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NOTE

———

Data from porticns of the Landsat-D Ground Segment Data Base, Version 113,
are contained in this volume. In the event of conflict between that data
and the latest revision of the Landsat-D Ground Segment Data Base, the

Landsat-D Ground Segment Data Base takes precedence.
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SECTION 1
INTRODUCTION

1.0 INTRODUCTION

This volume defines the formats used for the transmission of Landsat-D and
Landsat-D Prime spacecraft telemetry data through either the TDRS/GSTDN via the

NASCOM Network to the CSF.

The volume contains a description .of the Landsat-D and Landsat-D Prime
spacecraft”s telemetry flow from the Command and Data Handling Subsystex, a
telemetry list and telemetry matrix assigmment for the migssion and engineering
formats. The OBC controlled format and the dwell format are also discussed.
The CBCs contribution to telemetry, and the format of the reports, are covered.
The high rate data channel includes the payload correction data format, the

narrowband Tape Recorder and the OBC dump fcrmats.

1.1 TELEMETRY OVERVIEW

The Landsat-D sapacecraft downlink consists of an S-Band frequency capable of
being received at various Ground Spaceflight Tracking Data Network (GSTDN)
stations and through the Tracking and Data Relay Satellite (TDRS) to the TDRS
Ground Station at White Sands, New Mexico as shown on Figure 1-1. The S-Band
downlink telemetry data {s transmitted on 2287.5 MHz via the Landsat-D omni
antenna or high gain antenna. The omni antenna S-Band telemetry is received by

the GSTDN, foreign ground stations, the TDRS, and the transportable ground

LSD-WPC-007

1-1

flmm—-.-,-’ Cmeetae area e



-

T O V0 Py g 4 e e A n e ——— et e . e

—

LNy

SVS-=10123A

Volune II

October 1982

station. There are two data bit streams: the S-Band Realtime spacecraft
telemetry which contains spacecraft subsystem health and status (housekeeping)
data, Global Positioning System (Receiver/Processor Assembly) data; the High
Rate Channel telemetry which contains OBC dump or Payload Correction Data (PCD)

or Narrowband Tape Racorder (NBTR) Playback (Reproducer) data.

Also, a ranging code i3 transmitted to the Landsat~D gpacecraft efther via the
TDRS or from a GSTDN ground station and returned coherently with the forward
link via a PN range code or rangi g tone respectively. Tracking data is relayed
over NASCOM lines to the Orbital Computations Group (OCG). Tracking by the TDRS
requires establishment of a forward and return 1link with the Landsat=-D
spacecraft via TDRS S-Band Multiasccess (MA) or single access (SSA) channel.

Ranging {s sccomplished by the Landsat-D high gain antenna {nitially progran
tracking the TDRS. The Landsat-D spacecraft then switches ¢to Ku-band
autotracking once the Ku-band received signal level {ndicates lock. The OBC

controls the Ku/S-band high gain antenna during program tracking of the TDRS.

1.2 REALTIME SPACECRAFT TELEMETRY

The realtime telemetry data flow is from the Landsat-D spacecraft via the TDRS
to the White Sands Ground Station, hence via NASCOM to the GSFC Landsat-D OCC.

Additional support 1is provided by the GSTDN sites and hence via NASCOM to GSFC
Landsat-D OCC. There is a Landsat-D Spacecraft onboard recording capability of
the realtime spacecraft narrow band telemetry data. A housekeeping telemetry

rate of 8 Kbps is used for normal operations via the TDRS high gain antenna to

LSD-WPC-007
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the TDRS satellite operating in the MA or SSA mode and to the GSTDU/Foreign
Ground Stations via the omni antenna. Housekeeping telemetry rate of 1 Kbps is

available for use when transmitting via the omni to the TDRS while is operating

in the SSA mode for Landsat-D ortit adjusts.

There are two telemetry formats coantrolled by ROM“s: Format I (Engineering
Format) 1is for Landsat-D subsystem data with emphasis on attitude coatrol data
during transmission supporting launch operationsl, orbit adjust maneuvers, or
for safehold) at 8 Kbps rate. Format 1I (Mission Format) is for Landsat-D
subgystem and sensor housekeeping at & Kbps (normal mode). A third forrat s
possible but not planned for usage and is controlled by the On-Board Computer.

Telematry rates are independent of the formats.

LSD-WPC-007
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1.5 HIGH PATR TELEMETRY CHANNEL

The high rate telemetry channel is transmitted simultaneously with the realtime
spacecraft telemetry and received and relayed by the TDRSS and/or the GSTDN to
the Landsut-D UCC i{n a similiar fashion e8 described above. The high rate
telemetry channel contains several different kinds of date with different
formats and dats rates as a function of the data routing. Only omne type of data
whethes Payload Correction Dcta (PCD), OBC Dump, or Narrowband Tape Recorder
(NBTR) Playback data can bLe transmitted at a time via the hizh rate channel
telemet.y stream. PCD is also contained in the TM Telemetry stream. The PCD is
transmitted on the high rate channel at 32 Kbps with a unique format. The OBC
Dump 1is transmitted at 32 Kbus (1 Kbps is available if needed). The NBIR
playback is transmitted at 128 Kbp. via TDRS or 2356 Kbps to the GSTDN and
normally replayed at 128 Kbps to the CSF. The playback telemetry forma* is the
reverse of the realtime spacecraft telametry. Playback of a full Tape at 128
Kbps takes apr operating cime of 14.9 minutes and 256 Kbps takes 7.45 minutes.

The formats are described later.

In addition to the GSTDN s, a Transportable Ground Station (TGS) located at GSFC
can receie S-band Jowalink telemetry although the TGS is not planned to be used
in this manner. Also, TGS receives TM & MSS wideband data and forwards them to
th: Data Receive Record and Transmit System (DRRTS). The TM and MSS data -
descripcion formats are not part of this DFCB vo)wme. They are included in

$VS-10125, Data Formit Control Book, Volume V, (Payload).

