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TS R AN

I. INTRODUCTION
o

This first semi-annual progress report contains s summary of the prob-
lem that is being addressed in this project, s summary of the work that is
now in progress, a list of persomnel who are participating in this project,
and a summary of projeot-related activities.

The goal of this project is to formulate and investigate new approaches
for forming images of radar/somar targets from spotlight-mode, delsy-
doppler measurements. Initially, we are studying s particular processing
motivated by an approach used in radiomuclide imaging. Our longer term
goal is to develop new processing based upon a realistic model for the data
acquired with a radar—imaging system.

Inverse synthetic—aperture imaging (ISAR) in radar and sonar relies
upon the relative motion between the transmitter, target, and receiver. 1In
the usual approach, the target is illuminated by a series of transmitted
pulses, The return for each pulse is a superposition of reflections from
various locations on the target, with each location affecting the pulse by
introducing both a delay and doppler shift. The returns are processed to
produce an image of the target. -/

The common approach is to use tﬁo same transmitted-pulse for esach
illumination of the target. Bernfeld [1] appears to be the first to intro-—
duce the idea for radar imaging of modifying the pulse shape on successive
illuminations. We are using this idea of Bernfeld’s. He also suggested an
approach for processing the reflected return pulses s0 as to produce images
of the target; his approach is based on an analogy he observed to the
equations governing the data acquired in the x-ray tomographs currently

being used for forming radiological images in medicine.

One deficiency in Bernfeld'’'s movel approach is that, for the anmalogy to

- page 1
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x-tay tomography to be accurate, the ambiguity functionm of the transmitted
pulses must be highly concentrated along lines in the delay-doppler coordi-
nates and, moreover, must havs a constant amplitude along such lines,

Thus, practical radar/sonar pulses having ambiguity functions with compli-
csted sidelobe structures and a nonuniform amplitude along the principle
lobe are not accommodated very well in the concept. The purpose of the
initial phase of our study is to investigate an analogy to medical imaging
wvhere this restriction is relaxed. This extension to Bernfeld’s idea may
permit improved images to be formed for practical ambiguity functions.

The analogy to medical imaging which we are attempting to exploit is
described fully in our paper [2], which is included herewith as Appendix 1.
To summarize, the transmitted pulse has a complex envelope Etlzf(t). where
Bt is the transmitted energy, and the received pulse has a complex emvelope
s(t) given by

s(t) = j' b(t—e/z.z)n{”f(c)dr.

o

where b(t,t) is a zero-mean, complex-valued Gaussian process modeling a
diffuse reflection interaction at the target; b(t,t) is the instantaneous
strength of the reflection at time t and two—way delay v. In our initial ‘
study, we are assuming that the scatter process is stationary temporally .
and uncorrelated spatially (i.e., a WSSUS model imn the terminology of Van

Trees [3].) The power spectrum of b(t,t) at a given delay v is the tar—

get’'s scattering function o(t,f). For two distinct delays, say tl and Ty '
the processes b(t.tl) and b(t,tz) are uncorrelated. For our initial study,
the received pulse is first processed by a collection of bandpass matched
filters and square—law envelope detectors, as shown in [2, Figure 1, see

Appendix 1]; each bandpass matched filter is matched to a doppler—shifted

-— page 2
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version of the traasmitted pulse. This is a differeat form of front—end

processing from the usual ISAR processing where two-dimensional Fourier
transforms are used. Our motivations for the use of the BPMF-SLED are: 1,
the BPNF has known qualities for suppressing the effects of additive noise;
and 2, the BPMF-SLED receiver arises in s fundamental way for estimating
delay and doppler [3]. VWithout additive noise, the =»xpected value of the
result of this BPMF-SLED preprocessing is a function p(t,f) of delay t and

doppler £ given by

p(c,.f) = EtI o(c’',f')a(z~',£~-£')dc'df’,

where a(t,f) is the ambiguity function of the transmitted pulse, which is
the squared magnitude of the complex delay-doppler correlation function [3,
oqn (10.18)]. VWe call p(x,f) the '‘'delay—-doppler power function;'’' it is the
tvo—dimensional convolution of the ambiguity function of the transmitted
pulse and the scattering function of the target,

Recognizing the effect on the ambiguity function of varying the linear
FM sweep (chirp) rate of the signal is important for our work. The effect
is to shear or tilt the ambiguity function in the delay-doppler plane (3,
p- 290]. VWe demote this tilt by the parameter O, which depends on the
chirp rate. While it is not necessary to do so, we are assuming in our
initial studies that the pulse shape is changed along with the the chirp !
rate in such a way that the only variation of the ambiguity functiom is to
rotate it to an angle © in the delay-doppler plane; our motivation for this

is to maintain a close analogy to radionuclide imaging. In order to

& s o g o o

include this chirp-rate modulation in our notation, we shall replace f(t),

p(t,f), s(t), and a(x,f) by fe(t), pe(t,f), se(t), and ne(t,f) respective—

O Lol ok

-— page 3
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We may now state the delay—doppler radar imaging problem that we are
studying as follows. Estimate the target’s scattering function from data
acquired from a series of target illuminations for chirp rates resulting in
N tilt angles 01, 02. cess ON of the ambiguity function of the transmitted
pulse. For our initial study in which the received signal is preprocessed
by a collection of BPMF-SLED’s, the estimate is to be formed by using an

appropriate algorithm on the N delay—-doppler power functions

Po(t.f) = Eti; i;a(t’.f’)ae(t-t'.f-f')dt'df',A

(for @ = 91. 0,, ..., ON) appearing as the output of the BPNF-SLED's.

Our approach is based upon the use of an algorithm, called the confi-
dence-weighted (CW) algorithm, that is used in radionuclide imaging where
an expression similar to that for the delay-doppler power functions pe(t,f)
is obtained. With reference to [4], in radionuclide imaging, pe(c,f)
corresponds to the intensity of detected coincidences, at the various
observation angles, o(t,f) corresponds to the intensity of annihilationms,
and a(t,f) corresponds to the measurement-oerror density, and the goal is to
estimate the intensity of annihilations from observations of coincidences
when the error density is known from calibration experiments., The steps
requnired with this algorithm are detailed in [2, see Appendix 1].

Our plan for studying the use of the CW algorithm for radar imaging

consists of three major steps as follows:

1. establish a capability for simulating noise—free return

signals from simple radar targets, simulating the BPMF-SLED

— page 4
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preprocessing, simulating the CW algorithm, simulating the
:E conventional ISAR algorithm, and comparing results;
oL,
! 2. establish a capability for simulating noisy return signals
from simple radar targets, simulating the BPMF-SLED prepro-
)
4 z- cessing, simulating the CW algorithm, simulating the conven-
- tional ISAR slgorithm, and comparing results;
)n
S 3. formulate a model for the noisy return signal in an imaging
= radar system and apply statistical estimation theory to de—
[ e
) rive a model-based algorithm for forming the radar image, and
i; compare this to the results obtained with the CW and
-
conventional ISAR algorithms.
<
]
f Our effort during the first six months has been toward accomplishing the
* first of these tasks. \
) II. SUMMARY OF WORK ACCOMPLISHED
. -
~
The goal of our efforts during the first six months of this project has
!! been to establish a capability to simulate idealized delay—doppler radar
) . dats and to process the simulated dats using both comnventional ISAR pro- -
ﬂ':. cossing and the CW processing suggested by that used in radionuclide im— ‘
X aging, as discussed in [2, see Appendix 1]). The implementation is
N '*idealized'’ in the sense that no noise or random—reflection effects are
.
ﬂ: included.

During this period, computer simulations of radar returns from simple
targets and the processing of the returns by radar image-processing algo-

rithms have been developed, and some preliminary tests have been performed.

-

Two targets have been simulated, a rotating rough disk and a rotating

s -— page 5
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rough sphere. The scattering functions for these test objects are kmown
analytically and are shown in [2, Figures 2 and 5, sese Appendix 1].

Two types of radar pulse—sequences have been included. They are
illustrated in Figure 1. For the first, a sequence of 128 linear FN
chirped pulses, each having a Gaussian envelope, is transmitted, with each
pulse having a distinct chirp rate. The duration and FN sweep rate of each
pulse were chosen so that the ambiguity functions associated with the
resulting pulses would all have the same shape in the delay—doppler plane
but would have their major axes rotated from ome pulse to the next so0 as to
cover all angles in the range from 0 to 180 degrees uniformly. The parame-
ters for this first pulse sequence are given in Table 1.

For the second series of radar pulses simulated, a sequence of 128
stepped—-frequency bursts is transmitted, with each burst consisting of 128
short, separated pulses; each pulse in a burst has a distinct frequency,
but all the bursts are identical. Our motivation for using the step-
ped—-frequency waveform is that it is one used at the Naval Ocean Systems
Center in San Diego. The parameters for this second pulse sequence are
specified in Table 2.

Two radar signal-processing algorithms have been implemented during
this six month period. The first is based on conventional ISAR processing,

and the secoud is based on the processing used in radionuclide imaging.

processing based on conventional ISAR technigues. A digital simu-

lation capability was developed for generating ISAR images. This
involved a study of current ISAR processing techniques and the selec-
tion of ome approach for implementation., The literature (see, for
example, D. L. Monsa {[5]) describes ISAR digital processing in terms

of two—dim.nsional discrete Fourier transformation techniqunes; this

— page 6
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SERQUENCE 1: GAUSSIAN ENVELOPE, LINEAR FM CHIRP, CHIRP-RATE MODULATION

£z freq(t)
o envit) jﬂt ﬁv

—_—T— 3 t st —m————) £t 0008 ——} t e00 ——-—3 t eee

"
)
N PULSE #: 1 32 o4 96
-«
~
g ) FWHM (us): 69.8 344 482 344
.
oo
PR CHIRP
..o RATE (MHz/s): +96 +80 o -BO
.. EAND
AR WIDTH (kHz): 26 57.8 1.8 57.8
v AMBIGUITY FNC
N TILT ANGLE (8): 1.4° 450 P00 1350
K
e
R SEQUENCE 2: STEFFED-FPERUENCY WAVEFORM
. *» [ X J [ X J [ X )
" J—l—l—}——)t.oo‘l—l—!——‘l—)tooom—l—)tooom—l—ﬁtono
al
~ .
Z %
= p? BURST #: 1 32 64 96
’ | CHIRFP
i RATE (MHz/s): 3.4 3.4 z.4 3.4
s
- BURST PARAMETERS:
-
e PULSE #: 1 2 3 128
: — — (o ——
‘ ’.\ I l I | [ E XXX
%) T1 =85 ns ) |
Y
W - T2 = S77 ns — —
~ T3 =73 ms — —
FIGURE 1. SEQUENCES USED IN SIMULATIONS
7
C
A
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TABLE 1: PARAMETERS OF SIMULATIONS USING A GAUSSIAN PULSE SEQUENCE

QUANTITY SYMBOL

target distance R
number of pulses N
center frequency fc
wavelength A
speed of light c
target rotation rate «
down range resolution rd
cross range resolution rc
(maj axis)/(min axis)

of ambiguity function
target diameter
nominal two-way delay Tr
delay resolution rt
doppler resolution rf
angle major axis amb.

fnc. makes with the

delay axis, pulse i o

[~ X )

constant al
constant a2
parameter pl
parsmeter p2

pulse std. deviation T
" pulse duration (FWHM) FWHN

FM sweep rate b
pulse bandwidth BW
pulse spacing T2
total illumination time Tt *
total aspect change v

EXANPLE USED IN SIMULATION:

VALUE

12.5 nautical miles
128

3 GHz

0.1 m

64°*xd
2%R/¢c
2%rd/c
2%,%rc/A

(i-1)/an

2ne

2n/e

;1~:in2(e) + lZ‘cosz(O)
(a2-al)*sin(20)
sqrt(pl®ct/rf)/2n
2.355+(1+1v|T) /2aT)

p2/ (8xT%)

(1+6T%) /T

sum[6*FWHM(i)] + (N-1)T2
ot

frc=rd=0.6m ¢=17, @=8.88x107> rad/s

target diameter D
nominal two-way delay Tr
pulse spacing T2
delay resolution rt
doppler resolution rf
constant al
constant a2

min FWHNM pulse duration Tmin
max FWHN pulse duration Tmax

min FN sweep rate bmin
max FM sweoep rate bmax
max pulse bandwidth B¥Wmax

total illumination time Tt

* assumes no duty—cycle limitation on transmitter

total aspect change v

38,4 m
154 us
577 us

4 ns
0.1066 Hz
14n

2n/7

29.2 us
204.5 ps
0.0 Hz/s
+/- 287 MHz/s
14.7 kHz
316 ms *

0.161 degrees

— page 8
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h TABLE 2: PARAMETERS OF SIMULATIONS USING A STEPPED FREQUENCY SEQUENCE

o

> QUANTITY SYMBOL VALUE
-y target distance R 12.5 nautical miles
N number of bursts N 128
. T number of pulses/burst n 128
center frequency fc 3 GHz
" wavelength A 0.1 m
M- - speed of light c
v target rotation rate ™
A down range resolution rd
PN cross range resolution rc
i target diameter D 64°zd
. bandwidth B c/(2%rd)
T burst duration T3 A/ (2%N*rc*w)
. e pulse spacing T2 T3/ (a-1)
- pulse duration T1 4*D/c
.o nominal two~way delay Tr 2%R/¢
< total illumination time Tt N*T3
5 total aspect change | o*Tt
R EXAMPLE USED IN SIMULATION:
. rc=rd=0.6m 627, o= 8.88x10 3 rad/s
‘ ‘ target diameter D 384 m
bandwidth B 0.25 GH:z
5 burst duration T3 73 ms
’ pulse spacing T2 577 us
3 pulse duration T1 85 ns
4 nominal two-way delay Tr 154 pus
" total illumination time Tt 9.27 s
e total aspect change v 4.7 dogrees
YN
. X
.
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b
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d
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>
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is the approack that has been adopted.

s 8 on radio ° . A digital simulation
capability was developed for generating delay-doppler power functions
for the simple radar targets and Gaussian—envelope radar pulses
desoribed and for processing these power functions using the CW

algorithm from radionuclide imaging.

