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4-YEAR SATELLITE LIFE

(SSUS/A OR SSUS/D)

PAYLOAD < 4001B

CPS & TRUNKING NOT SIMULTANEOUS (ALSO OPTION 2)

SS-TDMA REROUTING FOR BBP FAILURE

IMPATT AND TWT'S (40 WATTS @ 40%)

MCC, SCC IN CLEVELAND (CPS, TRUNKING & T&C) - CPS OR TRUNK OPERATION
3 (DOWNLINK) ANTENNA, 51 dBi @ 30 OFFSET (FIXED BEAM), SAME UP/DOWN HPB
CLOSED LOOP SYSTEM TIMING

cps

B o S

TR TR
e

2 ADJACENT SECTOR SCANS (2X 10% CONUS COVERAGE) +3 SPQTS
INDEPENDENT UP/DOWN SCANNING
FREQUENCY REUSE VIAXPOL

TDMA FORMAT, BBP {MODEMS, CODECS, STORAGE, SWITCHING, REFORMATTING),
SCALEABLE TO 480 MBPS

ADAPTIVE FEC 156 dB

UPLINK 4X 30 MBPS (27.5 MBPS) OR 1X 120 MBPS
DOWNLINK 240 MBPS

RESERVATION SCHEME

OPTION 1 (2X 30 MBPS INPUT, 126 MBPS QUTPUT)
OPTION 2 (FDMA WiTH POWER DIVERSITY)

TRUNK

e

|
;
:
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»
:
3

4 FIXED BEAMS (PLUS 2 ALTERNATIVES)

SS-TDMA @ 256 MBPS; IF SWITCHING - SCALEABLETO 20X 20

ANTENNA DIVERSITY, 18/8 dB, 1()_6110’-‘1 BER (AT MODEM) FOR RAIN ZONES FDE
PREASSIGNED




DEMONSTRATION SYSTEM ELEMENTS

The satellite system described herein consists of the four elements depicted on the opposite page, e.g.. e Satellite,
Launch Vehicle, Mission Operation System and the Ground Network,

The satellite element includes the software to test the satellite, integrate it with the AKM and launch vehicle at ETR,
and includes that software portion that adapts the launch and on-orbit software to the Particular satellite design, e.g.,
sensor geometrics, thruster calibrations, command and telemetry formats and functions, ete.

The Launch Vehicle element includes the normal interface engineering between the STS, SSUS-D and satellite as well
as integration and safety considerations,

The MOS element includes launch and on-orbit activities, including facilities, equipment, personnel, software, com-
puting and communications costs. Four years of O&M are assumed,

The Ground network consists of an antenna diversity type trunking earth station, a TDMA CPS type earth station, an
optional FDMA CPS type earth station and a master control center for the purpose of coordinating the communications
network activities (it is aseamed that additional trunking and CPS earth stations will be available).
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DEMONSTRATION SYSTEM ELEMENTS

SATELLITE

® PAYLOAD

® BUS
® AGE

® SOFTWARE
® [AUNCH SUPPORT

LAUNCH VEHICLE
® SSUS-D/IAKM
® ADAPTOR

® INTEGRATION/SAFETY & INTERFACE ENGINEERING

MoS

® STDN (S-BAND), GSFC, LeRC

® TAC

®  SATELLITE CONTROL CENTER (5CC)

® [AUNCH

HARDWARE

SOFTWARE (SATELLITE CONTROL)
CONSULTATIONS

TEAM

® CONTRACTOR INPUTS

GROUND NETWORK

® CPS EARTH STATIONS, (TDMA + OPTION 2)
® TRUNK EARTH STATIONS

e MASTER

CONTROL CENTER (MCC)

HARDWARE

SOFTWARE (EXPER IMENTS CONTROL)
PROCEDURES (EXPER IMENTS OPERATIONS)
O&mw

COMMUNICATIONS

el)
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TRADEOFF SUMMARIES FOR DESIGN OPTIMIZATION
(COMMUNICATIONS)

The satellite concept features a large (10") deployable antenna, with two scanning beams, four fixed beams plus monopulse
sensing for roll, pitch and yaw, a processor for antenna control, bit regeneration, adaptive FEC, switching and reformatting
and high power (40 watt) TWT and IMPATT amplifiers. This challenging techrology requires a thoughtful analysis of trade-
offs, options, and risks to achieve a design optimized for the NASA experimental mission. The next three charts highlight
some of the considerations leading to the proposed design.

In the communications area, summarized at the right, the antenna system offers substantial optimization challenges with
regard to performance, weight and physical arrangement both during launch and on-orbit and also have risk implications
with regard to beam pointing during the mission as well as successful deployment. The processor, patterned after the
Motorcla design provides the functions des=zibed above but also can, with ground command assistance, change the beam
scanning sequence, reallocate TDMA burst times, reallocate routes and control the adaptive FEC feature. The GE design
incorporates these features and functions with a tninimum of on-board automony; however, many aspects of the system
architecture and requirements need further clarification and optimization.

Finally, the optimized design includes the items to be built and/ or specified by GE including TWT and IMPATT amplifiers.
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TRADEOFF SUMMARIES FCR DESIGN OPTIMIZATION
(COMMUN ICATIONS)

COMMUNICATIONS
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1VS 2 ANTENNAS

PFF VS CASSEGRAIN

VPD VS SWITCH

OPTIM!ZED MONOPULSE

CELL SIZE

UPLINK/DOWNLINK OPTIMIZATION

SINGLETS VS TRIPLETS

MOTGROLA PROCESSOR

GE SS-TDMA SWITCH, LNR'S, VPD'S, HORNS, EPC
OPTIONS IMPACT

HAC-ZDD TWT AND IMPATT AMPLIFIER
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Spacecraft bus tradeoffs include

at minimum comple xity.
rays, large reflectors an

MMARY FOR DESIGN OPTIMIZATION

TRADEOFF SU
(SPACECRAFT BUS)
d consideration of monopulse sensor Jocation and type to achieve the best antenna pointing
i ssible deployment such as solar ar-

A cons

d antenna feeds.
systems to the spacecraft body and deploying

jderation also was given to appendages requiring po
Minimur complexity and risk is achieved
both the high power solar arrays

ined for effects on antenna gain

and beam pointing. Materials

by fixing the complex antenna feed
and the 10-foot antenna aperture by space

, fabrication methods,
the final optimal

sus “wo antenna configurations were examined to achieve

view of using the

conventional (to be) well proven vertical launch SSUS-D

argins and high confidence deployment.

proven mechanisms.

) Thermal distortion effects were €

B pointing and sensor_techniques and one ver

i recommended design.

g All of these tradeoffs were cou:sidered with the

Fo arrangement with adequate weight and power m
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% TRAGEOFF SUMMARY FOR DESIGN OPTIMIZATION &
EeeTs (SPACECRAFT BUS) et

®  DUAL LIGHTWEIGHT MONOPULSE, ANTENNA EMBEDDED, PLUS GE 3-AX|S
FOR ROLL, PITCH, YAW CONTROL

® MINIMUM COMPLEXITY FOR DEPLOYMENT MECHANISMS
- ARRAY

= SINGLE (LANDSAT D) POWER HINGE FOR ANTENNA
- NO FEED DEPLOYMENT

® MINIMIZE POTENTIAL FOR THERMAL D| STORTION, MISALIGNMENTS -
1 ANTENNA

® VERTICAL SSUS-D LAUNCH
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TRADEOFF SUMMARY FOR DESIGN OPTIMIZATION o |
@108)
. MGOS tradeoffs considered various launch and on-orbit options ranging from leasing complete facilities and services from
o commercial entities such as a U.S. carrier or Intelsat to facilities making maximum use of available NASA fzflities,
equipment and services considering also the imp i s

act to satellite design and program costs. These tradeoffs considered
available facilities such as tracking antennas, satellite control centers,

tations, T&C equipment, software programs, availability of experienc

large computers for orbit and attitude compu-
ed personnel; for the three functional activities:

o launch planning and contingency planning

v ® launch f
7o :
| e on-orbit O&M -
;o Costs were a principle determinant in these considerations,
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g = GENERAL (MOS) SPACE SYSTEMS DIVISION
R ELECTRIC
4 - ® S-BAND TT&C AND RANGING (BSE/3S-11)
E ® MSOCC {GSFC) LAUNCH WITH NASCOM/STDN
® NASA LAUNCH HARDWARE, SOFTWARE
2 ® FIXED S-BAND TAC AT CLEVELAND (LA)
®  SCC/MCC CO-LOCATED IN CLEVELAND, STON BACKUP; OR SEPARATE Scec-mcc
ol LOCATIONS ?
® SCC/MCC SHARE USE OF MINI COMPUTER
e ® LeRC (OR GSFC OR CONTRACTOR) OPERATES SCC/MCC
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FEATURES OF GE APFROACH