LSD-WPC-007
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SECTION 2

TELEMETRY DOWNLINK DESCRIPTION

2.1 GENERAL DESCRIPTION

The realtime spacecraft telemetry (housekeeping and GPS data) and the high rate
chaunel (PCD, NBTR or OBC) data are downlinked via the S-Band Transponder,
Figure 2-1. The TORS System, the GSTDN, foreign ground stations and the
Transportable Ground Statfon (TGS) are capable of receiving this downlinked
data/dump. The telemetry rate and format are changeable baged upon the

spacecraft commanded mode of operation.

The confijguration of the S-band downlink provides the capability for both
realtime spacecraft telemetry and the high rate channel telemetry through the
TDRS and the GSTDN simultaneously, 1f-required. Telemetry data to the GSTDN {is
via two bit streams, biphase modulated and summed in a linear network and
transmitted aes residual-carrier phase modulation on S~Band. The two TDRS data
bit streams are modulo-2 added to internally;generated PN codes and transmitted
independently on the ln-phase (I) channel and the Quadrature (Q) channel as
staggered-Quadrature-Phase-Shift-Keyed (SQFSK) modulation of the S-band return

lick. .

The use of trarsmitter A or B is commandable as is rhe use of efther the OMNI or
high gain antenna”s via cettings of RF Switches 1 and 2 for TDRS and/or GSTDN

cperations.

LSD~WPC-007
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Telemetry 1s saopled in the subsystems by the Remote Interface Units (RIU) and
passed to the Format Generator and/or computer over the Multiplex Data Bus,
Figure 2-2. From the C&DH formatter, the telemetry data is routed to the Pre-
Modulation Frocessor (PMP), Qnd in turn to the transponder. If requested,
telemetry 13 channeled to the OBC via the STACC Interface Unit (STINT). The OBC
requests and stores these inputs at the appropriate time. All telemetry is
supplied to the transponder through a PMP. The PMP may be commanded to supply
realtime spacecraft telemetry to the Narrowband Tape Recorder (NBTR) for
subsequent playback on the high rate channel. Also, when commanded, the payload
correction data 1{s supplied to the PMP from the PCD formatter in the PDU, Both

PMP“s can be turned ON simultaneously with an associated trangponder &nd

telemetry routed to both the TDRS and GSTDN/TGS/Foreign Stations simultaneously.

Flight Spacecraft time (GMT) is included in the rcaltime gpacecraft telemetry
strean from the DPU which supplies a 52 bit time code {n BCD. Also, the CU
supplies the OBC with a 24 bit (binary count) time code via the realtime
spacecraft telemetry stream. The OBC uses least significant 18 of these bits
for Stored Commands and Time Tags for Absolute and Relative Time Commanda
Processing witn LSB equal to 1.024 geconds. The DPU supplies both the TM and MSS

with the BCD time code as discussed in SVS-10126, Data Format Control Book,

Volume V, (Payload).
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The S-Band OMNI downlink characteristics are as follows:

1.
2.
3.
4.

S.

\ 6.

Frequency - 2287.5 MHz
Polarization - Right Hand Circular (RCP)
Transoitter Power - 5 watts +1 dB
Beamwidth (Coverage) = +63.8 Deg fr. NADIR (100X) - GSTDN
= #116.2 Deg fr. Zenith (84X) - TDRSS (return)
= OMNI - Total Sphere (85X) Requirement
Bandwidth ~ 3 MHz

Antenna Gain - -6 dBi (minimum over 80% of sphere)

The S-Band TDRS High Gain link characteristics ars as follows:

1.

2.

Frequency - 2287.5 MHz

Polarization —~ Left Hand Circular (LCP)
Transnitter Power ~ 5 watts +1 dB (+6.9 dBw)
Beanmwidth - half power, 5 degrees

Bandwidth - 6 MHz

Anteana Gain - +28 dB

LSD-WPC-007
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2.1.1 TELEMETRY DATA CHARACATERISTICS

2.1.1.1 Modulation

The modulation techniques are different for GSTDN and TDRS as summarized in

Table 2-1 and described below:

1'

GSTDN

8.

TDRS

The realtime gpacecraft telemetry data is biphage-~S, phase shift
keyed, phase modulated (B1G-S/PSK/PM) on a 1.024 MHz subcarrier
via the OMNI antenna. Twenty percent of the power 1s in the
residual carrier. Realtime spacecraft telemetry is transmitted
gimultaneously with ranging data if desired.

The high rate channel telemetry is B16-S/PM modulated directly on
the baseband. -

The GSTDN ranging is PM modulated.

The realitime spacecraft telemetry data is NRZ-M convolutionally
coded (length-7), pseudo-noise code (PN) and transmitted
independently on the "I" and “Q" ci.annel as Staggered-Quadrature-
Phase-Shift-Keyed (SQPSK) on the S-Band Return Link.

The high rate channel telemetry is NRZ-M convolutionally coded
(length~7), PN coded and transmitted on the “Q” channel only
while realtime spacecraft telemetry is transmitted on the "I”
channel simultaneously.

Bi-phase~S and Nonreturn—-to-Zevo data formats are described and shown in Table

2-2.

LSD-WPC-007
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Table 2-2.

g v ey

3

ORIGINAL PAGE IS
OF POOR QUALITY

SVS-10123A
Volume II
October 1982

Data Bit Stream Furmats

Data Format

I RY

Description

NRZ-L

NRZ-M

Bi6-M

B16-S

5 -

]
=
r__J

NRZ-L level (or NRZ change): “ONE" is
represented by one level. "ZERO" {is
represented by the other level.

NRZ-Mark (Differential encoding): "ONE”
18 represented by a change in level.
“"ZERO" 1is represented by no change in
level.

Bi-Phase-Mark, A transition occurs at
the beginning of every time (T) period:
"ONE"” i3 represented by a secoand trans-
ition one-half time period later.
“ZERO” 18 represented by no second
transition.

Bi-Phage~Space, A transition occurs
at the beginning of every time (T)
period: "ZERO" is represented by
a gsecond transition one~half time
period later "ONE" is represented
by no second transition.

