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SECTION 1
INTRODUCTION

1.1 OVERVIEW OF PAYLOAD DATA SYSTEMS

The LANDSAT-D flight segment payload {8 the Thematic Mapper and the
Multigpectral Scanner. This section of the Data Format Coatrol Book defines the

payload data formats.

1.2 PAYLOAD DATA SYSTEMS AND DATA FLOW DESCRIPTION

The following paragraphs provide narrative and visual descriptions of the
Landsat-D payload data handling hardware and data flow paths. Figure l-1 shows
the pictorial top-level TM and MSS data flow and Figure l-2 shows the datailed

subsystem level block diagrams of the flight and ground segments, respectively.
1.2.1 FLIGHT SEGMENT

The flight segment section describes the key subsystems and shows payload data
flow from the Landsat sensing instruments through to the GSFC Landsat-D Data

Management System. Figure 1-2 shows an overview of the payload data flow.

LSD-WPC-012
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On board the Landsat spacecraft, TM data are output to the wideband
communications system. From this point, the X-band data link can transmit data
directly to foreign ground stations or to the GSFC Tramsportable Ground System.

The TM data can also be routed to the RF compartment and transumitted over the

high-gain Ku-band antenna to a TDRS satellite.

The Ku-band data is relaye'®' by the TDRS S/C to the TDRS ground station at White
Sands. The TDRS Ground Segment records the TM data for subsequent transmigsion
over the DOMSAT 1link. The TM gserial data stream is recorded on the 42-track
wideband tage fecordet with the NASA 36-bit time code generalized locally and
recorded on one of the 42 tracks. The serjal data tape track assignment is the
same as the HDT-R tape with éxcepcion of the NASA time code. (The time code

format is explained in DFCB Vol. IV, Products.)

The tape.( referred fo as the HDT-S tape, is transferred to the White Sanas
DOMSAT ground terminal, vhere, within a few hours, it 18 played back at ocne-half
(1/2) spead over the DOMSAT 1lick to the DOMSAT ground terwinal at GSFC Bldg. 23.
DOMSAT GSFC records thé data on the HDT-R tapes which are subsequenticlly

transferred to the Ground Segment GSFC Bldg. 28.

The GSFC TGS can receive TM data directly from the Flight Segment. The TGS

transfers the data to the Date Receive Record and Transmit System (DRRIS).

The Multispectral Scanner data can bea transmitted over the Ku-band and can
follow the same path as the TM data. However, the White Sands Domsat Ground

Station can playback an MSS tape at either two or three time3 the speed at which

LSD-WPC-012
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[ it vas recorded by the White Saads TDRS Ground Station. Alternately, the MSS

data can be transmitted bent pipe between the White Sands TDRS and the White

Sands Domsat ground stations. This provides a direct tranamissiom link (no tspe

} ey

recording) from the TDRS satallite to the GSFC Domsat Ground Terminal.

MSS data can be transmitted from the MSS MUX over an S-band link directly to the
foreign ground stations or to the GSPC Transportable Ground Station. The MSS S~
band can be linked to the Ground Spacecraft Tracking Data Network (GSTDN) grouad
; stations at Goldatome California or at Fairbanks, Aleska. The GSTDN atatiouns

record the MSS data on tape for subsequent transmission over the Domsat linx to

Bl e

the Domsat Ground Terminal at GSFC Building 23. The GSFC Demsat Ground Terminal

v

: . records the MSS data on HDT-R tapes and transfers the tapes to the Landsat Data

A
v

Management System. Figure l-2 shows the MSS data transmission paths.
# 1.2.1.1 Thematic Mapper

The Thematic Mapper is intended for multispectral semsing from low polar orbits.
i Zigure 1-3 shows the General Configuration of the Thematic Mapper subsystem. The

instrument mounts in the gpacecraft in a roughly horizontal position with the

sun shade pointing toward earth. A scan mirrov is located directly above the

sun shade aperture, surrounded by its drive mechanisms, control electronics and

scan wmonitor hardware. The mirror itself 1s a very lightweight design

constructed of beryllium with an eggcrate 1internal structure for maxi mum

stiffness and minimum inertia. The main structure is alumioum honeycomb with the

telescope optics rigidly mounted to it through a graphite-epoxy support -
(' 8tructure.

LSD-WPC-012
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The primé:y rmirror ;ounts about halfway down the length of the iastrument,
preceded éy optical baffling aad the Recondary mirror. The s :condary mirror {is
supported; by struts éto the telescope suppurt structure. Dircctly besind the
primary m%trot are lochted the scan line corrector, the i.ternal calibrator, and
the viaibée focal p‘ané, along with mounting hardwere ana alignment mechanisms.

The intct%al calibratét uses an incandescent lamp feeding through a fiber cpti-zs
bundle aa?a source foé bands 1 through 5 and 7. It uses a command-ble-
tem;eratu}e blackbodf for band 6. The scan line corrector i3 a small, motor

driven, two mirror ayétem which rotates at a rate equal and opposite to the

l :

angular velocity of the spacecraft in the orbatal track direction.
|
1
B
i

.
i -
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The radiativa coolet. rvelay optice, and ifnfrared detector azreys are located on

l
the aft ead of the instrument. The cooler has a protectiva door and outgassing
!

heatera.
]

Electronic equipmant, 4is packaged in a wedge-shaped box above tha telescopa. It

contains jthe multiplexer and signal amplifiers and filters for all chasanels.

Most o£§ the powsr ;dissipated in the i{nstrument occurs in this box. Tharmal
! !

louvars éadiate the heat {ato space. A bimetallic atrap automatically controls
i

the louvérs to maintain the proper operating temperatura.
| !

Pigure lLé 111ustratés the optical design approach. A principal feature of the
design is;the use of an object plane scen mirror, which simplifies the
perfomn’ce requiremnta for the rest of the optical system by requiring the
telescopae: to operate qnly at vary omall field angles. Further, the seme zone of
cach element is used at all scar angles. Many of the major optical problems of
off-axis | imsges ara; eliminated, 1i.e., pupil size, image distortion, coma and

|
astigmstiom. I

!

The teles?ope 1s an fZG deslign, chosen to provide a reasonable size image at the
! i

focal plane. The image quality requirements are easily met by the Ritchey-

Chretien éesign.

