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' CONTROL SYSYEM

'SURVEY APPLICATIQI\TS COORDINATING COMMITTEE
Washington, D, C, ‘ ‘éﬁiﬁg‘“ a S

August 26, 1068

MEMORANDUM FOR THE EXECUTIVE SECRETARY, SURVEY
‘ APPLICATIONS COORDINATING COMMITTEE
SUBJECT: Review of Goddard Space Flight Center Specification for
- Two-inch Return Beam Vidicon Camera System

This is in response to your memorandum, BYE 17566-68, dated
July 30, 1968,

+ The Department of Defense members of the Survey Applications
Coordinating Committee have reviewed Goddard Space Flight Center's
specification for a two-~inch return beam vidicon camera system
(S-733-P-4), Since the characteristics of the flight model optical lens
are not provided in.this specification (the NIKKOR-EL lens is specified
for bench testing only), we.have made our preliminary assessment on
the assumption that the vidicon is the resolution-limiting element of the *V .
system. On this basis, we calculate resolutions of 0, 044 milliradians
for channels 1 and 2, and 0. 058 for channel 3. Such sensor systems
would not, of course, be compatible with the security guidelines contained
in the SACC charter. A definitive analysis of the actual system resolving
capability cannot be made in the absence of data on the fllgh‘c model lens,

In addition, you’éhould probably edit the ground resolution specifications
in addendum paragraph 3.11, 2 of the July 23, 1968 révision to S-733-P-4,
- which are not compatible with the theoretical capabilities of the vidicon
specified in the basic document,

In reviewing this material, it occurs to us that it is probably too early
to specify exact applications for this vidicon. Couldn't the vidicon be
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. developed as a component, irrespective of its potential uses? Since
a total system is not defined in the specification, it seems logical to
delete references to space applications from the document and to
allow the va}dicon 10 proceed as a technical development on its own
merits., Later on, if you should desire to integrate the vidicon into a
sensor system, another review of the total system would be in order,

CHN KIR
Co~Chairman

&
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NATIONAL AEF;E;Y\%;«UTICS AND SPACE ADMINISTRATION

WasHincTOoN, D.C, 20546

THE ADMINISTRATOR

30 JuL 1968

MEMORANDUM FOR: Mr. Joha E. Kirk

BOD Co-Chairman, SACC
SUBJECT: Work Statement for Test Englueering Model of a
Two-inch Return Beam Vidicon Camera System

The attached subject document is submitted for the review and
comment by the DOD SACC Members. The R&D Resume (Form 1122)

160-75-03-04-51 was commented on by your BYE 52698/67 dated
20 September 1967.

Attention is fnvited to the resolution speeificstions im
paragraph 3.11.2 and to addendus parasgraph 3.11.2 of the
23 July 1968 revigion. This interprets the expected system

performance in terms of the limiting ground resolution from
496 nautical miles altitude.

The NASA SACC Members have asked for an early reply.

Floyd J. Sweet
Secretary, SACC

] Attachment

] as stated
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GBFC SDECIFICATION
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1. | SCOPE

- This Specificétion describes the requirements for (a) the ruggedization,
fabrication and test of six (6) Two-inch Return Beam Vidicons (RBV), and
(b) for the study, development, fabrication and test of a shuttared high-
resolution multispectral camera system utilizing the above ruggedized

. seunsors, The necessary support equipmént required in the design and
test shall also be developed and provided under this program,

2. - APPLICABLE DOCUMENTS

The following documents, of the issues in effect, as amended or revised,
on date of initiation for bids form a part of thi specification. No

revisions affecting this program way be made to tue applicable documents
without prior approval by the Technical Officer, Where a conflict ewiscs
between this specification and other documents, this specification shall

FOVETTH,
- 2,1 SPECIFICATIONS
2.1.1 §-320-NI~3A, dated September 22, 1967, "An Envivornmsntzl Specification

for Nimbus D Subsystems," GSFC

2.,1.2 GSFC Specification 85-450-P-1A, Amendment 1, "Ouality and Reliabilicy
’ Proviasiong for Nimbus D Procurements,' dated August 18, 1565, and
amended June 23, 1866, (This document delineates the appliceble provision
f NPC 200-2, 200-4, and 250-1, which are listed under Paragraph 2,2)

2.1.3 GSFC Specification $-450-P-3, ''Screening of Semiconductors for the
Nimbus Meteorological Satellite Program,’-dated December 2, 1963,
(AED Specification #1721353, Revision S is considered an acceptable
substitute or supplement,)

2,1.4 C3FC Specification 8-450-P«4, "Screening of High Usage Elsctronic Parcs

: - for the Nimbus Satellite Program,' dated Janvary 31, 1966, (AED
Specification #1840339, Revision ¢ is considered an dCC*thblé
substitute or emoplemfnt )

2.1.5 CSFC Specification $-300-P-1A, "Printed Wiring Boards," MIL-B- 22205
- requirement on Head Sealable Bags s waived; the use of plastic
zipper bags is acceptable,

2.1.6 CSFC Specification §-711-P-1, "Microelectronic Circuits, Digical,
Silicon, Monolithic, Gengral Specification for” (AED "”pﬂcxflc»sloa for
DIL Integrated C;rcults, #1840890, Revision B is also acceprabled,

2.1'7  AED Specification #8030020, 'Workmanship Specification, NASA (oupliant',

¢
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2,1.8

2.2

2.2,1

2.,2.2

2,2.3

3.1

3.2

3.2,1
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GSFC Specification $~250-F-1, "Contractor Prepared Monthly, Periodic,
and Final Project Reports,' dated January 1967.

GSFC Preferved Parts List, revised semi-annually, and parts lists such
as RCA-AED Preferred Parts List, such as TIROS M Parts List 1960802,
RBevision G, which reference high reliability or military parts
specifications.

