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SECTION I
INTRODUCTION

1.1 PURPOSE AND SUMMARY

The purpose of this report is to summarize the work perfomed_mder
NASA contract NAS 5-11597. These contract tasks were in conjunction with the
Goddard Space Flight Center playback facility for generating photographic
images on film from ATS spin scan camera data.

To implement this facility two subsystems were required - a.set of.
data handling wnits and a color film recorder. This contract did not include
the implementation or modification of a film recorder to meet the system
needs., However, the data handling units were designed to interface with a
film recorder electrically equivalent to the color film recorder now part of
the ATS MSSCC equipment now at Rosman. In addition, a mode exists whereby
a black and white film recorder may be used in lieu of the color recorder.

In this mode any single color of a recorded ATS SSCC tape may be played back
to form a black and white film record.

The data input to this facility consists of digital tapes recorded
at the Rosman and Mojave data acquisition sites, and analog data transmitted
via a GFE ground data link from the Rosman site. This equipment is capable of
manipulating the data prior to film exposure to meet specific experimenter
needs; this manipulation consists of both spatial and intensity (color)
changes.

In addition, a study to specify the ssdection and addition of a small
computer to the proposed facility was performed.
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1.2 PROJECT BACKGROUND
The Applications Technoiogy Satellites, ATS-1l and ATS-3 were launched

into synchronous orbit in December 1966 and November 1967, respectively. In
addition to several other experiments these spacecraft were used t> test spin
scan cameras (black and white aboard ATS-1 and color aboard ATS-3). These
cameras, which are really scanning radiometers, use the spacecraft spin to
scan one line of Earth data every 0.6 seconds. Mechanical tilting of the
radiometer by a small angle in elevation once per revolution spaces these
scan lines vertically. The camera and related data is transmitted directly
to ATS data acquisition station at Rosman, North Carolina. At this station
the video data is converted into digital form under control of a timing system
which is synchronized with the spinning of the spacecraft. These digital
signals are used to produce a photographic image and a digital tape recording.
Each record on this tape contains the video data from one scan line (in each
color). The digital samples are each 8 bits in intensity and are spaced
about 0.0025 degrees apart (measured at the spacecraft) so that 8192 samples
recorded on each line subtend an angle of 20 degrees. The line to line spacing
is about 0.0075 degrees. These digital tapes can be played back at the data
acquisition site to produce original quality photographic images or can be
played back at most computer facilities for analysis purposes.

The need for a digital data processing and display facility at the
NASA Goddard Space Flight Center was established early in 1968. The data
acquisition sites primary function of recording data was occupying such a
substantial amount of the available equipment operational time that playback
of previously recorded data could not be accomplished at the desired rate.
Also, since a digital tape recording of a full color ATS-3 picture requiree
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three standard sigze computer tapes, storage of previously recorded data was
rapidly becoming a problem at the acquisition site.

The playback facility has the normal playback capabilities of the
acquisition sites plus means for directly producing controllable enhanced
photographic images in black and white and color and means for producing
higher resolution black and white and color film images than possible at the
acquisition sites. Another benefit of this facility was its accessibility
near Washington, D.C. as compared to the Smoky Mountains., The coordination
of playback to produce the film film processing, and evaluation of the picture
requires less effort and a greatly reduced "tum-around” time.
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SECTION 2

GROUND RECORDING AND PLAYBACK SYSTEM

2.1 SYSTEM DESCRIPTION
The Ground Recording and Playback System and its relationship to

the Government Furnished Equipment is illustrated in figure 2.1.

The Rosman Microwave Interface unit accepts data from the MSSCC
equipment for transmission via the microwave link to the data timing wnit.
The data timing unit selects either the analog signal from the microwave link
or the digital signal from the digital playback unit. The digital playback
unit contains two tape transports and sufficient magnetic core to implement
its basic functions of direct playback as well as that of linear expansion,
pseudo color, contrast control and data manipulation.

The data input to this system is from magnetic tape or a direct
microwave link from the Rosman ATS site. The specific data input is limited
to:

1). Analog

Direct analog data via the microwave link from the Rosman
ATS site. The csta input to the microwave Jink may be:

a. analog recorder playback

b. digital recorder playback

¢. real time buffered output

2.1




weqsfg yoeqlerq pue Burprosey punoln “T°Z eanSyg

VI 43dvd

TOYLNOD
JLSVULNOOD

¢ IINn vl
OLLINOWH

T 1IN Sdvi | |

OLLINOVI

LNIRINOA

ONISSI0Ud |

TVIIOIA

wexSerg yootTg

2.2



2). Digital

a. Tapes generated by the digital recorder on all modes by
the Rosman MSSCC unit.

b. Tapes generated by tie digital recorder by the Mojave
SSCC unit.

c. Tapes generated in any manner (for example, an off-line
computer) having a proper fromat.

Data manipulation takes place at the digital playback system.
Data manipulation capabilities include:

l. Linear expansion of selected areas of data frame by 1X,
X, LX or &X.

2. Single color playback of any selected color from a tri-
color tape.

3. Pseudo-color and contrast control for single color inputs~
whether from Mojave or Rsoman ATS-1 data, or ATS-3 single
color recorded data.