The scan| line correftot shifts the optical line of sight by the width of the
deterctor jarray at che{end of each scan. The scan line corrector employs two
smsll mirrors, pnrallei to each other, but rotating on a common axis to displace
the opticdl axis.
LSD-WPC-012
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Relay optics, of reflective design, transfer the enargy to the cooled focal
plane. The two relay elements and the conceantric design were selected fo?
simplicity and ease of assembly and alignmaﬁt. The folded configuration was
chogen as a convenient way to obtain an optical axis parallel to the axis of the
radigactive cooler. The image quality of the relay is excellent over the
required field, allowing for addition of a third cooled spectral band, band 7.
The object plane scanning concept provides freedom from scan modulation for the

infrared detectors.

The spectral bands are controlled by bandpass €ilters. The £1iltars are
positioned close to the detector elements to reduce the affects of optical
crogstalk. In bands 5, 6 and 7 the filters are kept cool in order to reduce

backgroiund radiation from the filter itself.

The internal calibration employs three lamps, vari&us 6pt1cal filters, and fiber
optics to produce seven radiance levels within the dymamic range of each of
bands 1 to 5 and 7; a commandable blackbody is used to obtain three temperature
levels in band 6. A feedback control loop incorporatizmg a silicon photodiode ls
ugsed to maintain a constant radiance output during lamp operation over the 1life

of the Thematic Mapper.

LSD-WPC~012
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The Thematic Mspper functions as illustrated in the abbreviated block diagram of
Figure 1-5. Radiaat energy enters the instrument through the sun shade. The
calibrator allows -external celibration of the visible bands once per ortbit.
Scanning of the field of view is done by the scan mirror in the cross track
direction and by the motion of the spacecraft in the along-track direction. The
scan uirror 18 a 21 x 16 inc h ellipse which presents equal area at all scan
angles. It provides a linear scan motion covering 2 swath on the ground of 185
kms A precision digital controller drives the mirror. A scanm line corrector
located behiad the primary optics compensates for the forward motion of the
gpacecraft and allows the scan wmlirror to produce usable data in both ascan

directions.

The telescopé is of the Ritchey-Chretien type with 16 inch primat; optics. It
contains . a internal calibration system for both the vicible and thermal bands.
It has a ground-commandable focus adjustment and a registration alignment
mechanism for the d1infrared bands. The detector package for the visible bands
consigts of four linear arrays of 16 silicon detectors, each located at the

focal plane along with their preamplifiers.

The energy for the infrared bands passes through relay optics to the infrared
array mounted on the radiative cooler. The cooled array consists of two
l6-ealement 1linear arrays of d{ndiumantimonide cells and a 4-element array of
mercury-cadivmtelluride cells. The radiacive cooler is a two-stage unit with

ground-selectable closed loop temperature contiol.

LSD-WPC-012
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The signals from the detectors are amplified, filtered and sent to the
mltiplexer. The multiplexer accepts 100 channels of signal data, analog
mltiplexes all datector channels in each bard on a single channel, couverts to
digitel, and then multiplaxes the digital channels along with telemetry data

from the spacacraft on a single 84.9 Mbps digital output stream.

System timing 1is provided by the multiplexer based on signals received from the
scan monitor in rhe scan mirror assembly. Optical pulses are generated by the
scan monitor at “he start, middle acd end of each scan line. These signals are
used in the multiplexer along with a crystal osacillator to provide timing
signals for synchronization of the scan line corrector, calibration shutters,
filter gshutter and dc restore circuits. In this wmanner all appropriate
functions remain {in synchronization and all images retain geometric fidelity

even in the presence of slight phase shifts in the scan mirror.

In addition to encoding and formatting of sensor information, the TM MIX
provides a time reference and signals for timing and coordinating the operation
of the portions of the Thematic Mapper instrument. The maliiplexer provides a
10.61 megahertz clock signal to the Scan Mirror Asseubly wi:ich uses it as a time
reference for controlling the highly precise scan mirror motion. A slower clock

at 1/408 bit rate or 208.1 kHz, {8 alao provided to the scan line corrector.

The Multiplexer receives signals from the Scan Mirror Electronics to 1indicate
the beginning and ead of the period in the Scan Mirror’s travel when data should

be taken. The "lin: stop" signal (indicating the end of the formatting period)

LSD-WPC-012
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|
i
i
3
t
1
i

is buffered and retransmitted to the Scan Line Corrector to initiate the SLC

i ;
|
motion% which correct for overlap. A second signal, delsyed from "line stop" by

a ptoérammable pe*iod, acts as a synchronization signal to the calibrator
ahutteé. (The caliérator shutter places calibration 1light gources in the
celescqpe field of view during the turnaround period of the scan mirror.) The
Hultipﬂexer also ptévides a 208.1 kilohertz clock to the Thematic Mapper power
aupplyi The powe; supply DC-to-DC converter synchronizes itself to’this clock
which gin tura Ls; synchronous with the Multiplexzer’s sample rate. This
precauﬁion reduces' the probability of power supply noise appearing as coherent

i
patterns in the resulting imagery.
1
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1.2.1.2 Hultispaectral Scanner System

The Multispectrel Scanner (MSS) subsystem gathers data by i{maging the surface of
the aarth in saveral spsctral bands gicmltaneously through the same optical
system. Pigure 1-6 is a simplified pictorial overview that includes the scanner
functional block diagram. The MS5S is a 4=band scanner operating in the golar-
reflected spectral band regicn from 0.5 to l.l micromster wave length. The four

spectral bands are:

Band 1 0.5 to 0.6 micrometers (vicsible)
Band 2 0.6 to 0.7 micromaters (visible)
Band 3 0.7 to 0.8 micrometers (neer IR)
Band 4 0.8 to 1.1 micrometers (near IR)

Banda 1 through 3 use photomultiplier tubes as detectors; Band 4 uses silicon

photodiodes. There are six detectors in each band.

The MSS can operate in either the compressed or linear mode, and with either a
gain of 1 times or 3 times. Table l-1 (MSS Modes) shows the possible selections

for the MSS bands 1 through 4.

Table 1-1. HKSS Modes

GAINS
LINEAR COMPRESSED 1X X
!
BAND 1 X X X X
BAND 2 X X X X
BAND 3 X X X
BAND 4 X X

LSD-WPC-012
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Figure 1-7 i{llustrates the dyunamica of the scan pattern. The MSS scan3 cross—-
track swaths of 185 kilomaters width, imaging 6 scan lines across in aeach of the
4 sgpectral bands simultaneously (24 acan lines total). The object plane is
scannaed by masans of an oscillating flat mirror between the scene and the doubla-
ref lector telescope type of optical chain. The 14.9 degree cross—-track fiel:i of

view is obtained as the mirror oscillates.