The features of the GE design are summarized at the right. Considering the impact of a large Ka-band antenna on satellite design
and the established DOMSAT carrier trend for the SSUS-D spacecraft the single reflector approach will be favored for oper-
ational use, This not only minimizes antenna weight and simplifies deployment but impor* -.:ly, also minimizes thermal dis-
tortions and other mechanical misalignments. In the GE design, the monopulse feeds for Cleveland and LA (roll, pitch and yaw
sensors) are embedded into the single antenna system such that the spacecraft 3~axis steering points the spacecraft so as to
minimize antenna beam pointing errors (spacecraft is not aligned with the local vertical as is normally done). Consequently,
pointing errors are only the result of relative distortions in the BFN and reflector assembly that cause one beam to move rela-
tive to others. Based on extensive GE thermal analyses these errors are well within acceptable ranges.

The penalty for a single reflector but with separate independent beam forming networks is a loss in performance, either uplink
or downlink gain, or both, of the order of 1 dB. In a larger sense this loss in antenna performince may be more than com-
pensated by the approximate weight savings of 50 pounds which could be used to generate more prime power, add trznsponders;
_ete,

Use of SSUS-D, which is expected to be the "work horse™ of STS synchronous launches, is the lowest cost launch arrangement
and the small SSUS-D class satellite, being 2 minimum weight also will be lowest in cost, with more than ample weight margins,
This is believed to be the minimum cost approach since it avoids the larger SSUS-A and STS (proportional) cost, and the cost of
duplicating larger satellites even if the SSUS-D approach involves spacecraft bus design costs.

The BSE-BS II 3-axis spacecraft bus makes available standard GE 3-axis components requiring 2 minimum of modification, such
as attitude control, secondary propulsion, thermal, TT&C, power system including regulation and housekeeping batteries, and
monopulse attitude sensing. The array power needs to be increased from 900 watts to 1100 watts; however, the battery system,
attitude control and other subsyster:s are adequate for the NASA mission. Increase in the size and strength of the structure is
needed; however, the same basic structural elements (ribs, cones, cylinders, etc), materials, fastenings and procedures will
be used. The BSE/BS II bus uses heat pipes to conduct heat away from the TWT bodies and to distribute this heat over the
radiator for space radiation. The same design will be used for the SSUS-D satellite.

The BSE/BS 1I bus uses S-band T&C and an S-band turnaround transponder for ranging. Consequently, the satellite is com~
patible with launch by NASA STDN/NASCOM facilities under GSFC Code 500, Experienced NASA personnel and NASA software,
facilities and computers are also available so that 2 minimum out-of-pocket launch cost can be accomplished. The contractor must
provide support to ETR and GSFC activities, update software to make it satellite compatible, provide T&C software and an on-
orbit satellite control team. An S-band T&C tracking antenna is available at GSFC (which may have to be time shared). While
TDRS plans call for some reduction in STDN it is expected that an ample, residual STDN facility will be available to support

NASA geosynchronous missions including the Wideband Demonstration.

POC technology used in the GE concept are Processor, SS-TDMA switch, TWT, IMPATT, FDMA; antenna technology
is similar to that of the POC programs but will be 2 GE design.

Finally, DCC has proposed a CPS aggregate rate MODEM that permits demodulation and detection at the throughput rate of the
earth station instead of at the burst rate. This technology can have a significant effect on CPS earth station cost.
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b |
SINGLE 10" ANTENNA |
® MINIMIZE WEIGHT
5 e SIMPLIFY DEPLOYMENT
® MINIMIZE EFFECTS OF THERMAL DISTORTION AND MISALIGNMENT
L © SSUS-D (VERTICAL) LAUNCH |
SN . ® MINIMUM COST |
S e STANDARD HARDWARE AND PRGCEDURES
£ . BSE/BS 11 BUS
SR ® 3-AXIS, MONOPULSE STEERED
S ® LIGHTWEIGHT, SUN TRACKING SOLAR ARRAY
£ ® PROVEN THERMAL DESIGN TECHN IQUES
S NASA LAUNCH (S-BAND)
o ® MSOCC
10 - e STDN/NASCOM 1

- ® MAXIMUM USE OF NASA HARDWARE AND SOFTWARE |

@l _ MAXIMUM POC TECHNOLOGY

A AGGREGATE RATE MODEM
MLMAL_. B - B e - P &
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DEMONSTRATION SYSTEM CONCEPT

The Demonstration System Concept consists of a CPS TDMA system based on the use of on-board processing with

ignals are

In the trunk mode, fixed beam SS-TDMA carriers are received on the LA, Cleveland, Houston or NY and DC or Tampa
beams, (4 total), pass through four receivers to the input of the SS-TDMA switch network. The DC-Tampa beam has a
programmable LO to account for the frequency offset of the DC carrier. After conventional SS-TDMA switching, the four
TDMA carriers are each amplified by the TWT amplifiers backed up by IMPATT amplifiers. Microwave switching at the
output of the power amplifiers routes the signals to the proper antenna port.

Either CPS operation or trunk operation is provided for,

For the optional FDMA operation the FDMA routing assembly is switched to the four fixed beams, but at IF via the FDMA
IF switches. The FDMA assembly provides for four 10 MHz paths from any one beam to the other four, Consequently,
each TWT will be linearized by backoff in order to control intermodulation power.

Note that an option also exists for reduced CPS operation by eliminating one scanning beam, augmenting the remaining

beam by the three isolated spots and by reducing the processor capability o two 27.5 msps inputs and one 110 msps output
signals.

two scanning
beams, and an IF type trunking SS-TDMA system with four fixed beamns. An option for FDMA using fixed beams is included,

The two scanning beams are connected to the processor via the redundant ring switched receivers. The uplink s
then demultiplexed into four 27,5 msps and one 110 msps carriers for each beam. Processor o

carriers, one for each downlink scanning beam. Each CPS TDMA carrier is amplified by one of the amplifier chains to the
40 watt level. Amplifier redundancy is provided by a reserve IMPATT.

utputs consist of two 110 msps
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ANTENNA \
(F = 156 IN.) -
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10 FT. APERTURE

ORBIT

>

<Z |

&

TT&C ANTENNA

l EARTH

e 4 YEAR SATELLITE LIFE

® SSUS-D/STS

® PAYLOAD <4001B

® SINGLE HINGED ANTENNA DEPLOYMENT
® 10' OFFSET FED, RIGID FEED STRUCTURE
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SPACE SYSTEMS DIVISION

1.7 KW EOL POWER

AKM

HYDRAZINE
TANKS (2)

3 AXIS, (SPINNING ASCENT)
SUN TRACKING SOLAR ARRAY
STAR 30B AKM (1473 LB BOL)
TWO TT&C ANTENNAS

TWO CONFIGURATION BALANCE

L ks oo




T T TN ST

SINGLE ANTENNA LAUNCH CONFIGURATION

During launch the satellite is attached to the vertically oriented perigee motor of the SSUS-D, supported by the SSUS-D
cradle. A spin table imparts spin momentum just prior to STS separation. The solar arrays are folded zlong side the
spacecraft body (two panels each) and tke rigid 30/20 GHz reflector, located over the top of the spacecraft, is deployed
by a powered, single-axis hinge. The drawing at the right is a side view showing the projection of the fixed feed system
with the T&C omni-antenna attached. Another T&C omni-anteina is Incated on the reflector back side. The power hinge
arm assures the correct ¥/D ratio after deployment. Since the satellite assembly spins inside the STS, the required
STS bay length of 15 feet, is determined by the feed projections.

-
i

B
-

g

wea

e

=

=




IO L SRl SO L )
NN ¥ s T

s LY

SRS A S AR

R

L
5
£
i
i

, 7 3
S e AR e e L R

s

GENERAL
ELECTRIC

!

