epsilons 351, The
measured target epsions 351 comprise the off-boresight errors, Target classifier 300
may also include circuitry 314 to calculate the total epsilon measurement 315 by
subtracting the cpsilon means 313 from the measured target epsilons 351 for the
current dwelk

12
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Target classifier 300 may also mnclude circuitry 316 to compare the total
cpsilon measurement 315 with the adjusted total epsilon noise value 31 to
determine whether to increase or decrease a noise count value 319. The noise count
value 319 may be increased for the current dwell when the total epsilon
measurement 315 1s greater than the total epsilon noise value 309, The noise count
value 319 for the current dwell may be decreased when the total epsilon
measurement 315 1¢ not greater than the total epsilon noise value 309,

In these embodiments, the noise count value 319 is increased for a target that
is noisier or glintier than expected for the particular target type. On the other hand,
the nowse count value 319 8 decreased wheo the target is less nowsy or less ghnty
than expected for the particular target type.

In sorne embodiments, the target classifier 300 may joclude counter
circuitry, such as a Markov-chain counter 318, to maintain the noise-count value
319 based on +/~ signals 317 from the comparison performed by circuitry 316,

Target classifier 300 may also imclude circuitry 324 to compare the noise
count value 319 to a notse count threshold 323 for each dwell. Curenitry 324 may
also be configured to set a target tracking flag 325 when the noise count value 319
exceeds the noise count threshold 323, In response to the target tracking tlag 325
being set, the target tracking circuitry 108 (FI1G. 1) of the target-tracking radar 102
(FIG. 1) may be configured to break off from tracking the current target 104 and in
some embodiments return to search mode.

In these embodiments, the target-tracking radar 102 may be configured to
break off from tracking a target 104 because the target 104 is noisier than expected
at the current rage, which is indicated by the noise count value 319 (the total count)

exceeding the noise count threshold 323. The target tracking flag 325 may be set

(e.g., flag=true) and provided to the target tracking circuitry 108 of the target-
tracking radar 102. In these embodiuments, the target-tracking flag 325 is not set as
tong as the noise count vaklue 319 does not exceed the noise count threshold 323,
In some embodiments, setting the target-tracking flag 325 may indicate that
the target 104 is too glinty for the current tracking range for the target type that is
mtended to be tracked. For example, if artillery s intended to be tracked, the target

i3
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nmay appear glintier than expected at a particular target-track range 353 indicating
that an aircratt (or another target type) may be being tracked rather than artillery.

In some embodiments, the target tracking circuitry 108 may cause the target-
tracking radar 102 to remain in tracking mode and conmtinue fracking the target 104
as long as the target-tracking flag 325 s not set. As long as the target-tracking flag
325 15 not set and while the target tracking civeuitry 108 15 fracking the target 104,
countermeasures, for example, may be launched at the target 104, These
embaodirnents roay allow countermeasures o be launched agaimst a parficular target
type (e.g., artiliery) and may help prevent coumtermeasures from being launched
against a non-intended target (e.g., aircraft).

In some embodiments, the target tracking flag 325 may be reset (e.g.,
flag=false) when the track-mode indicator 361 indicates that the target 104 is no
longer being tracked. This may ocour, for example, when the target-tracking radar
102 breaks off from tracking the current target 104 and begins tracking a new target
{such as during target acquusition of operation 202). The Markov-chain counter 318
may be reset (i.¢., the noise count valae 319 may be set to zero) when the track-
mode indicator 361 jndicates that the target 104 1s no longer being tracked or that
the track is unstable.

Target types that may be distinguished by the target classifier 300 may
include artillery from aireraft, commercial aircraft from military aircraft, types of
airceraft {e.g., FA1S, F16, B737 or small private aircraft), artillery from missiles, ¢tc.
In some embodiments, the target classifier 300 may be configured to determine
whether to continue to track a target or to refrain from tracking the target based on
the target type since target glint is pre-characterized at different ranges for different
target types (and captured as target glint information 361 for comparison to
measured values).

In some embodiments, the various circuitry elements of the target classifier
106 described above may be implemented by one or more processors including, for
example, combinations of software~-configured elements, such as processing
elements including digital signal processors (DSPs), and/or other hardware
clements. For example, some elements may comprise One Of More MHCTOprocessors,

i4



WO 2012/141787 PCT/US2012/025200

DSPs, application specific integrated circuits (ASICs), radio-frequency integrated

circuits (RFICs) and combinations of various hardware and logic circuitry for

performing at least the functions described herein. In some embodiments, the

circuitry clements of the target classifier 106 may refer to one or more processes
S operating on one o more processing elements.

Embodiments may be vuplemented i one or a combination of hardware,
firraware and software. Emnbodiments may also be implemented as instructions
stored on a computer-readable storage device, which may be read and executed by
at least one processor to perform the operations described herein. A computer-

10 readable storage device may include any non-transitory roecharnisto for storing
mformation in a form readable by a machine (¢.g., a computer). For example, a
computer-readable storage device may include read-only memory (ROM), randoro-
access memory (RAM), magnetic disk storage media, optical storage media, flash-
memory devices, and other storage devices and media. In some emboduments, the

1S target classifier 106 may inchude one or more processors and may be configured
with instructions stored on a computer-readable storage device.

The Abstract is provided to comply with 37 C.F.R. Section 1.72(b} requiring
an abstract that will allow the reader to ascertain the nature and gist of the technical
disclosure. It is submitted with the understanding that it will not be used to limit or

28 interpret the scope or meaning of the claims. The following claims are hereby
incorporated into the detailed description, with each claim standing on its own as a

separate embodiment.

i
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CLAIMS
What is claimed is:
5 I, A target classifier for classifying a target using rueasured target epsilons

and target glint information, the target classifier configured to:
compare a total epsion measurement with the target ghiot mformation to
determine whether to the target being tracked corresponds to an intended target
type,
10 wherein based on the comparison, target tracking cireniiry 15 configured to

either continue fracking the target or break-off from tracking the target.