LSD-WPC-007
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The TDRSS Ground Station generally demodulates the “Q" channel. The "Q" to "I"
channel power ratio 1s 4:1. The "I” channel is demodulated for telemetry when

either the 0OBC data/dump, PCD formatter data or the NBTR playback data 1s

transmitted on the "Q" channel.
2.1.1.2 Bit Rate

The output bit rate via the Pre-Modulation Processor to the transponder is a
function of the selected data source, data bit stream used, spacecraft nission

phase, and receiving site as shown in Table 2-3.

Table 2-3. Telemetry Bit Rate and Type

Telemetry '
Type Data Source Bit Rate Receiving Site'-
Realtime Spacecraft cu 1 Kbps TDRSS

8 Kbps TDRSS, GSTDN or

Foreign Stations

On-Board Computer OBC/STINT 1 or 32 Kbps TDRSS or GSTDN
Data/Dump
Payload Correction PCD Formatter 32 Kbps TDRSS, GSTDN or
Data : - B ) Foreisn Stations
Narrowband Tape N3TR 128 Kbps TDRSS
Recorder Playback 256 Kbps GSTDN

LSD-WPC-007
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All signal 1inputs to each PMP include NRZ-L data and required clocks. The PMP
receives OBC data dump and required clocks from either of two STACC STINT s with
rates command selectable either at 1 or 32 Kbps (Landsat-) uses 32 Kbps); the
PMP receives realtime sapacecraft telemetry which consists of NRZ-L data and
clock from either STACC/CU with rates command selectable et 1 or 8 Kbps; the PMP
receives PCD Formatter data in a similiar fashion except the gource is from the
pover distribution unit (PDU) which containg the PCD Formatter; lastly, the PMP
receives realtime spacecraft telemetry playback data from the NBTR with data
rates at 128 Kbps or 256 Kbps with the appropriate clock signal. The C&DH
subsystem can be comranded to select bit rates of 1, 2, 4, 8, 16, 32 or 66\ Kbps
for realtime spacecraft telemetry, however, telemetry rates must bé 8 Kbps only
for OBC timing purposes. Telemetry r;te of 1 Kbps can be wused for emergency

operations but the OBC timing may not be valid.
2.1.1.3 Word Length

The word 1length is eight bits assembled into analog, passive analog, bi-level

(discrete) or serial digital words.

2.1.1.4 Telemetry Matrix Capacity

Tﬂefteleﬁétri Qhﬁéﬁégééib;bgidea 64 channels for data inputs per RIU and an
additional 64 channels per Telemetry Multiplexer/Expander Unit (EU) and used as

follows:

1. 64 available for analog or

LSD-WPC-007
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2. 64 available for bilevel or
3. 16 available for serial digital or

4. 16 available for conditioned passive analog or

5. Combination of the above. (See Table 2-10)

There are nine RIU®s (some have EU”s) on Landsat-D which acquire data from the
subsystems and route 1t to the CU via the Multiplex Data Bus (MDB). The C&DH
formatter retrieves the appropriate RIU channel data at the correct time for
iusortion into the realtiwe spacecraft telemetry stream (matrix) by using one of
the CU°s two programmable read-only-memories (PROM) which coatains an RIU and

channel number for each telemetry word.

2.1.1.5 Format Selection

Two PROM devices are uned in the CU for Englneering and Mission formats. Migsion
and engineering formats are nearly identical except that the mission format
contains more TM Sensor and GPS housekeeping data whereas the engineering format
contains more wmodular attitude control subsystem (MACS) and propulsion module
(PM) data. The mission format i{s intended for use while the spacecraft 1is {n
the normsl on-orbit i{imaging configuration during payload activity using the 8
Kbps telemetry rate. The engineering format {is intended for wuse when the
spacecraft 1s being launched, in an orbit adjust or safe hold activiiy. A third
way to control the realtime spacecraft telemetry stream is by the OBC generated
format which i3 variable and based uron a memory uplezd used by the OBC to

control the format in lieu of the PROM“s. A fourth type of format available 1is

LSD-WPC-007
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an accelerated multiplex dwell format for a selected telemetry word repeated in

ell non-fized columns continuously. The latter two formats are not planoned for

Landsat~-D normal operatious.
2.1.2 TELEMETRY MATRIX CONSTRUCTION

2.1.2.1 Telemetry Data Format

The telemetry format for the CEDH Subsystem is a 128 x 128 row/column matrix. A
minor frame (row) contains 128 eight bit words (columns) and 13 1llustrated in
Figure 2-3. A wajor frame i{s comprised of 128 minor frames. The format starts
‘n row 0, column 0 and proceeds sequentially through the matrix until the final
word in row 127, column 127 is transmitted. This completes a major frame. The

most significant bit (MSB) is transmitted first {in a minor frame word.

2.1.2.2 Minor Frame

Each minor frame contains 128 words. Tne first three words are used for the
ninor fiame synchroaization. The minor frame couanter 1is 1located 1in relative
word location 65 (Frame Counter) (Figure 2-4). These words are located in fixed
uo;d }dcagiong as shown in Table 2-4. At the 8 Kbps rate,-a word period 3is 1

miilisecond. At the 1 Kbps rate, a werd period is 8 milliseconds.

LSD~WPC-007
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Telemetry Matrix Cunstruction

Figure 2-3.
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Table 2-4. Fixed Column Assfignments

- !
Word No. Bit No. Function 3
0-2 Sync Word (FAF329 {n REXADECIMAL)
3 0,1, 2 Bit Rate
3,4 Format ID ‘
S Central Unit A/B
6 Real Tire/Computer Dump Data
7 CU Signal Presence
32 Subcon
33 Subcon
3. 0 Receiver (Rcvr)~A Lock Status
1 Revr-A TDRSS/STDN Mode
2 Reve=-B Lock Status
3 Reve=B TDRSS/STDN Mode ‘
4, 5 Det. A Inlock, Det. B Inlocks b
6, 7 CU-A Command Reject, CU~B Command
Reject ?
35 Computer Data Word (Report Identifier)
64 Spacecraft Clock (8 LSB from selected CU,
16 MSB in Subcom)
65 Frame Counter (Figure 2-4)
60 Coumand Counter (Selected CU)
67 0 Dwell Mode
1 to 7 Dwell ID
96-99 Subcon