SINGLE ANTENNA LAUNCH CONFIGURATION
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1

43. 2"

/ SOLAR ARRAY

% 89 IN. R ENVELOPE

=R -‘Z‘JIMOOOE

AKM

|—Payload

Z= 400 000
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PAM Sopnrstion
From Orbiter

SSUS-D (PAM-D)
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STS/SSUS-D SPACECRAFT WEIGHT SUMMARY

SSUS-D and Star 30 apogee motor, based on four years of north-south stationkeeping,

result in a satellite payload and
margin of 537. 3 pounds. Payload and margin include transponders, antenna reflector, BFN's and antenna system

supports and deployment mechanisms, This is considerably in excess of the 400 pounds specified by the SOW. The
spacecraft subsystem allocations are based on subsystems which are similar if not identical to those on BSE/BS II.,
Power system is sized for 1100 watts end -of-life with housekeeping battery subsystem for 150 watts during eclipse.
The fuel includes an allowance for 3 sigma launch errors and miscellaneous fuel consumed during ascent.
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GENERAL

ELECTRIC

STS/ISSUS-D SPACECRAFT -WEIGHT SUMMARY -
4 YEAR MISSION 1100 WATTS EOL POWER
SUBSYSTEM WEIGHT (POUNDS)
ATTITUDE CONTROL 3.3
THERMAL CONTROL 55.0
POWER 284.0
SPS (DRY) 55.4
AKM (DRY) 68.8
TT&C 24.0
STRUCTURE 170.0
BALLAST &ESD 15.0
TOTAL HOUSEKEEP ING 185.5
SPS FUEL (4 YEARS) 190.0
AKM PROPELLANT 1271.2
PAYLOAD* & MARGIN 531.3
TOTAL LAUNCH WEIGHT 2150. 0

*  PAYLOAD INCLUDES:
- TRANSPONDERS
- ANTENNA
- ANTENNA AND FEED SUPPGRTS
- ANTENNA DEPLOYMENT MECHANISMS
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aperture adds 49. 9 pounds to the payload or 396.4 pounds total (NASA 400 pound spec is not exceeded). The elimin-

Daytime power is summed for the two operating modes, trunking or CPS assuming that IMPATT amplifiers are in
operation respectively, This power added *o that for housekeeping establishes the 1100 watt end-of-life requirement.
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GENERAL PAYLOAD WEIGHT AND POWER SUMMARY
ELECTRIC

WT DAYTIME PWR
BASELINE LB WATTS

ANTENNA ASS'Y 169.6 24
RECEIVER ASS'Y 8.4 37 - 200

TRANSMITTER ASS'Y 9.5 818 - 416.9

TOTAL 346.5 LB ** 879 - 640.9W =

OPTION 1 316.9 LB 80 - 581.9 =

OPTION 2 358.9LB 800

* TRUNK - CPS MODE

£ ADD 49.9 LB FOR SEPARATE RECEIVE ANTENNA ASSEMBLY
NOTE: TRUNK, CPS, FDMA NOT SIMULTANEQUS
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NIGHTTIME PWR
WATTS

0
0
27

21W
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TWO ANTENNA ORBITAL CONFIGURATION

While not recommended, a two reflector (30 GHz and 20 GHz) system also was examined., Both antennas are deployed
dly attached to the spacecraft body. The spacecraft is the same as

on the east side of the spacecraft with the feeds rigi

¥ that described previously.
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GENERAL ANTENNA ORBITAL CONFIGURATION

ELECTRIC

10 FT. APERTURE
TRANSMIT ANTENNA
(F =156 in.)

ORBIT

6.7 FT. APERTURE
RECEIVE ANTENNA
(F =104 IN.)

1.1 KXW EOL POWER

1\

SENSOR AKH

T
T ____HYDRAZINE
TANKS (2)

TRANSMIT
FEEDS

ANTENNA
RECEIVE
FEEDS

EARTH
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TWO ANTENNA LAUNCH CONFIGURATION

The launch arrangement is similar to that for one antenna except now both antennas are retained on top of the spacecraft
during ascent. Each is deployed by means of a power hinge; however, tbe reflectors must also be iranslated away from
each other. This requires each hinge to te doubly articulated, While such hinges are feasible their added complexity
and risk ars acceptable only if no alternatives exist. Actually, it has been shown that weight, pointing and thermal con-
sidexations favor the single reflector approach and this is the approach proposed by GE,
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ELECTRIS

P : 15 FT..

STS LENGTH

¥ -

Y

e Payylond

7/ STOWED
’ SOLAR ARRAY

Attacly
Fittlng

Cradio

Asseibly /

P

vy

—

Mccha;ical

Actuator
Kocl
Terunnion Spin Table
Fitting Assembly '

+—-{2 = 400.000]

[ [F=3mm)
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; ' e of |2 =342.773
" PAM Scparation
J From Orbiter

SSUS-O (PAM-D)
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enter for action. The Master Control Center also provides network
signalling and switching and control experiments procedures. Earth station timing is derived from a unique word generated -

by the satellite baseband processor, plus additional network information or network plan programmed into the software,
Updates are provided via a2 common signalling channel or order wire to correct for satellite drift, It is desirable to main-
tain frequency lock by transmitting a reference carrier from the satellite; this carrier also can be modulated by a sub-
multiple of the burst rate to lock the CODEC. A unique feature of this arrangement, proposed as a cost reduction item

is an "aggregate" rate MODEM which performs demodulation and detection at the station throughput rate rather than at the
burst rate. Interface is at 64 kbps for PCM voice and data,
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TRUNKING EARTH STATION

This station operates in the SS-TDMA MODE in conjunction with satellite IF switching. Inputs are at Ti levels or higher
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® TWT DEVELOPMENT AND RELIABILITY DEMONSTRATION (EXTENSION OF POC) |
| - HAC - EDD SHOULD BUILD AND TEST A PROTOTYPE f‘
1 7 - HAC-EDD SHOULD INITIATE PROTOTYPE LIFE DEMONSTRATIONS i
* ® PROCESSOR AND RELIABILITY DEMONSTRATION (EXTENSION OF POC)

% | - NASA SHOULD ESTABLISH COMPLETE PROCESSOR REQUIREMENTS.
- MOTOROLA SHOULD COMPLETE SYSTEM ARCHITECTURE
f, [ = | - MOTOROLA SHOULD REASSESS "MEMORY" TECHNOLOGY
4 - MOTOROLA SHOULD BUILD, TEST A COMPLETE BRASSBOARD ,
4 -~ MOTOROLA SHOULD QUALIFY PARTS
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@ TRUNKING SERV ICE CONCEPT fmg=ry
GENERAL | ﬂﬂ

E lE c T R l c SPACE SYSTEMS DIVISION

SIX NODE NETWCRK: NODES AT LOS ANGELES, HOUSTON, CLEVELAND, TAMPA,
WASHINGTON, D.C., AND NEW YORK

MASTER CONTROL CENTER IS AT CLEVELAND
ANY FOUR NODES SIMULTANEOUSLY ACTIVE

SS-TDMA SYSTEM, 256 MBPS BURST DATA RATE, NODES INTERCONNECTED BY MEANS
OF AN IF SWITCH AT THE SATELLITE

SYSTEM COMMUNICATION CAPACITY APPORTIONED AMONG EARTH TERMINALS ON A

PREASSIGNED BASIS VIA THE PROGRAMMING OF THE IF SWITCH INTERCONNECT
SEQUENCE

SATELLITE SWITCH IS NETWORK BURST TIME REFERENCE

EARTH TERMINALS MAINTAIN SYNCHRONIZATION BY A CLOSED LOOP THROUGH THE
SWITCH AT THE LOOP-BACK TIME

ORDERWIRE INCLUDED IN LINKS TO CLEVELAND
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aE TRUNKING SERVICE DESCRIPTION .
E Trunking services are provided to four nodes at Los Angeles; Cleveland; New York or Houston and Washington, D,C. |
or Tampa, These nodes are serviced by six fix-pointed satellite antenna beams.

