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MEMORANDUM.
' B i nEnoN
From: Code 7920 ‘é@ﬁ?g és Fs‘ﬁ Esw

To: Code 7000

Via: ' Code 7900
Subj: Research Accomplishment

1. Mission 7107 was launched into orbit at 141212562

December 1971. The orbit is nearly 1deal in its proximity to
the design goal or 535 NM altitude and 70° inclination. The
spacecraft have undergone an intensive evaluation (Phase I).
On 28 December 1971 the total system evaluation commenced
(Phase II) where a data base library is being recorded at each
site in a manner which is far more intensive than these space-
craft are likely to be used operationally. Included in the
goals of Phase II is the requirement to digest this data base
into a capsule form that can be tasked at three-month intervals
so that the entire system will be capable of evaluation in the
environment of each site.

2. The following operational characteristics have been noted.

a. The Gravity Gradient Stabilization boom and damper for
7107C has failed to deploy even though it was checked
thoroughly just prior to being installed on the booster and
even though there is significant redundancy in the system. The
attitude detection and monitoring system has now been analyzed
so that the axis of the magnetic moment of the spacecraft is
now known. It is hoped that the study of this attitude history
will develop to the point that the spacecraft can be tasked
during those periods where its attitude will support operational
use and, conversely, avoid tasking when its attitude is marginal
or such as to provide too little signal strength at the data
collection site. It is estimated that approximately 59 the
time, the 7107C spacecraft attitude is acceptable in
for data collection operations. The study will provide a much
better basis for refining this estimate.

b. The Signal Level Measurement (SLM) option has been
evaluated in Phase I. Using this option to assess the parts of
the spectrum where the four spacecraft were designed to perform
alike in 4-bird fashion, the results show a remarkable agree-
ment. The differences can be easily explained by slight difference
in sensitivity between the collection subsystems. From this
assessment it seems that the collection antenna systems are
less affected by adverse spacecraft attitude than is the data
link transmitter system.
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c. Data link transmitter antenna booms on all spacecraft,
except 7107D, have not deployed fully, but there are indications
that this does not greatly influence the signal level nor the
operational usefulness of these spacecraft. The telemetry
indicators for this boom system indicate they are fully stowed
or fully deployed. Even 7107D, which is now fully deployed,
took until the seventh orbit to give the telemetry indication.
The analysis on this subject will continue.

3. Significance of Research Accomplishment:

The launch and initial evaluation of Mission 7107 has
indicated that the Mission is fully capable of being used
operationally with the partial loss of utility of 7107C (less
than 25% of the time). The evaluation of overall Mission
continues to show favorable results leading to an operational
system by about mid-January.
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Secohd Quarter, Research Accomplishments By code 7920 , .30 June ‘71

Princ1pal Investigators...V.S. Rose{:::::::::}E.G. Becke

Subject: Congiguous (Comb) Filter development for X-Band.

1. Backgrouhd°

- Since M1551on 7104 the Program C ELINT Coverage has embraced the
frequencv spectrum up through 9500 MHz and has experlenced 1ncre851ng1y
han}er data density each year, partlcularyly in the area of the Iron-
Curtaih border between Europe and Asia. jéignal density in excees of
1oo.maib beams in a single second have beee observed. The solution to
this problem has taken several forhs in theiELINT subsysteﬁs now being
developed by the principal investigayors; one of these is being discussed
in this paper and that is the developmement.of a contiguous twenty-ze ..
section filter where each‘tooth is approximately 20 MHz wide and immediat-
ely adjoining. its neighbor aﬁove and below it in frequency. 'fogether

- fhese 20 teerh cover the frequency range from'9200 to 9600 MHz.

