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ABSTRACT

This final report summarizes the work performed to design,
fabricate, and qualify a two-inch Return Beam Vidicon (RBV)
panchromatic two camera Subsystem, together with Spare Com—
_ponents, for the Landsat-C Satellite; the basis for the de-
sign was the Landsat 1&2 RBV Camera System. The purpose of
the RBV Subsystem is to acquire high resolution pictures of
the Earth for a mapping application.

Where possible, residual Landsat 1 and 2 Equipment was util-
ized: The Vidicons used on the Cameras were selected from
Landsat 1 and 2 inventpry and were qualified; the Landsat

1 and 2 test equipment was modified for use with the new
camera system; the design of the camera system was tailored
to be compatible with the Landsat 1 and 2 Receiving Site

* Equipment; and the Spare Landsat 1 and 2 camera was converted
into the Landsat C qualification Model.

This program included one major subcontract; lenses and col-
limators were designed, fabricated, and qualified by Contraves-
Goerz Co. specifically for this application.

This work was performed under Contract NAS5-22350 by RCA

Corp., Astro-Electronics, Princeton, N.J. for NASA, Goddard
Space Flight Center, Greenbelt Maryland. The work commenced on
May 1, 1975. The Flight Subsystem was delivered on January 31,
1977; thereafter, the Spare Components were delivered on

March 31, 1977.
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ABBREVIATIONS

ccc Camera Controller Combiner

CE Camera Electronics
_BTE Bench Test Equipment

DOM Design Qualification Model

EBR Electron Beam Recorder

QLM Quick Look Monitor

RBV Return Beam Vidicon

RSE Receiving Site Equipment

STE Special Test Equipment

TPG Test Pattern Generator

VIATS Vidicon Imaging Assembly Test Set
VPASS Video Processor and Sync Separator
VTR Video-Tape Recorder
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SECTION T

INTRODUCTTION

A, PURPOSE OF REPORT

This is the final report covering work performed by RCA,
Astro~Electronics, Princeton, New Jersey, for NASA/GSFC, »
Greenbelt, Maryland on the Two-Inch Return Beam Vidicon (RBV)
panchromatic two camera subsystem for Landsat-C (NAS5-22350)
since May 1, 1975.

B, CONTRACT OBJECTIVES

The contract objectives were to design, fabricate and
qualify & Two-Inch Return Beam Vidicon (RBV) panchromatic two
camera subsystem, together with spare components, for the
Landsat-C Satellite; the basis for the design was to be the
Landsat 1&2* RBV Camera Systemn.

The purpose of the RBV subsystem is to acquire high resolution
optical images of the earth for a mapping application. There
are two cameras in the system; each is a panchromatic

(505 to 750 millimicrons) camera configured to view a nominal

53 nmi square area. Camera pointing angles are such that the
two cameras view adjacent areas of the earth providing a nominal
coverage of 98.5 by 53 nmi for each picture taking cycle.

This cycle is repeated every 12.5 seconds in order to provide
continuous coverage (with a small overlap) in the direction of

flight. The optical images acquired by the cameras are

*Prior to becoming operational, Landsat 1&2 were designated
Landsat A&B; lLandsat was originally known as ERTS (Earth
Resources Technology Satellite).

I-1



sequentially processed (first camera 1 and then camera 2)
into television video signals which are combined with other
spacecraft déta. The resulting signal is either transmitted
to earth or recorded on video tape for later transmission.

Several uses have been planned for thé television signals

which are transmitted to earth. These signals will be used

to produce high resolution (nominally 40 meters ground

resolving power) photographs of the earth. These photographs

will be used to locate control points (é.g. highway intersections,
etec.) more accurately than on previous Landsat Missions (the
Landsat-C RBV has higher resolving power than the Landsat 1&2 RBV).
In addition, an experiment is being planned to demonstrate the
feasibility of combining the higher resolution picture information
of the Landsat-C/RBV with the gquality color picture information of
the Multi-Spectral-Scanner (MSS) in order to provide the "best of
both worlds."

Although the RBV subsystem does provide television signals, it is
unlike a commercial television camera; rather, it is a very precise
scientific instrument. It was developed to utilize and preserve
the extremely high resolution capabilities (at least 90 lp/mm) of
the RCA Return Beam Vidicon. The cameras of this subsystem require
manufacture and operational tolerances, in some cases, of less than
+0.0005 inches or less than 0.04%, over the predicted life of the
migsion. As an example, the electron-optics tolerances, both
mechanical and electrical, must be tight enough to preserve the
aforementioned 90 1lp/mm resolution throughout the life of the pro-
gram (center resolution, 10°C to 30°C operating temperature, 50/1
or better contrast ratio). In addition, there was a weight and
power constraint imposed upon the system; the subsystem weighs

about 165 1lbs and reguires an average power of about 136 watts.



- This work was performed under Contract NAS5-22350 for NASA-GSFC,
Greenbelt, Maryland by the Astro-Electronics facility of RCA; the
overall program schedule is shown in Figure I-1l. The primary

objectives of this program were to:

Modify the design of the Landsat 1&2 RBV System to meet
the Landsat-C/RBV subsystem requirements;

Incorporate the design modifications into the Landsat
l1&2 Spare Components, convert it to the Landsat-C
Design Qualification Model, and qualify it to prototype

levels;

Redesign and Modify the Test Equipment to be compatible
with the camera changes;

Select Vidicons from existing stock and qualify them;
Procure newly designed lenses and collimators;
Fabricate and qualif& a two camera RBV flight system;
Fabricate and qualify spare flight components; and

identify Receiving Site Equipment Changes required to
accommodate both the Landsat 1&2 RBV and the Landsat~C/RBV.

As a result of this effort, the following items were deliverd:

A Design Qualification Model
A Two Camera RBV Flight System
A Set of Spare Fligh£ Components; and

Four New Collimators.
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In addition, the following test equipment units were modified
to be compatible with the new camera design:

™ One Vidicon Imaging Assembly Test Set (VIATS);
° Two Special Test Equipments (STE); and

s Two Bench Test Equipments (BTE).

The modifications are discussed in Section III.

-Ce SYSTEM PERFORMANCE OBJECTIVES

The System Performance required by the GSFC specification
(GSFC 490~C=-290A) is defined in detail in RCA Performance
Specification PS-2284900 and is summarized in Table I-1. In
general, this performance has been met except for some small
deviations, such as shading, for which waivers were granted.

D. SUMMARY

The Landsat-C/RBV program was begun on May 1, 1975. The
primary purpose of this program was to provide a Flight model
of the Return Beam Vidicon (RBV) panchromatic two camera sub-
system for the Landsat-C satellite; the basis for the design
of this camera system was the Landsat 1&2 RBV camera system.
buring the course of this program, a Qualification model,

‘a Flight model, and spare components were fabricated tested,
and qualified.



_TABLE I-l. MAJOR PARAMETERS AND "SYSTEM PERFORMANCE REQUIRE-
' MENTS OF THE RBV TWO-CAMERA SUBSYSTEM

Parameter Performance Regquirements Remarks
Imaging Tube Two-Inch Return-Beam Vidicon
- (RBV) with AS0OS* Photoconductor
Deflection Electromagnetic
and Focus - :
Image Size on 1l inch % 1 inch
Target )
Exposure Time 2.4, 4.0, 5.6, 8.0, and 5.6 ms
12.0 milliseconds nominal
Lens Effective 236 millimeters ‘nominal
Focal Length :
Lens Relative £/2.9
Aperture
Horiz Limiting 4500 TV Lines (90 lp/mm) Tables IV~
Resolution . S R 3, 12, 18"
{(Centexr) .
Edge Resolution 80% of Cénter'Resolution
Dynamic Range 30 to 1 ‘
Highlight 2.013 mw/cm® - SR (505 to 750 my)
Radiance .
Shading <15% within 1 inch diameter Tables IV-
. circle; <25% elsewhere 2, 15, 20
Residual Image Less than 3%
Image Distortion <1% Tables IV-
. . t ‘ 6' 14, 21
Video Bandwidth 3.2 MHz
Aspect Ratio 1:1 at Set-up ™ | Tables IV~
. : 'l 6, 14, 21
Skew < +0.5° V| Tables IV-
iy 6, 14, 21
Size and < 122 ;| Tables IV-
Centering - N 6, 14, 21

Two Camera
Cycle Rate -

12.5 seconds bhetween pictures
(see Figure II-1 for breakdown)

* Antimony sulfide oxy-sulfide.

-6 . ORIGINAL PAGE IS.
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TABLE I~1. MAJOR PARAMETERS AND SYSTEM PERFORMANCE OBJECTIVES
: OF THE RBV TWO-CAMERA SUBSYSTEM ( Continued)

Parameter Performance Objectives ‘ Remarks
Power Consumption 142 watts average; ®x
' . 150 watts peak ’ ‘
Power Supply ' ;24.§V.i2%; =28V unregulated
Read Horizontal 1,250 lines/sec
Rate
Active Horizontal 4,125
Lines

Readout Frame Time 3.5 Seconds (3.3 Seconds,

Active)
Peak Signal/rms 33 dB Tables IV-
Noise 5, 16, 22
Readout Position Camera 2 follows Camera 1
Ground Coverage 98.5 x 53 nmi/cycle
(From 492 nmi
orbit)
Spectral Band 505 mp to 750 my
Weight 170 pounds Actual is
. 162.34 pounds

Operating 492 nmi earth orbit vacuum
Environment and 10°C to 30°C temperature

’ range.

** Actual power is 136 watts average; 142.5 watts peak.
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The Qualification model consists of a new prototype baseplate
and the spare Landsat 1&2 components (Sensor, Camera Electronics,
and Camera Controller Combiner} which were updated to meet

the Landsat-C requirements. Following the design modification
phase, updating of the Landsat 1&2 components was begun in

March 1976. Subsequent evaluation, test and quallflcatlon,
including prototype Vlbratlonl and thermal vacuum exposure, was
successfully completed in August 1976.- !

The Flight model includes: a sensor/baseplate assembly com—
prised of two sensors and a baseplate; two camera electronics
packages (one for each sensor) and a Camera Controller Combiner
(ccey. Assembly and test of the Flight model components was
begun in Augqust 1976; After.each camera (consisting of a sensor
and a camera electronics) and the CCC ﬁad been assembled and
evaluated, they were then integrated to form the two-camera’
Flight model. Integration test and qualificetion {including

" vibration and thérmallvécuum) of the Flight model was success-
fully completed on January 31, 1977, the date specified by the
contract. Thereafter, it was delivered to the spacecraft con-
tractor and has since been integrated into the Landsat-C

spacecraft.

The spare components include a single camera (comprised of a
sensor and its camera electronics),and a CCC. Integration, test,
and gualification (using the prototype baseplate and a dummy
sensor) was successfully completed on March 31, 19877, the date
specified by the contract. These components are to remain at RCA
untll after the launch of Landsat-C, 80 that periodic testing

may be more readlly accomplished.

1. Since the Qualification Model included only one sensor
a dummy sensor was placed in the second sensor position
durlng vibration. .

o8 PAGE 1
ORIGINAL
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To comply with the Landsat-C/RBV specifications, it was
necessary to design and qualify a lens specifically for this
application. 1In addition, a specially designed collimator was
reqﬁired to mateh the particular characteristics of the lens.
Four lenses and four collimators were procured from Contraves-—
Goerz Co. '

The vidicons installed in the cameras were obtained from the
LANDSAT 1&2 residual store. Since 13 of these vidicons had
been designated TL.andsat-C candidatgs, it was necessary to
conduct a test program (including spectral response measure-
ment} in order to select the required four vidicons, three
for the new cameras énd one spare. The vidicon selection was
made in January 1976.

To test the cameras, it was necessary to modify several items
of Landsat 1&2 ground equipment in order to be compatible
with the Landsat-C cameras. The equipment modified includes:

a) One Vidicon Imaging Assembly Test Set (VIATS) for
setting up and evaluating the integrated imaging
assembly {focus coils, deflection yoke, vidicon

etc.);

b) Two sets of Special Test Equipment (STE) for setting
up and testing single cameras; and

c) Two sets of Bench Test Equipment (BTE) for testing '

and evaluating the two-camera subsystem.

The other Landsat 1&2 units, including the computer and the
Quick Look Monitor, were used without modification.

In addition, recommendations were made for modifying the

Receiving Site Equipment (RSE).



Currently, the Flight Model has been integrated into the
Landsat~C spacecraft. It is now being tested as part of the
spacecraft; RCA is providing field support as reguired.
Recommendations have been made to activate these cameras at
least every three months in order to ensure against nominal

performance degradation.



SECTION II

TWO CAMERA SUBSYSTEM

A. GENERAL

The Two Camera RBV Subsystem of the Landsat-C Spacecraft is used .
to produce high resolution television pictures of the Earth for a
mapping application. Each of the two cameras is configured to take
panchromatic (505 to 750 millimicrons) photographs of a nominal

53 nmi square area. Camera pointing angles are such that the two
cameras produce adjacent views, thus providing a nominal 98.5 by

53 nmi picture swath along the spacecraft track of each picture
taking cycle. As indicated in Figure II-1, the picture taking
cycle is repeated every 12.5 seconds thus producing a small overlap
in the direction of flight for a 492 nautical-mile orbit. The
camera video cycles are processed sequentially (first camera 1 and
then camera 2) and mixed with time-code and station-keeping data;
this information is then tranémitted to a ground station (when the
spacecraft is within range) or recorded on video tape for later
transmission.

As shown in the block diagram of Figure II-2, the Landsat C/RBV
Subsystem includes: a sensor/baseplate assembly (Figure II-3},
comprised of two sensors (Figure II-4) and a baseplate; two camera
electronics packages (center and left hand side of Figure II-5),
one for each sensor, and a Camera Controller Combiner (right hand
side of Figure II-5). The two sensors and their corresponding
camera electronics packages are identical except that the circuits
in each electronics package are trimmed to be compatible with the

requirements of the vidicon in the corresponding sensor.

The basis for the Landsat-C/RBV subsystem is the RBV subsystem
being used on Landsat 1&2 satellites. Table II-1 shows the
significant differences. As indicated, the Landsat-C/RBV differs
from the previous RBV as follows:

I1-1
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Figure II-1l. Timing Diagram Landsat-C/RBV Two-Camera System
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Figure II-4. Sensor Assembly
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TABLE TI-1l.

COMPARISON OF LANDSAT-C/RBV WITH LANDSAT A&B/RBV

Item

Landsat 1&2/RBV

Landsat-C/RBV

Number of Cameras
Ground Coverage/Fraﬁe

Ground Coverage/Camera

Spectral Coverage

Erase, Prepare,
Exposure

Readout

Nominal Exposuré Time
Cycle Time

Nominal ILens EFL
Limiting Resolution
Video Bandwidth

Read Horizontal Line
Rate

Read Time
Prepare Time
Erase Time

Shading Correction

3
100 x 100 nmi

100 x 100 nmi
Camera l: 475-~575 mp
580~680 mu
690-830 mu

Camera 2:

Camera 3:

Simultaneous for 3
Cameras

Staggered for 3

Cameras
12 ms
25 sec
125 mm

90 1lp/mm

3.2 MHz

1250 1ps
3.5 sec total
14 sec
0.5 sec
Horizontal Correction

independent of
vertical position

2
88.5 ¥ 53 nmi
53 x 53 nmi

{(nominal)

Each Cgmera:
505-750 my

Staggered for 2
Cameras

Staggered for 2
Cameras

12.5 sec

236
90 1lp/mm

MH=2

1250 lps

3.5 sec total

8.5 sec

0.5 sec

Horizontal Correction
programmed as a
function of vertical
position

18
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® Staggered Erase, Prepare and Expose cycles (the original
RBV had Simultaneous Erase, Prepare and Expose); .

e Panchromatic Coverage (the.original RBV had three cameras,
each of which covered a different spectral band;

® Nominal 236 mm focal length lens (the original RBV used a
125 mm lens); which provides 53 nmi square area coverage

vs. 100 nmi coverage for the previous system.

® Side-by-side coverage of the two cameras per frame (the

original had superimposed coverage per frame); and

e 12.5 Second picture cycle (the original had a 25 second
cycle).

® Shutter exposures from 2.4 ms‘to 12 ms (in 5 steps), vs.

4 ms to 16 ms in previous cameras.

e Improved Shading Correction System

B. SYSTEM INTERFACES

In order to minimize changes to the Landsat/RBV interface and
thereby facilitate integration of the spacecraft and the camera,
the interfaces between the two-camera RBV system and the Landsat-C
Spacecraft have been kept as close as possible to the corresponding
interfaces between the three-camera RBV and Landsat 1&2. Those
changes which were necessary, are compatible with the spacecraft
requirement. Detailed interface information is contained in the
Stage 4 release document (Ref. C5 of Sect. VII) and is summarized
in %he following paragraphs.



Signals

Timing signals from the RBV Subsystem to the spacecraft are-
listed on Table II-2. Note that two signals from the Landsat 1
&2/RBV (i.e., Run Tape A and Run Tape 2) have been deleted.

The other signals, however, are essentially the same.

Timing signals from the spacecraft to the RBV Subsystem are
listed in Table II-3.

The active video output format is unchanged from that of the
original Landsat 1 and 2/RBV, as shown in Figure II-6. In
addition, except for cycle time, the output data format is

the same as that of Landsat 1&2, as shown in Figure II-7.

A type of dummy video, consisting of a 1.6 MHz tone, has been
inserted in place of the third camera video in order to minimize
changes to the Receiving Site and Ground Test Equipment; a dis-
cussion of the Receiving Site Equipment modifications is con-
tained in Section III.

Power

The power requirements are listed in Table II-4.
Commands

The commands required by the Landsat-C/RBV are listed in

Table II-5. These commands are identical to those reguired

by Landsat 1 and 2/RBV, except that the Camera 3 On/Off commands
have been deleted and the Cal Enable/Disable commands have been
changed to rephase A/B.

Telemetry

The telemetrv points regquired by the Landsat-C/RBV are listed
in Table IT-6. This telemetry list is identical to that of

II-9
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TABLE II-2. BRBV TIMING SIGNALS TO SPACECRAFT

Timing Signals

Description

Time Code Sync

Time Code Enable

Time Code Update
(Called Ty + 12 on
Landsat 1 and 2)

A 45 yolt nominal, 8Q-us pulse, the edges of which are coincident
with the horizeontal-blanking interval of the composite video format.
The pulse period is 800 us, and time-code sync is generated in all
cases when horizontal sync is present.

A set of 3 pulses in each 12.5 second picture cycle. Each pulse is
+5 volts nominal with a width of 80 ms., The pulses occur during
the vertical blanking interval of each read and during a dummy
vertical blanking at the end of the second read.

A 500 millisecond wide high level (+5 volts) pulse whose trailing

edge is coincident with the positive going edge of the spacecraft

1 Hz clock; on the first picture taking cycle and all succeéding

odd cyecles, this coincidence occurs 1.5 seconds before the exposure

of camera 1, and on the second picture taking cycle and all succeeding

even cycles, this coincidence occurs 1.0 seconds before camera 1 ex-—
posure,




TABLE II-3. TIMING SIGNALS FROM SPACECRAFT TO RBV

Signal

1 Hz Vertical blanking is synchronized with the .
1 Hz at beginning of a cycle so that expo-
sure occurs at a known point with respect
to spacecraft timing.

1.6 MHz Spacecraft clock signal which drives the
programmer divider chain.

Rephase A Used to synchronize camera horizontal sync
with the video tape recorder head wheel
position

Rephase B Same as Rephase A,

Time Code Supplied to Camera at proper time for in-

sertion in video and data stream.

TABLE II-4, POWER REQUIREMENTS FOR LANDSAT-C/RBV

Bus (Note 2)

Power Consumption {Note 1)

1285V + 24,

Regulated 136 watts average, including
unreg. bus requirement

142.5 watts peak, excluding
unreg. bus requirement

-28Y, Unregulated Peak Current = 2.4 amperes during

shutter operation and .46 amps
during erase lamp operation

NOTES: 1.

Power consumed js shown for two cameras and CCC
during normal operation. See power profile on
Figure 7 of Reference VII-C5. .

-24.5V is supplied on three lines: one to each
camera and one to the CCC; the -28Y is supplied
on two 1ines; one to each camera.

Telemetry power (-24.5V) is on a separate line.

GINAL PAGE >~
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SYNCTIP ov
REF BLACK —0.4V

A

REF WHITE —1.5V

BLACK CLIP LEVEL
WHITE;CLIP LEVEL

SYNC T1P

REFERENCE BLACK
REFERENCE WHITE

REFERENCE EDGE

__RISE & FALL TIVES
600 £400 NANOSECONDS

BLACK CLIP 0,3V —
~ o
— WHITE CLIP —1.65V
a0 |20|20
80 ySEE —boja 720 pSEC ? t—p
(HORIZ. SYNC" (ACTIVE VIDEQ TIME)
INTERVAL)
—0.3£0.05 YDC RISE AND FALL TIMES FOR HORIZONTAL SYNC
~1.65 £0.05 VDC INTERVAL {AND ALL VERTICAL SYNC INTERVALS)
ARE 200 +20 NANOSECONDS.
0£0.03 VDC
—0.4£0.03 VDC
-1.5+0.03 VDC

-

Figure II-6. Active Video Horizontal Line Format., -

A4, A5, and A6 Interval
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Figure II-7. Output Data Format



TABLE II-5.

COMMANDS FOR TWO~CAMERA SUBSYSTEM

Command

Function

Single Cycle

Continuous Cycle
Start Prepare

Expose 1

Expose 2

Expose 3

Expose 4

Expose 5 '
Aperture Corrector In
Aperture Corrector Out
Start Calibrate

Rephase A
Rephase B
Cathode Reactivatioq On

Cathode Reactivation Off

L

CCC Power On
CCC Power Off
Caméera 1 On
Camera 1 Off
Camera 2 On
Camera 2 Off

Await Start-Prepare command before repeating
Picture-Taking cycle

Automatically repeat Picture-Taking cycle

Initiate single Picture-Taking cycle if Single
Cycle command was issued

.Provide 2.4 ms exposure

Provide 4.0 ms exposure

Provide 5.6 ms exposure .

Provide 8.0 ms exposure

Provide 12.0 ms exposure

Activate aperture-correction circuits
Deactivate aperture-correction circuits

Initiate calibrate sequence if Calibrate Enable
command was issued

Enable Rephase A Signal
Enable Rephase B Signal

Enable cathode-reactivation circuit; disable
1.6-MHz protect1on

Disable cathode—reactivat1on c1rcu1t- enab]e
1.6-MHz protection

Energize CCC
Deenergize CCC
Energize camera 1
Deenergize camera 1
Energize camera 2
Deenergize camera 2

I1-14




TABLE II-6.