L. Contrast control for tri-color data.

5. Pseudo-red pictures from ATS-3 digital tapes.

6. Linear expansion, contrast control and pseudo-red modes
may be simultaneously activated.

2.2 SUBS ON
2.2.1 MAGNETIC TAPE WNITS

The GRPS utilizes two Ampex TM-1221]1 magnetic tape units for play-
back of recorded digital data. The tape wunits are 7-track (6 bits plus parity)
IBM compatible machines capable of handling 1 or 1.5 mil computer tapes.
The units operate at 120 IPS with 800 BPI packing density. Special +6 volt
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interface circuits are provided for direct connection with the DTL integrated
circuits used in the Digital Processing Equipment.

The tape wnits provide two basic system functions; playback of
Rosman and Mojave Earth tapes and loading of pseudo red matrix data.

2.2.2 PAPER TAPE READER

The contrast control memory constants are loaded from paper tape
using a Chalco 5000 Series Phototape Reader. The reader is a 6 level (4 bits
data, 1 bit blank, and 1 bit start/stop) punch tape reader used to transfer
data at approximately 30 characters per second.

2.2.3 MAIN CORE MEMCRY

The main core memory is used for buffering data between the magnetic
tape units and the film recorders. The unit is a Honegywell-3C ICM 4O Magnetic
Core Memory System. The memory system has a 1 usec full-cycle and :ontains
8,192 twenty-four bit words with data partitioning to divide the memory into
three 8 bit X 8,192 sections.

In color operatiur, three color records are read, from the magnetic
tape into the three memory partitions and then read-out sequentially to the
film recorders. In Black and White operation, the tape record is read into
the first partitiorn and then read-out to the film recorder.

2.2.4 CONTRAST CORE MEMORY

Contrast control and pseudo color functions are accomplished by the
use of the contrast control core memory. The unit is a Datacraft Magnetic
Core Memory Model DC-31. The core memory consists of 1,02, words of 8 bits
per word. In operation, the 1,024 words are divided into 4 groups of 256 words
each. Each 256-word bank contains 256 new amplitude values per color or black

and white as referenced to 256 linear values. To derive these new values
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the main core output is used, in conjunction with the color identity lines,
to address the memory. The normal strobe line is converted to the memory
"Read Command" line, and the memory is therefore addressed and comranded to
read. Near the completion of the memory full-cycle time, the memory outputs
a memory word with an output strobe pulse. The memory output word is then
directed to the interface drivers, and the strobe pulse is transformed into
the data strobe.

2.2.5 ROSMAN MSSCCE MICROWAVE MODIFICATION

The Rosman microwave interface unit accepts analog data from
MSSCC equipment for transmission to the Goddard Facility. It zccepts D/A
digital playback, FRL80OL analog playback or real time D/A data. This unit
~an receive analog playback data without interrupting normal data zcquisition
of the M'SCC equipment or digital playback at Rosman. The data input to the
microwave link is controlled by a switch on the Video Processor fror% panel
for selecting the desired mode of operation.

Two control signals, line start and line step, are also transmitted
for proper synchronization of the analog video. Pulse width modulation is used
to facilitate pulse identification at GSFC. The line-start pulse width is
100 microseconds, and the line step pulse width is 200 microseconds. Both
are converted to +1 volt pulses to properly interface with the microwave
transmitter.

2.2.6 DIGITAL PROCESSING EQUIPMENT

The Digital Processing Equipment provides digital tape playback,
contrast control, pseudo-color, and pseudo-red capabilities. Figure 2.2 is
a simplified block diagram of the DPE.
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The digital tape playback data function is capable of accepting
digital tape data from two tape transport units. The tape data inputs consist
of the Mojave ATS-1 black and white, Rosman ATS-l black and white or Rosnan
ATS=3 color tape data. The digital tape playback function of the digital
processing circuits nrocesses the data from the tapes and buffers it to the
data timing unit.

The digital tape playback function provides the following five data
manipulation capabilities: (1) linear expansion of selected areas of data
frame by 2X, 4X or 8; (2) pseudo-coler and contrast cantrol for single color
inputs; (2) contrast control for tri-color data; (4) pseudo red pictuve from
ATS-3 digital tapes; and (5) simultaneous operation of linear expansion, con-
trast control and pseudo-red modes.

The DPE control panel contains all necessary switches for setting
the playback mode, degree of expansion, and zone of expansion., Display lights
are provided for the data register and essential monitoring functions.

The Rosman Tri-Color tapes are recorded with sequential green, red,
and blue data on a line by line basis. In playback the data for one line
(three sequential tape records) is read into the three partitions of the main
core., This is accomplished by using 4-six bit tape words to form a 24 bit
word in the data register and then loading 3-eight bit words into a partition
of the main core. The process continues until all data for the green, red,
and blue records have been loaded into the three core partitions. The data
from the three partitions is then buffered sequentially at a 90 kHz rate to
the Data Timing Uhit. The process repeats until all lines recorded on the
magnetic tape have been read.

In Rosman black and white or single color playback only the first
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partition of core is used to buffer data.

The Mojave black and white playback is similar to the Rosman black
and white playback. However, the data format on tape is differmt. For this
mode of operation 3-six bit tape words are used to form an 18 bit word in the
data register and then 2-eight bit words are loaded into the core partitionm.

Linear expansion is accomplished by specifying a vertical line count
and horizontal A/D sample position on the DPE control panel. The tape wnit
is advanced until the selected line count is located. The main core is then
loaded with the data for the selected line. However, instead of starting
the buffering of data to the DTU with the first sample in core the read-out
is started at the selected A/D sample. Each A/D sample and each line will
be repeated the selected number of times (2,4, or 8).

