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1.0 ABSTRACT

An elght month program is proposed to further investig:te the
utility of ecoherent radar imagery on targets of military significance,
The program 1s divided intc G major sub-tasks which encompass the
followings radar data evaluation, Bpecial enalysis techniques, Sargat
signature, an R.Y. handbook, snd two radar modifications which will

improve R,I. effectivereas,

510 ot o LR G
Approved For Release 2005/051b2 : CIA-RDP78B04770A0020000760¢8-4 A1IDLING

1



éﬂ)ﬁg\llé&' Poltlgmlmge 2005/05/02 : CIA-RDP78B047/0A002000070008-6

2.0 INTRODUCTION

Phase one of &n R. I. program directed toward advancing
analysis methodas for the interpretation of coherent radar data
has set forth the essential generalities of the problem. The
basie goal of that program was to build upon the techniques of
previous investigators through extrapolation and the addition of
advanced proceduras. This proposal deseribes a second phase whiéh
i8 directed toward further improvement of image Interpretation #nd
the extension of special methods of analysis. :
Also two radar modifications are outlined which are an ouf-
growth of Task IV of the initilal program, "Radar Improvements &o
Enhance R.I.", One additlon provides for contrast stabilization
of the AN/APQ-93 to maintain density gradations in the output map
proportional to a pre-selected range of target reflectivities
—— (radar reflection coefficient). The other provides for an
estimation of the ship's doppler and a widening of the primary
data recorder azimuth bandwidth. The doppler estimation and bandwldth
increase 18 required to prevent output image degradation due to
the doppler spectrum being incorrectly located with respect to the

recording passband of the radar,
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3.0 SUMMARY

In order to further improve the mathematical probability of
the information reported on in Phase I, it 1s planned that missions
will be flown to supply data on areas of apecific interest.
Typiecally a group of missions will be flown over Army vehlclas of
known type and fixed location at the Aberdeen Proving CGrounds,
Emphasis will also be placed on the comparison of detall ecorrelatiors
with the KA. 45.A and close-up color photography.

Special analysis procedures are to be studled, i.e. non-linear
shaping of the amplitude charactsriastic of the data. This shaping
is considerably more difficult in a eoherent system due to the
nature or accessibility of the signal.

The capability of materisls classificatlion utilizing measure-
ments of relative density in the ocutput image will be investigated.

To facillitate these measurements 1t 13 recommended that the signal

- handling process of ths radar be stabilized by the addition of

dynamic contrast contrel. This control maintains those signals of
Interest within the available dynamic range, sco that meaningful
relative density measurements can be obtalned.

A methed for obtaining optimum coherent radar images of ofean
surface ships is recommended. This requires a simple radar nmodl-
fleation and a change in the F-101 installatlon in order to malintain
the ships doppler spectrum within the recording pass band of the
radar,

Also suggested 1s a handbook for radar interpretation of coherant
information. This handbook 18 intended to indicate those general
features unique to ¢oherent radar Imagery and those apecific parameters
agsociated with the APG-93.
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k.0 TECHNICAL DESCRIPTION
The program during the first halfl of 1965 initieted the

major portion of the fundamentals for interpretation of coherent
SI.R data. That effort prassnted the essential SLR data reguired
to illustrate the principles involved., It 1a the purpose of the
proposed program for the latter part of 1955 to expand on the
subatantiation of these principles, and enlarge upon the methods
available for R.I.
Other items proposed for this program are:
a) The publication of an R.I. manual for cohsrent radar.
b} The addition to the APQ-US8 of a mtsbilized contrast or
grey tone control to ald in target recognition, identi-
fication, and materials determination.
¢} The addition to the APQ-93 of the capability of doppler
frequency estimation on ma&rine surface shirs to provide
cptimum imaging of these ships.
4.1 Radar Data Rvaluation
It will be the purnose of this part of the prograr to
extend the avallable Information deseribing the evaluetion of
coherent SLR data. This externsien is intended to further im-
prove the mathematlcal probability of the tabulated information
which originated in the program during the first half. An
additional effort will be to advance the methods and procedures
used previously., The radar data evaluation will be greatly
aided by the availabllity of the KA-45-A camers data, and the
detall correlator during the ¢completa @rogram. These two itemn
were not avallable until the beginninz of third and fifth months

of the initial program.
Approved For Release 2005/05762 : CIA-RDP78BO4770A0020009§75Q003&,-§ Y
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4,2 %arget Identification Matrix