The instantaneous field of view of each detector subtends an earth-aresa square
of 83 meters on a side from the nominal crbital altitude (705 KM). Pield atops
are foresd for each line imaged during a scan, and for each spectral band, by
the square 1imput end of an optical fiber. Six of these fibers in each of 4

bands are arranged in a 4 by 6 matrix in the focused area of the telescope.
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I Light iopinging on each glass fiber 1s conducted to an 1individual detector
through an optical filter, unique to the spectral band served. An image of a
line across the swath is swept across the fiber each tim@ tha wmirror scans,

causiang a video signal to be produced at the scanner aelectronics output for each

of 24 channels. These signals are then sampled, digitized and formatted by the

MSS multiplexer. The MSS multiplexer formats the video, sync coda and time code

e o omiEr vy

into a 15 magabit/second serial data stream. Thke scanmner functional block

e

diagram is shown in Figure 1-8. The signals in bands I a2nd 2 can be amplified by

a factor of three upon command to incresse response to low level scene radiance.

: The along-track scan 13 produced by the orbital motion of the spacecraft. The

Y T S v g P ety

nominal orbital velocity causes an along-track motion of the subsatellite point
;% ‘ of 6.82 km/sec neglecting spacecraft perturbation and earth rotation effects. By
oscillating the mirror at a rate of 13.62 Hz, the subsatellite point will have
H moved 501 meters along the track during the 73.42-millisecond active ascan and

% retrace cycle. The width of the along track field-of-view of six detectors 1is

e e e phee wemera

i also 501 meters. Thus, complete coverage of the total 185 kilometer wide swath

is obtained. The line scamnned by the first detector in one cycle of the active

gur o oy r

wirror scan lies adjacent to the 1line scanned by the sixth detector of the

previous mirror scan.

On-board calibration is accomplished as follows. During thé retrace interval,

wvhen the scan mirror makes the transition from east to west, a shutter wheel

i closes off the optical fiber view to the earth and a light source is projected

on the fibers via a prism. A contimuously variable neutral density filter {is

o = e g ey ey
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f -
swept across the light path so that each video channel carries a triangular

[T

pulse of ébout 10.2 milliseconds durs:ion which tegins with en abrupt tvaasition
]
from bla?k to white and desccnds aonotoaically back to black. The shutter is

designed éo rotate once for every two scans 8o that the calibration signels are

available:during alternate retrace intervals.

|

The nomi#al shape of ﬁhe calibration or gray wedg: is shown {a Figure l-3. The

actual shépe andé levei veries somawhat for the detectors in the varicus spect :al
E % N -
bands. The calibration wedge trailing edge density levels (digital) decrease ’
i
from 63 ito 0, and appears once every 147 ms (alternate scans). The location of

the CAL sZgnal in the:bit stream is determined by the rotation of -the shulter

and the physical location of the calibration lamp. The precise location of the

CAL signall is noc controlled by the multiplexer, and the CAL signal locatica

within the bit stream*may not be same for each scan. The calibration ramp versua

time characteristic :can be processed to arovide the required number of  ay
|

scale levels of descending half power levels for radiometric corre-tio.u.

t
3

Assuming | that the ?alibration lamp intensity is constant, ‘t is possible to

obtain a check of therelative radiometric levels and also to equalize gain
! i
changes which may occ@r in the six detectors of a spectral band.

[
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The SS mltiplexar provides to or recaives from the spacacraft the aignals

listed belov.

SIGNAL

Data Sigmal

Bit rate clock signal
Tims code envelope
Tima coda clock

Tims code data signal

TO/FRCM

To spaca:raft wideband and S-Band systams ‘

To spacecraft wideband and S-Band systems
To IM DPU

To IM DPU

From IM DPVU

Figure 1-10 {llustrates these fuuctional intarfeces.

LSD-WPC-012

1-23




2>
N @O
o mx
T3y
TETE
Lt
v +
o i
= !
”
~
[ (BLINDYII 1TV O1)
- m Usmos aotvinosy A4ang o
| wamnd
o -l
¢ <<
<D
a o
. -1 0 e e e e e e e ot e
P 29 r 1
i £ 0 sawa | © ¢~ i |
5 wILIMS Y | o i |
o VENNYIS
! m .nw o1 o YIININOISONY o
s { sawo | & 9 ) $O1VINI$0 i
: t vowyt} |, 4 { J _
. 1
- | ] . |
- a6 iz *T | — 3 . naa
o = y- -
. naa BSOIFAN Py yilkvizwod ). YOL1VNINID = noY4 3007 Sred
' o1 oo tma 4 m Ivitota 3002 anas H wImoJ]
4 AS oL~
- — “ —ONYIIIOD 440/1D
3 enee GV IENOD 90OV
SN M 2507 L onim
N 23V VIVIS —_— e ]
L apA. co-.n.!!qs.- 1w o »u.n..:L
s yo1ion
S ™ vivo FTrLY | 2 ] Nyo®
: 1na1ncy : uanNvas
i - ﬁ wous
¢ 4
1 _ H - L] ubruinicoo axatanm | § _ .-dnzs.n
S »..»wuu,.- z.n. Avzinsia av hddadl AT
! L
1
: YIMOJ
L To18nsvas aase |
=
o
r
3
X
T ' hd
-,

LSD-WPC=012

Figure 1-10. MSS Multiplexsr Functional Block Diagram
1294



P
[ocx o)

T Y T T Y P A DT S U Gt S e b Bt A it e S o C T S o

! . SVS-10126A
i Volume V .
; 23 Roveaber 1981 *

The MSS MIX receives a;alog video data from each of the six sensors {n the four
spectral iocnnner banés. The data in each band represeants six scan lines with
calibratiin inprts for‘each complete cycle of the scen mirror. The MUX dinserts
into thog bit stream.ithe information required for ground synchronization. This
includes %he Preamble.%the Line Start Cnde and the End Scan Coda;. The MUX, upon

command, inmserts a Mid Scan Code which {Aentifies the center of the scan.