The contrast control function consists of two parts. The major
part involves a small core memory look-up table whereby the digital signal
to the film recorders can be made any arbitrary function of the encoded video
signals. This function may be individually set for each color, and black
and white., The function of this part is to introduce desired non-linearity
into the film density curve to compensate for film characteristics and to
emphasize certain features, e.g., land masses. Special effects can be pro-
duoed; these include:

1) Multi-colored contour maps.

2) Black-white pictures with selected color transition zones at

given intensity values.

3) Intensity inversion, that is, replacement of high intensity

values with low, and vice versa.
A second part of this contrast control permits generation of pseudo-color prints.
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Implementation of these functions involves the use of a core memory
look-up table capability. Normal IX, 2X, 4X and & expansion modes may be
operated in conjunction with these new modes.

The eight bit outputs from the main core are used with the partition
controls to address the contrast core. The contrast core output is then
buffered to the DTU,

During pseudo-color all three sections of the main core are loaded
in parallel with the data from the single color tape. Data is unloaded from
the core in the conventional color contrast mode, thus providing a pseudo-
color picture. The color generated for each intensity value is stored in the
contrast core memory.

The pseudo-red part of the digital processing equipment has the
function of replacing the (defective) red channel video with a pseudo-red
video derived from the green and blue video. The theory of operation of this
technique is discussed in the "ATS-1 SSCC Data Reduction and Anzlysis Final
Report" May 15, 1968.

The red partition of the main memory unit i= loaded from a magnetic
tape containing the proper matrix constants for the 4096 locations.

The operating sequence for Pseudo-Red output is relatively simple
once the constants have been loaded in the Red partition of the main memory.
The Green partition of memory is read-out first in normal operation. Following
the completion of Green data the Green and Blue partitions are read-out together
into a 12 bit register,

This 12-bit address corresponds to the 6 most significant bits of
green (IG) and the 6 most significant bits of blue (IB). The address is used
to select one of the 4096 8-bit words in the red eoci.’.im of memory.
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The Red partition then outputs a constant for that address. The
Green/Blue partitions are sequenced througn their 4096 locations in this cycle
to complete the output of "RED" data. Finally, the Blue partition is sequenced
through to completion and, in this manner, the generation of a multicolor line
is included.

2.2.7 DATA TIMING UNIT

The Data Timing Unit interfaces and coordinates the other elements
of the system. It accepts either analog data from the microwave link or
digital data from the Digital Processing Equipment. Interface circuitry is
provided to operate an EIS black and white Photofacsimile Recorder or a
color Photofacsimile Recorder electrically equivalent to the unit at Rosman.
Figure 2.3 is a simplified block diagram of the DIU.

The microwave interface receives pulsewidth modulated line start
and line step pulses on a single cable from the GFE microwave link. The
pulses are threshold detected, pulsewidth discriminated for noise rejection,
and pulsewidth demodulated to separate the pulses. The line step pulse is
used to synchronize the color video control circuitry. The line start pulse
is used to initiate the photofax data handling and start the PEP counter which
generates picture element pulses to advance the photofax horizontal deflection
system,

The DPE interface receives the 8-bit digital data, line starts, data
strobes, and filter advance pulses. These inputs are used to supply photofax
outputs in the digital playback mode.

The BCD line counter is used to indicate on a front panel NIXIE
display the number of video lines that have been processed.
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The color video control generates video enable to synchronize and
control the processing of the green, red, blue or black and white video signals
in the photofax.

The filter advance generator performs two functions., The first
function is to generate a nulse train to advance the color filter wheel in
the photofax after a color record has been processed. The second function is
to synchronize the position of the filter wheel, based on a resolver output
from the photofax, with the video enables generated by the color video control.
2.3 SYSTEM TEST SUMMARY
2.3.1 IN-PLANT TESTS
2.3.1.1 ce c st P

The program for equipment testing included the writing of an Accept-
ance Test Plan and Evaluation Report. This was a formal document written by
Westinghouse and submitted to NASA for approval prior to the start of accept-
ance testing.

This document provided the basis for acceptance of the GSFC SSCC
Data Handling Facility. The format was designed to facilitate documentation
of test procedures, recording of test data, and evaluation of test results.
The test procedures contain sufficient detail for engineering personnel to
perform the tests and document results by filling in blanks or attaching
photofacsimile recorder or scope pictures.

The actual performance of test procedures, collection of test data,
and documentation of results were witnessed by the NASA Technical Officer or
his authorized representative.
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2.3.1.2 Data Timing Unit Test Unit

The GRPS is capable of processing analog data received from the
MSSCC equipment at Rosman via the microwave link., Since a microwave terminal
does not exist at Westinghouse for receiving transmissions from Rosman, in-
plant testing wus limited to processing simulated inputs.