A target I.D. matrix 18 a eataloging method for the radar
data representing a definite target which is several resolution
elements in area, The coordinates for this data are usually
azimuth and elevation aspect angle. The purpose of the matrix
18 to provide the R,I. with a record of the coherent microwave
Image and its typical variations. Ideally this would be done
on all possible targets of interest. However, for this program
1t will be restricted to those targets of higher interest wherc
the principles and methods of recognition and identification
for coherent radar imagery ean be tested and expanded as required.
Also, the target I1.D. matrix will be used to determine capabilities
and deficlenciea of the collestion equipment,
4.3 8pecial Analysis Techniques

The program thus far has proven that additional interpretation
capability can be obtained through special photo pro¢cessing
and control. Also other imagery programs in allied fialds have
shown benefits from variations in the spatial frequengy response
of the recorded image. A ccherent radar equipment using optiesl
correlation requires eguivalent techniques for ad Justing the
frequency c¢ontent of the image =nd the aignal amplitude response.
The conventional radar can be adjusted eagily to be saslective in
both the amplitude and frequency charucteristic. Identieal
¢ontrol in the coherent system is accomplished in 4 more difficult
manner and at different pointa in the equipment. Some of this
c¢ontrol can be accomplished by changee within the equipment
(radar and/or correlator) however, there 1a a reasonable amount

that can be aceomplished by special recording and photo processing
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of the correlated deta., It is proposed that these technigues
be investigated further during the extension
4.4 Military Exercises

During the first half of the program a Camp Drum Army

maneuver | bnd a Navy exercise were surveilldaXi

by the AN/APQ-93. Also at this writing it is anticipated that
flights will be made in the near future on parked {(appropriately
spaced ) Army vehicles at Aberdeen Proving Grounds to determine
signature. These Tlights were selected with the objective of
defining the equipments capability and gaining same insight to
R.I. problems. It is suggested that nmore flights of a similar
nature be conducted over a sulitably spaced time perilod.
4.5 KA-45-A Camera

Thils camera 18 mounted in the F-101 to record the same F.0.V.
as the radar for the purpose of verifieation, target identificztion,
and optical microwave comparison. The foliowing effort 18 re-
gquired to maintain this camera capability.

a} Non-routine flight line maintenance and applieation

support effort.
b) Factory adjustment and minor overhaul near mid progran,
¢) Film procurement, handling, processing, evaluation, and
data cataloging,

4.6 R.I. Handboock

A handbook for use by radar interpreters of ceherﬁnt mapping
information was not included as a part of the initial vprogram.
It 1s recommended that this manual be written during the coming
period and include the following topies; system characteristics,
map defects, mensuration, and environmental effects on data

colllmrbeed For Release 2005/05/02 : CIA-RDP78B04770A002000070008-6 .
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4.7 Flight Ansalyzer

A significant amount of infermation or target ldentifiecatlcen
and materials analysis can be accomplished by gqualitative and
quantitative density measurements on the correlated data film,
To obtain meaningful density measurements, the contrast or grey
tene rendition on the correlated film must be stabllizad by
reascnably accurate control within the total equipment. In a
conventional radar the relative density control on the output
map is accomplished simply by sensitivity and gain stabilizatien,
however, with a coherent equipment it is not as readily
accomplished, It is therefore the intent of thils part of the
program to design and install in the F-101 what is termed a
flight analyzer' after a study phase has been completed to
determine the method and practicality of contrast stabilizatlonm.
Essentially the "flight analyzer” is to be & form of built-in
radar monitor avallable to the radar operator on a aimple display
and control panel for signal stabilization on the deppler data
raecording. The data displayed on this monitor is the result of
a reference signal injected into the radar at RP frequenciles.
The control of the doppler data is anticipated to accempllsh the
required degree of stabilized eoﬁtraat or grey tone renditien
in the correlated data.
.8 Surface Ship Imaging