TELEMETRY POINTS FOR THE RBV TWO-CAMERA SUBSYSTEM

Talemetry Point

Monitored Circuit Location
(Note 4)

Level 9 (Note 1}

Level 1 (Note 1)

Expose TLM A
Expose TLM B
Exposure TLM C
AP Corr in/fout
[ Rephase A/B

‘| Cam 1 ©n/Off

Cam 2 On/Off
Single/Cont Cycle
€CC Board Temp

CCC P.S. Temp
€CC Power On/Off

1.8-MHz Clock
(cce)

Horiz Sync (CCC)
Vert Sync (CCC)
1-Hz Sync (CCC)

-24.5¥ Input (cCC)
+ 15V (ccc) -

6V, -5.25¢ {ccC)

Cathode Reactiva-
tion On/Off

Faceplate Tamp
Yoke/Focus Temp
Electronics Temp

Exposure Control (CCC-A2)
Exposure Control (CCC-A2)
Exposure Control (CCC-AZ)
Aperture Corrector (CCC-A2)

On-Board Calibration ckt
(cCc-AT) ’

Camera 1 Power (C/E-A%)
Camera 2 Power (C/E-A%)
Mode Controller (CCC-AZ)

CCC Interface BD Temp
(CCC-AT)

CCC P.S. Temp (CCC-A13)}
_ CCC Power {ccc-A13
" CCC Clock Imput {CCC-A7)

CCC Programmer (CCC-A7)
CCC Programmer (CCC-A7)’
CCC Clock Input (CCC-A7)

CCC Power Input (CCC-A7)
CCC P.S. Output (CCC-A13)

CCC P.S. Output {CCC-A13)

CCC Cathode React. Lkt
{CCC-A2)

Note 2 {Sensor)
Note 2 {Sensor)
Note 2 {C/E-AT7)

See Table II-7
See Table I1-7
See Table II-7
AP Corr In

Raphase A Enable
(0/-2 Vdc)
off

Off

Single Cycle
See Note 3
See Note 3
CCC Off

1.6 MHz absent

Horiz Sync Absent

A1l times other than

vert sync interval

Programmer & 1 Hz
not in sync

-24.5V absent
off

0ff

Cathode React. Off

See Note 3
See Note 3
See Note 3

iP Corr Qut
Rephasze B
Enable

Cn

On
. Continuous Cycle

¥ - .

| CCC On
' 1.6 MHz Present

. Horiz Sync
Present

For 0.2 sec dur-
ing sync interval

PEM & 1 Hz inm .
syng

-24,5Y Present

=4,2V: + 15Y On
-3Y: +15V On. and
=15V Off

-1 QZV: -15v On’
and +15Y Off

"| =3y: +6Y On and

=5.25Y On K
<2.2V: 4+6Y OfF -
and -5.25V On
=1.5V: #6V On
5,25V Off

"Cathode React.
On

IT-15
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TABLE

II_6 .

TELEMETRY POINTS FOR THE REV

TWO-CAMERA SUBSYSTEM (Continued)

o

Telemetry Point

Monitored Circuit Loca{tion
(lote 4)

Level 0 (Note 1)

Level T (Note 1)

-10 Vde,

4. C/E:

LVPS Temp Note 2 (C/E-A4) See Note 3 ——
Focus Current Note 2 (C/E-A9) See Note 3 -
Combined Align- (Horiz & Vert Alignment) off "VAC & HAC on:
ment Note 2 (C/E-A7) -4V
) VAC On, HAC Off:
-1.9V
VAC Off, HAC On:
-3V
Filament Current | Note 2 {S/E-A1) See Note 3 ' _——
Gy Voltage Note 2 (S/E-A1) See Note 3 =
Target Voltage Target Voltage Cont
Hote 2 (S/E TVC) See Note 3 -——
+500 Volts Electrode Div (Note 2) See Note 3 -
(S/E-A6)
Cathode Current Note 2 (S/E-A2) See Note 3 -—
Horiz Defl OQut Note 2 (S/E~-A3) See Note 3 ——-
Vert Defl Qut Note 2 (S/E-A4) See Note 3 —
Thermal Control Note 2 (C/E-AB) See Note 3 e
Current
pefl P.S. +10V Sources; Note 2. Off +10V On: -4.0V
C/E-A2) +10V On, =10V
Off: -1.5v
- +10V Off, -10V
. ) On: =3V
LYPS +6Y, =6,3V Sources; off +6Y, =6,3V On:
- - Note 2 {C/E-A2) 3.7V
+6Y On, -6.3V
Off: -1.5V
+6V OFF, -6.3V
Ons -3V
High V Chopper Note 2 {S/E-HVPS) off on .
-24.5V Common Pwr | Hote 2 (C/E-A4) off On
-28V Shutter Note 2 (C/E-AB) off On’
Current On/0ff )
Video Note 2 {C/E-A13) Note 3 -
Notes: 1, Where not specified, a level "(0" is 0 to ~1.0 Vdc and a level "I" is -5 to

2. There are two of each of these telemetry points - one for each camera.

3. Analog value between 0 and -5 volts; calibrated.

Camera Electronics; S/E:
Combiner; A7: Board A7.).

Sensor Electronics; CCC: Camera Controller 1

II-16




TABLE II-7. EXPOSURE TELEMETRY MATRIX

Exposure Telemetry Channels* (See Table II-6)
Expose Expose ‘EXpose
Number (;algg) Telemetry A © Telemetry B Telemetry C
1 2.4 0 0 1
2 4.0 0 1 X
3 5.6 1 0 X
4 8.0 1 1 X
5 12.0 0 0 0
legend: "X" - Level does not matter
"1" - -5 to -10 Vdc
0"~ 0 to =1.0 Vdc

The Landsat 1&2/RBV, except that the third camera telemetry
points have been deleted and the Cal Enable/Disable point
has been changed to a Rephase A/B point.

Mechanical

A weight breakdown of thé RBV Flight Model is contained in
Table II-8 and a list of dimensions is contained in Table
II-9. 1In order to minimize the impact on the Spacecraft/RBV
interface, certain mechanical constraints were imposed on
the design of the lLandsat-C/RBV; these include:

® the same baseplate feet to spacecraft mounting as
used on Landsat 1&2 must be used on Landsat-C, and

the same drill template must be used;

pAGE I8

_ ORIGINAL



TABLE ITI-8.

Assembly

WEIGHTS OF TWO-CAMERA FLIGHT
SUBSYSTEM COMPONENTS

Drawing

Camera Sensor 1
Camera Sensor 2

Baseplate Assy.*

Camera Controller
Combiner

)
Camera Electronics 1

Camera Blectrenics 2

2284910-501
2284910-501
2284901-501%*
2284902-501

2284902-501

2284903-501

47.74
47.74
29.15%
13.80

13.74

10.17

Actual Weight

TOTAL SYSTEM

2284900-501

162.34 pounds

%
Less sensors,

radiator and thermal blanket.

TABLE II-9.

but includes isoclator mounts,

DIMENSTONS OF 2-CAMERA SUBSYSTEM COMPONENTS

Assembly Name Length {in.) Width (in.) Height (in.)
Sensor/Baseplate Assembly 25.1 # 0.1 24.64 £ 0.1 12.5 max.
(Note 1)
Camera Electronics 13 6 6
(Note 2)
Camera Controller Combiner 13 6 6
(Note 3)
Typical Sensor Unit 26.6 = 0.1 8.0 + 0.1 8.5 #0.1

Notes:

1. Dimensions of Sensor/Baseplate Assembly Include Feet and Radiator.

2. Dimensions of Camera Electronics Exclude Connectors and Mounting

Brackets.

3. Dimensions of CCC exclude connectors and Mounting Brackets.

Ii-18




® the sensors must not extend any further into the
spacecraft than the plane formed by the rear part
_of the Sensor Electronics of the two outboard
Landsat 1&2 sensors.

Further details of the Mechanical Considerations are contained in.
Section II-D. ’

6. Thermal

In general, the thermal interface of the Landsat C/RBV is
similar to that of the Landsat 1&2 RBV. During the design
period, a thermal analysis of the Landsat-C sensor was per-
formed in order to verify conformance with spacecraft
constraints.

C. Camera Ground Coverage and Pointing Angles

Nominal coverage provided by the two-camera RBV system is shown
in Figure IT-8. In this figure, it has been assumed that pictures
A and B are taken at equal time intexvals before and after the
time when the satellite is directly over the equator. They
appear side by side, despite the difference of exposure times,
as a result of differential aiming of the cameras, as will be
described in subseguent paragraphs. Pictures C and D (taken
prior to A and B) are displaced relative to the Orbitai track
because of the eastward motion of the earth during the 12.5-
second interval between picture pair C and D and picture pair
A and B. Pictures E and F are assumed to be centered on the

equator in the same manner as Pictures A and B.

ORIGINAL PAGEIS  °
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Figure II-8. Picture Coverage at Equator With All
Parameters at Nominal Values
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The coverage at the eguator depicted in Fiqure II-8 is deterxr-
mined for the case in which all system parameters are at their
nominal values, and in which spacecraft pitch and roll angles
are identically zero. Variations in picture size, and in
picture location relative to the orbital track, will result
from deviations of system parameters from their nominal values,
and from non-zero pitch and roll angles. Such variations will
cause variation in picture overlap; and picture overlap will
also change as a function of location in the orbit because of
variations, with orbital location, of the separation of suc-
cessive adjacent orbits, and of subpoint vector velocity (due

to earth rotation) relative to the orbital track.

Overlap between the two halves of each picture pair has been
set so that the most unfavorable combination of roll rates and
departures of system parameters from nominal values will not
result in coverage gaps on the sunlit side of the earth. as
shown in Ref. VII C6 (Appendix A-2 of the Design Concept Re-
view Package for the Return-Beam—Vidicon Camera System for
Landsat-C, dated May 20, 1975), the maximum anticipated change
in the overlap of pictures in a picture pair, in the absence
of earth rotation, would be 6.62 nauntical miles.

When pictures are éaken at the equator, earth rotation will
either increase or decrease this overlap, depending upon which
picture is taken first. When pictures are taken at northern

or southern extremities of the orbit, however, the contribution
of the earth's rotation to this overlap is zero. The choice of
the order in which pictures will be taken is dictated by the
availability of space for test collimators in the spacecraft
integration fixture, and the required order is such that the
earth's rotation increases overlap of pictures at the eguator.
In order to insure that gaps in coverage will not occur at the
polar extremities (where earth's rotation does not affect over-
lap), nominal overlap at these locations must be 6.62 nautical

miles, and overlap at the equator will be increased as a result

1121



of the earth's rotation. The aﬁount of the increase is

3.5 x 0.25 x cos 9.088° = 0.86 nautical miles (3.5 is sepa-
ration of exposures in seconds; 0.25 is velocity of the earth's
surface in nautical miles per second; and cos 9.088° accounts
for the fact that earth velocity is not perpendicular to satel-
lite velocity); so nominal overlap at the equator is 6.62 +
0.86 = 7.48 nautical miles; nominal coverage is (2 x 53) -

7.48 = 98.52 pautical miles; and nominal separation of picture
centers is 53 - 7.48 = 45.52 nautical miles. These values are

shown in Figure II-8.

Nominal overlap in the along track direction between picture
pairs 1s 8.93 nautical miles. The maximum anticipated change
in the overlap, resulting from spacecraft pitch rate and from
departures of system parameters from nominal values,'is 3.46
nautical miles; so minimum anticipated overlap is 5.47 nautical
miles. (These values differ slightly from those in the previ-
ously mentioned document because the effect of earth rotation

was not taken into account in the previous calculations.)

Nominal coverage overlap between adjacent successive orbits (at
the equator) is equal to the difference between the design cov-
erage width of 98.52 nautical miles, and the orbit track sepa-
ration of 84.98 (86.06 cos 9.088°) nautical miles, or 13.54
nautical miles. Maximum anticipated change of overlap, result-
ing from departures of system parameters from nominal values,
is 6.32 nautical miles, leaving an overlap at the equator of

at least 7.22 nautical miles which will accommodate differences
as large as 0.84° between the spacecraft roll angles in the two
orbits without introducing gaps in coverage. This overlap in-
creases for picture locations on either side of the eguator,
reaching 100% at the extremities of the orbit.

Figure II-9 represents the geometry used to determine camera
pointing angles relative to spacecraft axes. Points A and B,
which lie on a perpendicular to the orbital plane through the
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intersection of that plane with the equator, are the locations,
on the earth's surface, of the centers of the two pictures in

a picture pair when the spacecraft is directly over the equator
at point 0. The picture centered at point A is to be taken
first with camera #1, followed 3.5 seconds later by the picture
centered at point B taken with vamera #2. 1.75 seconds {one-
half the time separation of the two pictures) before the space-
craft reaches 0, it is at point D; and the intended picture
center, point A, is at point C. The location of point C rela-
tive to point D, in conjunction with spacecraft altitude of
492,35 nautical mileeg, determines for camera #1 the required
pointing angles of 0.71° forward and 2.69° to the west. Cor-
respondingly, 1.75 seconds after the spacecraft passes point 0
it is at point F, and the intended picture center is at point E.
As a result of the symmetry of the geometry, the required point-
ing angles for camera #2 are 0.71° to the rear and 2.69° to the
east, Figure II-10 shows the resulting camera orientations with
respect to spacecraft axes, where in the "S/C Top View" we are

looking at the back ends of the cameras.

In order to comply with the foregoing coverage and overlap con-
straints, the two cameras are mounted on the baseplate in ac-

cordance with the following requirements.

a) Each camera axis shall be displaced in roll angle by
2.69 %+ 0.05 degrees relative to the axes established
by G.E. alignment cube (Ref. 47E222092).

b) Each camera axis shall be displaced in pitch angle
by 0.71 t 0.05 degree relative to the axes established
by G.E. alignment cube (Ref. 47E222092).

¢) Camera alignment in yaw, as established by the center
row of reticles, shall coincide with the yaw reference
established by GE alignment cube (Ref. 47E222092)
within 0.05 degree.
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D. FUNCTIONAL PERFORMANCE .

As shown in Figure II-1l, each RBV camera includes a'sensor unit
and a Camera Electronics Unit. Each sensor -contains a two-inch
Return-Beam Vidicon, focus and deflection coils, a high voltage
power supply, deflection circuits, a preamplifier, 'a beam current
regulator, a target voltage contfol unit, a vidicon-faceplate

' temperature control unit, target lamps, a shutter, and a lens.
The relationship between the Vidicon, the focus coils, and the-

deflection coils is shown schematically on Figure II-12.

Each Camera Electronics package contains a low-voltage power sup-
ply, a video. processor, a shutter drive circuit, focus and align-
ment current regulators, a targetrlamp control, and faceplate-
temperature-control circuits. The circuits in each electronics
package are trimmed to be compatible with the requirements of the

vidicon in the corresponding sensor.

The CCC contains a command decoder, a programmer, a éideo combiner,
" and a’  power supply. The purpose of the CCC is to prdcess commands,
. generate subsystem timing signals (including those réquired by the
various sections of each RBV camera), and genérate.avcombined videéeo

signal, as shown on Figure II-13.

It should be noted that ground provision has been made to radio=-
metricé;ly and geometrically correct the video signal which is
transmitted back from the orbiting Landsat satellite. This cor-
rection is performed using calibration data supplied by RCA. The
rad;oﬁetric calibration data is supplied on magnetic tape, and is
used to correct for residual shading of each camera. It consists
of precise measurements of the video level at 324 different points
in a frame fof several different light level inputs, ‘including 100%
ﬁighlighf and black. The geometric calibration data consists of
the precisely measured position of each of the 81 reticles on the
faceplate of the vidicon. This information can be used to correct

for any residual geometric distortions in’ the sensor system.
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Figure II-12. RBV, Schematic Diagram

There is also a video level calibration capability available

upon command in Yhich a known light level (from the target lamps)

is used to expose the target for a controlled interval; the resulting
video signal is compared with previously recorded information in
order to evaluate the electron optics and the video processor of

the sensors.

Other features of the RBV system include the command capability
of reactivating the cathode should the cathode emission start
to decrease, and the command capability of aperture correcting

the video signal when desired.
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ixcept for the Camera Controller Combiner (CCC) circuitry and the
Shading Correction circuitry, the detailed description of the various
v>arts of the Landsat 1&2 Three-Camera RBV Subsystem contained in

the corresponding O&M Manual*, also applies to the Landsat-C/RBV;
Included in this O&M Manual is a general discussion of Return Beam
Jidicon Theory. The Landsat-C Shading Correction Circuitry and the
2CC are disgussed in this report (Section II-F).

L

. MECHANICAL PERFORMANCE
L. RBV Camera Assembly

1. General Description

The Landsat-C/RBV camera is a nominal 26.63 inches in length,
3.48 inches high and has a maximum width of 7.94 in. The camera
1as been modified mechanically from the original Landsat 1&2 design
mly to the extent of accommodating the new lens. The electro-
nagnetic focusing assembly, sensor electronics package, shuttef
issembly, TVC assembly and high voltage power supply assembly from
1 mechanical standpoint remain virtually unchanged. The outward
ippearance of the camera remains similar to the Landsat 1&2 cameras
vith the exception of the larger lens and a change of the paint
iolor from blue to white.

de Imaging Assembly Design Details

The major subassemblies that make up an imaging assembly are
:he lens, lens mount with thermal compensation mechanism, shutter,
:hermal electric cooler (TEC) with front focus coil, two-inch RBV
:ube with yoke and the front supporting foot.

-

Operation and Maintenance Manual for the Return Beam Vidicon
Multispectral Three Camera Subsystem for ERTS A&B; RCA-AED
#M~-8012F; Issued September 1972;. Prepared for NASA/GSFC
(Greenbelt, Md.); Contract NAS 5-21094
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The ten-inch focal length lens for Landsat-C is considerably larger
and heavier than the five-inch lens used on the Landsat-I and II
cameras. The new lens weighs more than twice that of its prede-
cessor necessitating a significant change in the lens mount. The
design was based on important parameters including weight, structural
strength, thermal characteristics, thermal compensation capability,
overall size (especially diameter), alignment capability and main-
taining a center of mass near the shutter area aé in the previous
cameras. (The center of mass requirement was necessitated by base-
plate design criteria). The design concept selected was a modular
approach which simplified the overall lens mount, keeping size and
weight to a minimum. The design required no change to the electro-
magnetic focusing assembly interface.

® Front Focus Coil Housing - In the previous camera the

outer lens mount housing and the front focus coil
area were one piece. The Landsat-C camera has the
front focus coil housing as a separate module (Figure
II-14). This module houses the front coil, thermal
electric cooler and shutter. All three components
require a very special relationship with respect to
the RBV tube, thus this part of the overall structure
had to be identical to the previous cameras. Making
it a separate module was thus a logical choice and
also provided the means to easily center the lens
without the use of double, concentric sleeves around
the lens. The housing is made from titanium 6Al4V
and obtains its bright finish from polishing as
opposed to copper and chrome plating used on the pre-
vious camera.

® Lens Mount - The lens mount, Figure II-15, is also

made from titanium 6A14V and has a polished exterior
finish. As a separate module, it is adjustable with
respect to the front focus coil module making possible
exact centering of the lens onto the center reticle of
the vidicon. Attachment of the lens mount is by a bolted

flanged coupling to the front focus coil housing.
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Figure II-14
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Figure II-15. Lens Mount (shown with Front Focus Coil Housing)




The lens is installed into the lens mount by means of a

single intermediate aluminum sleeve separating the titanium
lens barrel from the titanium lens mount. The bearing

surface of the aluminum sleeve has an antifriction Hardcoat
finish. Concentricity and dimensional tolerance are tightly

controlled.

The lens is held axially by the four aluminum (7075-T6)
thermal rods which are totally enclosed within the lens

mount.

The lens mount is supported by means of a front foot which
is bolted to a flange located beneath the lens mount. The
lens within its mount is essentially cantilevered forward
of the front foot.

Thermal Compensation Mechanism - The camera has the

capability to maintain optical focus over a 40°C range

from 5°C to 45°C. A thermal compensation mechanism is used
consisting of four aluminum thermal rods fixed in position
near the front focus coil housing, which are free to expand
and contract with changes in temperature. This small change
in thermal rod length maintains the athermalization of the
lens by moving the lens sleeve, to which the lens is bolted,

closer or further away with respect to the vidicon.

Care was taken in the designh of the lens to allow achieve-
ment of athermalization with a common alloy over a range
in thermal rod length of not greater than five-inches. To
this extent, a specification value on lens variation in
flange focal distance of 0.00027 *0.00010 cm/°C was used.
This specification limit was achieved by the lens vendor
with a typical lens having a variation of 0.00030 cm/©C in

vacuum.

I1-34
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Performance Capability - The camera was qualified for
launch vibration for both sinusoidal and random vibration
based on the Xnown levels that would be transmitted to

each camera. These levels of test are shown in Tables
IT-=10 and II-11.

Mass Properties - The center of mass was calculated and
later verified by measurement to be as follows:

Center of Mass

+A AXIS (REF. AXIS) NORMAL
TO PLANE OF PAPER & DIRECTED
TOWARD VIEWER

t+c AXTIS {j é
—aC O

A = +0.068 IN. B = +11.532 C = -0.,031

Mass Moments of Inertia

I, = 2386 lb=in®
. 2
I = 75 1b=in -
B-B
' AGE IS
. 2 GINAL P
Io.c = 2364 lb-in . %%\IPOOR QUALITY!

The camera weight is 47.74 pounds, 8.8 pounds heavier than

the Landsat 1&2 type camefas.
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TABLE II-10. DQOM CAMERA/BASEPLATE - RANDOM
QUALIFICATION VIBRATION (ALL AXES)

Fr?g;$ncy P?32?§Z$l Ac?gfg;gfibn Duration
20 0.0023 2 Min
20 - 300 * : 12.8 Ea. Axis
300 - 2000 6.09
* Increasing from 20 Hz at a rate of 4 dB/Oct. to
.09 g?/Hz at 300 Hz.

2, RBV Baseplate Assembly

The Landsat-C camera mounting baseplate has the same
mounting interface as the previous system. The baseplate
thus was limited to minor design changes and then only to
accommodate two cameras as opposed to three for the earlier

systems.

] Structure
The baseplate was made slightly longer to accommodate

the increased -camera length, and slightly narrower '
since this is a two camera system. The baseplate

is an aluminum alloy casting, type 356 T-6, and uses
the identical isolator mounts as Landsat 1 & 2

for mounting to the spacecraft. The overall height
of the baseplate was reduced 0.25-inch for camera
clearance within the spacecraft. Each camera is
mounted on 4 pads which are cast into thé baseplate

and machined to the proper critical elevation and

azimuth angles.
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TABLE II-11. DQM CAMERA/BASEPLATE -

QUALIFICATION VIBRATION, SINUSOIDAL

Axis Frequency Acceleration Sweep
(Hz) (g} (0 to Peak) Rate
5 - 30 3.8%
30 - 50 7.5
50 - 150 5.0 2
150 - 175 3.5 Octaves
X 175 - 250 1.8 /minute
250 - 400 3.5
400 - 1400 5.0
1400 - 1800 3.0
1800 - 2000 5.0
5 - 30 3.8%
30 - 50 7.5
5¢ - 95 5.0
v 95 - 140 3.5
140 - 270 5.0
270 - 370 1.8
37¢ - 1600 5.0
1600 ~ 2000 2.0
5 - 50 6.0%
50 - 90 11.0
7 90 ~ 100 5.0
100 - 160 2.5
160 - 320 3.0
320 - 2000 5.0

*Exposure limited to 0.50 in. D.A.