Coritrol of the network is exercised by the Master Control Center (MCC) located in Cleveland, The MCC includes a |
A terrestrial communications line to the Telemetry, Tracking and Command (TTAC) station located at GSFC by means v
A of which the trunking portion of the payload is controlled, This S-band station is used to receive the spacecraft bus -
and payload telemetry and to transmit commands also. In addition, along with a similar station at Los Angeles, it pro-

vides the satellite tracking functions via an onboard turnaround transponder. The LA station provides telemetry and

command backup. -

The Cleveland and Los Angeles terminals also transmit a circularly polarized pilot signal to the satellite for monopulse -

TR AR T TR MR T e

sensing of the spacecraft atiitude, e
Earth stations within a beam share a common uplink and downlink carrier frequency through the use of time division o
multiple access (TDMA) of the satellite receiver, for uplink operation, and TDMA of the satellite transponder trans- -
mitter for downlink operations. Uplink and downlink carrier frequencies are 28.75 GHz and 18.95 GHz, respectively, * )
5',. g for all nodes except that at Washington, D, C., for which the frequencies are 28.45 GHz and 18.65 GHz. The data buzst
f rate is 256 Mbps for all transmissions, Lad
o Nodes are interconnected at the satellite by means of an IF switch which provides all required beam interconnects within h
o a 1 msec frame time. This preassigned interconnect sequence rapeats until the switch is reprogrammed by commands -
Lot from the MCC, Interconnect time between beams is apportioned according to the traffic between the nodes serviced by
the beams.

b All earth terminals operate in synchronism with the satellite switch using the loopback time provided in each frame,
during which time the uplink transmissions frocm a node are returned to that node, to measure and maintain synchronization.

3

An orderwire is provided between ail earth terminals and the MCC for coordination of the network and to provide satellite
ephemeris data to aid initial synchronization of terminals entering the network.

Earth terminals in the trunking service use a combination of high EIRP and G/T and spatial diversity to compensate for rain
induced fading of 18 dB on the uplinks and 8 dB on the downlinks.
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TRUNKING SERVICE DOWNLINK FRAME STRUCTURE

The trunking service frame structure is summarized by the downlink structure. A superframe consisting of 512 TDMA
frames, each 1 msec long, defines the intervals at which the network can be reconfigured. It is slightly longer than the
double loop time between an earth terminal and the MCC,

Within each TDMA frame connectivity is provided between all nodes including loop back of each node to itself. In addition,
time is provided for the reference station, part of the MCC, to achieve synchronization with the satellite switch. Trans-
missions for this purpose take place during the intervals denoted SS, Having achieved synchronization with the satellite
switch, a reference burst is transmitted from the reference station, alternately from the prime and diversity sites, within
each change in state of the switch. These bursts provide the information required by the earth stations to acquire and
maintain synchronism with the switch. During the loopback switch state a sync window is provided during which syn-
chronization transmissions from the earth stations are returned to them to establish their timing or phasing, with respect
to the switch cycle and to track the switch for closed loop tracking. 'Timing of the transmissions for initial entry of an earth
terminal into the network is provided via an ordexrwire from the MCC which enables the terminals to rapidly align them-
selves with the sync window,

With each change in the destination of transmission, each earth terminal inserts a preamble into its transmission for
carrier and bit timing recovery by the receiver. The preamble also contains a unique word and orderwire. In the case
of transmissions to and from the reference station, station monitoring and control data, respectively, are included in
the preamble,
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SUPERFRAME
512 TDMA FRAMES

0.512 SEC

TDMA FRAME

1 MSEC

LOOPBACK AT REF

LOOPBACK ELSEWHERE} SYNC P DATA

CROSSOVER FROM REF] REF P

CROSSOVER FROM
OTHERS

TRUNKING SERVICE 7
DOWNLINK FRAME STRUCTURE iV

_— "

SS LOOPBACK | | CROSSOVER A CROSSOVER B || CROSSOVER C

! 1

| i
REF || SYNC P DATA

P DATA

SS = SATELLITE SWITCH SYNCHRONIZATION
LOOPBACK = IF SWITCH STATE WHICH CONNECTS STATIONS IN THE SAME BEAM

CROSSOVER= IF SWITCH STATE WHICH CONNECTS STATiONS IN DIFFERENT BEAMS

REF = ALTERNATES BETWEEN LOCAL AND DIVERSITY REFERENCE BURSTS
SYNC = USED FOR LOCAL BURST SYNCHRONIZATION DURING LOOPBACK

P = PREAMBLE AND UNIQUE WORD

DATA = DATA BURST - 256 MBPS
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TRUNKING SERVICE PREAMBLE, UNKQUE WORDS AND OVEZRHEAD

Three types of preambles are used depending upon the source and destination. Preambles originating at the reference
terminal contain data defining the network plan in addition to the synchronization symbols, unique word (UW) and order-
wire (OW) information common to all preambles. Preambles destined for the reference terminal contain transmitting

terminal bit error rate (BER) summary data. Tzansmissions not involving the reference terminal contain preambles
consisting of synchrorization, UW and OW data only.

Preambles are sent from both the standby and on-line stations at each terminal. That from the standby site is trans-
mitted first so that the data from the on-line site immediately follows its preamble. Transmissions from the standby
station are used to monitor the health of the station and carrier fading conditions.
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TRUNKING SERVICE PREAMBLE,
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SPACE SYSTEMS DIVISION
CARRIER AND VOICE
BIT TIMING ORDER-
RECOVERY uw WIRE
75 SYMBOLS 1214 |16 75 12 |4 |16 DATA
NETWORK
PLAN AND
DIVERSITY
CONTROL
CARRIER AND VOICE
BIT TIMING ORDER-
RECOVERY UW  WIRE
75 12 | 1}16 75 12 l1}16 DATA
BER
SUMMARY
CARRIER AND VOICE
BIT TIMING ORDER
RECOVERY UW WIRE
75 12 | 16 75 12 | 15 DATA

FIRST BURST IS ALWAYS
FROM STANDBY SITE

SECOND BURST INCLUDES DATA AND IS
TRANSMITTED BY ON-LINE SITE
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@ CUSTOMER PREMISE SERVICE -~ &
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| . ELECTRIC )

e TWO SCANNING BEAMS EACH COVERING A SECTOR OF THE EASTERN CONUS PLUS, IN
COMBINATION, SPOTS AT DENVER, SAN FRANCISCO AND SEATTLE

e MASTER CONTROL CENTER IS AT CLEVELAND

i S S T A
Bl P

- e EARTH STATION BURST TIMING IS GOVERNED BY THE BBP DEMODULATORS /UNIQUE WORD |

P DETECTOR AND SYNCHRONIZING CORRECTIONS ARE DERIVED AT THE MASTER CONTROL
: CENTER (MCC) LOCATED AT CLEVELAND

i

LINKS HAVE RATE DIVERSITY PLUS FORWARD ERROR CORRECTION FOR RAIN FADE COMPENSATION

® STATIONS TRANSMIT EITHER 27.5 MSPS OR 1
UPLINK CHANNELS OR ONE 110 MSPS UPLINK

e TN Lt ot S W C A

10 MSPS AND RECEIVE 220 MSPS. FOUR 27.5 MSPS
CHANNEL ARE AVAILABLE IN EACH SECTOR

Bl ® INTERCONNECTION BETWEEN EARTH STATIONS IS BY MEANS OF A STORE-

AND-FORWARD PROTOCAL
IMPLEMENTED THROUGH THE USE OF A SATELLITE BOR

NE BASEBAND PROCESSOR (BBP)

Pl ¢ CHANNELS THROUGH THE SATELLITE ARE DEMAND ASSIGNED

T A W KV

il ® CIRCUIT SWITCHED NETWGRK PROVIDED

P TER IR

® INITIAL EARTH TERMINAL ENTRY IS BASED O

N TIMING INFORMATION TRANSITTED FROM THE MCC |
TO THE EARTH STATION VIA AN ORDER WIRE




CUSTOMER PREMISE SERVICE

Customer Premise Service (CPS) is provided to two contiguous sectors in the Eastern CONUS plus isolated regions cen-
tered at Denver, San Francisco and Seattle, For this sexvice the satellite system includes a transmit and a receive
beam, both scanned, to provide the coverage of each sector and the isplated regions associated with each. The same
carrier frequencies are used in each sector and isolation between the adjacent sectors is achieved by a combination of
orthogonal polarization of beams and scan control to maximize spatial isolation,

Circuit switched communications are provided between any two earth stations in the service on 2 demand assigned basis,
The interconnection is made through a baseband processor (BBP) in the satellite in which Treceived signals are demodulated,
stored in input memory, mapped onto the output memory by means of a baseband switch, and read from the output memory
for transmission at the appropriate time as defined by the transmit antenna pointing direction, The BRBP also includes
provisions for forward error correction decoding of the uplink data and encoding of the downlink data. The error control

The CPS incorporates two classes of stations, a 3 meter diameter antenna class which transmits bursts of 27,5 MSPS and a
5 meter class that transmits 110 Msps bursis. Both receive a time division multiplex data stream at 220 MSPS,

The CPS network is controlled from the Master Control Center (MCC) located in Cleveland. Orderwires through the
satellite connect the earth stations with the MCC and supports the communications needed to command and monitor each
earth station and transmit earth station requests for capacity assignment changes, Sateliite éphemeris data is supplied
via the orderwire from the MCC to aid earth station entry into the network.,

BBP reconfiguration data, required to respond to changes in earth terminal traffic requirements, is generated at the MCC
and transmitted to the satellite via either a scanning beam or a fixed beam to Cleveland.