Listings of the computer programs that have been developed to conduct these
simulations are contained in Appendix 2.

Some of our first results obtained using the simulation capability that
has been developed are shown in {2, Figures 2 to 6, see Appendix 11. The
reconstructions of the scattering functions of the two test targets ob-
tained with our implementation of both processing approaches look quite
close to the actual scattering functions. This has helped to verify the
correctness of our implementations. The conventional ISAR processing does
have sidelobe artifacts, with substantial power, that are not present with
the new approach we are studying. These may be in part due to the fact
that we have not yet introduced any windowing into the algorithm in order
to maintain the greatest resolution., VWindowing is now being introduced.

It is too early in our efforts to draw any major conclusions, but a
tentative one for the simulations we have implemented thus far is that
conventional ISAR processing and CW processing produce similar results when
no additive noise or multiplicative randomness are present. We are on~
couraged by this because it indicates that CW processing can work., Our
expectation is that when we introduce additive noise and a random re-
flection process, the CW algorithm will outperform the comventional ISAR
processing both becsuse of the use of the BPMF-SLED preprocessing and the

fact that the processing used in radionuclide imaging was derived with

~— ©page 10
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noise taken into consideratioa.

Activities preliminary to the formulation of an optical ISAR imaging
problem have begun. Investigation to date (by K. Krause) is seeking to
determine the feasibility of extending the comcepts employed at microwave
frequencies to the optical domain. This determination of feasibility has
s number of interesting conceptual aspects that make the problem distinct.
For example, the potential sources of image degradation, such as atmos-
pheric turbulence, and the particular effects seen in optical radar images,

such as speckle, need to be considered.

IIXI. WORK PLANNED

Additional work remains to complete the first task outlined above in
the Introduction, Window functions need to be introduced into the conven—
tional ISAR processing. The CW algorithm needs to be used for the stepped-
frequency waveform, which requires an evaluation of the requisite ambiguity
function. And more comparison studies are needed to reach firm conclusions
about the relative performance of the ISAR and CW algorithms. This work is
in progress.

We have initiated an effort to incorporate additive noise and a random
reflection process into our simulation of radar—return data. When this is
sccomplished, we will process the simulated data using both the conven-
tional ISAR algorithm and the CW algorithm in order to compare results,

We have begun to formulate the radar—imaging problem as one of statis—
tical estimation, We have begun to examine the application of our approach

to laser—radar imaging.
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The following individuals have joined this research project during the
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C. Lewis, K. E. Krsuse, J. 0’Sullivan, and J. T. Wohlschlaeger. Some brief
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NAME : Robert is

PERSONAL INFORMATION:
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EDUCATION:
BSEE Memphis State University, 1978
MSEE Washington University, in progress

EMPLOYMENT :
McDonnell Douglas Corporation, St. Louis, 1978 to present
- contributed to the research and development in aviomics of
several advanced aerospace projects including the F-15§
fighter and the Tomahawk cruise missile

PUBLICATIONS:

D. L. Sayder, H, J. Whitehouse, J. T. Wohlschlaeger, and R, C.
Lowis, '’A New Approach to Radar/Sonar Imaging,’'’ Proc. 1986 SPIE
Conf. on Advanced Algorithms and Architectures, Vol. 696, San
Diego, CA, August 1986.

NAME: Kenne ause

PERSONAL INFORMATION:
Birthdate: November 3, 1951
Birthplace: Decatur, Illinois

EDUCATION:
BSEE University of Illinois, Urbana, IL, 1973
MSEE Bradley University, Peoria, IL, 1983
DSc EE VWashington University, in progress

additional coursework in Physics, Math., and Chem.:

I1linois State University, Normal, IL (30 hours completed)
1979
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PERSONAL INFORMATION: Rou
Birthdate: January 7, 1960 RRASS
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EDUCATION: b
BSEE University of Notre Dame, South Bend, In., 1982 spty
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TS
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May 1982 - Aug 1982: Abacas Controls, Inc., New Jersey,

Electrical Engineer
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V. RELATED PROJECT ACTIVITIES

One paper has been published during the last six months. A reprint is
included in Appendix 1.

R, C. Lewis, M, I, Miller, D. L. Snyder, and J. T. Wohlschlaeger
visited the Naval Ocean Systems Center in August 1986 to discuss this
project. M. I. Miller is a member of the Electrical Engineering faculty at

Washington University. The visit was hosted by Mr., Harper J. Whitehouse of
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NOSC. D. L. Snyder gave a seminar detailing the ideas and goals of the
project for interested NOSC persomnel. Discussions with several NOSC
individuals interested in radar imaging took place during the day. A tour
of the NOSC radar imaging facility concluded the visit,

K. E. Krause, D. L. Sayder, and J. T. Wohlschlaeger visited the Envi-
rommental losoarci Institute of Michigan (ERIN) in Ann Arbor, MI on October
7, 1986. The visit was hosted by Dr. James Fienup of ERIN. D. L. Snyder
gave a seminar detailing the ideas and goals of the project for interested
ERIN personnel, and discussions with several individuals interested in
radar imaging took place.

In October 1986, D. L. Sayder gave a seminar about this project in the

Department of Electrical Engineering at Washington University in St. Louis.
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~ 5 A NEY APPROACH TO RADAR/SONAR INAGING®
N, B
: Doasld L. Smyder®, Harper J. WVhitehouse®®, J. Treat Wohlschlaeger®, and Robert C. Lewis®
l ® Yashiagtoa University, St. Lowis, MO 63130
1 ®® Naval Ocesn Systems Center, Sem Diego, CA 92152
N
S Abstraet
N
',
TN N Ve describe sa saslogy betvees imagimg is delay—doppler radar/somar snd positros-emission tomography.
* This suggests mev processiag slgorithms for the radar/sosar imagiag problem that msy permit improved vissali-
tation of targets for practicsl mmbiguity functioss. A receiver srchitecture consisting of s basdpass matched
. f’.' filtez, squaze—lav eavelope detector, amd specialised processiag is proposed to prodsce ismages.
e Isverse syathetic-aperture imaging im radar end sonar relies upoa the zelative motios between the trans-
. mitter, target, asd receiver., Ia the msual approach, the target is illuminsted by » series of tramsmitted
e pulses. The return for esch pulse is a swperpositios of reflectioas from verions locatioms on the target,
with sach location sffecting the pulse by introducimg s shift ia delay aad doppler. Im this say, the cumula-
. tive roturs for eseh pulse is & complicated mizture of returas that is iafluwemced by the shape and reflective
\: :.‘ properties of the target ansd its motios relative to the trassmitter asd receiver. The rasge and doppler
f-_ 4 histories of each of the reflected pulses are processed to produce & target’s image. *
' The common spprosch is to use the same trsssmitted-pulse shape for sach illwminstion of the target.
e Berafeld (1] sppesrs to be the first to istroduce the idea for radar imaging of modifyiag the pulse shape on
~ ‘_\ successive illwmisations. He slso ssggested an approach for processing the reflected pulses s0 as to produce
t- images of the tsrget; his approsch is based os anm saslogy he obaserved to the equatioas goverminag the dats sc-
® quired in the z-ray tomographs currestly beisg vsed for formimg radiological images in medicine.
> ": Ose deficiency is Bersfeld’s novel approsch is thst, for the anslogy to x—ray tomogrephy to be accurste,
R the smbiguity function of the trassmitted pulses must be highly concestrated along lines in the delay—doppler
Tae coordinates and, moreover, must have a cosstast amplitude slong ssch limes. Thus, practical radar/sosar
o« pulses haviang wmbiguity fuactioas with complicated sidelode structures sad s noausiform asplitsde alomg the
" priscipal lobe are not sccommodated very well ia the concept. The purpose of our paper is to note as alterns-
. tive saslogy to medical imagiang where this restriction is relaxed. This exteasion to Berafeld’'s idea may
perait improved images to be formed for practicsl ambiguity fuactioas.
"
XU Mode] for Radss/Sosss and [megins Probles
AN
S The model we use for radar/somar imaging is the one described by Vaa Trees [2, Ch. 13]. The transmitted
\) w d
:’; pslse has complex amplitede B‘:/z{(t). vhere Bt is the trensmitted energy. The reflected pulse at the receiver
' has complex amplitude s(t), where
be 172 ~
- 2o - [ B Heobt-esz,04r,
<, —-
.- _.' where B(t,tT) is & gero-mean, complex-velued Gsussiss process modeling a diffuse reflection interactios at the
oo target. Ve will demote the power spectrwm of b(t,t) at remge t by o(f,¢); this is the target’'s scattering
funotion. Vas Trees desotes this fmmction as Sm(f.t). It is sssumed that b(t.tl) and b(t,tz) are wacorre—
. L lated for * [ Ty Thus, B(t,t) models wide-sense stationsry, umcorrelated scatteriag. The complex envelope
" of the received sigasl is £(t) = (e + w(t), where w(t) is a complez-valued, white Gaussisn noise-process
that is iadependent of b(t,t) and which has spectral iatemsity No. For the work to be described here, we
': . asswme that r(t) is first processed by s bandpass matched-filter square—law eavelope detector (BPNF-SLED), in
s, :: which case the aversge value of the result is givem dy (2, eqm (13.79)] p(f.v) + No. where
a Y.
’ Y
~ ple.f) = BJ. Ic(t'.!')l(t-t',l—!‘)dt'“'
- “e» (1)
L e
4’: ’1\1- work was supported by the Office of Navel Research sader costract N0OOO14-86-K-0370.
- «
\ .
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i which (v.f) sre the delsy-doppler coordinates and a(v,f) is the smbiguity fuactios of the trepmsmitted
signal, which is the squared magnitude of the complex delsy-doppler correlation fuactios [2, eqa (10.18)]). Im
the sbsence of additive noise (i.o0., No = 0), the sversge output of this receiver processing is, therefore,

* the two-dimeasiossl cosvolutioa of the target's scattering functios with the ambigunity functiom of the
transmitted sigmal.

i . Adopting Berufeld’'s idea, we cossider that the tranemitted pulses which illuminate the target sre chirp-
. rate modulated, by which we mess that each polse bhas s particulsr linear FN chirp rate det the chirp rate is

varied from pulse to pulse. The effect of changing the chirp rete of & pulse is to shesr or tilt its

swbiguity fuactios im the delsy-doppler coordinates [2. p. 250). Ve shall denote this tilt by the parametsr

- ®, shich depends os the chirp rate., We will assmme is what follows that the pulse shape is changed alomg with
c‘.\ the chirp rate ia such a way that the omly variatios of the embiguity fusctios is to rotste it to am sagle 6
»’ in the delay—-doppler plame; it is usnecessary to maintain s fized shape of the amdiguity fuactios in gemersl,

but this sssumptios results ia the closest amalogy to emissioms tamography. Is ogdot to ‘i_nolm__thu chirp—-
sate modulstion im our motatiosn, we shall now replace f(t), a(c.f), p(c.f), snd r(t) by {o(t). lett.l).

;o“'”' aad ;o“’°

Ve may nov state the delay—-doppler imaging problem for radar asd somar as that of estimating the target’'s
scattering functions from the dats ro(t) scquired for a series of target illuminstions at 91. Oz. cees 0". By

*.: temporarily istrodaciag the simplifyiag seswmptioas that the sdditive moise is pegligible and that the re-
N sulting dets casn be replaced by their average value, po(t.t). the imaging prodlem becomes s decosvolution

problem iz which we are gives the ambiguity fuactioa lo(t.f) and dats po(t.l) for several veluss of O, sad we
e aust solve (1) for the scatterisg functiom o(x,.f). Ve have noted ia (3] that this imaginmg prodlem is snalo-
N .

goss to one eacouatered im positrom-emissios tomography.
Medel for Positron Esissjon Tomosrsvhy aad Imsging Problem

P4
J As equatios havisg the same form as (1) ocours in positros—emission tomographic-imaging systeas. In these
:u systems, & positros~emitting radiomuclide is introduced imside s patieat, and the resulting sctivity is ob-
served exterually with am arrsy of sciatillatios detectors thst surrosad the patiemt in e plamar, ring geome—
try. Whem a positros is produced is a radiocactive dacay, it ssaibilates with an electroa prodecing two 511
-: kev photoas thst propsgete at the velosity of light in opposite directions along s line. In systems mader
currenat developmest, both the lime-of-flight aad the differential time-of-flight of the samibhilatios photons
sre messured, vhich provides an estimate of the locatiom of the sasibilstios., The ressit is that, ia the
absence of noise, the measurements are is the form of (1) with o(x.f) being the tvo-dimessionsl sotivity
distribution to be imaged, and with -o(t.t) being the kmows error demsity associated with the meassring the

. locatios of as ssmihilation eveat [4]. PFor preseat systems, the orror demsity is a two-dimensiomsl ellipti-

. cal-shaped Gaussian fumction with the long axis orieanted at as sagle O correspoading to the lise-of-flight of
the amnihilation photoas, asd dsta are collected for fram 32 to 96 disorete amgles over the rasge (0,180°).