NASA PUBLICATIONS

Nimbus Handbook for Ewperimenters (Nimbus D), Revision 2, dated
December 1967

NPC 200-2, 200-3, 200-4, and 250~1
Mil. Handbook 217A

REQUIREMENTS

GENERAL DESCRIPTION

The objectives of this program are (&) to develop 3 spuce gqual
version of the 2-inch RBV; (b) to design, fabricate and test o :
Feasibility Model (¥M) of a4 camera system utilizing the shbove type of
seusor; (¢} to fabricate and test a Test Engineering Model (TEmM)
three camera multispectral system based on the results obtained from
the tests of the FM; and (4) to fabricate the necessary support
equipment,

Fach television system will consist of the following:

a, Ruggedized Z-inch RBV

b, Camera electronics

c, Camera controller for supplying timing and synchronizing signals
to the cameras,

d, Optics configuration imcluding a lens, focal plane shutter mechanism,
and three spectral filters

The contractor's efforts in this program are delineatsd a3 follows:
All waterial and services required by this contract shall be in complete
conformance with the constraints and reguirements as specifiled,

The contractor shall meet expeditiously all reporting requiremcnts,

Approved for Release: 2021/12/09 C05137009



3.2.2

3.3

3’301

3.3.2

3,3.3

3.5.1
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The contractor shall provide an effective project management, personnel

and control,

A Technical Officer shall be designated by NMASA/GSFC to direct the
contractor's efforts in mesting the requirements of this work statement

and specification, His responsibility shall include the folldwing:

Provide the contractor with technical dirvections required to implement
the program,

Provide the review of technical decisions, designs, reporis and
evaluation conducted by the contractor during the contractual «ffort,
The Technical Officer will respond within ten (10) work days after
receiving any documents requiring his approval, At the expiration
of this l0-day period, automatic approval may be assumed,

The Technical 0fficer shall be given at least three working days
prior notification of any envivonmental or acceptance testing. The
Technical Officer, or his designee, may attend such tests at their
option at any time,

The program shall consist of four phases:

I Tube ruggedization, qualification, and test

11 Cawmersz system design study

ITI Design, fabrication, and test of one Feasibility Model {(FM) camers
IV Fabrication and test of a three camera Test Enginecring Model (TEM)

REQUIREMENTS«PHASE ONE

“

During Phawe I & ruggedized Z-inch RBV design shall be developed to
mzet the environmental specifications called for by the document of
paragraph 2,1.1, 8ix (6) such vidicons will be subjectsd to the

cspucified fldight level envirommental conditions to prove workmaaship.

Two copies of the tube specification shall be delivered Lo the Technical
Officer upon the contractor’s intra-division negotiation of an order
for vidicons,

Pre-environmental electrical tests will be performed to establish thet
the six tubes mezt the following performance:

% Resolution: As specified in Paragraph 3.11,15

% Image size: 1 dnch X 1 inch, minimum

% Storage characteristics: 80% signal remaining ten szcoads after
exposure at 2500 TV lines

* Highlight signal-toe-noise vatior As specified in Psragraph 3,11.15

o
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Shading minimization and shading correction methods : -
Noise reduction and R¥L susceptibility
Power supply vegulation and stabliity
"Dark current and temperatire compensation
. Shuttering and automatic light control: the nominal exposure time
ghall be 4.5 mS + 0.2 m8, Two additional exposure times, one half
and twice the nonxnal ‘shall be generated-by the camera %Ubaygbum as
& method of 111um1nanﬁ& control. The shutter-time rangs shall be a
function of the sun angle and shall be controlled by signal derived
from solar-paddle position. A method for overriding this auctomatic
mode shall be provided by command means in which case commands shall
be used to select any of the three pre-selected exposurd times, The
resolution degradation at 9 mS exposure i a function of the ground
speed, However, exposure non-uniformity at the faster speed shall
be no greater than + 8% over the exposed avea. :
g. Use of integrated circults
h, Grounding: & grounding system analysis shall be performed to
minimize ground leops and cross talk, The analysis shall justify
‘the chosen grounding method. '

«

*

&

O oo, 0 o
* .

i, Packaging approach -
j. Optical system parameters: this portion of the study shall ba the

esign of an appropriate optical system to satisfy an Barth Resources
Satellite mission, incliuding the best mmthaé af pf?Vlan spectral
filrering.

ke Determination of the necessity for thermel contrel of the optical
system and sensor photoconductor,

1. Configuration of the system programmer; This uair #hall bs slaved
to the spacecraft clock and it shall also be capanle of acceprting
horizontal synchronizing signals from e rotating head widehand tape
recorder (not part of this @f&OLt.) In addivion to the signals
required for camera operation, the programmer shall be capable of
providing signals for the opeération of an on-board tape recorder

" (not part of this effort), and to provide means for vertical
synchronization of a ground display during mission operation,

m, Dual mode of operation: the cameras shall be able to operate, by
command, in either a node or targe modes,. Special atrnmziom
shall be pald to the design of the target Qrcampl iey dn ovdar to
achieve a civeuit with the lowus? Neise Figure co suréate with
the state-gf-che~art, ‘ :

n, Methods for resolving picture registration prablems.

The phase II study period shall form the basis for selecting the
paramaters for the subsequent detailed cawera design, A coaceptual
desipgn review and & preliminary design review shnall be held prior to-

& b4 & P
issuance of the design study report, and a fipnal design review shall be
eld when the subsystem design is complete., Action items resulvoiag
from these design reviews will be completed in Phase 17T, Na3A shell

¥

have the right to atteund and partlclp“te in all design veviews throughout
all phases of the progranm, )

-
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3.7

3.8

During Phase II the contractor will make available for review all
study and experimental results pOrtaLnlﬂg to this camera system whlch
has be n developed prior to this contract.

