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1. MISSION ANALYSIS

1.1 MISSION DEFINITION

1.1.1 Candidate Missions

A complete listing of EOS candidate missions has been developed
(Figure 1-1) and will be used as a baseline for describing EOS pay-
loads through 1991, The rationale used for development of this listing
has been documented in EOS-52, Subject: Misslion Model, dated g May
1974.

Missions have been identified in terms of first-generation payloads
(A, B, C), second-generation payloads (Af, B', C'), and third-generation

payloads (A", B'", C"). The following letter assignments have been used:
o. EOS-A/A'/A" are the earth resources missions.
¢ EOS-B/B'/B'" are the environmental-pollution missions.

e EQS-C/C'/C" are the oceanographlc/meteorologlcal
(O/M) missions,

e SEOS-A/B/C/D are missions in geostationary orbit, These
missions are dedicated to all earth observations targets:
earth resources, pollution, oceanography and meteorology. It

. should be noted that the SEQOS mission will involve multiple
spacecraft (e, g., two) with similar payloads. Thus,
SEQS-A and SEQOS-B will carry first-generation payloads,
and SEOS-C and SEOS-D will carry second-generation
payloads.

¢ SEASAT-A and -B are the first-generation and second-
generation missions devoted to physical properties of the
oceans. . '

e SMM is the Solar Maximum Mission defined by GSFC,

e Gap Filler is the 5-band MSS successor to ERTS,

2101, 2 Study=Methodologr

This mission analysis has been conducted by use of the following

procedures and data sources;



e A logical schedule of missions (Attachment 1} has been
developed, considering NASA documentation, the scientific
disciplines involved, anticipated NASA budgets, and
predicted technological rate of progress in sensors,

e First-generation payloads were generally based on NASA
documentation, e.g., the Thematic Mapper, HRPI and
DCS for EOS-A,

e Second-generation and third-generation payloads are based
on surveys of scientific literature, discussions with TRW
scientific and engineering people, and on recent TRW
studies.

s Payload-support requirements have been developed on
the basis of engineering judgement, recent studies and NASA
documentation.

1.1.3 Study Results

1.1.3.1 EOS-A

This mission has been well defined, both by NASA and by TRW

investigations.

Payload: Thematic Mapper

HRPI
DCS
Weight: - {Titan) 1277 1bs (Ref, Table 6.1 of

TRW proposal).
- (Delta w/914 km orbit} 697 lbs
"~ {(Ref, Table 6.1 of TRW proposal).
- {Delta w/583 km orbit) 573 lbs (Ref.
Table 6.1 of TRW proposal).

Volume: 164" of modules above above transition
' ring for Titan (Ref. TRW proposal,
Figure 6.1-2); this value applies to
antenna-deployed condition.

Power: 495 watts maximum for payload {Ref,
Figure 6.2 of TRW proposal).

Orbit: 315-494 nmi, sun-synchronous {Ref,
Table 6.1 of TRW proposal).

' Pointing Requirements: 0.01° pointing; 10-6 deg/sec; 0.0006 deg

for t = 20 Min/Jitter (Ref. Figure 8.6
of TRW proposal).
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Data Rate: ~ Total 200 MB/S (Ref. TRW proposal
o ' ‘Figure 7. 2)

Mission Peculiars: - ' Data-storage devices or TDRSS
compatibility {(Ref. TRW proposal
Figure 7.2); compatibility with low
cost ground stations {Ref. Section
7.2 of TRW proposal); radiation
‘cooler required {Ref. Figure 7.4 of
TRW proposal). Highly susceptible to
contamination on optical surfaces
and radiation cooler.

l- lo 3.2 EOS‘B

. An environmental-pollution payload has been postulated for EOS-B,
This choice has been fnade because of the strong backing for this mission
within government, the scientific community and by the general public;
the ""Report of the Advanced Imager and Scanners Working Group, 11-15
December 1972" is an example of this influence, Further, the inclusion
of such a payload will drive out payload Support requirements for EOS
which are dlfferent from those of earth Tesources and oceanography/

meteorology,

Payloaa data have been developed from on—goi'ng):and plannéd AAFE programs,
TRW studies, NASA planning for Nimbus-G, and the Final Report of
the Earth Observatory Satellite Mission Review GrOup, dated November 1971,

Payload: p - Particulate-measuring sensor {Ref, TRW
‘ ‘ . Modes of Data Handling).
- Gas -measuring sensor for CO 50,, CO, 03
- {Ref. TRW Modes of Data Ha.ndfxng)
- Water pollution sensor (color) (Ref, TRW
. Modes of Data Handling).
- Vertical Temperature Sounder (Ref,
. TRW Modes of Data Handling).
- Very high resolution radiometer (Ref.
TRW Modes of Data Handling).
- Side Looking Radar (Ref. EOSMRG)
- Data Collection System (Ref., EOSMRG)

Payload Weight: 1100 Ibs. (Ref. Modes of Data Handling by
| TRW), - ‘ o
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Payload Volume: 10 ft3 plus antenna 2.5 x 1 x 27 ft,
(Ref. TRW Modes of Data Handling).

Payload Power: 1.7 kw (Ref. TRW Modes of Data
Handling).
Payload Orbit: 64° retrograde or 72°; posigrade; sun-

synchronous; 300 nm alt, (Ref.
‘EOSMRG, Appendix D).

‘Data Rate: _ Payload total 200 MB/S (Ref. TRW
Proposal Figure 7.2).

Pointing Requirements: +0. 25° all axes.

Mission Peculiars: Coolers for detectors (passive or active
TBD); data-storage devices or TDRSS
compatibility; earth-viewing clearance
for all sensors.

1.1.3,3 EOS-C

" The EOS family of spaLcecra.ft will perform the missions previously

assigned to Nimbus. Oceanography and meteorology are the principal

disciplines jnvolved, and EOS5-C is devoied to these disciplines,

The major sources of payload data are the TRW Study of Mission
Requirements for an EOS Emphasizing Meteorology, the EOS Mission
Review Group, the TRW Tradeoff Analysis of Modes of Data Handling Study,
and the NASA Imagers and Scanner Work Group. |

Payload: - Advanced atmospheric sounder (Ref. TRW
Modes of Data Handling).
- Oceanic Scanning Spectrophotometer
(Ref. TRW Modes of Data Handling).
- Sea Surface Temperature Imaging
Radiometer (Ref. TRW Modes of Data
. Handling).
- Passive Multichannel Microwave Radiometer
(Ref, TRW Modes of Data Handling).
- Constant Resolution Meteorological
Scanner {Ref. TRW Modes of Data Handling).
- Cloud Physics Radiometer (Ref. EOSMRG).
- Data Collection System
Payload Weight: Approximately 500 lbs (including estimated
100 1bs for cloud physics radiometer).
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Payload Volume: Approximately 12 ft3 (including 1 ft'3
: ‘estimate for cloud physics radiometer).

Payload Power: ' 450 W (including 75 w estimate for
' : cloud physms radiometer).
Orbit: ?00-1000 nmi; sun synchronous;
:0900-1500 local sun time equatorial
crossing).

Pointing Requirements: +0. 25° all axes,

Mission Peculiars: Data-storage devices or TDRSS
compatibility; detector cooling {passive
or active TBD); 6 x 8 ft parabolic
antenna with conical scan 40 degrees
from nadir.

Data Rate: 1 MB/S total
i.1.3.4 SEOS-A

This spacecraft will replace the SMS as a NASA R&D vehicle for geo-
stationary earth observations. The mission will include observations of

earth resources, dceanography and meteorology.

The payload will consist of a largé telescope {e. g., approximately
1.5 m optics) plus a data collection system. Two parallel Phase-A studies
for telescope definition are currently underway; the Perkin-Elmer/TRW

study is used as one source of data fdr the payload. Also, GSFC has
prov1ded payload data in EOS- I_. 204,

Payload: L. Large Earth Survey Telescope (LEST)
- DCS :
Payload Weight: 2640 1bs {Ref. GSFC Data; see EQS-L.-204).
Payload Volume: 351 ft3'-(13 m3) {(Ref. GSFC Data; see
EOS-L-204). :
Payload Power: 145 w peak
Orbit: | Geostationary at about 100° w,

Pointing Requirements: +28 prad pointing; hold pointing to 0.7 urad.

Mission Peculiars: Data rates 50-60 MB/S; spacecraft slewing
for scanning at 0, 028 rad/min; detector
coolers (passive or active TBD); extremely
severe contamination constraints on optics
{e.g., covers needed). Severe thermal
constraints on structure and telescope.
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1.1,3.5 SEASAT-A

The SEASAT program is dersigned to measure the physical characteristics
of the world's oceans. Dehmtlon of the program is not yet cornplete e. g.,
it is not known which NASA center will manage the program, Data presented
here are from TRW 1nvolvernentv in SEASAT as a contractor to JPL, one of

the NASA centers competing for the program and from EOS-L-204,

Principal parameters to be measured by SEASAT are the ocean's

height and slope, wave profiles, surface winds, tides, currents and

temperatures.
Payload: Ocean sensors {undefined; Ref, GSFC input,
_ see EOS-L-204).

Payload weight: 500 1b {EOS-L.-204).

Payload Veolume: 600 ft> {EOS-L-204). (Note: this must include
antenna volumes)

Payload Power: 500 w (EQOS-1.-204).

Orbit: 725 km; 82° {(non-sun synchronous).

Pointing Requirements: 0.25° all axes.

Data Rate: 0.5K-10M B/S

Data-Storage {108-109 bits) devices or TDRSS com-
patibility; detector coolers (active or passive TBD);
tracking beacon (probable); laser tracking STDN/USB;
thermal constraints on antennas with variable sun angle
180 degrees turn of spacecraft or rotatable solar array,

Note: This payload may be modified by 15 June 1974.

Mission Peculiars:

1.1 3,6 Solar Max Mission {SMM)

The SMM has been givén top priority by the Space Science Board of the
NAS, following its July 1973 meeting at Woods Hole., SMM is aimed at the
1977-79 period of maximum solar activity, A wide range of instruments will
be carried to cover the electromagnetic spectrum {from the visible through
several MeV). GSFC tells us (Ref. EQS-1.-204) that Delta will be used for a
launch in 1978, and Shutile fo¥ payloads in the 1980's, Data below are from
the GSFC documents (EOS-L-204).
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Payload: Unnamed(sensors {(EO5-L-204)

Payload Weight: 1431 1b
Payload Volume: 13.5 ft3
Payload Powéf: . .174 w -
Orbit: 300 nmi; 33°

Po‘inting Requirements: 5'arcsecor.1d pointing; 5 min., stability;
' l arcsecond accuracy

Data Rate: 5 KB/S
Mission Peculiars: Sun pomtmg attitude for payload; data-
storage devices or TDRSS compatibility;

severe contamination constraints on optics.
Payload must point at the sun,

1.1,3.7 Gap Filler (5-band MSS)

This mission is to be an interim solution to the gap between ERTS and
EOS-A. The primary objective will be to survey earth resources. Our
best information is from the GSFC documentation in EQS-1L.-204.

Payload: ~ 5-band MSS.

?ayioad Weight: | 160-610 1b

Payload Volume: ' 12-42 £t

Payload Power:  55-125 W,

Orbit: 920 km; 99%; sun synchronous

Pointing Requirements: O, 25° na.%ir peointing accuracy; 0. 0005°/sec
rate; 5-8" off nadir requirements are same
as nadir-peinting requ1rements

Data Rate: 30 MB/S total.

Mission Peculiars: Data-storage devices or TDRSSV compatibility
' will probably be required.

Note: GSFC has given us three alternate payloads (EOS-L-204),
which accounts for the wide variation in payload welght
volume and power,



1,1,3,8 EQCS-A'

This mission is expected about 1984, It will be a second-generation

earth resources mission. Payload data are taken from the TRW

Tradeoff Analysis of Modes of Data Handling for Earth Resources Study,

for which upgradéd EOS payloads were developed,

Pavyload:

Payload Weight:
Payload Volume:
Payload Power:

Orbit:

Pointing Requirements:

Data Rate:

Mission Peculiars:

1.1.3.9 EOS-B'

- High Resolution Multispectral Point
Scanner (HRMPS) -

- Pointable Imager (PI)

- Synthetic Aperture Radar (SAR)

- DCS

2170 1b

92 Ft3 plus antenna 2.5 x 1 x 27 ft. min.
2360 w

480-500 nmi; sun synchronous.

0.005°; lO—Tdeg/sec {TRW esfima.tes).

HRMPS and P1368 MB/S
SAR 300 MB/S

Data-storage devices or TDRSS compatibility
(Ref. TRW proposal Figure 7, 2); compatibility
with low cost ground stations (Ref. Section 7.2
of TRW proposal); radiation cooler required
(Ref. Figure 7.4 of TRW proposal)., Highly
susceptible to contamination on optical
surfaces and radiation cooler.

Payload for EQOS-B' will be an upgraded environmental-pollution set of

instruments, Launch expected about 1985, The payload has been extrapolated

from the state of current technology by TRW; little documented information

is available,

Pavyload:

Payload Weight:

Payload Volume:

- Laser particulate sensor.
- Laser planckton profiler {water pollution)
- Multispectral polarimeter (gaseous air

peollution).
1400 1b (TRW estimate)

12 £t
Antenna 2.5 x 1 x 27 ft.
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Payload Power: 2.4 kw

Orbit: ' 64° retrograde or TZO'posig;"ade; sun synchronous;
‘ 300 nmi alt. (Ref. EOSMRG, Appendix D).

Poiﬁting Requirements: +0. 1° all axes

A

Data Rate: , | Total 300 MB/S5

Mission Peculiars: Coolers for detectors; data storage devices
or TDRSS compatible; earth-viewing -
clearances for all sensors.

1.1.3,10 EQS-C!'

EOS-C' will be an oceanography-meteorology mission. The payload
described belaw is based on TRW data developed in the Tradeoff Analysis of
Modes of Data Handling for Earth Resources Study. It is likely that this
generation of O/M payloads will be slanted toward microwave, lasers,
radar and IR sensors which use active coolers.

Payload: {1) Advanced Atmospheric Sounder ‘
(2) Advanced Oceanic Scanning Spectrophotmeter
{3) Advanced Passive Multichannel Microwave
Radiometer.
{4) Advanced Constant Resolution Met Scanner

- Laser Backscatter Wind Sensor
{5) Advanced Data Ccollection System.

Payload Weight: 1500 1b (estimated from 1075 1bs for
sensors 1, 2, 3 and 4, plus 100 lbs for
DCS and 325 lbs for Laser sensor).

Payload Volume: 26 ft3 {18 ft3 for sensors 1, 2, 3 and 4 plus
8 ft> for laser and DCS). '

Payload Power: | 2 kw (1800 w for ‘l,. 2, 3 and 4 plus 200 w
- for laser and DCS).

Orbit: 700-1000 nmi; sun synchronous; 0900-1500
local sun time equatorial crossing.

Pointing Requirements: 0, 1° (TRW estimate).

Data Rate: : 2 MB/S

‘Mission Peculiars: 10-20m PMMR antenna, with conical
scan about Z axis; TDRSS for data link;
active cooling for IR detectors.
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1.1,3.11 SEOS-B

This spacecraft is in the same time frame as SEOS-A, The payload
will be similar to that of SEOS-A, since there is no appreciable time 7
between the two missions for development of a second-generation sensor.
The two spacecraft (SEOS-A and -B) will be positioned to monitor the

Pacific and Atlantic plus dual coverage of the United States.
1.1.3.12 SEASAT-B |
SEASAT-B will carry a second-generation payload, There is no

documentation on which to base the SEASAT-B payload, so this paylcad
is extrapolated from SEASAT-A requirements and the payload for that

mission,

Payload: - Multi-frequency Microwave Radiometer
- Side Looking Synthetic Aperture Radar
- Advanced Altimeter
- Advanced Scatterometer
=~ Advanced DCS,

Payload Weight: Approximately 1500 lbs

Payload Volume: - 1000 £t

Payload Power:; 1.5 kw

Orbit: 725 km; non-sun synchronous.

Pointing Requirements: 0,1° all axes
Data Rate: 50 MB/S

Mission Peculiars: Multiple antennas; SLR antenna approxi-
' mately 60 ft long, with rotation about
X-axis; TDRSS data links; high-rate data
handling for SAR; active coolers for IR
detectors; thermal control and power vs
variable sun angle,

1.1.3,13 SMM (Advanced)

This payload is as defined in GSFC documentation (EQS-L-204).

Payload: . No specific sensors are identified
Payload Weight: . 6800 1b
- Payload Volume: 343 ft3
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1.1.4 Later Payloads

Payload Power: 600 W
Orbit: 300 nmi; 33° inclination

Pointing Requirements: 2 arcsecond pointing; 5 min pointing
stability; 0. 22 arcsecond accuracy.

Data Rate: 3 MB/S
Mission Peculiars: VTDRSS links; severe contamination
: constraint for optical surfaces.
Payload must point at the sun,

Payloads beyond the mid-1980's can only be characterizéd, rather than

defined. The following guidelines are recommended for consideration. in

scaling EOS to fit these later payloads:

-~ 1.1.5

Because higher resolution (spatial and spectral) is a driving
function in EOS-related disciplines, it is likely that data rates
will increase, :

Command systems should be expected to increase in capacity and
flexibility. This trend will be caused by scientists' desire to be
more selective in their observational requirements, ’

Off-track pointing of sensors will become a stronger require-
ment because of scientists' desires to view targets on'a more
selective basis,

Contamination of optical systems will be an increasing problem
as optical systems increase in size.: ‘

Microwave and side-looking radars will require larger antennas,
often with pointing or rotation required of the antennas.

Tighter pointing and stabilization requirements will be imposed
on the spacecraft because of the sensors' higher spatial resolution.

Orbits will deviate from the sun synchronous as scientists choose
to look at other diurinal regimes. For example, terminator
orbits and SEASAT -type orbits will be selected.

Future Mission Analysis Data

It is a.nticipatled that the SEASAT payload may be redefined by the NASA

Headquarters SEASAT program manager. When the information becomes '

available, a revision to this report will be prepared. |
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e This model supports EOS, SEOS, SEASAT, and SMM with nine new spacecraft buys
and six refurbishment cycles, plus development/acquisition of 15 payloads,

® Five-year retrieval/replacement cycles based on best estimates for development

cycles for new payloads., This estimate considers budget constraints and technology-
development times. (Five years probably on the low side.)

Figure 1-1, EOS Candidate Missions



1.1,5.1 Mission Operations

1.1.5.1,1 Mission Objectives

Major mission events are detailed for three possible EOS mission

. segments:
. From liftoff through operational orbit insertion

¢ From operational orbit through capture by the Shuttle through
resupply and repair through redeployment and reestablishment
of the operational nrbit

® From operational orbit to capture, storage and Shuttle deorbit.

The operations are given in as much detail as is practical at this stage of
the EOS mission(s) development. Emphasis is placed on those events that
set the mission profile or place requirements on spacecraft hardware or
ground systems. In many cases the relative timing (spacing) of the events
presented is not known in detail; however, the order of presentation is con-
" sidered accurate. No attempt is made to consider unplanned contingencies;
only nominal operations and planned contingencies (resupply, retrieval}
are considered.

a. Liftoff to Operational Orbit Insertion
- {Circularization Maneuver Required)

Figure 1-2 defines the major operations that must be performed in
order to inject EOS into its operational orbit in the desired attitude con-
figuration. The general case where a circularization burn is required

after insertion is presented.

At a specified time after separation the pyrotechnic devices thaf hold
down the solar array are activated and the array extends (deployment takes
about two minutes}. Irnrped;iately after the array is deployed, reorienta-
tion of the spacecraft to the sun pointing attitude is initiated. When sun
pointing is achieved, the spacecraft negative yaw axis (-Z) points at the
center of the sun and holds. The yaw rate is zero. The solar array is
then driven into the yaw plane. With the spacecraft -Z axis holding on the
sun and the yaw rate damped, the star trackers will each lock on stars and

the magnetometer output will stabilize. These data {magnetometer readings
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and star tracker coordinates) are transmitted to the ground where the
attitude commands that will reorient the spacecraft to the Earth pointing

attitude are computed.

As soon as possible,- the ground cbmputed attitude commands are
telemetered to the spacecraft and reorientation to the Earth Hold Mode is
initiated. The Earth pointing attitude is then trimmed using onboard space-
craft ephemeris data and star tables until a "coarse' earth-hold attitude
is a,c:hieved.,:c In the earth hold mode the spacecraft orbits the earth with
its -Z axis pointing at the center‘ of the earth and the pitch axis in the orbit
plane. The ground now tracks the spacecraft until an accurate burn.time**
and burn duration is computed and at the earliest opportunity these data
are telemetered to the spacecraft-and stored. The burn time and duration
are refined on the ground and transmitted to the spacecraft as required
until the burn is executed. After execution of the circularization buxn the
spacecraft is again tracked and orbit trim maneuvers are computed,'trans-
mitted, stored and executed until the desired operational orbit is achieved.
At this point the gyro wheels and magnetic torquers are uncag'ed and the
spacecraft is put in the operational Earth Hold Mode (i.e., the earth
pointing attitude is maintained using the gyro wheels and magnetic torquers
rather than the gas jets). Now. the experiment covers are remcved and

the wideband antennas are uncaged and nominal on-orhit operation commence.