B IS
ORIGINAL PAG
OF POOR QUALITY,
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-# Performance - The baseplate, with two cameras in place,

met the same qualification requirements for vibration
as did the cameras. The baseplate, which weighs 29.5
pounds with radiator and isolator mounts exhibits the

following mass properties when two cameras are mounted:

Center of Mass (Two Camera System) -

l +Z

q— 0.04

{THE +X AXIS IS DIRECTED TOWARD THE VIEWER})

< ;

e jlf

L]

Moments of Inertia

16,598 1b-in2

I

XX
I,, = 6,319 lb-in’
I, = 5,294 1b-in®
Tyy < -
I, = 105 lb-in’
Tyz = -

Focus and optical alignment were not effected by vibration.
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F. ELECTRICAL PERFORMANCE

1. Camera Controller Combiner (CCC)

The basic requirements of the Landsat-C Camera Controller

and combiner (CCC) are listed below. Specific changes from the

previous CCC design used in the three camera RBV subsystems are

noted in the following section.

(a)

(b)

Command Decoding - The CCC is required to accept

certain of the spacecraft commands and provide
necessary responses, memory or routing, as required
to properly control the operation of the two camera

RBV subsystem.

Timing and Mode Control - The CC? is required to
serve as the master timing generator for all of
the intermediate functions performed within the
subsystem. This includes generating timing
signals for use by the camera deflection
generators, camera control circuits, internal
cCcC functions, and other spacecraft subsystems
{e.g., the Time Code Processor). Control of the
various modes of the subsystem operations is
accomplished by the CCC in response to commands

processed by the command decoder.
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(c) Video Processing - The CCC is reguired to generate the

composite video signal output from the two individual
camera systems. This includes inserting vertical sync,
horizontal blanking, calibration, camera identification,

and time code signals in the composite video data.

(d) Power Conditioning - The CCC is required to convert

regulated -24.5V spacecraft input power, into +6 wvolts
for use by the CCC logic circuitry and #15 and -5.25

- volts for use by the analog circuitry within the CCC.

(e) Telemetry - The CCC is reguired to provide telemetry
outputs for monitoring subsystem performance and
operation, for fault diagnosis, and for command

acceptance verification.

Table II-12 lists the changes between the three-camera and the
:wo—-camera systems that affect the CCC. In addition to these system
rhanges, the logic hardware was changed from low power DTIL {and some
L added in revisions to the original design)} to low power TTL 545
series logic. These changes affected the seven digital boards within
he controller section of the CCC, resulting in new logic designs
ind board layouts. Changes to the remaining six CCC boards involved
mly parts upgrading, cleanup of previous ECN's, and deletion of the
‘amera 3 circuitry. Table II-13 summqrizes the changes made to each

ward within +he CCC.
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TABLE II-12. CCC CHANGES FROM THREE~-CAMERA DESIGN

THREE-CAMERA SYSTEM

25 SEC CYCLE TIME

AOB = 2.0 SEC

SIMULTANEQUS ERASE, PREPARE, EXPOSURE
14.5 SEC ERASE/PREPARE INTERVAL

VIR'S CYCLED ON/OFF BY CCC

SHUTTER SPEEDS
4, 4.8, 5.6, 6.4, 8, 8.8, 12
AND 16 MSEC

TIME CODE UPDATE 2.5 SECONDS PRIOR TO -

BEGINNING OF READ 1

VTR REPHASE 3 SEC PRIOR TO BEGINNING
OF READ 1

¢ © 9 ¢ @

TWO-CAMERA SYSTEM

12.5 SEC CYCLE TIME

AOB = 1.5 SEC

STAGGERED ERASE, PREPARE, EXPOSURE
9.0 SEC ERASE, PREPARE, EXPOSURE

VTR'S RUNNING CONTINUOUSLY AND NOT
CONTROLLED BY CCC

SHUTTER SPEEDS
2.4, 4, 5.6, 8, AND 12 MSEC

TIME CODE UPDATE 1.0 OR 1.5 SECONDS
(MOVING WINDOW) PRIOR TO BEGINNING
OF READ 1

VTR REPHASE 1 SEC PRIOR TO BEGINNING
OF READ 1




ep-I1IT

CcCcC
Circuit Board

Functional
Grouping

Board
Components

Description of
Changes

Al, A3, A4, A5

Légic and Interface

54L TTL IC's +

Completely new design

A6, A7, A8 Circuits discrete components |and board layout

A2 Command Decoding TO-5 Can relays No changes (except
and diodes parts upgrading)

A9 Harness Boaxrd MALCO Some minor changes
60 or 86 to PC traces and

pin connectors

discrete wiring

AlO, All, Al2

Video Analog
Circuits

Discrete components
+ a few IC QP AMPS

Clean-up of previous
ECN's and parts up-
grading

Al3 Assy
{Consists of
2 boards)

DC/DC Convertex

Discrete components
+ a few IC voltage
regulators

Clean-up of previous
ECN's and parts up-
grading




Six of the seven digital circuit boardé‘were designed to be
assembled by a buttonhead weld process (one board with a low

IC count used conventional assembly method). A buttonhead

welded assembly is an electronic circuit board on which the

karts are attached by parallel gap welding or soldering to
terminals which have been press fitted into a two-sided printed
cirecuit board. Electrical interconnection between terminals is
made by welding through the Teflon insulation of a continuously
running nickel wire for all electrically common points. - Connectors,
power and ground connections and ce;tain other parts which do not
adapt to standardized patterns are connected to weld terminals,
using conventional printed—wiring techniques. In-process welding

is controlled by frequent weld sample destructive evaluation.

Figure II-16.is a block diagram of the CCC indicating major sections
of the CCC and their interfaces. The section of the CCC that was
primarily affected by +the system changes and the DTL to TTL con-—

version was the Timing and Mode Controller.

The timing diagram, Figure II-17 shows the relationship between
Camera 1, Camera 2, and Output Data Format timing. The CCC/Spacecrai

digital interfaces are summarized in Table II-14.
Further details of the CCC design may be found in Section VI of

the RBV Critical Design Review submission dated November 6, 1975,

{Ref. VIT C3).
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TABLE II-14. CCC/SPACECRAFT DIGITAL INTERFACES

SPACECRAFT TO CCC

1.6 MHZ CLOCK
INTERFACE UNCHANGED

1 HZ CLOCK FROM PREVIOUS
. 3-CAMERA DESIGHN
312.5 HZ REPHASING SIGNAL #1

312.5 HZ REPHASING SIGNAL #2

CCC TO SPACECRAFT

TIME CODE UPDATE (WAS T, + 12 SEC)

° INTERFACE CHANGED
TIME CODE SYNC . FROM DTL BUFFER GATE
. ' . (9930) TO TTL MEDIUM
TIME CODE ENABLE POWER INVERTER (5404)
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2. Shading Correction

Two modifications have been made to the RBV system to
reduce the shading components of the output video. The first
modification is the design of a new shading correction cir-
cuitry which reduces the shading components remaining in the
video output. The shading correction circuitry is located in
the Camera Electronics. Correction is made by (1) changing the
gain of the video signal as a function of scan beam position to
reduce sensitivity variations, and (2) changing the dc level of the

video output to compensate for changes in the baseline amplitude.

The second modification is the addition of an exponential wave-
form to the target voltage in order to compensate for the
transients occurring in the photoconductor caused by the
non-uniform depth of the dielectric layer of the vidicon.

The modification consists of the addition of an exponential
VavVeLorn géneraLor to the Target Voltage Control

in the sensor. The exponential waveform is summed with a
linear vertical ramp and the composite correction signél is

subtracted from the target voltage during read.

.a. Shading Corrector Circuit

This paragraph will explain the two components of shading,
show the techniques used in the previcus shading corrector,
detail the new approach, and give a detailed circuit description
of the new design.

The clamped video from the preamp contains two components of
shading. Baseline or black level shading is defined as

"~ amplitude changes in the signal when no light is impressed on
the vidicon. It can be thought of as a change in level of the
baseline voltage. Sensitivity or white level shading is defined
_PAGE 1S
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as the change in gain of the vidicon. TLis change is usually

measured at peak white amplitude.

Baseline shading correction is accomplished by adding a cor-
rection voltage to the video output. The correction voltage
must be a predetermined complex funcition of the position of
the reading beam. Previous coxrection techniques’provided

a baseline correcction voltage Vc as shown below. )

Vel(t) = a (_+_' vx(t)? + b Vx(t))

1n

+c (Vy(t)2 + 4 vy (t) )

where: Vx(t) is the horizontal linear ramp
Vy () is the vertical linear ramp
vx{t)? is a horizontal‘parabolic

Vy(t)? is a vertical parabolic
The correction waveform provides fairly good correction except
at the top, bottom and the extreme corners of the readout.

The néw baseline correction voltage allows the horizontal
correction amplitude to change as a function of the vertical
position, This is accomplished by forming a cross product
term between the horizontal and vertical terms. The complete

correction voltage function becomes

Ve(t) = + a vx(t)? + b vx(t) +
+cvy{t)? +dvy(t) +

i(_-!_: e Vx(t)? + £ Vx(t}) . (i g vy(t)? +h Vy(t)) .
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Note that the first two terms of the sum are equifalent to that
of the previous correction function, whilec the third term,

-thg cross product term, is new. We can think of the vertical
part of the third term as a slowly changing function modulating
the gain of the higﬁer frequency horizontal term. The
coefficients a through i represent gain value predetermined by
potentiometers.

Sensitivity shading correction is accomplished by modulating
the video signal amplitude as a function of the applied
correction voltage., The correction function is the same

as that for baseline correction but all coefficients a-i are
independently adjustable. The correction voltage is applied

to a modulator which forms the shunt fesistor in a'shunt
modulator. The shunt resistance is a function of the cor-
rection voltage. The modulator is referenced to the baseline
level so that only the gain, not the baseline level is affected
by the modulator.

1. - Circuit Description

1

The following paragraphs summarize operation of the
shading correction circuitry. A block diagram of the

Shading Corrector is shown in Figure II-18.

2. Horizontal Function Generator

The Horizontal Function Generator generates horizontal
iinear ramps and horizontal parabolas of both positive and
negative polarities. The input to the generators is obtained
from sampling the current which passes through the horizontal

deflection coils.
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3. Vertical Function Generator

The vertical Function Generator converts the vertical ramp
input obtained from the vertical deflection current sample into
linear vertical ramps and vertical parabolas of both polarities.

It is functionally the same as the horizontal function generator.

4. Sensitivity Correction Term Generator

The Sensitivity Car;ection Term Generator inputs the X, -X,
X2, and -X2 horizontal outputs from the Horizontal Function Generator
and the ¥, -Y, Yz, and —Y2 vertical outputs from the Vertical Function
Generator, combines these terms, and conditions the signal such that

it is compatible with the differential amplifier which drives the

modulator.

The amount and polarity of horizontal ramp correction is determined
by a potentiometer setting. At the center of the potentiometer the
correction is zero since the X and -~X signals are of equal but opposit
polarity. The amount and polarity of horizontal parabolic correétion
is also determined by a potentiometer setting. The two horizonéal

terms are then summed in an amplifier.

Similarly, the vertical summing amplifier accepts the vertical ramp

signal and the vertical parabola signal.
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The third sensitivity term-is a- cross product term formed by a
differential multiplier. The input horizontal ramp, the parabolic
terms and the vertical terms are selected by potentiometers, summed

in an amplifier and fed to the differential amplifier.

5. Differential Amplifier and Modulator

.The Differential Amplifier and Modulatdor essentially remain
unchangéd fromfthe earlier camera design. The only exception is
that the combined sensitivihy term is now fed to the base of one
transistor of the differential amplifier ﬁhile in the previous'
design the vertical and horizontal terms were fed to opposite

transistor bases.

6. Baseline Correction Term Generator

The Baseline Correction Generator is similar to-the Sensitivity
Correction Term Generator with the exception that the horizontal,
vertical, and cross product terms are not summed in an amplifier,

but each is summed into the video signal.

7. Detailed Analysis

A .detailed analysis of the ILandsat C/RBV Shading éorrection-
Circuit design is contained in the Critical Design Review Packaée

(Referénce VII C3).
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G. LENS SPECIFICATIONS

1. Lens Description

The Landsat-C/RBV lens is a nominal 236 mm £/2.9 lens
covering the 25.4 mm square image format of the two-inch, re-
turn~beam vidicon. The ten element lens includes a 9.5 mm
thich guartz window as the first element for radiation protec-
tion and a plano-plano absorption filter (7th element) which
acts as a haze filter, cutting off short wavelength radiation.
The elements are housed in a. titanium lens barrel. The lens
thermal design is such as to permit athermalization of camera
performance with a relatively simple mechanical design. The
lens was designed to RCA performance specifications by the
Fecker Systems Division of the Contraves-Goerz Corporation,
Pittsburgh, Pennsylvania. A cross-section of the lens is

shown in Figure II-19.

= 4 18.74 cM >
]
12,7 CM
- ? :-'Ej:iLI//I[""

Figure II-19. Lens Cross-Section
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2. Lens Design

The focal length of 236 mm will produce a nominal image
of a 53 nautical miles square area of the earth within the
25,4 mm sguare raster of the vidicon from an orbital altitude
of 492 nautical miles, as reguired by the system specification.
The lens focal length has a specified tolerance of 0.5% and
is measured to an accuracy better than 0.2%.

The lens specified T/number, 3.3, in conjunction with a design
f/number of 2.9 means that lens transmission must be a minimum
of 77%. Actual transmission exceeds 77% and was achieved by

the use of multilayer antireflection coatings, glass selection,

and control. of internal reflections.

The choice of lens f£/number was based on tradeoff considerations
involving size, weight, relative illumination, and imaging
performance. In particular, two physical constraints in the
basic mechanical design of the camera are of major significance.
The first of these is the existence of a limiting aperture,

the vidicon faceplate thermal control unit, 35 mm in diameter

and located 46 mm in front of the faceplate. This limiting
aperture introduces vignetting. Compensation for this wignetting
is achieved partially by the lens design (forcing the entrance
pupil as close to the faceplate as practical) and by shading
correction electronic circuits. Shifting the entrance pupil
close to the faceplate increases the diameter of the front

lens elements. In addition to increasing weight, this process

is limited by the second physical constraint, which is the
distance between the optical axis and the camera mount (baseplate).
The achievable MTF, which is ultimately limited by f£/number, is
high enough to provide adequate margin for meeting the specified
limiting resolution of 4500 TV lines and provide low=contrast
target resolution somewhat in excess of that obtainable in the

channel 2 camera of Landsat 1 and 2.
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The lens MTF (sine wave) minimum values are specified 55% at
90 lp/mm within a 21.3 mm circle in the image plane, and 45%
at 72 lp/mm in the remainder of the format.

Distortion was specified to be less than 0.05 mm which is
one-fifth of the total system allowance.

Particular attention has been paid in the lens design to mini-
" mize veiling glare. In an operational situation, it will not
be unusual for large areas of the earth to be covered by clouds
having radiances as great as five times specified highlight
radiance. In such a case, and particularly in é.scene con~-
taining low reflectances from the earth's surface, veiling
glare can reduce limiting resolution significantly. Veiling
glare has been specified (< 3%) to be as small as can be
expected when all reasonable measures to reduce it have been
taken.

3. Criteria for Selection of the Spectral Bandwidth

The effects of new spectral response data from vidicon
tubes showed a shiféﬂof response to longer wavelengths
when compared to the response characteristics used in previous
studies. The effect of this data on system performance was
studied using the average spectral response of the first seven
tubes measured., (Measurements on remaining tubes showed similar
spectral response characteristics to that of the first seven).
Computer processing of the old and new data was used to aid in
selection of the shortwave cutoff filter.

The limiting resolution was studied as a function of the wave-
length at which the short wavelength cutoff filter has a
transmission of 50%. An f/number of 3.0 (T/3.4) was used for
all cases as was a constant integrated exposure equal to that
which would be obtained in Channel 2 of the three camera RBV

(Landsat 1&2) system. WNormal viewing conditions were
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used; i.e., normal visibility of 23 kilometers, and a solar
zenith of 49°, Average resolution consisted of one~half of the
total of vertical resolution plus horizontal resolution under

normal viewing conditions.

In all cases studied using the old tube spectral response data,
and then the new tube spectral response data, the average
limiting resolution increased noticeably as filter cutoff
wavelength is reduced from 550 to 510 nanometers.

When the viewing conditions were reduced to a visibility of
10 kilometers at a solar zenith angle of 80° the effects were
similar to those previously noted. Variation of average

limiting resolution is not appreciably changed.

Variations of average limiting resolution as.a function of
filter cutoff wavélength is shown in Figureuil:zo for twelve
different target combinations. For the most part, differences
in the variation of limiting resolution due to the change in
‘tube ‘'spectral response are small. In each curve, decreasing

the filter cutoff from 550 to 510 nanometers results in improved
resolution for eleven of the twelve cases. The conclusion

was to change the original specified cutoff frequency of 550 nm
to a sharp cutoff at approximately 505 nm. This was achieved
by the use of the Schott filter designated GG495.

The weightings used for MIF calculations based on a combined
lens~filter-vidicon response were:

A (nm) 500 540 580 620 660 700

Weighting 0.30 0.20 1.00 0.78 0.3% 0.13
Subsequent direct measurements of vidicon spectral response in-

dicate the average peak response is approximately 600 nm and the

red region extends to approximately 820 nm. The effect of this
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BLACK ASPHALT RUNWAY VS. AVG.PLANT
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ROUGH CONCRETE VS, DRY LOAM 2
SMOOTH ASPHALT VS, DRY.LOAM.2
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Figure II-20.
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difference is a decrease in lens calculated MTF by approximately
7%. (The effect on system MIF is less).

4, ‘Lens Performance

Performance data for each of the four lenses built for.

the Landsat-C/RBV camera program are summarized in Table II-15.
Serial number one (0l1) was the prototype lens and has the same
form, £it and function as the flight lenses. (A vibration

" model lens was built to evaluate the mechanical design of the
lens under the qualification level vibration). The prototype
lens also received gualification level vibration. The lenses
used in Flight Cameras were vibrated at flight levels prior to -

installation in the cameras.

II-58



ZITVAD "00d J0
q[ AHVd TYNIDIEO

6G~1IT

yaH 200d 40
A0V TVNEDTEO

TABLE II-15.

LENS PERFORMANCE

LANDSAT~C LENS PERFORMANCE FOR TWO-INCH RETURN BEAM VIDICON CAMERA SYSTEM

Prototype

Parameter s/N - 01 S/N - 02 S/N - 03 S/N - 04
Focal Length (Vacuum) 235.68 mm 235.60 mm 235.32 mm 235.47 mm
Field of View {(Diagonal)* 8.716° 8.719° 8,748° 8.724°
Focal Length (Air) 235.86 mm 235.78 mm 235.50 mm 235,65 mm
T/number 3.3 2.970 3.008 3.056
Veliling Glare L.77% 1.18% 1.73% 1.1L2%
Distortion (Radial) max. +0.020 mm -0.020 mm ~0.023 mm -0.024 mm
Distortion (Tangential) max| +0.008 mm +0,006 mm +0.007 mm ~0.008 mm
MTF (Post-Vibration,
Post-Thermal, 25°C
Ambient, On-Axis)

R T R T R T R T

0 Cycles/mm 100% 100% 100% 100% 100% 100% 100% 100%

25 n/a n/a 93.0% [89.0% | 91.0% [ 90.0% |91.0% 93.0%

50 n/a n/a 83.0% |75.0% | 79.0% [ 77.0% |81.0% 84.0%

72 n/a n/a 73.0% | 66.0% | 68.0% | 66.0% [72.0% 74.5%

90 63.5% | 61% 64.0% 758.0% | 58.0% | 56.0% [63.5% 67.0%
Spectral Transmission

Relative Illumination

Refer to Spectral Transmission Curve (Figure II-21)

Refer to Illumination Contour Plot (Figure II-22)

Thermal Operating Range

Operational Capability 5“C to 45°C

Vibration Capability
Sinusoidal

5 - 2000 Hz, maximum 35-g (200-500 Hz Region)

Random 20 - 2000 Hz, 12.6-grmS (three minute duration)
* - Single Camera Ground 53,241 nmi 53.259 nmmi 53.437 nmi 53,289 nmi
Coverage (494 nmi. orbit) Square Square Square Square
Weight 4540 gm 4567.2 gm 4576.3 gm 4568.4 gm
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LANDSAT-C RBV LENS TRANSMISSION
with Schott GGL95 filter
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Figure II-21. LANDSAT-C RBV LENS TRANSMISSION
with Schott GG495 filter .
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Figure II-22. Relative TIllumination (Average of 3 Lenses)

H. VIDICON SELECTION CRITERIA

The vidicons for the Landsat C program were obtained from
the NASA residual inventory of return-beam vidiccons which were
were purchased for Landsat 1&2. Thirteen of the residual two-
inch RBV's were selected for periodic exercise and test. The
RBV requirement for Landsat-C consists of vidicons for two
flight-model cameras and a spare flight-qualified camera with the
additional requirement of a spare flight-gqualifiable vidicon, a
total of four. The gualification model had a vidicon assigned

to it already since it too is residual inventory from Landsat 1&2.

The objective of the vidicon selection portion of the program
was to evaluate the 13 vidicons and make a selection of the four

required. IT-61
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1. Method of Use in the Camera

As indicated elsewhere in the report, the Landsatwé/RBV-is
used in a mapping application. The two flight cameras are ar-
ranged to take nearly simultaneous pictures of'adﬁacent areas so
that pictures from the two cameras, with approximately a 53
nautical mile field-of-view, may make a sequence of 98.5-mile
wide map segments as the satellite travels along its orbit.
Since each sequence of pictures is arranged to be contiguous
along the orbit, a resulting map of a 98.5-mile wide strip is
made. This is described in greater detail elsewhere in this re-
port, however, the following paragraphs describe the process as

it involves camera operation.

As indicated previously, the picture-taking sequence of
each camera requires 12.5 seconds, and the sequence of Camera
No.2 is delayed with respect to that of Camera No.l by 3.5 sec—
onds so that sequential video readout can be provided. Each
camera requires four cycles of operation during each picture-

taking operation: Erase; Prepare; Exposure; and Readout.

The erase cycle is used to remove any information which may
have beén stored on the vidicon photoconductor.. Erase is accom-
plished by optically dischargihg the photoconductor, using small
lamps; the lamps are energized for one-half second during the

erase cycle.