REQUIREMENTS - PHASE IIX

During Phase III a single camera Feasibility Model (FM) shall be
bullt and tested. The FM shall have the mechanical and electrical
interfaces and dimensions as the Test Ingineering Model (Phase IV of
the program’ but shall not use preconditioned components and shall
not contain potting required for structural resistarce to vibration.
The FM shall undergo temperature tests over the prototype tzmparature
range of -59C to #55°C and atmospheric pressure. Performance of the
eystenm shall meet the minimum performance specification s ower the
+100C to #300C temperature range, and the accepted degraded performance
over the QOC to 9°C and 31°9C to 45°C ranges. Thermal tests above
459C and below 0°C are intended for establishing confidence in the
system design, and that no catastrophic failure modes exist.

The FM shall be capable of opevabting in a thermal-vacuum chamber

from +#109C to +40°9C for checkout of spacecraft facilivies. An
acceleratad thermal-vacuun test, 24 hours at sach tempersturs extrens,
shall be performed. Corona survival specification will not be
invoked for this test.

The FY shall be subjected to a wvibration surveyv at low excitation
levels from 20 to 2000 eps. The levels shall be high enough to
excite major modes. The results of the survey shall be delivered,

along with the analysis, to the NASA Tachnical O0fficer.

Final acceptance test of the FM shall be COWﬂQCiud in ail threa
spectral bands of interest using the final lerns design. The conlvactor
shall prepare smbient and envivonmental test prCﬁdhfubn After review
and approval by the Technical Officer, the contractor shall conduct

the environmental test agreed upon the this phase of the program.

REQUIREMENTS - FHASE IV

During this phase of the program a three camera Test Eogineering
Model (TEM) shall be bullt and tested. The TEM shall have tha
mechanical and electrical interfaces and dimensions as the FM. ALl
components shall be procured and preconditionsd to Paragraph 2.1
specification. Oce of the three cameras of tha TEM shall be subiecth
to the complete prototype level envirommental qualification specifi
in the document of Paragraph 2.1.1. The other two cameras of the
TEM shall be tested over the 0°C to 45°C temperature range at atmospheric

d

te
ed

o6
Approved for Release: 2021/12/09 C05137009




‘ L ) . Approved for Release: 2021/12/09 C05137009

pressura only, BEach of the three cameras of the TEM shall be tested
with its corvesponding spectral band filter. Performance over the
remperature ranges discussed in Paragraph 3.7 shall be as specified.
The contractor shall prepare ambient and envirommental test procedures,

frer review and approval by the Technical Officer, the contractox
shall conduct the tests reguired for this phase of the program,

F3.8.1 Whenever testing the FM or TEM cameras, appropriate loads shall be
added to the programmer to simulate &s close as possible the normal
mode of operation of a three¢ camera subsystem, These dummy loads
shall also simulate all trassient conditions in their amplitude and
frequency rasponss,

Approved for Release: 2021/12/09 C05137009



3.9 SUPPORT TEST EQUIPMENT (STE)

The Sim ghall ba designed and fabricated to be used io the construction,
checkout, and acceplance testing of the FM and TEM subsystems. The STE shall
provide all the necessary inputs and shall accept all of the outputs from the

’ camersa subsvstem to enable complete and normal operation of the camsra sub-
system as defined by the wmission pavameters. An appropriate typs collimator
shall be defined to facilitate performance measurements throughout the complete
testing cycle, This collimator shall have provision for several test patterns,
including ones with contrast ratios of 10:k, 5:1, and 2:1. The types of charts
selected shall be defined in the test pfﬂcedﬂrea and they shall be thoese best
suited to tesi a camera system for sn Earth Resources Satellite micsion To
adeguately simulate the spacaaraﬁt during test, an identical ”rﬂuréimg
philosophy shall be utilized in the design of the STE as in the design
spacecraft camsra subsystem, I1If it is necessary to violate tnis philo
because of the commercial test equinment (for example if power and signal
grounds cannot be fsolated) this fact shall be documented and the informati
furnished to the Technlcal Officer. A simulated spacecraft ground shall also
be provided in the 5TE and all frames, wodules, ste., shall bs conunected ro
this ground. The 8TE will be housed in standard racks equipped with casters
for easy traaspovitability. %he 572 will incliude, as a miviwom, the following
major functilons:

o
=}
e
b

]

.
%,9,1 Command Simmlation

A Command Simulator will be provided to generate the necessary commands
for operating the camera subsystem. It will include such features:

a. Fositive indicarion of specific commands sent

b. Protective interlook between critical command combinations

¢, Command sequence timing interlock to pravent successive commands
from belng genevated at a rate which might jeopardize the systom
under test.

d, Functional grouping of commend functions

3.9.2 Telemetryv Monitoring and Recording

The Telemetry Monitoring and Recording system will facilitate monitor-
ing any combination of telemetry points via a test point pansel. A wmenually
copcrolled scanner will be used in order to obtaln continuocus monitoring and
printovt of a specific telemetry channel,

B
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3.9.3 Clock Stienal

The STE will orovide a refevence frequency source for use by the
camera system, the collimators, and the STE chassis, and it may meet the
specification for the Wimbus D cleck given in the document referenced in
Pavagraph 2.2.1. ALl power supplies shall have current limiting, over-~
voltage protection, and wonitoring meters where desivable,

f

3.9.4 Display and Cawera

A 2060 TV lines mininom kinescope monitor display will be provided
to ald in the camers subsysten scb-up and test. The monitor display will
have sweep expansion aapability to permit the weasuvement of camera Ilimiting
vesolution. The walt shall have provision for mounting a photographic
cameya {to be inciuded), .

3.9.5 {Cables and Freakoct Boxes

Pekiain

e gables wewaas&ry to mate the camera subsystem to the ST shall be
providaﬁ ag part of the STE. These cables shall electrically reszmble the
spacecraft harness as closely as possible and ghall have breakout boxes {or
equivalent rack-mounted test point panels) to facilitate monitoring all wires.