A 30 GHz pilot for use by the satellite monopulse sensor also is provided from Cleveland and LA earth stations.
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STATIONS TRANSMITTING 27.5 MBPS
BURSTS HAVE 3 METER DIA. ANTENNAS
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CPS FRAME FORMATS

The frame time is the time allocated for scanning one sector, i.e., 1 millisecond. A superframe is made up of 512
frames. Instructions for any reconfiguration of the BBP elements or the earth terminals are executed at the beginning
of a superframe,

The scanned beam of the satellite Teceive antenna is stepped through the assigned sector. While it dwells on a particular
area all stations in that area that have been assigned the same transmit carrier frequency access the satellite via TDMA.
Each station transmits a preamble, which includes guard time, carrier and clock recovery bits, a unique word for timing
error measurements and phase ambiguity resolutions, and orderwire data for transmitting terminal status, health, re-
quests for the use of error correction coding, changes in capacity requirements and so on. Following the preamble the
traffic information is transmitted. Included here is the supervision and control information for call setup and takedown.
This relieves the MCC of those functions except it assigns the required system resources and configures the system.

The downlink frame is similarily organized except that, since the downlink data is time division multiplexed, only one
preamble is required for each area and the orderwire may be shared by the terminals in an area,

e
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GENERAL SPACE SYSTEMS DIVISION
ELECTRIC
= SECTOR SCAN TIME = 1 MSEC >
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- PREAMBLE | STATION 2, | |PREAMBLE | STATION 2, 2 STATION 2, J
,mk - i o e— 2 ‘c
I ———— _ __
CUARD TIME] CARRIER CLOCK UNIQUE STATION
RECOVERY | RECOVERY WORD IDENTIFICATION
e SECTOR SCAN TIME = 1 MSEC —e]
-
- AREA 1 | AREA 2 | AREA 3 - AREA 1
* x // --------- -
ik > _- T ———
O 2 ==
Z PREAMBLE | STATION 2, A |STATION 2, B STATION 2, K
SE —_— X r
(& ] \_§~
| ———
CARRIER TLOCKR —AREA
ANT. SCAN | 2’ovray | RECOVERY [UN'QUE WORDL | nenTiRICATION
e UPLINK AND DOWNLINK DO NOT NECESSARILY COVER THE SAME AREA SIMULTANEOUSLY.

)
3

AR

P —

i i g




P T T A T e T

WO TTIELR s - 1
PROS T . ¥ TP

£

FREQUENCY PLAN

The frequency plan is consistent with the planned operation of the demonstration system and simplifies its implementation,

The planned operation of the system is that it will operate in either the CPS or the trunking mode, and operation in these
modes is mutually exclusive. In the CPS mode earth stations simultanesously accessing the satellite through the same
beam will transmit either 27,5 MSPS, on any one of four FDMA carriers, or 110 MSPS on a fifth carrier frequency.
Again, operation in the FDMA, 27.5 MSPS or 11¢ MSPS, modes is mutually exclusive. These same frequencies may

be used simultaneously in both sectors, and associated spot coverage areas, on, however, orthogonally polarized
carriers. The carrier frequencies for CPS operations are such that the demultiplexing filter design is routine. The
CPS downlink operates at 220 MSPS burst rate for all uplink rates.

In the trunking mode both the uplink and downlink from all nodes operate at 256 MSPS burst rates and all, except those
from the Washington, D, C, node, use the same uplink carrier and the same downlink carrier frequency. The carriers
for the Washington, D, C, node are offset from those of the other nodes tc permit supplementing the spatial isolation be-
tween it and the others through filtering at the receive terminals. There is a potential interference problem wheun ter-
minals in the DC or NYC nodes transmit to themselves or to other terminals in the same node. In that case the signal
received from the adjacent node by the satellite beam skirts and hence transmission back to it by the same means may
not be sufficiently below the carrier so as to cause negligible influence, If that should prove to be the case additional
fiitering at the satellite is required.

s




£
f
UENCY PLAN
- GENERAL FREQ ory et
¥ ELECTRIC
4
2 N PILOT . cps
X P 66 M 5 MH
: BEAM Y —={soMizle 275 Mz | BEAM
20 1 l [l J= ite110ftre 1 VERT.POL. fe——220[MHz ——]
‘ | shuteshuiad Safatutitet | f
1 ; 1 rr1 : : 2 HORIZ. POL. | |
F'l .0 TRUNKING
| BEAM TRUNKING
BEAM
F, 1 (NY) pe———256 [MHz———®1 1 (NY) bo——256 {MHz ——&
b
: . r
:’ K Ve 2 (D(‘_:) 1(DC)
§ . 3 (en ﬂ 3(CL)
4 (LA) n % (LA)
% 5 [ 5 [ l
; 6 , 6
% FREQ.-GHz 28.45 28.50 28.75 FREQ.-GHz  18.65 18.95
UPLINK DOWNLINKS
e CPS AND TRUNKING BEAMS NOT SIMULTANEOUSLY ACTIVE
8-S S e CPS NARROWBAND AND WIREBAND UPLINK CHANNELS NOT SIMULTANEOUSLY
" g ACTIVE
B
iﬁz;d
f? e
[
o
{v | ; wg e o #=t g
ﬁ“‘ 2 ) A,v_._._.,_;_;.‘,;&m T i - A_;: .‘m - ) : N




o . e,
it Wb o3 L 3

BASELINE PAYLOAD BLOCK DIAGRAM

The baseline payload supports the two experiments planned, SS-TDMA for trunking and scanning beam, baseband switched TDMA
for CPsS,

The payload is configured for use with a single reflector antenna and, hence, common feed horns are used for both transmit and
receive. The feeds are grouped into two sets corresponding to the two scan sectors plus thi'ee feeds serving the isolated trunk-

ing nodes at Houston, Tampa and Los Angeles, Feeds for the other three trunking nodes, NYC, DC and Cleveland, are shared
with the CPS, _

Two beam forming networks (BFN), a transmit and receive, are associated with each scanning beam. These are implemented

with variable power dividers to permit combining of singlet beams, (beams from single feeds), to provide more uniform gain
over the scan area than is possible with single beams alone,

RF switches provide for reconfiguration of the trunking nodes and for selection of the CPS or trunking modes. Both services

use the same receivers. Four are required but six, interconnected by ring switches, are provided giving two-for-four redundancy.
The four active receivers are connected to the IF switch for system operations in the trunking mode. This switch provides inter—
connection between receive and transmit trunking beams. For system cperations in the CPS mode, two of the receivers connect
the receive scanning beams to the BBP through a demultiplexer associated with each scanning beam. The demultiplexer sep-
arates the 5 possible uplink carriers for processing in the BBP, The store-and forward protocol is implemented in the procsssor
which demodulates the data on each carrier, applies forward-error-correction as required, stores the data for routing through

a baseband digital switch, assembles the switch output into a time division multiplexed (TDM) output, encodes the data if re-
quired, and modulates the data onto an IF carrier for upconversion and transmission.