!
The MOX reads the 49-bit spacecraft tlme code generator, &and 4inserts the

returned time code iﬁto the data bit streame. The time code occupies the first

l
49 video word locationq immediately following the line start code of each scan

i
i

line.

i
i
The bipary data bit' stream from the MUX and a bit rate clock (15 MHz) is
provided ?o the spacecraft wideband and S-Band systema. The MUX status and
diagnostic outputs are' relayed to the Flight Segment telemetry subsystem via the

scaanner. 'The MUX provides timing signals to the shutter motor, power inverter
i
and scan ?1rtor in the' MSS scanner. The commutated samples of video in Baunds 1-3

can be diiected by com?and to efther a signal compression amplifier or linear

'
'

amplifier within the MUX prior to encoding. The advantage of signal compression
is that |it makes u;e of the photomultiplier tube noise characteristic, to
proivide better tesol{tion at low light 1levels than would be obtained with
linear quantization. E By compressing the high light levels and expanding the

i
lower levels, a bet:eﬂ match of the quantization noise to the detector noise ig

chieved.! Noise fo% the silicon diode datector channels of Band 4 are
established by the quivalenc load resistor noise and i3 best matched by the

linear quantizationm. }
LSD-WPC-012
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The s&scanner generates scan moanitor pulses which are used to synchronize the
video with the mirror scan. The first scan monitor pulse msrks che start of an
active ;can. Upon receipt of the first scan wmonitor pulse (SMPl), the
multiplexer inserts & Line Start Coda (LSC) in tha serial bit stream. The isc
is the complement of the Preamble Word. A Minor Frama Sync Code follows the LSC
and the MUX commtator is reset so that the channel for line "A" of the first
band {3 alweys samplaed first. The first 50 words of the first minor frame

contains time code from the Digital Processing Unit (DPU).

The ogecond scan wonitor pulse (SMP2) identifies the mid-scan position of the
scan wirror. When enabled by ground command, the multiplexer generates a Mid
Scan Code and {ngerts it 1in the bit stream. The third scan monitor pulse
identifies the end of an active scan. Upon receipt of the third scan wmonitor
pulse (SMP3), the multiplexer generates an End of Line Code (ELC) and inserts it

into the serial bit stream.

The word rate {3 wmaintained uniform from scan to scan and divides integrally
into a scan cycle. The 13.62 Bz mirror drive signal is derived by the MUX £from
its 30 MHz  master oscillator. Only the 1line start aand minor frams
synchronization need to be acquired by ground processing in e2ach scan and this
is facilitated by having the word synchronization {information. A detailed

description of the MSS date format i{s presented in Section 3.

LSD-WpPC~012
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l1.2.1.4 Wideband Communications Subsystem

The Wideband Commnications Subsystem (WCS) receives digital data signals from
the Thematic Mapper (TM) and the Multiplexer Scanner (MSS) sensors end transmits
these data to the Tracking and Data Relay Satellite System (TDRSS) at RKu—-band

and/or to selected ground stations at X-bend.

The WCS consists of a wideband module, an RF compartment and the gimbal drive

assexbly as shown in Figure 1l-l1l.

The wideband module contains the X-band transmission link equipmant, signal and
power control, gimbal drive electronics, the modulator portion of the Ku-band

transmission link equipment, and the autotrack receiver.

The RF compartment contains the Ku/S-band antenna, the Ku-band switching,
diplexing, upconveriion componeants, TWFA’s, and downconverters for the Autotrack
system. The RF compartment and Ku/S-band antenna are attached to the top of the
antenna magt by weans of the gimal drive assembly, a two-axis rotary mechanism

consisting of an elevation-over azimuth wount.

The Direct Readout (S-band) link receives digital data and clock signals from
the MSS and transmits the data to foreign stations, the GSFC Transportable
ground station and to the Ground Spacecraft Tracking Data Network (GSTDN) at

Goldstone, California and at Fairbanks, Alaska.

LSD-WPC-012
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1.2.2 GROUND SEGMENT

The Landsat-D Ground segment at GSFC receives payload data via several options
as described 1in Section l.2.1 and illuetrated in Figure 1l-2. The options for

data flow within the DMS and CSF an' the formats to be datailed im Section 2.

1.2.2.1 Data Management. Syastem (DMS)

The DMS 18 capable of accepting data from many sources including data in real
time from the Transportable Ground Statfon (TGS) and from the TDHSS Ground
Station via a Domestic Commmnication Satellite (DOMSAT) 1link. Image dataz {is
asgsesged for cloud cover vy a fully automatic algorithm for Thematic Mapper (TM)
data and a computer-aided, semi-automatic cloud cover assessment process for the -
Multi-Spectral Scanner (MSS). The computer-aided semi-automatic cloud cover
assegsment process may also be used for TM data to provide a coantinucus or
intermittent check on the fully automatic process. Radiometric and geometric
corrections in two of three map projections (two of the three are wmutually
exclusive) are computed for all imagery. All dimagery is radiometrically
corrected and formatted to archival high density tepes (EHDT-A’s) with full
ancillary and annotation data appended. A subset of Themacic’Happer (TM) data
is selected for full geometric correction in anv one of the map projections.
Full image selection may be made for all imagery but sub-image (quadrant)
selection may be made for CCT (Computer Compatible Taps) generation on TM data
only. The entire process 1s controlled using fully automated production

scheduling with provision for complete manual supervisory and override

LSD~-WPC-012
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capability. A single centralized integrated data base and formal Dats Bage

Management System (DBMS) supports the entire DMS and pvovides full management
visibility 4into the production control and scheduling processes by interactive

query, graphics displays, Lard copy reports and catalogs.

The product genaration will be described im Data Format Control Book Vol. VI,

Products.
1.2.2.2 (Control and Simulation Pacility (CSF)

Payload data are provided to the CSF from the DMS (DRRTS) following bit
synchronization and demultiplexing. Sensor wideband data will be quick-look
evaluated in real-time durinsg TGS data acquisition periods and in an off-line
manner wvhenever DOMSAT data transfer occurs. Within the CSF, the "quick look"
(Q-L) display provides real-time/playback data monitoring capability, permitting
prompt detection of faulty detectors in the flight instrument, and a visual
indication of the degree of quality of the incoming rew data by on-line contents
inspection. The Q-L display hardware, f{llustrated functionally 1in Figure 1l-12
provides data selection and display on the detector data streams provided by the

DMS.

The Demux (located in the DMS/DRRTS) 1s a high-speed frame gynchronizer and data

decommutator which accepts data and bit rate clock directly from theﬂbit
Synchronizer. The Demux provides:

1. Search and acquisition for preamble scan line start code, minor frame
sync, and end scan code.

LSD-WPC-012
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2. | Decommtation and bit inversion.
{
3. | Extraction of time code.

!

Thus, cach Demux csn ._und one gelacted demultiplexed detector data stresm and

i :
the cotfespouding "seripped” S/C tima code data to the CSF for quick look

evaluacit’;:n. In addit{on, the Demux also has a limited error detection
' |
i

{
capability.

