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ABSTRACT

Second-level identification (SLID), which is a
general method that may be applied to reduce
errors and improve the performance of any target
identification algorithm is presented. In
particular, an SLID algorithm using target length
for high-range-resolution (HRR) — based
identification of aircraft is examined in depth.
Results, including improvements over the
baseline algorithm performance are given.

INTRODUCTION

The analysis presented in this paper is a part of
the work that was done on a Phase 1 SBIR. The
purpose of this work was to develop, apply, and
evaluate innovative target recognition techniques
utilizing a limited but technically challenging
train-and-test database of high-range-resolution
(HRR) signatures of air targets. The dual goals
of the work were to develop and demonstrate
techniques that (i) could be of immediate use in
improving current-generation identification
algorithm performance, while (ii} also laying
foundations for the development of next-
generation algorithms. These goals were
achieved by developing algorithms that were
shown to improve the performance of the current
generation of techniques and identifying features
and new techniques applicable to the next-
generation algorithm development effort.

The concept of Second-Level Identification
(SLID) algorithms was introduced, developed,
and applied. An SLID is a specially designed
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algorithm that operates on the output of a more
general all-target, all-aspect First-Level
Identification (FLID) algorithm. The FLID must
be designed to handle an “N-class” problem, that
is the case where there are many potential target
classifications including “unknown” (not in
library) and “not declared” (in library, but
uncertain as to which). Given typical conditions,
any FLID will likely have certain areas of
weakness — that is, sets of signatures that are
difficult for the FLID to distinguish among — so
that target declarations will have a higher than
usual chance of being incorrect. The SLID is a
tailored special-purpose algorithm designed to
address these areas of FLID difficulty, where a
subset of the FLID identifications is reassessed
using a “2-class” or otherwise-restricted set of
possible outcomes.

A conceptual diagram of an SLID structure is
given as Figure 1. Focusing on the SLID
algorithm that operates on T2 declarations of the
FLID, we note that its output can be either T2 or
T3. Such an algorithm would be designed and
implemented in the case that the FLID tends to
identify both T2 and T3 targets as T2 targets.
The SLID would then be designed to specifically
distinguish T2 from T3 targets, with the desired
outcome that the output of the SLID would retain
the FLID’s efficacy with T2 targets, while
correcting many of its misidentifications of T3
targets.

It is shown in this report, for example, that
starting with a baseline FLID with good average
performance over an entire test dataset, the
application of a specially designed SLID at one
of its output nodes enabled our system to recover
61% of a particular type of error made by the
FLID.

The development of the SLID concept and its
application to this particular problem was a part
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of a broader study undertaken under an SBIR
program. Under the program, other features --
such as signature CEPSTRUM; other
algorithmic innovations -- such as discriminant
pattern processing (DPP); as well as a
revolutionary (as opposed to the immediately
useful, evolutionary nature of the SLID) HRR
target identification approach -- high-accuracy,
low-complexity scattering center modeling
(HLSCM). (ref1)

A broader and deeper application of the SLID
methodology in conjunction with some of the
other techniques developed under the SBIR
program should permit the more rapid
development of better-performing identification
algorithms by allowing the researcher to focus on
the features, signal processing, and decision
functions that best distinguish certain,
particularly difficult classes of targets.

BASELINE DATASET AND
(FLID) ALGORITHM

An unclassified six-class HRR signature
database and a baseline six-class identification
algorithm were acquired and evaluated. This
combination of data and algorithm represents a
baseline against which improvements may be
judged. The database contains 116,697
measured signatures of six distinct target types
and a set of synthetically generated signatures at
1 degree pose-angle increments for each target.
The baseline algorithm uses single-look forced
decision logic based on minimizing the quadratic
point-wise distance between each measured
signature and the set of synthetic signature
templates -- synthetic templates are developed as
averages of the synthetic signatures over 57x5°
target pose sectors. This ‘tiling’ of the search
space is depicted in Figure 3. When applied
using these templates and an angle-search of plus
or minus one template from the reported angle,
the baseline results in Figure 3 are obtained.
From the figure it is clear that the algorithm has
the most trouble identifying targets of type E. In
terms of possible SLID application, the greatest
area of opportunity can be seen to exist when a
target is declared as a “D”.

It is to be noted that the HRR dataset was
constructed to be a challenging one that includes
target types and signatures that are particularly
difficult to identify and separate. On the other
hand, the dataset was well-screened to ensure
that the data we would be working with would

be appropriate for algorithm development and
test. It is well-documented (see, for example, ref
2) that corrupted data, both measured and
synthetic, are often unknowingly utilized in such
studies, making good results difficult to achieve
and often leading to misleading conclusions.