The ground station coverage during the first nine hours of a sun-
synchronous mission is given in Figure 1-3. The figure shows that the first
few orbits are covered only by Alaska. It is not until approximately 8.5
hours after insertion that apogee has full and overlapping coverage., It
is during this apogee coverage periocd that the circularization burn is
planned. This leaves about eight hours to command the spacecraft to the
earth hold mode, track the vehicle to obtain a good state vector and com-

pute and store the circularization burn maneuver.

| >k"Coa.rS(-:e" refers to the fact that the attitude is maintained with gas jets
rather than gyro wheels and magnetic torquers as will be the case after
injection into the operational orbit is achieved.

ula

“"The burn time will correspond approximately to the first apogee that has
adequate ground coverage. This will be about 8.5 hours after launch (see

Figure 1-3), "
1~15
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Trajectory lighting, unlike ground station coverage,is a function of

local launch time., For launches between 10 a. m. and 2 p. m. local time,

first darkness occurs about 25 rninutels after insertion and the duration o_f

the eclipse is about 37 minutes. The lighting for an 11 a. m, launch is

shown on Figures 1-2 and 1-3,

b. Liftoff to Operational Orbit Insertion
(No Circularization Burn Required)

Figure l-4 gives the major mission operations for the case where no
circularization burn is required to achieve the desired operational orbit.
This case is identical to the above case except that the burn related

operations are deleted.

c. Resupply Mission (Servicing Orbit Required)

Figure 1-5 defines the sequence of:major ‘operations {(for EOS, Shuttle
and the ground) for an in-orbit resupply mission. The general case where
EQS is required to inject into an intermediate servicing orbit, accessible

to the Shuttle, is presented.

The sequence begins when EOS receives and stores the operational-
orbit-to-servicing-orbit maneuver data. Implicit in this transmission is

Shuttle launch readiness. From the EOS standpoint the constraints on the

_operational orbit-to-service-orbit-back-to-operational orbit maneuver

sequence are that 1) the burns be done over a ground station — preferably
over overlapping ground coverage, and 2)* the relationship between the
EOS orbit node and the solar right ascension that exists prior to the ser-
vice orbit burn be restored within a specifiea tolerance when EOS regains

its opera,tiéna.l orbit. Except for these two EOS requirements the maneuvers

may be chosen so as to optimize Shuttle operations.

After completion of the service orbit injection maneuver a periocd of
tracking and trimming ensues. When an acceptable servicing orbit is
achieved the Shuttle is launched and a sequence of Shuttle rendezvous

L .
maneuvers are carried outs When the Shuttle achieves stationkeeping

oy o s . .
This constraint is removed in the retrieval case.

Ak L a5 . .
EQS is*passive during rendezvous.
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with EQS it maneuvers to the proper relative position for capture. The
EQOS/ Shuttle interface (i.e., capture through redeployment) is well estab-
lished, It is described and partially illustrated in Figure l1-5and further

illustrated in Figure 1-6.

After EOS is redeployed the Shuttle will perform a small maneuver
to separate it from EGS. At this point the sequence of EOS operations
necessary to reestablish the operational orbit are virtually identical Vto‘ the
Separation-to-operational orbit insertion operation discussed abové. .The

required sequence is given in Figure 1-5,

d. Resﬁpply Mission (No Servicing Orbit Required)

If BOS resupply can be carried out in the operational orbit the mis-
sion is greatly simplified (as compared with resupply when an intermediate
sérvicing orbit is required). The required operations are specified in
Figure 1-7; they represent a small subset of the more general service-orbit-

required case outlined in Figure 1-5.

e. Retrieval Mission

An EOS retrieval mission, whether an intermediate servicing orbit
is required or not, is identical, up to a point, with the corresponding're-
supply case. However, in the retrieval case the mission effectively ends
when the spacecraft is docked with the Shuttle. After docking instead of
module exchange, redeployment, etc., the solar array is retracted — the
docking mechanism folds putting EOS into a special retention device — the
docking mechanism is then released leaving the Spacécra_ft totally supported
b;} the retention mechanism. The cargo bay is closed and the Shuttle
deorbits and lands. The list of operations for the two retrieval cases are

given in Figures 1-8 and 1-9.
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1.1.5.1.2 Yaw Turn Considerations

This task is required to identify the nced for a yaw turn capability
and assess the impact on instrument payload and support subsystems of
orientation of the +X axis either in the direction of the velocity vector or
opposed to it. The attitude control system can function equally well in

either orientation.

The basic spacecraft platform, as conceptually configured in this
study, takes advantage of the sun s.ynchronous orbit required for EQS-A
and locates the power module containing thé batteries on the anti-sun
side, the solar array module on the sun side, and directs the fixed star
sensors toward the anti-sun side. Additionally, the TM a?,nd HRFI
instrument pavyloads for EOS-A are cén.figured to take ad\fantage of the
cooling available on the anti-sun side. The task briefly addresses the
impact of this constraint on how the mission can be flown and still satisfy

the constraint.’

ECS-A

Requirements and Constraints:

* The baseline EOS-A orbit is sun synchronous,
therefore, ‘the sun remains on one side of the
orbit plane throughout any one mission.

. The instrument payload design concept requires
that one side of the instrument paylocad points
nominally away from the sun side of the orbit
plane for cooling.

] The orbit nodes must be capable of being placed
anywhere from the 6 am subpoint position to the
6 pm subpoint position and will remain fixed (at
the selected time) during any one mission.

Alternative Implementations:

There are three alternative implementations for satisfying the

above requirements. These are:
1) Assuming that the baseline is configured with the sun
on the -Y side with +X in the direction of the velocity

_— vector, the ascending node can be positioned within the -
sector of 6 am to noon subpoint positions {(see Figure 1-10)
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or the descending node may be positioned within the

sector of noon to 6 pm subpoint positions, No yaw turn is
required for this configuration and there are no configura-
.tion changes.

2) This alternative is similar to (1) above in which the
descending node is positioned in the am sector or an
ascending node is positioned in the pm sector. No yaw
turn is required in this configuration however, ''right' and
"left'" hand wiring harnesses are required for the reversal
instrument, power, and attitude determination, and solar
array and drive modules, and some structural changes are
required to accommodate the '"'reversed hand'' configuration.
Adjustment of instrument alignment is also required to
accommodate the reversed attitude with regard to apparent
direction of travel and earth rotation effects. Some additional
cost for fabrication of right and left-handed assemblies and
possibly conversion of replacement instruments to opposite
direction operation would be incurred if both am and pm.
missions using this alternative are flown.

3} This alternative is similar to (1) above for am ascending
nodes but would require operation with the -X axis in the
direction of the velocity vector for ascending nodes in the pm.
The AV operation mode would require a 180° yaw turn for
orbit maintenance plus additional propellant gas for the yaw
maneuvers. AV thrusting may be required for initial orbit
circularization and subsequently at intervals of every 17 days
for the 387 nm altitude baseline case. The AV burn attitude
can probably be referenced to gyro sensing only and performed

" during instrument "off' periods. The 180" maneuver and
settling time would require about one-half hour to return to
data-taking attitude control constraints. As in the case of
alternative (2), instrument alignment is required to accommo-
date the reverse direction traverse. This alternative will
have a slight additional cost and weight for the increased gas
required.

All cases will require at least one yaw maneuver for either initial

orbit circularization or deboost thrusting for rendezvous.

Recommendation for EOQS-A:

The first alternative above, i.e., 6 am to noon ascending node or noon

to 6 pm descending node is recommended for EOS-A because the observatory
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design is identical for either case. If afternoon ascending nodes are
required, the least design change (lowest cost} would result from the third
alternative wherein the -X axis is in the direction of the velocity vector.

In this case, instrument re-alignment is required to accommodate the
reverse traverse and yaw turns are required for the orbit makeup AV burns

every 17 days which can probably be performed without mission interference.

OTHER MISSIONS

EQS-B and EOS-C:

Similar to EOS-A.
SEASAT:

This low altitude ndn-smchronous orbit will regress relative to the
sun line and as in the case of EOS-A, it will be necessary to keep the sun
on one side of the satellite for thermal management and to illuminate the
solar array without shadowing. The best way to do this will be to perform
a yaw turn and reverse the +X axis relative to the veloc ity vector at each
180° rotation of the sun line relative to the orbit plane. Review of the
t entative instrument payload indicates that the sensors can operate equally
well in either orientation if the ground data processing is adjusted to the
change in orientation mode. For example, with a 725 km, 820 inclination
orbit the relative sun line regression would require a 180° yaw maneuver
approximately every 93 days. This maneuver will require approximately
one-half hour and could be performed during a no-data-taking period without

mission interference,.
SEOS-A:

Since this orbit is geostationary the observatory must accommodate
only the seasonal north/south sun excursion. In this case, thermal control
can be accommodated with either a sun shade or a 180° roll re-orientation

every six months.

SOLAR MAX:

Since the observatory is sun pointing in this mission, thermal control

is manageable,
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1,1.5,1.3 Antenna and Ephemeris Autonomy

Ground operational requirements are affected by the manner in
.which the On-Board Computer is used to implement ephemeris modelling

and antenna pointing,

The detailed design of both on-board ephemeris and antenna pointing
equations are the subject of attitude determination and control studies.
Guidelines to these studies have been developed under this task. These
guidelines have resulted from evaluation of performance and operational

requirements.

Some degree of on-board ephemeris modelling is required for EOS,
in order to earth-point the spacecraft based on data from a stellar-inertial
attitude determination system. The type of modelling is selected (see

. attitude determination design) based on pointing accuracy requirements,
ground update frequency constraints, and on-board 'comp'uter requirements.
The presence of this on-board ephemeris model will not simplify ground
ephemeris prediction; however, the manner of its implementation can

affect the volume and frequency of ground update commands.

A cursory analysis indicat es that the on-board ephemerié data will
be a‘dequate to permit open-loop command pointing of the LCGS and CDPF
narrow beam antennas. * “Such aﬁ on-board antenna pointing requirement
is needed if we assume possible servicing of LCGS users while not in
communication with the OCC. Given on-bgard ephemeris and data
s;l:)ecifying the location of the ground stations {and a specification of their
sequence), the gimbal commands can be generated in the OBC via rather
simple analytic expressions. Slew commands can also be generated on
board according to re-targeting requirements. Development of these

pointing equations is part of the attitude control design activity.

*Bearawidths for the LCGS/CDPF antenna will be in the neighborhood
of 5 degrees, requiring control to within 0.25 - 0.50 deg. The
T DRS data link (at 14 GHz) would have a beam width of about one degree,
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2. ORBIT ANALYSIS

2.1 ORBIT SELECTION AND CHARACTERIZATION

2.1.1 Problem Discussion

The EQS-A mission is to be flown in a 10W-é.1titude (300 to 900 nn mi),
circular sun-synchronous orbit. This establishes the only free variable
as the orbital altitude. The selection of the orbital altitude is governed
by the frequency and pattern of earth surface coverage desired, payload
capability of the launch vehicle, ground station coverage and pass time,
and maintenance required to compensate for altitude caused by

-atmospheric drag.

2,1.1.1 Earth Coverage Consideration

To determine the nature, extent, and frequency of coverage of fea--
- tures on the earth's surface, itis necessa"ry to examine its trace pattern.
The trace repetition parameter Q is the number of satellite revolutions )
that occur during one rotation of the earth relative to the osculating orbit
plane, In general, QQ is expressed as an integer plus a fraction n/d where
- nand d are relative prime integers. The denominator d is the whole
number of rotations the earth must make relative to the orbit plane before
the trace closes, i.e., d is the duration in days of the coverage patt.ern
cycle. The numerator n determines the order in which the trace pattern
develops. For circular, sun-synchronous orbits, the trace parameter Q
is given as a function of altitude in Figure 2-1, Note that suitable values of
Q for the the altitude range speciﬁed (300 to 900 n mi) are between 12 and
15 orbits per day.

The minimum swathwidth required for full earth coverage is directly
related to the number of days required to achieve global coverag'e. Fig-
ure 2-2 shows the minimum swath width required for full earth coverage for
variocus repeat cycles as a function of Q. Note that for the specified swath-
width value of 100 n mi, the repeat cycle must be at least 18 days for the
higher altitudes (low Q) and at least 15 days for the lower altitudes (high Q).
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2.1,1,2 Launch Vehicle Considerations

The launch vehicle payload characteristics establish the upper
altitude limits for specified payload weights. The payload characteristics
for the candidate launch vehicles are presented in Figure 2-3. Current
‘estimates for the EOS-A mission limit altitude to 480 n mi. The Shuttle
ability to achieve this circular altitude for servicing missions was a factor
in this limit.

2,1.1.3 Orbit Maintenance

Requirements for minimum swath overlap place specific tolerances
on orbital period. The most significant perturbation on the orbit is from
atmospheric drag which causes altitude decay, and'therefore, period vari«
ations. The frequency and magnitude of the orbit maintenance to correct
for atmospheric drag is a function of the spacecraft ballistic parameter
(M/CDA) and the allowable swath overlap., Presented in Figures 2-4 and 2-5
are estimates of the frequency and magnitude of orbit maintenance as a

function of altitude and ballistic parameter,
2.1,2 Analysis

The selection of orbital altitude not only governs the frequency of
earth surface coverage but also the: pattern of coverage. As stated above,
the numerator, n, of the fractional part of a Q determines the trace pat-
‘tern. Considering 16 and 17-day repeat cycles, Figure 2-6 indicates the
relationship between altitude and the quantity n, Figures 2-7 and 2-8 present

the trace patterns for all values of n for a 17-day repeat cycle,

A primary factor in the selection of a trace pattern was the optimum
utilization of the ability of the high~resolution pointable image {HRFI) to be
offset up to +30 degrees from the down nadir direction (+45 degrees offset
should also be considered). This capability is essentially the same as pro-
viding an effective increase in the swathwidth and with proper selection of
the trace pattern can permit full global coverage in a signﬁicaﬁﬂy shorter
time than the repeat cycle::: For example, consider Q equal 14 6/17 and
14 11/17. Figure 2-9 illustrates this case with the 100 nm swath and an
offset of 30 degrees (the HRPI swathwidth is 25.9 n mi), Note that the

.

" The capability to observe any point on the globe, not to collect data from
each point. '
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offset capability can permit full coverage in 5 days for n = é and 6 d-a.ys'
for n = 11. Table 2~1 presents the time required for full coverage for

17-day repeat cycle trace patterns for both a 30- and 45-degree offset.

For n equals 9 and a 45-degree offs'et, coverage is permitted every
2 days, as shown in Figure 2-10., Reducing the offset to 30 degrees permits
coverage every 9 days. However, by moving the offset to a value slightly
greater than 30 degrees, the full coverage could be obtained in 5 days,

Table 2-1, Reduction in Coverage Time for 17 Day Cycle by HRPI Offset

Days for Full Coverage

-Offset-
a 30° 45° Altitude (nm)
1 12. 7 471.0
2 7 4 460, 1
3 5 4 449, 3
4 4 3 438.6
5 4 3 427.9
6 5 3 417.3
7 5 3 406, 8
8 9 3 396, 4
9 9 2 386,0
10 4 3 375.7
11 6 3 365, 5
12 7 3 355, 3
13 5 4 345, 2
14 6 4 335, 2
15 8 6 325.2
16 14 11 315, 3

2.1.3 Conclusions

The two primary criteria for the selection of a baseline EOS-A
'mission orbital altitude are the launch vehicle capabilities and the global
coverage characteristics. An additional factor which does enter into the
selection process is the ability of the Shuttle to reach the orbital altitude
for in-orbit maintenance. Because of the large difference in launch vehicle

performance characteristics, both a Delta and Titan EOS configuration was
considered.

The Delta baseline orbit will be limited to altitudes below 350 n mi.
A baseline altitude of 335, 2 n mi was selected since coverage could be
reduced to & days with a 30-degree HRPI offset,
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The Titan baseline orbital altitude is 386 n mi because of the possible
2-day coverage ability with a 45-degree HRPI offset. [t should be noted,.
however, that relatively small changes in altitude about the baseline can
change the coverage pattern significantly as indicated in Table 2-1. There-
fore, the data presented for the baseline o’rbits such as ground station
coverage and illumination are representative of the various trace patterns

available in the same altitude range.

A sun-synchronous orbit is one that maintains a constant angle be-
tween the mean sun and the orbit plane of the spacecraft, Therefore, sun-
synchronous orbits have the desirable property of minimizing variations in
the angle between the sun and the local vertical at the subsatellite point
{the solar illumination angle) at a given altitude throughout the year.
Variations of this angle at a given latitude arise because of ellipticity of
the earth's orbit about the sun and the angle of the axis of rotation of the
earth with the ecliptic plane. The selection of the orbital node relative to
the mean sun will dictate the solar illumination angle, Current user re-
quirements have established the relative node at ~15 degrees (referred to
as an 11:00 a.m. orbit). Slight variations in solar illumination angle
history occur depending on whether the node is ascending (northbound) or

descending (southbound). DBoth cases are presented.

Table 2-2 presents the orbital data for each of the two EOS config-
urations. Figures 2-11 and 2-12 present the solar illumination angle
variations for the Delta configureation. Figure 2-12 illustrates the orbital
ground trace for a typical day for the Titan configuration. Also indicated

are the visibility contours for the Goldstone and Goddard ground stations,

Figure 2-13 presents the orbital maintenance data for ballistic

parameters corresponding to the Titan and Delta configurations.

It should be noted that if drag decay orbit maintenance maneuvers
were made every 17 days, this maneuver would ensure precise repeat

coverage every cycle.
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Table 2-2. Baseline Orbits
Titan Delta
. Altitude (nm) 386 335.2
Inclination (deg) 98. 25 97.7
Trace Parafnetér 14 9/17 14 14/17
Node (deg) 11:00 A. M. 11:00 A. M,
Period (hours) 1.652 1.659
Orbit Achievement AV(ft/sec) 480, 9 0.
S5/C weight (lbs) 5000 2750
Area (ftz} 145 50
Ch 2.4 2.4
Orbit Maintenance
total AV({{ft/sec) 29 34
frequqncy.; _days 2.4 3.8
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2.2 ORBIT TRANSFER REQUIREMENTS

The inability of the Titan and Shuttle launch systems to place the
EOS into circular orbits places the requirement on the EOS to provide
the impulse to circularize the insertion elliptical orbit. In addition, the
‘spacecraft may also be required to provide the impulse to deorbit from
the circular orbit to an -elliptical orbit on which the Shuttle can effect

rendezvous for maintenance and refurbishment.

The impulsive AV 'required' to circularize an elliptical orbit at its
apogee altitude (perigee at 100 nm) is given in Figure 2-14. The same AV
is required to deboost the spacecraft from the circular orbit to an elliptical

servicing orbit with an apogee altitude equivalent to the circular altitude.

While in an elliptical servicing orbit the relative nodal rates will
change the orientation of the origina'l and servicing orbital planes. The

AV to correct the node error per day of drift is given in Figure 2-15,
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2.3 MULTIPLE SPACECRAFT SERVICING

The ability of the Shuttle to service more than one spacecraft during a
single flight is determined by the AV capability available. If required, the
spacecraft to be serviced by the Shuttle will provide the impulse to transfer
into an elliptical servicing orbit if the Shuttle cannot achieve the operational
‘circular Vorbit. The Shuttle must then perform all additional maneuvers re-
~quired for rendezvous. The maximum total on-orbit Shuttle AV capability

for servicing missions was assumed to be 2500 it/ sec.

This capability dictates the classes of orbit transfers available for
servicing for EOS missions,
¢ Transfer between two sun synchronous orbits at different
altitudes with no node difference

. Transfer betwzen two sun synchronous orbits at same
altitude and with a node difference

] Removal of phase angle between two spacecraft in same
sun synchronous orbit

| 2.3.1 Analysis

Since the inclination of a sun synchronous orbit is a function of the
orbital altitude, transfer between sun synchronous orbits includes both
an altitude and inclination change. The &V requir'ements for transfer
between sun synchronous orbits with the same node are presented in
Figure 2-16. The data indicate that approximately 300 nmi altitude changes
are possible with the Shuttle AV capability, The AV required for orbit

plane changes are presented in Figure 2-17. The maximum node change (with
no inclination change) for AV capability is six degrees (24 minutes change |
in local time of equator crossing). An alternate approach to node change
maneuvers directly would be an altitude change to modify the nodal rate
caused by the earth's oblateness. The difference in node rates between the
two orbits would cause the nodes to drift and decrease (or increase) their
relative difference. Figure 2-18 presents the relative drift rates between
various apogee altitude ellip‘tical‘c-rbits with 100 nm perigee and sun syn-
chronous orbits. The data indicate that for a 500 nm apogee, a one degree
drift is obtained every five days. Time restrictions imposed on Shuttle
mission duration limits the node reduction available by this method.

»
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Multipl'e'spac'eéféfltt:;s';é‘l"'v'iéing c-oul‘d‘ also be carried out with two space-
craft in the same orbit but placed at different positions Arelati\'.re.to each
other. The Shuttle would then be required to transfer to an intermediate
phasing orbit and then return to the servicing orbit and rendezvous with
the second spa-cecraft. Figure 2-19 presents the AV requi_re‘d to perform these

maneuvers as a function of the phase angle reduction per day.