3.9.6 Srandard Test Fouipment

The STE shall inciude any standard t@st equipment necessary Lo test

Py

and maintain the camera subsystem and the BT
3.10 BENSOR

The perforzmance of all six sensors s%all meet the performance raguire-
ments of this specifi cation. ALl the 2Z-inch REV's shall be wechanically and
electrically interchangeable, However, 1 nleldWol vidicous way be examined
and selectad for possible advantages in peviormance within a pavticular spectral

band,
3.11 MIWIMUM REQUIRAVENRTS ~ CAVERL FERFORVANIE

ALl the winimum meriosm&wu vequirements shall be wmet by the TH and the
TEM over the tempervature range of ,Oﬁc o 30°C. Degree of allowable degraded
pervformance at other temperature levels is given Iin a laber paragrash, All
system measuwranenis shall be wade with the shading correction cirevits adjusted
for normal opervation. :

3.00.1 0 Hiphlieght Seasivivity

¥

Highiight sen siLi«xay shell oceuy at 0.04 footecandle~scconds in
chapnels 1 and 2 and O, fw%wwénat@wgafcnd% in channel 3. 7The channels are
defined in Paragrapb 1,

9.
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‘ .

3.11.2 Resolution at Highlight Brightness

a. Center - The camera system shall provide a minimum of 4500 TV
lines limiting resolution in channels 1 awd 2, and 3400 TV lines
in channel 3. ' '

b. Edge - Elge limiting resolution shalil be no less than 80% of
the value obtained at the center of the lmage.

Referring to Figure 1, center resolution performance shall be met
within the cirele with a radius of 0.344A, no less than 90% of ceniter resclution
at the perimeter of the inner cirele, and no less than 80% of center resoiution
at the perimeter of the outer circle. '

A11 limiting resolution measuremsnts shall be demonstrated by means
of VA" scope and kinescope displays. :

3.11,3 Signal~to-Noise Ratio at Highliight Brightness

A signal-to-noise ratic »f at least 35 db peak signal to rms noise
in charnels 1 and 2, and 32 db in channel 3, shall be realized when measuring
2 10 TV ling test pattern without aperiure correction, The valus obtained
with optimum aperture correction shall be wmeasuwred for informatlon purposas
Chopper spikes shall be no greater than 10% of peak video with aperturs
correction.

3,31 .4 Reduced Contrast Ratio Performance

The system parameters described in Paragraphs 3.11.2 and 3.11.3
shall be eveluated also with test patierns having contrast ratios of 10:1,
5:1,:and 2:1. The measurements ave to be made at ambient femperature and
pressure, and the vesulis recorded for information.

3.11.5 Gray Seale

Eleven shades of grav shall be obtainad from the ca
measured with an "A" scope, when imaging a gray scale wedge in wh
transmission of successive steps change bw increments of Vf’ Al

range shall be deomonstrated by means of an “A"Y scope presentation,

3,11.6 Shading

Vertical and horizontal shading of the sysien sh
Shading correction circeuits may be used t % :
shading specification shall be met within the reticle ge

w ] Qe
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3.11;7 Image Distortion

_ The geometric distortion of the usable image from the camera system
shall not exceed 1% in both the wvertical and horizontal dimensions.

3.11.8  Skew
The deflection skew shall not exceed 0.5 degree.

3,11.9 Ceometric Linearit

Caemera lineavity shall be better than 1%.

" 3,11.10 Aspect Ratio

The aspect vatio shall be 1:1 at initial setup, at ambient conditions.

3.11.11 Size and Centerin

The scamning vaster size and centering shall be maintained with time
and temperature to within a waximum variation of +27.

'3,11.12 Residual Tnmage

The residual image at the end of the prepare cycle shall be less
than 5%.

3.11.13 Storage
80% of signal shall rewain after 10 seconds at 2500 TV lines.

3,11.14 Spots and Blemishes

The maximum number and size of spots and blemishes permitted shall
not exceed thosge specified in Pavagraph 3.5.1. Streaking, caused by improper
clamping and/or fregquency response shall not be acceptable. The edges of the
black to white transitions shall be sharp and free of edge enhancement effects.

3,11,15 Spectral Response

The sensors shall have sufficient spectral sensitivity in the 400 to
850 millimicron band to meet the performance reguirements. The performance of
the ¥ and the TEM in their spectyal bands shall be as follows:

Parageter Spectral Zand (we)
' 500-570  640-720  690-830
' Center Resolution (TV lines) 4500 4500 3400
Edge Resoluticn {(IV lines) 3600 3600 2700
. Signal-vo~-N¥oise Ratio (db) ’ 35 - 33 32
Shading (Max. vertical & horizontal) 15% 15% 15%
Cray Scale (JZ steps): 11 11 9
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A simulated solar source shall be used to provide 0.04 fce at the tube

faceplate prior to spectral filter insertion in channels 1 and 2, and 0.1 fcs
prior to spectral filter insertion in channel 3.

3,11.16 Target Performance .

The FM and the TEM shall have the capability of selecting, by ground
command, eithey target or anode node of operation. The performance of the
system in the target wmode shall be 8s follows:

Center Resolution ~ Same as anode (Paragraph 3.11.2a)

Edge Resolution - Sawe as ancde (Paragraph 3.11.2b)
Signal-to~Noise Ratieo - 30 db min., without upertura correction
Cray Scale - 11/?Ysteas min,

3,11.17 Video Signal Cheracteristics . V » ’ ;

The video chain, target #nd anode, including aperture correctiom,
shall have no amplitude variations greater than +1.,5 db from 10 Hz up to the
freqaenay at which positive peakln takes over, With aperture correction,
roll~off beyond the zero refexence point of the compensated video band shall
be at least 18 db/octave. Thisz data shall be documented for each subsystem
prior to the scart of an acceptance test, ' :