- This density correspoads to the ambiguity fuactios of a radar pulse baving an emvelope that is s Geussiasn

- fuaction and s phsse that is e linear FN chirp.

Is summary:
s. For delay—doppler radar/sonar imaging, we ssppose that the target is illwminated by a sequence of radar
- pulses esch having s distinct FM chirp rate correspouding to sngles 01. Oz. ceee ON spasning the range from O
to 180° ia the delay-doppler plane. A BPWF-SLED receiver prodaces po(t.f). The embiguity function -o(t,f) is
ksows. The prodlem is to estimate the target’'s scattering fumction o(<t,f) usimg the relstionship (1).
>:-' b. For emission-tomography imagiag whes both time-of-flight end lise-of-flight data are collected, we bhave as
nessurements p.(t.!) for sagles 01. 01. sees ‘N spazaing 0 to 180°. The messurement-error deasity -o(t,ﬁ is
ksowa. The problem is to estimate the sctivity distridbution e(v.f) usinmg the relationship im (1).

Computer slgorithms for solviag the imsging problem for positros-emission tomography with time-of-flight
neasurements have been usder iateasive developmeat since sbost 1980, and they comtinme to evolve and be re-
{ined. The first ssch slgorithm, called the ’’‘confidence weighting sigorithm’’ {4] continues to de tbe one
routisely uwsed. Algorithms usder curreat developmesnt are based oa the joint saximization of likelibood and
- entropy [5,6]; these are solved iteratively and are, therefore, very demanding computatiomally, but the
! results appear to be swperior. Ia the followimg sectios, ve indicate how the confideace weighting algorithm

vould be spplied for the radar/sonsr imsging prodlem. A future pudlication will descride how the newer
approsches might Yo used for radar imagiag.

’-
- Confidence-¥eighted Alsorithe

The confidesce~vweighted slgorithm for processiag p.(t.l) to estimate o(t,f) is ss follows. Thers are two

. steps; simce the slgorithm is lisesr, these could de combised imto ome, but two are used inm emission tomo-
‘¢
N ~- page 18
*
s

N e
DRER LEN CR PO




BN

. [; 0

-
L

i

~“

yae

’

v

grsphy becasnse of implementation comsiderations. The first step is to form a two~dimeassionmal comvolutioa of
the dats po(t.l) obtained for each valws of O with s weighting fuaction '0("" and them to form the pizel-by-

pizel sum of the results for each O; that is, ve form the functions

to(t.l) -I pe(t'.f')ve(t—t'.l-t')dt'dt'.

-

sad thes we obdtain the two—dimensional '‘preimage’’ f(%.f) sccordiag to
t(c,f) = (lln)rfa(t.f)u.
0

The formatios of this preimage generslizes the back-projsctiom step of the ’'‘(unfiltered) back-projection, post
tvo~diseasional filterimg'’ approsch to idealized lime-integral (i.e., Radon traasform) tomography; for idesl-
line integral tomography the almost uaiversally used approach, which yields he same final result, is to
filter before bdack projectiag, dst this does not vork well when lime integrals are a poor approxzimation, as ia
time-of-flight tomography becasse of the dispersed poist spread po(t.l‘).

As described in {3) aad [4]), verious weighting functioas might bde adopted, bdut for time—of-flight tomo—
sraphy, the choice used is 'o(‘!.‘) - l,(‘!.ﬂ. For tadar/sosar imaging, this correspoands to takiasg the valwe

of the BPMF-SLED ostpst p.(t.f) for s pastisslar value of (%v,f) sad distributiag it over the delsy-doppler
(]

plame asccording to the smbiguity fusctioan. This might be motivated by noting tbat if we iaterpret o(t.f) as
the total reflectance power st (t,f) aad lo(t’-‘t.f"f) ss the fractios of reflectance power at (t,f) appearisg

83 measured pover at (tv’,f'), thes the quantity pe(t.ilt'.!') defined by
(etlen 1) = anteier.tr=tote. 0f [ [ aute'—.t-nratis navae[?
" » » o . ] o . .

is the fractios of reflectance power at (t,f) given the totsl measwred powver at (t’,f’), and

o{t,.f) = (lll)r[ﬂ J‘ po(t.ﬂt'.f')pa(v.l')dc'd(.]“
0 ‘e

is the total reflectance power at (v,f) gives the power measured at every (t°,f’) and every valus of 6. Sisce
e property of the ambiguity fumetios is that it has smit volume [2, page 308], this expression is simply
saother way to write the trivial equality that o(t,f) = o(t,f). However, if this expressios is adopted as a
bdasis for estimstiag am waksown scatterisg fmaction o(v,f) given the measurements po(t,t). snd if we further

presume that the scatteriag functiom embedded implicitly withim the right-hend side of this expression is
equally likely to be ssything (i.e., uniform) before making aoy measuremonts, then this expressioa reduces to
the preimage szpression definmed before.

The secoad processiag step is to obtain the target’s image fram the preimage. The required operatios
corsesponds to the filterimg step of the '‘back project thea filter’' algorithe used to imvert the Rados
tzansform. The emalogy to the cosfidence-weighting slgorithm of positroa-emission tomography suggests thst
this should be aceomplished to withis a resolution fusction h(<t,f), which defines a *’‘desired imsge’’ sccordinsg
to

d(ec, 1) = !I b(c—<’,t-£')o(c’, £')dx"dL".

Ve have fouad that iscluding such a resolstios functios is importamt is processing emissios—tomography data as
s way to trade off gesolution asd smoothiang for noise suppression. Ia (4], a narrow, twvo-dimensionmally,
circalarzly symmetrioc Geussism resolution filter is used. Let d(x,f) denote the estimate of d(<t,f) obtained by
processing the preimage f(v,f). Also, let D(u,v) and F(u,v) denote the two-dimensionmal Fourier tramsforms of
d(z. 1) and f{c.f), respestively. Then., from [4, eqn. (17)],

D(w,v) = Bl{w,v)F(w,v)/G(u,v),

whore H(w,v) is the tramsform of A(c,f) and G(u,v) is the transform of the functionm g(t,f) defimed accordiag
to
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s(c.f) = (I/I)I:lo(t.()ve(t.l)do.

The image d(t.f) is obtained from D(u,v) by a two-dimensional iaverse Fourier trsnsformstion. The fusction
slc.f) asd G(u,v) are precomputable since they depend only ou the embiguity fuactios and the weightisg
fuactioa adopted to form the preimage and not on the measured data. For the chnice 'o(!.f) - ce(t,f). the

fuactiona g(t.f) is the aversge over @ of the square of the smbiguity fuactios., I= (4], no(t.f) is a two—

dimessions]l ssymmetric Gsussisn functionm, asd g(x,f) is a Bessel fuaction. The derivation ia [4] does not
zequizre thst lo(t.f) be Geussiasa, but them g(t,f) will usually need to be evalusted nmmerically for practicsl

ambiguity functioms.

Brocessing Arohjtecture

The srchitecture of the imaging algorithe we have described offers opportunities for parsllelism snd the
sse of specislly desigaed processors for mesr real-time processing. Data acquired for each chirp rate © can
be processed ia psrallel snd then sumed to form the preimsge f(t,f). The convolutions required for cach
chifp rate can be implemented in systolic or other high speed architectures. The architecture is diagrammed
is Fig. 1.

Preliminary Resulis

Ve have implemeated s prelimisary ocomputer simsjation to begis testing our algorithm. Two targets have
been simulated, s rotating rouwgh disk and & rotatiag rough sphere. Osly sversge quantities were included in
this firet simulatioa; variations due to both sdditive noise and statistical variatioms is*the reflection
process are presestly being isplemented. Processing was performed using both our newv slgorithm (CW) aad the
algorithm cosveationally wased for inverse syutbetic-aperture radar (ISAR) imaging.

disk: The ezis of rotatios is sormal to the disk and passes throwgh its geometric center. The radar
looks ia the plese of the disk, The diameter of the disk is 6.4 meters. The rotation rate is selected to
give & circular scattering fusction ia the delay-doppler plaue.

sphege: The azxis of rotatios is through its geametric ceanter. The radar looks im the equatorisl plane
of the sphere. The dismeter of the spbere is 6.4 metezra. The rotation rate is selected to give a circular
scattsring fusctios ia the delay—-doppler plane.

Figures 2(a) snd 2(b) show the pover scattering fumction for the rotating disk amd its recomstruction
ssing the CF slgorithm, respectively. Each image is sn array of 128 range by 128 cross-range resoletion
cells, with esch cell being & square of dimension 0.1 meter om a side. The scattering function is contained
is & square ssbarray of 64-by—-64 pizels. A total of 128 distinct F chirp rates wese used such that the
ambiguity fusctios rotsted st equal iscremesnts through 180°, The asymmetric Gaussian-shaped ambiguity
fusction has dimessioas of 28 pizels (FWHNM) sloog the major axzis and 4 pixels (FWHM) slong the minor axis.

The durstions and chirp rates of the radar pulses vere adjusted so that the ellipses describing their ambigui-
ty fusctioms had the same major and minor sxis-dimensions at each rotation angle. The delay-doppler image
obtained with the CW slgorithm shows some degradation in resolution but no other major distortions are evi-
dent,

Figures 3(a) snd 3(d) show the power scattering fusction for the rotating sphere and its recomstruction
ssing the OV slgorithm, cespectively. Each imege is ss srray of 128 range by 128 cross-ramge pizels, withk
each pizel being ¢ square of dimemsion 0.1 meter on & side. The scattering function is costained in e square
subarrey of 64-by-64 pizels. A total of 128 distinct FM chirp rates were used such that the ambiguity
fusction roteted throwgh 180°. The duretioas and chirp rates of the radar pulses were adjusted so that the
ellipses desezribing their ambiguity fusctions had the same major and minor sxzis-dimeasions (24 dy 4 pizels
FVEN, respectively) at each rotatios ssgle. The delay—doppler image obtasined with the (VW algorithm shows some
degradation is resolution but 20 other major distortions sre evident.

Figures 4(a), (b), and (c} show ezamples of po(t.f) for @ = 0°, 45°, and 90° for the rotating sphere.

Figures 5(s) end 5(b) show the squared magmitude of the roflectivity (comples amplitude) fuamctiom for the
rotating disk and its recomstruction msing the convemtional ISAR algorithm. Each image is am array of 128
range by 128 cross-range resolution cells, with each cell being a square of dimension 0.1 meter om a side.

The reflectivity fumction {s comtsined is & square ssbarray of 32-dy-32 pisels. A stepped-frequency redar
pelse sequence comsisting of 128 square pulses, esch of duration 85 as separated is time and frequency by 3.4
as and 11.7 Mlls, respestively, is assmmed. the center frequency is 3 GHx, and the target is illuminated by
128 suoh pulee sequences. For the simslation, we calculated the received signal from the target using dis-
crote poiats to model the distributed reflectivity within resolantion cells distributed evenly inm s rectangular
srid over the target. The received signal for each traosmitted pulse is processed to genmerate the image by
first sorting iste ramge—resolstion cells uwsing & Fourier transfors and thenm sorting the result into doppler

tesolution~cells by agsim using s Fourier tramsform on the dats in each range cell, The resulting image shows
some loss is resolution end am oscillatory artifect srownd the edge of the disk.
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Figures 6(a) asd 6(d) show the magnitude of the reflectivity fusctions for the rotatisg sphere and its
recomstruction using the coaventiosal ISAR slgorithm! Each image is an srray of 128-by-128 resolution cells.
The reflectivity fuaction is comtained in a square swbarray of 32-by—32 pizels. with aach pixel being s square
of dimension 0.1 meter o s side. The same ISAR proeessiag described for the disk wes msed. The resslting
image shows loss im resolatios and am oscillatory srtifast arousd the edge of the disk,

¥We wish to emphasize that these results are our fiset omes, and they are very prelimisary. Ve are
escoursged by them because the images produced with the OF slgorithe 40 seem to have less astifacts then those
produced with the coavemtionmal I[SAR slgorithm. Ve oxpect thet s greater differeoase in the resulting images
will resclt whes additive soise and statistical varistieas ia the reflection process are inciuded in our
simulatioa, with the (W algorithm being superior bDecanse of the use of the mstehed filter for additive noise
suppressios asd averaging over doppler rates ia formiag the image.
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APPENDIX 2A. PROGRAM LISTINGS FOR CONVENTIONAL ISAR SIMULATION

SIMULATION PERFORMED BY: Robert C. Lewis

A FORTRAN program was written to achieve the goal of producing comven
tional ISAR images in a laboratory simulatioa. The dimensions of simulated
targets were specified and their scattering functions were supplied for
use. The ISAR simulation contained two parts. The first inputs the scat-
tering function and calculates the received signals from that target for
all pulses and bursts transmitted. The second part processes the received
signals using Fourier transform techmniques, as described here, to produce
an image data file. An image display routime is used to display the ISAR
image on a color momitor.