The baseline FLID algorithm was designed
based on many years of development,
experimentation, evaluation, and refinement with
these data. While not an ‘optimal’ algorithm,
this algorithm is considered to be quite good for
these data. See, for example, ref 3, 4, and 5
which describe multi-look results using a very
similar algorithm and train and test datasets.

SLID METHODOLOGY

After baselining the FLID, the measured data
were randomly partitioned into developmental
and evaluational subsets. The developmental
subset was analyzed and utilized repeatedly
during the SLID development process. The
evaluational subset was never analyzed and was
used only as test data to provide final algorithm
performance results.

As stated earlier, the primary notion behind the
Second Level Identification (SLID) algorithm is
that whereas the more general FLID algorithm
must be designed to provide the best average
performance for, say, a 30-class problem with
unknowns, an SLID algorithm can be
constructed to perform a much more specific
task. By analyzing the specific outputs of the
FLID during the algorithm development process
and concentrating in those areas in which the
FLID evidences its worst performance, we can
often reduce the FLID’s difficult “N-class”
problem to an easier, post-FLID set of SLID “2
or 3 class” problems.

That is, SLIDs can be developed as specialized
algorithms designed specifically to excel at
solving those problems that are difficult for the
broader, more general FLID. One can then view
the resulting FLID-SLID system as a sequence
of sieves, wherein the FLID is the best general-
purpose sieve for the entire problem, while the
SLIDs are subsieves designed specifically to
correct confusions that are especially difficult for
the FLID. An example would be a rule such as
the following: “If a target is declared by the
FLID as type ‘D’ with an azimuth between 20
and 50 degrees, then consider carefully whether
it might actually be a ‘C’ or ‘E’ rather than ‘D’.”
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Indeed, this is exactly the SLID that is reported
on herein.

For reasons of scalability, it would be best if the
secondary algorithm worked by finding a
positive identification trait for one of the
alternatives. Less effective but easier and still
scalable is if the SLID could identify traits that
tend to rule against the initial classification.

Taking an SLID approach is intuitively
appealing and experientially justified. That is, it
is reasonable to believe that those features and
techniques that comprise the FLID — that is,
those that provide best overall average
performance over a large number of target
classes — will not necessarily be the techniques
and features best suited to resolve ambiguities
between any two or three specific targets from
within that set. In the past, to improve an
algorithm’s performance, we have had to tinker
with a single algorithm to try optimize its
performance over the entire target set
simultaneously. What we have often found is
that as we improved performance on, say, Target
A, we concomitantly degraded performance on
Target B, leaving us with little or no overall
average performance improvement. Utilizing an
FLID structure, one can retain the algorithm that
provides best overall performance, while
tailoring specific sub (SLID) algorithms to
resolve residual sub-problems.

ESTIMATING TARGET LENGTH

The first specific feature that was evaluated
under this contract was related to estimating the
electromagnetic length (EML) of a target. EML
is expressed as the number of range bins between
the beginning and end of the target signature
within the HRR signal. Even when the signal-
to-noise ratio is very large, there is ambiguity in
defining signature regions very precisely.
Besides having to establish threshold values and
algorithms to specify the beginning and end of
each signature, there is the phenomenology of
the occasional long “tail” of HRR profiles that
(presumably) results from reverberations within
cavities of the aircraft.

Two analyses were conducted: one with a simple
thresholding technique that attempted to exclude
the tails from the EML estimates (short EML or,
more succinctly, SEML) and a second that was
specifically designed to include the tails (Jong
EML or, more succinctly, LEML) in its estimates.
It was found that the estimated EML changed

with azimuth, per theoretical expectation in both
cases. Additionally, it was shown that each of
these length estimates (as a function of azimuth)
provided utility in distinguishing between the
target classes in both measured and synthetic
data. Experiments were performed successfully
using SEML as an FLID and using LEML as an
SLID.

This research suggests that SEML captures much
of the performance of the entire HRR profile as
an FLID -- a somewhat surprising result, given
the time and effort dedicated to designing this
HRR-based algorithm. The research further
suggests that the LEML feature significantly
helps resolve a major residual FLID confusion
between targets ‘C’, ‘D’, and ‘E’.