The prepare cycle, which follows the erase cycle, is used

to charge the surface of the photdcbnductor to a predetermined
) II-62
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potential. This is accomplished by scanning the electron beam
acrogg the photoconductor surface a sufficient number of - tines.
The prepare scan is a 3.125 kHz triangular beam. Each prepare
frame lasts one-half second; thereby, providing 3125 scan lines.
The prepare cycle is 8.5 seconds, which provides 16 frames (8.0
seconds) of preparé followed by a final 0.5 second interval for
switching the vidicon electrode voltages. During this final in-

terval the beam is blanked off.

During the expose cycle, which occurs during the vertical
blanking time (between the 0.5 second interval and camera read-
out)}, the photoconductor is exposed to the desired image for a

nominal 5.6 millisecond periocd by means of a focal plane shutter.

Readout of each camera follows its corresponding exposure
and lasts 3.5 seconds. Since readout of the two cameras is
sequential, exposure of Camera Z occurs 3.5 seconds after that
of Camera 1. The scan rate during readout is 1250 lines per sec-—
cnd, thereby providing a total of 4375 (4125 active) scan lines-
during one Read frame. The resulting video signal will be trans-

nitted directly or stored on a video tape recorder as required.

2. Test Program

Vidicons were selected on the basis of their picture-making
qualifications, and upon electrical measurements indicating gun
and target performances. Picture quality critexria are of an
esthetic nature and depend on subjective observation; it may

vary from observer to observer, but while somewhat variable, it
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remains of prime importance. The electrical tests verify gun
construction quality, assure cathode performance and relia-

bility, and measure performance of the target semi-conductor.

A series of tests were conducted at approximately 3-month
intervals. This involved exercising of the vidicon by repro-
ducing a test cycle which is similar to the cycling experienced
by the vidicon in orbit. After an exercise period the vidicons
were tested and the data compared to that of previous tests.

In some cases the cathode performance may have deteriorated,

and further exercising was carried out. This consists of adjust-
ing the eiectrode voltage for "prepare" operation and cycling

on and off for extended periods. If the vidicon cathode re-
covered satisfactorily, electrical and picture gquality tests
wére carried out. Some of the tubes reguired only a short
cycling period and others extended exercise periods to bring
about é fuilirecovery. This requirement for a reactivation
period, ﬁhile not desirable, at the same time is not considered
detrimental to the quality rating of the tube. It is simply a
chemical-physical activation process which requires more time
with some cathodes. Usually the cathode recovers and does not
reguire further activation on successive exercise periods. Some
vidicons which continued to require activation were reduced to a
category of lower acceptability. The tests made at each exer-

cise per;od included the following measurements:

Grid cut-off voltage for IK = 1 ua

Cathode current during prepare
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Cathode current during read

Target voltage during prepare

Target voltage during read

Beam current when cathode current = 2 ma
Signal-to-noise ratio using channel 2 light and white light
Cathode leakage current

Peak signal output

Total signal current

Return-beam modulation

Multiplier gain

MTF using channel 2 light

MTF using white light

Horizontal signal and black shading

Vertical signal and black shading

In addition, cosmetic picture gquality criteria were noted, such

as the number and size of spots and blemishes and smears.

As the vidicons were exercised and examined at successive
periods the data was sampled to look for any significant changes
occurring as a function of time. A change of data values might
predict deterioration which would show up during the periods of
assembly, test, and usage of the complete camera systen.

As the selection process continued and flight and spare
candidates were selected, more exhaustive tests were conducted
prior to environmental testing of the camera. This included re-

cording of monitor and waveform pictures.

3. Mapping of Reticles

After the flight and spare vidicons had been selected,
their reticles were accurately mapped. This data is required
inasmuch as the Landsat-C Camera will be used for mapping, and
a size reduction of approximately 4.248 x 106 to 1 is carried
out in photographing the earth. Hence a very slight error in
reticle placement on the face plate could produce significant

mapping errors. To accomplish this the vidicons were taken to

IT-65



the laboratories of U.S5.G.S. Reston, Va. where the location
measurements of each reticle were made on precision measuring
equipment. The results of these mapping calibrations are printed

in Appendix A (Section III) of this report.

4. Spectral Response Measurements

Each of the 13 flight candidate vidicons was measured to
confirm its spectral response. This measurement was made with
the RBV operating normally in a laboratory camera. A monochro-
mator was used to project light on a patch on the wvidicon's face
plate. The lamp in the monochromator, appearing through a 0.5
mm slit was adjusted to provide a vidicon output which is % of
full scale, black-to-white amplitude when a shuttered exposure
was supplied. An "A" scope presentation including 10 or 12 scan-
ning lines was photographed with a Polaroid camera. Thié was
repeated for wvarious wavelengths of light in 20 nm steps until
readings each side of peak response was reduced to about 5% of
maximum. This data was repeated for a full scale vidicon output

reading.

5. Environmental Testing

Each selected vidicon was environmentally tested at levels
in accordance with its planned ultimate usage. The testing in-
cludes a vacuum test to check the potting material which encloses

the tube base wiring for dielectric breakdown.

The vidicon was placed in a fixture after having been given a
thorough pre-environmental test of electrical properties and
after the potential picture-taking qﬁality was noted. It then
was subjected to vibration testing, after which it was submitted
to a post-vibration test to ascertain if any changes occured as a

result of vibration.

In summary the prototype vibration levels are: sine wave up to
'+30 g peak, and random up to 22 g's RMS. The Flight Acceptance
Tests (non-operating) call for: up to 15 g peak sine wave, and
up to 11 g RMS for random vibration.
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6. Vidicon Life Test

While the previous performance in the test and flight oper-
ation of Landsat A and B have provided confidence in the life
expectancy of the RBV Vidicons, it was considered desirable +o
verify this data on a sample of the present stock of tubes. To
statistically acquire life expectancy data requires extensive
testing on a large number of units. The life test was started
on October 20, 1975 on RBV #819943 and concluded on March 9, 1976.

This vidicon had previously experienced 134 hours of'test
time at the start of the life test program. The parameters of
principal interest which were periodically monitored are shown
in Table II-16.

The test was set up to cycle the vidicon on for 20 minutes
and off for 10 minutes. (In orbital operation, the OFF time is

80 minutes).

During the 20 minute active period the vidicon was under
"prepare" conditions for 8 seconds, and then with beam off for

3.5 seconds, followed by 3.5 seconds under "read" conditions,'

The electrode voltages were set up in accordance with
Landsat~C "prepare" and "read" conditions and held at these wval-

ues throughout the test.

At the end of 303 hours (active "on" time = 201 hrs.) the
vidicon was retested, and then retested at approximately 3 week
intervals until a total time of 2184 hours had elapsed (1458
active "on" time).

As can be seen from the life test data summary in Table
ITI-16, no significant changes in parameter limits were measured,
‘and the variations which occurred are the kind of variations

normally associated with these types of measurements.
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TABLE II-16.

LIFE TEST RBV #S19943 -~ SUMMARY OF DATA

2-16-73

10-20-75 | 11-14-75| 12-24-75 | 1-21-75 | 2-13-76 | 3-9-76
Initial’ . -
TOTAL HOURS - 0 302 804 1210 1660 2184 .
FIL~ON HOURS - o | =201.9 559.4 803.4 1168 1458.3
Gun Test, Eg] (v) foui " -33.75 -27.43 | -31.8 -27.49 -32.47 -33.25 ~31.02
IK= 2.0 ma ’ ! - B
Iy (wA), for I =2.0 ma 2.6 2.7 2.65 2.65 2.6 2.6 2.65
S/N (db) 31.8 34 34.7 33.7 34.2 34.1 34.3
I, Leakage (ua) 1.9 3.8 3.0 5.0 5.49 11.0 . 11.0
SIG OUTPUT - mv 105 170 225 200 215 210 213
MULT, GAIN 135 ° 140 143 167 174 175 178
(CH 2) .
MTF 52  1lp/mm 30.4 43 43.4 43.7 43.7 45 46.7
MTF 80.8 " 7.4 .13 12.0 11.6 11.4 11 12.8
MTF 90.4  © 6 6.5 5.8 5.7 6 6.4
SHADING H SIG' (%) 19 28.7 25 24 . 20.2 22 18.4
H BLK (%) 37 40.0 57 50 40.0 42 45
V BLK (2) 56 9.5 6.4 10 17.0 14 17.8
vV SIG (%) 16 37.5 34,0 ° 42 31.0 28 31
o)
22
v &2
Q2
® B
&
&%

28
2%




The grid bias to produce 2 mA cathode current in the gun
test showed scattered variations within the range of -27 volts
to ~33 volts which indicates that there -was no degradation of
the cathode emission during the test. "This is verified by the

nearly  constant beam current, Ib (2.6 to 2.65 ua).

The signal-to~noise variations lie within the range of 33.7
to 34.7 dB, within the range of measurement variations normally
experienced. The cathode leakage showed a progressive increase
of 3 to 11 uA during the test, a final figure still lower by a

factor of 5 to 6 from many other acceptable vidicons.

- The signal output varied from 170 to 225 mv, a wvariation
low compared to many vidicon tests. Likewise, the measurement
of multiplier gain within the range of 140 to 178 showed no pro-
gressive change. The values of MTF betweén the range of 43 to
46.7 for 52 line pairs showed no significant change. Figures
for higher line numbers are similarly consistent, as are the

values for shading.

This vidicon has a dimly visible horizontal line which is
the result of an incident of faulty operation of the test eguip-

ment and has no bearing on the life test.

It was concluded that this RBV has performed under life
test in a most acceptable manner and that there is no evidence

of deteriorated performaﬁce.

7. Basis for Selection

The Return-Beam-Vidicons for Landsat C, as mentioned ear-
lier, were selected from the residual stock of the Tandsat 1 and
2 program. A vidicon to be useable should be relatively free
from spots and blemishes, should have a shading factor which may
be readily compensated for, should resolve detail at 90 line '
pairs/mm with at least 3% MTF, and should have a Signal-to-Noise
ratio of at least 33 db. Since both the shutter time and read-
outs are staggered, it is required only that the image be stored
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without degradation for the duration of the 3.5 second readout
interval following exposure. This is a relaxed requirement from
that of Landsat 1 and 2. Additional factors considered are con-
cerned with cathode slump between tests and its capability of
recovering, and its consistency of performance on successive

tests.

8. Available Stock

As indicated previously, there was a residual stock of
Landsat 1 and 2 Return Beam Vidicons. Some were immediately re-—
jectable as flight quality vidicons because of observable de-
fects such as spots and blemishes or mottling, or lack of a

suitable signal-to-noise performance, or poor resclution.

There were 14 sétisfactory vidicons, including 819919 which
was previously installed in the camera presently identified as
the Design Qualification Model for Landsat-C.

The others are listed below:

P06557
5199217
519929
519930
819931
819936
$19941
519944
819945
819947
519948
519951
819952

Initial testing of these vidicons found that 519929, -31, -36
and ~45 needed to be placed in a cycling operation to reactivate
cathodes whose emissions were not adequate. While all the vidi-

cons being considered met the minimum resolution requirement, it
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was noted that 519917, =36 and —-41 had lower resolution than the
others. Also all vidicons met the minimum reguirement of 33 db
-signal-to-noise ratio but 819947 was close to this figure. With
regard to noticeable cosmetic defects, vidicons number 819951
and -52 were observed to have spots on the target or mesh.

Initial judgement as a result of the first test sequence
indicated the prime candidates to be §13%930, -31, -49, -45 and
-48, however, subsequent testing showed 519945 to consistently
require recycling and it was replaced by S519936. P06557 was
also added to the list of prime candidates.

In December 1975 an evaluation of the available data was
made by a selection committee. Members of this committee in-
dependently selected vidicons for flight 1 and 2, spare camera
and spare vidicon. This selection was based upon: data ob-
tained during the December test sequence; data obtained during
previous testing which had been conducted routinely every three
months; and a set of monitor photographs which had been made as-
part of the December check. While the monitor resoluti&n was
not great enough.to evaluate final resolution of the vidicon it
did permit the study of shading and possible cosmetic defects.

Based upon this evaluation, the chart on Figure II;17 was
made which lists MTF, siénal—to—noiée and other pertinent fac-
tors. From MTIF and signal-to-noise data, a factor of merit,
agreed upon by a majority of committee members, was listed in
column F/M. F/M Rank lists vidicons in the order of these fac-
tors of merit. By considering this and cosmetics, shading and
past history of performance the committee developed an overall
rank column, shown to the left. Four vidicons, 819217, 819930
519931 and S19947 were selected for flight status, with $19944
as the next backup.

Subsequent testing of the selected vidicons included the
taking of monitor pictures and careful studying of them to
better evaluate cosmetic features and other variations of
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TABLE II-17.

RBV VIDICON EVALUATION

MTF NEED

OVERALL | copraL NO. | CHAN 2 S/ FOR 5 upg | R-RET MAP | p/y F/M

RANK a2 ip (dB) rovcL Q-QUAL RANK

- 37.1 ;
9 206557 .47 -~ No 184 R, Q 32.33 2
2 819930 .446 36.7 T No .604 R 28.5 5
3 $19931 .395 36.8 T No 180 26.1 7
11 519936 .39 35.7 YNN 92 23,2 10
35,2
5 S19944 .39 35.5 T No 80 22.3 12
7 519948 .45 35.6 : No 97 25.3 9
_ 34,5
1 $19917 .37 38.7 = No 222 R 30.1 3
12 $19929 .45 B Y¥N 331 R, Q 35,1 1
8 519941 .36 36.4 = Xo 66 22.3 11
36.3 ;
13 §19945 .46 5T Yes 363.8 29.0 13
36T :

: shosa - / Yo 137 25.8 8
10 $19951 .42 37.3 > NYN 99 29,7 4
6 519952 .42 3% = No 104 26,2 6

NOTES: Column 4 =
Column 6 =

Column 9 =~

5/N in dB - high/low figures for last three tests,

Need for recycling.
Jast three tests.

second and third etc.

A

"No" indicates cathcode rejuvenation by cycling was not regquired on the
"YNN" means recycling on the first of £inal three tests but not on

F/M: Figure of merit which is the product of MTF at 52 line pairs per mm and signal-
to-noise ratio.




picture quality. The monitor permitted evaluation over the
faceplate, rather than the picture center measurements made in
the routine exercise-and-test routines. This testing revealed
that RBV #S19947 showed a difference of resolution from the top
to the bottom of the picturé. The point of best focus could be
changed in position by varying the focus electrode potentials.
This indicated the:existence of a tilted or non-flat mesh. As.

a result 519947 was replaced by 819944 as a selected vidicon.

9. Final Assignments

The final vidicon assignment was: Flight 1 (Serial 102),
Vidicon Number 819930; Flight 2 (Serial 103), Vidicon Number
519931; Spare Camera (Serial 101), Vidicon Number $19944; Sparé
Vidicon, $19917; and Qualification Model, S19919.

10. vidicons for Possible Future Use

The 8 vidicons remaining which could be considered for
future flight use are, in order of acceptability: 819952,
519948, 819941, P06557, S19951, 819936, S19929, S19945. Review-
ing the characteristics, there are no major problems which would
prevent these from being considersd for future fligh% use. How-
ever, it should be noted that S19951 and -52 have noticeable
cosmetic blemishes; and 819945 needed to be recycled at each ex-

ercise period.

11. Processing Cycle

After selection, the vidicons were subjected to the fol-

lowing processing schedule:

Mechanical

Pre-Vibration check of characteristics
Mount in vibration fixture

Vibrate fixture and vidicons
Post-Vibration check of characteristics

Make pictures from Picture Monitor
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Solder leads +o base

Apply potting to base and leads

Make x~ray inspection of potted vidicon
-Mechanical Inspection

Post-potting test of characteristics
'Make pictures from Picture Monitor
Map reticles at USGS, Reston, Va.
Pre-Hi pot check of characteristics
Hi-pot test for arcing and corona
Post hi-pot gun tests

24-hour test

Apply black mask to faceplate

Review all data

Install in camera

Exercise and test at 3-month intervals

~ Some problems existed during the processing of the vidicons.
To check the potting process, an operable but not-flight-quality
tube was éubjécted to the potting .schedule to uncover possible
probleﬁs: The soldering of leads and potting was done at RCA's
Lancaster plant. The process was to be a repeat of the processing

done on the T.andsat 1 and 2 wvidicons.

The first problem was the discovery of a slightly bent base
pin on S519917. This had caused a very small chip in the glass
fillet. Common practice with similar conditions on commercial

vidicons is to straighten the pin and use as is.

However, because of the extreme care required for space
qualified components it was decided to use S$19917 as a vidicon

spare for Landsat C.

The second problem was the existence of voids in the x-ray
pictures of the potted vidicon. After stripping and repotting a
sample with a different material, DC 923-500, and using a modified
prepotting cleaning procedure, improved conditions were obtained.

There did remain, however, some delaminations at the glass
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interface which were subject to question. The vidicons were
subsequently tested by applying a 10-5 Torr vacuum for 8
hours and applying high voltage. No problems resulted. To
provide added assurance of safe operation, a vent hole was
drilled in the potting to facilitate the outgassing process,

during test and space usage.

12. Exposure Analysis and Recommendations

A vidicon exposure analysis was conducted under a modifi-
cation to the contract. The purpose of this study (see Ref
VII C7: Exposure Analysis and Recommendations for ILandsat C/RBV
September 1976) was to analyze the pictures from lLandsat-2, re-
late them to conditions of Landsat-C, and compare this data to
the theoretical calculations based on the performance of vidi-
cons measured in the laboratory. NASA made available more than
500 Landsat-2 pictures taken from 37 orbits occurring in January,
February and July of 1975. ‘

Typical orbits were selected and the results of evaluation
of each picture were averaged. This data was then adapted to
Landsat-C conditions and parameters. This resulted in a value
of Exposure Constant (Exposure, times the sine of sun elevation
angle) equal to 1.91 x 1073,

Using this wvalue of Exposure Constant (EC) the shutter time
may be programmed during any planned orbit by selecting the
nearest value of the five available shutter speeds between 2.4

and 12 milliseconds according to the eguation:

....3’
Shutter time = 1191 x 10
. sine sun el
La

The study verified that the range of available shutter times
chosen for Landsat C provided an adequate selection of programmed
exposure times within orbits extending from the Tropics to well
above the Arctic Circle in both Summer and Winter. The study
alsc showed that it is possible to choose a nominal fixed value
of shutter time for any orbit, based on the above formula, which
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will permit optimum exposure for the central portion of the
North American continent with only some minor under-exposure

in the Arctic regions, and some minor over-exposure in the trop-
ical regions._ Thus, the proper choice of a single exposure time
for a given orbit permits the use of the nofmal photographic
latitude of the RBV photoconductor in a way that will provide
reasonable picture quality from the Arctic regions, Northern

Canada and Alaska, to the Gulf of Mexico.

The compromise of fixed shutter time per orbit means that
the pictures would probably suffer some underexposure in the far
North. and would show saturation on white clouds and other bright

areas in the equatorial zone.

13. Adapting Landsat~2 Data

The adaptation to Landsat-C conditions involves a correction
from the Channel 2 (0.58 to 0.68 micrometers) condition of
Landsat-2 to the white-light (0.5 to 0.83 micrometers) condition
of Landsat-C. There is also a change in lens focal length and
f/number from 126 mm, £/2.8 to 236 mm, £/2.9. .

The vidicon performance was calculated in two other ways:

l. 'Using measured RBV sensitivity and assumed

spectral radiances of types of earth scene.

2. Use of a formula from CONFIGURATION AND
PERFORMANCE STUDY REPORT -(July 1973). |
Camera siénal current was developed in
terms of spectral band, RBV spectral response,
filter factors, antiéipated input radiance,
slope of the light transfer curves, shutter

speed and lens speed.
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The three sets of results are summarized in the following
table:

EXPOSURE CONSTANT

Calculated from Landsat-2 Pictures = 1.91 x 1073
Calculated from Laboratory Curves
and Radiance Measurements = 1.53 x 1073
Calculated from Assumptions of
3

1973 Study = 1.49 x 10

The above comparisons indicate that the earlier theoretical
considerations were very slightly optimistic, approximately 1/2
gray step.

The very close agreement lends confidence that the figure.
of EC of 1.9 x 10-3 forms a firm basis for calculating shutter

exposures as a function of sun elevation for Landsat-C.

If the assumption is made that the shutter time is program-
med during a given orbit, it should be possible to obtain optimum
exposure through the orbit, and to a sun-elevation angle of 9°,
{(maximum setting of 12 ms), equivalent in winter to a latitude
of about 60°N. Since the terrain in winter is mainly ice and
snow with low contrast, acceptable pictures with a sun elevation
angle as low as 2.3° could be obtained. In the equatorial
region a sun angle of 90° with a shutter time of 2.4 ms would

produce only a very mild overexposure of 1/2 gray step.

1n summer, pictures in the Arctic may be properly programmed
as far North as is desired, and the 90° sun elevation would again

require the minimum 2.4 ms exposure time.

In summary, nearly correct exposure from Tropics to Arctic
Circle can be programmed during any orbit, summer or winter, by
shifting to any one of the 5 exposure times (2.4, 4.0, 5.6, 8.0

and 12 milliseconds) at appropriate intervals. If programming
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is not convenient a nominal mid-orbit shutter value may be used.
For the range of 9° North to the Tropics a 6.3:1 ratio of ex-
posure values will be experienced (5.5 gray steps) which is
within the dynamic.range of the vidicon. The pictures would suf-
fer some under-exposure in the far North and white saturation on
white clouds .and other bright areas in the equatorial zone. How-
ever, the pictures should still be of reasonable qqglity, such

as comparable to those received from Landsat-2.
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SECTION III

TEST AND RECEIVING SITE EQUIPMENT

A GENERAL

The Ground Equipment consists of the following units, each
one having a distinct and separate function:

® Vidicon Imaging Assembly Test Set (VIATS)

B Collimators

o Special Test Equipment (STE)

[ Bench Test Equipment (BTE)

5 Receiving Site Equipment (RSE)
The modifications required to each unit will be discussed in
the following paragraphs. A brief introductory section describing
the equipment precedes each description of the modification.
Further details of the ground equipment operation and modification
can be found in Section VII of the Critical Design Review submission,
dated November 6, 1975 (Ref. VII-C-3).

B. TEST EQUIPMENT

i VIATS (1 Unit)

The Viats equipment, which is shown in Figure III-1l, is used to
evaluate and test the integrated imaging assembly, including
vidicon, deflection coils, alignment coils, focus coils, erase

lamps, shutter, thermoelectric cooler, and lens.
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Figure III-1. Vidicon Imaging Assembly Test Set (VIATS)

VIATS provides a means of proving the ability of the integrated
imaging assembly to meet the specification requirements and of
rapidly determining the operating parameters (vidicon electrode
potentials, focus current, etc.) for optimum camera performance.
In the general operation of VIATS, the input to the assembly

is an imaged test pattern provided by a collimator (generally
the collimator which will be used with the camera throughout

its test cycle). A video signal is obtained from the wvidicon
and displayed on a monitor and an oscilloscope. Sensor
performance is optimized by adjusting operating potentials, the

focus and alignment coil currents, and optical focus.

