THE UNIVERSITY OF MICHIGAN
5172-6-Q

TARGET SIGNATURE STUDY
Interim Report

1 September through 30 November 1963

Contract Nr. DA 36-039 SC-90733
Target Signature Research
Department of Army Project Nr, 3A99-23-001

November 1963

OBJECT

Conduct a Study and Investigation to Determine an Optimum Method
of Identifying Military Targets by Radar

5172-6-Q = RL-2123

Prepared By
B. F. Goodrich, B.A.Harrison and O. G. Ruehr



THE UNIVERSITY OF MICHIGAN
5172-6-Q

Qualified requestors may obtain copies of this report
from the Defense Documentation Center, Cameron
Station, Alexandria, Virginia, 22314.

DDC RELEASE TO OTS NOT AUTHORIZED.

ii



Lol

THE UNIVERSITY OF MICHIGAN

5172-6-Q

TABLE OF CONTENTS

Section

Purpose
Abstract
Visits and Conferences

Technical Work (1 September - 30 November 1963)

4.1 Introduction

4,2 Computer Simulation of Mixed Filter-Target
Signature Study

4, 3 Representation of the Target Signatures

4. 4 Review of Technical Work

Program for Next Interval
Acknowledgement
Distribution List

iii

Page

DN DN = s

20
25

26
26
27






THE UNIVERSITY OF MICHIGAN
5172-6-Q

1. PURPOSE
The purpose of this program is to conduct an investigation to determine an

optimum method of identifying military targets by radar means.

2. ABSTRACT

The mixed filter is analyzed in detail using machine simulations. A quan-
titative estimate of the resolution as a function of the filter parameter is obtained
for a given target.

The uniform method of describing targets in terms of their frequency
signatures is further developed. Included is a tentative criterion for choosing

the representations in terms of translates of a given function.

3. VISITS AND CONFERENCES

There were no visits made or conferences held during this reporting period.
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4, TECHNICAL WORK - 1 September through 30 November 1963
4,1 Introduction

The technical work for the sixth quarter has been concentrated in two areas.
First, we have further studied the mixed filter and by use of simulations found a
more or less quantitative relationship between the filter parameter and range
resolution; however, we have only found a qualitative relationship between the
filter parameter and the appearance of spurious target signals due to noise.

Second, we have continued our study of a uniform means of frequency
signature representation by means of translates. We have a possible means of

finding the optimum function to use in the representation.
4,2 Computer Simulation of Mixed Filter-Target Signature Study.

A computer simulation study of the mixed filter for target identification was
undertaken during the current reporting period. In general, the results seem to
corroborate the expectation that a mixed filter is an effective compromise between
a matched filter (noise suppression and identification) and an inverse filter
(resolution). Optimum results were obtained for values of the filter parameter
over the range m = 1 tom = 10 .

The targets considered are linear arrays of n elements oriented at an

arbitrary angle, 6, relative to the receiver. The signature of the target array is

wndsinf iwd(n-1)sin@
¢ c

) (l)

wdsin@
c

where d is the spacing between elements and c is the speed of light. The

mixed filter corresponding to a target «a is
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The normalization factor, Aa m is chosen so that a return consisting only of a
single target of the type sought will give a peak of unit height at the required dis-

tance,
The matched filter limit, m 5 o, is found from (2) and (3) to be

*
XMW= e )
m T .
[ ool a
-r

The inverse filter, m = o, is

*
Sq (W)
1 (¢4
X = 5 T8 P

(4)

(5)

The simulation study contains about 60 individual computer runs over which
several parameters vary. These include the filter parameter, 1, the signal to
noise ratio, orientation of target, number of elements in the target array, and
the number and distance of targets. A summary of these runs is included in
tabular form in the following tables, giving both a qualitative and quantitative
description of the results.

Figure 1 displays the range resolution as a function of the filter para-
meter. The information is obtained from computer runs by measuring peak widths.

Figures 2 through 11 present a representative sample of the computer runs.
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FIG. 1: Range Resolution (peak width/incident pulse length).
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4.3 Representation of the Target Signatures

We continue with our analysis of the use of Wiener's theorem on translates
for the representation of target signatures. Briefly, we summarize the problem
of target signature representation as follows,

Given a set of signature functions Sa(w), where o designates the a'th tar-
get, we wish to find a representation in terms of translates of a function S(w) in

the sense

Sa,(w)gZ AIC: S(w+wi) )
k

where we leave the question of convergence for later. We have from the Wiener
theorem that for a sufficiently broad class of functions the approximation is pos-
sible. What we need to find is ; 1) a constructive method of realizing the expansion,
and 2) a criterion for choosing the best S for our filter scheme,

On obtaining the representations for a given set of targets we can define a set
of translates which can be used for any of the targets by simply forming the union
of the translates for each of them. The coefficients {A.E } now can be used to

characterize the target signatures;
s, < {ar] (6)
2 A'k '

To form a filter which can detect target o and discriminate against target

B we need to modify Sa(w) so that the overlap between Sa and S_ is as small as

B

possible, If we look for

o

Sa(w) <> { A.k

where ga(w) is formed by putting
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No 0 ~ Na
A=\, Sa(“’)i’Ak Sw+uwy) (8)
Ay
in order that
\ c
and (9)

~ |2
PN
where € and M are positive numbers. Then a filter constructed from Sa(w)
should in some sense satisfy the discrimination requirements.