The Data Select UnicE (DSU) provides: data select concrol: digplay coantrol, and

i

printer gonctolo The high speed digital piinter is used to provide hard copy

t 1
records of time code.:

i
%
!
§
t
!
i
s
L
[
.
t
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SECTIOH 2

THEMATIC MAPPER DATA FURMATS
2.1 GENERAL

The Thematic #apper outputs a serial bit stream and clock to the Wideband
Communication System. The data rate is 84.903 +0.080 x 106 bits per secoud. The
format of the date 1s defined in Section 2.2 and the data content 1is described

in Section 2.3.
2.2 T FORMAT

Thematic Mapper data 1is partitioned into major frames. Each major frame 1s
identified by a major frames synchronization (sync) code. Major frames are of

varying length and contaia the following data:

Major Frame Sync Codes

Time Code

Video Data

Mid-Scan Code (optional)
ideo dsta

End-Scan Code

Line Length

Post-Amble

These data are defined in the following paragraphs.
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2.2.1 MAJOR FRAME lsmc CCOE

Major }Etamn sync is a unique 102 word pattern. The 816 bits are thore dafined
| .
in Pigure 2-1. The major frame sync identifies the start of each major freus.

The SYNC code is% generated by a 10 bit shift register vhose tirst and fourth

! i
bits aﬁe exclusive ‘or-ud’ to produce the elaventh bit. The seed code, starting
!

| .
with the first bit 1s 0011110110. The code {3 synchronized to the minor £frame

80 that the last ten bits are ones. Major Frame Sync can interrupt any data at
i l

word boPndaries. Major Frame sync occurs witain 2 +1/2 word times of che 3can

mirror start position. Major Frame sync 1s not encoded.

1
H
il

2.2.2 MINOR FRAME FORMAT

1
1l

The minor frames ;(see Figure 2-2) are comprised of 816 bits portitioned furo
t

102, 8 %1:, words. The firast 4 words are minor frame synchronization code. The

i
sync colde is, starting with the first bit of first word:

00000010 00#10111 00010110 11010001

i
Mino - frame sync code words are nor encoded.

The figth word 1in each minor frame contains data from one of the four Bznd 6
}

sensors. The Band é sensors are submultiplexed in the order: Sensor 1, Sensor
3, Sensor 2, Sensor!b commencing wit minor frame 1 (the 2ud ndror frame) of e<r.
majsr frame. The q bits of data in the Band 6 word are encoded as described in

paragraph 2.2.28. :

L3D-WPC-01,
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?ho pixth word in each =inor fram contains eithar & minor frame counter number
or o word provided by the spacecraft Digital Processing Unit (DPU). The minor
frama couutaer commences with a count of “ze-o" at miror frama numbar 1§ (the
17th wminor frame in the major frame) and is incromesnted by 1 and inserted avary

sixteen minor framss.

The DPU word i3 either SYNC, FILLER or PCD. The words are output from tha DPU
in the order FILLER, SYNC, PCD, PCD, PCD, FILLER, FILLER... SYNC words ara
hexidecizsl 16°s (00010110). FILLLR words are hexicacimel 32 (00110010). PCD
worus are repeated twice (3 words total) and represent 8 bits of Payload
Correction Data. DPU ana counter words are encuded as described in paragraph
2.2.8. The 1last 96 vords in each minor frams contains oue sample from each of
the 16 detectors in Bands 1, 2, 3, 4, S and 7. These data are formatted as showm
in Figure 2~¢, Video data commences with minor frame number 7 (eighth minouv
freme of the wmajor frame) and continues, with iaterruptioas, until post-azble
data. Viceo data is interrupted by Time Code End Scan Code, saad Line Length
Data each major frama, and Mid Scan Code if selacced by coamand. Video data is

encoded as described in paragraph 2.2.8.
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}
[
|

1001001@110000010011001000101000110110111000000111

! !
}0001116111111100100001100010110111010000110101011

. I | | !
00111100101101100100000100010010011000000101100010

| |
10011101100111000101111110101000101110110101100001

1001101&010100000111010011110100110101001001110000

011111601}1001101111010001010101101111100001001110

, | | | |
100011;01?1111101101001000010000101001010110001110

, | | | |
01111111011000010001101001110010011110000110111011

000110601111011111010010010IOOOOOOllOIOQOIIOQLu\1%

; }
010010£10100010001011001101001010010001%0000111011

i i ]
011110600010111001010111001110111011100}100111010}

011101%11?110010100?100119110?010000111?010111110?
!

10100110011001010101001:.11110011000110101111001101

Co | | | |
0110100110001001011100001011llOlOlOlOlO}lllllllOl?
P |
OOOOIOiOI?OIO111100?1010111101110101001}011100100?
}

[

1110001111111115
Bit # 816

i

§

i

|

|  Pigure 2-1. TM PN Code
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CHICIHAL PIES 15
OF POOR QUALITY

PCD or
Counter
Word
MANE CYNE ZODR
‘2 = v
OOD OO 19111 OCOIOIIQ 110 DO I BAND g 1
REA] *101 aa“.? oot 4.1 — - JoL
- ) 3.3 | 43 5 1 5
18 s 8.5 , a5 55 -
-7 27 37 ' a-7 7 7
) 29 39 s-?' 1 .‘j;-?‘ 1-:?‘
- - i AT _ At | -
Mwmc: E :; i:‘a (- X ) 4.3 3E) RN
ZQQN 1188 FA3- I 215 __ Alp 4 D25 | J1=9]
- = ¥ a2 A2 1 Xy -2 T2
t-a 2-4 XY : 44 9.4 2=<
REY- 2 e 2-a §G 4 PG 1G]
- 28 > é'ﬁ.___S:..S..___Z_‘é..
1=V 10 . B[O [l 50 7o
1~ 1e 2-1Z 3 E 42| 512 7:1
T<T& Lz x4 c\d ;  S-14 -4
31~ 216G =% G-1& S-1G6 | 1ol

Typical Band/Sensor Designation

Word progression within MNF is from
table to bottom

within each row

top of
going from left to right

Figure 2-2. TM Minor Frame Format
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I 2.2.3 TIME CODE FORMAT

|

' The six minor frame immadiately following Major Frame Symnc contain the timz at
\ which the scan mirror intercepts the star® position. The first asix words of
each tims code minor frame are the same as a definad in paragraph 2.2.2 ({i.e.,

minor frame sync Band 6 and DPU words).

; The remaining 96 words contain 16 bits of time code {nformation. Each bit is
expanded (replicated) to £111 six words (48 bits). The time code information is
formatted as shown in Pigure 2-3. It can be seen from this figure that the data
in minor frames 1 and 6 form a guard band as do the data in the columms formed
by words 7 thru 12 and 97 thru 102. All other columns except the two formed by
words 49 thru 54 and 91 thru 96 represent Binary Coded Decimal (BCD) words with
minor fresme 2 containig the eight weight bit, frawe 3 the four weight bit, frame
4 the two weight and frame 5 the unit weight bit. The 96 time code words in

each time code minor frame are encoded as described in paragraph 2.2.8.
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2.2.4 MID-SCAN CODE FORMAT

The mid-scan code is a fiducial mark that can be inserted, by ground command, in
the data stream to mark the center of the mirror sweep. MKid-scan code consists
of 48 wor&a of white (lavel 255) followed by 48 words of black (level 0). Mid-
scan will occur within two to uine word times of scan wirror center position.