Performance is evaluated by observing and measuring signal
characteristics such as resolution, shading, signal-to-noise
ratio, etc. Operating conditions under which optimum performance
is obtained are measured and recorded. Thus, VIATS is the wvehicle
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used to determine that the imaging assembly qualifies for
further integration into a camera and to obtain a record of the
measured operating conditions under which the performance

was obtained (for use during final camera set up).

To provide VIATS compatibility with the Landsat-C/RBV require-
ments, controller modifications were implemented to change the
Erase/Prepare time from 14.5 seconds to 9.0 seconds and the
overall cycle time from 25 seconds to 12.5 seconds. In addition,
the sensor mounting platform was modified to accomodate the
Landsat-C sensor and collimator. No other modifications were re-

quired.

7 COLLIMATOR (4 Units)

The collimator focal length, 59.7 centimeters, has been
chosen so that the magnification between the target plane in the
collimator and the image plane of the lens (when both are in
vacuum) is exactly the same as in the Landsat 1 and 2 three-camera
RBV system. This permits reuse of the collimator targets from
the earlier program, which in turn permits reuse of the software
associated with camera testing. It also allowed reuse of the en-
tire rear assemblies, containing lamps, targets, filters and con-
densing system, from the previously supplied collimators; so the
design and manufacturing effort for the collimator procurement
was restricted to the collimating lens function of the collimator.
Modifications to the rear end assemblies consisted of inclusion
of a 1.8 millimeter thick Schott BG34 filter to flatten the spec-
tral output of the collimator, and redesign of the condensing

lenses.

The collimating lens design meets the critical requirement for
athermal performance in vacuum, and for focusing capability to
permit camera testing in air and in vacuum without refocusing
of the camera lens. Both these requirements are satisfied by
controlled movement of the field flattening lens (the negative

lens closest to the target plane). The lens movement required
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for athermalization is provided by rods which have a thermal ex-

pansion coefficient different from that of the lens barrel, and
move the cell containing the lens (with respect to the barrel)
as a function of temperature. Superimposed on this motion is

a micrometer driven motion which moves the lens within its cell.
Hard stops are provided for the two most used focal positions;
infinity focus in vacuum and a focal position in air which
focuses the collimator target at the vidicon faceplate of

a camera in air, with its lens focused for infinity in vacuum.
This provides accurate and positive adjustment of the lens for
these two positions. The micrometer drive also provides a
continuous focusing capability which is useful in checking the

accuracy of the hard stop focal positions.

3% STE (2 Units Modified)

The Special Test Equipment STE shown in Figure III-2 is
designed for use in testing a single camera of the RBV system.

The major components of the STE are:

Single Camera Console (SCC)

Single Camera Mobile Mount (Test Cart)
Quick Look Monitor (QLM)

Computer System

The STE Single Camera Console is the central unit providing
signal inputs, commands, and power to operate and functionally
exercise the RBV single camera. It also provides the means

of monitoring the video and telemetry outputs of the

camera and of making measurements of high accuracy. The QLM
incorporates a low resolution display providing rapid access
to the displayed video through the use of Polaroid photographs.
The Computer enables acquisition and evaluation of video and
telemetry data. The Test Cart provides a facility for mounting
and positioning the Single Camera and collimator, as well as
providing the electrical interface between the SCC and Single

Camera. A block diagram of the STE is shown in Figure III-3.
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Only the Single Camera Console and Test Cart required modifi-
cations for use with the two-camera system. Since the require-
ment for Three-Camera operation no longer exists, the modified
STEs are capable of two-camera operation only. A brief de-
scription of the operation of the major components in the STE
is given in the following paragraphs.

a. Single Camera Console

The Single Camera Console interfaces with the camera under

test, distributes data to the Computer, and video to the Quick
Look Monitor.

The console provides control signals, timing signals, and power
to the camera under test and monitors the telemetry and video
output of the camera. The console contains a Test Pattern Gene-
rator (TPG), which simulates the camera system outputs allowing
test system checkout. The video and telemetry processing cir-
cuits, necessary to provide the data in a digital format to the
Computer, are contained in the console. The console also pro-

vides video and timing signals to the Quick Look Monitor.

o3 Camera Controller Simulator (CCS)

The CCS provides the gating logic for the output timing and
control signals to the single camera system. In this way it
simulates the timing and mode control functions of the Camera
Controller and Combiner (CCC). The Single Camera Console con-
trol panel provides simulated spacecraft commands to the CCS via
the Command Simulator. These commands determine the timing and
modes of operation of the CCS. The CCS receives much of the
timing and control signals from the simulated Camera Controller
and Combiner portion of the TPG. The CCS interfaces with the

single camera system via a Buffer Box located on the Test Cart.

The following changes were incorporated into the CCS for two-

camera operation:

Cycle Time - Changed from 25 to 12.5 sec
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Erase/Prepare Interval - Changed from 14.5 sec interval
to 9 sec interval

Shutter Speeds - Changed from existing times to
32,8, 6, 4-and 2.5 msac

All changes to the CCC have been reflected in the CCS.

The CCS has been completely redesigned to allow it to conform

with the Camera Controller & Combiner on a 1 to 1 basis.

Wherever possible, all of the interfaces with either the TPG or
the control and display portions of the STE were made so as not to
disturb the 1 to 1 relationship. Exceptions to this are the
commands from the STE where switch contacts or TTL logic was used
in place of relay contacts, and where signals for test and display

purposes in the STE had to be incorporated.

Not included in the CCS are the command relays, telemetry signals,
the 1 Hz and Rephase A&B signals from the spacecraft and the
+6V filter network.

The CCS/Buffer Box interface exactly simulates the CCC/Camera
interface.

(o 0 Test Pattern Generator (TPG)

The Test Pattern Generator in the SCC produces a simulated
camera Video Signal. Twenty-nine individual patterns can be pro-
vided during any of the read intervals.

In addition to the normal operating modes, the TPG incorporates a

Continuous Read mode for special tests. In Continuous Read mode, the

TPG repeats the Read 1 interval, providing essentially continuous video.

The SCC TPG was not required to retain three-camera-system capa-
bilities. All TPG changes are similar to those in the CCC. Every
attempt was made to provide a 1 to 1 correspondence in all changes
so that the CCC design was verified as part of the TPG modifi-
cation. All changes are to the logic nest located on the lower
frame behind the control panel.
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The pattern generation section of the TPG remains unchanged but
the Simulated Camera Controller and Combiner section required

extensive modification.

d; Buffer Box

The buffer box located on the Test Cart provides the inter-
face between the Single Camera Console and the single camera
system. The output gates have been changed to reflect the new
output circuitry incorporated into the CCC. The buffer box uses

the same type gates as used in the CCC.

4. BTE'. (2 Dnits)

The BTE, shown in Figure III-4 is used to completely test
and evaluate the RBV Two-Camera Subsystem. The BTE contains
the following six physically and functionally separate units
interconnected with power and signal cables as shown in Figure
ITI-5, the BTE Simplified Block Diagram.

Three (Two) Camera Console (TCC)
Three (Two) Camera Test Cart (TCTC)
Quick Look Monitor

Electron Beam Recorder

Wide Band Video Tape Recorder

Computer Cabinet and Teleprinter

The TCC provides two major functions:

e Simulation of spacecraft éupplied signals, and
e Evaluation of data obtaincd from the RBV system under test,

The simulation function consists of supplying power, commands and
timing signals, as well as light stimulus to the camera system.

The evaluation function consists of converting the video and synch-
ronization signals from the camera system into formats compatible
with the display and recording units of the BTE. The TCC has the
capability of sampling selected video data and converting the
analog sample into a digital format compatible with the Computer
System.
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Since the TCC may be used to evaluate data obtained via the
VPASS, there exists a requirement that the exisiting Three-
Camera video evaluation capabilities be retained. There is
however, no need to retain the Three-Camera operational (hard
wired) functions. Thus, only the TPG, VPASS, and Video Meas-
urements subsystems within the TCC must be compatible with the

Three-Camera system.

Al Telemetry Subsystem

The changes to the Telemetry System consisted of deleting
the 3rd camera analog board to prevent accidental regulated
power supply shutdown due to noise on the unused telemetry
lines. This has been accomplished by removing input and out-
put connectors and constructing dummy plugs for these connec-
tors. The camera 3 board remains in place and may be used as
a spare in case of a malfunction in either of the two opera-

tional boards.

& )% Test Pattern Generator (TPG)

The Test Pattern Generator, produces a simulated composite
video output duplicating the Camera Controller and Combiner
(ccc) output of the Return-Beam Vidicon (RBV) Three-Camera Sys-
tem. Twenty-nine individual patterns can be provided during
the read intervals of the Three-Camera Subsystem. The TPG also
produces non-composite video which duplicates the output of a
single camera minus the vertical and horizontal intervals in-

formation, which, in the system, is inserted by the CCC.

In addition to the Three-Camera Subsystem operating modes, the
TPG incorporates two modes, Continuous Read and Filter Out, for
special tests. In Continuous Read mode, the TPG repeats the
Read 1 interval, providing essentially continuous video. 1In
the Filter Out mode, a filter (which limits the frequency re-
sponse and rise times of the TPG output) is bypassed. A noise
shaping network is provided for adding simulated system and
link noise to the outputs of the TPG.
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e Video Processor and Sync Separator

The Video Processor and Sync Separator (VPASS), accepts
composite video signals from the RBV System via the FM Receiv-
ver, a video tape recorder, or video signals from the Test
Pattern Generator (TPG). One of the composite video input
signals is selected and processed by the VPASS to permit re-
cording, display, or other use of the processed video informa-
tion. Synchronization and timing signals are extracted from
the composite video signal for use by ground support equipment

in recording, display, or other utilization of RBV data.

The VPASS consists of a video processor, horizontal sync de-
tector, vertical sync detector, video buffer circuits and logic
buffer and line driver circuits. The selected input signal is
applied to the video processor, which provides signal buffering,
dc level adjustment, amplitude normalization,'dc restoration,
low-pass filtering, and signal distribution. The normalized
video output of the video processor is applied through video
buffer circuits to be made available for observation and to the
vertical sync detector for sync and timing signal extraction.
The dc restored output is applied through the video buffer cir-
cuits to the video tape recorder and to the horizontal sync
detector for sync signal extraction. The dc restored video
signal is also controlled by timing signals from the horizontal
sync detector. The filtered video output of the video processor
(both filtered and dc restored), is applied to the video buffer
circuits, which provide three outputs for display, recording,

and spacecraft time decoding.

The horizontal sync detector receives the dc restored and fil-
tered video signal from the video processor and derives infor-
mation which is utilized to generate output signals at the hori-
zontal sync input rate. Time reference for dc restoration and

vertical sync detection are also provided by the horizontal
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sync detector. The outputs of the horizontal sync detector are
applied through the logic buffer and line driver circuits for

use by ground displays and other support equipment.

The vertical sync detector circuit receives the normalized com-
posite video signal from the video processor and detects and
verifies the presence of certain frequency, amplitude, and
unique sequence elements, which constitute vertical sync. On
detection and verification of vertical sync, the vertical sync
detector circuits provide control signals to the horizontal
sync detector circuits and properly time-referenced outputs
through the logic buffer and line driver circuits for control

of displays and other support equipment.

The logic buffer and line driver circuits provide isolation and
the proper polarity, amplitude, dc level, and source impedance

for the succeeding equipment.

The following VPASS modification constraints were followed:

Operation with both two- and three-camera formats.
No operator required switchover between formats.
Minimal VPASS alteration.

Compatible with existing display and recording devices.

The effect of the two-camera format on VPASS was investigated
and it was determined that a third frame (dummy frame) should
be added to the format to minimize the changes to VPASS, the

Video Measurement Subsystem, and the Computer Software.
These modifications were installed in both BTEs.

d. Three (Two) Camera Test Cart (TCTC)

The TCTC were modified to accept the new collimators. The
original collimator mounts were retained since they offer four

degrees of freedom, X-Y Translation and angular control in azimuth

ITT-14




and elevation. An adapter plate attaches the collimators to the

collimator mounts. The collimator mounts were repositioned on
the BTE baseplate to allow for increase camera and collimator
length. To accommodate the pitch angle of the two cameras, each
collimator was mounted on an adapter plate having a wedge angle
of 1.71°, one positive and one negative (total apgle between col-
limators of 1.42°). Roll axis was set by collimator mount loca-
tion and the adjustment available in the mounts.

The camera baseplate sits on standoffs similar to the previous
method.

C. RECEIVING SITE EQUIPMENT (RSE)

The Receiving Site Equipment is part of the ground support
equipment for the RBV system. The basic RSE configuration
(designated RSE 01) is used at Goddard Space Flight Center,
while two similar units (designated RSE 02 and 03) are used at
Goldstone, California and Fairbanks, Alaska. The RSE units are
shown in Figure III-6 and III-7.

Each of the RSE's are essentially the same, except for the mon-
itor. RSE 01 has a Quick Look Beta Monitor cabinet, while RSE
02 and 03 have built in Conrac displays.

The RSE is designed to accept any one of three composite video
inputs: Composite Video A, Composite Video B, or Composite Video C.
These signals are normally Test Pattern Generator (TPG) simulated
video, tape recorder playback video, and FM received video,

respectively.

The RSE provides video, horizontal, and vertical timing signals
that are required to process the selected video input. It also
contains a Test Pattern Generator (TPG) that is used to test and
calibrate the Video Processor and Sync Separator (VPASS) and to

simulate noise inputs. An oscilloscope with camera is provided
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for monitoring and recording video and timing signals from the

various test points provided on the VPASS front panel.

The RSE system operates as a self-contained unit requiring no
additional ancillary units, other than peripheral receiving
and recording equipment, to process video suitable for recording

and display.

The VPASS, which is the central processing unit of the RSE, ac-
cepts any one of the three possible composite video inputs for

processing as determined by the front panel controls and indi-

cators. The VPASS provides horizontal driving signals, vertical

driving signals, and video as outputs.

The TPG provides the self-test capability for the RSE. A com-
posite video signal is provided by the TPG as an output to both
the VPASS and the loop simulator via the Interface Bulkhead
Assembly. The TPG can provide 29 different patterns in the com-
posite video format. These patterns include gray scales, hori-
zontal and vertical bursts, windows, and crosshatches. An addi-
tional feature of the TPG is the capability of accepting random
noise inputs and shaping them to simulate added noise to the
system. For this purpose, two random noise generators are sup-

plied with the Console Assembly.

The Console Assembly also contains an AC Interface Chassis,
which distributes power to the rack,'and a rack blower. Also
included is an AC Control Panel, which controls the main ac
power to the rack, an elapsed time indicator, and a blower fault
indicator. A Tektronix Model R561B oscilloscope is also pro-
vided to monitor and display (in real time) data applied to the
VPASS. A Tektronix trace recording camera with electronic

shutter is provided to record the data on the waveform display.
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In the GSFC configuration (RSE-01), a Quick-Look Monitor

Console is used as the on-line display device. This rack in-
cludes an AC Interface Chassis, a rack blower, and an AC Control
Panel, in addition to the associated display electronics. The
monitor is a slow-scan device, which accepts the video input
with other timing signals from the RSE Console Assembly and dis-
plays the video information on a 3 x 3 inch raster. The Quick
Look Monitor also has the added capability of selecting one seg-
ment of a 9 x 9 matrix and expanding it to the full 3 x 3 inch
display. A Hewlett-Packard trace recording camera is also sup-

plied, to furnish a hard copy of the displayed information.

In the Remote configuration (RSE-02, RSE-03) a Conrac Monitor is
furnished in place of the Quick Look Monitor Console. This mon-
itor accepts the video and timing signals directly from the
VPASS and displays it on a 3 x 3 inch raster. The oscilloscope
camera provided is used to record the displayed information in

hard copy.

The two units which must be altered to permit dual 2 and 3 cam-
era capabilities of the RSE are the VPASS and the TPG. The TPG
and VPASS changes are the same as those mentioned in section
ITT.4 on the BTE, and discussed in References VII-C—-3 and 8.
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SECTION IV

PROGRAM TEST CHRONOLOGY

A. GENERAT

The design modifications for the Landsat-C RBV cameras
were first incorporated into a Design Qualification Model
(DQM) . The spare camera (TEM-IR) remaining from the Tandsat
l&2 program was modified to meet Landsat-C requirements and
became the DQM for the Landsat-C program. A newly designed
236 millimeter, £/2.9 lens was required to provide the in-
creased ground resolution. All DQM testing was completed in

August 1976.

The flight camera system completed all testing in January

1977, and was delivergd to the spacecraft integration contractor
on January 31, 1977, the contractual delivery date. The spare
camera completed its testing and was delivered at the end of

March 1977.

The test chronology and flow for each test model are discussed
in the following paragraphs. Also included is a summary of
significant anomalies that occurred during the flight test

program,

B. DESTGN QUALIFICATION MODEL
1. General

The Design Qualification Model (DQM) test differs from the
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'flight cameras in that test temperature excursions were 5°C
wider aé each extreme and vibration levels were higher. {See
Tables IT-10 and II-11l for DQOM levels). A low level vibration

. survey wés performed,gn the DQM and data evaluated, prior to
proceeding with qualification vibration levels. The lens used -
on‘this model was also gualified (ea&ly in March 1976) prior

to installation in the camera. During vibration of the DQM

a dumﬁy camera was mounted on the baseplate in the second

camera position to provide ‘the same weight and center of gravity

to the baseplate as a flight camera. -

The performance of the DOM (summarized in the following para-
graphs) demonstrated that the design meets the requirements

" for the Landsat-C mission.

2. Test Flow and Results
a. The DQM camera test flow is shown in Figure IV-1l. A
. sumﬁary of significant test completion dates is given

below.

® Témpefature Testing - Early June 1976

‘'® System Integration and EMI - Mid July 1976

® Qualification Vibration - End of July 1976
o“ Thermal Vacuum = Eari§ August 1976

® Complete Testing - Mid August 1976
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Figure IV-1l. . DQM Camera Test Flow



Performance of the DQM is summarized in Table IV-l. All per-
formance requirements were met except for shading and EMI.
However, due to redesigned circuitry, shading performance was
considerabiy improved from that of the TEM-IR Camera (as shown
in Table IV-2) and EMI performance is unchanged frem the TEM-
IR, as anticipated, since no modifications were planned in the

EMI area.

A comparison of horizontal center resolution for the DQM and
.the TEM-IR is shown in Table IV-3. The TEM-IR was designed to
operate in a narrow spectral band (Channel 2 - 580 to 680 nano-
meters) while the DQM covers the spectral band from 505 to 750
nancmeters. The wider the spectral band, the greater the dif-
ficulty in lens design and manufacture, and therefore in
achieving specified resolution. The data in Figure IV-3 shows
that the resolution of the DOM is comparable to that of the
TEM~IR_and thus attests to the high guality of the Landsat-C
lens. Vertical resolution is given in Table iv—4 and is well

within specification.

The shading performance is summarized in Table IV-2 and is
compared to the original TEM-IR camera. The significant

improvement in DQOM overall maximum shading performance is a
result of the DQM éhading correction circuit modifications

discussed earlier.
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TABLE IV-1. PERFORMANCE SUMMARY - DESIGN QUALIFICATION
RBYV CAMERA SYSTEM FOR LANDSAT-C

Description

Spec Value

Actual Value

Highlight Irradiance

Camera EXposures

Resolution - Center, Horizontal

Resolution - Center, Vertical

Resolution Edge, Horizontal
Resolution - Edge, Vertical
S/N (Peak Signal to RMS Noise)
Shading (Within 1" Circle)
Shading (Overall)

Image Distortion

Aspect Ratio

Size and Centering

Residual TImage

" Reticle Geometry

Noise Susceptibility
Electromagnetic Susceptibility
"Power Consumption

Weight

(505-750 nm)
2.013 mW/cm2 - st

2.4; 4; 5.0; 8;
12 ms

4500 TVL
3500 TVL
3600 TVL
2800 TVL
33 dB Min
15%
25%
<1%

1:1 Initially
< +2%
<3%

9 % 9 Array
Sharply Defined

See EMI Table
See EMI Table
142 Watts Avg.

170 Pounds

Compliance

Compliance

4521%
>3403%
3606
>3403%
33.6%
19.5%%
37.7%%,
<1%
1.003:1%
<1%
" <1,59%

Compliance

See EMI Sec.
Sce EMI Sec.
136 Watts Avg.

163.6 Pounds

* Taken from 20°C TV data (August 9, 1976).
** One point only; all other edge shading points within 25% spec.
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TABLE IV-2.

1 AND 2 SPARE)

DQM CAMERA SHADING (COMPARE WITH LANDSAT

SHADING - SPEC: 15% MAX WITHIN QUAL CIRCLE (CENTRAL)
- 25% MAX OVERALL (EDGE)

DATA FROM QUALITY CIRCLE AREA “EDGE” DATA
1 1 ' 2 1 1 2
QUAL CAM .1 TEM IR | QUAL CAM QUAL CAM | TEM IR QUAL CAM
BLACK TOP (680) 16.6% 10.8 14,2 | 16,6 25,0 .3 .
BLACK CENTER (2065) 15,0% 9.3 12,5 13.0 9.3 12,5,

" | BLACK BOTTOM (3410) 14.7% 24,0 13,0 14,7 40,5 13,0
BLACK VERTICAL 8.3% 11,7 8.8 8.3 11.7 3.8
BLACK QUAL CIRCLE MAX] 19.4% 24.0 17.8 - -- --
BLACK OVERALL MAX - - - 26.8 70,1 23,0
WHITE TOP (680) 11.6% 6.3 11.8 21,9 17,0 22,0
WHITE CEMTER (2065) | 17.4% 15.0 17.2 17.4 15.0 17.2
WHITE BOTTOM (3410) 6.07% 20,7 6.1 20,8 42,0 21.3
WHITE VERTICAL 16.4% 28.,5% 16.2 16.4 28.5 16.2

| WHITE QUAL -CIRCLE MAX{ 20.0 28,5 20,2 -~ - W
WHITE OVERALL MAX -- - -= - 34,6 65.5 34,7

 NOTE: 1. DATA TAKEN AT ZOOC T/V FROM CAMERA AUX. OUTPUT,

2, -DATA TAKEN AT ZOOC T/V FROM CCC OUTPUT.




TABLE IV-3.

, L=AT

HORIZONTAL MTF (CENTER RESOLUTION) ~ SPEC:

4500 TV LINES A
COMPARISON OF QUAL CONFIGURATION AND LANDSAT-Z2 SPARE CONFIGURATION

QUAL: 8/76 TEM 1R

VL LP/MM || 20% T/V | FINAL || 12/72 | 3/76
2286 45 41,3 43,0 42.3 40.7
2794 | - 55 26,2 28.8 29,0 29,3
2815 59 19.0 23,5 26,9 25.9
3403 67 11.9 15.2 15.0 17.2
14216 83 3.0 6.5 5.8 3,7
4521 89 2.4 4.0 4.5 3.4

H0
& wova TYNIDTEO




TABLE IV-4. DQM CAMERA VERTICAL MTF

(CENTER SPEC: 3500 TVL ~ 20°© T/V

| TVL LP/MM RESPONSE
1778 35 | 86,7
2286 45 | 63.0
27143 54 41,0
2997 | 59 38,3
3403 67 . 2.0

Signal-to-noise ratio is shown in Table IV-5. This data is

comparable to the original TEM-IR. Size, centering and

linearity data is given in Table IV-6.