The DTU Test Unit was constructed for unit cesting of the Data
Timing Unit, For Acceptarce Testing only the facilities for simulating the
uwave link were used,

The DIU Test Unit simulates the uwave link by counting down a 45 kHz
input clock to produce 88 usec line start pulses and 176 usec line step pulses.
The line start pulses are spaced 180 msec with the line step pulse occurring
45 msec before each third line start. The line start/stop pulses are "OR" ed
to simulate the single line received from the uwave link., The uwave link
video signal is simulated by a resistor dropping network and front panel switch
for selecting 1, 0.5, 0.25, or 0 volt video levels.
2.3.1.3 Iest Tapes

A series of eight magnetic and one paper tape were used for accept-
ance testing. These tapes were generated as part of the acceptance test pro-
gram and were designed to exercise the GRPS in all modes with all data formats,.
The eight magnetic tapes contain test pattems written in the Rosman and Mo jave
formats. The paper tape contains four look-up tables of 256 words each for
use in the contrast memory.

A complete description of each test tape is contained in the Accept-
ance Test and Evaluation Report.
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2.3.1.4 Acceptance Test Summary

Table 2,1 summarizes all acceptance tests that were performed. In
this table similar tests have been grouped to facilitate review of acceptance
tests versus operational modes and it is not intended to spccify the order in
which the tests were perforned. The order of performing the acceptance tests
was selected to minimize changing of cables, loading of magnetic and paper
tapes, and equipment mode switching.

2.1



SYUBURJIOUT SUTT
008 UT pedueyd
308Teg J0T0)

¢ squBWRJIOUT SUT]
00§ ut peduey)
fsTeAsT Lexp

UDTFBUTWEXy TENSTA § 3m30Td XVd

uoTjeuTwEXy TENSTA qr-y se swreg

UOTJeUTWeXy TensTA qr-y se emeg

STeAST fexp
OT Y3Th ursjjeqd
WTIeUTweXy TensTp Jeg 8Jnj3dTd XVd

ITU 3s9% NIa (®

qr-v
ut pepxodsy ode] jo
Lerq TCOBTHA wewsoy

qr-v
ur pepxooey edej, Jo
LeTd TeITSTq uewsoy

wIeq3ed 3s9] 8jelq
-TTe) .4, uewsoy An.

UOT398T

-og JoTo) o1d

-Uts pue JemIoj

JOTOd-TI]

I €-ye-y

ITun IS8 NIa

fetd T008THA  *

mwe Lerg Te3

-131q pexeyJng °

‘I-Y Jo qeedey *

TeAsT
Jod seurT OOY%
fsTeae] Lexn Mg owt]
uoTJRUTWEXY TENSTA ¢ 8an30Tg XVd 9TUn 9s9] nla (® 9TUn 995 NIA  Teey peaoyjng
preppod 3y asnoyBuryseM 3y
UOTJENTeAY 3Insey 3s9] §959], JoJ 82Jnog ®jeq §189], JoJ 92Jnog ee(q SpoK

SISAL FONVIJIODY -1 z THVI

SISAL FOVAYALNI JNTT FAVMOUOIN

2.15



STUNLOId XVAOLOHd 8 @gvaaod Ly
SHUNLOId XVAOLOHd c JSNOHONLLSHIM LY
*Y=TV ¥0d qQEHINTEY SQHOOHH OIHIVYDOIOHd J0 YEEWNN

SHUBUWRJOUT 9UTT
008 uT padueyd
399T8g J0TO)

fsToAaT Lean
OT Y™ wureqye=d 9s9], 93BIqTTR)
uoTjeUTWEXy TENSTA  Jeg oan3dTd Xvd uOn Uewsoy (q
pIeppon 3Y asnoydurisepm e
UoT3ENTeAY s3Tnsay 9s9] §188], J0J 22INn0S ®B}E( s3s9], J0 92Janog Bleq apol

(p,3u0)) ISHL FONVIJIOOY *T°2 THVL

2.16



*SeuUTT RZ°T

9SITJ 3uranp 8qolqs Byeq
pue T 3Td uPeMjaq dTysuoTyer
-9y 3utwr], yo aanyotg odoog

* SOT9STJI9q0RIRY)
Teudts Jo jueueJansesy adoog

*apoy aAemn utr Surqexado

NIa 4™ ndur 370 O J03
TOAST 3STON JO JUBURJINSES|

“9TUn

1S9 NIJ UO STQETTEeA®R STSAST
O9PTA § J0F 9Feqrop Inding *sa
a8eqToA ndur Jo juemeJnsesy

*passaadap ST nJg uo uoqyng ysnd
YVTIO YAISVA ueym Burqqesaa
XVd M4 JO UOTJBAISSqQ) TENSTA

*pessaadep sT |Jq U0 uo33Nq
ysnd JHVIS FWVHJ ueym Surqaesg
XVd MPE JO UOTJBAIasq) TENSTA