2. The target classifier of claim 1 wherein the measured target epsilons
comprise a total angular measurement based on the target’s off-boresight errors
1S which are generated from received signals that comprise a sum signal, an azimuth

delta signal and an elevation delta signal.

3. The target classifier of claim 2 wherein to classify the target, the target
classifier is further configured to:
26 calculate a total epsilon noise value for a current dwell from means of
theoretical epsilon standard deviations;
calculate a total epsilon measurement for the current dwell from the off-
boresight errors;

increase a noise count vahue for the current dwell when the total epsilon

b
LA

measurement is greater than the total epsilon noise value; and
decrease the noise count value for the current dwell when the total epsilon

measurement is not greater than the total epsilon noise value,

4. The target classifier of claim 3 further configured to:
30 calculate theoretical epsilon standard deviations for the current dwell based
on a nominal noise power and normalized signal power of the reccived signals; and
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calculate the means of the theoretical epsilon standard deviations for the
current dwell using a windowed average of the theoretical epsilon standard

deviations.

5 5. The target classifier of claim 3 further configured to:

adjust the total epsilon noise value for the curvent dwell based on a pivot
range and detect range; and

compare the total epsilon measorement with the adjusted total epsilon noise
value to determine whether to increase or decrease the voise count value.

10

6. The target classifier of claim 4 wherein based on a track-mode indicator,

the target classifier is further configured fo refrain from calenlating the theoretical

epsilon standard deviations until the target tracking is stable.

15 7. The target classifier of claim 3 wherein to calculate the total epsilon
measurement for the current dwell, the target classifier is further configured to:
compute epsilon means by performing a windowed average of the measured
target epsilons, the measured target epsilons comprising the off~boresight errors;
and
264 calculate the total epsilon measurement by subtracting the epsilon means

from the measured target epsilons for the current dwell.

8. The target classifier of claim 3 further configured to:

compare the noise count value (o a noise count threshold for cach dwell;

b
LA

set a target tracking flag when the noise count value exceeds the noise count
threshold,

wherein in response to the target tracking flag being set, the target tracking
cirenitry of a target-tracking radar is configured to break off from tracking the
target.
30
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9. The target classifier of claim & wherein the target tracking circuitry s
configured to cause the target-tracking radar to remain in tracking mode and

continue tracking the target as long as the target-tracking flag is not set.

N 10. A method for distingnishing an intended target from a non-intended

target comprising:

calenlating a total epsilon noise value from means of theoretical epsilon
standard deviations;

adjusting the total epsilon noise value based on a pivot range and detect

10 range;

calenlating a total epsilon measurement from ott-boresight errors;

jocreasing a noise count value for a corrent dwell when the total epsilon
measurement is greater than the total epsilon noise value; and

identifving a currently tracked target as a non-intended target when the noise

IS count value exceeds a noise count threshold for an intended target type.

11, The method of claim 10 further comprising setting a flag to wnstruet
target-tracking cirenitry to break-off from tracking the currently tracked target when

the currently tracked target is identified as a non-intended target type.

26
12. The method of claim 11 further comprising:
computing epsilon means by performing a windowed average of the
measured target epsilons, the measured target epsilons comprising the off-boresight
crrovs; and
25 calculating the total epsilon measurement by subtracting the epsilon means

from the measured target epsilons for the current dwell.

13, The method of claim 12 further comprising:
calculating theoretical epsilon standard deviations for the current dwell
30 Dbased on a nominal noise power and normalized signal power of the received
sigrals; and
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30

calculating the means of the theoretical epsilon standard deviations for the
current dwell using a windowed average of the theoretical epsilon standard

deviations.

14, The method of claim 13 further comprising decreasing the noise count
value for the current dwell when the total epsilon measurernent 1s not greater than

the total epsilon noise value,

15, A target-tracking radar coroprising:

a target classifier to distinguish an intended target from a non-intended
target; and

target-tracking civcuiiry responsive 1o the target classifier to refrain from
tracking a non-intended target,

wherein the target classifier is configured to:

calculate a total epsilon noise value for A current dwell from means of
theoretical epsilon standard deviations;

adjust the total epsilon noise value for the carrent dwell based on a pivot
range and detect yange;

caiculate a total epsilon measurement for THE current dwell from off-
boresight errors;

increase a noisc count value for the current dwell when the total epsilon
measurcment 1s greater than the total epsilon notse value; and

instruct the target-tracking circuitry to break-off from tracking a currently
tracked target when the noise count value exceeds a noise count threshold for an

intended target type.

16. The target tracking radar of claim 15 wherein the target classifier is
further configured to:
compute epsilon means by performing a windowed average of the measured

target epstions, the measured target epsilons comprising the off-boresight crrors;

19
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calculate the total cpsilon measurement by subtracting the epsilon means

from the measured target epsilons for the current dwell.

17. The target tracking radar of claim 16 wherein the target classifier is
S further configured to:
calculate theoretical epsilon standard deviations for the corrent dwell based
on a nominal notse power and vormalized sigoal power of the received signals; and
calculate the means of the theoretical epsilon standard deviations for the
current dwell using a windowed average of the theoretical epsilon standard

10 deviations,
18, The target tracking radar of claim 17 whereimn the target classifier is

further configured to decrease the noise count value for the current dwell when the

total epsilon measurement is not greater than the total epsilon noise value.
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