Mid-scan code may interrupt video data at word boundaries. Mid scan code does
not replace minor frame sync, Band 6 data or PCD data. Mid-scan code 18 euncoded

as defined in paragraph 2.2.8.
2.2.5 END-SCAN CODE FORMAT

The End-Scan code 18 a fiducial mark that is always inserted in the data stream
to mark the end of wmirror sweep. End scan code (Figure 2-4) consists of 48
words of black (level 0), followed by 48 words of white (level 255), followed by

48 words of black and ending with 48 words of white. End scan code occurs

within two to nine words of scan mirror and position. End scan code may

interrupt video data at word boundaries. End scan data does not replace minor

frame sync, Band 6 or PCD data. End-Scan Code is encoded as defined i{n paragraph

2.2.8.
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Figure 2-4.

TM End Scan Code Format
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2.2.6 LINE LENGTH DATA

The firat two comélete minor frames following the minor frama im which the End
g@can cha is complated, contain Line Length date (se¢e Figure 2-5). Line Length
data és comprised 5£ 32 bits. Each bit 18 expanded (by repetition) to £11l six
vords ﬁenca raquirins 192 words. Line Length data does not replace minor frame
syac, Band 6, ond DPU or frame counter words. Line Length data is partitioned
into t ree fields na shown in Figure 2-5. The [irat fileld "SHSERR", 18 the
necond‘ half scan error (in counts) from a nominal of 161,165. The second fiald

'TBSERR", 1s the fltat helf scan error (in counts) from a nominal of 161,164,

l

Both fielda are comprised of a sign bit followed by 11l binary weighted bits, MSB

firat.f Negative magnitudes (sign bit = 1) are two’s complement. Scan errors

|

can be converted to‘timing errors by multiplying the number of counts by twice

the word period. ! The third field "SCANDIR" is tha scan direction associated
with c&e previous mijor frame.. A forward scan (West to East descending node) is

|
denoted by all one'g. A reverse scan is denoted by all zero’s. Line Length
i

data 18 encoded as hescrﬁbed in paragraph 2.2.8.
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BEGINS WITH FIRSY M) F AFTER END SCAM CODS
B2 BITS OF INFORMATION EXPANDED BY WO /81T

TO 192 WORDS,
APPLIGS TO PLEVIOUS SCAN LINE.

SHSERR -SECOND HALE SCAN ERROR COUNT
DIFFERBNCE FROM NOMINAL LENGTH FROM

MDD SCAM TO END SCAMNC(16/185),
~FIST HALF Scar] ERROR COUNT

DIFFERENCE FROM NCIMINAL LEMNGTH FROM

START SCAN TO MID SCAN (1! 1ed )
12 Bir wozD
T D e e
] 7 M
VALULS RRE TWO'S &MNE&)F“
1 COUNT « 2 WoRD PCRIODS.

CAMDIR ~ SCAM DIRECTION & &iTS
ALL 1S » FORWARD SCAMN

-

(WEST 70 EAST AT DESCENDING NLDE)

ALL O'S = REVERSE SCAN

—

~

6
o
9

SHSERR |FHOERR
7¢ND | 24 WD

FHSERR|SCANDIR
MNFS

ohv
LA
oo

‘.l %4
48wo [s0w0 sg| l’“ /A

—]

| vaizeLe LgngTH |

‘__‘_._ 1 MNFE .._—JQ_—_— 1 MNE e

SHSER = Second half scan errc;r

FHSER = First half scaﬁ error

Figure 2-5.

TM Line Length/Scan Direction Code Format
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‘

]‘ 2.2.7 POST-AMBLE DATA

Post-Amble data begins at the 960th minor frame following End Scan code. Post
Anbla continues until it 18 interrupted by Major Frame Sync. Major frame sync
will interrupt Post Amble only at word boundaries. Post—-Amble minor framas
contain the standard minor frame sync words (4), Band 6 data and PCD or Frame
Counter words. The remaining words of each minor frame shall contain the inverse
of the PN code (PR) ghown in Figure 2-1. The PN code data is not encoded. The
PR code dota starts with the 49th bit of the pattern and is reset at each aninor

frame.
2.2.8 ENCODING

Specific TM words are encoded. Encoding consists of inverting the four least
significant bits of the word and exclusive "or-ing" the resultant word with the
PN code shown in PFigure 2~1. The PN code used in the exclusive or is
synchronized to and reset each minor frame go that the last 10 bits avallable

are ell ones. The following TM words are not encoded:

1. Major Frame Sync

2. Minor Frame Sync
2.2.9 THEMATIC MAPPER PN SUBSTITUTE

When the MSS 1image data is being transmitted with no TM data, the TM data is
replaced with a PN sequence with a length (L = ) 215 at a rate of 84.903 MHz

+0.02Z which 1s generated by the logic shown in Figure 2-6.

LSD-WPC-012
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SECTION 3

MULTI-SPECTRIAL SCANNER DATA FORMATS

3.1 GENERAL

The MSS bit stream is created by the MSS Multipluxer at a nominal 15.625 +0.01%
magabits per second. The bit stream is grouped into six bit words, and for
image data, 150 words (6 rouws of 25 words each) are grouped to form a Minor

, Frame. The Minor framas are grouped to form a Xajor Frams. And one Major frame

conteins the information for one complete scanr of the MSS mirror which requires

a nominal 75.42 milliseconds.

3.2 MSS MAJOR FRAME FORMAT

One MSS Major Frame contains the information generated during one complete sweep - - b
of the MSS scan mirror. Figure 3-1 shows the content of a major frams. The H
scanner generates scan monitor pulses which are used by the multiplexer to

synchronize the scene data with the position of the scan mirror.

Drawing &7E253714 (Revision C dated 10/27/80) Multispectral Scanner Data Foruat
contains the epecificationa for the MSS data format. This drawing will be

cﬁeckéd for later revisions.

Figure 3-1 shows that the first part of a major frame contains the preamble
which is the word (000l1l) repeated and not grouped i{nto minor frames. The first
scan monitor pulse occurs about 1l.4 milliseconds after-the start of the

preamble. Upon the receipt of the first scan wonitor pulse, the multiplexer

LSD-WPC-012
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Line Start Code, the multiplexer groups”the bit stream into minor frames. And
the minor frzmes ccntinue until the start of the Preamble for the beginning the

next major {rame.