An algorithm is presented in Figure A2.1 to describe the programming of
the mixer output portion of the simulation. A two-dimensional array is
used to store the resulting radar signals. Two analytic targets were
chosen, a rough disk and a rough sphere, The field of view of the image
was chosen to be 76.8 meters in both range and cross rtiio dimensions, The
resolution in both dimensions was chosen to be 60 cm. Therefore, the
scattering function is a 128-by—-128 array of reflected power values. The
diameters of both the disk and sphere were chosen to be 38.4 m with both
contered in the field of view. It was desired to write a computer program
that would generate an image of size 256-by—256 pixels., This is required
by the Fourier transform techniques used.

In this simulation, 128 pulses per burst and 128 bursts are used in the
transmitted waveform., This covers the field of view given the resolution.
The resulting two~dimensional array holding the received radar signal is of
size 128-by-128., The range profiles are calculated by using a discrete

Fourier transform (DFT) and the following property to get am inverse DFT:
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Read in Scattering Function
lncru:nt Burst Number m
K=
Increment Resolution Cell (r, f) = (i, j)
Increment Pulse Number n
l Calculate Recefved Signal S(n)
S, (n) = Sk_‘(n) + S(n?
End LOop
. KsK+1
End Loop
Store S(n) in S(n, W)
End Loop
:omlize S{n, m) to max [S(n, m)] = 1.0
nd

FIGURE A2.1 Algorithm Used for Received Signal Simulation

if X(k) is the DFT of x(an), then Nx*(k) is the DFT of X*(n), where '’®’’
denotes complex conjugation. Alsp, in computing s range profile, the 128
point signal is placed in the center of a 256 point array, padded with
zeros, for the inverse DFT operation. The resulting 256 point ramge pro-
file, divided by the number of points, replaces the row of signal data in
the two—dimensjional array.

In the final step of calculations, the cross—range profiles of the
image are made using & DFT on the columns of the two-dimensional array
resulting from the last operation. However, s rearrangement of the data in
the 256 point array is needed. Instead of placing the 128 data points in
the center of the 256 point array, the first 64 data points are placed in

the first 64 array locations, leaving the center array locations zeroed.

This is illustreted in Figure A2.2. After the DFT is computed, the zero
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iﬁ frequency location is in the first array location, so the data are rear- :
;f ranged with the last half of the 256 points interchanged with the first
half., The magnitudes of the resulting complex numbers are stored in each . )
! column of the two-dimensional array. The resulting two-dimensional image \
» datas array is them used with a color scale to display the target’s image.
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N FIGURE A2.2 Fourier Transform Techniques

Y

A listing of the computer program follows. In the main routine, PROC3,

A
.e

]

the target’s scattering function is input and the radar received signal is

calculated. This signal is normalized to peak magnitude in loops 110, 120, i

A
] 5

Iy — page 26 b
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130, and 140, Subroutine IMAGE2D is thea called to recomstruct the image.

A brief description of each program and subroutine is as follows.

PROC3

calculates & mixer output signal from an iaput scattering
funoction data file. A nox—-statistical target is assumed.

RX,RY 1locatioa of center of rotation withian the
soattering fumctioa in om.

T total time interval of all pulses and bursts
BY bandwidth of a burst

FO lowest frequeacy ia a burst

D step frequeasy increment

N number of pulses in a burst, nmmber of bursts

IMAGE2D: performs ISAR processiag to recoastruct an image from radar

TARGET

signals. The DFTs are implemented using the FFT algorithm.

reads in the target’s scattering function data.

PROGRAM PROC?

CIMEMNMSION S0123),00128),31(12%!

TEAL LAMBEDS,N&

Complex FRAME

Common “bBlkil,” LAMBDA(128,123)
<

128,1
Common SbBYKZIS FRAME!2S4,2%4:

C*é***************&***********&*****#¥***¥**4*§****§**fi%**f&

STEPPED-FREQUENCY [SAR PROCZESZING s *
MON-STATISTICAL REFLECTIVITY -

BCE _ELIS, MDY, 1724 -

cnput=lda, owiout=17 *
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DO 1ag T=4 OT il
oD oS3 K 28 W
SCKy R
RKI=A, RN
SICRI=(K-1)#T2+T+T12 R 5
54 CONTINUE _;.:; o

0o 80 I=1
X=(1=1

|
)
)}
S
S

s
Y%,
~
DG 7@ J=1,128 N
[F(LAMBDACT,J) ER.D,050 TO T3 N
A=LAMBDALT , Ji*%0 .S NN
- ~

V=l I=1) %, 1
DELAT=E . 684TE-F#Y
DD 49 K=1,128
FI=(K-1)*DF+F3
UT2C=X/(12.28%DT*F 1)
12FTAU=4.2832%F [ #(DELAY -UT2C« 1 ¢ ~

SCKY=SCKY +a#COSCPI2FTALD
QLKI=C I +A%SINIPIZFTALD
COMTINMUE
CONTINUE
CONTINUE
DO 73 K=1,128
FRPAME(L (K+484)=CMPLACSIKY ,QUKD)
>4 CONTINUE
L=L+1
183 COMTINUE
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PK=ME{ PK ,ABS{ FRAME(L ,K) 3
19 COMT IMUE

122 CONTINUE

INU=1.PH

DO 149 L=1,2%&

» e

F=E%
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il 1 = ‘3 *'
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43 COMTIMUE
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«¥Fse¥%e T .27 TutiLt zignal =
sexeese Wndowing 13 432 0 thRos o sEr3zion,
FFLF PR CTTESS SIS P AL LR RAE RS XRERE R
Real image
Complex #{(25&),frame
Dimension W1(123)
Common ~BIK2, frame(25s,2560
Common “E1k3/ image(2%4,254)
M=3
SE=S.781
#EXFC-2.,997%7 [ -34) %<2
1a
25:
Jgtframedi, ji

199

[N
)
=

“
[
e

. e
[IN) W &N
C D

CONT I '*IUE
00 181 4=1,123

flotred =i, +54) %1 ¢ j)
CONTINUE
CALL FFTO £ ,M
0O 110 J-l 254
framefz,J7=
CONTINUE
COMNTINUE

conjg(fij))*a.20399

DD 1358 j=1,25%
'U lhd = ,246
fiio=c
COMTIMUE
0D 120 i=1,£4
Flji+4d)=+ramed i+l
FOI+128=Frame |+
COMTINUE
DO 121 i=1,128
fFCi+84)=WITid2%F7 | +£4)
CONTIMNUE

CaLl FFTOf M
o0 144 !=1,12
image( i+123,j = abs(friny i &%l
imageti,ji=C(absi{FCi+122" " %«
CONMTIMNUE
COMTIMNUE
mITECLIT Lo IMAGECT T 1= 2Se  T=0, 2
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SUBROUTINE TARGET

(EEX22IFIITILAEIZAZELELSRR 2222222222222 2 2 22222 X2 2222 2

Cunwnrxxr QEAD IN TARGET'S SCATTERING FUNCTION. wrnwxwns
R Ty R T I R R P R R L R R E TR I T2 e

REAL LAMBDA
COMMON /73LK1/ LAMBDA(128,128)

READ(16,1) CCLAMBDACI,J),121,128),41,128)

RETURN
1 FORMAT(1X,8E9.2)
END

APPENDIX 2B. !!ﬂHMIIJSZUBS101INNFHINOI'!HMH!D]SMISIIMAIKN

W: J. Treat Vohlschlaeger

The software system developed to simulate the pro

Jererates Ytz pithetad s corresponzing to
returns *rﬁm a random reflecton T

returns from a deterministic reflecticn mod

posed
processing algorithm consists of several separate programs
eazh designed to perform a specific step of the prcoccessing
The programs are listed belcow in the order that they ar=z
run, along with a short comment on their function. For 2 mcore
thorough desription of a particular program’s use, please se=2
the accompanring listings,
Program Descriptiaon
. mkfilt Senerates ambiguity functions. Run onis fI- =&
z3:ven set of parameters.
2. spinbal’ Senerates the scattering function for a ~Ziztin
sphere.
3a. detrtrn Generates *he p(thetal)’s corresponding %< rmacs

3. zwaszdZzd Performs the confidence weighted algorithm o-
the ~eturnz dats gere-xted In step I,
<. £ r Ty armeratez the final 'mage B¥ filtering 02
rre.mzge Zevelcopel o ostep 3,
2. PR 2izptars the final Mage.
%ﬁ
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1
\ "\ CREFEEFEFFFEEEXERERE I A I A I E S EE SRS EFE ST FEIFEEER BRI EEXFEF ST EREBEERR RS XSS
IR
N z Seogram T te mk+silt.f
1 -
! z Welttern By J. Trent bohlechaleger
z Tzts Uri%ten March 21, 1985
z Wr i tter *or Celay Doppier Radar Imaging
B -
N W, z E~zgmam Intent
B = Tris program has several purposes. The main
- p aim is to generate & lookup table that will be used
- 3 z oy another program to perform convolutions., These
N z corvclutions will be with a specific type of function,
4 . - ramely x two-IJimensiconal assymetric gaussian. The
P o7 z =pecial nature of thisz function makes the task of
< 7 z firnding the look up table coefficients a little eacsier
2 “or taster)> than for an arbitrary function,
S < Whi'e rperforming the convolution, only pixels
NN z that Fa310 within 2 certain range of the image pixel
. z currently being convolved will be updated. This
- = rarge iz chosen to be a certain number of standard
D, : Zzu st zne, where z standard deviation is related
& z to o the full width half max measurement error by
" : x zzrstart, The first step ic thersfaore to find
. z woIn o piwels 211 within a given number of standard
Lo - 2zvizaticons of a central point, This is done by
-, z generating an ellipse of isoprobability with the
YR c aprrocriate cemimajor and semiminor axes and testing
. z toc see whe*her the center of a pixel lies inside
. : the ellipee. If it does, the pixel’s row and column
oo : are *zbulated, This it accompliched for all "nang"
NS : angles.
. z Thern +or all angles from the first (at angle
. z the to the zncle corresponding to thetal + 45
| | : degr for 211 of the pixel centere inside of
YEN = the fese ard tabulated earlier, & two-dimensional
« . .
¥ z Tume 1 integration ie performed tc find the volume
S : abouw e pixel under the gaussian function. The
} -~ : Lt method ie a simple riemann sum with “"numint”
s " z fur suzluationeg in each direction for a total
.. - o~ tesl furnction evaluations, The volume
o : .z thothe gaussian for 3 pixel becomes the
o z = z coefficient or look u: table coefficient for
" - ez £, MNow, ezxch pixel which iz assigned =
{ . z Ize~t Zoent must aisc have an addrese co that the
A & z coIzmam owhich iz performing the subsequent convolutions
- Coenoie where to apply this weight, The address is
g : T:oz.Teted by tabking n Cthe image array size? times
§ }. p “te2 rZe rowhich the pixel i1s located plus the column.,
. : -z,
- -
» g z ctfset = inFrcw) 4+ ccl.,
) z T-e zTumnz :- 2 rIwz zan be poEitiwe - negatiuve, &2
> z Trzar - tte Srt U ooi-o evample Tfzeono= To,
c -- page 31
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16:51 1984 mkfilt.f Page 2

al=2,-2) al=-1,-2) al@,-2) aCl,=-2) a(2,-2>

at=2,-13 al-{,-1) ac@d,-1) afl,~-1{) al(2,-1)
at-2, 2 at-1, @) ac@, @ aCl, &Y =02, Q)
al=-2Z, ¥ =ai-1, 1) ad@d, 1> atil, 1> at2, 1)
af=-2, 23 al-1, 27 a¢8, 2 afl, 2 a2, 2

Mote that the column index ie shown bhefore the row
rZe:, &nd *hat the coclumn number increases from
the ettt to the right in the image and the row number

ses from the top to the bottom. The gaussian
functicn e assumed to be centered at a(8,8>. The
address ‘or offset) cof pixel a(-1,-2) would be
fr#rcwy + col = (S%(-2)) + (-1) = -11,., The
zddresses 0f the cther pixels are defined similarly.
Mote that earlier it was stated that the

rumerical iritegration was performed only for the
cxuesian function generated for anglees from the

firet 2zt angle theta@) to the angle corresponding

tz thetal olus 4% degrees. This is not quite

frug. While the integration is performed for the
gausszian generated at only these angles, the integration
wiil produce resulte that have some symmetry. The
volum e cuer pixel a(l,1), for example, will be the
same &t the volume over pixel al(-1,-1) for any given
angle, This program takes advantage of this symmetry
and performe the integration only for roughly half of
the pixels falling inside of the ellipse. Note that
the number of pixels incside of the ellipse will always

me odd. Therefore ((numinc(angle) + 1)/2) volumes
muet be takern, where numins is the number of pixels

ta2lling inside of the ellipse.