A digital routing processor (DRP) is included in the BBP and in it are Pprocessed the control messages received from the MCC
which are then passed onto the other elements of the BBP and to the IF switch, scanning antennas, LO's, and RF switches, Pay-
load timing information is also generated in the DRP, In the present configuration the MCC communicates with the BBP through
the TT&C subsystem when the payload is in the trunking meode, which requires only a low rate uplink, and through a CPS link
when in the CPS mode which requires a high data rate for rapid BBP configuration. The TT&C link can also be used as a backup
to the CPS link for uploading data.

An alternative approach to implementing the MCC-BBP links is through the use of a fixed beam to the Cleveland node. Imple-
menting the link in that way provides continuous, relatively high speed communications that are not dependent on the scanning
antenna for operation. This requires increased BBP complexity, and an additional channel through the processor.

Upconversion and power amplification is accomplished by means of a cascade of a limiting IF amplifier, upconverter, TWTA
and output filter. Four such cascades are arranged in pairs with each pair having an associated similar cagcade for redundancy.
The redundant path has an IMPATT solid state power amplifier (SSPA) instead of a TWTA. The amplitude Iimiting ampiifier is
included to assure full power output from the power amplifiers by compensating for differences in trunking station ERP,
weather conditions and component aging.

Programmable LO's drive the upconverters to provide a constant carrier frequency to earth stations in the various nodes when
there are crossovers from and to the Washington, DC node which operates at carrier frequencies different from the other nodes.
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LOW NOISE RECEIVERS
A low noise receiver (LNP) made up of an image enhanced mixer followed by a low noise FET IF amplifier should meet
the NASA goal of a receiver with a 5 dB noise figure. Experimental results obtained by General Electric, as shown in
the two following figures, confirms that the goal is achievable.
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e NASA 1982 DEVELOPMENT GOALS OF DOWN CONVERTER NOISE FIGURES (5 dB AT 30 GHz)
SHOULD BE ATTAINABLE.
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MILLIMETER NOISE FIGURES VS. FREQUENCY
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RECEIVER SPOT NOISE FIGURE 3
Low noise amplifier noise figure as a function of frequency, measured with 2 3.5 dB noise figure IF amplifier, show
noige figures 2 to 3 dB greater than the NASA goal, Attainable improvements in mixer conversion loss and the use of a2 .
lower noise IF amplifier can reduce the receive noise figure to 5 dB, :
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Subharmonic mixers built with an antiparailel diode
pair offer many advantages. All the design efements can
be integrated into a single stripline circuit,

BLOCK DIAGRAM OF SUBHARMONICALLY PUMPED MIXER




3 LOCAL OSCILLATORS

J

; A signal source of the design shown, suitable for use as the receiver subharmonic local oscillator, has been breadboarded
3 by General Electric. The circuit tested produced 50 milliwatts at 11.4 GHz, which is the desired subbarmonic, and ex-
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LOCAL OSCILLATOR DESIGN HAS BEEN BREADBOARDED BY GE
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OUTPUT POWER: 50 mW

EFFICIENCY: 1.2%
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GENERAL ELECTRIC 11.4 GHz L.O BLOCK DIAGRAM

The LO chain is stabilized by a 5 MHz crystal oscillator reference and contains a VCO multiplier and two diode multi- -
pliers, suitably isolated, to obtain a stable 50 mv reference at 11,4 GHz. One such unit was built and tested.
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20 GHz TRANSMITTERS
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GENERAL 20 GHz TRANSMITTERS

ELECTRIC

® |MPATT AMPLIFIER

- LOW POWER EFFICIENCY
- HIGH NON-LINEARITY

©® TRAVELLING WAVE TUBE AMPLIFIER

- POWER EFFICIENT TWT UNDER
DEVELOPMENT
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! 3
i TRW IMPATT TRANSMITTER CONFIGURATION
H -
b This diagram describes one such solid state amplifier under development with relevant characteristics and design goals, L :
Vo Experience with similar devices, including regulators, indicates that efficiency goal in particular will likely not be i
o " achieved which will result in efficiencies considerably below that of a TWTA, Experience with IMPATTS at C-band and =
Ku-band have not encouraged their use as TWTA replacements because such devices have no advantage in efficiency, o
e’ linearity, weight or reliability. The same may be true at 20 GHz.
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26 GHz TWTA SUMMARY DATA

This chart lists TWT performance and weight characteristics for tubes operating at 20 GHz. The EDD 918H and
Telefunken 20030 are the only TWT's that come close to the requirement.
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E
TWTA POWER SUPPLY WEIGHT VERSUS TWT RF OUTPUT POWER

The chart shows there is considerable industry experience in TWT power suppiies in the TWT power range of 40 watts
and above albeit none are for a 20 GHz TWT, The power supply is not a technology problem,
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20 GHz POWER AMPLIFIERS

Data from the preceeding two charts, and other data, have been combined to :;how weight and power drain trends of

various types of power amplifiers versus RF power output. These datz indicate that, above about 10 watts of RF power,

TWTA's offer a significant advantage in terms of minimal spacecraft bus power requiremerts ard have no weight penalty.
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SS-TDMA SWITCH CONCEPTS AND CHARACTERISTICS

The RF switch design and specifications are summarized in the chart. The basic configuration is a crosspoint switch
where the crosspoints are implemented by directional couplers and amplifiers. The amplifier, when active, compen-
sates for the coupler loss and when inactive provide additional isolation between the input and output lines. As shown
here and on the next figure redundancy is provided by means of extra input and output lines which provide a path through
the switch that can be substituted for a failed path. Additional lines can be added for greater redundancy.
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SPECIFICATIONS

DERIVATIVE OF 20x20 SWITCH, 1985 TECHNOLOGY DEMONSTRATION
FULL CONNECTIVITY, 10 YEARS

RECONFIGURATION RATE 2 uS

SWITCHING TIME <10 NS
IF =6.2 GHz
BANDWIDTH 1000 MHz, 1 dB
GAIN RIPPLE 1 dB
PHASE LINEARITY * 5 DEGREES MAX
INSERTION LOSS 15 dB/CONNECTION
ISOLATION 40 dB MIN
SIGNAL RANGE -50 dBM TO +10 dBM
NF 35 dB MAX
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FF, CPS BASEBAND PROCESSOR

i |

B

£ The BBP is based on the work being done by Motorola, Inc!s Government Electronics Division for NASA. Under that

: program a BBP architecture has been developed, integrated circuits needed to meet size and weight goals identified and
4 development of some of these IC's has started.

;f The BBP will support one 110 MSPS or four 27.5 MSPS u;link channels in each of the two antenna scan sectors and one
; 220 MSPS downlink in each sector. It provides signal regeneration to minimize earth station EIRP and G/T requirements,
E forward error correction decoding and a 2:1 symbol rate reduction to provide additional uplink margin to compensate

E‘ for rain induced carrier fading, a constant downlink symbol rate and carrier frequency to minimize earth station clock
) and carrier acquisition requirements, and finally, provides the data buffering required by the use of scanning antenna

: beams.
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CPS BASEBAND PROCESSOR

SPACE SYSTEMS DIVISION

BASED ON MOTOROLA, INC. BASEBAND PROCESSOR DEVELOPMENT

PROVIDES CONTINUOUS CARRIER ON DOWNLINK - MINIMIZES
ACQU!SITION REQUIREMENT

CONSTANT SYMBOL RATE OF 220 MSPS ON DOWNLINK - MINIMIZES
CLOCK ACQUISITION REQUIREMENT

PROVIDES SIGNAL REGENERATION - MINIMIZES ES EIRP AND GIT
REQUIREMENT

PROVIDES BUFFERING REQUIRED BY BEAM SCANNING

PROVIDES CAPABILITY FOR FEC DECODING AND CODING ON ALL
CHANNELS

- 25 MBPS CAPACITY FOR RAIN FADE COMPENSATION

SUPPORTS
- TRANSMIT AND RECEIVE BEAM IN EACH SECTOR
- 10R 2 CHANNELS AT 110 MBPS

- UP TO 8 CHANNELS AT 27.5 MBPS
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BASEBAND PROCESSOR DEMONSTRATION MODEL CONCEPT

Two channeis, each of which processes one 110 MSPS data stream or four 27.5 MSPS streams and includes a forward
error correction (FEC) decoder, are included in the processor. There are two modulator channels, corresponding to the
demodulator channels and the number of scanning beams, each of which has provision for FEC encoding. The baseband
switch interconnects the demodulator and modulator channels by providing a mapping of the demodulator channel memories
onto the modulator channel memories. The switch also routes data to the digital routing processor (DRP) and from it to
the modulator channels.,

After the received signals from a scanning beam are frequency demultiplexed each of 5 resulting data channels are down-
converted from an approximately 6 GHz IF to a 3 GHz IF as required by the demodulators. There are 5 demodulators, one
for each data channel, and each pravides soft decisions (4 level) plus clock and status data. If an uplink burst is encoded
the soft decision data is passed through the decoding units, otherwise the sign bit only is passed directly to the switch in-
put memory (FEC Decoder Output Memory). The switch passes the data to the appropriate output memory from which the
downlink data is time division multiplexed for transmission.