LSD-WPC-007
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2.1.2.3 Major Frame

The wmajor frame coutains 128 minor frames. The major frama duration is 16.384

seconds at 8 Kbps and 131.072 seconds at the 1 Kbpa rate.
2.1.2.4 Fixed Columns

There are 16 fixed columns, six of which can be used for subcommutated words in
mfaor frame words 32, 33, 96, 97, 98 and 99. The remaining 10 fixed columns are

dascribed below and in the following paragraphs:

1. VWord #3 - Bit rate (bits 0,1 and 2):

) 000 = 1 Kbps
001 = 2 Kbps
‘{ 010 = 4 Kbps
0ll = 8 Kbps
100 = 16 Kbps
101 = 32 Kbdpe
110 = 64 Kbps
111 = 128 Kbps

- Format ID (bits 3 and 4):
00 = CU Flexible (not used on Landsat-D).
0l = Format I (Engineering)
10 « Format II (Mission}
11 = On~Board Computer Controlled
-~ Central Unit A/B (bit S5): ) - -

T 0 = A
1 = B

~ Realtime Time/Computer Dump Data (bfit 6):

0 = 0On Board Computer Dump
1 = Realtime Spacecraft via MDB (always 1 for Landsat~D)

LSD-WPC-007?
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- CU Signal Presence (bit 7):

2.

0 = Not rejected
1 @ Rejected if both CU A and B reject the command

Word #34 - Receiver A Lock Status (bit 0):

1 = locked
0 = not locked

- Receiver A TDRSS/GSTDN Mode (bit 1):

- Receiver B Lock Status (bit 2):

0 = GSTDN
1 = TDRSS

1 = locked
0 = not locked

- Receiver B TDRSS/GSTDN Mode (bit 3):

0 = GSTDN
1 = TDRSS

- Detector A Inlock, Det. B Imlock Status (bit 4,5)

_ Word #35 - Computer Data Word ID (8 bits):

0 = locked
1 = oaot locked

- CU-A Command Reject, CU-B Command Reject (bit 6,7):

0 = Accept
1 = Reject

ldentifies the OBC Telemetry Report number for this minor frames 25
word OBC Report (See Section 2.5)

Word #67 - Dwell Mode (bit 0):

0 = Dwell mode OFF
1 = Dwell mode ON

Dweil ID (bits 1-7) which is the mincr frame word number (4-127) to be
repeated in the dwell mode. This is not normally planned for use 1in

Landsat-D.
LSD-WPC-007
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2.1.2.5 Non-Fixed Columns

There are 112 non~fixed columns for the assignment of subsystem telamotry data.
The matrix allocation of Columﬁa/Subcom words are descridbed 1in Section 2.4,
Telemetry Matrix Asgignments. The Oa-Board Computars coatribution to the 25

ninor frawe words (columns) is dascribed in 0BC Reports, Section 2.5.

Certain typas of OBC contribution to talemetry data ara not available direcctly
from the subaystecs (e.g., Plight Segment attitude arrors). These are derived
vithin 0BC and data accessed in the subsystem(s) by the OBC via “Couputer
Address” wvords through the RIU. Since direct talemetry acquisition of data via
“Computer Addregaed” gates can compromise an 0BC computations} cycle, requests

for these data are made through the OBC. See reference item number 3 ia Section

3.

2.1.2.6 Subcommutation

There are a total of six subcommutated words in a minor frame. The cycle length
of the subcommutation i3 one major frame. The 8-bit (0-255) minor frase counter
18 used to identify the subcom words. When using Format 1 or 1I, the format of
the subcom words 1s controlled by the memory device fdentical to that used for
ninor frame format comtrol. Subcom formats are the same for both nemOTY
controlled wminor frace formats. When operating in the computer generated aminor
frame, the subcom formats are controlled by the OBC. See Section 2.4, Telemetry
Matrix Assignments.

LSD-WPC-Q07
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2.1.3 TELEMETRY CONTRGL WORDS

2.1.3.1 Synchronization

The firet three vwords {in each wminor frame are ueed for nminor frama
eyachronization. Thease 24 sync bits are deacribed as followa:
MINOR FRAME SYNC

WORD: 0 1 2
NSB LSB

11111010 11110011 00100000

. Since the telaxetry bit stream is trensuitted MSB first, this syunc pattern is

received aa illustrated. In hexadecimal, the sync pattern is FAF32016.
2.1.3.2 Frame Counter

Word 65 of the ainor frame is the frame counter. At the end of each mint frame
the counter is incremented by one, and the new value (n+l) is placed in word 63
ia the subsequent minor frama. This process is continued until a maximum count
of 255 is reached and the procese rspeated. Only the lact seven bits are necded
to daternina the frama counter contants for subcom word ID (0-127). Tha bit

pattern sequenca is shown in Figure 2-4.

i \
‘ LSD-WPC-007 '
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2.1.3.3 Tima'Code

s e -

The STACC/CU spscecraft clock couater is 24 bits (binary count) in length. The
eight least significent bits (LSB) are located in the fized telometry column {n

word location 64 of tha telemetry matrix. The 16 most aignificant bits (MSB)

o e aerns

aro located in two additional telemetry words (86 and 87). The output of the CU
spacacraft oscillator (4.096 MHz) 1is countad down to provide a 24~bit spacecraft
tima code with LSB resolution of 1.024 seconds. Each CU has Lts own oscillator.
Additionally, an ultre stable external oscillator is coanand salectable. This
extornal oacillator is primarily used due to the Digital Procsesing Unit (DPU)
stability vequirements for generstion of T (52 bits) and MSS (48 bits) tiee
‘ codes discussed 1in SVS-10126, Dats Format Control Book, Voluse v, (Payload).
Also, the Digital Processing Unit (DPU) generates a 52 bit time code vhich 1is
put 1in the realtime teclemetry stream in word location 32 {n minor frame numbers
0-7 each major frama as shown in Table 2-36. This DPU time «code is also put {n
the PCD data etraam as shown in Figure 2-9 and descrided in 2.2.6.2.9 as it
aeppears in PCD format word 72. In either case, the DPU time code is rveferaenced
to the major frame syanc pulse which marks the boginning of the major frams

(ninor frame gzerc, word zero-MSB).