Fine. MNow we have the addresses and coefficients

faor the ang\e= from the first to the one corresponding

to the firset plue 45 degrees, Now we take advantage
¥ the +act that the next 45 degrees worth of coefficients
zrnd addresses can be found merely by exchanging the rcles
>f the rowz and columne found for the first batch of

sz ez, Simitarly, the Tazt 9@ degrees worth of addresses
amd Czets Zientz can be derived from the firet P8 degreec
rezuits by merely changing *he sign of the row. A1l cof
“tese symmetry praopertiec are exploited to minimize the
rur time., MNote that the bulk of the run time is

spent doing the rumerical integration, but thic need
&« Zdone oniy for approzimately 1/8 th of the pixels
for which addrezcses and coefficients are calculated,
At the beginning of the program description,
I menticrned that the program has several purposes,
et I nazwe menticoned only the generaticn of the

TIi¥ oup tztle zel+f, Cther +uncticns pertormed
mzlooe roZoizet ot the ozize of o the Zizk 4l 0e the
tatle w0 rege.re, indicating if any of the weighting
tie<dzierts zre nmegative (they should 270 De poz.t owe
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e, and ostputting the number of pixele included
Je the el ipcse at each angle and the total volume
theee ;L2 lz,

: ! width half max measurement error
’ a.cng the line of flight, in cm.
fishmbt = +ul) width half max measurement error
nE the 1ine of flight, in cm.
£ = jmage pixel size, in cm.
rostde = number of standard deviations worth of
pirels for which addresses and coefficients
are to be generated.
rnang = number of angles for which the table is
tc be generated,
rumint = number of intervals in which the gaussian
furction it te be subdivided for the
numerical integration, in each direction.
n = image array size, i.e. the image ic of
Si2€ N X N.

-
-
0
L}
o
i
0n
L) ]
Lad
0

t+irst four parameters are real floating point
ers, anc the lazst three are integer numbers,
todiles

= parameter table (see aboved

tprut files

-~

-

+

*

b

3,

~

= look up table containing addresses and coefficients

of the two-dimensional gaussian for all “nang*
angles

ram ziructure
+

newsfic

1
¢ 1
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coefflil106808), coeff2(18008,128>, confac, cosqth, caosthe,
21, twhmbk, twhme, ricstde, pi, pix, cscale, semaj,
eTzz;, semin, semisgq. sigbsq, sigesq, sigmab, sigmae,
incos, sinthe, sisqth, theta, u, volpix, volume(i128), x,
zert, wloclim, xmax, xmin, xrot, xrotsg, xsqfac, xsgmul,
#¥az, wrymul, ¥, »cent, »lclim, ymaxeq, ¥yminsq, yrot,
rotsc, »zqgfac, reqmu!l
gger*d arngnum, angl, angZ, col,y, colmax, colmin,
SoiteblIBEE,128, index, iowrt, 1u3, n,
num.net128), numint, numneg, numrec, offset(1@60),
rarzdd, row, rowmax, rowmin, rowtab(1088,128),
tctrum, =indx, ¥indx
eger*d cutdes, nbrtes, nbl
eger*4 nang, nterms, totang, mincr
eger thout,ttin

N outpat

+

fubme, fubmb, cmatrx?(-128:127,-128:127)
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[ o
- LS
dztz Ay
2zta ra A
Szta g 2 & il
Tala P . s ) Ty
Sate tiIunsss, tHingTS RN
winln
- . . ol
sper Tuar i t=EZ,file=mifilt, st yetatue="urnknown ) NN
T
. . . , N
z Create output file for byte oriented 1.0,
czll Fcreat( Enter output file for filter coeffs’ ,cutdes? s
AC N
writer ttout, R8I NS
rezd (ttr, SPERS: nang AN
wreitelhtout, 990260 Selee
rezz ‘ttin, 9PYQES) nterms _ R
writel(ttout, 778200
read Cttin, 990840 fwhme
WL el ttout, PYEde;
read CtYin, FYR64) fwhmb
Towmang = ‘nterms 1272
totatg = orangFEnterms
FIAJE Lo~z - =
FEBBS formetifZELLE
FERLe Fommat Enter number of angles 7 ,%)
FPEZO format(’ Enter rumber of terms to compute each angle “,%)
SeeZe formatl’ Enter FWHME (~ £,8) “,%)
FPE3e formatd’ Enter FWHME (~ 1.8> 7 ,¢)
“zstde = Z
rngmint g
o= tmzdm*
T ¥ the number cf angles cspecified is too great or o B
z not euernty Cicisitble by four, exit, if the number of .
T oangliesz s too great but evenly divigsible by four this
z progrem shoulZ e modified by changing the declared array
2 zizes to Fit the new regquirements. if the number of angles
T iz ot oeveniy divigible by four this program will not
R Fo¥e bezzuse of the extencsive exploitation of symmetry
2 frIperties deszribed zbove. :
: nang .ot. 128 THEN RN
wWritelttout, 15 {v}t
GOTO 1875 AL
ENDOIF T
- B 3, t
1T ima2inang, 4) .rie. 8) THEN ‘__.},-:'_
writelttout 262 A A
- - LY \|*
GOTS 1675 als
gnD IF .~3;
L)
ntrtes = nang*d LA
T R )
; RN
Tr o otialIse tte fsomamater indizzting the number of A
+
2177 ziT.oz tezztls owhaoho vl be reguired YT ostore the NN
T Toohup o tzRte,  thern $0nd tte orumbers of reczorges which o will NN
\;\:\
e
-— page 34 P
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2 be regqu. el due
P T - P,

£ pze Tt L=z

T o table,

IF imzZ
ST e
R
Al =
umT s
. e =
E* IF

I8t the angles U
:‘r_t = -
ang. ra
ANGEZ = na

z +inZ the standar

2 Sind the tZreme

- Lo . - - - - Y H

Z e nodmer s ZTad B

= the rezlitt o Bryouw

- - V- Y ., -

c o partia’ly dus to
de pi;:{
zCae =

2 F .0 the szemimzag

- - T e - N H

z oF Jsoprobabitint

T 47 be used to de

- cL o ST
+ o FLoEea T IS b
z2emzl = n
zem'n = N0

temzeq =

semicsg =
may = e

a =

o=

r =

r =

z zez~ch for o210 o

- - 1 - - - -

z angle and tabula

z &=z, kHeep *rzcoi

totngn = &
- _—— . = -_— .
- LI, - o
R o e

er t

tc =zaving the number of
soEao L ity at each angle
Tangess, 2540 Leg. @0

= rumrez + Tnang¥3/29870
= rumre:z + (nang¥4./256)

setul to exploiting the
no S

WQ.E

d devistions and

Lo
»
=

Z.8=sqrti2 . BralogliZz.Ed?
fubhmeconfac

fuwhmb ' zonfac

Sigmae#*siQmae
zigmab¥sigmat

+or the function ewval
tegraticocn and the ccale
Rlgh partially
integration method.

is

-

-
[ 4

cEtinumint)

~

-+

+

sxmmetry properties,

their squares.

uation during
factor to multiply

due to the gaussian and

del®#del ) (2 .0%p i *cigmae*sigmab)
or and zemimincr axes of the ellipse
> at the given number of standard deviaticne
Vinezte which czlumne and rows to zearch
astde¥zigmae
cetdescigmab
Zemaj*>sema
min¥cemin

3 m
ER IO U O |

w

..

PRI U

4+ the pixels inside the
te the row and column at
>f the total number for

ellipse at each
which they cccur.
each angle.,
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o aratedttout, Z2E816@%angnum
- “zmmet startingz angle 7,05
22 %%8, ot o= zximingg colmas
l O SRE, row = QWM ©owmay
. cmatrairo,zal) = 6.9
S4E CONTINUE
o P TTNTINGE
o
D7 RFR minor = ~lowang, lowang
« thets = (pi¥float{langnum - 1)¥nterms+minor) float(totang)’
e ¥ + (pis2.80
i = coszi{thetar
. e = zinittheta)
- slangnum) = @
< 2% col = colmin, colmax
xcent = pix¥floaticol)

~,
LIV
2
0on

1818 row = rowmin, rowmax
o yeent = —piz®floatirow)
ot = (xcent¥costhe) + (ycent*sinthe)
. ent¥sinthe) + (ycent¥cozthe)d
b IF ddwrat Lge. xming ,and, Cxrot Jle. xmaxyy THEN
] mroteq = xrot¥xrot

vrot = L

yeoteg = yrotEyvrot
.- yMaxnsq = semisg¥{1.8 - (xrcotsg/semasg))
<. YMINsEq = ~yMaxeq

IF ¢i»roteq .ge. ¥minsq)

- * wand. (yrotsg .le. ymaxsg)r THEN

. isgth = cinthe¥sinthe

incce = sinthexcosthe

oceqth = costhe¥cocsthe

- xeqmul = -8.,.9%({cisgth/sigbsg?+{coeqthssigesq>?
“ymul = ({sigesq-csigbeqr%*cincosd leigesq*sigbeqy
»zamul = -8,9%(lcisqth sigesgli+icosqth /sigbsgyy

- u = 6.8

oo

™

S

.- slalim=pix#{float{col? - 8.5
yiclims-pix*(flocatirow) + 6.5

S 00 1625 xindx = 1, numint

I x = wlolim + (del®(floatixindx) - @.,5r}

xsq+ac = x¥x¥xsqmul
DO 1828 yindx = 1, numint

o= oololbim o+ fdelFiFloat i vindxy—-2,TH
3 = wy¥y¥yeqmul
o expixeqfac + =ytac + yegfac)
~ R CONTINUY IE
LTIt CONTINUE
. y walpix = u¥ecale
- cmatrxirow,col) = cmatrx(row,ccld + wolpix
’ EMND IF
=D IF
< TIITINUE
A = TITLE
. “I: o= L
-- page 36
4
N \~ ..' ~ .‘ . . ,'— - \4 ._~. o “\..‘-:‘.-.“, . '...I , - I Ca --.~ s A-_,.-‘.--'._ _.- '..'.. "--."- ‘."_. M
SRS N ﬂm ROV R TR 4 A-AA‘J PN IR PO NI




(A a0 i iy T L e S 0 ) SIS I B Bl D o . BBl B 2D Ly oS L W T S T R Y CW LV UV UN PFLWLN LV LS LW LY oW

g Dec S 1(£:51 1986 mkfilt.f Page 7

LY voiumeCanghumd = 8,0
R D2 298, zol = colmin, colmax
Mo oC 288, row = rowmin, COWmax
O IF (omatrsirow,col) .ne. €.0) THEN
! index = index + 1
?% rowtabdindex, angnhum’) = row
o) cocltabilindex, angnum) = col
P; g ’nef+°f1nd=>, angnum? = cmatrx(row,col)/floatinterms)
K a ) .
K volumeCangnum? = volume(angnum) + coeff2(index,angnum’
END IF
) % zoe CONTINUE
SR zee COMTINUE
? muminstanghumy = index
. .
k - IF (numinsfangnum) .gt. 1808> THEN
LT writelttout,25)
G2TO 1875
ASERR EMD IF
o=
'~ z Uze svmmetry to turn coefficiente around a bit.
,.‘.. «u
. é’ DT (B35 index = (((numinsCangnum) + 1)>/2) + 1), numinsCangnum)
) oet$20index, angnum) =
N ® coeff2idindex — ({numins{angnum> + 1)/2)), angnum)
o rowtabdindex, angnum) = -rowtab((index -
XL ¥ flnuminsCangnum) + 13>/2)), angnum)
. coltabiindex, angnum) = —-coltab{((index -
> * \(numlns(angnum) + 1>/2)), angnum)
i 1@32S CONTINUE
o totnum = totnum + numinscangnum?
. I dmoddlnuminsfangnum)*#4), 254> .eq. @) THEN
A Tamrec = numrec + (2¥(numins(angnum) *4/256))
S E_ZE
e numrec = numrec + (Z¥C(numinscangnum)*¥4/256) + 1))
[ ErT IF
e
“~
:: w7 teittout,45) angnum, numins{angnum}, volume(angnum)
. W LR TITTIrrE
fo ) B i
", "-.
Lo z -2 z=z.e *he number of contiguous records required to
. I stzme ftre ertire look up tabls,
A
b4
e -zttt ,30) fumrec
o T ooutput 2 oreport indicating all of the input parameters
! § : celected,
P wr o telttout 25y fwhme, fwhmb, pix, nostde, nang, numint, n
N writelttoyt 40
L) -
Q!
' s z $in2 *he coefficiente, rowe, and columns for the second
I % Zegreez woirth of angles using the symmedrr arguments
tA = ghzbad - 2
Nl STt T T e
%" Sw
o« L)
M ~ - . - . . - , - “
AN DOl 3e Ergnum = fangl o+ 2, fange + 13
~°,
™ -- page 37
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%? - numinstangnum? = numins(ang2 + 2 - anghum)
N walumedangnumy = volume(ang2 + 2 - angnum)
. 00 104% index = 1, numinsdangrum’
Wi coeffZindex, angnum) = coeff2(index,
! * fang2 + 2 = angnhum))
»:, v rowtabCindex, angnum) = coltablindex,
.. * CamgZ + 2 = angnum))
RN caltablindex, angnum) = rowtab(index,
oW * tang2 + 2 - angnum))
~ 184S CONTINUE
™ writeittout,45) angnum, numinsCangnum), volumeCangnum)
A th4e CONTINUE
Y N -
: - o tind the coefficients, rows, ancd cclumns for the
“ < £ last %8 degrees worth of angles using the symmetry arguments
Pax o T etated earlier,
SN D0 18Se angnum = (angZ + 2), nang
NN volumefangnumd = volumednang + 2 - angnum)
‘i raminsiangnhum) = numins(nang + 2 = angnhum)
DAY D0 18S% index = 1, numins{angnum)
ey coe¥fZl index, angnum) = coeff2Cindex,
. @ * frang + 2 = angnum))
S mowtabd indey, angnumd) = -rowtab’index,
U ¥ ThEng * 2 - anghumod
sl tzitabilindes, angnum) = coltabfindex,
e * ‘rang + 2 - angnum®