TABLE IV-5. DQM CAMERA SIGNAL-TO-NOISE RATIO
SPEC: 33 DB MIN

THERMAL, VACUUM AMBIENT
35°¢C 30°C 20°¢C 5°¢C PINATL
S/N (DB[ 32.2 32.6 33.2 33.2 33.6
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TABLE IV-6. DQM CAMERA SIZE AND CENTERING CHANGES

6—AT

XIITYOD ¥00d J0
AYNIOIO

- IV

T/V

PRE T/V - - - AMBIENT

25¢C | 3¢ 5°C 20°C FINAL | SPEC
VERT SIZE 100,34 100,12 100,36 100,26 100,24 + 2%
VERT CENTERING .16 14 12 A1 12 + 2%
VERT LINEARITY <1% <12 <1% <14 <1% + 1%
ASPECT RATIO 100,48 99,86 100,34 100.26 100,28 1:1 INIT.
HORIZ SIZE 100, 82 100,08 100,71 | 100,51 100,52 | + 2%
HORIZ CENTERING it 14 .53 .26 .29 + 2%
HORIZ LINEARITY <19 <1% <19 <1 <1 + 1%

SKEW 1% MAX

NOTE: 1IN T/V, THE TEST CHART COULD NOT BE REMOVED CAUSING SEVERAL RETICLES TO BE

UNDETECTED; THIS CHANGED RESULTS SOMEWHAT, PARTICULARLY AT 20O (CENTER
HORIZONTAL ROW OF RETICLES MISSING).




C. FLIGHT MODEL CAMERA SYSTEM
1. General

The flight model camera system is composed of two
cameras mounted on a baseplate plus two camera electronic

units and a camera combiner controller (CCC) unit.

The first camera to be built (S/N-101), required additional
activation of its vidicon cathode. Because of schedule
constraints, it was decided to designate S/N-101 as the spare
camera and S/N's-102 and -103 as the flight cameras. The

performance of each of the flight cameras was similar to that

of the DQM and is summarized in the following paragraphs.

2, Test Flow and Results
The flight camera test flow is shown in Figure IV-2. A
summary of significant test completion dates is shown below.

(Temperature testing was performed on an individual camera basis.)

e Temperature Testing - Mid November 1976

e Integration of Cameras
on Baseplate ~ Mid December 1976

e Vibration -~ Late December 1976
e Thermal Vacuum - Mid January 1977
® Complete Testing - Late January 1977

® Deliver to Integration
Contractor - January 31, 1977

Iv-10



caM 1
"8/N 102

PIN AND
POTTING

» TC SYSTEM INTEGRATION

CAM 2
—1535 " (FOR SINGLE CAMERA FLOW, SEE CAMERA 1)
H
T
0o cee
VIBRATION

o Q
52
=R 3]
8 E CAM 1 SYSTEM '
S ? caM 2 INTEgg.%TION VIBRATION
L vy BASEPLATE : EL :
E o

o
E =t

EMT DELIVER

Figure IV-2. Landsat-C/RBV FLT Camera Test Flow



After integration of the flight cameras on the baseplate .
(including camera alignment), the flight system was sub-

jected to the vibration levels of Tables IV-7 to IV-10.
Vipration of the camera electronics and CCC was done separately.
After vibration and alignment check, the camera system was sub-
jected to . a performance test and a radiance calibration test

to verify final camera gain settings, using a calibrated

light source.

The camera system was then installed in a thermal-vacuum
chamber and subjected to the time-temperature profile of
Figure IV-3. Total duration of vacuum testing is approximately
8 days. After thermal vacuum testing the system was subjected

to a final performance test.

A summary of flight‘system performance is given in Table iv-11.
Table IV-12 through Table IV-16 provide further detailed per-
formance data for horizontal and vertical resolution, size and

centering, shading and signal-to-noise ratio.

3. Summary of Anomalies
A summary of significant anomalies which occurred during
the flight system test program is given in the following

paragraphs:

a. Vidicon Voltage Variation

During single camera evaluation, a 36 volt variation

- Iv-12



TABLE IV-7.

SINUSOIDAL VIBRATION LEVELS (CAMERA SYSTEM)

.

AXIS FREQUENCY HZ ZERO TO PEAK
5-50 4,0%
50-580 7.3
Thrust 90-100 3.3
(z-axis) 100-160 2.5 (notch)
160~320 3.0 (notch)
320~2000 3.3
5-30 2.5%
30-50 5.0
Lateral 50-270 3.3
(Y-axis) 270-370 1.8 ({notch)
370-1600 3.3
1600-2000 2.0 (notch}
5-30 2. 5%
30~-50 5.0
Lateral 50-175 3.3
(X—axis)' 175-250 1.8 (notch)
250-1400 3.3
1400~-1800 3.0 (notch)
1800-2000

3.3

* - Exposure limited to 0.50 inch double amplitude.

Sweep Rate:

Four (4) octaves per minute.

Iv-13
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TABLE

IV-8. RANDOM VIBLRATION LEVELS

{CAMERA SYSTEM)

s

PSD Level

Acceleration

20-300

300-2000

at a rate of 4 dB/Oct
to .04 g?/Hz at 300
Hz

0.04

| Frequency '
(Hz) (g?/Hz) (g-RiS) buration
P__—--—
20 .001
Increasing from 20 Hz 8.5 1 min per axis

TABLE IV-9.

SINUSOIDAL VIBRATION LEVELS

(ELECTRONICS) |,

Axis Frequency Acceleration (g-Peak)
(Hz) (Acceptance)

Thrust 5 ~ 200 5%

. &

Lateral 200 - 2000 3.3

Sweep Rate 4 Oct/Min

SO

*amplitude limited to 0.5 inch double amplitude (D.A.)

TABLE IV-10. RANDOM VIBRATION LEVELS (ELECTRONICS)

Frequency PSD Level Acceleration Durati
(Hz) (g2/Hz) (g-Rii8) aration
20 6.001
20300 Increasiny from 20 iz 8.5 1 minute
at a rato of 4 4AL/0O~E ecach axis
to .04 g¥/llz at 300 Iz -
| 90~ 2000 0.04

t
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TABLE IV-11.

FLIGHT CAMERA PERFORMANCE SUMMARY

CONTRACT

PASASTROH DESCRIPTION SPEC VALUE | ﬁq&&%.
3.5.1 ! Highlight Irradiance 2,013 MW/CM2 - SR Compliance
) . (505-750 nm) |
3.3.2 Camera Exposures 2.4; 4; 5.6; B; Conpliance
12 ms -
3.3.3(a) |Resolution - Center, Horiz. 4500 TVL as21t 5211
3.3.3(a) |Resolution - Center, Vert. 3500 TVL >3403% >3403%
3.3.3(b) |Resolution - Edge, Horiz. 3600 TVEL 36062 1 3606t
3.3.3(b)  |Resolution - Edge, Vert. 2800 TVL >3403 >3403t
3.3.4 Signal-to-Noise Ratio 33 dB Min 32,6 apls3 35.5 apl
3.3.5 Shading {(Within 1" Circle) 15% 18.7% Max® 15.9% Max'
3.3.5 Shading (Overall) , "25% 29.2% Max' 43,5% Max*’?
3.3.6 °  |Inage Distortion < 1.3s102 <1%
3.3.7 Aspect Ratio 1.1 Intially 1.004:2% 1.0004:1%
3.3.8 Size and Centering < +2% <1l% <l%
3.3.8 Residual Image <3t <1.5% $1,63%
3.4.4 Reticle Geometry 9 % % Array Compliance
) sharply bDefined
3.4.¢ Noise Susceptibility See EMI Table See EMI Section
3.4.10 Electromagnetic Suscept. See EMI Table See EMI Section
5.4.13 Power éonsumption 142 Watts Avyg. System Total is 136 Watts Avg.
3.6.1 170 Pounds System Total :".s 152,34 Lbs,

Weight

Nctes: 1. Taken from 20°C T/V data (Jaguary 19, 1977).

2.
3.

One point only; remainder of field within specification; waiver requested,

Waiver requested,
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TABLE IV-12. LANDSAT-C/RBV FLIGHT HORIZONTAL MTF
(CENTER RESOLUTICN) SPEC: 4500 TV LINES

A COMPARISON OF QUAL CONFIGURATION AND LANDSAT-2 FLT CONFIGURATION

LTI-AT

B;LI’IVHB 1004 J0
g1 movd TVNIDIEO

QUAL: 8/76 CAM 1 (102) 1/77 CAM 2 (103) 1/77
TVL LP/MM || 20° T/V| FINAL 20° T/V | FINAL ||  20°C 3/76
2286 45 41,3 43,0 48,5 | 47.1% 44,17 | 46.4%
2794 55 26,2 28.8 34,17 | 35.1% 34.7% | 36,82
2845 59 19.0 23,5 30.8% 30.8% | 25.0%7 | 26.7%
31403 67 11.9 15,2 18.6% 19,57 16.6% | 19,1%
4216 83 3.0 6.5 7.3% 7.3 6,67 7.0
4521 . 89 2.4 1,0 | 1, 6% 5,47 567 | 4,91




TABLE IV-13. LANDSAT—C/RBV FLIGHT |,
VERTICAL MTF (CENTER)

SPEC: * - 3500 TVL - 20° T/V

8T-AT

TVL o | owem RESPONSE bAMﬁRA 2 " RESPONSE
1778 5 80.07% 80,87
2286 15 61.22% . 57.87%
3 54 39,56% 37,447
2997 59 | 31,26 30,321
3403 67 21.37% 20143




TABLE IV-14. LANDSAT-C/RBV FLIGHT

SIZE AND CENTERING CHANGES

CAMERA 1 (S/N 102) CAMERA 2 (S/N 103)
30°C | 20°C 10°C 30°C 20°C 10°C SPEC
VERT SIZE 100.36 | 100,36 { 100.49 || 100.23 | 100.36 100.45 + 2%
VERT CENTERING | +,17 +,20 +,23 .30 31 A1 + 29
VERT LINERARITY| <1.0 <1,0 <1.0 <1.0 <1.0 <1.0 + 1%
E ASPECT RATIO  |1:1,007/1:1.004 [1:1.004 || 1:0,999| 1:0,999 [ 1:1,001f 1:1 INIT.
HORIZ SIZE 99,65 | 99.95 | 100.10 || 100.29 | 100.39 100,29 + 2%
HORIZ CENTERING{ -0.03 | 0.18 0.38 .16 .22 .38 + 2%
HORIZ LINEARITY| 1.3 3] 1.37 1.3 3]l <1.0 <1.0 <1.0 + 1%
SKEW +,011| +.011} +.08 -, 189} -.155 -,211 17 MAX
o Z N o ,
fg%% NOTES: 1. IN T/V, THE TEST CHART COULD NOT BE REMOVED CAUSING SEVERAL RETICLES TO BE
%%%; UNDETECTED, . :
o 2. ALL DATA OBTAINED DURING T/V TEST,
|2 3, ONE POINT ONLY; REMAINDER < 1%
e
L 4, ALL NUMBERS IN %.
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TABLE IV-15.

SHADING - LANDSAT-C/RBV FLIGHT
15% MAX WITHIN QUAL CIRCLE (CENTRAL)

SPEC:

25% MAX OVERALL (EDGE)

DATA FROM QUALITY CIRCLE AREA "EDGE” DATA
SN2 | s 0m| SR | a0 | o 10m) | AL A
BLACK TOP (680) 8.6% 5,7% 14,2 9,3% 11.1 14,3
BLACK CENTER (2065) | . 6.8% 13,0% 12,5 6.8% 13,0 12.5
BLACK BOTTOM (3410) 7,52 9,37 13,0 16.5% 23.9 13.0
BLACK VERTICAL 3.1% i,97 8.8 3,17 4,9 8.8
BLACK QUAL CIRCLE MAX| 11.3z | "13.9% 17.8 - -- -~
BLACK OVERALL MAX - -- - 29,29 43,57 23.0
WHITE TOP (580) . 17.1% 12.2% 11.8 17.1% 12,2 22,0 -
WHITE CENTER (2065) 16, 4% 6,62 17,2 16.4% . 6.6 17.2
WHITE BOTTOM (3410) 7.6% 5,0% 61 || 149 9.4 21.3
WHITE VERTICAL 11.2% 15.1% 16.2 11,27 15,1 16.2
WHITE QUAL CIRCLE MAX| 18.7 15,9 20,2 - -- --
WHITE OVERALL MAX - - - 29,0% 25.3 34,7

NOTE: DATA TAKEN-AT 20°C T/vV FROM CCC OUTPUT,
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AIrTVQd 9004 J0

gl @OVd TVNIDIHO

TABLE IV-16.

LANDSAT-C/RBV FLIGHT

%% SIGNAL-TO-NQISE RATIO

22

S5 SPEC: 33 DB MINIMUM

2 g :

S

B8

5 o THERMAL VACUUM AMBIENT

300C 20°¢C 10°¢ FINAL

CAMERA 1 S/N (DB) 33,2 32.6° 32,2 34,2
(S/N 102) S/N (DB) (WITH A/C){ 28.6 29.5 27.9 30.8
CAMERA 2 S/N (DB) 35,0 35,5 34,9 36,2
(S/N 103) S/N (DB) (WrTH A/C)| 31.1 31.1 32,0 33,2




in vidicon G2 voltage was noted on camera S/N-102 between
prepare and read modes. Investigation showed the voltage
variation was due to the high voltage supply going into current -
limiting. '~ Substitution of another hiéh voltage transformer
provided‘normal operation. 'The parameters of the original
transformer were measured and a high interwinding capacity

was found. The large interwinding capacity caused excessive
current to be drawn and resulted in the current limiting
operation. Vendor examination of the transformer showed the gap
between the ends of the two high voltage windings were +too -

close and not within specification. Additional inspection

points were added to the vendor flow to insure future compliance.

b. Incorfect Feed Through Filters
Prior to start of temperature test of the S/N-102

camera, an oscillation was observed in the erase lamp control
circuit at turn-on. During trouble shooting, it was noted that
the L~C feed-through filters were marked with arrows pointing
away from the threaded (ground) end. The arrow indicates at
which end of the filter the capacitor is located. The speci-
fication requires the capacitor to be at the threaded end.
Electrical testing confirmed that the capacitor was incor-

rectly located at the non-threaded end. .

Investigation revealed that a 1ot of 51 filters were received
_‘with incorrect capacitor designation. All filters on boards

were then inspected and those with the incorrect configuration
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removed and replaced with correct units. No oscillations
were observed after installation of properly constructed

filters.

E.‘ Focus Current Regulator Interference in Video

During the 5°C' temperature test, interference from the .
'focus currentsregulator (FCR) was noted in the video. Camera
S5/N 103 exhibited the greater interference, abou£ 5% of the
video. As a result of the investigation to reduce this
interference, wiring cﬁanges were made which reduced the
interference by 50%, so thét it did not exceed the peak—to;éeak
random noise amplitude. A review of electron beam recorder (EBR)
pictures taken after the wiring modifications were implemented
showed no evidence of FCR interference.

d. Lack of +10 Volt (Low Power) Regulator Output -

Camera S/N 103

After initial turn on of §/N-103 camera at +5°C, the
video level observed at the STE went to +1.6 volts. Normal
reading is +1.0 volts. Testing revealed an open base to emitter
junction in the +10 volt (video) supply. The harness associated
with this supply was-cgrefully examined and the feed through
filter was removed and x-rayed. One of thé wires associated
with the +10 volt line was found to be nicked and two loose
solder globules were found in the filter. It could not be
absolutely proven whether the cause of the short on the +10
volt line was the nicked wire, or the loose solder in the
filter. ©Note: It was subsequently discovered that this proﬁ—

lem may have been caused by excessive turn-on current in the
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+10 volt regulator pass transistor as described in paragraph
IV-C-3 (e), beloﬁ. However, repair of the nicked wife and
replacement of the filter provided normal operation. As a
result of the loose solder in the filter, all filters in

stock wére x-rayed. Approximately 15% of the,parts were found
to have internal solder flow. At this point, all filters (of
the tfpe in guestion) were removed from flight hardware, x-rayed
and €lectrically checked. Acceptable units were reinstalled in

the hardware. The specification for this filter was changed,

so that x-ray examination of all parts is required.

e. Lack of +10 Volt {(low power) Regulator Output - Camera
S/N-102; (due to excessive Turn On Current in Regu-
lator Pass Transistor)

During testing of §/N 102, an STE panel light indicated
abnormal cathode current. In addition, observation of the
video showed excessive levels. Subsequent investigation
revealed that the +10 volt (video)} power iine was reading
-1.3 volts, and the regulator éeries—pass transistor showed the
emitter lead was fused open indicating a high current stress.
Further checks of the circuit board failed to produce a speci-
fic cause for the transistor failure. After replacement of
the series-pass transistor, the turn on transient through the
transistor was measured, and found to exceed the maximum
transistor rating. A design change was then incorporated,
changing the series-pass transistor from a type 2N1613 to a

2N5154. The latter device is also used in the horizontal de-

flection-circuitry and can safely handle the measured turn on
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transient. This design change was incorporated into all
cameras (see paragraph IV-C-3(d), above, for description of
a similar problem in Camera S/N 103, which was probably a

related problem.

In addition, all wet slug electrolytic capacitors on the
+10 volt line were replaced because of possible reverse volt-

age exposure due to the series-pass transistor failure.

f. Black Level sShift

During thermal vacuum testing of the flight system at
the +35°C plateau the black level of camera S/N 103 abruptly
shifted from 300 mv to 225 mv. This shift was present for
two 20 minute periods; Subsequent operation was normal but
the anomally reappeared one more time. At the conclusion of
the thermal vacuum testing the system was set up in a Tenney
chamber where the shift was again observed. The problem was
isolated to the high voltage supply. The cause was found
to be a cracked zener diode in the high voltage preregulator.
The zener diode was replaced and the camera subjected to a

six hour test at +35°C. Operation during this test was normal.

D. SPARE COMPONENTS

1. General
The spare components consist of a Camera Sensor, a

Camera Electronics unit, and a CCC unit. fThe tests for these
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components followed a flow similar to that of the flight
system, except that spectral response and EMI tests were
deleted for the spare camera. The spare camera flow is

shown  in Figure IV-6. Vibration and thermal-vacuum test

exposures were identical to the flight system. -

The performance for the spare .camera is summarized in Table
V-17.*' Horizontal and vertical resolution as measured in the
final performance test is shown in Tables IV-18 and IV-}Q.
Shading performance is summarized in Table IV-20 and size

and centering in Table IV-21.

The signal—to~noise ratio as measured by computer during the
final performance test is shown in Table IV-22. Evaluation of
"A scope" pictures showed the actual SNR to be about 33 dB. A
check of the bench test equipment (BTE) showed that the noise-
measurement circﬁitry had drifted out of calibration. After
this circuitry was properly calibrated the SNR read 33.1 dB,

which meets the 33 dB minimum requirement.

2. Test Anomalies
A summary of significant test anomalies occuring

during spare camera testing is given below.

a. Video Level Warmup Drift

During evaluation of the spare camera, 5/N-101,
a video level drift of approximately 150 mv was noted du?ing the

first few minutes of warmup. Extensive testing showed the cause
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TABLE IV-17.

PERFORMANCE SUMMARY

SPARE RBV CAMERA SYSTEM
FOR LANDSAT-C

CONTRACT

PARAGRAPH DESCRIPTION SPEC VALUE ACTUAL VALUE
3.3.1 Highlight Irradiance 2,013 MW/CM® - SR| Compliance
(505-750 nm) -
3.3.2 Camera Exposures 2.4; 4; 5.6; 8; Compliance
. 12 ms
3.3.3(a) | Resclution - Center, 4500 TVL a521%
Horizontal
3.3.,3(a) | Resolution ~ Center, 3500 TVL >3403l
Vertical
3.3.3(b) | Resolution - Edge, 3600 TVL 3606+
’ Horizontal
3.3.3(b) | Resolution - Edge, 2800 TVL >3403%
Vertical
2 . . : : 1, 3
3.3.4 Sighal=to-Noise Ratio 33 dB Min 30.3
1
3.3.5 Shading (Within 1" 15% 30.6% Max
Circle)
. 1
3.3.5 Shading (Overall) 25% 56.1% Max
. 1,3
. 1.02% Horigz
3.3.6 Image Distortion < 1% 1.47% Vertl:
3.3.7 Aspect Ratio 1.1 Initially 99.77:1%
3.3:8 1-Size and Centering < +2% < 1%
3.3.9 Residual Image < 3% < 0.5%%
3.4.4 Reticle Geometry 9 x 9 Array Compliance
Sharply Defined
3.4.9 Noise Susceptibility Note 3 -’
3.4.10 Electromagnetic Suscept Note 3 -
3.4.13 Power Consumption 142 Watts Avg System Total: 136
. Watts Avg
3.6.1 Weight System Total CCC = 10.11 Pounds

=170 Pounds

Single Camera
60.93 Pounds

NOTES: 1.
2.

Taken from 20°C T/vV data (March 29, 1977)

Center Region

Waiver requested.

EMI test not required on spare camera.
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TABLE IV-18.

LANDSAT-C/RBV SPARE HORIZONTAL

MTF (CENTER RESOLUTION)

SPEC: 4500 TV LINES MIN
SPARE CAMERA (S/N 101)

TVI, LP/MM ' FINAL; AMB
2286 45 36.5
2794 55 22.8
2845 59 17.4
3403 67 12.9
4216 83 .9
4521 89 .8

TABLE -IV-19.