The video levels out of the camera subsystem shall be nominally as

follows:
ca. Tip of sync - 0 v + 0.1 v
b, Black level ~ minus 1.5 v+ 0.1 v
c¢. White level - wminus 5.5 v ﬁ G.2 v

Clippers shall be provxdeé in the camera to prevent black level and
white level excursions from exceeding the specified limits. Other video
char..cteristics shall be as follows:

. Horizontal blanking time - 10%

Horizontal sync - 5% centered within the horizontal blanking
time. The back and front perches thus obtained shall be at the
same level as video black. :

. Vertical blanking time = 4%

Readout frame time - § seconds (4.8 seconds aatlve)

Line rate = 1250 lines/second

Total active scan lines - 8000 '

Horizontal line time ~ 800 wmicroseconds (720 wmicroseconds active)
Video bandwidth - &4 MHz o
Video signal output impedance ~ 50 ohms or less. This output
shall be short-cireuit proof.
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3.11.18 Tewperature Compensabion

’ " The ¥¥ and TEM systens shall provide specification performance
over the temperature range of 10°C and 309C., The fo%lowing gerformaﬁce
specifications shall be wet in the 09 to 9°¢ and 31°C to 45°C tewpersture

ranges:

Channels 1 & 2~ Channel 3

a. Highlight Signal-to-Noise Ratio 33 db min. 30 ¢éb min,
b. Center Resolution V Some as ambient
¢. Edge Resclution Same as ambient

d. Shading (vertical & horizontal) 25% max. 25% wmax.

e. Cray Scale {dynamic range) 80:1 win, 43:1 wmin,
£, Residual Image . . Bame as eambient
. £. Storage Same as ambient
h. Video Gain Same as agbient
3.12 SYSTEM CONFICURATION AWD OTHER PERFURMANCE REQUIREMENTS

The camera subsystem design and wode of operation shall be based

on the orbital parameters of an Eavth Resources Satellite wission. The
"following nominal orbit parameters apply:

Orbit altitude « 496 nautical miles (sun synchronous)

Picture ground coverage ~ 100 x 100 stavute miles

Picture overlsp - 10% along the orbit track

Exposure timing for three cameras - simultancous exposure
Readout for three cameras ~ seguentlal readout :
Maximesn allowable smear ~ % TV element

Sun Angle - 60 degrees solar zenith angle at 350 degrees north
latitude at vernal eguinox.

®

»

fa O o
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The Phase IT study shall show in detail how the mission constraints
have been taken into consideration in the selection of the optics, the mode
of opevation, and the expected system performance,

3.12.1 Optical Assenmbly

~ The optical assembly shall consist of a lens, a spectral filter, and
a shutter mechanism,

During initial or bench testing of -the FM, & commercial type lens,
such as & NIKKOR ~EL, with 2 field of view of 17 degrees and a 63 mm. focal
length way be used. However, the acceptance and gualification tesos shall
be performed with the final lens configuration. This final configurationm
snall satisfy the wission requirements aund the comera performancé specifications.

o ]
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3,12.2 Lens Alignment

- Means shall be provided for aligning the perpendicularity of the
optical axis to the faceplate of the image sensor to maintain required
resolution performance., Alignment of the geowetric reticle pattern with
vespect to a given fixed reference (camera wounting feet) shall be better
than +0.1 degrees. Optical references for three axes alignment in the
spacecraft shall be included, -

3,12.3 Spectral Filﬁera

The ¥¥ and TEM shall be dasigned to operate in thr@e dlstlnc
spectral bands., The bands of interest are:

Channel Spectral Response {(10% points

1 500 té 570 willdimicrons
2 640 to 720 willimicrons
3 640 to 830 millimicrons

be available to be placed in the FM for
M ghall have one of the above filters.

The shutter asﬁambiy shall be a double blade focal plane shutter.
The exposure duration shall be uniform over the exposed photoconductor
within a maximum variation of *5& for exposure times of 3.0 willizeconds
or greater. Timing pulses to the shutter shall be provided such that exposure
time and the resultant photoconductor illuminance can be changed in three
discreet steps, The system shall have the capability of deriving these three
exposure times either automatically from the solar pmddle position, or by
ground cowmand. ’

The nominal centeyr exposure time value shall be selectsd so as to
maintain imege swmear to less than % TV element. The degradation expected at-

the hicher and lower exposure times shall be defined in the Phase IT study.

3.12.5 Beticle Ceomalry

ey,

Reticle markings shall be etched on the face of the widicon, Th
vesultant image derived shall have sharply defined linear markings free of
distortion and raggedness. The linear diwmensions and forwat shall be based
on the oues used in the Advanced Vidicon Cawera System‘fcr Nimbus A, scaled-
gecovdingly to the Z-inch RBV dimengions, The finel retlele cont l”UrmtiO L5
shall be defined by the Contractor end agreed upon by the Technical Office
at or before the completion of Phase II.

i

e
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A beam current regulator shall be provided to compensate for decrease
of vidicon cathode emission as a function of time. The system shall also
include means for automatically adjusting the beam current to the proper
value for just discharging the peak scene highlights. The dynamic bezm
regulator circuit shall be capable of being disabled by ground command.

3.12.7 . Seguence of Camera Opneration

The Phase II1 study shall show the exzpected sequence of camera
operation reguired to satisfy the mission requirements, Although a tape
recorder is not a part of this effort, the system shall be configured on
the assumption that one will be required for the final mission. In addition
to the required signal outputs for proper camera operation, the programmer shall
also provide external signals for operation of a tape recorder, and a multi-
plexer, The expected modes of operation shall be: Direct, Direct/Record, and
Record, ‘

3.12.8 Integrated Circuits

Integrated cirecuits shall be used whervever feasible,

- 3.12.9 Test Points

Test points shall be provided for the camera subsystem to the extent
necessary To determine the status of the camera as well as metering points by
which alignment of the camera subgystem may be lwplemented. Short circuit
protection of these points shall be provided, The camera subsystem shall
operate within specifications in the event of short circuit of the wonitoring
points or upon rewmoval of the short. These test points shall be provided
through separate plugs. The points shall not be utilized during envirvonmental
test; only telemetry data shall be used to apalyze systewm performance. Each
camera shall have a minimum of 25 test points, and the programuer a winimum of
10 test points. All these shall be defined during Phase II and shall be
approved by the Technical Officer prior to incorporation in the final design.