CONT INUE
write/ttout 45 angnum, numins(angnum), volume{angnum)

SN
e
o
n
)]

e 1ESE CONTINUE
JA wrteCstaut S8 totnum
SR, wir i teCtbout ST numneg
= K .
d’\-
= Z cave the array containing the number of pixels inside
Q Z the ellipse 2t each angle rtc the look up table. thire wi 1

.Bj'i : be seed to mir mize the number of evaluations that mucst be
-2 : performed in the subsequent program implementing the
A b _nnuw'J*%DN. note that the rnumber of updates is not the
AL
Soeo z same for svery angle,
LS -

- 2z’ furiteloutdes, numins, nhrtee)
ST

TN, : ;
AT T trarzfes tte coeffricients intoc & one-dimensional arra.
ol I otz faztititate trancster *tc disk, and calculate the address
> ’
s - z or offzet, thern save on disk,
NN,
NCU o0 1848 angnum = | ran ‘
Y ] s

o2 writelttout,?822)angnum
-?- ’ OO0 1645 index = 1, numinefangnum)
oy ra -Jﬁ%flfunder) = coeff2¢(index, angnum)

flnde»)=fr*rnw*ab<»ndex,anonum)'#coltabflndex,angnum\
=T, 087 0 =7,0147 rowmtab =7 14,7 colbat =704

.’ o E
el et =7, &

RV ng nZizes, zrirt.orng angle iS¢

L4 4 =

SUNEN
NI
i *\
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E 9
.l
" rtl = numinse{angnum) *4
" a 22! fwritetoutdes, coeffl, nbl>d
? call fwritelioutdes, offset, nbl>d
] 1esg  CINTINUE
f ! z ~ecord a2 permanent record of the look up table generation
' p on the printer,
b} 5.:‘
», . .
IS ari el 2,25 fwhme, fwhmb, pix, nostde, nahg, numint, n
! Wi he (2,282 numrec
" wWrite(2,48)
Y - DoOLETE =anghum = 1, nang
~ write (2,45} angrum, numinsfangnum), volumelangnum)
- LETE TONTIMUE
SR writei{2,28 totnum
S write?(2,55) numneg
.ﬁ o s terminate.
- o
- 1B7T  CONTINUE
Y sloselunit=2)
R I L e
-y Tz TI2IOose L uoutTy
2 &
e
) ERRARNLEA
-
o= Formatiil
“ Te Formatiil
M 1S formatis,
- ® number cof anglee too high for available array space’
i * program terminated.” /)
) 26 tormatis
* * rnang must be evenly divicsible by four. program aborted.’,.
N £ podad formati
h n * “he number' of pixele within Kernel of gaussian error dencsit>y”, ,
. * 7 exceeds array €ize, program aborted.’,/)
] 20 formatils,
: . * 7 Took-up table requires’,id4,” contiguous records.’
i< 3% formatis,
T~ * 7 longitudinal fwhm = 7 ,$7.2,7cm’ ,/,
I # * transverse fwhm = ’,{?.3,’cm',/,
‘ * 7 piuel size = 7 ,§6.8,7cm’,/,
-2 * 7 7, f5,.1,7 =z=tardard deviatione of error density included”,
~ = 7 i Varrel .,
) . ¥ ¢ 'zok-up table generated for data taken from “,i3,” angles.”, ,
-~ = riemanr sum uses ‘12,7 eubdiviszions per pixel.”, ,
N ¥ ° dimension of image arrav assumed to be 7,i2,
. " ag formz*’
T ‘ - s Ly
» ° angle number of pixels valume over ra
v A * “ number incide ellipse these pixels “ ) ‘
15 S formatidx, i3, 13k, i4, 13x, g12.9)
‘A 1% format{i7Tx, ié)
:r‘ =g format (. ,12,’ negative coefficients were found.’ ,/?
en
L
. -~ page 39
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el

PROGRAM TITLE spinball.f

WRITTEN BY J. Trent Wohleschlaeger

DRTE WRITTEN 3/12/.868

WRITTEM FOFR Delay Doppler Radar Imaging

PROGRAM INTENT

REFRESENTING A SPINNING BALL. THE ARRAY 1S5 THEN STORED ON DISK.
BIMELS ARE DIWVIDED INTC 1@@ <18X18) SUBPIXELS.
IF THE CENTER OF A SUBFIXEL IS INCLUDED IN THE REGION, THEN
THE PIX¥EL UALUE 15 INCREMENTED BY 1. THUS EACH PIXEL HAS A
VELUE RANGING FROM @ TO 186.
RESION DESCRIPTION GEOMETRY
RESION 1 SURFACE QF CIRCLE
SPINNING BALL CENTER = (8,8
RADIUS = 2.88 CM.
IMEUT FILES
LUZ = UNIT 70 RECEIVE ANSWERS FROM
2UTPUT FILES
N = IMAGE FILE TO CONTAIN "SPINNING-BALL" TARGET

< Omm:
Im g ]
REAL
INTE

- o

R~

data

TVIT mR2GRAM CREATES & N X N REAL ARRAY

RFEFEFEBEEFEEEFFEEEFEEFREEEE L EREREEREERFFEERSEEEEEEEEEXEEEXE RN XXX

o S+iless lun
icit Logical (A-2D
LAMBDACSEZS24)
SER M
ger lurn
Tap /=1
fcreat!"Enter cutput file for target model (spin_ball.???)’,

T

T %, 7  PLEASE INPUT THE IMAGE ARRAY SIZE. (25&) 7

T %, © THE IMAGE 15 ‘, N, 7 BY ‘, N, ° PIXELS.’

Call Bidball <(lambda, nl
]
Subrovtine Bldball (lambda, )
22" aotuzl mainline 2z a2 Subroutine fo take aduzmtage of
Sr-ttarn’z zgjustables arrar dimencsiorne for lambda
hllwiag)) clulel SEitess Tun
-- page 40
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+ 2
o
‘<1

.o a

-
Qo
iRz
. ;e
L’-‘“‘;r.'
te1n
LgEe
2636
2eze
~

o

~

Implicit Logical (A=)

REsL H&FNFL, LAMBDACR,nd>, R1, RADSQ, RI1SO, SUM, X, XSG, Y,
INTEZER T, J, N, NBYTEZ, iZ2, i2, N2

integer lun

Farameter (F] = 2,14135926%)
DAaTE R F32.87
D&aTAa RISR 71024.67
HafFMNPL = 2,5 # FLOAT(N + 1)
D2 1l I =1, N
Dol I = 1, N
LAMEBD&CT ,J) = 6.8
COMTINUE
TONTINUE
NZ = N2
oColage I = 1, N2
PRINT #, ¢ Starting Column 7, i
oooiple 12 =86, 9
o= (1 + (2718.,8 - HAFNPL1)
WEQ = H¥EERZ
Dooleze =1, N
D128 J2 = &, 9

= Y®x2
SG = X80 + YE@

IF (RADSA .LT. RISEY THEN
FIMEL CENTER LIES WITHIN REGION 1.
LaMBDACT ,J) = LAaMBDACT ,J) +

*
\_T
2
Y o= —(J + j2/1@.8 - HAFNF1)
=3r]
(0]

* 11,1 = (X80 + YSQ/RI1SQ)**%-8.5*%abs(X/R1)
EHD IF :
CONTINUE
ZONT INUE
CONTINUE
COMTINUE

SET THE TOTAL INTENSITY,

i = @, R
DCoZeZe 1= 1, M
0o 2626 =1, N
UM = UM+ LAMBDACT , I
COMNTINMUE
COMTIMNUE

eRIMT %, 7 Total Intencity generated: 7, sum

SaJE THE ARRaY LAMBD&, WHICH IS FILLED WITH THE INTENSITY

LaMBDA OF EACH PIXEL FOP THE REFLECTION PRQCESE, ON THE
L"L-K-

T A AP A R T A f'.f I .r' R . O e e T e e
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OCLOL

‘e,
IR R R F S E R AR T EF AR RSP E AR R RIS PR EEFREF S EREAF R I AR RR R ER S SR F RS RS EEF R

A7 AN -

o z Frogmem title cwddrreturn.,+

R
b /I - Wt tten & J. Trent Wohlechlaeger
. z Oate wr o ttren May» 23, 198¢

o s E Writtern <or DDR
‘12 - z C-zgram o ntent

:, . z Thoz program convolves a set of ambiguity functicne
.xj } z w .o th s scattering function toc produce & set of deterministic
S O - Delay-Doppler radar returns, as would be cbtained by passing a
i c mzcdar signal through a bank of BPMF-SLED’s.

R -

o - z Itpot t.les

‘. : 'utab = locok up table containing the coefficients and
o z zddrezzez used tc implement the convolution

N z cf & zcatter function array with the twoc—-dimencsional

: :TE z-itr function., The table has two parte.

S : The firet part iz an Integer array with

L : ramb elemernte, where namb ie the %otal
- z rnumber cof ambiguity functions. Thie array indicates
s : . how many addresses and coefficients are

o z present in the second part of the table for
) i z each ambiguity function. The second part of the table
;L : coneiste of the coefficiente followed by

SO : the ¢ddresses, for each ambiguity function.

S - The table gererator ie mKfilt,f.

" IHBEIIFLLL LI FEIFFFEERFREFRFERFEFEEREEEEEEFEERFRRREEFAR SR EXT RN NEER S
ALEEN ) Impt izt Logical (a=2

.o

- Inziude ‘parm.com’

;? . Immzn S fitess lune, lutab

DI

C Tharazter time*24

. ? Sza’ zzatter ritrnerzd, 'eturns(imgdmt**2>, coeff(S@REY, pct

e I-tece- :zZ-ez, ambnum, colend, co'zt, i,

. - ‘utab, namb, lunme <18, lutim,

E; ? * nsEg, numins(i28Y, cffset (5000,

NN . fi-end, pixfir, pixnum, pixst,

" » row, rowend, rowet,

.- > vl D4

SO Irteger rtertes, ranadd, nzero, iord

o Irteger ttout,ttin

N - Imteger ‘ergth icecd, etrtamb, rtncnt

L) h et [TRC TRLBpOAES2” s

ot R s b

7 Trts Turs

AR .

o Leim o= L

> AL focrezxti"Enter cutput header file rame Cytunsr @y

. E' ALl fereztd"Ernter output Data File rame MPRETLE-TRch I

:. ! AL fopen "Ernter file containing target moded Tylumsn 4l
e — page 43
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tIilf 1984 detrtrn.f Page 2
&L fzoenr i Enter file containing ¥|Ite ylutal?
FRINT =, Ernter number cf REeturns
mesd Cittin, 2018 namb
Format i S
strtamb = |
ez in the first part of the lcocokup table, which
‘noicates the rumber of coefficients and addrecsses stored
it the sezond part of the table, for each ambiguity function.
Te”;ff = S¥namkt
ALl #readilutalb, numing, length, lcecf, rtncntd

cperiunit=ictim,+ile="detrtrn.tim ,status=

Fewmind Totim
CALL fdateitime?

4

ambnium = 3

peroote Tutim,FRET . s-Cnum,timeil 29
cToee T otm,

'zt o= 1 o+ imgdmt - imgdimys2
zolend = imgdmt - Cimgdmt - imgdim)/2
rowst = zolst

rowend = colend

rmgdmt
ernd — olet

gdmt#*i{rowset - 1>) + colet

oo, The cwo &l

NEVTEZ = nsg*d
ranadd = @
Ll SveIC0 “PBELK, I0RD, luns(4), scatter, NBYTES,
O lERT smbrum = strtamb, namb
e Rz ot 1T amonumy, namb, time(iZii®
DZ1REE pivnum = 1, imgdmt**Z
returnsipixnumy = @.@
CMITINUE
terngth = rnumined ambnum) %4
LL frezdilutab, coeff, length, lcecf, rtncn
CALL freali'utab, offset, length, lceof, rtncn
wr i telttout P06 numinsCambrnum?
Format ! non-ze-c $ilter pixele for thie Return:
.. s
- L. ot o= omzozh, mTaens
e R =TT
CTOITZE phonum = porE%, pivens
IF czoatteripaxnaumd ogt, .20 THEN
rce-z = n2eroc + |
JDotez2s o= 1, ruminslambnum)
adcres = pixnum +

atfzet 0

‘unkKnown )

gorithm for each Return i1s performed

RANADD?

£
v

=R
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v @ 2 0 3 9 _q_°
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nct = 1@
Wit teitt
FLTE O Formatila,f
>
ZRolh foa
pir e Ty
FART Farmati’ Ce
closeiun
-
- outr
s mmE AT Y
-t o L O
TRl folose
=tof
1s Formatl”
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. -
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returnsfasdrez: = returns(addres)

+ (scatter(pixnumd*coef+lidd

= pixet + imgdmt

@.%xflcatinzerc)/fFloat(imgdim*%x2)

out,?R328) pct,imgdim,imgdim

T2y of pivels in the 7,i3,7 by 7,13,
/ image were nonzero.,’)

teltime)

tim,?2@87> ambnum,time(l:24)

gin processing Return #7,i2,7 at 7,a?
pt=lutimd :
utireturns?