The CU (24 hit counter) clock 1s incremented at the beginnimg of the major frame
and every Yth minor frame as a function of telemetry rote. At a telemetry rate
of XKbps, the spacecraft clock increments by 1 every Xth mi{mor frama. In the 1
Kbps mode the spacacraft clock will increment by 1 every minwr frame and in the

8 Kbps mode it will increment avery 8th minor frame. |

‘ LSD-WPC-007
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Figure 2-4. Frame Counter ID Bit Pattern
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2.2 TELEMETRY FORMATS

2.2.1 CU PROM ENGINEERING FORMAT

The Engineering format, designated Format I, 48 for initial spacecraft
operations subsequent to a delta launch during deployzent, Safe-Hold mode or
when an orbit adjust operation 18 conducted. Engineering format contains

subsystem data as shown in Section 2.4, Telemetry Matrix Assignments.
2.2.2 CU PROM MISSION FORMAT

The normal on-orbit mission telemetry format is defined as format II and both
formats are independent of telemetry rate. Although other bit rates are
posaible, the 8 Rbps rate is used since it is consistent with the quantity of
spacecraft telemetered data, the link margins achieveable at 8 Kbps rate and the
restrictions of pewer flux density when the flight segment is transmittiné to
the TDRS and the earth i3 near the line of sight of the TDRS high gain antenna
beam. Mission format contains subsystem data as shown in Section 2.4, Telemetry

Matrix Assignments.

LSD-WPL~007
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2.2.3 ON-BOARD COMPUTER TELEMETRY FORMAT

The CBC provides a capability for a third flexible format, but not planned for
use, based upon a computer memory load. When operating 1an the conputer
generated wminor frame format, the subcomn formats are coantrolled by the ccaputer

{ingstead of the CU PROM.
2.2.4 ACCELERATED MULTIPLEX (DWELL) FORMAT

The accelerated multiplex format can insert any single con-fixed telemetry poiat
from the telemetry matrix column (excluding 0 through 3, 32 <¢hrough 35, 64
‘ through 67 and 96 through 99 - fixed columns) into all of the 112 non~fized
columns. This mode provides an operational analysis tool since it can bde
initiated through & single serisl wmagnitude coamaad to the CU. It 13 also

referred to as the "Dwell” mode.
2.2.5 OBC DUMP FORMAT

The OBC can dump any 4,096 words of memory in units called wmemory banks. Less
than 4,096 words can also be dumped or loaded. Each dump 13 repeated at least
four (4) Eimes. The memory dump goes to the PMP via the STINT. Each NSSC
memory word dumped requires 32 bits, as shown in Figure 2-5. Thirty-two, 37-bit
words make up a minor frame (1024 bits), within which there are four groups,
each having eight 32-bit words (256 bits). The firat word of each group has a
special function, as shown in Figure 2-6. This gpecial function means that only

28 memory dump words can be put in each minor frame. Therefore, a copy of one
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complaete fixed bank dump cannot be completed in an integral numbar of wminor
frames. Each suceeding dump of the fixed bank begins with the first word (of
the second copy of the dump) following immediately after the last word of tha
preceding dump, and this continues with succeeding dumps until all four dumps
have been completed. Figure 2-6 shows the end of the firat dump and begianing of
the sacond for a hardware dump of a fixed bank. For a dump of less than 4096, X5
and X6 (Figure 2-6) would appear in a different frame position. The wmininum
numbar of words that can be dumped is 1024. Tharefore, dumps of lass than 8
words will ba increased to 8 words then repeated wuntil 1024 cotal words are

dumped, dumps of 8 to 256 words will be repeated until 1024 total words are

dumped, dumps of greater than 256 will be repeated 4 times.

The OBC dump can be countrolled by tha hardware or software and {s described in

Paragraph 2.3.3.4.
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QUALITY MINOR FRAME 1
X1 1-8 (32 bit words)
X2 9-16
X3 17-24
X4 . 25-32
MINOR FRAME 147
X1 = 4673 - 4680
X2 X5 X6 4681 - 4638
X3 4689 - 4696
X4 4697 - 4704
Xi MF SYNC Contains a 32 bit sync code (FAF320Hex+ 8 zeros)
X2 BANK ID (of the fixed bank) Contains the bank identifier
of the 1iSSC word dumped in the
preceding 32 bit word
i2 28 22526 292032
Format tirtitfa1ter111e111 114 4olthxaxx]sjile]
s
~ always 1 = Hardware dump —>Bank ID “~parity
Software dump —=0000
X3 Subcom Counter All ones parity bit zero
X4 Subcom Counter All ones parity bit zero
X5 End of first dump The 4096th word of the first
copy of the dumped oank appears
here (position shcwn-hardware dump)
X6 Start of second dump The first word of the second

copy of the dumped bank appears
here. (position ghown-hardware dump)

X5 & X6 may be in another position for software dump of leas
than 4096 words

Figure 2-6 NSSC Dump Format
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2.2.6 PAYLOAD CORRECTION DATA (PCD) FORMAT

The PCD telemetry matrix consists of 128 words (minor frame) as shown in Figure
2~7 by 128 rows (major freme). The words in the minor frame contain Angle
Displacement Sensor (ADS) and Gyro data whereas the subcom (word 72 only)
contains attitude, gyro drift, ephemeris, time code, ADS temperature, PCD
multiplexer status as well as TM houseckeeping Telemetry data. The PCD Firmatter
telemetry data is transmitted over the high rate channel (32 Kbps) to GSTDN or
TDRS. The PCD Formatter output 13 alse sent to the DPU for imsertion into the
TM multiplexer payload data satream as described in SVS-10126, Data Format
Control Beok, Volume V, (Payload). A minor frame is 32 Msec as shown in Figure
2-8 and a wajor trame is 4.096 seconds. Only one word is subcommutated (word 72)