The normal mode of operation for the APG-93 is the survelliance

of land targets which are represented by a doppler freguency

proportional to the aircraft ground speed. Moving targets such

~ D
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as the Navy ships in operation | | no longer met this  o5x1

requirement with the result that the hologram record gontained
the incorrect frequencies for the equirment, and hence degraded
images. To prevent this, 1t i3 necessary to widen the Lvandwidth
of the primary data recorder ami adjust the radar to goupensats
for the doppler change equivalent to the target veloeliss. To
obtain 2 wider recorder track bandwidth it is proposed that the
data f1im speed be inereased from 1.22 inches per secend to over
2.0 inches per second. To compensate the rader for tha tarzet
velocity it is proposed that 2 simple calculator based on the
dead-reckoning principle be used. The manually set-ir linputs

to this ealculator will be the velocity and heading of the

aireraft and target.
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5.0 WORK STATEMENT
5.1 Radar Data Bvalustion

Extend the evaluation of acocherent SLR data to further
improve the mathematical probability of tabulated infarmation
on:

a} Target detection, orientation, recognition and identi-

fication.

b) Vegetation, follage,shadows, camouflage and pracipitatior

sffects.

¢} Change detection and repetitive cover capability for

rail yards, airports, ship yards, mimsile sites, and
construction areas,
5.2 Target Iientification Matrix

Prepare detail correlations on various finite targets and
construct an identifilcation matrix for esch tarret where a
sufficient quantity of data 1s svailable. !ha coordinates of
this matrix are to be azimuth and elevation aspect angles.

5.3 Special Analysis Technlgues

Continue evaluation af'apecial analysis techniques which Iim-
prove or enhance the SLR map presentation fur use by the RI.
These areas of evaluation are:

a)} Photo processes, procedures and materials, which aid in

enhancing small signal return and asccentuation of contrast.

b) Spatial frequency response variations in the eorrelation

of SLR dats by addition of derivatives of the original
to final picture,

-1 -
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5.4 Military Bxerciaes

Conduct SLR surveillance of military fileld and se& exercises

S

and issue a report for each exercise,
5.5 KA-45-A Camera
Support KA-45-A aerial reconnaissance camera in the following
areas:
a) Non-routine flight support and maintenance.
b} Return of camera to manufacturer for repair ard adjustment.
e) Process and evaluste flight film.
5.6 R. I. Handbook
Write and publish an interpreters handbook for coherent
radar containing the following topics.
a) System description and characteristics (the radar,
correlator, and resultant imagery).
b) Error and Distortion Recognition (radsr and cerrelator).
e¢) Menauration Methods,
d) PFEnvirommental Effects {weather, ground condition, time,
altitude, clouds, vegetation, ete,).
5.7 PFlight Analyzer
’ Conduet a two phase program which will add the capability é
of stabilized contrast to APQ-93 on coemand from the radar
operator. The program phases are:
a) BStudy the feasibility of and methods for, stabilizing
the contrast of the APQ-93.
b) After successful completion of phase "a1" of the program,
design, fabricate, and inatall a flight analyzer in
APQ-93 system.
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5.8 Surface Ship Imaging

Conduet a design, modification, and fabrication program
which will add to the APL-93 the capability of a wider azimuth
data bandwidth and doppler frequency astimation on moving
targets. These moving targets shall bhe limited to marine surface
ships at a speed less than 40 knots.
5.9 Reporting

The reporte lasued for documentation of this program shall

be issued according to the following:

a) HReporting for military exercises (5.4) shall e
completed nominally 3G days after campletion of the
exercise,

b) Progress reporting for the program shall consiat of 3
bimonthly reports each of which are to be completed

during the month following the bimontbly peried.
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