3.12.10 Commands

These functions shall be supplied by the spacecraft and the document .
of Paragraph Z.2.1 shall be adhered to for spacecraft interfaces and design
practice. The command signals will be pulses with a minimum width of 530 willi-
seconds, and ave canable of driving up to twoe 1% volt, 1 watt magnetic latching

relay windings. The two ends of each relay coil shall be byought out as a

twisted pair. These leads shall not be veturned to ground in the spacecraft
c%mmand~control system. The veferenced document specifies the noise charvacter-
istics of the command signsls, as well s&s the type of yelays permitted and
design constraints.

15~
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The following 1s & mxnimum List of commands reqaxrea in the
operation of the system:

Clock A (spacecraft)
Clock B (tape recorder)
T Power On
© Powar QF£f
‘Standby On
Staundby Off
Camera L On
Camera 1 0If
Camera 2 0On .
~Camera 2 Off
3
3

. w ®

.

-

= »

-

Camera On

Camara Off

Exposure Automatic
Exposure Preset

Preset 1

Preset 2

Preset 3

Anode Mode

Targel Mode

Dynamlo Beam Regulstor In
Dynanic Beaw Revulator Qut
Record Hode

Dirvect Mode

Direct/Record Mode

Starv Prepare

ot Sl BB D00 MH B L0 T
A .

-

-

=
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g2 4
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The final command list shall be deflned during Phase I1, and shall
be approved by the Techunical Offlcer.

3.12.11 Telemetyy

Telemetry 1s to be used to the fullest extont as & means of
monitoring camera subsystem performence during tests. A sepavate keyed
connector shall be provided for the telemetry outputs. It shall ba possible
to short the telemetryry output te ground or to other telemetyry outputs without
damaging the telemetry circuiltry or affecting in any manner whatsosver the
operation of the camera 3¢bsystnm. Cullbratlon data shall be provided for
each telematry point at OOC +25°C, and +509C., A family of three curvés for
each analog indicator shall be drawn, except that temperature indicators shall
have-a single curve for temperatures f;om -5°¢ to +55°C, with the general
shape of the curve indicated down to =25 °C and up to +70°C,  All telemetry
shall be in accordance with the regquirements of Paragraph 2,2.1.

L.
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: The final list of telemetry points, and their classification (digital
or analog), shall be defined during Phace 1T and shall be subject to approval
by the Technical Officer. The winimum number of telemetyy points per camera
shall be twenty (20).

2.12.12 Xeved Connectors

Keved connectors shall be utilized to prevent connector insertion
into improper receptacles.

3,12.15 Toise Susceptibilit

. The operation of the cameras subsystewm shall not be disturbed nor
‘performance degraded when the system is subjected to RF fields in the VHF

and S~bands of as much as 1 volt per meter, adjacent to the camera systen,

In addition, the svetem shall perform within specifications when as much &s

1 wvolt peak-to-peak noise of 15 to 100 wicroseconds bursts is fed into the

power supply bus. These requirements shall be in accordance with the cocument
of Paragrash 2.2.1,

3.12,14 Cxounding

The grounding philosophy used for the camera subsystem design shall
adhere to the one used in the document of Pavegraph 2.2.1. Any deviations
‘shall be justified to the Technical Officer and approved by him. A complete

grounding analysis and drawing shall be provided during Phase II.

3.12.15 Power Suwoly

The cawera subsystewm shall operate within specifications when ¢
from minus 24.5 Vde + 27 power source. The charactericstics of this power
supply, such &s output impedance, peak current limitations, transients, noise,
ete., are listed in the document of Paragraph 2.2.1. The camera subsystem
performance shall adhers to those constraints, including survival and non~
degradation under the listed abnormal conditions,

3.12,16 Power Consumption

The peak power consumption for the camera subsystem will be determined
during Phases IT and III. A power profile of the czmera subsystem shall be V
provided and updated quarterly. The maximum powey dissipacion shall not exceed
81 watts per camera, without taking into consideration surges caused by the
shutter solenoids. When taking these surges into consideration, these shall
not viclarte the peak current limitations imposed by the document of Paragraph
2.2.1, A special effort shall be made during tha design to explore means of
reducing the overall power consumpiion well below the specified value. The un-
regulated spacecraft bus will be available to supply power to the shutteyw
solenoids,

“l7e
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3,13 ENVIRONMENTAL REQUIREMENTS

The ruggedized RBV's shall meet the environwental requirements -
stated in Paragraph 3.5.2. The FM shall meet the envirvonmaental
requirements stated in Pavagraph 3,7. The TEM shall meet the
environmental requirements stated in Paragraph 3.8, except that
.the Vacuum-~thermal cyele given in by the document of Paragraph
2.%.1 shall be modified as shown in Filg. 2, and azdditional dara
obtained at each of the 10 degree transitions. The contractor
shall prepayve environmental test procedures. After veview and
approval by the Technical Officer, the contractor shall conduct
the required tests,

3.13.1 Corona

o The camera subsystem shall be designed with the capability of
operating during the entire evacuation and back-fill phases of
a thermal/vacuum cycle without damaging the camera or permanently
degrading its performance. During the environmental thermal/
vacuum test of the one camera of the TEM shall be tested accord~
ingly and survival of the system shall be dewmonstraved. This
survival capability shall also apply should corona occur during
the thermal/vacuum cycle due to the outgassing of any component
of the system,

3.13.2 Radiation Levels in Orbit

The camera system will be designed for a liferime of one year
in orbit. Engineering analysis shall be furnished to establish
that the system, including lens, filter elements, vidicon,
electron circultry, interconnecting harness and potting com-
pounds, will be capable of one wear lifetime in the orbital
environment, including the radiation levels expected by June
1969 for a 500 nautical mile orbital height, These levels
shall be furnished by NASA,

3.13.3 System Calibration
The TEM shall be calibrated prior to delivery. The photometric
calibration mathod shall be generated during the design phase
and included in the test procedure which will be submitted for
approval by the Technical Officer.