as shown in Figure 2-9.
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A SYNC 04,2 MFID 5
_ ADS 1 3,4 ADS A 66,67
(_ ‘ ADS 2 5,06 ADS Z 68,69
ADS 3 7,8 ADS 3 10, 11
9 suB comm©g 29) 72
P 1o 13
ADs 4 W, 12 ADS A 74,75
ADS 2 13, 14 ADS 2. 76,17 |
ADS 5, 16 | ADSD 8,79
Gyro (Fig 2-8) 7 - 80
18 GYRO(Fa 2-8) | 8\
ADS 4 \9, 20 g ADS 4 82,83
ADS 2 2,22 ¢ ADS 2 84,85
ADS3 23, 24 N ADS 3 86, 87
25,26 L 88, 89
ADS 4 27,28 ; ADS 4 90, 9
. | ADS Z 29, 30 ADS 2. 92,93 |
b1 ADS 3 31,32 ADS3 | 94,48
| _oyeo(Fc 28)| 33 e
( | i : 34 C\/QO(\:\Z 2-3) 97 .
| Abs 4 35,36 Abs L 98,99 |
. AL 2 37,38 ! Avl 4 1'00,_/3L
' ADcX 39,40 ADLUZ 102,103
41,42 104, (05
Avs 4 43,44 ADS 1. 106, 107
ADS 2 45,45 ADS 2 108, 109
- - |- [ -ADS3 - |- 47,48 -1 ApS3d — |-moyrt |
GYRo(Fg >-8) 49 a2
§0 &yRo(Fq 2-8)! 113
Avs 4 S\, 52 ADS L nd, s
AGS Z 53, 54 | ADS 2 nG, 17
ADS 3 55,56 ADS 3 18, 119
£7,58 120, 12!
ADS L 59, (0 ADS L 122,123
o ADSZ | )62 ADS 2 124,125
L ADS 3 P63, 64 v AvS 3 126.127 |

- ﬁ/“-__—___'____
l>'<| = NODATA - Z2FRO 7iLL
i ’ ORIGINAL PAGE iS

Figure 2-7. PCD Minor Prame (32 Msec) ar nAnD NLIALITV
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2.2.6.1 Data Suurces

The format contains the following types of dat. from geveral sources:

i.
2.
3.
4.
3.
6.
7.

8.

9.
10.
11.
12,

13.

Angle Displacement Sengor (frow ADS)

ADS Temperature {from ADS)

Gyro Data (from OBC)

Cyro Drift Data (from OBC)

Actitude Estimate (from OBC)

Ephemeris (from OBC)

TM Housekeeping Telemetry Data (from OBC)
Spare Telemetry Data (From 0BC)

S$/C Time Code (from DPU)

Formatter Status (genersted in the Formatter)
Sync (generated in the Formatter)

MFID (generated in the Formatter)

Telemetry Frame Correlation (generated in the Formatter)

The location of the data types 1s further shown in Figure 2-8 and Figure 2-9.

2-28
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3 is 2, 23 3¢ 32 3
- L] : .k
i
<] -  opata
1, - X Axis
3- 8 bit bytes;
2, - Y Axis MSB first ;
i
3\ - Z Axis
Figure 2-8. Gyro Data
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2.2.6.2.1 Angle Displacement Sensor - Each axis of the ADS will be sampled

every 2 mnsec (8 words).

The sample wll) be coaverted to a 12 bit word and

inserted ir 2 consecutive words of the format, with the 4 MSB“s of the first

vord set to zero.

SR

|

0000 XXXX XXXX XXXX

1ST WORD

2ND WORD

The format and range of the LDS DATA i3 as follows:

IN MINOR FRAME

— e g W A W GmS Gy e evm TEn e - i e e mm E S R SR M S Gm e WA R et e AR —an A e me  wm e

ANGLE (MICRORADIANS)
PITCH, ROLL & YAW

VOLTAGE
+5.0000

$.0000

+250

BIT PATTERN
0000 0000 0000 0000
0000 1000 00U0 9000

0000 1111 1111 1111

e e G e Wl e L R wwe R e ey e e e VEN —mm e G e TmA G IR R G R S G S e . e e e - -

The data will be sampled during the o0d¢ numbered word time preceding the first

of the two data words.

For example; ADS axis #1 will be sampled during the

following word times of each PCD Minor Frame.

17
25

33
41
49

57

65
73
81

89

97
105
113

121

2-30
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2.2.6.2.2 ADS Temperature - Up to four ADS related temperatures will be sampled

once a PCD Major Frame (4.096 sec). Each sample will be coanverted to a 12 bit

word and inserted in 2 consecutive words of format, with the 4 NMSB°s of the

first word sct to zero, as shown below. As above, the data will be sampled in
the word time preceding the data word. That is, ADS Temperature #1 is placed 1in
Word 72 minor frame 108 and 109 and sampling time is word 71. The formatting
and range of ADS temp data is echown below:

MSB LSB
0COOX XXX XXAXXXX X = DATA BIT

Data Minor Prame Word 72
- ADS Temp #1 108 . MSB
.( 0000XXXX
LSB
109 EXXXXXEX
ADS Temp #2 110
111 Same Format
ADS Temp #3 112
113 As Above
ADS Temp #4 114
115
Temg MSB LSB
+50 0000000000000000
0°c 0000111111111111

2.2.6.2.3 Gyro Data - Each axis of both DRIRU"s is sampled, by the OBC, every
64 msec. The OBC will send the data from the DRIRU it is using, to the
{ Formstter. The data will consist of a 24 bit word for each axis (a total of 72

bits). The timing of the dats sampling, transfer, and read out in the PCD

- LSD=-WPC-007
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format, is shown in Figure 2-10.

The word format of the Gyro data for each axis {s: (2”e complement word)

81 97 17 b
WORD 113 32 49 Y AXIS
81 97 113 Z AXIS
TMSB LSB (See Fig. 2-8)
| 922 20 '
SO X (0.05 ARC-SEC/COUNT)(LOW RATE)
7 MSB | MIDDLE 8 LSB (0.8 ARC-SEC/COUNT)(HIGH RATE)

Each 1 msec data sampling period is initfated by that 16 wsec interrupt to the
OBC which occurs 36 msec after the start of an even numbered PCD minor frame.
(Thet ts, 4 msec after the start of each odd numbered PCD minor frame.) (Figure
2-10.) The start of every fourth PCD major frame is coincident with the atart
of the TIM major frame, and this time 18 contained {in subcom word 72, minor
frame 96 through 103, thus the tize of the start of every gyro data sampling

period can be determined. Normal imaging in operations uses the lower rate data.