Time code information is contained in the first £ifty (50) vords of the £first
winor frame following the Line Start Code. A complete time code occupies tvwo

contiguous major frames, and is reformatted in alternate pairs of major frames.

When enabled by ground command and upon receipt of the second scan monitor
pulse, the multiplexer inserts a Mid Scan Code d{nto the bit stream which
preempts scene data. The third scan monitor pulse signals the end of the wvalld
scene data, and the multiplexer inserts the End Scan Code in the scene data bit

stveam. The End Scan Code preempts scene data.

The minor frames immediately following the End Scan Code, contein about eleven

(11) milliseconds of invalid scene data.

LSD~WPC-012
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Fhe MSS shutter closes about saven (7) milligeconds after ELC and remains closed

jtot about 24.9 milliscconds.

While the shutter 1is closad and about eloven (1l1) rilliseconds after the EBnd
Scau Ccde, either DC RBSTORE or CALIBRAIION.Lnfornntion is ingerted into tha MSS

image bit s-ream. The DC Restore and Cal information appears in alternate major

frames.

After the DC Restore or calidbration information and exactly 184,320 words from
the start of a major frama, the multiplexer begins the Preamble to start the

next major frame.
3.2.1 PREAMBLE

The praaxzble i{s tha first segment of & major frama, and {t consists of the word

000111 repeated until the first scan wmonitor pulse is received from the scanner.

3.2.2 LINE START CODR

Folloving the receipt of the first scan monitor pulse and at the ¢nd of a
preamble word, the ﬁine Start Code is inserted into the bit stream. The LINE
START CODE is the wora 111000 and the occurrence of six ones (111111) signals

the start of the scene data.

Upon the receipt of a SCAN MCNITOR OFF coumand (RIU #7 Channel 07), the MSS
scanner stops generating scan monitor pul, and the multiplexer generates a

substitute Line Start Code that is inserted in the bit stream. The substitute

LSD-WPC-012
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Line Start Co@e is located 11.4 milliseconds after the start of the PREAMBLE. In

this mode, no«lusc or ELS is inserted into the serial bit stream.
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Itf the SCAN MONITOR is ON, and the multiplexer fails to receive a line start
!scan monftor pulse, the multiplexer will, after searching for an additional 7

me, insert a substitute Line Start Code.

3.2.3 MINOR FRAME

Figure 3-2 shows the foruwat of a typical Minor Frame of MSS image data. A minor
frame i3 made up of 150 6~bit words divided into six rows of 25 words each. The
fi-st word of each row is reserved for minor frame sync or for spacecraft
identification. The first word of row one contains the Minor Frame Sync (MNF)
word (001011). The first word of row number four contains the complement of the
Minor Frame Sync (110100). The first word of rows two, three, five and six
contain Spacecraft 1ldentification. Landsat D is six bits of zeros with the
center two bits inverted (001100), and Landsat b Prime 13 six bits of cnes with

the middle two bits fnverted (110011).

Words 2 through 25 contain either time code or scene data. The scene information

18 encoded 1n a six bit word and the middle two bits are imverted.

3.2.4 TIME CODE

The first 50 words of the first minor frame of each major frame cortains time
code from the DPU. Figure 3-3 shows the time code format. A single time code
{8 divided 1ioto two parts. The firat part ig transmitted f{a the major frame 1
and the next major frame { + 1. Major Frames { + 2 and { + 3 contain Time code
but 1in a different formzt. The Time Code format is repeated every fourth Hajor

Frame.
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i
1
i

Code Format fncludea a 4 bit Spacecraft Identification Code. As shown

in Figuré 3-3, bits l: and 2 are contained in the Source ID field of line {, and

! !

bits 3 and 4 are contained inthe Scurce ID field of line 1+2.

; LANDSAT~D = 11102 and
LANDSAT-D! = 110 1,.
‘ Y

3.2.5 SCENE DATA

s
4

| .
Figure 3-2 shows the format of a typical Minor Yrame of MS5S sceme data. A minor

frame consists of 6 rows of 25 words each. Word one is reserved for minor frams

aync Or 8

facecta£t identification. Words 2 through 13 contain scene data

samples A through F from bands 1 and 2 (band interleaved). Words 14 through 25

contain sample A through F from bands 3 and 4 (band interleaved).

3.2.6 m

i

D SCAN CODE .
1
]

When commanded on (HIQ SCAN CODE ON), the MUX will inscrt a MID SCAN CODE in the

MSS bit s
scanner,
CODE* int

sensor le

tream. Uponithe receipt of a Middle of Scan Monitor Pulse from the
i

and following the end of the curreat word, the MUX inserts the MID SCAN
1

b the bit aﬁream. For the next 100 words, the MUX transmits the black

vel (code 00%100). In the next 100 words, the MUX transmits the white

| .
gensor léevel (code 110011). The MID SCAN CODE starts at any word boundry.

Minor Frame Sync Words are not preempted, and the total lemgth of a MID SCAN

CODE 1is 2

f
00 words. FPigure 3-4 shows the MID SCAN CODE Format.
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, %.2.7 END SCAN CODE

When the scan mirror reaches the end of the imsge scan, the scanner sends an enu
of gcan monitor pulse to the multiplexar. .The multiplexer upon receipt of the
end of scan monitor pulse, preempts the sensor data and inserts the END SCAN
CODE. The ELC is {dentical to the MID SCuN CODE shown in Figure 3-4. After the
ELC, 1invalid sgensor data is transmtied until calibration data or preamble is

encountered.
3.2.8 CALIBRATION OR DC RETTORE

Nominally, eleven milliseconds after the ELC and on every other major frame,
10.2 milliseconds of calibration data are inse;ted in the major frame. A wedge
shapped calibration pulse 13 inserted in the video data output of bands 1
thtodgh 4. Figure 3-1 gshows the location of the calibration within the Major

Frame.