LANDSAT-C/RBV SPARE
VERTICAL MTF (CENTER}

SPEC: 3500 TVL - 20° T/V
TVL LP/MM SPARE CAMERA RESPONSE
1778 35 76.4 %
2286 45 56,6 %
2743 54 39.8 %
2997 59 36.9 %
3403 67 25.6

ORIGINAL PAGE IS
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TABLE IV-20. SHADING - LANDSAT-C/RBV FLIGHT

15% MAX WITHIN QUAL CIRCLE (CENTRAL)
25% MAX OVERALL. (EDGE)

SPEC:

DATA FROM QUALITY CIRCLE AREA -

- DATA

"EDGE”
100 | S 105 P | e | o aop) PPARE O

BLACK TOP (680) 8,63 5,7% 9.9 9,3% 11.1° 14,0
BLACK CENTER (2065) 6.8 | 13.0% 10,0 6.8% 13,0 10,0
BLACK BOTTOM (3410) 7.5% 9,37 20,8 16.5% 23.9 .| 30.7
BLACK VERTICAL 3,1% 1,9% 3.9 3,1% 4,9 3.9
BLACK QUAL CIRCLE MAX| 11.3% 13.9% 90.8 -- - --
BLACK ‘OVERALL MAX - - - 29,29 143,57 56.1
WHITE TOP (680) 17.1% 12.2% 12.4 17.1% 12.2 25.2
WHITE CENTER (2065) 16, 4% 6.6% 19,7 16.4% 6.6 19.7
WHITE BOTTOM (3410) 7.6% 5,0% 22,2 14,9 9,4 24,1
WHITE VERTICAL 11.2% 15,1% 13,3 11.2% 15,1 13.3
WHITE QUAL CIRCLE MAX| 18.7 15,9% 30,6 -- -

WHITE OVERALL MAX |+ -- -— . ' 29,0% 25,3 49,2

NOTE: DATA TAKEN AT 20°C T/V FROM CCC OUTPUT.
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TABLE IV-21. LANDSAT-C/RBV SPARE
SIZE AND CENTERING CHANGES

SPARE CAMERA (S/N 101)
30°C 20°¢ | 10%C
VERTICAL SIZE 100.06% |. 100,127 100.027
VERTICAL CENTERING +0,03% +,02% +0,069
VERTICAL LINEARITY 1.53% 3 1477 3 1,499 3
ASPECT RATIO 1:1002 1:1002 1:1003
HORIZONTAL SIZE 99.82% 99,89% 99.71%
HORIZONTAL CENTERING -0.23% ~0,17% -0,34¢
HORIZONTAL LINEARITY 1.047 3 1.02% 3 -1.71g 3
SKEW 1,207 1.073 1.297

0o 9ood 40

ATV

81 govd IV

NOTES: 1> IN T/V, THE TEST CHART COULD NOT BE REMOVED CAUSING SEVERAL
RETICLES TO BE UNDETECTED.

2) ALL DATA OBTAINED DURING T/V TEST.
3) ONE AREA ONLY, '




TABLE IV-22. LANDSAT-C/RBV SPARE
SIGNAL-TO-NOISE RATIO

THERMAL VACUUM |AMBIENT
30°9c | 209C | 10°C FINATL

SPARE CAMERA S/N (DB) [30.0 [30.3 | 30.8 31.1

NOTE: POST ACCEPTANCE TEST EVALUATION

OUTPUT BTE (A-SCOPE) : 31.2 DB
OUTPUT BTE (COMPUTER): 31.2 DB
OUTPUT CCC (A-SCOPE) : 33.1 DB

of the drift was not associated with the electronics but was
involved with the vidicon characteristics. Readjustment of
the target voltage controller threshold reduced the ﬁa;m up
drift by approximately one-half. This initial drift will not
affect mission performance since actual scenes do not uéually

£ill the dynamic range capability of the camera.

b. Variation in Horizontal Resolution in Thermal-Vacuum

During thermal-vacuum testing of the spare camera,
S/N-101, a variation in horizontal resolution was noted. This
condition was observed during constant temperature plateaus,
thus eliminating any athermalization problem. At the conclusion
of thermal-vacuum testing, the resolution variation was not
observed‘during the final performance tests. Analysis‘of a
video tape, made during a thermal vacuum test period when the
resolution varied, showed the rise time across an RBV faceplate

reticle to be constant, thus eliminating any electrical. cause.
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With the‘camera still mounted on the thermal wvacuum fixture,
the chamber's mechanical pumps were turned on. A variation in
horizontal resolution was observed due to the slight vibrations
transmitted to the camera equipment by the mechanical pumps.

As soon as the pumps were turned off, the resolution variation
ceased. Collimator movement was suspected since the collimatox
mount is not as stable as that for the camera, whicgh is firmly
bolted to its baseplate. The collimator was found to be capable
of horizontal movement by slight finger pressure. In addition,
a further review of the video tape (made during the resolution
variation) showed a slight horizontal shift of the test pat-
tern position when patterns from frames taken at different
times were compared to the reticle positions. Based upon test
results, it was concluded that the resolution variation ob-
served in thermal vacuum was caused by horizontal movement

of the collimator (with respect to the camera), induced by the

chamber mechanical pumps.

ORIGINAL PAGE IS
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SECTION V
STATUS OF EQUIPMENT (AS OF JUNE 1, 1977)

Flight Model (Cam 1, Cam 2, CCC 01, and Baseplate) - This sub-
system has been integrated into the Landsat-C spacecraft and is

currently being tested with other parts of the spacecraft.

Design Qualification Camera and the Spare Camera - These cameras

are presently at RCA Astro-Electronics and will be tested every

three months in order to ensure against performance degradation.

Cémera Controller Combiner (CCC), Qualification Model and Spére '

Unit - These two CCC units are currently at RCA Astro-Electronics.

Ground Equipment at RCA Astro-Electronics - The following pieces

of ground equipment are presently at RCA Astro~Electronics:

a)

c)

d)

e)

)

One Bench Test Equipment (BTE) unit, including console .

and test cart;

Three Special Test Equipment (STE) units including
console and test cart (NOTE: one STE was NOT modified
to the Landsat-C configuration); )

Two computer racks and Teletype units;

One Quick Look Monitor (QLM);

One Vidicon Imaging Assembly Test Set (VIATS); and

One high speed tape reader and punch unit (for use
with the computer units).



SECTION VI
RECOMMENDATIONS/GUIDELINES

A. Recommendations
1. Applications

The Return Beam Vidicon Camera was redesigned for the Landsat-
C satellite to provide a higher ground resolution (40 meters) than
that obtained using the Landsat 1&2 RBV cameras (80 meters). The
advantage of this higher resolution capability was discussed with
Dr. Robert McEwen (U.S. Geological Survey) who indicated two pos-
sible applications:

; An experiment is being planned to demonstrate the feasi-
bility of combining the higher resolution pictures of the
Landsat—~C/RBV with the guality color pictures of the MSS in
order to provide the "best of both worlds". This could be-
come a forerunner of a comparable concept for future Landsat
satellites. The higher resolution capability of RBV will
be used to locate control points more accurately (e.g..,
highway intersections, etc.) Potentially, grouﬂd dimen-
sioning should be about 4 times more accurate than previous )
MSS measurements. Based upon Landsat 1&2 experience with
1:250,000 scale pictures, the RBV smaller format siie,(53
nmi x 53 nmi), together with the accuracy of locating
reseaus on the vidicon target (i3uM), should lead to a
geometric accuracy aéproaching that reguired for 1:100,000
scale maps, i.e., about 30 meter rms error. It shoul& be
noted that as a‘ function of ground dimensions, the pixel
size in the Landsat-C/RBV is about 21.8 meters (based upon
4500 TV lines high contrast limiting resolution) and the
scan line pitch is about 23.8 meters (based upon 4125 active

scan lines per frame.
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® Another application for the RBV camera would be on the

Syndhronous Earth Observation Satellite (SEOS). The high
resolution capability of the RBV makes it an ideal sensor
to be used in conjunction with a telescope on board SEOCS.
As indicated in the SEOS Frame Camera Application Study
Final Report (Reference D-1 of Section VII, Bibliography),
the RBV could be used for observation of transient phenom-
ena at any time, provided they fall within the fixed view-
ing circle of the spacecraft. On-going disasters could
be monitored continuously, large areas of potential danger
could be surveyed at any desired interval, and changing
conditions of the Earth's resources could be observed at -

reqgular intervals.

2. Design

There are several design improvement areas which could be
considered for future Landsat or SEOS missions; these include:
image motion compensation; further shading improvements; elimi- -
nation of the possibility of focus current regulator interference;

and stero pictures.

a. Image Motion Compensation

It was recognized initially that smear effects due to space-
craft motion would be more critical for the Landsat~C/RBV than
for the Landsat 1&2 RBV. However, it was decided that image
motion compensation would not be reguired for the Landgat—C/RBV,
since the MTF (including smear) was sufficiently great (about 70%)
at 40 meters ground resolution for tﬁe nominal I.andsat-C/RBV ex-
posure of 5.6 milliseconds to justify this decision. If a further
improvement in ground resolution were required {e.g., 30 meters)
or if a significant increase in exposure time were needéd, then
image motion compensation should be utilized. Table VI-1 gives an
example of the effect of smear on MTF. Shown is the MTF smear
factor for 40 meter resolution and 30 'meter resolution as a func-

tion of those exposure times selectable for the Landsat;C/RBV
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TABLE VI-I.. EFFECTS OF SMEAR ON MTF AS FUNCTION OF EXPOSURE

Smear Component of MTF
- Exposure " 40 Meter Gnd Res 30 Meter Gnd ﬁes
(Milliseconds) (48.31 lp/min)} (64.42 lp/min)
2.4 93.2% '89.3%
4.0 : 83.6% ' 72.1%
5.6 69.5% : 49.9%
8.0 44.1% 15.4%
12.0 3.0% .

Note: Calculations based upon: Landsat C/RBV lens (236 milli-
meters EFL) and orbit altitude (492 nmi).

(Landsat  C orbit parameters are assumed). Further information on
image motion compensation can be obtained from the ERS Configuration
Mission (Reference VII-B-3.) In addition, it should be noted that
-image motion compensation would not be needed for a SEOS mission
RBV camera; there would be no significant relative motion between
the SEOS satellite and the earth. ’

b. Shading

Two means of further reducing the RBV video shadiné are rec-
ommended; one is to redesign the thermal electric unit optical
aperture'so as to reduce vignetting, and the other is to develop
a means of combining the vidicon target video with that of the ‘
anode video.

Shading at the corners of the raster, mesh transmission irregu-
larities, and dynode imperfections are responsible for the bulk

of the shading deficiencies in pictures produced by present RBV
cameras which extract video from the vidicon anode. Most of these
deficiencies are contained in the low frequency part of the video
spectrum, perhaps below 100 kHz. The signal available from the ‘

Vo3 ORIGINAL PAGE IS’
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RBV target, while noisier than the anode signal for high freguency
components of video, is virtually free of the above deficiencies.
It appears that a further improvement in the subjective signal
quality may be obtained by combining the two signals to.obtain

the advantages of each. As further discussed in the ERS Oper-—
ational Mission Study Report (Reference VII-B-3}, an arrangement
is recommended in which the low fregquency part of the video would
be obtained from the target, and the high frequency part from the

anode.
c. Focus Regulation Design

To eliminate the possibility of focus current regulator inter-
ference would require changing the design fromthat of a pulse
width modulated type to a series regulator type. The pulse width
modulated type generates spikes during switching intervals, and it
is extremely difficult to sufficiently minimize the effect of
these spikes in the video so that they cannot be seen in pictures.
The increase in power caused by changing to a series regulator,
would not be significant enough in this case to override the ad-

~

vantage of eliminating the interfering noise spikes.
d. Stereo Operation

Photographs of surface scenes from high flying platforms are

usually analyzed for two purposes:

1) To determine the contents of_the scene, and

2) To determine the locations of elements within the scene.
A pair of photographs taken in steroscopic fashion will readily
facilitate both types of analysis. One can recognize items more

easily if they are seen "in three dimensions" than if they are

viewed in two dimensions. Stereo pictures are also very useful
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for location and distance measurements; although horizontal dis-
tances on the earth can be measured relatively accurately?with a
single picture, elevation measurements can most easily be made
‘with a pair of pictures. For unmapped regions or very frough
terrain, the contours and elevation measurements that could be
obtained from these systems, would be very useful. As indicated
.in'the ERS Study Report (Reference VIII-B—B),'é stereo RBV system
codld be produced by adding two additional cameras to the Landsat-
C/RBV configuration .(total of four cameras); the additional. cam-
éfas would be pointed approximately 20° from the vertical. This
‘concept is discussed in more detail in the aforementioned ERS
report. E

B. Guidelines

1. General

The Two-Camera Subsystem is designed to operate unattended
during the life of the Landsat mission. The period ddfing which
the subsystem operates on a day-to-day basis and- the selected
modes of operation are determined by command signals, which are
generated by an on-board storage unit or by the ground station.
The required commands are listed in Table IT-5. These commands are
the only means of controlling the subsystem; there are no pro-
visions for making further adjusfments once it has left the manu-
facturer's plant. In addition, a series of telemetry points is
used to monitor the operation of various parts of the subsystem;
these points are sampled at regular intervals by the- spacecraft
telemetry unit and the resulting information is transmitted to the
recéiving site. A list of subsystem telemetry points is given in
Table II-6. For special testing of the subsystem prior to final
spacecraft integration, there are & series of test points that can
be used for determining circuit status or for metering subsystem
components without requiring disassembly. These test poinﬁs are

provided with short-circuit protection.
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2. Precautions

Several precautions are necessary, for operating the subsystem,

as follows:

-

® Signal, power, and command amplitudes must be as specified

prior to energizing the subsystem;

® ON commands for the CCC and the cameras should be issued
within ten seconds of each other, so that each of the
cameras to be enerﬁized may enter and remain in’the Warmup
mode for a major part-of the 50 seconds. The Warmup in-
terval starts when the first camera or the CCCvis energized;

e TILens caps must be removed prior to launch;

e Cameras should not be commanded into the Cathode Re-
activation mode unless it is positively determined to be

.necessary by personnel familiar with the equipment; and

e The CCC must always be energized prior to turning on the

cameras.
3.. Operational Evauation

Prior to spacecraft integration, the operation of the subsystém
should beievaluated at three-month intervals. If the resulting
performance data conforms to Ehe manufacturer's acceptance test
data, the system is operating properly. If there are discrepancies,
the proper operation of various parts of the subsystem can be ver-
ified (without opening any component) by using the available
telemetry.points (Tabe II-6) and test points; any further diagnosis
should be perforﬁed only under the direction of an engineer inti-
ﬁately familiar with the subsystem. Equipment that has been inte-
grated with the spacecraft should glso be checked operationally

at least every three months.
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4. Lens Cleaning

If required, the lens should be cleaned in accordance with the
qleaning and Handling Procedure, RCA-CHP-2284900.
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LANDSAT-C/RBV PLANNING DIAGRAM

1. This planning diagram lists all of the schematic and

assembly drawings for the Landsat~C/RBV; it is shown
as Figure VII-1.
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SECTION II
CAMERA LIGHT TRANSFER CHARACTERISTICS
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SECTION IIT

RCA RETURN BEAM VIDICON (RBV)
RESEAU COORDINATES FOR LANDSAT--C

RBV .#S19917 (Spare Vidicon; data not incl.)
RBV #519930 (Camera #1, S/N 102, RBV)

RBV #519931 (Camera #2, S/N 103, RBV)

RBV #519944 (Spare Cam. RBV)

Topographic Division
U.S8. Georgraphical Survey
National Center
12201 Sunrise Valley Drive
Reston, VA 22092

March, 1976



I. PURPOSE

The purpose of this report is to distribute the results of
the reseau measurements for the four RCA Return Beam Vidicon (RBV)
tubes under consideration for use in Landsat~C.
II. BRIEF DESCRIPTION OF METHOD

The method used for reseau measurement includes adaptation of
a coordinate system, a measurement technigue, and a coordinate

adjustment,

A. Coordinate System (See Figure 1)

. An orthogonal right hand coordinate system with origin at the
rear nodal point of the lens has been adopted for the RBV camera.
The positive X axis is directed from the nodal point toward the
RBV faceplate upon which the reseau is etched. In the reseau
plane point number 55 is assigned coordinates of 0,0. The pos-
itive X axis is directed through point number 5%9. The matrix of
8l reseau points have been given numbers in an X-Y row-column se-
guence. Point number 11 has the largest negative X and Y valtes.
There are four anchor points outside the reseau pattern which have
been given numbesyr 195, 11, 151, and 159. The last two digité
correspond with the closest reseau point. Anchor points 115 and
151 each have a distinctive pattern; anchor points 159 and 195 have
the same pattern. The direction of the orbit and the H-V coor-
dinate system used to designate the horizontal and vertical direc-
tion of the TV scan lines are shown. Each scan line is in the H-

direction with successive scan lines in the V-direction.

B. Measurement Technique (See Figure 2)

The RBV is placed faceplate up in a mounting bracket on thé
stage of a Mann mono comparator. Above the tube is an auxiliary

set of optics with crosshairs for centering the reseaux. A small



lamp and beamsplitter are used to illuminate the reseaux. Four
sets of readings are taken on each tube using at least two or
three observers requiring that two sets be taken by the same ob-
server. During measurement a continuai check is maintained
against gross errors. Since the reseau format is only one inch,
it is not believed necessary to perform comparator calibration or
temperature corrections. The Mann mono comparator reads directly

to 1 micrometre which is within the accuracy required.

C. Coordinate Adjustment

The coordinate data is reduced after an initial translation
and rotation to reseau points number 55 and 59. Additional
readings (five per set) on these two points are obtained for this
pufpose. The mean coordinate values for each point are computed.
Several statistics are computed including the standard deviation
of four observations at each poiht and for each observer on all
points of a set. A check for bias of an observer is also per-
formed. Finally, the displacements between nominal position and
measured position of each point are computed. The nominal po-
sitions are based on a 2.800 mm spacing between reseaux. A large
scale plot of the nominal positions, mean measured position, and
the four sets of readings is made on the IBM 1627 plotter. A
best fit of thé measured positions to the nominal positions is
not performed. Rather, the effort has been directed toward ob-
taining a uniform set of coordinates with origin at point number

55 and positive X axisg directed toward point number 59.

IITI. ACCURACY OF RESULTS

The purpose of the measurement program is to determine the
reseau coordinates to an absolute accuracy of +3 micrometres or
better. The standard deviation for each point and each ohserver
are generally below 2 micrometwes. A very few points have stan-—
dard deviations of 3 or 4 micrometres. This is attributed to

an unequal or uneven line width on a few reseaux. The mean

A-10



measured position of all reseaux have an accuracy close to +2

micrometres. This more than satisfies the 3 micrometre goal.
Iv. RBV TUBES MEASURED

The number and date of measurement of the RBV tubes covereq

by this report are as follows:

RBV Number Date

$19917% November 6, 1972
819930 (Cam. 1) November 30, 1972
$19931 (Cam. 2) March 2, 1976
519944 March 2, 1976

Note 1. Data not included

V. RESEAU COORDINATES

The reseau coordinates are given in the following pages.
A copy of the IBM 1627 plotter output, as well as additional

copies of this report are available upon request from:

Remote Sensors & Space Applications Team
Branch of Photogrammetry
USGS National Center (510)
Reston,” VA 22092

A-11



\
\
I \ “Electron
\, Bcam
{ Mesh Pin \\
nrr I N
REV Faceplate | \
Negative Irrge Plane e— V“Z—-"“'"';;--,«‘}
{Sczmned Voce) . r-gl . -r‘g-l 11 v"’-}lf;“..-"
- - | >z .
.r_.".’...-........ '/',/-'_., .',zr e 15 ?4,;?’4'/’// Scan
J 95 55 // - Line
a9 59 19 »< ,/c"/{
c — =Lk s ‘."‘J
}{//
Y -
Y
yA
A
Lens
Nadal |- 2 X
Point
-f ¥
; /‘f
--Positive /,,..19 .,}f"'-
Image Plane 59
55 95
e ? -
. Direction
_ .51 9';‘_ of Orbit
~:'-5'—"-'-_—" Scuth
. ': over
Anchor Mark u. s

.

Figure 1.

ki Toward Earth

RBV Coordinate System

ORIGINAL PAGE 15

A-12 OF POOR QUALITY



A

Y} (tasy)
e et e e e T
J: ~—-TYP SEE DETAIL "B"
- o .
i 159 oot
.l. -
w /————TYP SEE DETAIL"A™ -
o ¥ :
+1 1-
[=]
b~
o
+
I 55 - '95 - X {ORaIT
_ __[ Jis i 954 i
- DIRECTION-S0UTH)
2ae
I o Hl -
I
AlLL DIFAENSIOKS I FULLLMETERS
uy .
o +
+
©
=
= 1 i 280 e o g
+
-] ’ﬁ"*‘P‘ DETAIL ¢ 20
H w 51 1 "o % o<
\ N e 4 4+ -+ + A o
- I )
- 1 _1
; ' T
4270 .05 —!— 1270 % 05 ___T
v 25 s 54l -
1200 pm+12.5
DETAIL " g
I——looo v 12§ searem—! 1600 pm 12 5 o] = ;’; I.___-moo pm*12.5 _——-—«]
[
| 1] 1 :
by PG — = '_‘a-:-.'.‘——'i._—-'"_j"
. : 250 pms
i
Bl ot T T T EEE Sk ”
' t i QA +
i “ 4 250 imEs
I I *
R et bl e A Frl e e e B Rt ot Lo B -
L Jo L L |20 gt 125
- -200 3 125 —_ 200 um 2125 200 pa 2125
: ALL DIMENSIONS (4 KMCROMEIERS
L}
Figure 2. RBV Reseau Pattern

A-13

ORIGINAL PAGE B
OF POOR QUALITY



PTLUCTION

CAL TR ATION

WS A

nOInT
LSS I

11
12
13
14

)
14
17
e
10
‘20
21
21
A
%
240
21
59
21
21
7

34
3
3¢
37
3%
20
"G
4%
47
I*f\
45
t 4
03
432
4]
51
L
53
54
HH
54
5

50
e
6%
68
67T

—

BAGTT O

YTNAL

k4

11.2790

11290
11200

} 1 « 200
11.29%

]'I a0

PP

11,200
11.700
11.299
"'.':ati‘f}':'
-
'j‘r)f‘\
e i1
« 1010
L 00
AHNG
600
@ A0
b, 0N
-FR o500

—t, B0

—d
-
~g
-
-9

s Y
[

[

-5 4 6O 4

Eada n‘.r‘)qf‘-
—“h L5771

S T

~F g (D
=54 60N
=7, 200
~7 a4 20
- ,50n
~%, 80D
-2 e 8NN
=2« 80N
3, 0N
-2 P00
2,800
o (1IN

N ONND
e 20N
e OO0
£aHN
.00
<000

f NN
0 300
FLHRON
2 .86

La) rn
SB00

GF

jravy 12l
OF RCA

nF

POSITIO

.

Y

OO0
“"r)o\’.‘rOU
~7 e ")
Na (0%
PN
'JIK}O-I

—1

5
7 Fr‘(J
n

—-7.c.()(!
=5 ./
-—'Q.{!(:\}
"]. 1-?“)’)
~-11.200
-2 L00
P 60
7 u{'\{\
N LN
7800
54600
Q.40
11207
11.700
1,470
R.GQO
28500
L 000
-2 L 10N
"5.6“0
-0 400
=11.200
~11.2008
-0, a0
"‘50(\09
~2 800
Nel’00
2.820
5600
0,400

[QEr g
o)
*
N~
i
oD

STAL

RISHAU AARYS (Mi1Timetera))

R”U’

A

LT R

ot

4
%

=1l.187
~131e.1010
~11.014°
~1i.197
""l} 1 RL
=-11.186
=1l,1%5
=11.1°4
~11,145
S
1o 286
255
~-Ha .)«'y()
Pe3uy
Ry
.‘55.3?:"2
e 388
aas
~5,5R6
~54 5170
—h 58
~5.58
~B 64T
"5-;’9—&
~SeH UG
«H75
"50‘5‘{6
"‘r’o fH?