In addition, the relationship betwe:n the sampling period, transfer, and read

out 1s also fixed. (See Figure 2-17).

LSD-WPC-007
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That i3, with reference to Figure 2-8, the data present in:

HORD MINOR FRAME Ax1s
81 & 97 2 X
17 3 X
113 2 Y
33 & 49 3 Y
81, 97 & 113 3 Z

wag sampled by tha OBC in the perilod starting at word 16 of minor frame l.

The data is transferred to the Formatter in the period starting 4 msec after the

gtart of the next PCD minor frame.

2.2.6.2.4 Gyro Drift Data - The drift calculation is performed by the OBC
approximately once a minute. The data consists of 3 x 32 bit words. The data
will be transferred to the Formatter during the 4th transfer period (see Figure

2-11), between the Attitude data and the TLM spares data.

The format and frame position of the gyro drift data {a: (2°s complement word)

MS LS
. z-Y7 ; 2-27

& “(Scale ~16)
SXXXXXXX XXXXXXXX XXXAXXFYX XXXX

ROLL 16 17 18 19 THETBX*
MINOR PITCH 20 21 22 23 ‘THETBY
FRAME YAW 24 25 26 27 THETBZ

‘® OBC TLM Report #10
LSD-WPC-007

2-33

.

PR \;-’:j
- " o0

el

LR Y



EANRRAIN L : N R
o .. M . . )

ORIGINAL PAGE IS e
OF POOR QUALITY Octaber 1982

The date will appear in word 72 of minor frames 16 through 27 of the PCD wajor
frame that starts at the TLM Major Frame Pulse (see Figure 2-9). Since the data
will be sampled every 16.384 sac.cuds, 1t will repeat 4 times between each

calculation.

2.2.6.2.5 Attitude Estimate - The OBC calculates a FS Attitude Estimate every
512 msec. The OBC will send 1 out of 8 of these sets of data to the Formatter,
starting with that one calculated 52 msec after the TIM Major Frame Puise and

every 4.096 sec afrer that (once a PCD major frame) (See Figure 2-11).

. Attitude 1is Euler paraceters (EPAl, EPA2, EPA3, EPA4) that gpecilfy vehicie
attitude relative to ECI frame (non~dimensional). OBC double precision word (36

bits) is coxpressed to 32 bits and has the folloving format: (2°s complement

word)
r 32-BITS _{
, MSB | LSE
! {
i 90 ' 2730 (seate 1)
. /
EPAL SXXXKXXK XXXXKXXK XKXXRXXX XXXKKXXK WORD 72

0 1 2 3 Minor Frame

Repeated for EPA2,3,4 in Minor Frames 4 through 15.

The data will appear in word 72 of minor frames O through 15 of each PCD major

frame (see Figure 2-9).

‘ LSD-WPC-007
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2.2.6.2.6 Ephemeris - This calculation 18 made by the OBC when the Attitude
calculation 1is made. In this case, only 1 out of 16 sets of data will be gent

to the Formatter (that {8, every other 7CD major frame - 8.192 sgec).

The data consists of 192 bits trangferred to the Formatter after the Attitude

data in tranafer periods 1 and 3 (see Figure 2-11).

Ephemeris is 32 bit binsry wvords defining ¥,Y,2,X,7,2 (meters and

kilometera/sec respectively) in ECITOD coordinates. The data are 36 bit OBC
double precision words compressed to 32 bits by dropping the second sign bit and
the 3 1least significant bits. The scale factor is 23 for posit a and 3 for

velocity. The format of this data is as follows: (2°s complement words)

 MSE ‘:TEB——:
WORD 72 ‘ﬁz_ x {278 |
SATXRKRK XKKKOUKK XXXKKKKK KOOUOUX  SCALE = 23
POSITION
X 16 17 18 19 MINOR ECGBRF (1)*
Y 20 21 22 23 FRAME EOGBRF {2)
z 24 25 26 27 EOGBRF (3)

- % OBC TLM Report #13 EPHOl

usn‘; LSB
' 2-28

{ Ky
SXXXXXXY XXXXXXXX XXXXXXXX XXXXXXXX SCALE = 3

LSD-WPC-007
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VELCCITY
X 28 29 30 31 MINOR EOGBVF (1)*
Y 32 33 34 35 PRAME EQGBVF (2)
Z 36 37 38 39 EOGBVF (3)

* 0BC TLM Report #13 EPHOl

The data will appeer in vord 72 of minor frames 16 through 39 of every other PCD
major frame (see Figure 2-9). These major frames will carry the "1 and "3"

identifier in place of Time Code.

2.2.6.2.7 TM Housekeeping Telemetry - Up to 248 bits of TM Housekeeping
Telewetry data may be atripped out of the realtime telemetry format by the OBC
and sent to the Formatter. The data will be buffered at the fifth 16 msec
interrupt after the start of a telemetry major frame, and tracmsferred to the

Formatter following the Attitude data in transfer period 2 (see Figure 2-11).

The data will sppear in word 72 of minor frames 16 through 45 of the third PCD
major frame after the TLM Major Frame Pulse (see Figure 2-9). This major frame
will carry the identifier "2" in place of Time Code. For time correlation, it

should be noted that the data will be from the previcus TLM major frame.
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The TM Telemetry will consigt of:

WORD # USER ID DESCRIPTION

1 ™-59 Blackbody Temp

2 ™=60 SI FPA Temp

3 T™=-61 Calibraticn Shutter Temp.
4 ™62 Backup Shutter Temp

S ™-69 Baffle Temp

6 ™70 Cold FPA Temp.

7 ™-67 CFPA Control Temp

8 ™-95 CAL Lamp Filter Temp

9 ™-24 SIC Temp.