2.3.2 Conclusions

The Shuttle AV capability limits the orbital maneuvers between two orbits

to the following missions:

. Two sun synchronous oribts at same altitude (and thus in-
clination) and an equator crossing time difference of 24
minutes - ' _ '

® Two sun synchronous orbits with same equator crossing

time and an altitude difference of 300 nm

. Two spacecraft in the same orbit with any phase difference.

The probability of any of the above missions existing is small and does not
justify further examination of multiple spacecraft Shuttle servicing at

this time.
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3. SHUTTLE INTERFACES

3.1 MEMS APPLICABILITY

.EOS interface W1th the MEM (Module Exchange Mechamsm, also
SPMS, Special Purpose Mampulator System) is critical to the whole
concept of on-orbit replacement of spacecra,ft modules. MEMis
well along in development by the SPAR Canadian Consortium, with
a working mock-up to be completed soon. Several inconsistencies
must be resolved by us '(togethef with Rockwell and SPAR) within

the imniediate‘ future to-assure compa;tibi;ity.
3.1.1 Discussion

"The MEM is a fairly rigid mainpulator system (see Figure 3-1),
which grasps modules, operates their latches, and exchanges new for
old between EOS and the storage mag!azine. The most recent philo-

sophies (from SPAR) are:

.o Four "Arms'" to simultaneously grab and operate four
latches at the corners of a module.:

* A second set of arms such that MEM can hold two modules
at once (alleviating the requirement for temporary storage).

. MEM must now operate in 1 g (with some counter-.
balancing) probably accounting for the four arms as
opposed to two. or one.

. ' SPAR intends to use a single motor size (with different
gear boxes) for all functions.

s  MEM Specifications — Notice the 0. 25-mch precision (No, 5)
in positioning of a module for rep-Iacement

. The movements of MEM will now be seml-a.utomatic.
That is, the astronaut/foperator will be required to
“juggle' MEM during the last few inches in all de-
grees of freedom to account for the 0.25 inch mis-

"alignment of module to EOS during insertion (grap-

pling, removal, etc.).’ Gross movements, travers-
ing from EOS to magazine, etc., will be automatic,

controlled by software, initiated by a command, and
over-rideable.



Z2-¢

1. | classification High Force, High Precision
Orthogonal Axis Module
Exchange System, Man-In-
The-~Loop '
2. Working Stroke 130 in. in X-Axis
214 in. in Z-Axis
40 in. in Y-Axis
3. | Tip Force 300 1lbs through 18 in. Travel
4, stiffness of Structure 230 lbs./in. (At Full Extension)
5. | Precision (No Load) $0.25 in.
6. Speed of Operation 1l in./sec. (Unloaded)
' : ‘ 0.10 in./sec. Module Engage
.. Under 300 1b. load:
7. | Stopping Distance 0.25 in. at 1 in./sec. with
: 900 1b. Mass
8. Dexterity & Control 4 DOF, Force Feedback Control,
‘ Visual Position Sensing
9. Storage Capacity Up to 9 Spacecraft & Instrument
Modules
10.{ Weight 2840 ILbs. (Appendix C)
11.| Operational Power 250 Watts
12.| Cycle Time 15 Minutes Nominal
13.] Flight Environments Shuttle Launch and Orbit




The MEM System Shown Exchanging an EOS Module

Figure 3-1,
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3.1.2 Assumptions

It is assumed that astronaut controlled motions during "fit-up"
will not induce excessive stresses in either module or EOS. (Nat
a brute force insertion, requiring him to have visual aids (TV),
proximity indicators, tactile feedback, or some combination)}.
This will be confirmed with Goddard or SPAR. It is also assumed
that the MEM design will remain flexible enough to accommodate our
recommendationg and requirements such as latch operation (presently
envisioned as a bolt torquing operation; refer to paragraph 3, 1.5), ability
to handle somewhat different module sizes (see below) and latching

sequence command formats.

3.1.3 Areas of Concern

° Wideband communications module with antennas and
propulsion/attitude actuation module compatibility
with MEMS appears to be generally feasible, but
further definition of their configurations is required
for detailed analysis.

) Figure 3-2 depicts a discrepancy between our module sizes
and MEM capability. This must be resolved with SPAR.

° The grappling, insertion, and latching operations are
generally of concern with respect to tolerancing,
thermal, and stress interaction. We must generate
a specification of our own for MEM interface following
module detailed design.

. The exchange between MEM and 54115 of special modules,
{i.e., solar array) for forward bay storage is rather
loosely defined. This is of concern to us since module
latching and grappling are involved.
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3.1.4 Tradeaoff and Decisions

It has become evident during initial configuration efforts that
cantilivered modules, particularly those with long overhang such as
" wideband communication and data collection will require bolted (as
opposed to spring preloaded) latches. This implies the MEM have
the capability for rather significant latch torquing motion (around
125 - 140 ft-1b) which is probably easier to produce than the push-
pull of early Goddard designs. It is also evident that a meeting with
SPAR is required to resolve our interface and assure no future
incompatibilities, particularly_;siﬁce the MEM system is advancing
rapidly (a working mock-up, which mates the Goddard EOS version is

currently under development).

3,1,5 Description of Conceptual End Eifector

Figure 3-3 shows a conceptual approach to a power driven latch design.

It also presents an alternate system of captive attach bolt retention.

Latching System

The latching function is independent from the bolt driving function.
Latching interface consists of an annular groove on the module, and a
pair of latch dogs on the SPMS, The latch dogs are oper.ated by double
links which are attached to trunions on a recirculating ball nut, The
ba.ll nut is restrained from rotation by the links. The mé.ting ball
screw is attached to a bével_ gear which is driven by a matching pinion
providing a reduction ratio of 2, 8. The latch drive motors are mounted
such that they become extensions to the length of the telescoping tubes
of the SPMS where clearance of other mechanisms is available, Limit
switches are envisioned for each end of the ball nut travel to provide

stop/start control for the latch drive motor.
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An engaged/disengaged sensor is also required to inform the latch drive

system that the module and SPMS are in position for latch operation.

Bolt Torque System

The socket probe on the torque tube engages the captive bolt in the module
corner tube. An indexing device (not shown) is required to align the
socket with the bolt flats. The bolt is contained by a cylindrical carrier
which permits a spring to provide soft but positive engagement of the bolt
threads in the spacecraft captive nut. The bolt carrier is sprung in the
opposite direction to assist withdrawal aI;d to maintain static fixity of the
bolt/carrier combination when the bolt is free at both ends. The torque °
tube is spline connected directly to the torque drive motor through a two
stage gear reduction systemn. Counter torque is reacted through keys
between the gear housings and the latch operator tube of the SPMS, A
torque sensing device is required to switch off the motor when the bolt
preload (500 inch pound min) has been achieved. Also, the reverse
(withdrawal) rotation should continue until the latching system is dis-

engaged and the socket probe is free of the bolt.

Figure 3-4 shows an alternate method of providing the latching function,

The bolt torque system is identical to that shown in Figure 3-3.

Internal latch arms (3) are actuated by a positive two directional cam
system, driven by a ball nut and screw arrangement similar to that used
in Figure 3-3. The alignment funnel shown may also be incorporated into
various module corner tube configurations depicted in Figure 3-3. Limit
switching and control functions are also similar to those described above

for the external latching concept.
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3,2 SHUTTLE INTERFACES

‘Thcka Shuttle orbiter will be used to support the EOS Program for

launches {after the initial EOS-A flight), on-orbit servicing (module

' exchangul)“ and return of the entire observatory {o earth (retrievaly
The physwal interface between EOS and Shuttle generally involves
three mechanisms: The transition Ring Cradle (essentially an a,dapiel
for securing EOS in the Shuttle Bay during launch and retrieval by
means of its transition ring), the Docking Adapter (provides support
and positioning of EOS during module exchange and EOS release and
capturc operations) and the SAMS (Shuttle Attached Manipulator Sub
system - grapples EOS at initial rendezvous, and aids peculiar module
stowage and append'a‘ge erection), * There is also the Module Exchange .
Mechanism and its magazine, discussed in Section 3.4. Figure 3-5

depicts these mechanisms.

Docking Adapter

Each EOS spacecraft will be equipped with four docking drogue
probes and hard mounted at the base of the EOS structure as shown

m F1gure 3-6 (three for the Thor-Delta). " The docking adapter con-

tains mechanisms, which when activated, capture and secure each

docking Drogue upon insertion when triggered by proximity sensors

in the Docking Adapter. The ability to account for Drogue mi'salignment

due to thermal differences without inducing excessive stress in the

spacecraft structure is the responsibility of the Docking Adapter. This
. will be done with heaters in the adapter. With EOS docked, the Docking

North American Rockwell, Seal Beach, is contracted with Goddard
for the transition ring cradle and docking platform. WNo contractor
" has yet been selccted for SAMS, Rockwell has the overall integra-

tion responsibiliiy fer the Tlight Support System (FSS) which in-

cludes these enumerated items,

sl 4t

%% No attempt has been made to make Delta and IIID versions identical
per discussions with Rockwell.
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Adapter can erect the spacecraft to a vertical position, (presently re-
quiring an initial vertical motion to clear the transition ring cradle),
rotate it for module accession by SPMS, and release and move back

to provide clearance from EOS during Shuttle flight, As presently en-
visioned, these motions, f0110w1ng discussions with Rockwell International,
Seal Beach are controlledby detents and are not available for coordinated
motion with the SPMS (to jockey a peculiarly shaped propulsion module

into position, for example). Figure 3-7 details the docking adapter motions,
sAMS

‘The Shuttle Attached Manipulator Subsystem (SAMS) ig utilized
for the inttial grapplmcr of EOS upon rendezvous and to position the
spacecraft on the dc)ckmg platform. SAMS will also be used to re-
trieve pecuhar modules (i. e., solar array and SAR antenna) from
forward stowage positions in the Shuttle Bay. This may require a
special end effector on SAMS. Another function of SAMS may be to
deploy and collapse appendages such as ahtennas and the solar array
if required. In conventiémal spacecraft such deployments are normal-
ly done with pyrotechnic pin pullers and spring-loaded hinges {as will
EOS withconventional launch). EOS retrieval {and some module exchange

operations) will necessitate retraction,

Our present philosophy is to utilize SAMS for this function with
simple mechanical hinges rather than incorporate automatic mechanisms
internal to EOS, which would increase EOS cost, complexity, and

weight,

Transition Ring Cradle

This assembly secures EOS to Shuttle during Shuttle launch and
return. It was originally conceived as a large clamping ring which contacts
the transition ring around its periphery, distributing loads uniformly,

An alternate approach under consideration by ourselves and Rockwell
would secure EOS with three hard points as indicated in Figure 3-8.
The following advantages of the latter are apparent:

. Alleviation of the "raising' motion of the docking adapter
to clear the transition ring (fewer actuators: and complexity).
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. Significant (values will be defined as work progresses}
weight savings in the cradle assembly and transition ring.

‘e Less thermal and tolerance interplay between EOS and
 its securing assembly,

The form of the transition ring will be the subject of another memo.

Stowage for Peculiar Modules

TheSolar A_rrajr Module and SAR antenna must be stowed in
the forward bay of Shuttle. Their large sizes precludes stowage in
the module magazine. Exchange of these modules will be more com-
plex than the standard modules since SANiS must be manually directed
by an aétronaut. The F}AMS will operate the module attachmenfmeeha_n,—
isms conventionally; \.;xi.th SAMS used to move the arl.'ay* {antenna, etc.),
to and from its stowed position. Areas of concern presently identified

but as yet unresolved, awaiting further system specifics are:

3 The latching scheme for holding the modules in the
Shuttle bay must be operable wilh SAMS or Shuttle- '
operated.

e - Additional tie points will probably be required at the

ends of the appendages (as. during taunch, when mounted
to the observatory).

' During exchange, the replacement array (etc.), must he
- temporarily stored somewhere while the original is ex-
changed, or the "old" cne discarded, or two stowage
positions prov1de.d in Shuttle bay.

® The Solar Array Module connector may be ”hot” if the
array’'is sunlit.

. EOS may be required to be pla,cc,d in the transition ring
' ¢radle in order to allow SAMS to reach the SPMS.

Safétz

 This area will require more study as requirements are defined.
The following topics have been identified as critical:
° No possibility of causing Shuttle lbay doors to be

impaired from closing - entire payload Jethsonable
if necessary to assure safe return,

e 'Dumpmg of dangerous fluids if launch is aborted; possible
overdesign of pressure vesscls and.associated piping and
Jomts.
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8  Pyrotechnic constraints

e  Special battery safety requirements - discharge prior to
’ rendezvous, etc.

Contamination

Based on discussions with Rockwell, the Shuti:]e bay will be
a fairly "dirty" environment, particularly after Shuttle has flown
a few missions since there is no practical way to clean it effective‘ly.
One approach wliich. has bcen considered for EOS launch is a tent-.-'
like coccoon, kept at a slight positive pressure by dry nitrogen purge,
which surrounds EOS du‘ring_ g‘round handling and launch. This of
course, would not be ef'fectiv.e during resupply. Lubricant outgassing
is also an important consideration near optics, and the SPMS, for
example, has many wet lubricated mechanisms (although sealed}.
References B and C relate to the optic s/contamination problem.
For our béseline approach, it is assumed that cach crit{cal element
(payload optics, radiative cooler, star tracker, etc. ), has its own

commanduble cover to protect it during Shuttle proximity,

REFERENCES

A Final Report, Shut"c]e/Ty'pical Payload Interface Study, Space
Division, Rockwell International, E0S8-1.,~-70. _

B. "Control of Contaminants on Sensors, " W. Hovig, et.al,,
Ccetober 1973, GSFC.

C. "Partial Performance Degradation of a Remote Sensor in
a Space Environment, and Some Probable Causes, * John J. Horman,
et.al., Applied Optics, Vol. 13, No. 5, May 14, P. 1230,
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4. PAYLOADS

4.1 TM STATUS AND INTERFACE REVIEW

The designs of three versions of the thematic mapper have been
reviewed. At this point in time, all three designs are being gseriously
considered. Concurrent breadboard developmenf and test contracts are
being funded by NASA to the three contractors: “ATe Company, Hughee
Aircraft Company, and Honeywell Company. Key differeﬁees between
the three approaches Jare’ discussed, stressing impact on -spacecraft

.interfaces as appropriate.

4.1,1 Development Status

HoneyWell is the furthest along in the devel’oprﬁent of the thematic
mapper Their S$192 1nstrument for the Skylab program demonstrated
that an operational sensor, employmg conical image plane scanning,
could be realized, They have also fabricated a breadboard sensor, that
includes critical elements of their proposed thematic mapper sensor.
Preliminary test results on their seven-band scanner breadboard show
that the measured scanner ‘stability and optical quality is consistent with
thematlc mapper requ1rements Subsequent te stmg will evaluate the per—

formance of the deflectors and electronics.

The multispectral scanner, built by Hughes Aircraft for the ERTS
program, Successfuliy demonstrated the application of their object plane
scanner concept in a space-qualified instrument. The next development
effort not yet underway, is to fabricate and test a larger scan mirror

and scan as sembly smed to sat1sfy the thematic mapper application.

The Te Company version of the thematic mapper is the least devel-
oped of the three. Extepsive enalysis and _significant' detailed deeign
.have been performed that suppqrts the design concept. A breadboard
version of the scan wheel end opties will be built in the near fulture_. Dur-
ing fabrication, assembl;r,k alignment, and test of the breadboard, the
practicality and performance capability of the ‘concept will be demon-
_ strated. Not until t}_‘l_i‘szstetek ofpde;relo'pmen't is reached should we choose
the Te Company desién approach. o;rer‘ the other two thematic mapper

candidates.
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4,1,2 Characteristics Comparison

A summary of key parameters for the alternate design concepts is
presented in Table 4-1. Discussions relating to the various table entries

follows.

Te Company's version of the thematic mapper is shown conceptually
in Figuré 4-la. An image (I} of the scene below the spacecraft is devel-~
oped by the primary mirror. Image plane scanning is accdmpliéhe'd by
rotating a roof mirror in front of the image plane., This mirror motion
directs light from different areas of the image into the spectrometer
portion of the instrument. A secondary effect of this type of image plane
scan is that the cone of light leaving the second mirror surface is tilted
as a function of scan angle, Oscillating mirror ICC compensates for this
tilt such that the light distribution at the corrector mirror is constant
with écan angle. The Aft-Schmidt corrector mirror achieves acceptable
imarlgery over the total +7.38 degree scan field. In order to simplify the
splectrometer optics and minimize the optics losses, the Te design
requires spatial separation of the field of view for Bands 1 through 6
detectors. The 7th band detector straddles the field of view of the
dete.ctors for Bands 5 and 6. This latter feature was achieved by split-
ting the light at a dichroic beam splitter and directing it to the respective
Band 7 detectors and Bands 5 through 6 detectors. |

Honeywell's 6ptica1 configurafion is also shown in Figure 4-1b, The
primary mirror images the ground scene on to a small area at the peri-
. phery of the scan wheel, Six flat mirrer segments are positioned on the
periphery of the wheel, As it rotates, light from different points in the
image plane are directed to the latter elements of the opticé,l train. A
conical scan of the image plane results from the mirror motion. Suc-
cessive arcs aréA swept as each mirror segment passes through the
image plane. Spherical relay mirror M2 and aspheric mirror M3 trans-
fer the light to the spectrometef portion of the optics, and corrects the
final imagery over the total scanned field. Band 1 through 6 detectors
simultaneously receive light from the same point in the image plane,

This feature is accomplished by dispersing the light through a prism and



Table 4-1. Thematic Mapper Instrument Comparison

Parameter . Te " Hughes Honeywell
Development status )
Technology basis "Analysis ERTS MSS Skylab 5192
Breadboard . Scanner and optics Scanner and drive In-test
fabrication to start fabrication to start
soon soon
Configuration
Scan concept . Linear scan of Object plane scan- Conical scan of

image plane

Band separation scheme

1to3 Filter
4 Filter
5to b Filter
7 Filter
Radiative cooler ITT or AD Little
contract
Electronics {bands 1 to. 7) Cooled FET
‘ Post-amp
5~pole Butterworth:
3 ‘

Collecting aperture 700 cm
Electrical Interface '
Number of channels 23

Signal frequency for 54,4 kHz
30 meter/half cycle tgt - :

Power (average) ‘ " 110 watts

Mechanical interface

Size 38 x 42 x 67 in

Weight 365 1b
Performance* '

Altitude 914 km

Instantaneous field 1 to & 33 prad

§/N {Band 1} - ‘ 8.7

§/N {Band 6) &5

NEAT {Band 7) 0.3

nring

Prism and fiﬁer opt

Filter
Filter
Filter

. Modified MSS design

FET preamp
Pogt-amp

5-pole Bessel
990 cm

2

100

113 kHe

55 watts

21 x 36 x 67 in

320 1b

717 km
30 prad
12.3
1.9
Q.97

image plane

Prism and fiber opt
Prism and fiber opt
Prism and fiber opt
Filter

ITT or AD Little
contract

FET preamp
Post-amp .
2-pole Butterworth

950 cm?

100
50 kHz

210 watts

36 dia x 72 in
600 1t

900 km
33 urad
11.5
2.0
0.3

“"Numbers exerpted from NASA correspondence '""Thematic Mapper Descriptive Parameters,

file number 17986, 18 June 1974, R, W. Stroup.
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then intercepting the propef wavelength band by various fiber bundles,
which relay the energy to the respective detectors. The fields of view

of the Band 7 detectors are slightly displaced from those for the other six
bands.

The Hughes thematic mapper is the only version that employs object
plane scanning. The scan mirror rotates through £3.69 degrees of mech-
anical motion to produce a %7, 38 degree optical deflection. Light from
this mirror is directed into a l6-inch aperture, Rlchey Chretien tele—
scope. With this scanning concept the rays entering the telescope are
all essent1a11y ''on-axis' (£0.05 degree) thus s1mpl1fymg the telescope
optical design and making 'near diffraction limited pe.rform-ahce achiev-
able. Light for Bands 1 through 3 detectors are .intercepted byl‘f.iAbe.r
oétics bundles, after belng .dispersed" by a prism. Detectors for the
other bands each view sl1ght13,r dlsplaced points in the field of view.

Each detector for these bands is preceded by an appropriate spectral
filter.

A detalled compa.nson of the three thema.tm mapper concepts in

terms of. Welght and swathwidth capability is given in Report 1, Sectlon 4, 1

4.1.3 Data Buffe ring Requirements

This section compares the data buffering requirements of each of

the three thematic mappers on a parametric basis.

Due to the conical scan pattern of the Honeywell scanner, linear
film writers cannot be used to print data images or existing algorithms
used to process data unless adequate data buffering is provided to rear-
range the data in a linear format. Figure 4-2illustrates the geometry of
the problem. The simplest approach is to buffer the whole block LWl and
readout lines sequentially from the bottom. However, some storage can
be saved by storing only that portion of the area shown double -hatched and

reading in and out in a carefully planned sequence.