aqoa3s eqeq
T®313Tq
» 09pTA
Te3181q

IeqS ouPT IIA odej

09pTA JoTeUy ITU 9s9] nia (q

Uy suredy

IeyS Suredy nla (e

JeuIo ] UeWwsoy
qnduy eqeq
Te1181q fopoy
Mg f{Ispaoo

=5y wrtd Mt

ndur eqeq
aAeMn f{apoy

Mg fIepaod

=y uwrTd MPE C

uoTyeNTEAY

TeudTS  pIWPpPO) B osSnoyBuriseM 92INOg BYE(

SpoN

SISEL FIVIUALNI HIQHOOIM WITJd °

(P13U0)) ISHEL TONVIJEOOV *T°z FTTAVL

2.17



(ede11-4)
dnoxp e@qoa3s ®yeq pIf Jo Jur
-1930BIg JO UOT3BAIasq) 9dodg

(°ora1-4)
dnoxp aqoaqs eYeq PIE JO
Surqexorag Jo uoTjeAIesqQ) 2doog

(9o®13-4)
dnoxp eqoa3js ®IEQ 3ST JO
Surqexoeag Jo uoTjeArasqp 2doog

(®2ea]l-y) aury/sdnoxn ¢ Jo
25UBRINO20 JO UOT3BAIasq) 9dodg

auTT/¢ JO 9OoUBIINOI(
Jo uoTrjeAxasqy 2dodg

aury/€ Jo uoTqeAIasqp adoog

SOT9STJI990RIEY)
TRUBTS Jo uoTqeAIasq) @doog

*UOTqBAISSqO pue aam3otd
fseutrT (2Z°T P J0F 3eodey

*sauTT 2T
9SITI Suranp 9qodls BYIB(Q pUE

8-C SIIg Jo uoTjeAIasqp 3dodg

(re-g
Surqotdeq edel], V)
enTg 309TeS Joro) (8

(pe-4
8utqotdeg 92BII-Y)
Py 399Tes J0T0) (7

(ve-g
Y3TM snooues

~TnurES) USaED
309795 J0T0D (°

seqoaqgs ®eq (P

(ac-g ym™

Snoaue}MULS)

Tox3uo)
aTeoSs Lean (o

IB]S 9UTT (q

3¥00TO ZH 005 (®

1TUn 9S8l NIa

ndur

eqe(J S9ABMN
fopojy J0T0D
JopI0odsy

wrtd I0TO) °

UOTIENTRAT

TeudtS

preppon » esnoygurysep
soanog eyeq

9pPoH

(penuTquo)) SISEL HONVIJIOOY *T°g TTHVL

2.18



SENLOId FJOOSOTIIOSO
STUNLOId FJOOSOTIIOSO

Y
b §

@gvaaod Ly
JNOHONLISIM LV

‘94 - T€ YO HINTEN SAHOOEH OIHAVHOOIOHd 40 HEHWIN

synsey 1S9
q¥-g pue eh-g y3TM uosTed
-Wo) pue UoT3eAIasq) adoog

‘sqnsey 9s9]
Yeg-g 03 eg-g Y™ uostred
-Wod pue UoTIBAI2sq) 9doog

*dndd) SOETNd 9JUBApY JO9TTJ
ou jey3 uoTjeAresqp adoog

‘A 9+ 7% seTqeuy
4D pue °A 0 ' ST oTqEUY
My Fey3 uwoTIeAISSq) odoog

TewION/pIe)ey /eoueApy
BurqexysnTTI @an3oTg 2doog

onTg JI0/pey/uesan
SINJJ0 ITqeWH JOTO) Pe3I9Teg
£ruo qey} uoTgeAIeSq) odoog

‘qy-g
pue eh-g Jo gqeedey

ye-g
03 ®Bg-g Jo eadey

OoUBADY JOTTd (O

J09Teg J0T0) (®

®0UeApY JO9TTd (T

499Teg JOT0) (Y

JemIo] Wewsoy

Lerd TR1T3TQ

‘opo Mad

{IopIooey

*IIA odej

FemIo
JI0T0D-TJ], Lerq
Te3T31q fepoy
JOTO) fJepIooey

W[Td J0To) °

UoTIENTRAT

Teudts

(Tesy 3sT) IIT edey urty JoTe) °

andur

€8] 9ARMN

:opol Mpd

{Iepxoo9y

ITU) 3891 NIA wrTd JoTo) Y
pIeppo) B esnoydurisey
2aJmnog ejeq opol

(Pi3U0)) SISHL FONVIJLADOV °T°2 FIAVI

2.19



*saanqotd
ayq Jo uostaedwmod TensTp

*saanqotd
ayq Jo uosTxedmo) TensTA

UOTeuTWeXy TensTA

UoT{euTwexy TEensTA

UoT{eUTWEXy TEeNSTA

uoTYeurTweXy TeasTA

ToI3

=Uo0d 9SBIqU0O Y3TM oamqotd
P fTOJ3UO0D 3SBIJUOD 3NO
-yj3tM aanyoTd 9sT furejqed
9T X 9T (2)sean3doTd XVd

TOI3U0D
9SBIqU0D Y3TM 8am3oTd pug
TOJIJUOD 4SBIJUOD JNOYFTM

aanjotd 98T fureqqed
9T X 9T (Z2) sean3ard Xvd

aTeog Lfean
pue Treqeq aury Jurddet
=I24A0 (Z) s8an3dTd YVd

eTedg fean
pue Trejeq aury Jurdder
~I9A0) (€£) s°am3dTd XVd

aTeos fean pue
UuoTINTOSYY SJINIOTJ XVd

aTeos fean pue
UoTINTOS8Y 8INIOTd XVJI

TOJJUO) 3SBIFUOY
YITM JEmIog

aaelol Mpd
v ede], pue p odey

ToI3uo)
1SBI3U0)
UITM qemIod

uwewsoy Mg
v ede], pue AT edej

uoTs

-uedxy Y8 pue

X% qemIio]

aa®(ol Myd

*IT edey

uoTs
-wedXy Y pue
X7 qewmiog

uewsoy Mpd
*T adeg

jemIoyg
oA®R{ Ol Msd

*IT ode] Letq TE9T3TQ *

qemIO ]