We still need a criterion for choosing S. For a given set of targets and for

a given S we define a set of translations and we need put some limitation on
|s*s (aw)| < n

where Aw is the smallest interval between translations. We have made some
progress in this wise. We, for convenience, have represented the signature functions

in terms of convolutions rather than translations.

Let there be given a set of spectra

Sl (b.)), Sz(w), cee Sn(w)
We wish to find a function (spectrum) S(w) such that in the representation

Sa(“’) ='§ ¢ 05”) S(w-n) dn
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the functions ¢a are "as different as possible'". To obtain a criterion of difference

(discrimination) we let

[ 18]

then the set [ ¢a} is correspondingly different, according as the sum

2

¢a/ %

CQ/ CB

B

is large. Thus we want to find an S to maximize this sum.

Now
b, 95
c e, |

—¢9‘-g§ g‘—’ ?5 =2-2R{ g“—
a B

o B a cB a

= b

and we want to minimize the sum

o 3| T

B

2

Denoting Fourier transforms by ~ we have

1 ~
P
1WX

Zo g e
o

g(x)
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= —_— e dx dy
4m S(x) (%)

2 L L
‘Z?ﬂ 1 -iwxtowy Z?’; Sa,(x) Z_B SB(X)

Hence
iz

and we want to minimize this last expression on S, subject, say, to

2
|sx)| =1

We set
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Hence the minimum value of the integral is ¢, and can be achieved by setting

PNAY

| |

=27cC |§(x)l
or
~ 12 1 1 »~
|8x)| = E;EIZ'C—Q SQ(X)l

As soon as the ¢, are known, this gives S(x) as any function whose modulus

satisfies the above. To determine the ca we have

~ 2 o 2

2 2 1 lsa,(x)l 1 lS a(x)l

¢y |¢a(“’)l = or ]Sx(x)]z = o ) L

e |2 25 35
f |§a(X)|
c“=c
« 1
|Z?g S
This gives n equations in the n unknowns c;, ¢,, ..., c, to solve .

The extension of this criterion to the representation in terms of translations

is immediate on nothing that

Z Akf(w + uk)= f a(n) flw+mn)dn

where

A=) A sm+e) .
k
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4, 4 Review of Technical Work

We divide the technical work into three topics:

1. The development of the mixed filter concept so as to be able to affect a
compromise between best discrimination (matched filter) and best resolution
(inverse filter).

2. The test of the scheme using a complex target. We are now prepared
to use a vehicle as the target in our simulation experiments.

3. The development of a representation of the target frequency signatures
in terms of translates of a suitably chosen function so as to facilitate the construction
of filters and so as to be able to decide whether two given targets can be dis-
criminated one from the other,

At this point we can make a somewhat quantitative evaluation of the mixed
filter in that we can suggest a range of the filter parameter for suppressing a
certain noise level or for a certain range resolution. Since we have developed
our analysis on the basis of essentially one target we would wait for a more exten-
sive target analysis before we make any more definite predictions as to resolution
and discrimination criteria as a function of the filter parameter. We should be
able to make a sharper statement after the vehicle simulation.

The preliminaries to the vehicle simulation are complete. We have waited
with the actual run until we obtained a better understanding of the mixed filter. The
vehicle simulation is the next task in our program,. In the future other complex tar-
gets will also be simulated.

The development of a means of representing the frequency signatures in
terms of the translates of a given function is the most difficult and, we believe, the
most important of our problems. Such representations exist and we need a systematic
way of realizing them and a means of choosing the best given function. We have a
tentative method of choosing the function but as yet no systematic way of realizing

the representations.
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We attach such importance to the representation of the signature since
these representations will permit a systematic way of constructing the best pos-

sible filters for discriminating a group of targets one from another,

5. PROGRAM FOR NEXT INTERVAL

Due to the amount of effort devoted to the analysis of the mixed filter the
planned simulation of a vehicle was not completed. This is, however, a main
task for the next period.

The analysis if the uniform representation will be continued. The goal is
a constructive method of obtaining the representation and a sharp criterion for

choosing the expansion function,
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