CLOSEST MATCH METRIC FOR SEML

The first analysis involved a straightforward
length estimate for measured signatures based on
the mean and standard deviation of the first 100
noise points. Analyses indicated significant —
though highly variable — differences in target
length between the target classes. The length
estimate for the corresponding synthetic template
was obtained by applying the same threshold as
computed for the measured signature. Using a
simple “closest match” metric (i.e., picking the
synthetic template whose length is closest to the
measured signature), length performed
remarkably well as a simple first-level ID
mechanism. However, when used as an SLID to
resolve the “targets declared as D” problem, this
metric degraded rather than improved baseline
performance. We concluded that the baseline
algorithm already incorporates the information
provided by the closest match metric.

LEML ANALYSIS

The second analysis involved looking at the
target length using a detection algorithm tuned to
find the long signature tails that we believe are
due to electromagnetic energy reverberating
within target cavities before emerging and
reflecting back toward the illuminating radar. In
this case, target length proved to be a powerful
SLID predictor for the baseline algorithm:
measured signatures for target class “D” rarely
have target lengths larger than about 90 range
bins, whereas C and E (both often misclassified
as D) can often evidence longer lengths. An
SLID based on this feature was able to recover
61% of the C signatures that had been
misclassified as D by the GFE FLID. This
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increase in Target C identification came at a
“cost” of losing less than 1% of the correctly
classified D signatures. A summary of the
increased performance gained through the SLID
algorithm is given in Figure 4.

Thus, while target extent (length / SEML)
performed quite, even surprisingly, well as an
FLID, we have found that signature resonances
(as estimated by LEML) can also be exploited as
an SLID to improve overall performance.
Furthermore, these two length measures thus
become candidates for a feature-based high-
accuracy, low complexity algorithm, which

would be the focus of a follow-on Phase II effort.

SUMMARY

Any target identification algorithm will identify
some targets with greater accuracy than others.
An SLID algorithm allows the weaknesses of the
FLID algorithm to be corrected to some extent.
Several SLID algorithms may be used on one
FLID algorithm to improve accuracy on several
different target declarations. Each SLID has the
advantage of having to work with only a subset
of the general problem, with the opportunity to
improve performance on that declaration without
affecting the rest of the problem. This is critical
because, after significant work has been done on
optimizing a given algorithm’s performance over
an entire dataset, further improving performance
on one particular target usually comes at the
expense of performance on other targets. Time
and effort may be reduced and performance may
be significantly improved by utilizing all that the
FLID has to offer and then adding SLIDs to
improve the weakest of the FLID outputs.
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SECOND-LEVEL ID ALGORITHM STRUCTURE
IRTA,A/MCA
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+ Pose Within +/-7.5°
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Figure 1 — Second Level ID Concept
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BASELINE PROBLEM AREA

IRTA//MCA
Declared

Actual A B c 5) E F AID
A 082 0065 0047 0037 00 0025 8%
B 0040 0941 0008 0004 0000 0007 H%
C 0067 0025 0662. 0172 0017 0054 . 66%
D 0019 0044 0032 0791 0007 0107 7%
E 0049 0050 0066 0141 0629 0064 63%
F 0025 0020 0046 0052 0042 0808 81%
Plcorrect) 80% 82% % 6% 9% 75%

In the baseline algorithm, targets
declared as ‘D’ have a high likelihood
of being misclassified.

CISC 2000. SLYD. marvincohen@atl. medinone.net

Figure 3 — Baseline Algorithm Performance
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LENGTH-BASED SLID RESULTS

IRTA #/MCA
Declared

Actual A B C D E F % recov

A 35 -37 2 0%

B 0 0 0 0% (w:a__s 0.172)

C 653 -669 16 61% (was 0.141)

D 59 -68 9 0.87% .-

E 84 -252 168 14%

F 45 57 12 %

Total 0 0 876 -1083 207 0 .~

Declared
Actual A B c D E - F P(ID)
A 0.822 0.065 0.050 0.033 _.Q.'004 0.025 82%
B 0.040 0.941 0.008  0.004 .~ 0.008° 0.007 94%
Cc 0.067 0.025 0.726 - 0.106% o018 0.057 73% (was 66%)
D 0.019 0.044 0.038 0.784 ‘ 0.008 0.107 78% (was 79%)
E 0.049 0.050 0.075 . 0.116 0.646 0.064 65% (was 63%)
F 0.025 0.029 0.051 0.046 0.044 0.806 81%
P(correct) 80% 82% T7% = 12% 90% 75%
(was 66%)
Awerage of P(ID) Values 79% (was 78%)
Gross Awerage P(ID) 79% (was 77%)
CISC 2000. SLTD. marvincohen@at! di net
Figure 4 — Length SLID Results
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