uewsoy Myd
*T ode],

Letq TeT3TQ °

ferqd TOITW °

Le1g TEITITQ °*

ferg TE3TIIQ °

Lerg Te3t3Wq °

2.&

~ pIeppon 3 osnoydurisep

uoTIENTRAY 9mnsey 3s9] aaanog eqeq opoR

SISHL Md XVId TVLIDIA ‘0

(P,3u0)) SISHL TONVIJADOY *T°z TIAVL



STUNIOId XVIOIOHd T JAVLOH LV

SEMNILOId XVIOIOHd TT @vawd Iv

STNLOId XVAOILOHd TT JOHONLISIM LV
*L0-TD Y04 CEIMINOTH SAHDOTY OTHIVEOOIOHd J0 HAHWNN

8M30Td XVd oAeloy
Y3TM uosTIedmO) TENSTA

qemIo
oaefon Myd

8an3dTd XVd edel yrey Lerd TeIr8q L

UoTyeENnTeAY

pIEppo) % osnoydurysep

9Tnsey 3se saamog ejeq 9poR

(P,3u0)) ISHIL FONVIJEOOV *T°2 THVL

2.21



* SQUBURID

-UT SUTT 00§ UT padueyd

993T8g J0T0) {TOIJU0)

9SeIqUO) NOYITM SINPOTJ

Seam3dTd ST fsIeg JoTo) YITM 9T

oY} Jo uosTredwmo) TensTA X 9T f(2) seamydTd XVd

SqUAWRJIOU] U]
008 Uo peduey) 309Teg

JoT0) faTeog Aexn pue

Trejeq oury Jurddet

UOTJRUTUEXY TEeNSTA =I9AQ (T) Sem3dTd XVd

*SjuUSURJOUT SUTT 008 UT
pe8ueyo 309TeS JOTO)
foTe0og fean pue uory

UoTjEUTIeXy TensTA -nrosey f{8an3oTd Xvd

ToI3uo)
qsexquo)) fqeuwm
=~I0j JOTOD-TI]

v ode] pue (sTeax z) IA edel Lerd Te3Tdq°¢

uoTsuedxy
X8 pue xY jem
=04 JOTOD~Td]

IIT ode], ALerd TeITdTa°¥

JemIoq
JOTO0-T4L

sTeax ¢) ITT odey ALerd TeItdtq *

*Z=0) UuTr pejerausd * SUSWRJIOUT 9UTT qemIog oAefoy
3In39TJ XVd Y™ uostaed (09 uT pefuey) 308T9S f{I0T0) opnesq
-Wod pue UOTIPUTWEXH TEensTA JOTO) f8anydTd XVdI vy ode] pue A ode], Lerd Te3TdIq °2

*I-D UTr pejerousd *SqQUAWRJIOUT 9UT]T jemIo] wewsoy
8Im39Td XVd Y™ uosTaed Q08 UT peduey) 309T8g fI0T0) opnesq
—wWod puB UOTJBUTWEXH TENSTA J0TO) f8am3oTd XVd v odel pue AT ade] Lerd TeITIIq T

pIEppoD % osnoydurysop
UOTJENTRAY sqTnsey 3s9] 9aInog a%eq epoy
SISAL YOT0D AVId TVIIDIA ‘a

(P,3u0)) ISHL FAONVIJHOOY *T°2 TIAVL

]
N



SEHNIOId XVAOLOHd € NVWSOY LV
SEHNLOId XVIOJIOHd €T quvaaod Lv
SHHNIDId XVIOLOHd €T INOHONLISAM IV

80 - TA ¥OJd IHINDEY SAHOOEY ODNIHIVYDOIOHd J0 HIHWNIN

SaJNYIOTd XVd uewsoy
Y3TM UosTIedmo) TensTA

qem
309T8g JI0T0) =I0J JOTOD=TI]
yoea T f{(€) seanydoTd XVd sede], yIeq £fe1d Te113Tq ‘8

*ToIjuU0) 9sEBIY
=uo) pue {pey

opnesJ fuots
* SUBWRIOUT -wedxy 4y fqew
SuTT 008 UT pedueyo 30eT =~I0J JOTOQ-TJ]
uoTjeUTWEXY TENSTA -9g JoTo) foanyoTd XVd vy edel pue ‘ITIA edej Letg TeyTIIQ L
pey opnesq pey 309Teg
Y3T™ 8aM0Td P fpey J0T0) ‘pey
opnesd Jnoy3TM aamjy opnesq {qew
S2an39Td aY3 Jo uosTredmo) =0Td 3ST ¢309Teg JOTO) =I0J JOTOD-TJ]
pU® UOTJeUTWEXy TENSTA pey {(Z) seanydTd Xvd IIIA ode] £fe1d TeITI1Q °9
pIEppO) pue osnoydurisap
UoTIeNTeAY syInsey 389 soamog ®e(q apoy

(Py3u0)) SISHL FONVIJACIOV Tz TTEVL

2.2



2.3.1.5 Acceptance Test Results

The series of acceptance tests conducted demonstrated the capability
of the GRPS to perform all contractually required functions. The following
photographs are examples of test results selected from the Acceptance Test
and Evaluation Report.

Figure 2,4 shows the test result of the black and white Rosman for -
mat compatability test, and contains an 8 level gray scale, a center MIF pattemn,
and an edge MTF pattern. This test demonstrates the ability of the GRPS to
process and display data recorded on magnetic tape in the Rosman sirle color
format.