All BBP operations are controlled by the DRP which controls data to the various control memories.
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27.5/110 MSPS DEMODULATOR

burst time offset signal for use in adjusting the earth station timing. The demodulator operates at normal

rate as required to gain rate diversity for rain compensation.

It generates 2 bit soft decisions for each re

In addition to recovering the data and clock from the SMSK modulated uplink carrier, the demodulator also generates a

or half symbol
ceived symbol.
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FEC INPUT ASSEMBLY
: This assembly provides the data buffering required to slow the symnbol rate into the convolutional decoder, It is
‘~ organized to minimize memory speed requirements, -
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The output assembly containg
for routing through the switch
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FEC OUTPUT ASSEMBLY

the maximum likelihcod convolutional decoder {MCD) and the memory to buffer the data

#.
A




Lt e T Bt o i o Te R i U R - A A 1“”{“""%'?‘5;""‘- il M

g
PR ) , . L . R o . . R I R
k
; d
R masad
. &
o FEC OUTPUT ASSEMBLY ] ®
— GEN ETHRA"L: SPACE SYSTEMS D:VISION
& S CTRL CTRL
3 3
i { i
~ ~ SIGN 1 3
RS 7 3
bt >t | BuF b5~ Mcp ¢ :
[nmuc L | e !
~ ‘ ctRL — ¢ | Locici MEM i
-f CTRL §
b 10 %
. STAL CTRL P/P t
&1 —d L COUNTER R - REDUNDANT :
;  BIGN 2 3 10
i e g
> M58 2 BUF #— MCD
- DATA |
B MEMORY l;
;pﬁ.k
et . MEMORY MEMORY
. CTRL CTRL (SAME) (SAME)
el SIGN 3 3 64 575 }—
d 4 64 S/S 7y
e 5583 sur = nep 64_S/S 464 f
: : 64 S/S t—
64 S/5 | @ @ 1o ROUTIFS
4] 54 SWITCH
3 ! Ns/p .
15 CTRL  CTRL 1
. CTRL
 SIGN ¢ 3
£ o < r
4 MS8 4
,, pRal suF (> mco |
: = CTRL CTRL
Dt S SI6N § SGN
) i y
el SRS pue 231 wep
Fo
*‘} > - 64 S/S
il SIGN DATA ) > 64 S/
: (BYPASS PATI) | D G4 S/S
> 64_5/5
i
it
e

L sagem e e R a



TR T T R T o w7 T R ekt
B

| .

CUTPUT MEMORY/MODULATOR :

Shown are the elements of the modulator path. Data for the routing switch are read into memory and recalled from it as
required to assemble the dewniink data stream. The data are either transmitted directly or are FEC encoded as re- o
quired by the downlink conditions and passed to the modulators. - g
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220 MSPS MODULATOR SLICE

- Data applied to the modulator assembly is modulated on to an IF car
L redundant modulator is provided for each path.

rier. The IF carrier is alsc generated here, A
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DRP CONTROLLER

) consists of a dual microprocessor system with an active main Pprocessor .and a

memories and then to initiate the reconfiguration of the system. The
data is received via the orderwire into the input memory. The DRP sets up the transfer of routing data to the control

The control memories will then
ability of receiving data via the Telemetry and
or is powered on and the failed processor is turned

memories by fransferring only the address of the data block and the amount of data,
transfer the data independent of the DRP, The DRP also has the cap

- Command interfaces, If the DRP Controller fails, a backup process
off,
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performance. Once the general function of the baseband processor has been d

, Su
as general responsiveness of the system, the appropriate hardware/software trades can be made :

achieve high speed will drive the design of all of the system components,
-such as fault tolerance, also affect the overall system performance,

Finally, test modes, both for internal and external checks, test

plan for on-orbit diagnostics also is needed.

equipment and control software also need definition., A
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| @ DRP SYSTEM ENGINEERING REQUIREMENTS |~
GENERAL < s,‘g%
ELECTRIC

DRP/SYSTEM REQUlREMENTS NEED TO BE DEFINED IN TERMS OF:

e ALGORITHMS
- SIZE
- SPEED

e RELEVANT INTERFACES
- CHOSEN TO MEET SPEED REQUIREMENTS

e GENERAL FUNCTION
- RECONFIGURABILITY
- CONTROL FURNCTION

e HARDWARE/SOFTWARE TRADES
- IMPACT ON OTHER SYSTEM COMPONENTS

e FAULT TOLERANCE IMPACT

- RAD HARDNESS
- CONFIGURATION OF CPU WITH RESPECT TO BACKUP

1 B e DUAL OPERATION TO ACHIEVE SPEED?

e TEST MODES (INTERNAL CHECKS)

EDAC REQUIREMENTS:
e DATA MEMORY

e CONTROL MEMORY
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KEY ASSUMPTIONS EFFECTING DRP SIZING

The DRP speed, memory architecture, size and overall performance of the baseband processor are effected by a num-
ber of assumptions about the system speed requirements and the functions that the DRP is expected to perform. The
overall response speed of the baseband processor is probably the greatest technology driver. The Master Control
Center (MCC) sends routing data to the DRP which is then loaded into the baseband processor control memories. The
DRP commands the baseband processor to reconfigure either in response to the MCC or via a timer. Since the DRP

is a conventional CPU that will take approximately 5C usec to respond to an interrupt and hundreds of microseconds or
milliseconds to load data, the DRP can not respond quickly (within a few microseconds) to a request to reconfigure un-
less an unconventional processor or I/O technique is used.

The DRP also has other functions to perform besides loading control tables, The DRP is responsible for error re-
covery, control of the scanner antennas as well as formatting and decoding data from the orderwire. All of the DRP
functions must be considered when sizing the processor for speed.

Fault tolerance can impact speed in several ways. If the memories in the system are not ''rad" hard with low error
requirements, then an error detection and correction (EDAC) approach must be used with a corresponding loss in speed.
The DRP is currently planned to be a dual processor for backup, with some speed penality to verify processor status.

It is probable that compromise in the fault tolerance approach can be made, such as dual operation of the DRP CPUs to
achieve speed. A survey of the EDAC requirements in the data memory and control memory may also indicate where
the error recovery requirements may be reduced,
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@ KEY ASSUMPTIONS EFFECTING

GENERAL DRP SIZING et
ELECTRIC

o RESPONSIVENESS ISSUE: e MCC SEND ROUTING INFORMATION TO DRP

2 . ® DRP LOADS CONTROL MEMORY

| v; ® DRP COMMANDS BASEBAND PROCESSOR TO

1 RECONFIGURE

A s - RECONFIGURATION IS IN RESPONSE TO MCC OR
10 TIMER

o ® TYPICAL 8 BIT PROCESSOR WILL RESPOND TO AN

S INTERRUPT IN 50 # SECONDS AND TAKE HUNDREDS OF
1 MICROSECONDS (GR MILLISECONDS) TO LOAD DATA |
S ® IF THE DRP IS EXPECTED TO RESPOND QUICKLY TO A |
45 REQUEST TO RECONFIGURE (E.G., 2 i SEC), CONVENTIONAL i
PROCESSOR OR 1/0 TECHNIQUE WILL NOT SUFFICE ‘

LOADING CONTROL TABLES
ERROR RECOVERY
CONTROL OF ANTENNA
FORMATTING DATA
DECODING DATA

DRP FUNCTIONS:

T R T I T e

¥ ALL OF THESE FUNCTIONS EFFECT THE PROCESSOR SPEED, MEMORY ARCHITECTURE,
,g e SIZE AND OVERALL PERFORMANCE
?:
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GENERAL
ELECTRIC
DRP PROCESSOR:

DRP PROCESSOR REQUIREMENTS F‘E é

DETAILED REQUIREMENTS NEED TO BE ADDRESSED. GENERAL
REQUIREMENTS ARE:

® 30OR 16 BIT CMOS PROCESSOR
® RAM (CMOS) FOR:

- DATA TABLES

- BUFFER SPACE FOR ORDERWIRE MESSAGES
- CONTROL PARAMETERS
- COMMANDS FROM MCC

® ROM (CMOS) FOR:

- EXECUTIVE ROUTINES
- UTILITIES
- INTERRUPT ROUTINES

® SERJAL AND PARALLEL INTERFACES (CMOS)

PROCESSOR SPEED AND MEMORY SIZE MAY BE DERIVED BY AN ANALYSIS OF DRP
FUNCTIONS AND HARDWARE/SOFTWARE TRADES




PROCESSOR TECHNCLOGY

The general requirements of the DRP processor call for a space qualified, rad hard 8 or 16 bit CMCS processor.
There is currently no space qualified, rad hard 8 or 16 bit CMOS prucessor available, however, GE has built and "
flown a 16 bit bipolar processor, and an 8 bit non rad hard CMOS processor (RCA 1802) has also flown before, | Sandia
, is currently developing a CMOS version of the 8155 and 8555 ram, ROM, I/O chip combination. The DRP also re-

o quires CMOS serial interfaces, and at present, sources of the serial interface need to be identified.
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PROCESSOR TECHNOLOGY

| ~ GENERAL
o ELECTRIC

= é
£l iehi

R I A |

| | DRP PROCESSOR: |

“4 9 ® CURRENT PROGRAMS AT SANDIA WILL DEVELOP AN 8085

m . CMOS PROCESSOR

S e e SUPPORT CHIPS REQUIRED:

2T - SANDIA PROGRAM WILL DEVELOP 8155 ‘*
o AND 8355 ROM, RAM AND 1/0 CHIPS

- - HIGH SPEED SERIAL INTERFACES ARE ALSO
: REQUIRED, SOURCE NEEDS TO BE IDENTIFIED
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TECHNOLOGY CONCERNS ‘ .
S
chnology in the CMOS-~rad hard memory area. The program is : |

i | The current POC program is not developing the key te
i 4 X) rad hard RAMS that are not subject to random errors.

dependent on market pressure to develop high density (16 kto6 |
GE has surveyed the memory market for its military and commercial satellite programs and has concluded that the 1982 -
k x 1 CMOS rad hard RAMS with good error rates (but not 100% error free). Higher density zf&

technology will be up to the 4
RAMSs with lesser rad tolerance and higher error rates will be
1982 memory technology will be small density, relatively error free RAMs or high density RAMs that have

quirement, The impact will be more weight, size and power or lower performance.

available (16 k - 64 k). The survey has concluded that the
an EDAC re-
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. TECHNOLOGY CONCERNS ia
0 - GENERAL ”‘Eg} ‘
. ELECTRIC r
- CMOS-RAD HARD MEMORIES: ¢ “OGRAM IS DEPENDENT ON MARKET PRESSURE
TO DEVELOP HIGH DENSITY, ZERO ERROR RAMS. |
a o ® SURVEY INDICATES 1982 TECHNOLOGY WILL BE
S 4K X 1 CMOS RAD HARD RAMS .
g e HIGH DENSITY BUT WITH LESSER RAD TOLERANCE
S AND HIGHER ERROR RATES WILL BE ;
e AVAILABLE
' CONCLUSION: MEMORY TECHNOLOGY iN 1982 WILL BE SMALLER DENSITY,
OR HIGHER DENSITY WITH EDAC REQUIRED. IMPACT WILL
BE MORE WEIGHT, SIZE, AND POWER OR LOWER PERFORMANCE
i
|
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TECHNOLOGY ASSESSMENT

The baseband processor has been assessed, for those components which drive the technology. Eight components have
been identified. Six of the components are currently part of the Motorola POC program and will be completely developed
at Motorola. The Minimum Convolution Decoder, the Serial/Parallel Converter, Translator chips, Demodulator/Bit
Sync, CLOS three stage 8 x 8 routing switch and high data rate multiplexer will be developed by Motorola under their
current contract. The memory technology is the highest risk item since the current trends indicate that the 1982 tech-
nology will only be up to 4k x 1 CMOS rad hard RAMs and not 2 k x 8 as required. The CPU risk is moderate due to the

schedule for development of the Sandia CMOS 8085 - due late 1982, There are alternative processor apprcaches which
may be used (such as the GE 16 bit bipolar processor).
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PROCESSOR TECHN‘OLOGY ASSESSMENT

COMPONENT REQUIRED TECHNOLOGY SYSTEM

MCD SIG-CMOS

SERIAL/PARALLEL ECL-MOSAIC
CONVERTERS

TRANSLATOR ECL-MOSAI!C
(CMOS /ELL)

DEMOD/BIT SYNC ECL-MOSAIC

CLOS THREE STAGE ECL-MOSAIC
(8 x 8) ROUTING

SWITCH

MEMORY CMOSs

CPU (8085) CMOSs
MULTIPLEXER ECL-MOSAIC

FEC

DRP

DRP

DEMOD

BASEBAND
SWITCH

ALL
COMPONENTS

DRP

ALL
COMPGNENTS

RISK

MODERATE

MINOR

MINOR

MODERATE

MODERATE

HIGH

MODERATE

(TIMING)

MINOR

SPACE SYSTEMS DIVISION

COMMENT
MOTOROLA APPROACH

MOTOROLA APPROACH

MOTOROLA APPROACH

MOTOROLA APPROACH

MOTOROLA APPROACH

CURRENT TRENDS INDICATED
1982-3K, NOT 2K x 8 AS REQUIRED

PROCESSOR UNDER DEVELOP-
MENT - SANDIA

HIGH DATA RATE MUX
REQUIRED

L
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ANTENNA ASSEMBLY CHARACTERISTICS (BASELINE)
The table lists the major elements and their weight and power for the baseline single reflector antenna system, re-
sulting in a total system weight of 169, 6 pounds and system power of 24 watts.
The note refers to an alternative two reilector (receive and transmit) system also examined which results in 49,9 pounds
of additional weight, This approach was not recommended, primarily from considerations of deployment and thermal
distortions,

Also listed are the BFN components and their unit weights.
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GENERAL ANTENNA ASSEMBLY CHARACTERISTICS (BASELINE) 5— é
ot SPACE SYSTEMS DIVISION
5 N ELECTRIC 110" REFLECTOR
= ‘ ITEM Qry UNITWT  TOTALWT  TOTAL POWER |
S LB LB WATTS .
- REFLECTOR 1 54.9 54.9 |
BOOM & STRUCTURE 1 3.7 B7
S POWER HINGE 1 8.1 8.1
L FEED SUPPORT 1 15.4 15.4
- MISC (WG, ETC) 1SET 6.0 6.0
SIS SENSOR/FEED PLATFORM 1 10.0 10.0
- BFN (30120 GHz) 1 SET 16.8 24.1 24
I SECOND TTAC ANT. ASS'Y 1 2.0 2.0
: CONTINGENCY 15.4
i | oNTwr  16961BST 24w »,
A BFN COMPONENTS LB z
o HORN 0.08 |
o GMT 0.09
o 30/20 GHz DIPLEXER 0.10
o SWITCH (20 GHz) 0.17
o # SWITCH (30 GHz) 0.11
8 VPD ASS'Y (20 GHz) 0.43
i_ VPD ASS*Y (30 GHz) 0.30
4 * ADD 49.9 LB FOR SEPARATE RECEIVE ANTENNA ASSEMBLY
. ** 12 WATTS FOR OPTION 1
G
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RECEIVER ASSEMBLY CHARACTERISTICS

Size, weight, power and the number of the various items making up the receiver assembly are summarized, It is seen

that the BBP is a significant contributor to the volume, weight and power required by the receiver subsystem. The

, Processor data are those extrapolated from available POC data. There is considerable uncertainty regarding the

assumed weight and power.

;, Indications are that the processor weight would be 40. 8 pounds and 210 watts or higher. If a high speed dedicated

channel to Cleveland ‘< desired, size, weight and power increase to 1800 cubic inches, 51 pounds, 250 watts, respectively,
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