3,14 ECHANICAL REQUIREMINTS
The mechanical cbnfigutation of the camera subsystem shall meet

the design practices and requirewents invoked by the document
referenced on Paragraph 2.2,1.

» 18-

Approved for Rele;se: 2021/12/09 C05137009



. , ’ . . Approved for Release: 2021/12/09 C05137009 .

3.14,1 Weight

The total weight of the 3~camera system shall not euxceed 120
pounds, including optics, A weight summary shall be provided:
and updated quarterly, according to the requirements invoked
in the document of Paragraph 2.2.1.

3.14.2 Packaging

The system packaging configuration and requirements shall satisfy
the document of Paragraph 2,.2.1.

4. - QUALITY ASSURANCE PROGRAM

The contractor shall establish and maintain quality and reli-
ability programs for the TEM which complies with the provisions
of the documents referenced in Paragraph 2. Only the reliability
assurance requirements shall apply to the FM. A plan shall be
submitted with the proposal and shall include the contractor's
organization for the quality assurance function in flow charc
form, His plan, based on the documents referenced in Paragraph
2., will assure that the guality element is incorporated in the
design, parts, fabrication and test phases of the contvact,
Provisions of these documents not deemed applicable by the con-
tractor shall be set forth with justification for their inapplic-
abilicy, and will form the basis for negotiation prior to con-
tract award.,

4,1 rawing and Chanee Control

Schematics, assembly drawings, parts lists, lists of materials,
specifications and other design documentation shall be kept
updated and a change control procedure shall be in being to
assure that only correct drawings are used in the fabrication

and test of subsystems. Coples of all parts listes and schematics
shall be furnished to the Technical Officer for information.
Coples of revisions to drawings, ECN's, AN's, etc. shall be
furnished to the Technical Officer, on a guarterly basis so

that parts lists wmay be kept current,

5. MANWAGEMENT 3

The contractor shall designate experienced management and
engineering and supervisory labor persconel specifically for this
contract. The contractor shall provide a project organizacion
chart showing personnel assignments., This chart shall be mon-
itored throughout the contract. The contractor shall provide
charts showing the detailed planned phasing of the effort required
by this specification and all items called for by this specifica-
tion,

w ]G
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6. ° REPORTS AND DOCUMENTATION
6.1 Equipment logs shall be kept on each circuit board until

“integrated into the subsystem, At that time a new log will
be started for the subsystem. The logs shall contain all test
results from incoming part inspection to delivery of the sub-
system,

The equipment logs shall be used to prepare a subsystem test log
which will contain all pertinent Acceptance and Envivonmental
Test Data, Telemetry Calibration curves for the unit, and a
chronological narrvative of the subsystem test history.

Ten (10) copies each of a test log, environmental log, and cali-
bration log for each subsystem shall be supplied, They shall be
shipped to the Technical Officer within 30 days after delivery

e of the respective unit, However, preliminary data shall be sup-
plied concurrently with havdware delivery,

Two (E}ICOpies of all pages of all log books shall be submitted
monthly to the Technical Officer.

0.2 . Monthly, gquarterly, and final reports shall be based on 85-250-P-1,
- "Specification for Contractor Prepared Monthly, Pericdic, and
Final Reports", dated January 1967. 1In ganeral, the requirements
of 5-250-P~1 shall be followed. Any exceptions and deviations
from this document shall be noted in the proposal and shall be
subject to negotiation prior to contract award,

6.2.1 As part of the monthly progress reports, the contractor shall
submit weight data and information in ordér to permit space~
craft weight control actions to be implemented, The contractor
shall also report the following:

Power Profile - Power reguired vs time vs subsystem functions,
electrical connections including number, location and pin assign-
ment, - ‘

The contractor shall submit the above information at the start of
fabrication of the FM and shall update as necessary.

6.2.2 The contractor shall provide a comprehensive review of the tech-
nical progress wmade in each quarter. Detailled information con-
cerning technical performances, or tést progress with quantiacive
and/or qualitative data shall be imcluded. Electrical schematics
with irout signals to the left of the schematic, outpuc signal to

N the right of the schematic shall also be included, The waveforms
shall include amplitude end frequency characteristics, The name
and function of a particular stage or stages on the schewmatic
shall be included., Mechanical drawings shall be limited to overall

20w
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6.3.2
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assambly drawings of layouts to fully describe the item under
consideration, Block~diagrams and/or layouts shall be included
to describe performance during the quarter. Size, weight, and

power prefile considerations for the subsystem shall also be

included.

The final report shall be a comprehensive review of the technical

~progress made throughout the program. Schematics and engineering

drawings with sufficient explanation to describe thedr functions,
shall be included. The size, weight, power, performance, mechan-
ical drawvings and layouts, block diagrams, and additional items
to fully explain the system shall be a part of this report,
Recouwmendations to improve or simplify the system for future
applications shall be a part of this report. This report shall
contain sufficient information to provide a detailed description
of the progress from design through final configuration.

The contractor shall provide on a monthly basis a sequential
milestone events charts for each identifiable unit, module, oy
subassembly. This chart.shall be in the form of a horizontal
flow chart. ‘ ’

The contractor shall provide, on a wmonthly basis, a summary of
funds alleocated, funds expended, and estimated funds to comple-
tion. The reportable increments of work shall coincide with the
milestone event units, NASA Form 533 or533A shall be used for
this purpose.