The CALIBRATE segmant starts 42.8 +2 ms after LINE START CODE and contimues for
10.2 +? wmilliseconds. On alternate major frames (sweeps of the scanner) the
CALIBRATE segment is replaced with a DC Restore segment. The DC Restore 1is 20
42 milliseconds of zero level inserted in baud 4 only. The DC Restore starts

43.3 +2 milliseconds after the LINE START CODE.
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MSS MID/END Scan Code Format
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ACS
A/D
BBR
BCU
BCD
BD6
BIL
BIP
BSQ
CCSA
cc
ccT
C&DH
CFPA
cw
CPN
C/RS
CSF
cu

DBMS

ORIGINAL PAGE IS
OF POOR QUALITY

SECTION 4

ACRONIMS AND ABBREVIATIONS

Attitude Control System

Analog to Digital

Band=-to-Band Registration

Bus Coupling Unit

Binary Coded Decimal

Band 6 Data
Band-Interleaved-by=-line
Band~Interleaved-by-Pixel

Band Sequential

Computer Address

Computer Command Slot

Computer Compatible Tape
Command and Data Handling
Cooled Focal Plane Assembly (Array)
Command

Control Point Neighborhoods
Calibration/Restore Shutter
Control and Simulation Facility
Central Unit

Data Base Management System

Direct Current
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Decon ) Degconmtator
Demux Demultiplexer
Dexmod Demodulator
DFCB Data Pormat Coatral Book ' . ]
DMS Data Management System
DOMSAT Domastic Communication Satellite
DPU Digital Processing Unit
DRRTS Data Receive Record Transmit Subsystem
DSM Downlink Synchroaization Module
DXFP Data Extraction and Formating
EDC EROS Data Center
EDIPS EDC Digital Image Processing System
ELC - End of Line Code
EROS Earth Resources Obgservation System
ERTS Earth Resources Technology Satellite
EU Expander Unit
FAIRS Full Aperture Infrared Source ;
FM Flight Model |
FOoV Field-of-View :
FPA Focal Plane Array !
FPDA Focal Plane Detector Array §
GECP Geometric Correction :
GDOP Geometric-Dilution~of-Precision (the ratio of uncertainty %

in position of uncertainty in racge measurements

LSD-WPC~012
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GPS
GSFC
GSTDN
HDT
HDT-A
HDT-P
HDT-R
HDT=-$
HgCdTe
HOM
HRS
HSKG TLM
1Cp
IFOV
1GF
IGFOV
IM
InAs
InSbH
IRG
IRIG~-A
LED

LFA

SVS=10126A&
Volume ¢
! 23 November 1981

1
H

Greemwich Mean Time

Global %ositioning System

Goddatd;Space Flight Center

Ground Spaceflight Tracking Data Network
High De;sity Magnetic Tape

High De;sity Magnetic Tape -~ Archieve Tape

High Density Magnetic Tape - Product Tape
: .
High Density Magnetic Tape ~ Raw Data Tape

High De;aity Magnetic Tape - White Sands Tape
Hercuty!Cadmiun Telluride

Borizonéal Oblique Mercator

Borizonéal Resampling

Bousekeéping Telemetry

Interface Control Document or Drawing
i
Instantaneous Tield-~of-View

i

Image Generation Facllity

1
Instantaneous Geometric FOV

Instrumeht Module
i

Ind{unm Arsentde
]

Indium A%timonide

Intet-Reéord Gap

Inter-Ra%ge Instrumentation Group, stendard time, format A
Light Emit:ing Diode

Laminar %low Array
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LHC
LLC
LS

LSB
LSD

LSW

MBPS
MDB
MDM
M/F

MNFS

Mod

MSW
MUX
NASA
NASCOM
NDS
NETD
NRZ

NRZ~L

Left-Hand Circular

Line Length Code

Line Start '
Least Significant Bit

Landsat~-D

Least Significant Word

Multiple Access

Mega Bits Per Second

Multiplex Data Bus
Mulciplexer-Demultiplexer (MUX-DEMUX)
Minor Frame

Multimigsion Modular Spacecraft
Minor Frame Sync Code

Modulator

Most Signficant Bit

Multispectral Scanner or Module Support Structure

Most Significant Word

Multiplexer

National Aronautics and Space Administration

NASA Communications Network

Navigation Data Satellite

Noise Equivalent Temperature Difference

Nonreturn to Zero (digital code)

Non-Return to Zero Level

4=4
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PAM

PCD

PCM

P20

PFD

PH

PMP

PPM

PPS

POCC

PROM

PROP

PS

PSDO

FSK

RDCP
RF

RHC

v T LT FOPET] SROENTTT T B M T g

On Board Computer
Operationel Navigation Satellite
Pulse Amplitude Modulation -
Payload Correction Data
Pulse Code MOdulation

Power Distribution Unit
Pre~Flight Disconnect
Propulsion Module
Pre-Modulation Processor
Pseudo Noise

Inverse Pseudo Noise
Pre-~Processor Modulator
Pulses Per Second

Payload Operations Control Center
Program Read Only Memory
Propulcion (Subsystem)

Polar Stereographic
Parallel/Sertal DAta Output
Phase Shift Keyed

Quick Look

Randon Access Memory
Radiometric Correction
Radio Frequency

Right Hand Circular

i
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K/PA
BT
SAM
SBRC
s/c
SC&CU
SiFPA
S{FPA
SLC
SLS
SMA
sMC
SME
SMM
SoM
3QPSK
SSA
STACC
STDN
STINT
SUBCOM
TA

TBS

Remote Icterface Unit

)
Receﬁver/?rocessor Assembly (GPS)
Real Time
Scen ;ngle Monitor
Santa%Batbara Research Center
Space;taft
81gnai Conditioning & Control Unit
Silicén Focal Plane Array (Assembly)
Silic&n Pocal Plane Array (Assembly)
Scan éine Corrector
Scan éine Sync
Scan ﬁittor Assembly
Scan éirrot Control
Scan dirror Electronics
Solar ?aximum Miosion
Space éblique Mercator
Stagge%ed Quadriphase Phase Shift Keyed
S-Band?Single Access
StandaFd Telemetry and éommand Components
Spacefiight Tracking Data Network

|
STACC Interface Ucit

{

Subcommutation
|
Telemetry Address

To Be Supplied
|
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 TDRS
TDRSS
TGS

TLM

TWTA

UQPSK
VRS

WBVT

WBVTR

v b e

e v csmtn et s e Xt e v —— e

Tima Code

Time Code Generator

Tracking and Data Relay Satellite
Tracking and Data Relsy Satellite System
Transportable Ground Station

Telemstry

Thematic Mapper

Traveling Wave Tube Amplifier
Unbalanced Quairature Phase Shift Keyed
Universal Trausverse Mercator

Veftical Resampling

Wideband

Wide Band Video Tape

Wideband Video Tape Recorder

Wideband Communicatious Subsystem

+ e 4T
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-andsat-D Mission System Proposal; Proposal No. C-77285, Parts 1 and 2; GE,
19 October 1977.

| .
Landsa?-D Support ; Instrumentation Requirements Document
Janna:g 1979. !

(SIRD); NASA,

Specification for Ethe Landsat-D System, Revision C; GSFC=-430-D-100;
NASA/GSFC, August 1978.
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