Clutabd '

FReturn Construction algorithm. ‘5’
Return number: “,i2,7 out of 7,i3," .’
Start time: ‘ya)

cpenfunit=lutim,file="detrtrn,tim’,status=‘unknown’>

l/!
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N Nov S 11:29 1986 rndmrtrn.f Page 1
. CEEEEXEEEFIFEREFFFEBEEEXEFEXEEIEZFEREEAFEEESASEFZEFERAR SR ERFIFRESEEFREEXS
[
. Frogram title rndmetrn.f
’ b
. '\
" Written by J. Trent Wohlschlaeger
Date written Nouw 5, 1986
y = Written for Delay_doppler Radar Imaging group
<, ‘:'
’ Program intent
. N Thie program convolves a set of ambiguity functions
s with a scattering function to produce a set of random
Delay-Doppler radar returns, as would be obtained by passing a
ol radar signal through a bank of BPMF-SLED’s.
L] \'.
‘; o Input files
~ tutab = locok up table containing the coefficients and
N . addresces used to implement the convolution
s & cf an scatter function array with the two-dimensional

AW

ambiguity function.

The table has two parts.

The first part

ie an Integer array with

namb elements, where namb is the total
number of ambiguity functions. This array
how many addresses and coefficients are
present in the second part of the table for
each ambiguity function. The second part of the table

indicates

O DN ao0anNn aM N Mt OO oA AN OO nNNan

» . ;
- consists of the coefficients followed by
n the addrescses, for each ambiguity function.
i N The table generator is mkfilt,+f.
program structure
[ - . rndmrtrn
SR
9 CREREE R R RS R R SRR R AR AR IR S LR AR R R R R LR ERRRRRRERE RN R RS REREEEERRER
< I'_ -
S c
SRR Implicit Logical (A-2)
Include “parm.com’
AN Commarn “filess luns, lutab
vf ) Character time#24
- ;E Real! scatter(rtrnsiz), returnsCimgdmt**2), coeff(5000>, pct )
s Complex creturn{imgdmt**2), b, gauss
3 Integer irand!, irandZ2
~ 2 Integer addres, ambnum, colend, colst, i,
P - * lutab, namb, luns (18>, lutim,
5 * neq, humins(128), offset(50806),
1: N * pixend, pixfir, pixnum, pixst,
’ ] * row, rowend, rowst,
> > width
oL Integer nbrtesz, ranadd, nzerc, iord
- Irteger ttout,ttim
PR Integer length,lceof, strtamb, rtncnt
t - e 46 ‘
Data I0RD /x/00@@@QSE ./ pag
v Data ttout 47, ttin /57
Datz lune S1e%=-1/
oAty e m
e e e N e T e L e YN
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Nov S 11:29 1986 rndmrtrn.f Page 2 N
:-.:-s"
RS
Data irandl /3224912197 o
Data Irand2 /1.7 et
Y
Tutim = 1 TRy
CALL fcreat(’Enter output header file name “yluns(B8l) Sﬁyt
CALL fcreat( Enter output Data file name ,Tuns(2)) oy
CALL fopen (“Enter file containing target model “,luns(4)) R
CALL fopenr{’Enter file containing filters “ylutab) B?x;
PRINT %, ° Enter number of ambiguity functicns * gﬁ:u
read (ttin, 2018> namb Ry
2818 Format(iS) A
M
Chi,
strtamb = 1 P
AL
.-'.'.‘.\
c Read in the first part of the lookup table, which 5?3{
c indicates the number of coefficients and addresses stored AN
c in the second part of the table, for each ambiguity function,. n?{~
e
tength = 4¥namb Y
CALL freaddCiutab, numins, length, lceof, rtncnt N0
C - v » LY

2NN
.' { 'l F ]

A
' 5»/".‘ -

o 4w

cpenfunit=lutim,file="rndmtime.dat”  ,status="unknown’)
rewind Tutim
CaALL fdatectimed

-
FA

Ty
v

ambnum = 1 ifh
write(lutim,9887) ambrum,time(1:24) Sk
closedlutim) AT
Roses
calet = 1 + (imgdmt - imgdim)/2 %
colend = imgdmt - (imgdmt - imgdim)/2 L)
rowet = colst e
rowend = colend }" ::
B
neq = imgdmt*imgdmt i:j\
width = colend - colst o
pixfir = (imgdmt*(rowst - 1)) + colst o
c Main loop. The convolution algorithm for each ambiguity function }ﬁﬁ3
z ie performed here. RS
SN
NEYTES = nsq#4 RO
ranadd = @ AN
CALL SYSIO (PBLK, IORD, luns(4), scatter, NBYTES, RANADD) :

DO 1885 ambnum = strtamb, namb
write(ttout,15S) ambnum, namb, time(12:1%)
DO 1808 pixnum = 1, imgdmt**2
creturnipi=znum? = 0.0 RS
1p00 COMT INUE Y

tergth = numins ambrum) *4 NIy
CALL fresdilutab, coeff, length, lrecf, rtncnt’ - page 47 \j:u
CALL freadrilutab, offcet, length, lcecf, rtrncntd A
writedttout,®s@0 numinsambrum? AN

?908 Format(’ non-zero filter pixels for this Return: “,i5) ff“
nzerc = 9 N

; . , e
pixet = pixfir oA

AT fan T af‘-'smgnw-: TS S Z : ; " NI e S
P R T e T e e e A e e S e A e T, Ty KRN RN SXN

:t:l\- R N e -\_n"..".)."'- SN \'.\. RTINS - \.\‘ SRR ‘
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Nov S 11:2%9 1926 rndmrtrn.f Page 3

g

00 1215 row = rowset, rowend
pixend = pixet + width

o
v 5

g DO 1828 pixnum = pixet, pixend
’ IF (scatter(pixnum) .gt. 8.8> THEN
nzerc = nzeroc + 1
? CALL nrmran (irandl, irand2, gauss)
: E = scatter(pixnum)#*gauss
PO 1825 i = 1, numins{(ambnum)
: addres = pixnum + offset(i)
o creturnCaddres’ = creturn{addres’
* + (b¥*coeff(id)
o 1825 CONTINUE
[~ END IF
y 1820 CONT INUE
pixet = pixset + imgdmt
18i5 CONTINUE

1

pct = t@d.*flcatinzerod floatdimgdim*%2)
writelttout,98238) pect,imgdim,imgdim

FE2E Formatiix,f7.2,7% of pixels in the 7,i3,” by 7,132,

¥ 7 image were nonzero.’)

CALL rdatecCtime)
openfunit=lutim,file="rndmtime.dat’ ,status="unknown’)
write(lutim,?807> ambnum,time(l:24)

P07 Format{’ Begin procescsing Return #7,i2,7 at 7,a)
closefunit=lutim)

‘ ...,..»

L&

N DO 3008 pixnum = 1, imgdmt**2
- returns (pixnumd = abs {(creturnipixnuml)
2000 COMTINUE

. CALL output(returns)
y 1e@s  COMTIMUE
. CALL foclosediutab)
s : stop
’ 1S Format</, ‘
RN > Feturn Construction algorithm. iy
o * Return number: “,i2,’ out of “,i3, .7 ,./ ,
; * ’ Start time: -
. END

»

i -~ page 48
L
. .\:
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Frogram title cwasd2d.ftn

VT L L
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'
e
»

\'f e
W

8§

)
»

Liritten by J. Trent Wohlschlaeger
Date written Nov. 5, 1986

Written for Delay-Doppler Radar Imaging

P

<

oMo NAnNn

Program intent T
Thise program applies the confidence~weighting
algorithm to the reconstruction process in Delay-Doppler
radar imaging to produce an estimate of the desired image.
The "returns" data, sorted by burst, and converted into
ordinary (x,») coordinates, must be available.

L S SRR
L3
'1

LA
)

Input files

ludat = returns data in squeezed format

lutab = look up table ceontaining the coefficients and
addresses used to implement the convolution
of an image array with the two-dimensiconal
ambiguity function. The table has two parts.
The firet part is an integer®4 array with
nburst elements, where nburst is the total
number of bursts. This array indicates
how many addresses and coefficients are
present in the second part of the table for
each burst. The second part of the table
consists of the coefficients followed by
the addresses, for each burst.
The table generator is mkfilt.f.

V...
P,
.
FAE N
parh,

MY O N ann oo n

X
’

a4 4 W
) “

program structure
cwasd2d , e
genrtrn NS

Dy O N e ny NN

(AR
N
BHAAS

CRFBEFRERER R R R SRS FRFRERFEREREEEEEFEEEELXEEEXEEX XXX EX LR SR XXX EEE caa

common JSrtrnarea’ rtrnpix, noadd, noval
include “parm.com’

character time*24

integer rtrnpix?(128), noadd(i166000)
FReal nowaldloaea)
real rtenirtrneiz), cwpimglCimgdmt**2), coeff(%000)

integer addres, brstnum, colend, colet, i, lutab, nburet,
* nsq, numins(128), offset(9800)>, pixend, pixfir, pixnum, pixet,
* rowend, rowst, width

Irteger rtrnhead,rtrndata,ttout, ttin

‘rteger#2 header (1227

integer tudat,lutat,luimg,length,imgfig,lcecf, strtbret, rtrncnt

data ttout /47, ttin S/

Tutim = 1 == page 49 S

0 AT
.
.~f.‘ o
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Now & 11:42 198¢ cwasdzZd.f Page 2

CALL fopenr("Enter file with filters ",lutab)
CALL fcreat("Enter output file for confidence weighted preimage ",

» Tuimg?
CALL fcpenr("Enter returns header file ",rtrnhead’
CALL fopenr("Enter returns data file “yrtrndatad

write{ttout, 2600)

read (ttin, 28108) nburst
20608 format< Enter number of burste 7 ,%)
z2a1e format i D)

do 1888 pixnum = 1, imgdmtx%2
CwWpimglpixnum) = @.@
19p@ continue

ztrtbret = |

Read in the firet part of the 1ookup table, which
indicatee the number of coefficiente and addresses stored
in the second part of the table, for each burst.

Do the <zme for the returns data.

ooy e 0

length = 4#nburet
Call fread(lutab, numins, length, lceof, rtncnt)
CALL freadi{rtrnhead, rtropix, length, lceof, rtncntd

cpenfunit=lutim,file="cwtime.dat’,status="unknown’?
rewind Tutim
CALL fdateltime)
bretnum = |
writelutim,?004 bretnum,time(l :24)

format¢’ Begin processing burst #/,i3,”7 at 7,a)
closedlutim?

Q
D
B~
xS

calet = 1 4+ C(imgdmt - imgdim)/2
calend = imgdmt - <Cimgdmt - imgdim)/2
rowst = colet

rovend = calend

nsq =imgdmt*imgdmt
width = colend - colst i
pixfir = (imgdmt¥frowet - 13> + colst

Mzin lcop. The cw algorithm for each burst is perfourmed
here.

[N

do 18485 bretrnum = strtbret, nburst
write(ttout,15) bretnum, nburset, timed(12:1
CALL genrtrnibretnum, rtrndata, rtroo
writelttout (PO UM Inecbretnum?

format? " rnon-zerc filter pixele for th's burszt: g 1S

tength = numinstbretnum® * 4
CALL #readilutab, coeff, length, lcect, rtncnt?
CALL freadilutab, coffeet, length, lcecf, rtncntd

0
4
D
Dl

-- page 50
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pixst = pixfir g

do 1815 row = rowst, rowend o
pixend = pixst + width . hj
do 1828 pixnum = pixst, pixend ({t*

if (rtrn(pixnum) .gt. 8.8) then AN
nzero = nzero + | AN

do 1825 i = 1, numins(brstnum) i

addres = pixnum + offset(i) oY
cwpimg(addres) = cwpimg(addres) NN
* + (rtrn(pixnum) ¥ coeff(id) OO
1825 continue *Qﬂ?
O,

end i+ :A
1020 continue AT
pixst = pixst + imgdmt ;ﬁﬁ;
1815 continue e
pct = 18@.*float(nzero)/float(imgdimx*2) NGRS
write(ttout,?038) pct,imgdim,imgdim NI
838 formati{lx,¥7.2,”% of pixels in the 7,i3,” by 7,i3, .
» ‘ image were nonzerc.’) ‘?&ug
c update the cumulative sum for the number of bursts so far. {i?t'
z In case of system crash, we can re-start in the middle. &}ﬁf

CALL frew(luimg> AT

length = 25¢ -

CALL fwrite(luimg,header,length) RS

length = 4ximgdmt*%2 RN

CALL fwritecluimg,cwpimg,length) 52:{'

. e

CALL fdate(time) L

openiunit=lutim,file="cwtime.dat’,status="unknown’) e

write(lutim,?807) brstnum,time(1:24) RN

7087 format(’ Finished processing burst #/,i3,” at 7,a) gfuﬁ
closefunit=lutim) :;?2
1085 continue ;tﬂe
AR 4
z save the confidence-weighted preimage onto disk. F;, A
c el
imgflg = -1 R
length = 254 el
CALL frewiluimg) NG
CALL fwrite(luimg,header,length) BN 5
length = 4*imgdmt**2 —
CaALL fwritediuimg,cwpimg,length) ‘\fi
c ')»._\:_
CALL fclose(luimg) SRR
CALL fclose(lutab) x;i;‘
CALL fcloszedludat) RA¢
c .
53
zton , ~-- page 51 ,;Zd”
RPN
e
15 format(/, }ﬁ¢§‘
» / CW reconstruction algorithm. Ly
* ‘ burst number: ‘,i3,7 out of 7,i2,7.7 ,/, ?;uﬂ.
erenen
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' * ‘ Start time: -
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» Ffinimg.f Page 1

.-

SProgram title finimg.f

Liritten by J. Trent Wohlschlaeger
ate wiritten Nov., 146, 1984

Writtern for oeltay-Doppler Radar Group

ie program performe the filtering for the
rezonstruction from & preimage to a final image.

trpe @ == confidence-weighted filtering.
trpe = 1| ==> mocst-likely-paosition filtering.
trpe = 2 ==} convolve with a circularly symmetric

gaussian to form the desired image.