The ratio of the smaller to larger area (and hence the ratio of data

storage requirements) is. given by:
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where p eq.ua.ls the active scan angle.
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-

Figure 4-2. Data Storage Requirements Associated
with Simple and Optimized Buffer
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In Part 2 i‘p-is sthn that
g = &N | o
p = Spb : : (2)

where:
n is the scan efficiency
M is the number of scan mirrors

Solving Equatmns 1 and 2 glves ‘Table 4-1a, which shows the factor F for
each of several scan mirror numbers, and mdlcates that the number of

mirrors has very 11tt1e effect on F.

Table 4-1a. Data Storage Factor for
Optlmurn Buffe nng

Number c;f | ' p Data Storage
Mirrors (M) {degrees) Factor (F)
3 96.0 . 0.692
4 72.0 | 0. 680
5 57.6 . 0. 675
6 48.0 1 0.672

If a rearward pointing scan is used, the data storage factor becomes
1-F. The ratio-of the buffer requirements of the Honeywell scanner to
that of the other scanners is given by

Sh W versin g-

- P10 (3)
So 4N sin g-

where:
W  is the swathwidth (in pixels)

N  is the number of detectors along track’
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is the buffer requirement of the Honeywell scanner optimum
buffering

Sp

So is the buffer requirement of the Hughes or Te scanners,

Equation 3 assumes that each scanner uses the same number of detectors.
For the case of 715 km altitude, 30 km resolution, and minimum data
buffering in the Honeywell scanner, Sh/So can be calculated using

Equation 3. The result is plotted below.

If extremely sophisticated real-time processing of Honeywell data
can be used then data buffermg needs may be reduced considerably
providing linear imagery is not requn'ed. In this case the data mlght be

improved in quality by comparison of adjacent pixels. To do this,

100 = T T i T T
F4
7’
© /’
£ 5 7/ 1
£ Vg
in
g 4
<z 4
<0 NUMBER OF MIRRCRS o
So IN HONEYWELL : &
aF ol SCANNER ~ .
£2 s
23 -
o= 3.
£3
o 6//
o | 4
= 25 -~ '
2 o
o 1 i ] L
150 00 . 250 300 350 : 400

SWATH WIDTH (KM)

buffering requirements would be one complete swath plué the leading

detector of the previous swath. The value of § /S could be reduced to:

1
5
h _ N+1

This is a 6.3 percent increase for a l6-detector instrument, It is

emphasized that the processing hardware implied by this method is

probably not economically feasible at this time,
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4.2 HIGH RESOLUTION POINTABLE IMAGER

4.2.1 HRPI Status and ‘Intgi-face Review

) | There are presently four companies pursuing development of a high
'\re‘solutio-'n pointable imager for the EOS satellite: Three are proposing
to modify their mechan'\i'c"al scanning thematic mappers to meet the HRPI
requirements (I—Ioneyweli, Hughes, and Te); the fourth company (Westing-
"house) is proposing a solid-state electronically scanned camér;i. All

: four companies have performed HRPI point design studies for NASA,

Key differences between the four approaches are outlined in Table 4
The solid-state came"ra; was selectec_i as the baseline HRPI sensor.- The
photo-detéctor array design offers high geometric registration and me-
chanical reliability, Since image scanning requ_ir;'es no moving parts,
‘vibrational impact upon other sat.ellite subsystems is minimal.. For a
. given size and weight, the solid-state camera signal-to-noise exceeds
the capability of mechanical scanners because of its high detector dwell
time (4800 detectors per spectral band), Estimated cost of the Westing-
;house camera is $16 million compared to $22 to 27 million for mechanical
scanners. The major prbblem' with the solid state camera ié detector-
to-detector dark current'and gain variation. Detector and/or calibration

‘technique development is needed to meet performance requirements.

Optical Configurations

Te Company's versioﬁ of the HRPI is shown conceptually in Figure
:4-23..\ A pointing mirror pérforms the cross-track field-of-view pointing.
The scene image.is developed by the spherical primary mirrar. Image

plane scanning is accoi’nplished by 64 'roof mirrors' mounted on the
~rotating scan wheel. The wheel ‘rot’a.ti.én rate is 0. 21 rps (a,djusta;ble in
: 0.2 percent increments to a.ccount for changes in ground track velocity).
, The motion of the roof mirrors directs light from different areas of the
image into the spectrometer portion of the instrument. As with the TM
design, the cone of light leaving the second mirror surface is tilted as a
furiction of scan angle. Oscillating mirror ICC compensates for this tilt
- such tha§ the 1i_ght distribution at the corrector mirror is constant with
scé.lnfa.ng;le. 7?1“1_'16. Aft-Schmidt corrector mirror a.c_{hi‘.eve&zA acceptable im-

- agery over t'hei‘._total +1. 9-degree scan field, In order to simplify the
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Table 4-2,

HRPI Instrument Coinparison

Item Te Hughes . Honeywell Westinghouse
Development Analysis - Modified ERTS Proposing meodi- Breadboard photo-
status Scanner andoptics MSS - Scanner . fied Skylab S192 - diode array optical

Image scan
configuration

Sp'ectral separation
method

Pointing technique

Detectors and
electronics

Image detection
channels per color
band

Point design altitude

Collection aperture
at point design altitude

fabrication to start
soon

Image plane
linear scan -
rotating "water
wheel' mirror

assembly

Filters

Object plane
pointing mirror
Silicon photodiodes
cooled FET

Post amplification

5-pole butterworth

50

715 Km

803 cm

and drive fabri-
cation to start
soon

Object plane
linear scan
oscillating flat

mirror

Filters
Instrument
rotation
CCDh/TD1,
Differential
Video ampli-
fier

18

717 Km

1320 e

In test.

Image plane
conical scan
-rotating conical
mirror assembly

Filters
Instrument
rotation

Silicon photo-
diodes, FET pre-
amplifier, 2-pole

butterworth

80

717 Km

973 em>

bench and display

Image plane "push-
broom' scan
-electronically
sampled linear photo
detector array

Prism assembly

Object plane point-
ing mirror

Silicon photodiodes.,
preamplifier design
to be determined

4800

914 Km

1650 crn2
2

(1020 cm
at 717 Km)




13 Bl 4

Table 4-2. HRPI Instrument Comparison (continued)

Ttem Te e Hughes Honeywell : Westinghouée

Signal-to-noise:

Band 1 (.5 -.64) ~ 5.4 I B 8.9 53
(2.2 W/m2 -ST : : ..
Background radiance)

Band 2 (. 6 - . 7H) 5.4 9 .. 9.8 | 47
(1.9 W/m“- 8T ) - c _

Band 3 (.7 - .84) 6.1 | 9 : 94T . 36
(1.6 W/m?2- ST ) o ' L | | -
Band 4 (.8 - 1.1u) 6.9 \ 10 9.5 3B
(3.0 W/m?2- ST )
Size (inches) 36 x 38 x 84 42 x 45 x 55 36 diameter x 72 25 x 30 x 72
Weight (1bs) - 362 _ 329 T 500 330
{Beryllium components ' .
Power .
Electronics - . 80 69 198 . . 100
Pointing 8 20 80 o
Heaters 15 - ‘ 50 . 50 19
Maximuin con- 95 69 - 248 119
tinuous :

Cost ($ Million) 22 - 27 22 - 27 22 - 27 16
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spectrometer optics and minimize the optics losses, the Te design
requires spatial separation of the field-of~view for Bands 1 through 4

detectors.

Honeywell's optical configuration is shown in Figure 4-3, The pri-
mary mirror images the ground scene on to a small area at the periphery
of the scan wheel. BSix flat mirror segments-are positioned on the peri-
phery of the wheel. The scan wheel rotates at 1,4 rps. As it rotates,
light from different points in the image plane E-L;t'e-directed to the latter
elements of the 6ptical train. A conical scan of the image plane results
from the mirror motion. Successive arcs are swept as each mirror seg-
ment passes through the image plane, Spherical relay mirror M2 and
aspheric mirror M3 transfers the light to the spectrometer portion of the
optics, and corrects the final imagery over the total scanned field, Con-
trary to the Honéywell Thematic Mapper approach (fiber optics/prism
asasembly) HRPI spectral separation is accomplished with filter assem-

_ blies Cross-~track field-of-view pointing is accomphshed by rotating

the entire instrument on’ ring beanngs.

The Hughes HRPI is the only version that employs obJect plane
séannmg {(Figure 4-4), The scan mirror, constructed of sandwiched light-
weight beryllium, rotates fhrough + 0,8 degree of mechanical rotation
to produce + 1.6 degrees of optical deflection (40 Km swathwidth at
7-17 Km altitude). Light from the scan mirror is directed into a 16 inch,
£/10, Richey-Chretien teleskcope. Similar to the thematic mapper, the
rays entering the telescope are all essentially on-axis., This simplifies
the telescope design and allows for near diffraction limited performance.
The image plane detector sys‘tem uses filters fOr spectral separation and
charge coupled device (CCD) arrays with time delay integration for photo-
detectors. Each CCD element and each spectral band are spatially sepa-~
rated in the scan direction so image reconstruction requires appropriate
time/space :phasing. As with the Honeywell sensor, offset field-of-view

pointing is performed by instrument rotation,

A modified version of the Westinghouse HRPI is shown in Figure 4-5
The Westinghouse point design pointing mirror and telescope, have been
reoriented in the cross-track direction, This provides non-skewed off-

nadir imagery., It also affords the most convenient packaging for the
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TRW baseline spacecraft design. The 15by 30 inch oval pointing mirror
directs the scene energy into the 15-inch, f/3 catadioptric telescope.
These dimensions represent appropriate changes in the Westinghouse
point design to accommodate a 717 Km orbit (the point design study
assumed a 914 Km altitude). The front corrector lens protects the tele-
scope interior from contamination., After reflection by the primary and ..
secondary telescope mirrors and distortion correction by the rear cor-
rector assembly, the scene energy is spectrally separated by a six-prism
assembly and imaged upon four linear photo-diode arrays (approximately
4B00 photo-diodes per color band)., Image scanning is perfor'me'd by eléc-r
tronically sampling the light energy signal that is integrated by each
photo-diode &uring each frame time (1. 484 milliseconds per 10 meters
ground track at 717 Km}. The Westinghouse instrument is the only HRPI
that uses prism-type spectral separation, providing simultaneous ground
resolution element viewing by all four color bands. Offset field-of-view
pointing is accomplished by + 15 degrees rotation of the beryllium point-

ing mirror,

Development Status

Out of the above-mentioned four manufacturers, only Westir:;ghouse
is developing a breadboard system that is specifically designed to demon-
strate HRPI performance. The other manufacturers ars developing me-
chanical scanners that are mainly directed toward thematic mapper appli~
cations and are relying on conceptual extrapolations of their results to

provide HRPI instrument credibility,

Honeywell is furthest along in development of the thematic mapper.
Their Skylab S192 instrument demonstrated fea's‘ibility of conical scanner
imagery., They have an operating thematic mapper breadboard, Bread-
board measurements satisfy scanner stability and optical quality require-

ments.

The Hughes design is patterned after the ERTS MSS instrument.
Their next development phase is to fabricate and test a larger scan mirror

assembly to satisfy thematic mapper requirements,
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The Te Company has performed extensive analysis to support their
design concept. A breadboard scan wheel and optical assembly will be
built in the near future. With respect to hardware development, the Te

version is the least developed,

The Westinghouse hardware development is a breadboard system
incorporating a line photodiode array, optical bench, and image display.
Standard camera lens optics are used, The breadboard electronics pre-
sently contribute noise equal to the detector noise. Chip-type electronic
packaging will hopefully reduce the electronic noise and afford a detector

noise-limited system.

4,2,2 HRPI Design Improvements

Recent improvements in detector performance offer a potential for
reducing the size and weight of the baseline Westinghouse HRPI design
(Figure 4-6). A sensor noise equivalent signal (NES) of 0.25 microjoule/
rn2 appears attainable. The Westinghouse point design was based upon
an NESof 1.5 1"):1i<:rojc>ules/rn2 {1 rnW/rn2 x 1.5 millisecond integration

time),

The relationship between required aperture diameter and NES for
constant signal-to-noise is derived from the background signal-to-noise

(8/N) equation:

' _OTN(L - #) T 7t
S/N = 4 (F/Df NES

= Background radiance (mW/mz—ster.)

(1)

where
= Obscuration of optics
= Optical transmission
Focal length (inches)
= Aperture diameter {(inches)

= Quantum efficiency (photo electrons/photon)

a2
H

= Integration time (msec)

NES = Noise equivalent signal at the selected integration (2)
' time (ujoules/m?2)

It can be seen from Equation (1) that
"1

2
D ~ (NES)
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Figure 4-6. Projected Improvements
in Detector Noise Can Reduce
System Weight

A six-fold reduction in NES should
therefore reduce the required base-
line aperture diameter from 15 to 6
inches with unchanged signal-to-
noise. However, the effect of
diffraction on otpical transier function

must be considered as aperture drops.

A corresponding reduction in
fabrication costs should also be
afforded.

cost savings of 5 to 10 percent in

Westinghouse estimates a

reducing their HRPI aperture from’
the point design 18. 3-inch system to
the TRW baseline 15-inch system -
{(due to baseline altitude change from
914 to 717 km). Another 5 to 10 per-

cent savings should result from the further aperture reduction due to

reduced NES.

The sensor weight is largely dependent upon required aperture

diameter. In the above discussion, the required aperture diameter was

traded off against detector NES.

There are also reasons for considering

a tradeoff of aperture diameter against sensor signal-to-noise, These

are as follows:

e The Westinghouse £f/3 system (F/D = 3.0) has a relatively
"high 5/N, The background S/N = 36 in the worst case
band {See Table 5. 2-2, Section 5. 2, Report 3),

e The NASA requirement is S/N = 6 in all bands against the
specified background (Table 5, 2-2). '

. The competing mechanical scanner HRPI S/N ranges from
5.4 to 8,9 (worst case bands in Table 1), '



Therefore it appears that additional weight savings might be possible by
reducing the Westinghouse aperture size so that the S/N performance
more nearly reflects the NASA requirement, In addition, the proposed
8-bit data handling system would ‘degrade the sensor data quality if the
dark current variations are not subtracted from the analog signal prior
to analog-to-digital conversion. This subtraction is not presently pro-

posed for the baseline system.

A two-dimensional matrix of weight components is given in Table 4-3
for two values of S/N and NES. The telescope weight was scaled down
from the heaviest system by the second power of the aperture diameter
(except at the lightest weight system a 3 pound telescope was not deemed
to be adequate). The mirror and pointing assembly was scaled more
conservatively because the pointing mechanism weight is not strictly size
dependent, Angular momentum compensation was scaled according to
the pointing mirror weight. Thermal control was scaled according to

telescope size., Structure was scaled according to total sensor weight.

The resulting sensor total weight is plotted as a function of desired
background $/N for three sensor NES values, The parameter assumptions
used for the S/N calculation (Equation 1) are also given in the Figure 4-7,
With a moderate improvement in sensor NES (NES = 0.75 microjoules/mz),
a 180 pound Westinghouse type HRPI could provide a background S/N‘ of
20. Mechanical scanning HRPIs that weigh twice as much provide only

half the S/N performance.

4,2.3 HRPI Offset Pointing Options

Three possible options for optical field-of-view pointing were
briefly examined in terms of required size, weight, and power, The
three options are illustrated in Figure 4-8. Table 4-4 summarizes instru-
ment dimensions, swept volume for + 30 degree pointing, component
weights and power requirements for each option. All three options assume
that the telescope and detection electronics are configured after the se-

lected baseline Westinghouse HRPI.

A fixed telescope with a rotating pointing mirror is the selected

baseline pointing method (Option 1). It offers the lowest sensor weight
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Table 4-3. Required HRPI Weight Estimates for Reduced
' S/N and Improved Detector Noise Equivalent:

Signal (NES)

Background S/N

Against Specified Background 36
(1.6 W/m® ST - Band 3) —— | ——
Sensor NES 0.25 1.5 0. 25 1.5
{Microjoules/m
Required Aperture Diameter (inches) 3 7.5 6 15
Component Weights {pounds) A
Telescope 5 18 12 70
Detectors and Beamsplitter 8 8 8
Mirror and Pointing Assembly 10 25 20 54
Angular Momentum'Cornpensation 12 10 19
Electronics 28 28 28 28
Thermal Control 6 10 8 16
Miscellaneous 20 20 20 20
Structure 35 50 . 45 _85
Net 120 171 151 300
Contingency (10 percent) 12 17 16 _30
 Total (pounds) 132 188 167 330
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and requires the least pointing power of the three options,

Since the

offset pointing requirements were reduced from 145 degrees to +30

degrees, the size of the pointing mirror is no longer excessive,

The

fixed telescope and electronics provide

to spacecraft electrical and thermal interface.

design simplicity with respect

By using a beryllium

mirror {approximately 10 pounds), the power requirement for pointing

is only a few watts and momentum compensation is simpler than the

4223



A

Item

Table 4-4,
Qption 1

HRPI Pointing Option Tradeoffs
Option 2

Option 3

Pointing Method
(See Figure 7)

Scan line skew
on terrain

Instrument Dimen-
sions
Cross track axis
Along track axis
Nadir axis

Instrument Volume

Swept Volume
for + 30 degrees
pointing

Weight Estimates

Telescope
Detectors/beam-

splitter
Mirror/structure
Pointing assembly
Angular Momentum

Compensation

Electronics
Thermal control
Miscellaneous
Structure

Net

10% contingency

Total

Fixed telescope with
rotating point mirror

None

72 inches
25 1"
30 M
3.1 1t
Same as instrument
volume

701bs

Rotating Telescope
and pointing mirror

None

25 inches
60 "
25 1

2.2ft3

Same as instrument
volume

Gimballed telescope
- no pointing mirror

None

25 inches
35 It
40 11

2.0 ft3
4,1 ft3



GZ-¥

Table 4-4. HRPI Pointing Option Tradeoffs (continued)
Item Option 1 Option 2 Option 3
Power Estimates
Electronics 100 Watts 100 watts - 100 watts
Pointing 2 56(1) 22(2)
Heaters 19 . 19

19

{1} Estimate based upon similar Honeywell pointing system, scaled
down for lighter instrument. (Honeywell HRPI Point Design,
May 1974)

(2) Estimate based upon similar Hughes pointing system, scaled up
for slightly heavier system (Hughes HEPI Point Design, June 1974)



other options which require large mass motions. The cross-track tele-
scope orientation is also the most suitable for packaging into the TRW

baseline spacecraft configuration,

Options 2 and 3 both require telescope motion for pointing. This
adds complication (and therefore cost) to the electrical and thermal de-
sign., Flexible cabling must be used for electrical connections between
the detector electronics and the fixed sensor housing, Thermal radiation
to space would require either flexible heat piping to a fixed radiator or
large exit apertures to allow for motion of a radiator that is fixed to the

telescope.

Both options 2 and 3 require the motion of large masses for field-of-
view peinting. Pointing power and momentum compensation requirements

are therefore more severe than the selected fixed telescope approach.

Option 2 (rotating telescope and pointing mirror) has the lowest
swept volume requifement, but the estimated sensor weight is 90 pounds
greater than the selected option. The swept volume is lower because the
pointing mirror does not move relative to the telescope axes, The in-
creased weight requirement is due to the need for an inner telescope
housing and an outer thermal housing since the telescope rotates relative

to the fixed sensor outer housing.

At first glance, one would conclude that Option 3 would require the
least weight since that approach does not require a pointing mirror. The
original Westinghouse HRPI point design had allotted 143. 7 pounds for
the mirror and pointing assembly, The mirror/pointing assembly weight
is now reduced to 54 pounds due to reduced pointing requirements and the
use of beryllium in the mirror structure. Based upon the Hughes estimate
for instrument gimbaling and pointing control, the Option 3 (no pointing
mirror) pointing assembly weight estimate is 70 pounds, Some additional
structure weight is also anticipated so that the Option 3 Wéight estimate
exceeds 350 pounds, This is 20 pounds more than the baseline Option 1

configuration.
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In summary, the fixed telescope configuration (baseline Option 1)

has been selected because of the following features:

l.owest weight

Least pointing power

Simplest electrical and thermal spacecraft interface
Minimum momentum compensation requirement

Most suitable configuration for TRW baseline spacecraft design
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4.3 DATA COLLECTION SYSTEM

The concept for the data collection system {DCS) associated with the
Earth Observatory Satellite (EOS), illustrated in Figure 4-9, provides for a
large number of simple, low-cost data collection platforms (DCPs). These
widely dispersed platforms take data from as many as eight sensors and
assemble short digital messages {~100 bits) for random-emigsion burst
transmission approximately every two minutes. The orbiting EOS would
then relay the DCP messages, either with or without processing, directly
to a local user terminal (LUT) as well as to the NASA ground tracking
stations via the spacecraft unified S-band downlink. 'In addition to the
.d_irect transmission to user, anqther desirable innovation is the addition of
a "command link", from LUT to DCP via the Earth Observatory Satellite, which
allows the user to vary the sensor measurement range, turn on a new sensor
_bank, open a flood control valve, etc. Finally, a DCS traffic capacity on

the order of 20, 000 data collection platforms is projected.