2. 7R3
—2.78%
-2 784
-2 f"-.t)
7896
-2 .78

~2.7%7.

i lan
e HO?
REMS R
\Jo 50
0,0
0,0
LR PR R I
—Jer 0}
" am
taoeathy
LTSI EATE
2 U5
_2.1.\:)0
Foiyh

A-14

‘aL
s19920 %

ASUREIFDTS

POSTITICY

Y

~T1 1,000
b .130.”-
-5.606
—~2:501

P E A

!
W

EXd
"‘f}c {}02
~2 02
- NN
24797
5899
L4400
11.705

a ] s?l)(")

P

B aRG
279N
A
—z.001
"‘bl(‘”?
“‘“'-a‘i’)()
—=11a.204
~11.2072
—~RaHh" G
"‘")0601
“2-?:‘1
FEARRES
2747
Be&Ll)
9,600
11.7M
1]eplid
A R
':3.1»“(_)()

mn-
e L7

20

NISOLACGE

b4
B

V.N17%
5519119
i2etl1/
N.N128
T 3137
Ge1132
Q0149

L015/9
.17

CelllH2

fat ]y
U340
D.0137
GLitlR2
Y0117
DWC11

Mmooy
el

"3

/.

paat

—-—

Jelill
.01 %C
D137
D017
D127
N.N127
G137
G137
Ve "142
r: l")132
Ue1lhG
NLNisS
AR BRSS
"eN137
Dar 137
f.1134
(‘.ZI‘]Iq
L1129
()..l]Q
NeN20
‘)I']‘.) 1_5
JeNNG
NaNN7Y
=N
-t MO
ERPE LI
PN s B I
~ N7
D067
PR ATS L)
P LI

NOVEAER 1972

AN TS FrRae

Y

-0, 0047
~0,8N37
""(;o{} '6'{’
—~N, 09
=N 1ING
J.0007
QL. U307
(‘f\lf
u()ﬂh
0.0045
N.ON12
-, YN
—~0,00]9
iy ING
—-n,na2
=N, 0036
—-Ge0a7y
-0, hhy
~(.0.73¢
(e 0YY D
-t} YD G
-7, DG
—N,000G
L2027
~3 N2
0,0000
(i INRTY
U AT AT
L5012
—i) ONNe
w0 G
-0, 0NN
—~)41714
= 0N24
_(l.{}f){)("
-0.0”42
D7
LONGD
—U,fH)17
-, 00714
Y. 00NN
"":\n\rr\]‘{i
L3000
q.ﬂQOT
LN T
G.’”‘?b

0,000

SN TN 50 1A VA



.5
6HRB
fﬂ"&
HA
6o
6]
71
1R
T3
T4
-
TE
"’l
7p
76
20
ap
$7
%6
e
QL
9?
n2
Rl
J':‘l
as
a7
Q4
Cqr
.Q
o7
.an
[ole]
19=
115
151
150

CALTRIATING OF QCp =

200
o 1N
GQeves

RIS |

B BN ]

ey
«od

<

“n0
Han
nHen
Hon
» 5111}
fH00 0

50N B IR B
L N |

—t
°

Jr R
»

400
« (LOIG
HIIN
£330
LA
$ 400

hnn

%)

Jin
- L 2

e
.

| o B+ ]

-
W L0
I{RALS]

ol ]

.
o 4000
24470
Q400
113

Rl

100

20N

pXata

-

00
Paely
2710
76
.
200
2010
’.f;.v){'l
e 155
M, NN
N, 00N

& » L] » *

-

ek it d peid dd bt memb sad deat
S T T T U B e S S Y A T

. f“l'() °

2007

JeHUD
Netipper

PP T A AR
=L, (.NH

-0 - [i e

—=171.200

-=11.700

- L)
"'5.6(‘“’
-?.‘{,}{.‘
AN arsY
2 e B
5o &:00)
Hadyitf)
. 200
o 200
o 1Y)
B« 60
A
O LN
-7 .R(‘~_!
-5, D0

—-F ¢4 ({2

et aed
e I

“"‘] 1 -29")

~1].200

5400
5,000
~D L, 800
L0

20N

N

]

A

- e
-{)\- '

RENT
11-?(\.'!
.(I..(;-

LU0

R~

2

=12.450

172.45%

r2 Ly

.)n )-)(a ::.-{‘.)f‘
;)..:'\L, -y g it
?.h'\t, ....('a'h: }
..',l.‘.ll‘l-l
Setiiig
St
“ el ]}

_.-
o -
- -
> o
< oo
»ox

badtyfif
Haeh1h
ba(!’)()
Hehiih bR
5 506 Paling
PR 1203
et} 1.7
R Padln
Badgo Lahua
el s Je 79K
Hett 14 B
I ~Z2L»20D
’ Bah? — v LT
Eatyiss —b LN
Fantd D ,_:'I‘?“I.
111‘)'}’1 “‘]:-'}-"’:
11.271 -t 5
l1l.2u2 ~LaALS
13,701 el

11201 PR A
11.2 1 Fetag
l1l.1w0 5607
11,21 I R
1,279 2.2
1700673 ~7 g0
~12.4z2%9 —tel 132

-

3
e
W

"].:"l{l":“

17824 02

~
-

PRI

‘A
et
L
M
o
ata
A
o
-
»

sased in Camera 1, S/N 102

ORIGIN

I

3.6
e tubh
TYRRTL TSN
V06
T YOS
).'.-"}')5
Benn7n
.).-.\.'5'7
jo:l”"}?
A 3AN
a5
'-‘b"’“-':';;)_
S B TR
e
4 "|I’..';)
De2ily
G127
TG
TN
RIPEAS e 1)
Ve ‘“}lr‘.'{)

nL,nng

':l."'g 111‘_,',_'

AL PAGE 15

A-15

=i} ”'}"l
~ e
—(yal2¥1
-y, Ay

I e r
—{leatp

=iy, Vv g
-, N
el Y SR

D TR

"’). ‘“'“L:'
A AV AR )
PR

Da 0D
(UL EZATH)
N ph
Jernzy
eiM25
0,012
Nannng
—arrng
f:‘n‘:." -’_1[{-
._:‘~"':‘\f\2
N ey
~0,0%nT

_‘:-\ ”'h"t,

- "“I

- NG
SLunng

NGl

AR
i1, :;{-‘.("?
~DL U022
-V T

=L 0012



[ECUCT IO

4
\

W

CAL TURATION

FE Ay
i P

lD

20
8
A7
25
25
2,
)

A

“!.

21

-~
A

22
%3
R4
’)l:"
0
37
30
20
LY
L8
[
hi
L5
44
a3
a2

Gy
nH

X

RIpL

,‘l'f)anqﬁL

“11.250
~11.200
~11.200
~T7.7200
~11 4,200
“lLl.2000
~174270
~11.290
—11,20n
iy A0
w g 630
? e AN

= L
P R T ¢
S AWNTe
- 400
-5 an
LI
=B LAND
-—"3-63{'3
""r‘o{}(‘.‘f)
=54 600

SeHNN

-’)n(s-")"
”SQE}OQ
~B.6N1

GO0

*-?.P{]’).

m2 L, O
-, R0
"‘? I‘.’u’
~2 <500
=2 ¢ BN
=29 0N
-2 e300
N,000
0,000
N«000
1000
TN L00N0
N, 000
N.000
N, 00
n,nnn
72« R0
7«HI0
76800

ITINNG GF R

Wiy 1 [‘

CF RCA

POSTTION

Y

-11.200
.—-:l.f_;r.r'}
-5 600
-2 200

NLG0
2200
5's 500
S 2N
11,296
116250
e 4400}
5eH%0
2 GBCD
e 01}

YRV

T AAY

GERA

- Enn’

""') * f‘f‘}:’\

a2 t!-r]o
""1 i DE()U
-3} 1:/\
—“P N
=54 600
-2« B00

e
NI

2200

2800
0L GO0
‘-7. _‘(-'0
=5 500
- ¢ 4000
~711e204
~11,.,200
-2 ,400
=5 .600
-2 e B0
N N0
2.500
54600
9,400
114200
11.200
He UL
4600

MEALL)
S51993
1§

AN
X

~11a140
~1la140
“llal0¢
"'llulﬂf::
=11a.1%2¢
“1l1.1%5%9
~11.187
~11laldb
~2l.lun

Lo S IC RIS
e 3
L 250

e 3FC

SEPEDIS

il

-L 308G
EER IR RS A1
~Ee
-y '.§8f_.
~BHeh 162

...5 . i, oo

RS

“'5.'59“ ’

""5-593‘
G, 51y
—5.520
589
“"‘5!15‘.:'”
~5 45RO
~2JTEE
2o THY
"’?.-(H“)
24 T8O
..') ?tn
~Za 8N
PN Rt
-2+ 7EQ
2. THB
LI IATY
Q.00
NL.000

Qe D00
0. N00
(e 000
Je3iy
QL300
0.200
PeHrT
2eiay
2307

-
b Y

AR S

Plhi 20T s
st

1 AR

PaL IO
4

w1lav

-t

\

[
o ban

.’.J

“Jcr\'\h

-

"""n

[ENa
!\/*

Zabtl
L L

FIRRUSIE RS I U RN |

-~
Wt

BT

B30
11,202
11.203

2,601

5,506

&)

2.75°
Cs
—?ef0]
—5a A0

-t

ol

) -t
~11.2¢
-1

I‘."
L RV

~

n?(/

2,404
~5a609
e 00
(3,0
T ENN
h,an0
(‘:.!4(:1
11,207

- 11

202

!’ [ ] “ ".'2
by 600

A-16

2

NISDLACGT

1976

(Millimeters)

¥

-

GeN10T
a03175
IS RN

SINTRE
PPRAR AL
Ma ]y
tTetdl )
TefXL 1LY

10

Lo 1T
Al R
RN 1.7

<
L
..4
R ol
Ll A T R
U g =l

o
=
2
=2

’Jc :):)']!I
540374
0aN0A
, N4
Q0005
V002

Qg
D.0754
Delulsd
Tt PRI Y]
Q.0080

T

FRron
Y

—{] g 170y
=) g L7 HY

e

n.-"
L e

I
Fa

—I} " (”"l‘t

A EA] r
LTSN

Ja Jf" <5
"“f\u {-13.

G0

=,

[RY
—ile:
-

i
™ A
G001
I
w—ig TN Y
L AT )
ARaR IS
"".)a\ e

s »

o)
[YERN

i
“'r}“{‘-\

-

R

~
et

* 1]

[ LI

s} R

S B AT AN
LA AL

LIV,

S

”
e tie

i
-

. <
e}
. D
"'"\). [ B
~Y .

"“‘r.\'el”".‘_

o\
-

AT H
MR

—.;;,‘:_‘f!..
D.00NT
daiNu2
3;‘7“3'}
:).i.‘f.]_-f

~ia

L YN

e
v

Y
5
— L0
bl

f

.

5

3

~ g {iivh s
4 d(}r\qt’\
4 ¥aXs

-~ o9
~0,0012

D O0NHD
QeD0HD
DG0Y72
Qe* 27
Dol
Oeliripe
O.0000

4] ‘1‘-.-

[}

1.

A



H6
6H5
nh
63
H?
1

02 H 530 D2
o B - BN o \ TS R IR PRI R

O 0

o
S in ]
N w3 an

-
1)

CALTRRATION

76800
2800
2207
24900
7PN
« 1000
*f)f)")
a 2110
PRITIIS!
o &0
a0
2 £
e GO
« 600
PRIALS
o 400
£ .'.Z:.f}{]
8,400
2y hilin
2.4n0
2, 6NN
T LN
£ ,4000
2,400
1,200
12700
1700
1

riels'

“J

AR WO

3 RN )]

g

[

S J s

11.270
11.200
11207
117790
11,207
l?t[*‘iﬂ
"12.4‘:)“
a0

DaG0D

s

>
l:.

Y

17
1
4

5

2

[}

~2
- Q
-1
~11
~5
-2
2

5

R

N
o

0

« FGHO
« 00
200
o 60
ESLY
o 2000)
o 203
« 400
ALY

o B

« 100
« 800
“HD0
« 400
o A0
o 700)

« (3}

Gy
205t
(M
£00
£Lo0
4700
£ 9
07
L0
&on
e
00

o
i o

o

a

L

o

500
L0

200

L

2CA=PRY

?HH{)T
AeHOH
PR B it
2807
2004
PR )
.07
HeHTA
Ha OGS
50()('(‘1
505
1504

TR

D.608
5.604
r:)o"!’lﬁ
Hoa4)]
E'nn'{l‘U(}
Bal01D
P 1
L A )

HoededV
FufilN
halill
8:"?1]
11,2i:%
m 0.2{'['
1l.202
11,2067
11,7605
L 11.703
1laer/u2
11,2013
11,202

A-17

e 1Y
eI ARA N |
meeon
=h a6l
R XiVA

=11.704
~lla20R
X4 BRI
I R ]
LA
=el) (100
2.“‘(:
Lal )

~

oo
. .

L]

Y e ot e

U Ry W

.
fes

&>
Pl
)

A

J
v
“
g T
LA T N O

.

i
— 11
sV -
L]
NN SN DY
[ B TR T
A T

..
[ IR FC IRV I AR EY]

- nn
o-‘:..b(_:
—~2 L 7
g Y

20 “1

Hatitl

’

2,7 '\,\‘3
L1a203
-,
- L GLE

- 4

"lr"l-‘:—(:.!.
12.64¢C
FARCH 2, 10

in GCamersa 2,

’

n - "“.ﬂ}.f‘)

4 nn(‘) 1
PO TN

\.J \-“ .
o
n an
- md .
e
=
-
n

p]

‘
e
)
Fb S B B
. Do
L Y

Bl B R
v o

-

R

X

- i

e

P I
-
o
3
>
oy

.
R
IO
. .
[

[ ]
-

.
—r

e

[
-
-

-
o

S/N 103

ORIGINAL PAGE 18

OF P

OOR QUALITY

Dz

“Ne GG

-

Cal¥NA

=000

O
=

-,

[ ]
e

| S
[ 20T Bivh S |
s - » 0o

)
o

~isa

~.ia
~

-y,

L I

[OR YN
Qiryd,
o)
6]
CRLINE,
DARR ¥4t
nnnt

2 tad -

]
—~ S = 3

P
-

-
L]
13k

]
3

[
v

Ty
)
)

(s
Rz
ajilz

cone



RERUCTENTE OF PAV RESEAU ZEASUREYERTS

.. Coae
CLL TR T]()I T RCA-HIBY 5197004, MALCH 28 1076

fwrnd’ﬁnsrTlnws OFEESFAL CIARKS. (fillimeters)

NN ONGUTRAL POSITICH | MEAMN POLTTION BIOPLACEMENTS FROV IOMINIA
‘) <K ¥ < y y v
Lo . . . ’
1 =11a290° - =11.200 ~-11alun ~1)4210 D137 ~N Y
12 "'1]:?”, o 473 ~11,19%94 Y L B \..'0”'1]?. Y L
it —=1147295 Tl MY "‘"],].u].'!" =ty 09 SRS UL gL,/
1L =11e20n ¢ =2.u50 (L11.LY0 - mP2eP05  0405%6  =0.unhy
L -1] 250y Ns 000 «l14172 (e (303 G070 ~N N0y
16 . =11.200 24820 =11.1%% PR 440050 2,005,
7T =11e7200 L. 56O ~-11.19% .01 PRI Je0itiu
AR -11.270 a4 (00 ~-11.1497 $al03 unnP 540036
ja «11.200 11200 “~11.399 11e2005 Dae0ith SFRAAY
ple) —-3 0 4 11.200 3G 11750 F.UNG T gty
o —8 40N 24600 wd 3G Bal 04 G2 Dl
A7 0 e, E0N T 5600 T =t U4 G601 SR BUD NS TR B A
26 w8 507 7o 900 ayr, 3004 Pl Dafrin} L PR L
25 w4150 ConLunn —te 3P wil 3] 03013 e ALY
Pt -G, 00T T =2, 800 ~p 20l -P e b3 TR TAL 8 L I S A L
2 —_F e L0} -5 o AL R S ¢! -t 05 Te 1D S IPRALAL
2R Tef.Ann -t L0 ity 39Y ~2.417 SPRER I = e0 1?4
8 R S TS —11.7C0 -3 3L 0 ~11,702 deT 137 PRI LT
4] wB W 600 “11lel2MF Mg b7 ~11,21] Dasl25 —P 211
4 mb G AAN ¢ =0l -t BT -5 e 1D N1 —a LT
13 =BLHAL T =Bl 60D 54539 L A Dait112 a3
34 =5 4610 -22 500 -5, ~2eR23 - Y0095 2y
7R 54600 U.HGJ ~mh e 30) AT TGatunl ~Fa10
14 ~B 600 2800 -5,5G2 2,800 TeN063 ST AR P
37 ~5 46033 546000 wB,GGY - ., 603 D048 NGRS
X ~C 600 . e, 40 1 =h,huk £,408 0.:1070 c LG
37 -5 67N L 11a760 5,659 11,200 u.wo 7 teinay
ny -7 4500 11.200 ~2, 1495 114210 GaNIAY fan1ny
I 7800 RIWATY ~2e Y3 YA et a5 Do 05N
47 SN0 5o B 6 ¢ 500 e uR TR,/ a0 DL
iy "’?‘ .'5“--')0 ' ? -Rﬂ:) "?.7“1 ’ 20" ::‘ 04'::]“8 1‘).{‘,“_"4
hty -2 .10 (e P ENAN! ~{;e 001 (,51395 a3
4t -?2.870 -2, 400 -2, 787 wZ T, e dl21 O TN
"'l“i "?lq 1) "5:(‘):)(‘ R "707“_' - ”IJQ{:"’+ ')o{\-l?.? ""q.":':"lf_‘
642 ~P RO0 - =8.400 ~2. 784 .11 e 3120 - -=1,i1113
41 2300 w]1le209 -2.135 ~1te208 Je 145 — )T
%] 0000 =11.200 (Fe 04 ~11.708 HAR VA —0,0ned
FKd NL,00N - 400 - (08 -eh 10 NaNGLD 1
53 N.000 -5, 600 042202 =53 U024 O TARCh-
B N.ON0 -2 e 8N0 (e300 1 - P03 07216 ) s DA
Bk . D000 0a200 e 0N =, 000 DeNN0Y ~p.one

Bhooo 0,000 24EQN ~(.D0? - 02 =2.0021 002
0 . NLONN K.500 ~Ua30] BebDG.  —D.CO16 D000

LS n,ann -’ oL 400 i} (1022 Felhdh wl)y NG QaNNGT
BN 0,000 11,7200 00057 11,210 -ty V)52 n,n100
Ho 2,000 . 11,200 7eRC3 11.211 Ut vel2112
f.1 2 JRO0 TR N Jetth P el Jeauy Yot
61 2,800 54 6O 24300 Het(}3 e NNGG N,00%h

- A-18 . .
- - ot


http:tlkSi.AU

66
6Hh
e
6%]
67
H1
71
72
13
74
75
76
77
78

19

no
28
a7
£6
75
24
a3
iz
81
91
Qz
93
4
a5
1)
97
=R
o9
105
115
- 151
159

2 e 0N
22800
2800

728800,

P L BNN
7+ S00
5600
5 e 60N
56600
54A00
52600
54600
5e 600
5.()".)(]
fe600
”-4’)0
S0
400
Bs400
8,400
PL400
Re400
Ry 0N
Re N
171200
11.290
11,200
11.2C0
11.23G
11200

114200,

114200
114200
124450
=12.,45(0
0.000
0,000

CALIBRATIOY OF

RCAH~

2 e 800
0,000
=2 4400
u-’-} .6:)0
&, H00
~112200
“"]. l L 200
=R 400
=5 4 (GOY)

w2200

N. 00

2« 8O0
50600
H4400
Li.200
1 1 - ?('u
84400
54600
2800
N.G00
7500
-5 600
« 400
~11.2C0
=11.200
=3¢ 400
~5500
«2.500
Ve 00
7«8CH
5600
4400
11.200
e D0

« 000
"‘1? « 450
124450

~QRYy

ORIGINAL PAGE IS
OF POOR QUALITY

"
S1u4C44H

A B
Fatinp
Zevll
2abi) 1
Z2ebl)
2e12
5.0:173
HaeH172
l)l()ln

S.608
e 609
Ha H060
H5.602
5.607
Be39H
HedtDO

Baaa 2 -

Vel 5
{znfill-v
Ba6r1y
8‘1415
E.’voﬁ-}.f&
o'ﬁ-l?
11.211]
11,210
1i,210
11.2G8
11.2¢7
114228
11204
11.204
11,201
12.463
w12 440
OU.005
-{,005

-

A-19/R-20

5,600

VARCH 2,

2P0ty

~{ 1IN
VAP L I
1w £ {11
-F.4l
~11.211
~11.209
—taf1]

t)nrnr.,

2ev()3

mt 000
?c H(Y]
505

- 'nl’l(}-?
11,211
11.212
e LINT
D604
Za 01
(000
~2+703
-~ ab04

~ e 10

=1l 210

"1111:1]1

Y )

~5 . 605
~Ze003

- l{\k\n

280

5.6 -1!4
el (8
11,7211

~0.00 L

‘ CL\OF
=1Z24252
17.455

1276
sused in the Spare Camera, SN 101

3.033
a0,
O.'."I()"
Ge119
On ‘.}l?()
NeN13%
ted132
D122

U."]l(}:} ’

0« 3099
(\. "‘r)”f}
D01

Ow "'J’)

BECEENR S

Ta2075%
= ,0014
Ge0
U026
e MNKD
wei¥l6d
Ge2l87
8] ni. 3

Doy h d
'\l"!j_\ {

Gel 179
b
‘

el 1Y.

£ r\‘r‘
PR RN

D102
V8 Y/
4 ’3:!7 If)
32069
Je2363
Ve MIGE
D001Y
Jda131
(o191
Gat1)H3
-~ s 1358

Q.0N1h

'~n.“uv“

~U 07
-}, 01N52
“"\:v(rl 1:"
~0a0112 -
—3, 097

. ""I)A(:'-‘.lf'r

Al AT

wtd 0039

Taati 00I0V]

AU 018
1,003
D073
Na01-11

D.81l26 7

TL076
V0043
PR B
VG D000.
~T 039
—~i}, 2046
=01 04
~ 0104
-..r):'x'l 1%
-0, 102
""nuk.)“—
) ,0L03] .
~2,0101 .
U.0021
50000
aulay |
TDL0119
~340015 7
=0 0BG
~0,0128
05,0060


http:RCA-R.PV

SECTION IV
ANALOG TLLEMETRY CHARACTERISTICS

All telemelry characteristic plois are based on eircuit analysis and are weighted
in each case by actual resulis of individual eircuit tests.,
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