Figure 2.5 demonstrates the ability of the GRPS to expand picture
data recorded on magnetic tape in the Mojave format.

Figure 2.6 demonstrates the compatability of the GRPS with tapes
generated at the Rosman site.,

2.3.2 GSFC TESTS

Acceptance testing at Goddard was conducted in two phases. Phase
one was an exact duplication of all tests performed during in-plant testing
at Westinghouse. This demonstrated that no degradation in performance oc=-
curred in shipping. Phase two was a series of tests involving transmission
of data from Rosman to Goddard via the GFE microwave link. The microwave
link testing involved transmission of both real time and recorded data to
checkout the microwave source switching network that was installed in the
MSSCC equipment at Rosman.
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Figure 2.4. Rosman Black and White MTF
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Figure 2.5. Mojave & Expansion
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Figure 2.6, ATS-3 Earth Data-Red Channel
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SECTION 3
MODIFICATIONS

Three modifications to the basic GRPS were made after system accept-
ance tests were completed. The first modification involved the addition of
circuitry to provide timing and video signals to interface with a CBS Electron
Beam Recorder. The second modification involved the addition of circuitry
and controls for annotating Time (year, day, hours, and minutes) and Data
Source on the Photofax and EBR negatives. The third modification increased
the selectivity of the starting point for expanded playback pictures.

3.1 EBR INTERFACE

A modification to the Ground Recording and Playback System (GRPS)
was made to provide video and line start timing inputs to the CBS Electron
Beam Recorder (EBR) at the Goddard Facility. Since the EBR is a Black and
White recorder the capability to select single color data from either the
microwave link or digital tape playback was provided. All modes such as 4X
and & expansion, contrast control, pseudo-color and pseudo-red are operational
while providing signals to the EBR. In addition, 2X expansion capability was
added to the system operational modes.

In the microwave mode, the analog video and the line starts are
derived from those generated by the Rosman equipment and have the same character-
istics as those supplied to the Photofax.

In the digital playback mode, a digital to analog (D/A) converter
was added to fumish the analog video. The D/A output contains twice the
number of samples of the digital video per line as the digital output to the FAX.

3.1



The digital video is sampled every 1l microseconds for the D/A output to the
EBR.

The EBR can be operated at the same time as the FAX to record the
same picture data. However the EBR can only generate pictures from the green
component of tri-color data while the FAX is producing a color picture.

The EBR interface modification was installed by Field Engineering
and Support. An Acceptance Test Plan and Evaluation Report similar to the
GRPS ATP was written and two magnetic test tapes were generated. The per-
formance of the tests was witnessed by the NASA Technical Officer.

3.2 ANNOTATION CODE

This modification provides a means for annotating Time (year, day,
hours, and minutes) and Data Source on the photofax and EBR negatives for all
data processed which does not already contain this information.

The modification consisted of adding an annotate control panel and
a single bay lopic rack. The annotate control panel contains 10 BCD thumb-
wheel switches (2 digits-year, 3 digits-day, 2 digits-hours, 2 digits-minutes,
1 digit-data source); an ON/OFF tcggie switch; and an ANNOTATE START push-
button switch.

When the ON/OFF switch is ON the photofax and EBR are limited to
2400 lines of data as determined by the DTU line counter. Then, when the
ANNOTATE ETART is depressed the information set on the thumbwheel switches
is recorded on the next 40 lines. The appearance of the annotation code is
essentially identical to the ROSMAN ATS annotation code. The annotation
generator is capable of generating white in either the color or black and
white.
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Annotation of analog data can be accomplished by the operator chang-
ing the equipment switch settings to digital before depressing the ANNOTATE
START .

The installation and checkout of the Annotation modification was
made by Field Engineering and Support. Results of the tests were documented
in an FE&S Field Trip Report submitted to the NASA Technical Officer.

3.3 EXPANSION LOCATION VERNIER

A modification to the Recording and Playback System was made to
increase the capability to select the starting point for an expanued playback
picture.

The vertical starting point could previously be selected in incre-
ments of 100 lines. The modification provided the capability to select the
vertical starting point in increments of 1 line. This was accomplished by
adding two switches to the '"vertical line count" switch plate on the digital
processing equipment (DPE) control and display panel and making the required
changes to the DPE circuits,

The horigontal starting point could previously be selected in incre-
ments of 512 A/D samples. The modification provided the capability to select
the starting point in increments of 64 A/D samples. An eight position rotary
switch was added to the DPE contreol and display panel to provide this capa-
bility. To implement the change, the "pseudo color" switch was moved to a
different location on the panel. A new rotary switch was mounted on a plate
positioned in the area where the pseudo color switch was removed. The DPE
circuitry was changed as required to accept the inputs from:.the new switch.



The installation and checkout of the Expansion location Vemier
modification was made by Field Engineering and Support. Results of the tests
were documented in an FE&S Field Trip Report submitted to the NASA Technical
Officer.
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SECTION 4
COMPUTER REQUIREMENT DEFINITION STUDY

4.l P 0 uD

The objective was to investigate, and report on, additional functions
which a computer can perform as part of the GSFC Data Handling Facility (DHF).
As presently designed the DHF has the capability of accepting all types of
digital data tapes recorded at the Mojave and Rosman SSCC ground stations, and
generating black and white or color film records. In addition to such direct
playback, certain manipulation of the data can be performed. Included are
4 X and & linear magnification of the data prior to photographic recording,
production of pseudo-color images from monochrome digital data, transformation
of intensity values to change picture contrast of for special effects, and
introduction of pseudo-red data to replace the spacecraft defective red data.