This section is a brief investigation of the above DCS concept
for EOS. Section 4.3.1 discusses possible DCS configurations, degree of on-
board processing, and frequency selection considerations. Section 4.3.,2 presents
link analyses and power budgets for configurations with and without satellite
processing and detection of DCP messages. Finally, Section 4.3, 3 reviews the
implications of the preceding link analysis, presents a possible DCS con-
figuration accommodating the above-mentioned command link and considers
optimization of spacecraft UHF antenna for the constraint on power flux

density on the earth's surface.
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Figure 4-9. DCS Concept Illustrating Direct Transmission to User Concept
Showing Platform Message and LUT Command Links (S=-Band

Transmission to STDN is Omitted)}



4,3,1 DCS Configuration

The degree of on-board processing (either on-board or ground pro-
cessing is required to separate a desired signal from the background of
signals intended for other users) and choice of frequencies are fundamental
system considerations and directly influence the cost of the overall DCS
network —to both the spacecraft and local user equipment, These topics

are treated, respectively, in the remainder of this section,

4.3,1,1 Frequency Selection Considerations

The choice of frequencies for the DCS uplink/ downlink is made

consistent with the concept of simple, low-cost user equipment.

Transmitter efficiency will decrease sharply as the frequency in-
creases (typicaily 35 percent at VHF and 16.5 peréent at S-band).
Generally, equipment expense increases with frequency. The higher
frequencies exhibit a greater free space path loss which the uplink power
budget cannot tolerate with the limited DCP transmitter power. The
Doppler frequency uncertainty increases with transmitted frequency.

The increavsed requisite bandwidth required, if a bentpipe repeater is
used, reduces the SNR at the satellite and, hence, increases the downlink

SNR degradation caused by uplink turnaround noise.

On the other hand, the higher frequencies have wider channel alloca-
tions and thus more bandwidth — an advantage for configurations including
satellite processing. At higher frequencies, such as S-band, antenna
size decreases with frequency and the antenna gain increases with fre-
quency for a fixed antenna size, thereby offsetting the increased path loss
at the higher frequencies. The low frequencies, particularly VHF, suffer
under worst-case local RFI conditions, increased interference problems

c aused by a wide spectrum of commercial usages. This last disadvantage,
which can in the future only grow worse, is considered suificient to eliminate

the VHF frequency region frém consideration.

Atmospheric attenuation effects are neglected since they are negli-
gible for the frequencies considered (below 3 GHez) and for antenna eleva-

tion angles of 5 degreesﬂ: and above.

Py
See Reference 3.
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The utilization of UHF uplink and downlink frequencies appear as
an attractive compromise. Local user cost can be kept low and DCP frans-
mitter efficiency is reasonable (a consideration for battery operated units).
The same antennas may be used‘ with a diplexer for both receiving and

transmitting on the spacecraft and on the DCP,

In the remainder of this memo, therefore, the DCS uplink and down-
link frequencies (for both DCP messages and command messages) are

“fixed at 401.55 MHz and 465 MHz, respectively.

4,3.1.2 On-Board Processing

The degree of satellite onnboaxrr:l processing of the uplink signal prior
to downlink transmission and the cost and complexity of user ground equip-
ment are, for a given level of system performance, inversely related.

The present concept of a DCS network for EOS involves a massive amount

.of user equipment, perhaps on the order of 20, 000 DCP's and 50 to 100
ILUT's. Placing the burden of processing complexity with the user would
result in a manifold duplication of facilities and cost at each user installa-
tion. In addition, it is clear that the problem of DCP mutual interference,
or me ssage collision, will increase with the number of platforms simul-
taneously in view and that this problem can be reduced by parallel processing
and detection in the spacecraft. These arguments vie with the outright
simplicity of the "bentpipe" approach — frequency translation only with no

on-board processing.

- The bentpipe approach (ERTS 1 concept) is illustrated in Figure 4-10,
The block diagram (showing redundancy) indicates that the 401{.55 MHz
uplink signal is sent to a UHF receiver preamp through an antenna/ diplexer
arrangement, The signal is then frequency up-converted, without detection
and sent to a UHF transmitter (power amplifier) and thereon to the diplexer/ |
antenna for downlink transmission at 465 MHz. The link calculation for

this approach is presented in Section 4, 3, 2,

The addition of an on-board DCS processor is shown in Figure 4-11,
Such an arrangement would allow for parailel proces sing and detection in
 the spacecraft. The DCS processor could be implemented in several ways,
of which Figure 4-12 is typical, This approach is similar to the Nimbus F
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RAMS* without time compression. Assume the initial frequency uncertainty
is 100 kHz. The region of frequency uncertainty is searched in 5 kHz steps
by mixing with the stepping oscillator as shown. The signal presence
detector consists of an envelope detector whose output is compared with

an adaptive threshold. If a signal is located within a 5 kHz "cell'', the
control unit assigns one of three (or more) phase-locked loops to that signal.
In this manner multiple simultaneous signals may be tracked if they are

at least 5 kHz apart. The demodulated data are recovered, formatted, and
stored serially with each message intact in an output buffer for a meore
constant bit-stream downlink transmission. The downlink bit rate (~1 kbps)
is less than the uplink data (2.5 kbps for each message) to reduce the EIRP
requirements and, hence, lower the power flux density on the earth's sur ]

face.

Tradeoffs of on-board processing complexity must await a firm defini-

tion of the scope of the data collection subsystem for EQOS.

T,

=':See Reference 4 4.34
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4,3,2 Link Analysis

This section presents the link analyses relating to the direct trans-
mission of message data from the Data Collection Platforms (DCP's) to

the Local User Terminal via the EQOS satellite.

Two power budgets are included, one based on a degree of satellite
on-board parallel processing with detection and the other based on a "bent-

pipe'' approach with no on-board processing.

The UHF transmitter in the platform will feed an omnidirectional
antenna, and transmits a narrowband PSK signal to the satellite. PSK
modulation was selected since it provides a low bit error rate for the
order of SNR involved and its energy distribution optimizes the frequency

domain random emission performance.

The power flux density of -152 dBw/m2/4 KHz, as specified by
NASA*, for an orbit of 386 nmi, limits spacecraft transmitted EIRP to
6 dBm. The spacecraft UHF antenna is selected, as nearly as possible,
to equalize the power flux density on the earth's surface, providing a

-i dB gain on-axis and a +2.5 dB gain 160 degrees off-axis.

The results of the link analyses, summarized in tabular form, follow

the detailed supporting work of Sections 4. 3.2.1 through 4, 3. 2. 4.

4,3,2.1 Uplink Parameters (Bent Pipe)

) Platform Transmitter Power -- The DCP transmitter
power is assumed to be 5 watts RF.

. DCP Transmission Circuit Loss -- This factor combines
the transmission line loss, VSWR loss and radiation
eificiency. The combined total loss is estimated about
1 dB.

° DCP Transmitter Antenna Gain -- The proposed DCP
antenna will provide an elliptically polarized beam with
some 165 degree sky coverage and has a gain.of 0 dB above an
isotropic radiator,

"See Reference 1
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Free Space Transmission Loss -- For .a 386 nmi orbit
spacecraft, the communication range limits vary from
386 nmi to 1402 nmi for a 5 degree limit elevation angle.
The associated space losses for 401,55 MHz carrier
frequency are then 141.6 dB and 152. 8 dB, respectively.

Spacecraft Receiving Antenna Gain -- The spacecraft
antenna will incorporate a crossed dipole overground
plane to provide an elliptically polarized earth coverage
with half power beam width of 120 degrees. The antenna
has an on-axis gain of -1 dB with respect to isotropic
radiator, and off-axis gain of +2.5 dB (+60 degrees).

Polarization Loss -- The Polarization Loss is obtained
by a consideration of the axial ratio performance for both
the transmitting and receiving antennas. The assumed '
value of axial ratio for the spacecraft receiving antenna
-is 1 dB on-axis and 6dB at +60 degrees off-axis and for
DCP antenna is 5 dB and 5 dB, respectively. The com-
bination of these two implies a loss of 0.5 dB on-axis and
1. 6 dB off-axis.

Spacecraft Receiving Circuit Loss -- The spacecraft cir- -
cuit loss comprises the feedline and coupling losses.
These are estimated to be ~1 dB.

: Receiving System Noise Power Sp'ectral Density -- The
noise power per unit bandwidth is KT g, s¢}» where K =
Boltzmann's constant and T (g stl_ is the eflective system
noise tempera.ture in K. hé effective noise temperature
T(Syst) is obtained from the following relat10nsh1p

T, |
Toystem = (F - N T+ =+ 1T, (1 L—“)
R R
‘ where , _ )
To = thermal equilibrium noise templera.ture,
290°K with cold sky . - :
'F = receiver noise figure,-z dB
T_ = source noise temperature; 660°K (see
' Reference 2)
'LR = receiver feedlin‘e 1oSs ratio, 1.26

The nominal T(syst is 753.3°K a.nd noise power spectral
density is 169.8 dBm/Hz.

Bandwidth -- The 30 KHz bandw1dt:h is required to allow

' for +10 KHz D0pp1er and +2.5 crystal frequency uncertainty
of the DCP transmitter. The modulation bandwidth of 5 KHz
for the 2500 bps information rate is also 1nc1uded
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¢ Hardware Degradation -- SNR degration caused by
" filter band-limiting and imperfection of spacecraft
hardware is assessed to be 1.5 dB,

On the basis of the parameter values enumerated above, the Uplink

Power Budget for the bent pipe configuration is as tabulated below.

Table 4-5. Uplink Power Budget {Bent pipe)

Uplink frequency = 401.55 MHz

Assumed orbit = 386 nmi
90° Elev. 5° Elev.
DCP Transmitter Power +37 dBm +37 dBm
DCP Transmission Curcuit Loss -1 dB -1 dB
DCP Antenna Gain 0 dB 0dB
Space Loss -141.6 dB -152.8 dB
Spacecraft Antenna Gain -1.0 dB +2.5 dB
Polarization Loss (worst-case) -0.5 dB -1.6 dB
Spacecraft Receiving Circuit Loss -1.0 dB -1.0 dB
Total Received Power -108.1 dB ~116.9 dB

Spacecraft Receiver Noise " -169.8 dBm/Hz -169.8 dBm/Hz
Spectral Density, N,

Tsystem = 754°K

C/KT 61.7 dBm=-Hz 52.9 dBm-Hz

Bandwidth (30 KHz) 44.8 dB 44.8 dB

Hardware Degradation 1.5 dB 1.5 dB

Sv/Nv {SNR at space vehicle) 15.4 dB 6.6 dB
4,3.2.2 Downlink Parameters (Bent Pipe)

® Spacecraft Transmitter Powe r -- The spacecraft trans-

mitter power is limited to 7.95 milliwatts (9 dBm) in
order =lt‘ha.t the power flux density limit of -152 dBw/m"/
4 KHz™, as established by NASA, is not exceeded.

® Losses -- The spacecraft transmission circuit losses
caused by transmission line, VSWR, and radiation efficiency
is estimated at 2 dB.

x
See Reference 1 for 465 MHz downlink frequency.
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Spacecraft Transmitting Antenna Gain -- Utilizing the
same antenna for receiving/transmitting results in an
off axis gain of -1 dB and an off-axis {+60 degrees) ‘gain
of +2 5 dB

EIRP -- Max1mum allowable EIRP 1mposed by power
flux density requirements (for the 386 nmi (715 Km)}
spacecraft orblt) is: : :

«122 + 10 log (4m) + 1010g (7. 15 x 105}2] 6. 08 dBm

Free Space Transmission Loss ~- For a 386 nmi orbit
Spacecraft, the communication range limits vary from
386 nmi to 1402 nmi for a 5 degree limit elevation angle.
The associated space losses for 465 MHz carrier fre-
quency are then 142.9 dB and 154.1 dB, respectively.

Recewlng Antenna Gain -- Proposed receiving antenna
gain of 23 dB would require an approximate 12 foot dish
- with a 13 degree beamwidth at 465 MHz.

Tracking Loss -- Estimated at ~1 dB for the 13 degree
beamwidth antenna. ‘ : ,

‘.Pola.nzatmn Loss -- The polarization loss is obtained

by a consideration of the axial ratio performance for. .

both the transmitting spacecraft antenna and the ground
station receiving antenna. The assumed value of axial
ratio is 1 dB on-axis and 6 dB at +60 degrees off-axis

for the spacecraft antenna and 1.5 dB for the ground
station dish antenna. The combination of these two implies
a loss of 0.1 dB on-axis and 0.7 dB off-axis.

Receiving System Noise Power Spectral Density -~ The
noise power per unit bandwidth is KT (gys¢)s where K =
Boltzmann's constant and Tg, 4.y 15 the eflective system
noise temperature in °K. ”I(hg }fective noise temperature
T(syst) is obtained from the following relationship:

T ' 1
= - -8 —
TSystem = (F - 1) T‘o + + TO 1 T
L R
R
where
'I'0 = thermal equilibrium noise temperature,
290°K with cold sky
F = receiver noise figure, 3 dB
T, = sky temperature, 65°K
L’R = receiver feedline loss ratio, 1.2

The nominal Ty is 393.5°K and noise power spectral
density is -172. '?rdgm/Hz.
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. Detection Noise Bandwidth -- The bandwidth required to
recover the data is taken as 1.2 times data rate, i.e.,
3.0 kHz. The excess bandwidth, 20 percent over the
theoretical minimum of 50 percent of the bit rate, is used
to reduce the intersymbol interferences. It represents
initial optimization of the carrier SNR, the intersymbol
interference and the frequency domain spectral width.

) Degradation of Downlink SNR -- Caused by turnaround of
uplink noise for the linear case {no spacecraft transmitter

limiting) is given by s /N
Degradation = | +
SV/NV
where
S /N = SNR at input to ground station in the
g B absence of uplink noise (NV = 0}
S,/N_ = SNR at space vehicle transmitter
input

For a worst-case calculation we take the value of S_/N

to be a minimum (corresponding to the 5° elevation slafit
range uplink path. The resulting downlink SNR degradation
for the 90 degree elevation and 5 degree elevation downlink
is 16.4 dB and 8.2 dB, respectively.

On the basis of the parameter values enumerated above, the Downlink

Power Budget for the bent pipe configuration is as tabulated in Table 4-6,



Table 4-6, Downlink Power Budget {Bent Pipe)

Downlink frequency = 465 MHz
Assumed orbit = 386 nmi
90° Elev. 5° Elev.

‘Sp_acecraft Transmission Power +9 dBm +9 dBm
Transmission Losses -2 dB ' -2 dB
Spacecraft Antenna Gain ‘ -1dB +2,5 dB’
EIRP - " +6 dBm +9.5 dBm
Space Loss | R -142.9 dB ' -154.1°dB -
LUT Antenna Gain o " 423dB +23 dB
“Tracking Loss -1 dB -1 dB
VPolarlzatmn Loss (worst casa) . -_0.1 dB  -0.7 dB
Received Signal Power |  _115.0dB  -123.3 dB
LUT Receiver Noise Spectral =~ - - -172.7 dBm/Hz -172.7 dBm/Hz
Density, N -

Tsystem = € 393.5"K

C/KT — 57.7 dBm-Hz 49.4 dBm-Hz
Detection Noise BandW1dth (3 kHz) '34.8 dB © 34,8 dB
85 /N_(SNR in absence of turnaround 22.9 dB 14.6 dB
n8is

Degradation in Downlink SNR 16.4 dB 8.2 dB
SIN . . . 6.5aB 6.4 dB
SINIPE.=5x10-5 - ' 8.8dB '~ 8.8 dB
Margin | - : -2.3 dB -2.4 dB

4,.3,2,3 Uplink Parameters (On-Board Processing)

Analysis of the uplink parameters is-the same as in Section 4. 3.2, l e
for the bandwidth processing improvement gained by on-board detectmn
‘The detection bandwidth required to recover the data is taken as 1 2 tlmes
data rate, or 3 kHz.



Table 4-7. Uplink Power Budget (w/Prpcéssing)

Uplink frequency = 401.55 MH=z
Assumed orbit = 386 nmi
90° Elev. 5° Elev.

DCP Transmitter Power +37 dBm +37 dBm
DCP Transmission Circuit Loss -1 dB -1 dB
DCP Antenna Gain 0 dB ¢ dB
Space Loss -141.6 dB  -152.8 dB
Spacecraft Antenna Gain -1.0 dB +2.5 dB
Polarization Loss (worst-case) -0.5 dB -1.6 dB
Spacecraft Receiving Circuit Loss -1.0 dB -1.0 dB
Total Received Power -108.1 dB -116.9 dB
Spacecraft Receiver Noise Spectral -169.8 dBm/Hz -169.8 dBm/Hz
Density, N o
Tsystem = ‘654 K
C/lKT . 61.7 dBm-Hz= 52.9 dBm-Hz
Detection Noise Bandwidth (3 kHz) 34.8 dB 34.8 4B
Hardware Degradation 1.5 dB 1.5 dB
Sv/Nv (SNR at space vehicle) 25.4 dB 16.6 dB
s IN, |Pg=5x107 8.8 dB 8.8 dB

Margin 16.6 dB 7.8 dB

4.3,2.4 Downlink Parameters (On-Board Processing)

Analysis of the downlink parameters is the same as in Section 4. 3.2.2
except for the lessening of the downlink SNR degradation caused by the
improvement in the uplink SNR as shown in Table 4-7. For the worst-case
uplink SV/NV of 16.5 dB (corresponding to the 5 degree elevation uplink),
the degradation in downlink SNR amounts to 10,8 dB for the 90 degree
elevation downlink and 4.2 dB for the 5 degree elevation downlink. A
4 dB improvement is also gained by the narrowing of the detection noise
bandwidth for a 1000 bps downlink data rate. '



Table 4-8. Downlink Power Budget {w/Processing}

LUT Receiver N01Se Spectral
Density, N
Tsystem = 8 393, 5°K

C/KT

Detection Noise Bandwidth {1 2 kHz).

S fN (SNR in absence of turn~
a.round noise)

Degradatlon in Downlink SNR 7
SIN o

S/N PEz Fx 10

5

~Margin

-172.7 dBm/Hz

57.7 dBm-Hz
30.8dB
26.9 dB

10.8 DB
16.1 4B -
8.8 dB -

+7.3 dB

Downlink freqﬁéncy = 465 MHz
'Assumed orbit = 386 nmi
90° Elev. 5° Elev.
Spacecraft Transmission Power +9 dBm +9 dBm
Transmission Losses -2 dB -2 dB
Spacecraft Antenna Gain -1 dB +2.5 dB
EIRP +6 dBm +9.5 dBm
. Space Loss -142.9 4B -154.1 dB
LUT Antenna Gain +23 dB +23 dB
Tracking Loss -1 dB  -1'dB
Polarization Loss (worst-case) -0.1 dB -0.7 dB
Rece:wed S1gna.1 Power -115.0 dB -123.3 dB

' .172.7 dBm/Hz

49,4 dBm-Hz
30,8 dB

. 18.6 dB
4.2 dB

14.4 dB
8.8 dB

+5.6 dB
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4,3.3 Concluding Remarks’

The link analysis of Section 4, 3.2 clearly favors a DCS configuration
involving on-board processing. The addition of convolutional coding (as
used in ERTS 1) would yield an approximate 4 dB increase in processing
gain allowing the bentpipe to operate with ~1.6 dB margin. This would,
howevef, place added complexity aﬂd cost on the DCS user and would, there-
fore, seem contrary to the DCS goals for EOS, as stated in the introductory

section.

The concept of a low-cost and Straightfor{vard addition of a command
link from LUT to platform was considered. For simplicity and without the
need of dedicated on-board processing, the command message can be identical
in format and bit rate with the platform message. In light of the link calcula-
tions of Section 4. 3.2, it would be essential for ""commandable” platforms to be
provided with 2 minimum of an 18 dB gain antenna (using on-board processing).
If a separate on-board processor and a portion of the channel bandwidth is
devoted to command messages, a 20 dB processing gain could be realized
by lowering the downlink data rate to 10 bps, thereby eliminating the need

for platform antenna gain.

Theoretical and experimental studies have been performed by TRW to
determine the manner in which optimum earth coverage could be obtained
from an S-band antenna.* The desired radiation pattern of the antenna was
one which would provide maximum gain at the earth's horizon and provide
a gain elsewhere proportional to the decrease of path loss from the space-
craft to earth. The ideal realization would produce a uniform power flux

density over the earth surface in view of the spacecraft.

The result of these efforts can be depicted in the curve of Figure 4-13,
which shows the relative power flux density on the earth's surface versus
the angle from antenna axis. Note that the power flux density is the same at
0% and 60° and has a pronounced maximum at ~50°. The antenna, therefore,
has an approximate 11 dB greater gain off axis (1600) additional slant-range
path loss. The peak at 50° off-axis would; however, mean a reduction in
EIRP of 6 dB. Overall, then, a 5 dB improvement in the worst-case link

power budget (5° elevation) could be realized.

=
See Reference 2.
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Relative Powei Flux Density
{(dBw/m“/4 kHz)

1

i 1
° 10° 20° 30° 40° 50 60
Angle from Antenna Axis {0)

Effective Gain Versus Aspect Angle Over Earth

Figure 4-13,
Coverage. Free Space Path Losses are Included.