2. By redocing-the overall RF bandwidth of toe collection system it
is obvious that certain undesirable (Friendly) radar families can be
eliminated from fhe'érooram data and will no longer need burden the
processihg systems. Thus it is antioipatea that this ability to be more
selective in the a531gnment of X-bend collectlon w111 result in a graat

exp101tatlon of this heretofore unused portlon of the ELINT collectlon

by overhead means.
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Research Accomplishments by Code 7920 30 June 71.
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?rincipal Investiga[:::::k.v. Hellrich/GEorge Price/R.D. Mayb‘

Subject: Augmentation of Program "C" for Ocean Surveillance
l. Background: |
Progrém "C" has for the past ten years been associated with the over-

head collection and processing of ELINT against current USIB priority |
targets. In essence this has been one of the major National fesouréés
for the Generél Search category for the early discovery of'heretofore'
.unknown radar signals. Historically, the Program "C"data haé been
exploitéd toward the solution of the strategic ELINT mission:%ﬁs:;é'

‘the past two years significant demonstratipn has also been made of the
potential available within the program to intercept, idendify and

locate on an increasingly timely basis, the major combatants of the
Soviet Navy. It is in this direction that—tHe Program "C" is being
'éqgmented.’xThus the time critiéal or mobile ship target is soon. to beqﬁe
one of theAmajof goals in the operational expioitatién of the intelligence
being derfived from this program.

2. The augmentation of Program C for Ocean Surveillance has taken the

form of two distinct efforts; (10 the first is the design, developm@ntl

fabrication of a hardware System:which willléllow the
extraction of the time-critical portion‘of the data and in addition it
will be reformattedlinto the éppropriate language of the local processor.
(2) the second area of effort is £he selection, procuremeﬁt and deployment
of the second-deneration computer along with a library of RealfTime soft-

ware programse.
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’SECOND QUARTER 71 RESEARCH ACCOMPLISHMENTS - CODE 7920, 7-1~71

Space Systems Division
Space Applications Branch

- Terry W. Fisher and John R. Lindley, Principal Investigators
Subj: A Buffered Tape Storage System for Program "C".
1. Background:

Historically in Program "C" the data has been stored in analog
fashion on magnetic tape and couriered back to the continental
U.S. analysis facilities for exploitation. Several years ago it
was possible to develop and deploy an Analog-to-Digital data con-
version system and a small computer to monitor the conversion
accuracy. With the advent of this Analog-to-Digital system it
has now been necessary to add a means of compacting the data in
time and storing it on digital form on magnetic tape for either
local data reduction or for shipment to the same analysis facil-
ities in the U.S. It is the device which compacts the data and
stores it that is being reported on in this disclosure.

2. The time asychronous nature of the data and the high rates of
the incoming signals posed the major problems. The instantaneous
rates of the data exceeded the transfer rate of the normal digital
magnetic tape transport by a factor of about 10-to-1. The second
consideration was the data being received was not cooperative.

One could not predict when the data would be available, nor the
duration of intercept. These problems and their solution must
accomplish the following:

1) Record the digitized data on a magnetic tape without
losing any.

2) Format the magnetic recording to optimize tape usage and
remain compatible with the computer used at the 1oca1
site to process the data.

3) Make the system reliable with long mean-time-between-
failure (MTBF) values.

3. It was possible by methodically studying the data environment
to statistically determine the upper limit for time of intercept.
With this limit, one could determine the buffer storage area to
collect data at a rate faster than the tape transport and transfer
the data on to a tape when the data stops momentarlly This
storage time interacts with putting onto tape in the prescribed
format, because the system is required to accept input data and
simultaneously transfer data from the buffer on to tape.
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4, The solution to the problem resulted in a piece of hardware
designated as a Buffer Tape System (BTS). This system uses
digital logic and processing to handle the input data, load it
into a core memory and then unload the memory and write it onto
magnetic tape in the prescribed format.
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Research Accomplishment

Principal Investigator: L. M. Hammarstrom

'Al; Background: The POPPY ELINT satellite system has been collecting

radar intelligence data from the Soviet Union and other countries
for over 12 years. Through most of the history of the érogram, as
well as all Other satellite collection systems, this information

Vhas been of a strateglc long -term value 1n asse551ng ‘new radar

”capabllltles, weapon system deplojments, etc. The’ operatlonal

value of this data has been recognized by this Branch for a number
of years. During the last quarter the research and development

 éfforts succeeded in providing a' processing system which meets the
Navy's strictest satellite oriented time requirements [::::::]for .

process1ng and reporting. to Operatlonal commands .