The function of a computer would be: (a) to permit more sophisticated
display of the data, (b) for printout of computed data analysis results and
(c) to write a processed data tape.

The study was conducted by first specifying the types of computer
programs to be run, and then selecting those programs requiring the maximum
speed or storage. On the basis of these selected programs, seven computers
were considered and, for each, the computation time and storage requirements
were determined. For the most suitable computers, estimates were made of the
extent and cost of additional interface hardware required. Finally, these

elements were combined to generate conclusions and recommendations.
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4.2 CONCLUSIONS

The study considered all low cost 16 and 24-bit computers known to
Westinghouse., The seven computers discussed thus represented minimum units
as available today. A comparison of the least expensive 16 and 24 bit com-
puters is shown in table 4.1l. The SCC-660 appears to be the best overall
choice when considering capability and delivery. The Sigma II is about 13 per-
cent cheaper, but has a computation time of 50 percent greater and delivery
time of 7 months longer.

The SCC-660 is a general purpose, high-speed, binary computer with
a single address structure allowing indexing and indirect addressing. Salient
features such as hardware multiply and divide, fully parallel internal pro-
cessing, memory protection, and automatic subroutine linkage provide a high
system performance capability. The entire magnetic core memory of the
SCC-660 is directly addressable and consists of one to a eight independently
addressable memory modules. Each memory module has a 1.75 usec memory cycle
and contains an address register, a data register and 4096 twenty-four bit
words of core storage. Although, for the present system, only four modules
are proposed,the flexibility of 4 K modules yields expansion capabilities
at minimum cost. Scientific Control Corporation provides a Symbolic Assembler
(SFL), a FORTRAN compiler, a Conversation Algegraic Language, a Batch Opera-
ting System (BOS), program debugging system, hardware diagnostic programs,
utility routines and mathematical routines for the SCC-660.

Programming costs to produce an executive program as well as perform
the gridding and attitude computations will require about one man-year of
effort at a direct cost of about $24,,000, Other costs such as for documentation,
installation and checkout of the hardware and software are not included in the

cost figures cited.
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4.3 REMOTE COMPUTER UTILIZATION
The purchase and installation of a computer as part of the GSFC
Data Handling facility would cost about $100,000 (See Table 4.1). This cost
can be eliminated or substantially reduced by the use of an existing computer
at GSFC. Three such computers have been identified and their location is
specified in Table 4.2.
TABLE 4.2 COMPUTER LOCATION

Computer GSFC N
SDS-930 n
SDS=9300 22
IBM 360/75 21

Two methods of using these computers have been considered: direct
hardware interface and magnetic tape interface. The direct hardware approach
would involve placing special interface units at both the computer and DHF
equipment and providing the necessary cables between these units. Such an
arrangement would be similar to having a computer located at the DHF and
could provide similar benefits. However we must recognize that these other
computers normally operate in a batch mode where one program after another is
executed with little or no wasted time between runs. To coordinate one of
these computers with the DHF to, for example, grid a picture would involve
interrupting this data flow for perhaps one hour. Of this hour period, the
first and last fifteen minutes would be used for initial and final set-up
and coordination. The certral half-hour would involve about é minutes of
computation and 24 minutes of data transfer to the DHF. Other than this
inefficiency we must consider the scheduling problem associated with the use

of computers assigned to other projects, the cost of the interface, and
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interruption of normal computer operating during interface installation.

Altemately, the use of the magnetic tape interface avoids these
objections. With this approach the input data tape would be directly mounted
on a computer tape deck and used to generate either a second processed tape
or (in the case of such tasks as attitude determination) a standard paper
printout. The computer time to execute the gridding program with this approach
would be directly mounted on a computer tape deck and used to generate either
a second processed tape or (in the case of such tasks as attitude determination)
a standard paper printout. The computer time to execute the gridding program
with this approach would be about 16 minutes of which ten minutes would be
for reading and writing tape.

All three computers shown in table 4.2 can readily handle the tasks
discussed in this report at speeds comparable to the fastest computer. The
present use of these computers varies from 4O hours per week for the SDS 9300
to essentially full time use of the IBM 360-75.

L.h RECOMMENDATI ONS

It is recommended that the magnetic tape interface approach des-
cribed in section 4.3 be employed initially to handle all DHF tasks for which
a computer is required. At such time as the workload can no longer be effect~
ively handled in this manner implementation of the conclusions cited in
section 6 should be considered.
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SECTIQN 5
INSTALLATION AND SUPPORT

5.1 INSTALIATION AND CHECKOUT
The GRPS equipment was shipped from the Westinghouse Defense and

Space Center on 10 February 1969 following successful completion of in-plant
acceptance tests and completion of required NASA modifications to building
six (6) at GSFC. Installation and checkout were completed by 17 February
when GSFC final acceptance tests were started.
5.2 FOLLOW-ON SUPPORT

Follow-on support commenced on 10 April 1969 and was completed on
10 October 1969. The function provided one engineer at the GRPS and additional
support, as required, from the Westinghouse Defense and Space Center. Assist-~
ance was provided to NASA in the maintenance and operation of the GRPS as

well as the application of the equipment in various task requirements.
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