An outline sketch of the antenna (as designed for S-band operation)
is shown in Figure 4-14. At UHF frequencies, the bandwidth of the antenna
would be insufficient for both receiving and transmitting frequencies,
therefore, two separate antennas would be required. Also at UHF, the
antenna size would become large requiring an increase in dimensions by

a factor of 5.61 for the receiving antenna and 4. 84 for the transmitting

antenna.
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s
4,3,4 Platform Capacity of the Data Collection Subsystem

The following discussion concerns the number of platforms which
can be simultaneously visible from the satellite for a given time — band-
width product, 2 T, to provide a given probability of correctly receiving a

100-bit message from each platform.

Bit errors are assumed to be caused by message collision
only since those randomly-occurring errors, occurring for a reasonable
SNR, are at least an order of magnitude less frequent (BER = 5 x 10-5

for £, /N_ = 8.8 dB).

Let the duration of the message be At and occupy a portion of the
allocated spectral bandwidth, Aw. From the figure below, it is readily
seen that mutual interference, or message collision, occurs if more than
one message ''center' occupies a subregion 2At x 24w of the total area,
QT.

|

et Py

i i Dotted line indicates
| | [ Meesage |  region 2At x 2Aw which, Total
Aw ° | if occupied by another Bandwid
I B Center I message center, would nng th
e ————

cause message collision

e

< Total Visibility Time in 12-hour Interval g
T

Assume, on the average, that each of N+1 platforms transmits k times
in the interval T. The probability that any one message cccupies the
region 28w x 2At is |

4AAt kT

QT

Assume that a desired message is centered in the 2Aw x 2At region. The

probability that none of the other N platform messages interfere is

e
E
See Reference 5

TSim;:;lifg,ring assumption of uniformly distributed random frequency is used.
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N

4AuwAt k
{1 o ———
QT
The probability that collisions occur in each of the k transmissions is
. N1 k
[1 : ( _4AwAtk) ]
QT

Hence, the probability of success (at least one message not interfered

with) is one minus the above or

| 4AmAtkN
Ps:i- 1-(1-———-)
‘ 2T :

Now, since QT /4AwAt k must be grea ter than N, let

kK

4Awit k X

= . 0 X<
QT N 4

“Also let
4 At - 1
QT A

then

kX
A N

and the probability of success may be written

P_=1-[1-(1- x/myN  AX/N
For N large, we use the a?proximation
(- x/NN =1 —_e'x |
to obtain : X.AX/N

Pszsl-(l—e )

Differentiating Ps with respect to X, and setting the result equé,l to
zero, we obtain ‘
X=tn2=0.693



as 2 maximum value of PS for the parameter X. For this case, we have

P -0.693,(0.693A/N)

-

1-(1-e )

/N

1 - (0.6185)>

which yields probability of message success as a function of the number
of platforms, N, and the parameter, A = QT/4AwAt. For a .95 probability
of success of a 100 bit message (AwAt = 100}, one obtains the relation for

the required time-bandwidth product -

QT = 2494-N

Figure 4-15 shows the total visibility, T, of satellite/ground station
links in 12-hour intervals as a function of latitude for the 386 nmi orbit.
Using the implied value of T from this plot, Figure 4-16 yields the

required channel bandwidth as a function of N for various latitudes.
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Figure 4-15, Total Visibility of Satellite/Ground Station Links
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Figure 4-16, Channel Bandwidth for Various Latitudes

452

10



- REFERENCES

""Radio Frequency Allocations for Space and Satellite Requirements',
Mission and Data Operations Directorate, Goddard Space Flight
Center, June 15, 1973, p.7. ‘

Tucker, R. F., "S-Band Shaped Beam Antenna for ERTS Satellite
Proposal Study', TRW Interofiice Correspondence, March 13, 1969,

Final Report, DCS: '""A Global Satellite Environmental Data Collection
System Study', System Engineering Department, Radiation, Inc.,
January 1973, p. 30. '

Cote, C. E., Dubose, J. F., and Coates, J. L., '"The Nimbus F
Random Access Measurement System", Fifth Annual Southeastern
Symposium .on System Theory, March 23, 1973.

Based on private communication with J. Taber, EOS Phase B Study,
May 1974.



4.4 SYNTHETIC APERTURE RADAR

Synthetic aperture radar designs were reviewed to derive the

characteristics for integration into the modular observatory.

The following documents were used as references:

Reference 1. Final Report, Spaceborne Synthetic Aperture
Radar Pilot Study, April 11, 1974, Westinghouse
Systems Development Div., Baltimore, Md.

Refercnce 2. Oral Progress Review, 22 August 1973, and
Final Report, January 1974, Orbital Earth
Resources Radar Program Definition Study,
GERA-1985, Goodyear Aerospace Gorp.,
Litchfield Park, Arizona.

4,4,1 Comparison of Westinghouse and Goodyear Designs

Table 4-9 lists the parameters of the Westinghouse and Goodyear

designs extracted from References I and 2.

2 1 X-DBand-Dual Polarization

Examination of Table 4-9 reveals that the parameter values are
quite similar for the X-band, dual polarization designs, differing
significantly only in the length of the antenna, peak power, and data
rates. The difference in data rates is accounted for by the fact that
Goudycar included 2.5:1 azimuth pre-compression in the radar, while
Westinglhiouse does not include any azimuth pre-compression.
Westinghous points out that such pre-comprgssion could be included
in order to reduce the data rate, but chose to omit it because it
increases the complexity of the radar and !is not necessary as the total

data rate is within the capacity of the higii sﬁeed data link,

4-54



SG-F

Table 4-9. Parameters

of the Westinghouse and Goodyear Designs (From References 1 and 2)

¥X-Band Dual Polarization

X- aﬁd I.-Band

Westinghouse Goodyear Westinghouse Goodyear
Frequencies {GHz) 3.5 10 9,5 1.7 10 1.5
Average Transmitter Power (W) | 150 i61 150 25 161 30
Peak Power (KW) 4 18 4 .75 18 3
Pulse Length {psec) 10-17 3 10-17 3
PRF (PPS) 3-4 k 2,99 k 3-4k 3k
Resolution (mj} 30 (9 looks) 30 30 30
Depression Angle (deg. ) 60-75 60 75 60
Polarization Dual Dual Singl:*:k Single Dual Dual
Altitude (km} 914 914 914 914
Swath Width (km) 50 50 50 50
Antenna Size {LxHx D {t) i3.5x2.5x1 2Tx 2.5x 1 27x2.5x 1 27x15= 3 unfurled
Antenna Weight {lbs) 92 48* 174 130
Electronics Package Size 31x22x 9.5 38x 24.5x 19
(LxHxDin,) .
Electronics Volume (ft3) 3.75 7.4 10,25 1z.0
Electronics Weight (lbs) 170 220 387 365
Total Weight {lbs) 262 268 539 495
DC Power (W) 1143 1400 1262 1835
Thermail Power (W) 993 1 1240 1087 1644
Data Quantization (Bits} 4 + sign 4 + sign 4 + sign .4 + sign

Data Rate
Attitude Control

Attitude Rate

2-7T¢MB/S channels

+0, 02° Pitch & Yaw
0.06° Roll

0.01%/sec.Pitch& Yaw
Figs. 4-17 & -18 Roll

2-24 MB/S channels
+0.02° Pitch & Yaw

0. 06° Roll

0. 01% sec. Pitch & Yaw
Figs. 4-17 & -18 Roll

2-62.4 MRB/S channels

+0.02° Pitch & Yaw
0. 06% Roll

0. OIOfSec. Pitch & Yaw
Figs. 4-17 & -18 Roll

Kl
4-24 MB/S channefs‘
+0.02° Pitch & Yaw

~0.06% Roll

0. 01% sec. Pitch& Yaw
Figs. 4-17 & -18 Roll

* Not including spacecrait structure for antenna support.

#% Requires azimuth prefilter in radar for 2.5/1
wik Dual polarization at X-band adds 138 pounds,

pre-compression.
130 watta and one 62, 4 MB/S channel.
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The difference in peak power is accounted for by the pulse com-
pression ratio assumed, as the average transmitter powers are very
closce.  Westinghouse assumed a compression ration of 300:1 vs. 50:1
asswned by Goodyecar., The 300:1 ratio is within the prescent state-of-
the-art and is preferable because it results in an overall improvement

in reliability, without any increase in complexity of the electronics.

The difference in antenna length has a significant impact on the
spacccraft configuration., Whereas the 13.5 ft, antenna used by
Westinghouse might be accommodated in a i)elta configuration, the 27 ft,
antenna used by Goodyear could only be accommodated on Delta by
folding the antenna. Because of the line feed and the tight requirements
for alignment, folding would be difficult to implement without impairing

performance and reliability,

4,4,1,2 X~ and L-Band

As in the X-band dual polarization case, the major difference is in
the antenna.  The problem area is the suppression of range ambiguities
it L-band. Generally, range ambiguities are suppressed by making the
beam width narrow cnough to have the ambiguous swaths fall in the
sidelobe regions of the antenna pattern. That approach requires that the
aperturc increase in elevation from the X-band value by the ratio of the
Li-band to X-band wavelength, or about 5 to 1. Thus, the 2.5 ft.
dimension would increase to about 13 feet, ‘That approach, which
Goodyear elected, requires the use of some form of unfurlable parabolic
antenna, in order to achieve an aperture of 27 x 13 ft with a structure
which can be stowed in compact form for launch. This type of antenna
has the advantage of light weight since it uses a compact point feed, with
A mesh reflector, It has the disadvantages of requiring a much more
complex mechanical structure for unfurling and erecting the antenna,
and substantially higher cost than the line-fed cylindrical parabolic

anftenna.

Westinghouse achieves the Li-band ra.r;ge ambiguity suppression with
a 2.5 x 27 ft. aperture., Although the L~band beam width is about five
times as wide as the X-band beam width, the returns from the first
ambiguous swaths, which fall within the main beam, are effectvely

suppressced by shifting the tranamitter and receiver local oscillator
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phase 180 degrees at every pulse. The video signals from the main
swath is unaffected by the phase shifts, but those from the ambiguous
swaths arc shifted in frequéncy by one-half the PRF so that their

Doppler frcquéncics fall outside the azimuth processor bandwidth. This
technique results in a slight increase in the complexity of the electronics,
but that is more than offset by the much simpler antenna structure and

lower cost,

4,4, 2 Extended X- and L-Band Designs

Table &4-10 lists parameters for two SAR configurations, one for the
Thor-Delta and another for the Titan launch., The Thor-Delta con-
figuration is the same as Configuration 1 (X-band, dual-polarization) of
Reference 1, which uses a cylindrical parabolic reflector antenna with
a linc feed.  The antenna dimensions of 10 x 2.5 x 1 ft. are about the
largest that can be accommodated without folding the antenna, which
would present great difficulty because of the line feed and the limited

spacc for stowage,

The Titan configuration is based on Cbnfigura.tion 2 (X-band and L-
band, single polarization) of Reference I, modified to permit a range of
depression angles, and to include dual ~polzirization at both X- and L-~band.
The main modifications are an increase in antenna size from 27 x 2.5 =x
l ft. to'27 x 5x 2 ft., and provision of two more channels in the f
electronics. The basic data rate for the fdur channels is 250 MB/S
which slightly exceeds the wide band daté, sy‘stem capacity, However,
since the SAR will be used with HRPI or other. instruments, the data
rate is reduced by 2/1 azimuth pre-processing ‘in the radar to provide

the capacity required by the other instruments.

4. 4,3 Spacecraft Attitude Requirements for SAR

Control of tllclyaw and roll angles by the on-board computer will
pcrmit the cffects of altitude and earth rotation variations with latitude
to be corrcected while maintaining constant range gate timing and antenna
depression angle (with resiaect to the spacecraft). The final image
generated would have a latitude dependent sk|ew if uncorrected, However,

it can be casily rectified during ground data processing,
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Table 4-10, Parameters for Two SAR Configurations

{ Thor~Delta and Titan Launch)

Frequencies (GHz)

Averapge Transmitter Power (W)

Peak Power (KW}

Pulse Length (usec)

PRY (PPS)

Resolution (m})

Depression Angle (deg. )
Polarization

Altitude

Swath Width {(km]}

Antenna Size (L x H x D ft)
Antenna Wceight (1bs)

Elcetronics Package Size
(Lx Hx D in.)

Electronics Yolume {itE)
Electronics Weighl (ibs)
Total Weight (1bs}

DC Power {W)

Thermal Power (W)
Data Quantization {Bits)
Data Rate

Attitudc Control

Attitude Rate

9.5

160

4.3 o
i0-16

3.2-4.3 k

30 (9 looks}

62,5 - 73

HH, HV or VV, VH
914 km

40 v
10%x 2.3x 1

85

3lx 22x 9.5

3.75
170

257

1200
1040

4 + sign

2-68.8 MB/S
channels

+0. 02° Pitch & Yaw
p. 06%/sec. Rol

Titan

9.5 |
150 25

4.5 .75

10-17

3-4k

30 (7 looks}

60 - 75
HH,HVor VvV, VvH
914 km

50

2Tx5x 2

332

38x 24.5x 19

10. 25
365

697
1522
1347

4 + sign

2-62.4 MB/S
channels *

+0. 02° Pitch & Yaw
0. 06%/sec. Roll

0.01%/sec. Pitch &k Yaw 0.01%/sec Pitch & Yaw

Figs, 4-17 & -18 Roll

Figs, 4-17 & -18 Roll

Nata rate ceduced by 21 azinwth pre-processing in spacecraft,

'

The yaw angle offset required varies from about 1.5 to 2.2 degrees

for 60 degrces depression angle).

depression angle by

AD = tan !

V'0 cos A coseg{l +

during a pass over the United States, while the roll angle offsct varics

from 0 to 2.0 degrees for a 75 degree depression angle (0 to 1.0 degree

The required yaw angle offset from

R
Rg

the orthogonal to the orbit plane is given as a function of latitude and

sin ¢}

v
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wherzre

R = slant range.‘

RE = radius of the earth

V_ = surface velocity at the equator (1.521 x 103 ft/sec)
A\ = orbital velocity

A = latitude

¢ = depression angle.

The required roll angle offset is given as a function of altitude differential -

and depression angle by

. . !‘ 1 ‘
A¢g = QRE [l+_tan2(ta-§§£.0_5_2_):|2 (2)
£ .
\
where
Ah = altitude differential from a constant altitude

and the other variables are as previously defined.

4.4,4 Electromagnetic Interference

Both the SAR and the Wide Band Communications System (WBCS)
will operate at X-band, so that interference is possible unless suitable
precautions are taken in the designs of both systems and their integration
into the payload configurations. To reduce the interference the frequencies
and the physical location of the antennas should be‘ seﬁarated as
much as possible. Both the WBCS and the SAR designs should include
EMI specs which insure that all possible interfering signals are
attenuated below the SAR receiver noise level {after range and azirnuth
compressions).

4, 4,5 Cost

The following SAR cost estimates are based on a review and
extension of cost estimates by Goodyear and Westinghouse, and com-

parison with SAR costs estimated for SEASAT,
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X-Band-Dual
Polarization
(2 channels)

X- and L-Band
Dual Polarization
{4 channels)

Ground Processing

Development Flight Equipment
(Millions) Unit (Digital)
4.1 1.6 1.55
5.8
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4.5 PASSIVE MULTICHANNEL MICROWAVE RADIOMETER

PMMR conceptual designs were reviewed to assess characteristics

and compatibility with the modular observatory concept.

" References: Earth Observatory Satellite (EQS) Definition Phase Report,
s Vol 1, August 1971, GSFC.

. Passive Multichannel Microwave Radiometer (PMMR)
Feasibility Study, 15 June 1973, Interim Report;
Operations Research, Inc.

Advanced Microwave Radiometer Antenna System Study,
RFP, GSFC, 29 April 1974,

- 4.5,1 PMMR Conceptual Design - Phased Array Antenna

Table 4~-11 shows the preliminary physical characteristics of the PMMR
for EOS, as defined in Reference 1. It consists of a five-frequency {4.99,
10.69, 18.0, 21.5, 37 GHz) microwave radiometer, using separate elec-

tronically scanned planar array antennas for each frequency.

The weights and powers weré scaled up from the Nimbus F ESMR
system. Because conical scan is required, the aperture plane is mounted
parallel to the nadir pointing a,x:is of the spacecraft. This requires that
the height of the a.p}erture- is about twice the width in order to produce a
circular footprint with a 45° half cone angle. The antenna configuration

is shown schematically in Figux:e 4-19,
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Table 4-11. Preliminary Physical Characteristics
of the PMMR for EOS

Frequency IFOV'¥= Antenna Antenna Weight Power
(GHz) (km) Width {m) Height {m) (lbs) (watts)
37 22 0.86 2.12 i28 95
21.5 88 0.37 0.92 55 40
18.0 88 0.44 1.10 68 50
10,69 88 0.75 1.84 107 80
4.99 183 0.77 2.02 155 90
%

3 dB beamwidth footprint from 1000 km
altitude, 45 half cone angle.

TOTALS: Power 355 watts
Weight (513 1bs) 233 kg
Data Rate 0.01 Mb/sec (10 channels)

Antenna Area 5.5 m? (58 £t&)

GROUND TRACK

Figure 4-19,

Planar Array Antenna Configuration
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This type of antenna has the advantages of simple mechanical con-
struction, no dynamic interaction with the spacecraft, linear scan with
nearly 100 percent scan efficiency, beam efficiency over 85 f;ercent
at all frequencies, low side levels over i350 scan angle and coaxial JIFOV .

at all frequencies.

Table 4-12 presents the results of a study (Reference 2) of a five-frequency
PMMR using mechénically scanned, single reflector antennas with a multi-
frequency feed., Five different designs were studies. The most favorable
of these designs from the point of view of interaction with the spacecraft
igs the first one; that is, -the rotating off-set parabolic reflector with é fixed
array feed. The configuration is shown schematically in Figure 4-20. Altho;gh
that configuration requires additional ground data proces sing to separate
the cross-polarizations resulting from the rotation of the reflector with
respect to the feed, it minimizes the oscillating mass and, therefore, the
momentum compensation required to avoid excessive perturbation oflrthe
spacecraft. Weight, power and projected area compare very favorably with

the planar array type of antenna as shown in Table 4-13,

The disadvantages of this off-set parabolic dish antenna are low
beam efficiency (70 to 85% depending on frequency), high sideilobe levels,
60% scan efficiency due to sinusoidal motion, and extra ground data processing
to correct the image for the sinusoidal scan and to uinscrarnble the polariza-

tions,

4.5.2 Comparison of Conceptual Designs

Table 4-13 shows the physical characteristics of a five-frequency

PMMR with the two types of antenna described. -
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Table 4-12, - Summary of One Reflector Approaches

Weipght 1bs
Beam Maximum Volume mJd
"Efficiency Sidelobes Power watts Comments
OFFSET PARABOLIC REFLECTOR 70-85% 20 dB 106 Excessive spill ovar
(Array Feed) 1,11
‘ 60
OFFity PARABOLIC REFLECTOR 80-85% 20 dB 106 Angles vary with scen
{(Multi{ple Horn Feed) 1.11 '
- 60
TELI: "PE 10-75% 17 da 121 Sevore aperture blockage
. 100"
63
PARALTLIC TORUS 80-85% 20 dB 143 Dimensions exceed Delta
12,0 roquires deployment
¥ -
MECHAYN ICAL SCANNED ANTENNAS 70-85% 20 4B 136 Excessive momentum = polar-
(0f%:: ¢ Parabolic Reflector) 1.5 ~ ization does not vary with -
‘ 75 scan




ROTATION AXIS

(NADIR) \I)

PARABCLOIDAL
SURFACE

CYLINDRICAL
SHIELD

ILLUMINATION
PATTERN

. FEED F, REMAINS FIXED, DISH ROTATES
AN V - VERTEX
A F - FOCAL POINT

Figure 4-20. Offset Parabolic Reflector Antenna Feed Configuration

Table 4-13, 5 Frequency PMMR

Weight Power Volyme = Area
Antenna Type (lbs) a {w) (ft”) (ftz)
PMMR - Planar 513 355 36 (1.1) 58
Array _
PMMR - Offset 106 60 38 (1.11) 10
Parabola

At the present time no clear choice is possible as to the type of
antenna to be used for the EOS PMMR. It should be noted that GSFC has
recently proposed to fund a contract for a new study of antennas for use
in spacecraft (Reference 3). The study work statement covers both planar
arrays and mechanically scanned, multi-frequency antennas. The results

of the study may indicate a clear choice for EOS.
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4.5.3 Compatibility with EQOS Modularity Concept

GConsideration of the volumes, areas and mounting requirements for
the planar array and offset parabola antenna leads to the conclusion that
either type can be considered to be compatible with the modularity concept
for EOS, insofar as weight, power and data rate are concerned. Because
of the large projected area of the five-frequency planar arrays, they will
require stowing with their aperture planes parallel to the long dimension
of the spacecraft, and deployment to an orthogonal orientation after launch
as shown in Figure 4-21. 'These antennas are very thin compared to their
length and width, thus lending themselves to stacking, if necessary, to

fit within the available area.