{
o
It
]
N

“aodim de not form a two-dimeneicnal cw
preimage by an extra convolution
with a circularly symmetric

gaussian.

twodim = 1 == form a two-dimensional cw preimage
and filter,.
The =quation used for reconcstruction is
d = $¥h/g
where
d ie the fourier transform of the desired image,
t+ is the fourier transform of the preimage,
“ ie the fourier traneform of a resolution cell, and
z it the fourier transform of the filter,
Trhie program reads in § ¢(in the space domain),
akez the two-dimensional fourier transform, generates
the £ilter hog, multiplies § by h/g, and then
rrverge fourjer tranesforme the recsult to form the
“.0z2) ‘mage, which ie then stored on disc.
¥ type = 2, then g is cet to 1, sc the effect is
Yo corwzlve the preimage (which should be the
zzattering function in thie case’ with a
tircularly eymmetric gaussian, tc form the desired
(M ge .
Program structure

$irnimg

fie

€. fpoes

-- page 53
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ez T ITiR% 1°gs Ffinimg.f Page 2
. * cwfilt, expbes, freqx, freqyr, fwhmb2, confac,
, ¥ $wthmr, g, h, hbar, lpfl, mifilt, twopi, maxmag, arg,
ko * pis pisg, r@, sbzdsq, sigbsq, sigesq, sigmab,
L e * sigmae, sigmgr, sigmb2, sigrsq, topfsq, U, W, X,
- ¥ xieq, #il, xi2, fwhme, fwhmb, r@, pix
- - o , . .
— Integer i, inv, Jj, length, lupimg, luimg, lcecf, rtrncnt,
- * ro an, rascos, twodim, trpe, rtncnt
.. integer tiin, ttout
<. Integer*2 header (1280
. EGUIVALENCE (header(99), FWHME), (header(1@1), FWHMBE)
\ datz pi “3.14159245/, pix /76.25/
MR data ttin S5/, tiout &/
. - rno= imgomt
) o= imgdmt/i
. pilEg = P'*'l
: ? topizg = Z.8%pisqg
. confac = Z2.B8¥sqrid2.8%alogf2.8))
« twodim = @&
] fuwhmbZ = 2.8
. il o= £.8 :
N #I1Z2 = P.@
. o lpf! = @.8
» ;‘..
. t2)' Ffzzernri"Enter confidernce-weighted pre—-image file",lupimg)
. 271 fcreat("Enter output confidence-weight file "yiluimg?
. T8 = pixs2.8
N writedtiout, 32
. readittin, 182 trype
- e i te ff—-_M' 1€ typ-:-
;- writedtdiout S5
3 resd C4tin, 2% fwhmr
AJRY write(ttout, 480 fwhmr
W) sigmar = fwhmr/ron¥ar
Sigrsq = =igmar*sigmar

. ::: twodim = B
T IF ftype .eq. 8> THEN
. write(ttout,28:

N read (ttin, 10> twodim

weitetttogt 250 twodim

s = -- page 54

. 1T itwndim o Leq. 1) THEN

. W i te il b £
L rezd (ttirn, 2% Ffuhmb2

writelttout,70) fuwhmb2
L & EMD IF !
. sigmb2 = fwhme/con*ac }
\.;*,-;.s‘-.;',:.:.' M -.”' e '“*.y.“ ' ”‘;}f" RDIASIRY s "y ) -
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Dec S 17:2% 192¢4 finimg.f Page 3 Latad
N
», oy

W ted ttout ,?E0
read Tttin, 18) rascos
writelttout,8@0) rascos
S formatis,
* please input the type of reconstruction decired. Ty
* ’ tvpe = @ ==> confidence-weighted. PN
* ’ type = 1 == most-likely-position. v
¥ i tvpe = 2 ==> decsired image. v
* 7 do not include a decimal point. v
* ’ "9y
* i tvpe = 7 e
18 formatibn,i3
1€ formatls,” ‘type = 7, i
Z2€ formztis,
* i iz it degired to form a two-dimensional confidence-",/, —
* weighted array before filtering? VN g
* ! twodim = 8 ==> do not form the 2d cw arrax. 7,7, AN
* ! twodim = | == form the 2d cw array. v ALY
* 7 do not include a decimal point, T o
* 4 ./ .4
. . H y Y Jard
* © twodim = ? e '
2% fo-mztis, twodim = 7, 02D . T
2E formatlf20,18) A
ST forma bl PO
N . . T
> rlease input the full width half max form of the S N
. . - . L) ’
* ‘ ztandard deviation of the circularly symmetric VAN B )
* gaussian recsclution cell, fwhmr. inciude the v R
* © decimal point, v q}:s
; s An
* © fwhmr o= ? ocm. e SIS
&2 farmat(s " fwhme = 7, §10.5) :&3;
LS format o, )
* 7 please input the full width half max form of the 7 gy s 4
> * standarc deviation of the circularly symmetric T O
- ssussian which is to be used tc create the two-— N SRS
. cimensicnal confidence-weighted preimage array. T -ﬁutc
. include the decimal point. VS ROV
> ‘ ey HM&S
- © fwhmb2 = ? cm. gD
cE formetis 7 fwhmb2 = 7, £10.5) DN
TE fzrmatis, el
; . . . AP ACA
» : ie it desired to use a low pass filter of the e AR
¥ ° raised cosine type? S ;{};-
* g rascos = @ == do not use thic 1p#f. ‘T Y
* ‘ rascos = | == use this 1pf trpe. Y .
= ’ 22 oot ez ude 2 Zzcocimal point., Ty \fﬂb
C . RS
hd LI TN
* rasccs = 7 y OGN
S Sformzt s ragcos = e . PUNCE:
/] s - O ’ -- page 55 .‘:.:'... )
l o
z ~ead 1r the preimage array arreal fCarreal is in the sracs St
. N AN
< domaind. arrezl g of rez! Yype. St
o A N e f et e A " Ta . .. i - . . LA N RN
s"-d’-\’ .(:}. “‘N'\'v". '(.')'J'(.‘ \.:( ‘.\"‘V’ "¢ \(:,:__-\'x__" (\'\ ‘\-‘_t.’ \._,\.
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call freadflupimg,header,length,lcecf,rtncnt?
*imgdmtexZ

ad{lupimg,arreal ;length,lcecf,rtncnt)
eg 10 THEN

.

EJF encountered while reading input data.”

“Enter FWHME-
-, fwhme
t, “Enter FUWHMB’
* . fwhmb
fwhme confac
fwhmbconfac
i gmae*sigmae
sigmab¥sigmab

"weow oo

13 THEN
gm-b/=:gm4r)/f 2¥pix)

1, imgdmt

= 1, imgdmt
-imagli,j> = 8.8
NUE

two-dimensicnal fourier transform of the preimage.

ny 1, invw
Ny My inv)

mgdmt
s imgdmt
Taximasmag, sqridarreal (i, jr**2 + arimagii, jr¥x2))

[TORTUN T B
]

W o--

g imgdmt

1, imgdmt

iyd) = arreal (i,Jj>/maxmag
yJd ! = oarimag Ci,J) /Maxmag
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Dez T OLTiZ® 1F2E finimg.f Page O -
fregs = Ffloatii = 27(floatind¥pind - 1.@/pix
o7 el oo o= 1, imgdmt
IE Dl Jle, nu2) THEN
freqyr = float(y - 1>s0Ffloatin)*pixn)
elze
freqr = fiocattj - 13/(floatind*pixy = 1.0/pix
END IF
nieq = (freqx*¥freqx) + (freqr*freqy)
i = zgrtixzisqy
I t4tvpe ,eq. @) THEN
w = ftopisg¥(sigesqy — €igbsqg)*xisq
cwfilt = exp(-topicq#*xisq*(sigreq
* - 2.8*sigbsq))/ expbesiyl
arrealli,jry = arrealdi,jo*cwfilt
ST, = arimagli,jr¥cwfilt o~
RS
e
BN %
. IF (tvpe .eq. 1) THEN A
F o= exp(-topisqg¥*sigrsq*xicsqy N
v = pisq*(sigesq ~ sigbsq)#*xisq RN
w = twopi¥*xi¥re s
IF ¢xi .ne. 8.8) THEN A
g = exp({—-topisq¥sigbsq¥xisq) IS
* * expbes(v)*besjlu)*rB/xi t:}ﬂ
glse ,}j';:
3 = exp(-topisq¥sigbsg¥*¥xisq) A
¥ *¥expbesiy)¥pi*r@*rQd
EMD IF
mlfilt = pi*rg*r@*h/g
arrealfijr = arrealCi,jr*mifilt
arimag’i i) = arimagli,jo*mifilt
S IF
IF {tspe segq. 20 THEN
arg = —topisq¥*sigreq¥xisq
IF farg .ge. =-70.8) THEN
b= explarg)
eize
h = 0.0
EMD IF .
arrealii,j? = arrealCi,J)*h
arimagfi,jr = arimagCi,Ji*h
END IF
I s4zdim oLeg. 1) THEN
Ste-m o= eroi-top i soeeblideg¥aizg)
Erresl i, = zrrezi i, Fhbar
2T maa’ i, i = arimagli,J)Fhbar
gil F
IF ‘rascoce .eq. 1) THEN ~- page 57 B
IF St il THEN
pfl = 1.8
ISy ,\}-."\:_\:.\.' 5 U
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IF dixil Jge. xil) ,and. (xi J1t. »xi2)> THEN
Tl = €8,5%(1 + cosipi®*(xi —- »xil>)/(xi2 — xil1)H»)
=D IF
IF txi .ge. xi2) THEN
iptl = 0.8
gD IF
arreal’i, i) = arreal(i,jl)*1pfl
zrimaglii,j) = arimagCi,j)*1pfl
END IF
bRl CONTINUE
gy AT INUE
z ar-ea’ and arimag are now the real and imaginary parts of
z the <ourier transform of the desired image.
z tare the inverse two-dimensional fourier transform to
o btz r the desired image.
ruo= 40
2ail +f+ftiarreal, arimag, n, n, 1, inv?
cz)) F+tiarreal, arimag, 1, ny, n, invd
z ar-ezxl i€ now the decired image in the space domain,
z zzve the desired image on disc.
a0 frewcliuimg?
.ii-.':;t“' = 2%z .
el swritelluimg, header, length)
'ength = 4% imgdmt¥x2
22! furitetluimg,arreal ,length?
zail) folosedlupimg?
a3l felosedluimg?
stop 7 finzl image written to disc °
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Z BRAZREAM TITL vufinl . f

2 WRITTEN 2Y J. Trent Wohlechlaeger

z DaTE ORITTEN Hov 18, 1984

z WRITTZN FOR Delay~Doppler Radar Imaging Group

E SEIERAM IMTENT

Z This iz & graphice utility program which displayrs

- tme $inzal image created by the cw algorithm.,

R R AR R I EE R R R F R R R R NN R RRE AR F R AR EAERRE RS EXEREEFEER

mpticit Logical (A-Z2
Incluyde ‘parm.com”’

Integer xoff,yoff,xsiz,rsiz
Rez?! arreal (imgdmt, imgdmt)

Integer length, luimg, Tceof, rtncnt
integer*2 header(122)
Inteéer iy J
Bexn’ -z 128,128)
T PaRaMETERE
Parameter (xsiz = @, rsiz = 8)

LN

INITIALIZE GRAPHICS PROCESSOR
CARLL METRENGR (8,00

]
[_I_;!
T
m

E &LL PLAMNES
AGIFPLM (-1 .

ALL fopenr ("Enter confidence-weighted image file*, luimg)

SALL frew (luimgd
tength = 254

ZA_. fread fluimg, header, length, lceof, rtncntd
tength = d¥imgdmt=x2
CAaLl fread fluimg, arreal, length, lceof, rtncnt?
IF fizeos .eq. i THEM
SRINT %, 7 End-of-file encountered while reading input data.”
|-
tEs = 7
STEE = @
ooole = {,128
DToZ2e o= L, 128
sl Ti,d) = arreal (i+é4, j+é4)
e COMTINY
le COMTINUE
TALL TEplmz piz 22,128, uoff yoffyeizyreiz
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