Fifty (50) copies of an Operation and Maintenance Manuals for the
TEM shall be prepared with reproducibles. Two {2} drafc copies
shall be submitted four (4) weeks after delivery of the sysiem.
Review by the NASA Technical Officer shall be required prior to
publication. A four (4) week review cycle will be maintained.

S This manuval shall contain a detailed descripiion of the camera

subsyatem with emphasis on complete schemavics, signal flow dia-
grams, board layout diagrams, necessary mechanical assemblies
and for layouts, operation, test procedures,and maintenance.

Ten {(10) copies of an Instruction Manval for the TEM with
reproducibles, This instruction manual shall contain schematic
diagrams and operating Instructions.

Fifty (50) copies of an Operaticn and Maintenance Manual, with
reproducibles, for the S8TE. Two {(2) draft copies shall be sub-
mitted on (1) week after delivery of the TEM. Review by the
NASA Techuical Officer shall be reguired prior to publication,
Review will be completed within four (&) weeks. This manual
shall provide the detalled description for operating and main~
taining the $TE and shall coptain information siwmilar te Pava-
graph £.3,

-21-
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The contractor shall provide two {2} complete printed sets of

all updated documentation applicable to the design, procurement,
fabrication, test and qualification of the subsystem. Documenta-
tion to be pr0v1ded shall be that data normally establlshea by
the contractor to implement and countrol the program,

FM Performance Specification-and Performance Test Plans shall be
submitted for approval befdre the FM accephtance tests. Final

issue shall be one (1) month aftexr GSFC approval. These documents
shall include information in the form of block diagrams, figures,
written.description, data shéets, and procedures suiflclena to
indicate to the Technical Officer that the FM system testing will
show performance in accordance with the requirements of this speci-
fication, After GSFC approval, these documents shall form part of
this specification. ALl changes and updating of these documents
shall require approval by the Technical Officer.

. Paragraph 6.4 is also applicable to the TEM subsystem.

Test Procedures shall be generated for testing the FM and the TEM
and suvbmitted o the NASBA Technical Officer for his approval, In
addition to a final ambient test, the procedures shall include
environmental and post- envxronmencal tesrs. In addition £o the
system level test, the contractor shall conduct tests at the cire
cuit board level. These procedures shall be avalliable to RASA

at the contractor’'s plant but NASA approval is nor recuired on
these lower echealon t&&ﬁ procedure documents,

Two (2) coples of ¥M Vibration Survey.

Two {2) coples of the Z-inch BRVE Specification.

Two (2) copies of the 2-inch RVB Environmental Test Specification
and Procedure. This document requires approval of the NASA Tach-
nical Officer prior to proceedlﬂv with the tests.

Ten (10} copies of the Phase IX Design Study Report two (Z) weeks
after completion of this phase,

Test Log, Calibration Curves, and Photowmetric Calibration shall
be supplied with each camera system and contain a documentation
of the performance of the camera at final acceptance tests,

SPARES PROVISIONIKG

The contractor shall provide ‘a spares provisioning plan and generate
& spares provisioning list including ecstimated costs of each
component. The provisioning plan shall be submitted to NASA for
discussion and comment, and, after approval, be used as a base-line
for establishing a recommended spares provisioning list. Losts
shall not be included in the proposal for spares componants. A
spares provisioning plan shall be supplied 3 months after date of
contract and the list 3 wonths after approval of spares provision-
ing plan. The actual spares to be purchased will be separately
negotiated. Teen

[
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ADDENDUM TO
GSFC SPECIFICATION FGR
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VIDICON CAMERA SYSTEM
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The following corrections are to be wmade in the March 11, 1968
revision of document S~733-P-i:

Paragraph 3-11 ~ Add at end of Paragraphi

Unless otherwise noted all requirements refer to the Anode signal
mode of operation. f

H

Paragraph 3-~11.7 ~ Insert prior to A as follows:

Although camera wmeasurements shall be otherwise specified the ground
resolution shall be calculated on the basis of imaging a two to one
contrast ratio scene having an aversge brightness equal to % the
highlight brightness. Under these conditions the limiting ground
resclution shall be 550 feet per optical line pair in channels one
and two; 730 feet per line palr in channel 3. MW
The camera picture element wessurements shall be as follows:
Paragrpah 3-11,15 - Spectral Bands ~ Change (500 to 570) to (475 to 573)

Change (640 to 720) TO (580 to 680)

Paragraph 3-12 - Ttem B ~~ Change plcture ground coverége Erom 100 X 100
statue TU 100 x 100 Nautical Miles

Paragraph 3-12.3 - Speciral Filters -~ - Add a spectral response change
10% points TO 30% points. Channel one, change (500 to 5703 TO (75 to
5753 Channel 2, change (640 fo 720) TO (580 to 680)
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TECHNICAL STATEMENTS CONCERNING NASA $-733-P-4

The Two-Inch Return Beam Vidicon Tube specified in NASA
5-733-P-4 is theoretically capable of producing angular resolutions
of 0, 044 milliradians in channels 1 and 2, and 0. 052 milliradians
in channel 3. The flight model lens is not specified; therefore, the
assumption is made that the Return Beam Vidicon Tube is the limiting
element of the system. The NIKKOR-EL (63 mm focal length) lens
is specified for bench testing only. The Vidicon Tube/NIKKOR-EL
lens combination is theoretically capable of angular resolutions of
0. 0905 in channels 1 and 2, and 0. 12 in channel 3.

The ground resolution specifications stated in addendum paragraph
3.11. 2 of the July 23, 1968 revision to 5~733-P-4 are not compatible
with the theoretical capabilities of the Vidicon Tube specified in the
basic document,

An analysis of the actual system resolving capability is not possible

without further flight model lens definition.
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