The offset parabolic reflector type takes less projected area, but
requires as much volume as the array type antennas. Sufficient rigidity
is required in the reflector support and drive structure to maintain align-
ment of the reflector with the feed while scanning, and under the various
thermal conditions which will exist during the mission. The drive for the
reflector must include momentum compensation for the sinusoidal scan

motion of the reflector.

STOWED POSITION

37 GHz \
21.5 GHz

10.69 GHz

Yigure 4-21, Accommodation of 5-Frequency
Planar Array Antenna
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4,5,4 Cost

Estimated cost, based on available information at pI‘ESeInt for PMMR

is dependent on the type of antennas as follows:

#
5-Frequency Phased Array ------ 3.5M
Offset Parabola ---«--<----nno-o 2, 0M

These costs include the antennas and electronics, protoflight and

flight units.

Source of estimate -- verbal communication with Aerojet General

SOurce of estimate -- SEASAT Study Task Team Report, October 1973
Modified for 5 frequencies versus 4.
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4.6 WIDEBAND COMMUNICATIONS AND DATA HANDLING

4.6.1 EOS-A Data Handling

Data hahdling requirements for EOS-A and future missions are
determined by surveying the various sensors that may be used. Data
rates, accuracy, channels, housekeeping are determined {(or estimated)
and compared with the projected capabilities of the recommended data
handling system. Impact of future missions on the data handling equip-

ment are determined as a part of this analysis.

Applicability of the Multi-megabit Operational Multipiexer System
(MOMS) is determined by verifying the MOMS requirements {capabilities
as contained in various documents including the final developmental
report. (1) From the data handling requirements outlined in the above, a
modularized data handling system (MODS)(Z) is developed to reduce im-

pact {cost) of post-EOS-A instruments.

Requirements for on-board data compression have also been

analyzed. In summary, no data compression {or coding, speed buffering
or editing) is necessary. Addition of these functions could only result in
reduction in transmitter power or antenna diameter. These are presently
1/2 watt and 24 inches, respectively, so a slight reduction will be more
than offset by additional component weight and power required for the data

compression, coding, etc.

1
{ )For NASA contract numbers NAS5-21955 and NAS5-21690.

(Z)Multi-—megabit Operational Data System.
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4.6.1.1 Assumptions

Tradeoffs in other sections of this report have resulted in the

following system definition and requirements:

e The sensor data must be oversampled by the digital data handling
gystem by at least 1.3X '

¢ No schemes will be used to reduce the data rate such as data
compression data editing or line stretching for the standard
ground station :

e An error correcting code will not be used

e No on-board tape recorder will be used for the LLCGS or the
standard stations

e The on-board data handling requirements are listed in Table 4-14,

4,6.1.2 Analysis and Tradeoffs

4,6,1,2,1 On-Board Data Handling Requirements

The on-board handling requirements for EQS-A as well as future
missions are listed in Table 4-14, As shown in this table the data rates vary
from a low of 300 bits/sec.for the SEASAT-A pulse compression radar
altimeter, to a high of more than 300 :Mbit/sec whefe picture imagers as
well as synthetic aperture radar are used. In general, all of the sensor
outputs are analog. The A/D conversion accuracy requi.relmeﬁt varies
from 4 to 10 bits per sample. Housekeeping requirements also vary over

a wide range.

4.6.1,2,2 Applicability of the MOMS System

7 The MOMS system includes the multiplexer and A/D converters
{located in the instrument pac?kage), the controller and the speed buffer.
This section includes the speed buffer in the block diagrams, but no

design tradeoffs are made. Figure 4-22 illustrates the EOS-A configuration

of this equipment.

A review of the MOMS system indicates that the multiplexer and A/ D
conversion speed is adeqﬁate. The 7-bit accuracy is ldw; 8 bits is desir-
able. Apparently modification to 8 bits is st raightforward. The major-
disadvantage is the inﬂexiAble format; each mission would require major

redesign or additional buffering components would have to be added.
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Table 4-14.

wideband Data Handling —

Reguirements Versus Capabilities

MODS Multiplexer Baseline and Advanced Missions—

Regquirements Capabilities
Space- Typical Payload O[;latf:t Encoder | Science E::sii- 011;1:1;11: Enceder | Scicnce iio: e S
craft Instruments word Data Ping Word Data eeping | 9128 | weight| Power .
Rate Data Comment Rate Data .3 Comment
. Accuracy| Analog 3 Accuracy| Analog {im, 7Y (Lb) {w)
wit/ 1A Chanels | Snalog (Mit/ | ey | Channeis | A2210E
sec) Channels sec) Channels
Paseline | @ Thematic mapper {Te) 124 B 100 50 Synchronjze 128 8 128 b4 168 7 %A Altitude = TLT km
EOS |, MRPI (Westinghouse] 105 8 304 50 both data 128 8 320 b4 264 9 13 | includes overhead
. _ streams to 4% - _ -
Totals 229 8 404 Loo Plus overhead 256 8 448 128 432 L6 25 Plus MODS con-
troller, etc.
SEASAT | & SAR (! freq., 1 pol. ) 10 5 2 50 Needs 7:1 pre- Capable of
summary accommodating
=« PMMR 0. 01 8 10 50 128 B 64 £28 168 T 11 SAR without pre-
e IR1 0,26 8 2 20 sumrnary
= DCS - - -— -- Separate system
Totals 10. 27 8 14 120
SMM & UV magnetograph 8 12 20
¢ EUV spectrometer 8 12 FAY
- MODS technology Use DLU of C and
» X-ray spectrometer 0, 005 8 2 20 ot required 0,032 -1 64 128 77 2 3 DH system
e Hard X-ray imager 8 i2 20
e Low energy
polarimeter t2 20
Totals . 005 8 60 00
SEOQOS e LAST 57 3 1900 100 Main frame 128 -1 1920 128 936 Use 6 MODS
- multiplexers and
& Microwave sounder 0. 001 8 [ 20 128 © ADC LAST and
» Framing camera 13 8 4 20 Subcommutator | 128 B b4 i28 936 24 24 iraming camera
» Atmospheric sounder gn m:m t'rame.b
and radiometer 0. 001 8 15 35 128 ounders on Sub-
— . . _— commutatar
Totals 70 ] {925 Lts 198 256 936 24 24 Plus MODS
controller, etc.

Mate: Physical characteris

tics ate for MODS multiplexer portion only,
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Figure 4-22, Wideband Data Handling Equipment



a, The Modular Data Handling System

The ideal PCM data handling system will operate over the entire
range shown in Table 4-14 with no design changes, This can be accomplished
by using read only memories {(ROMS) or programmable ROMS (PROMS)
for control of the major and minor frames. Word length can also be
variable by simple hardwiring., Figure 4-23 shows how this might be accom-
plished with two ROM!'s: one for the minor frame organization and one
for the major frame. The operation of this system is straightforward:
the bit counter is hardwired for a predetermined word length. Word syn-
chronization pulses are counted in the word counter. When the word
count compares with a predetermined output from ROM-4, an "event' is
recognized and the ROM-A 8-bit event counter is updated. This causes
ROM-A to update and a new data word changes the multiplexed data.

a

ROM-B and the minor frame counter oper "= similarily.

The major advantage of this formatt g scheme is that virtually any
mission can be handled with one basic system. In conjunction with the
firmwire formatting, the multiplexer should also be constructed in
modules so that additional sections can be added or removed as the need

arises. A high-speed multiplexer that incorporates most of these desir-

able features is described in this volume, Section 4.6,3, This multiplexer,
called the modular multimegabit operational data system {MODS), is
compared with the MOMS system in Table 4-15,

b. The ECS-A Data Formats

The data rates for the HRPI and the Te TM are identical. Two
ROM formatters accommodate the data for these two ingtruments as
shown in Figures 4-24 and 4-25, Detailed derivation of these numbers is

given in Table 4-16.

The data formats for the two EOS-A instruments show that the

- major frame for the Te TM exactly synchronized with one swath, In
order to minimize buffering, minor frame synchronization is inserted in
place of band 7 data three out of four sampling sequences in each minor
frame. The long header accommodates mirror "fly back' time without

speed buffers for the Te TM and allows adequate recalibration time for
the HRPI sensors.
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BIT SYINC WORD SYNC MINOR FRAME SYNC MAJOR
128 MBITS/SEC 32 MBITS/SEC 740 KRITS/SEC FRAME
MAXIMUM MAX UM SYNC
4,8, 16,32 I I
WORD | MINOR FRAME
CLOCK BIT COUNTER . COUNTER Y epetds ‘
f e f LR
R R v ) y
COMPARATOR COMPARATOR
t F
LB R ] PR Y 4 ’
ROM-A < .
8-BIT ROM-B A
EVENT . ;ﬂﬁ?“ L%%T:ESUET'ON * | MAJOR E\gNt:lr
COUNTER] * FRAME UITER
ORGANIZATION) * | ORGANIZATION) |4
) 5 6 - I
BITS BITS _
——— e SYSTEM - .
HIGH Low RESET. (R}
SPEED  SPEED ' ‘
MUX MUX
ADDRESS  ADDRESS

Figure 4-23,

Micro-Controller for the High-Speed Multiplexer

Table 4-15, Comparison of MODS with MOMS System
MODS MOMS .
Ttem Comment
™ HRPI M HRPL
Multiplexer
Maximum speed 20 MHz 20 MHz 2D MHz 20 MHz
Number of input channels 1049 374 - 100 B0 Science channels
Number of input channels 64 64 28 112 Housekeeping
Modularity Yes - 64 chahnel | Yes - 64 channel No No’ channels
Technology GMOS and bipolar| G-MOS and bipolar] Bipolar Bipolar
EOS-A power 7. 4w M 4w 4.54 w 5.38 w
Sample - Hold
Aperture time 20 pico-sec 390 pico-sec EOS-A

MAJOR AND MINOR FRAME

" Technique Hot carrier diode bridge Switching amplifier’ Power for both is
Technology Thin film - bipolar Discrete - bipolar 470 mw

ADS L
Technigue Series parallel feedback Series patrallel feed-forward TRW usges 2-bit
Maximum sample speed 27 msa/sec 20 ms/sec ?ézntizer Lst
Accuracy 8 bits 7 bits
Technology- ECL L3l and TTL Discrete ECT, and TTL
EOS-A power 2w 12,0 w

Controller
Frame size Variable {firmware) Fixed
Frame orgéﬁization Variable (firm_w‘are) Fixed

Synchronization Minor frame
EQS-A power 20,2 w 24.5 w
Construction Modular N. A.
. Total EDS-A power 28. 6 wr 46,6 w Power is for both|

instrurnents data
acquisgition
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ECTORS,
leDAHDS ToF, 96 WORDS DATA

—— 4 DETECTORS, )
4 1 BAND

94 WORDS DATA

96 WORDS DATA

4 MINOR FRAME
SYMNCH CODE

95 WORDS DATA

MINOR FRAME WORD: 400, B-BIT WORDS TOTAL
12, 8-BIT SYNCH WORDS
388, 8-BIT DATA WORDS

500 MINOR FRAMES o
SYNCH AND HOUSEKEEPING

! L

41 MINOR FRAMES ‘——-',

ONE MINOR FRAME

® 4 SAMPLES EACH OF
16 DETECTORS IN & BANDS = 384 WORDS

| @ 1 SAMPLE EACH OF

4 DETECTORS IN 1 BAND = 4 WORDS

& 12 WORDS OF MINOR

FRAME 5YMNCH 12 WORDS

TOTAL 400 WORDS/MINOR FRAME

2 WORDS kg 494 WORDS vy

77

N _— 7

SYNC CODE  [NVERT

SYNCH

2 MINOR FRAMES (800 WORDS)
FOR HOUSEKEEPING

3. WORDS: TIME OF DAY

192 WORDS: MISCELLANEOQUS HOUSEK EEPING
600 WORDS: CALIBRATION DATA
5 WORDS: SWATH IDENTIFICATION

THE HEADER SEQU ENCE REPEATS AT THE
BEGINNING OF EACH SCENE, THE

STANDARD SYNCH CODE IS 31 BITS
PN + 1 BIT. AN INVERTED SYNCH IS

SENT JUST BEFORE START OF DATA,

MAJOR FRAME WORD:

2132 MINOR RAMES OF DATA (41 X 52)
500 MINQR FRAMES OF

SYNCHRONIZATION AND
HOUSEKEEPING
~ 36 FILLER FRAMES

~2668 MINOR FRAME
MAJOR FRAME

52 MINOR
FRAMES

Figure 4-24. EOS-A Wideband Data System Thematic Mapper — CDPF Data Format



185, 686 BITS OF MAIN FRAME

HEADER SEQUENCE ———— =

- MCA,#LS 76 PIKELS ,, 4 COLORS ., 8 BIT SAMPLES _ 155,648 BITS
DATA LIN X EHANNELS * T PIXEL = LiNE
30,038 BITS OF SYNC AND ID | | l e 120}21122[ PRI o ‘T&}i
A 54 CHARMNELS
~ g ! PER LINE ]
_ B
......[32[32|32|24| 8 Eazt-_gghzi...[ﬂ..-@ e E}...@ 76 PIXELS
\ [74[75[ 76} pER CHANNEL
SYNCING o}
CODE PN SYNC | SAMPLING
37-B1T P e ORDER
+1RIT 4 COLORS
[1]7{3]4] PER PIXEL
MARKER i
TIME OF DAY 8 BIT SAMPLES
‘ HBABBBBEE PER COLCR
aBiT - 1 2 {3 |83 (s .
HOUSEKEEPING NOTE: SEMISORS PHYSICALLY ARRAMGED AS 304 CHANNELS

WORD : OF 84 DETECTORS EACH FOR 19,45 DETECTORS IN 4 COLORS

i

Figure 4-25. EOS-A Wideband Data System CDPF Format

Frequency synchroni zatwn between the sensors and mult1p1exer is
achieved with a common clock (supplied by the multiplexer). Phase
synchronization is achieved with 2 start pulse from the thematic mapper;
the start pulse initiates insertion of a short synchron1zat1on code (16 bits)
and the start of the multiplexer sequence. Phase accuracy for the swath

time has no closed loop control.

4, 6. 1.3 C‘onclusions

The MOMS system, while probably adequate for EOS-A or one
specific mission, will not handle all projected missions without major
modification. A firmwire programmed modularized systern is recom-
mended. Further study of this problem is in order and will probably
indicate that flexibility and modularity can be accompl’ished with little or

no cost increase.

* .
Stability requests for the clock are not severe. Preliminary analysis
indicates the following:

o Long-term stability.” Less than 1 percent frequency change for
the life of the mission

o Medium-term stabilify. Less than 1 x 10-9 frequency change
averaged over any 30-second period

e Short-term stability. Less than 6 nsec peak jitter at each
' sample. Samples occur every 62.5 nsec.
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Table 4-16, EOS-A Wideband Data Requirements

Thematic Mapper

Data rate = 120 Mbit/sec = 15 x 106 8-bit words/sec

Spacecraft advance per scan = 16 detectors/scan x 50 meters/
detector = 480 meters

5 riod = 430 meters/sec
can period = ¢oAr. 7 meters/sec

Where the ground velocity of the spacecraft at 714 km is 67460. 2 m/s »
- |
Total words per scan = 15 x 10° x 71,15 x 107> = 1, 067,300 i

= T71.15 m=ec

Each detector except band 7 repeats every 100 words
Total words/detector/scan = 10,673

Let the active portion of the scan use 8528 words
Scan efficiency = 8528/10673 = 79.9 percent

. _ 185,000 m/swath _
Ground separation of samples = =g T rds/owath - 21.693 m

. . _ 30 meters/resolution element _
Oversampling ratio = 31,69 i meter/sample = 1,383

HRPI

Synchronize HRPI to the thematic mapper
Sample each HRPI detector 48 times for each TM scan

480 meters/{ TM scan
48 HRPI samples/ TM scan

HRPI total scan period = 71, 15/48 = 1,482 msec

Ground advance/sample = = 10 m/ sample

Total samples available per scan = 15 x 106 x 1,482 x 10"3 =22, 234
There are 4864 detectors/color x 4 colors = 19,456 samples/scan

Thus HRPI scan efficiency = %-g—’-—g—g% = 87.5 percent
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4.6.2 Wideband Tape Recorder

Storage of high-data rate digital data from the sensors may be .
required for EQS type missions. A projection of storage devices (1975 to
1985) clearly shows the superiority of magnetic tape recordings for high-

storage capacity serial memory systems (see Table 4-17),

' 4.6.2.1 Assumptions

A projection of storage capacity is'shown in Figure 4-26, and it
can, in 1978, be anticipated that 4200 feet of 2''tape or two 4200 feet of

1" tape will be required for 10 minutes' recording.

4,6,2.2 Analysis

It is at present known that two manufacturers will consider develop-
ment of these recorders, RCA a 2! version (under a potential NASA con-
tract) and Odetics, who has a transport designed for 1" tape. Specifica~

tions are shown in Tables 4-18 and 4-19.
4.6,2.3 Conclusion

A recorder for on-board use can be developed. It would require
24 manmonths plus 12 months qualification, at a cost of 3-4 million

dollars,

Table 4-17. Project Characteristics of Various Data Storage
Devices (1975 to 1985) :

Responie to

Precformance Eavi rormental Conditiona
¥ Mén 1
Packing | Fotential Write [ftead - Bcl::.':g Max,
Daza Sterage jDensity, { Capataty Data Rate B/S Erecgy/Bit Weight | Voluma
Tachnotogies {itice/ln Bics (Serial Modes) ] Temp Shock VYibration Radiation] Hours Lbs. a3
Tape Recordersl 5x107 | 16 ° 20xi08 /202108 10°% A A A G 0¥ 50 | 2,008
ok . -
Bubhle Memory| 10® ] 10® x10b3x10® sx10~3 ] G G . G 2x10t 200 3,000
Plazod Wire s,o00 | 107 sx10bfaniod 107} A A A G Dapondsoa | 300 |} 2,000
.- s elactricat
coanectiocn

Fatrite Case ] 2,000 } 107 - 2xt0bp2010% T A A A ¢ sx10? «00 | 10, 000

. Thn Film 1t 10’ zxto”exin?  [Notawait- | 6 A A G Not avail- - -
. ably ably
. . 8 - .

Boric BORAM | 3,000 | 10 1a? 107 xtot® A A A G 1wt 430 | 7,000

DTPL 3,500 | 168 sx10%5a10® 2a10”% A G G P 104 100 | 2,000
et
i A = adaquate f
TG e good

P ae poor
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Table 4-18. Tape Recorder Characteristics

PROJECTED

FEATURES

Tape Width

Tape Length

Tape Speed

Packing Dnnsi.ty
Bits Per Square Inch

Record Encoding
Heads

Track Width

Tape

42 Tracks per 1" Tape

» 100 Track per 2" Tape

1 2m

4200 ft 4200 ft

~ 80 IPS ~ 60 IPS
38 KBPL | 38 KBPI
1.4 x 10% 1.4 x 10°

Miller or Enhanced NRZTM

Ferrite or Alfesil
.018"

Best Grade Instrumentation

Mill'er or Enhanced NRZTM

Ferrite or Alfesil:
s . 008"

Best Grade Instrumentation, -

selected for best tracking

COMMENTS:

It is conceivable that this unit could

be designed with 90 tracks, bringing
. . : "0 -

the packing density up to 3 x 10~ Bits

per square inch,




Table 4:' 19'

Projected Tape Recorder Spec.ification

SPECIFICATION

CAPABILITY

Record Time

Record Rate
Reproduce Rate

BER

MTBF, Transport
MTLF, Elecctronics

Record/Repro Cycles
{Tape & Head)

Power, Standby
Power, Record
Yower, RE
Weight

Volume

42 Tracks
per 1'" Tape

> 100 Tracks
per 2" Tape

10 Min
2 x 120 MB/S
2x 120 MB/S

10'6

104

10°

4000

5 watts
40 watts
100 watts
75 lbs

4000 cu. in,
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10 Min
240 MB/S
240 MB/S

10'6

104

10°

4000

5 watts
70 watts
200 watts
150 1bs

6000 cu. in,



4.6.3 Wideband Data Handling Design

Majof design problems in the wideband data handling design are as

follows:

® The system should handle £EOS-A and.all projected missions with
minimum redesign. This implies 2 programmable format as
well as modularized construction

e Choice of component parts is critical. At the time of fabrication
and assembly, the component parts should be realistically de-
liverable as well as space qualified. On the other hand, judicious
use of new and befter components may result in substantial size,
weight, power and reduction as well as cost savings.

4,6.3.1 . Analysis and Tradeoffs

The wideband data handling system design is based upon the flexible-
format, modular system d_éscribed in Section 4. 6. 1 of the Appendix. The
principal a.dira.njtaQéé of this system, the MCDS, is that no design change
is requii'ecl',to handle any of the projected future missions listed in
Table 4-14 of Section 4,6, 1.