2. The SpelelC system which provided thls capablllty is the POPPY
Automatlc Proces51ng System (PAPS) which was shipped to on
schedule in September 1972 and without any major problems became
operational  in the past quarter. The history of this system was
that it was conceived.and'presented by the principal investigator
in a paper to the POPPY Program Director on April 22, 1970. By
that time the POPPY system had demonstrated the capébility for
detecting and locating shipboard radars. Considerable controversy
existed as to the approach which should be followed in making the
system operational. The other concepts were presented by NSA and
NSG. The initial Navy submission was .that of NSG's. It was
rejected and NRL's formal concept of 12 August 1970 was submitted
and approved on 13 October 1970 by Dr. McLucas.

3. The POPPY system collects radar signals from approximately

10 million sqg mi of air, land, and ocean areas with many combinations

of broad.freqdency bands from 153 MHz to 35 GHz. The mixture of

Page 1 of 3 pages
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fgeeﬁwbrld.andvsinoFSoviet Bloc¢ commercial, experimental, and
miii%é;y radars are all merged and transponded to the ground
unprocessed in an analog form. - The problem for the processing
system is sorting through this. very diverse data which may exceed
2 million events in a single pass-and reconstruct the hostile
rédars,hin terms of their specific electronic parameters and the
site of origin. This is achieved through a complex'series‘of'
data filtering, auto/cross correlating, gtatiStica}itestipg,
aaéa-fitting,:and evaluation roﬁtines. Fér each rédar family the
.control'values, limits, fitting_techniques, etc., are different

and must be changed.

The system must have extensive bookkeeping and data management
capabilities. to  allow forward and backward manipulation'of the. -
‘data as well as manual overrides for detailed examinations and

unusual data conditijions.

4.  sSpecifically, PAPS is the integration of a carefully selected,
medium.Sizedcomputer'(SEL—86) with a series of'éémplex Specialized
pro@rams aﬁd.data bases. These'process the POPPY data aﬁtomatically
unéer the Automatic Sequence Driver (ASD) which is a special software
executive system. The features of the system are listed below. :

a. High speed, modularized processing system.

b. Automatic processing from SEDSCAF target designation
entry through emitter locations. :

c. -Automatic data assessment.
d. Automatic reconfiguration and recycling.

e. Flexible data bases for storage and recall of supporting
information, e.g., processing sequences, assessment
criteria, ephemeris, etc.

f. Manual override and detailed processing information
throughout the automatic processing sequences, with no
loss of data, bookkeeping, etc.

g. Automatic allocation and deallocation of all data and
program storage areas.

HANDLI BYEMAN CONTROL SYSTEM ONLIY
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h. Free formatteleperator entries, common messages on
status,<errorsL,etc.

i. Extensive system bookkeeping capability including
module. sequences, signal summaries, time of day,
current storage allocatlons, etc. ‘ o
The proce551ng 51gnals llSt can be changed or modified at any
‘time by field personnel using software maintenance routines to
reflect the changing regulrements or for special signals. All
-the features of the system as well as manual aids are avallable

to the operator to use as he might deSLre in manual data proce551ng.

PAPS cur;ently 1Sjautomat1cally processing the following

- Soviet radar signals. ‘

. | .
These signals are processed using

ranges. |

Using PAPS is reporting (via operational communication
links to of the time of intercept on the radars

. . | . . .
carried on the major combatants. This ocean surveillance processing

has been using less than 30% of the total computer power.

The success of this system in exceeding tne goals of the
proposal as well as meeting Navy Mode IV cperational requirements,
as with all complex research and development tasks, is the result
of many people's efforts. As the Navy and the nation further
exploit this significant new operational dimension of satellite
systems, the full powef and versatility of PAPS will be further

documented. |
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