The FEOS-A MODS system consists of three components: two
encoders including analog multiplexers and high speed A/D converters
each located with their respective instruments; the TM and HRPI; and the
MODS controller which is located in the wideband communications module.
The interface with the thematic mapper and the multiplexers
requires 100 analog data lines and the HRPI/ﬁlultiplexer interface re-
quires 304 lines. Witﬁ the rnultipiexers located next to the instruments,
these lines can be made short, minmizing noise pickup, obviating AC
coupling and reducing weight. The thematic mapper multiplexer requires

" an eight-line output interface to the s peed buﬂér aﬁd each instrument re-
quirehs" a single line output to the guadriphase modulator in the wideband

communications module,
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Figure 4-27. MODS Controller
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Figure 4-28, MODS Partitioning

"4,6,3.1,1 MODS Contreller

Modular Design

Study of future EOS reqmrements 1nd1cated that the wideband data
handling system could be designed w1th modular components so that one
design will fit all missions as well as all instruments, Special-purpose
" signal conditioning boards/slices (a part of the component) will probably
be necessary in many instances, ‘but the major portion of the system will
require only firmwire changes in the controlling read only memories
(ROMS) to be adapted to different instruments, This is the fundamental
difference between the recommended baseline system (MODS3) and the .
proposal baseline system (MOMS). . A block diagram of this baseline,
MODS controller is shown in Figure 4-27.

Modularization is achieved as follows:

s Standard boards/slices are designed. These sectlons are corﬁ-

bined to perform the desired functions. Figure 4- 28 shows how

these boards/slices are combined for the baseline system (Te
TM and HRPI).
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e ROMS or PROMS are used to program minor and major frame
events to the following quantization levels (refer to the block
diagram, MODS controller, Figure 4-27).

Major Frame Timing: 12 bits {8192)
The major frame may be quantized in as
many as 8192 minor frame groups.

Minor Frame Timing: 9 bits (512)
The minor frame may be quantized in as
many as 512 word groups.

‘Word Timing: Word lenghts of 4, 8, 16 and 32 are
selectable.
The controller as described requires approximately 150 component
parts, These are mounted on three boards which are contained in a
6 x 8 x 2 inch package weighing three pounds. The controller requires

approximately 5 watts of secondary power,

4,6,3,1.2 Hardware Description

.Multiplexers

)

As discussed eaﬂier, the MCODS multiplexers and formatters are
located within the TM and HRPI instrument modules, respectively. Data
are acquired and converted to digital data streams under control and timing
provided by the MODS controller located in the wideband communications
module. The MODS are essentially identical, with their differences being

in the number of input channels dictated by instrument requirements.

The systermn organization of the MODS multiplexer is shown in
Figure 4-28, The MODS multiplexer is constructed of functionally modular
and expandable building blocks as shown in Figure 4-29. The modular mul-

tiplexing scheme consists of expandable boards of 64 analog inputs each,

The analog multiplexer is a two-tier multiplexing system. [t
basically provides a high speed switching capability., The first tier con-
gigts of 100 thematic mapper channels or 304  HRPI channels. The
second tier consists of eight high speed thematic mapper channels and 19
high speed HRPI channels that have typical switch open and close times
of 66. 7 nanoseconds. '
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Figure 4-29. Modular Multiplexing Scheme

The use of a two-tier multiplexing system achieves the following:

e It effectively reduces the common'output node capacitance
of the system -

¢ It reduces the amount of error voltage developed as a result
of leakage current flow through the "off" switches into the

common output node.
The low speed multiplexer level of the system has adequate time for
settlmg to perrmt the use of CMOS analog switches because the thematic
mapper and HRPI outputs are low impedance. The low charge transfer
error will result from tha.t low 1mpedance. The charge transfer error

eq_u:.va.lent circuit is shown in F1gure 4-30.

(E. - Y e e
_v n-1 -t/R (C_+C_)
Vel = —wstem— ¢ ©° ° ™
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where
= TM or HRPI output impedance

0
G0 = Stray cable capacitance between the TM or HRPI and
multiplexer
m The multiplexer output capacitance
ol - The previous sample level
>y o 2%30x 10712 -t/100(20+30) x 10”12

(20 +30) x 10~

Allowing 400 nanoseconds for the multiplexer response time, the charge

transfer error is less than 0,1 percent.

R_ = 100 OHM 3

j -

Co = 20 pf

- Cn B 30 pf_

e ————
—

ey i
-
-
~——

EQUIVALENT CIRCUIT .

Figure 4-30. Circuit for Analyzing Charge Transfer Error

The high speed multiplexer, shown in Figure 4-31, consists of input
amplifiers, differential current switches, and an output amplifier. The
differential pair of current switches are used for fast switching response.
In order to reduce power dissipation a common current sink is shared
by all channels. The parts and pow.er requirements for the multiplexer

portion of the MODS are summarized in Table 4-20,
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Figure 4-31. High-Speed Multiplexer Functional Block Diagram

Table 4-20. EOS~A Wideband Data Handling Subsystem Multiplexers

Part Name Type IC '~ Disc P(?‘:‘,:)r
TM Channels
Input amplifier LM§026 8 (5sI) : 16 31
Oui:puf stage | ' 40 89
Swath current sink 34 48
Coder buffer amplifier TRW-CEF 1 (MSD) 100
Gate driver | | 30 48
qu’spe-ed mulfiﬁlexe: RCA ' }_2 (SST) " 15 ' 50
. | . 24 IC 135D 366
100 TM channels multipl'exers = 159 pé,rts at 366 mw '
HRPI Chaﬁnels ‘ '
Input amplifier. LM3026 2 (SST) 18 ' 31
Output stage 490 | - 89
Switch current sinlk‘ . | 38’ 48
Coder buffer amplifier TRW-CEF 1 (MSI) - 100
Gate driver ' L 33 48
Low speed multiplexer - RCA - - . 38 (SSI) 36 _60
' / CD4051A 45 1c 165D ° -376

304 HRPI channels multiplexers = 211 parts at 376 mw
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Sample and Hold Circuits

A simplified functional sample and hold block diagram is shown in
Figure 4-32. The preamplifier and post-amplifier are wideband amplifiers.
The analog switch is typically a hot carrier dijode bridge for the high-speed
sample and hold. A FET is usually used for the input stage of the post-
amplifier to minimize the input bias current. A high bias current will
change the voltage on the hold capacitor while the sample and hold is
active. A high-speed monolithic sample and hold is not pre sently available
principally because of the variety of device technologies required: bipolar

tr_a,nsistors, field effect transistors, and hot carrier diodes.

PREAMPLIFIER GATE POST-AMPLIFIER

ANALOG b ‘ / .
JNPUT | —e o

>

GATE DRIVE

Figure 4-32, Sample and Hold Block Diagram

Analog-to=-Digital Converter

A number of analog-to-digital converter circuits were reviewed
and analyzed to determine candidates for meeting the 15 Ms/s,' 8 -bit

accuracy goals, Baseline A/D converter candidates:
1) Successive approximation (two 7.5 Ms/s, 10 bits)
2) Serial-parallel feed forward (15 Ms/s, 8 bits)
3) Serial-parallel feedback (15 Ms/s, 8 bits).

The successive approximation circuits employ two sa.mple'/hold circuits
and two 10 Ms/s, 10-bit monolithic converters which have significant
merit in terms of low complexity and comparatively high reliability.

The serial-parallel feed forward circuits easily achieve 20 Ms/s
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speed at 8-bits accuracy. The serial-parallel feedback circuits have
lower power, fewer parts and better accuracy than the feed forward

circuits and can also achieve 20 Ms/s speed,

A/D Converter Organization

 Successive Approximation Approach. The 10 bit successive approxi-

mation approach is illustrated in Figure 4-33. At the start of the
conversion sequence, all the latches except the one for the most signifi-
cant bit (MSB) are set false. The MSDB is set true. The D/A converter
thus provides a voltage equal to one half of full-scale. This voltage is
compared with the analog input. If the analog input is larger, the latch
for the MSB remains in the positive slate. OtherWise‘it is set false, and
the latch for the second most significant bit is set true. The process is
repeated until all 10 bits have been x;leterrnined. The data ready signal

indicates the conversion process is completed.

MOMOLITHIC LS| A/D CONVERTER CHIP

ANALOG I ' : SERIAL
iNpUT O] R-2R LADDER | OUTPUT
| ______ ' _ . SERIAL
| COMPARATOR { , ; | SHIFT
| 10 CURRENT SWITCHES | by
| !
R : L 1o (1 | PARALLEL
| Lo QUTRUT [ DIGITAL
3 1 lrecister 4 | DATA
, 4 : I (OPTIONAL) | : I QUTPUTS
[
NON UNIFORM |
PERAL OUTRUT » 10 LATCH FLIP-FLOP —LNL JI-—J—-|—>
I * R
| . PgR_ALLEL |
CONVERT CONTROL LOAD DATA
COMMAND LOGK SHIFT REGISTER — [ READY
| 1
]

R, 1
comparator [T [ ML
TR R T B A

BIT DETERMINED 1 2 3 4 5 6 7 g ¢ 10
DATA READY —I—

Figure 4-33. Timing Diagram and Monolithic LSI Successive
Approximation A/D Converter
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Serial-Parallel Feedforward Approaclh. This approach is illustrated

in Figure 4-34, The converter first encodes the sampled signal to

the most significant 4 bits in one timing step. The second 4 bits are
determined in a second timing step. The feedforward signal is derived
by subtracting the D/A converter output from the input signal and multi-

plying the remainder for the second stage to get the last 4-bit conversion.

Darrat.
‘ ourfin
’ —
ANALes & & &
fabskb N . w A BIT REQA iag,
iy 2 ] | wjquwre s P @ | D " (3) Joumn
—l I i Vq -
N o ,‘7’;
Rer "
VelTAqe

%
Comp SFnre L

C ]
toCi THIING 7 ConTist a;;iﬂ:ﬁr ;-,rz Sreases

fes 50 nsee —— 54
— o— IOWCO e '

Shpuse _[~1___ " ' ' p——

Comp Sneose £ T

FF1 Sreege '

D4 ourpur /

Comp Sreops 2 —1_
FF2 Sreste I
DATH Perd) 1

Figure 4-34, 20 MS/S Serial-Parallel Feed Forward A/D Conversion
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Serial-Parallel Feedback Approach. This approach is illustrated

in Figure 4-35,

The conversion period is divided into two cycles by the timing logic.

The first cycle begins by sampling the analog input and -holding this sam-
pled value until the start of the next conversion period. Throughout the
first cycle the A/D control logic inhibits the D/ A output to zero and sets
the step selector currents to k ma (where k and réference resistance R
generates one step size). This results in a step size of 128 mv with the
center threshold .,at zerc volts. At the end of the first cycle, the four
2-bit quantizers (2 BQ) are strobed and its 4=bit digital output indicates
the step which contained the analog input voltage. These four bits are
MSB, 2, 3 and 4 of the 8-bit result and are fed back to the D/A to."'deter-
mine the four 2-BQ center threshold voltages for the secénc"['cycle of the

conversion period.

During the second cycle,. the sfep selector current is reduced to
16 ma, resulting in an 8 mv step size. The 15 thresholds of the 2
BQs are now equally spaced within the one 128 mv step determined by the
four 2-BQs at the end of the first cycle. At the end of the second cycle,
the four 2-BQs are strobed aéé.in, the four least significant bits of the 8-bit

result are determined which completes the conversion period.

The ADC tradeoff summary is shown in Table 4-21 and a listing of the
advantages and disadvantages are shown in Table 4-22, Table 4-23 shows the
parts and power summary for the recommended baseline version 8-bit, ;

20 Ms/s SPFB ADC in both discrete and LSI configurations.
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Table 4-21,

ADC Tradeoff Summary

Sampling Rate

20 Ms/s

10 Ms/s

Approach

Converter
Fast time of analog channel
Total power

Resolution

" Relative accuracy

Size (each) —discrete, sample

- and hold, circuit

Size {each) — monolithic S/H
circuit .

Number of parts with mono-
lithic S&H

Number of parts with discrete
S&H CKT

Subranging
{(MOMS)

50 ns

12 watts
7 bits
Third
100 in®

100 in

Se i'ial-.-parallel Serial-parallel

feedforward feedback
(SPFF) (SPFB)
2 2
50 ns : - 50 ns
. 8 watts 7 watts
T bits 8 bits
Third Second
., 2 . o 2
75 in 65 in
50 in2 45 in®
181 173
614 598

Successive
approxima-
tion

2
50 ns
6. 60 watté
10 bits
Highest
26 in®
2 inz

60

564




96-%

Table 4-22. A/D Converter Advantages and Disadvantages

Resolution

Power

System ?/[P:f: (bita) {watte) Advantages Disadvantages Comments
MOMS 20 8 12 Requires slower e Discrete compa- Parts count 5 to 7
speed 3/H rator times of other sys -
» Highest power tems
» Large parts count
e Large variation
for reference
voltage
Serial/parallel feed- 20 8 9.74 Highest speed can Requires offset 2 BO offset can be
forward (SPFF) be achieved with adjustment for laser trimmed ap-
parts count tradeoff comparators proximately . 1 mv
Serial/parallel feed- 20 B 7.32 e Relatively simple Requires offset e 2 BO offset can be
back (SPFB) timing adjustment for lager trimmed ap-
e Speed is ready comparators proximately . 1 mv
attainable . e Second choice
# Relatively less Vi '
parts
Monelithic successive 10 10 6.6 # Lowest power » Slowest speed Best choice from the

approximation (1 bit
at a time}

e Converter design
provides linearity
and resolution
without necessarily
having cerrespond-
ing absolute accur-
acy D/ A drives
only 1 comp

e Lowest part count

standpoint of power,
parts count and

e Requires 4 S/H




Table 4-23. ADC - 8 Bit 20 Ms/s SPFB
Part Name Type - IC Disc Power Comment
: {mw)

Sample and hold 155 400 TRW mono-
lithic version
will be avail-
able at the
end of 1974

2-Bit quantizer TRW 960

2 BO (MST)

Linear-to-binary A 10 200

logic {SST)

4-Bit D/A converter TRW 6 28 400

: CGS (MST)
Qutput register 4 8 900
. (MST)

Reference voltage LMI1i08 4 38 400

and step selector : {MSID

Timing and control LM108 6 38 400

{SSI)
Delay line 4
{SST1)
30 IC 263D 3660

Each A/D converter = 293 parts at 3.66 w
Both A/D converters = 586 parts at 7.32 w
Both A/D converter with monolithic S/H = 276 parts at 7.32 w
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4.6.4 High-Speed Buffer

The high- speed buffer accepts 120 Mbit/ sec data from the thematic
mapper, then edits and buffers the data for two purposes:
1) Reduce the data rate to the LCGS to 20 Mbit/sec through a

factor of six reduction in sample rate or alternatively to
15 Mbit/sec by also reducing the 8-bit word to 6 bits.

2} Reformat the data to be line-sequential rather than column
sequential, as is the data format when it is leaving the A/D
converter (MOD 5).

4,6,4.1 Problem Discussion

The LCGS speed buffer/reformatter is charged with the task of
stripping a requested portion of data from the thematic mapper data
stream and reformatting this data in accordance with the LCGS applica—
tion. The data reformatting is provided to ensure line-sequential, rather
than column- sequential data transmission. If this reformatting is accom-
plished in the satellite, then the LCGS is able to display the data via a
filmwriter/display as the data is received directly from the demodulator,
without further processing. An introduction to the reformatting problem

is presented first, followed by 'a discussion of the line-stripping problem.

Figure 4-36 depicts the reformatting which is to be accomplished.
The arrows in Figure 4-36 depict the order of data as it emerges from the
MODS Encoder and enters the line-stripper section of the speed buffer.
Minor frame 1 emerges first, followed by minor frame 1B, etc. When the
second swath of data emerges, pixels 1 through 16 of minor frame 1A
emerge first, so that, without satellite reformatting, this data must now
be aligned with minor frame 1 of the first swath, requiring either consid-
erable memory at the ground station for reformatting, or complex mech-
anization to realign the data at the beginning of every swath, For the
data rate considered, present technology does not allow the latter approach.
Furthermore, any buffering scheme must be limited to the capability of a
minicomputer. If buffered reformatting is accomplished at the LCGS,
then one-half of the minicomputer memory will be dedicated to reformat-
ting, allowing only one-half of the memory for all other tasks. For these
reasons, the baseline proposal includes reformatting by the data han-

dling section of the satellite.
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Figure 4-36. Order of One Swath of Data eut of MODS

" The speed buffer/reformatter ens:urles that the data transmitted to
the LLCGS is in the order depicted in Figure 4-37. As in Figure 4-36, the
.arrows in Figure 4-37 deptict the order of data as it emerges from the speed
buffer/reformatter. Pixel 1 of all minor frames emerge first, followed
by pixel Z of all minor frames, etc. With this reformatting scheme, a
complete scene of data can be displayed or photographed without further

data processing on the ground.

The LCGS is to receive thematic mapper {TM) data at a2 20 Mbit/sec
data rate, whereas. the TM .acfually pre.du'ces‘ data at the rate of
120 Mbit/sec. Since only a portion of the TM data can be transmitted to
the LCGS, considerations must be made for extraction of meaningful da,ta

The following four optmns have been suggested
1} All data from one band (out of seven bands possible), full swath
2) Two bands for 1/2 swath
3) Four bands for 1/4 swath
4) Seven bands, full swath, reduced resolution.

Although only these four major options exist, there are many further
possibiiities- Which band to select for optmn 1, which two bands for option
2 or four bands for option 3; where does a one- half or one- quarter swath

begin? These suboptions are conS1dered in further detail below.

The L.CGS speed buffer is partitioned as depicted in Figure 4-38,
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Figure 4-38, Speed Buffer {LCGS) Simplified Block Diagram and Partioning
(Includes a Line Stripper and Formatter) '

The line ‘Stripper section of the speed buffer (Figure 4-38) receives a
32-bit instruction (option select word) and a word clock as data and produces
a strobe signal on the output line when the next word out of the MODS encoder
is to be stripped from the data stream and stored in the speed buffer. The
line stripper is used solely to determine whether or not the next word out of

the MODS encoder is to be transmitted to the LGS,

o "I‘he‘ reformatting scheme is performed in the speed buffer memory
gection, A double buffering technique is recommended which allows use
of NMOS random access memories. Double buffering techniques allow

simple addressing techniques for all four options.
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A detailed description of the line stripper is presented, followed by
the methods of programming the line stripper for each of the four major
data options. Finally, the high-speed buffer addressing scheme is

presented.

Although four major options are discussed, there exists many pos-
sible suboptions. For optibn 1 (one band, full swath) any one of six bands
may be selected. For options 2 and 3, {(two- and four-band options) any two
out of gix bands or any four out of six bands may be chosen, respectively.
Since the seventh band is transmitted with one-quarter of the density of
the other six bands, the full capability of the high-speed buffer is not '
realized if the seventh band is available as an option. However, the
seventh band may_.b’e included, Many pos.sible‘ starting points exist for
options 2 and 3. Dividing the complete swath into 16 segments allows the
LCGS flexibility in':determining the beginning of a partial swath, as well
as allowing a simplified approach to the implementation of the starting
point. The number of segments (16) is not fixed; its alteration affects
only the sizes of a counter and a divider. The total number of“subdptions

are determined as follows:

color_  starting point

select select
6 (g) x 8+ (2) x 12 +1 = 307 total option
— e
option option  option option

2 3

A 14—-bit word is used for the option select.

4,6.4,1,1 Line Stripper Organization

" The line stripper may be segmenteci into three sections l(Figure 4-39):
1) Minor frame select . o
2) Band select
3) Option 4 — reduced resolution

Options 1, 2, and 3 require selection of a portion of thé swath;

either full, 1/2, or 1/4. In the case of a full swath, information is
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Figure 4-39, Line Stripper

extracted from every minor frame. In the case of a 1/2 or 1/4 swath,
only a portion of the total 2132 minor frames are selected for data

extraction.

a. Minor Frame Select

The minor frame select portion receives the 15 MHz word rate
clock and, through a divider, pulses a resettable 4-bit counter every
1/16 swath (Figure 4-40). This counter sets the minor frame select latch,
which, when active, signifies that the next minor frame is a frame from
which data is to be extracted. This latch also resets a 3-bit counter,
which pulses every 1/16 swath. This counter clears the latch at the end
of 1/4 or 1/2 swath, depending on the option selected at the LLCGS. The
minor frame select latch is set and never cleared for the one band, full
swath option. The value of this latch constitutes input data to the band

select segment of the line stripper.
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b. DBand Select

The band select segment maintains two 6-bit registers: the band
select register and the word pulse register. The band select register is
loadable upon request via command. Each bit in this register corre-
sponds to one of the pos sible bands which can be selected for transmis-
sion. For the one band, full swath option, 1 bit of this register is active
at the position corresponding to the desired band. For the two band,

1/2 swath option, 2 bits are active. Two bits are active for the 4-band,
1/4 swath option; in this case, the bits correspond to the two colors not

chosen.

When the frame select latch is active, the high-order position of the
word pulse register is set to 1. This register then cycles at the word
rate such that the active bit shifts through all six positions and returns to
its original position every six pulses. It is instructive here to consider
the data format of the thematic mapper minor frame, The 400-word

minor frame is organized in accordance with Table 4-24,

The position of the 1 bit in the band-select register corresponds to
the band of the next word available for transmission. When the position
of the 1 bit in the word pulse register matches a 1 position in th