10 TM-86 CAL Shutter Temp.

11 T™=-83 Anbient Prcamp Temp (Even)
12 ™-75 Band 6 Pogt Amp Temp

13 ™-73 Relay Optics Temps

14 T™-72 Cold Preamp Temp

15 T™M=-71 Ambient Preamp Temp (0dd)
16 TM~-101 Serial Woxd A

17 ™-102 Serial Word B

18 T™-~103 Serial Word C

19 T™M-104 Serigl Word D

20 TH~105 Serial Word E

21 TM~106 Serial Word F

22 Ti=-107 Serial Word G

23 ™-108 Serial Word H

24 T™M~-112 Sertal Word L

25 ™-79 Pricary Mirror Temp

26 ™-80 Primary Mirror Mask Temp
27 T™-81 Secondary Mirror Teap

28 ™-82 Secondary Mirror Mask Tenmp
29 T™-84 Telescope Housing Temp
30 T™-85 Telescope Baseplate Temp
31 T™-68 CFPA HTR Current

2.2.6.2.8 Spare Telematry — Up to 176 bits of data may be stripped out of the
realtime telemetry format or computed data by the OBC and seat to the Formatter
in the same manner as the TM Housekeeping Data, except the 4th traasfer period

is used (see Figure 2-11).

LSD-WPC-007

2-37

I )



ey e - v~ e ————. e - arwe -

SVS-10123A

Volume 1T

October 1982

The data will appear in word 72 of minor fram~s 28 through 49 of the first ECD
wmajor frame after the TLM Major Frame Pulse (see Figure 2-9). This major frame

carries the S/C Time Code. The spare telemetry contains the following:

MINOR FRAME FUNCTIONS (Number im HEX)

28 EPHEMERIS SOURCE ID
00 = GPS; O1 = UPLINK

29 ROLL GYRO ID
00 = GYRO 1; O1 = GYRO 2

30 PITCH GYRO ID
00 « GYRO 1; 01 = GYRN 2

31 YAW GYRO ID
00 = GYRO 1; Ol = GYRO 2

IRU Channel

Gyro 1 Gyro 2
Roll B A
Pitch B c
Yaw A C

The data will be from the TLM major frame that started 32.768 sec before the
tize given in the PCD major frame. If no spare telemetry data is sent to the

formatter the field will be zero filled.

2.2.6.2.9 S/C Time Code - Time Code will be transferred directly from the DPU
to the Formatter at the same time as it 1is transferred to the RIU for the TLM
format. This transfer will occur during the first 1.024 gec after a TLM Major

Frame Pulse.

LSD-WPC-007
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The data consista of the full 64 bits (4 - Spacecraft ID, 52 - T/C, 8 - DPU
Status) defining the time at which the TLM Major Frame Pulse occurred. The data
will appear in word 72 of minor frames 96 through 103 of the first PCD major
frame after the TLM Major Frame Pulse (sece Figure 2-9). The time code appears
as shown in Table 2-36. Though the PCD time code format is the same as the

realtice format, word location is different. Realtime Telemetry 1location {is

word 32.

2.2.6.2.10 Formatter Status — 16 bits of Formatter status can be accommodated

and will appear in vord 72 of minor frames 116 and 117 of each PCD major frame.

The data consists of a frame erryr bit and ADS ground reference. The ADS ground
reference voltage has the same scale and range as ADS data (-4.9976 to +5.000

volts). The format is as follows:

=~ WORD 72 - -»--—l
MINOR
FRAME
116 * 0 0 0 MSB = -----

117 ADS GND REFERENCE -LSB

* FRAME ERROR BIT
1 = Expected TLM Major Frame Pulse either did not occur

or did not line up with start of PCD Major Frame 1.

LSD-WPC-007
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2.2.6.2.11 Sync - The same sync pattern used for the TLM data will appear in

words 0 through 2 of each PCD minor frame. (FA¥®320 HEX)

2.2.6.2.12 MFID - A O to 127 count of aminor frames will appear in word 65 of

each PCD minor frame.

2.2.6.2.13 Telemetry Frame Correlation - Word 72 of minor fra.es 96 thirough 103
of the 2und, 3rd and 4th PCD major frames of a four frame set (see Figure 2-8)

will contain a unique identifier (i, 2 or 3). -

2.2.6,3 PCD Data in Realtime Telemetry Stream

Data types, item numbers 2 through ¢ in paragraph 2.2.6.1, are also contained in
the realtime spacecraft telemetry stream for the purpose of MS5 processicg by
foreign stations. The high rate channel PCD telematry is essentially used to

process Thematic Mapper payload data.

LSD~-WPC~007
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2.2.7 NARROWBAND TAPE RECORDER (NBTR) FORMAT

The NBTR records on 4 pairs of channels for redundancy. Playback i{s via one of
the 4 pairs 1into a cingle output by command. The recordinrg is in a forward
direction (oo reverse direction recording possible) and playback is {n the
reverse direction only. Tha format of the NBTR telemetry stream {s identical to
that shown in Figure 2-3 except that the last word of the matrix is transmitted
first. Also, the LSB of a word {8 transmitted first. Therefore, the data
cutput from the tape recorder during playback is reversed in time, (i.e., data
bit stream recorded as 110 is played back as Oll). The recorder will ouly
record 8 Kbps telemetry data. The tape recorder transmits the data bit strasm
te the PMP at a command selectable rate of either 128 Kbps or 256 Kbps in NRZ-L

format and i{s converted to NRZ-M by the PMP before downlink.

2.3 COMMAND AND DATA HANDLIIG (C&DH) SUBSYSTEM

The C&DH subsysten contains the STACC Central Umit (CU), the STACC Interface
Units (STINT), the Central Processor Units (CPU), Mewories, transponders,
receivers, thae RF suitching and the Pre-Modulator Processors (PMP) as shown in
Figure 2-12. The C&DH Subsystem is respounsible for acquiring and trensmitting

tvo data biL streams:
1. Realtime Spacecraft Telemetry:
a. Housekeeping (Subsystem and Sensor) Telemetry and

b. Global Positioning System data (selected Data Files) and

LSD=-WPC-007
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¢. Flight Spacecraft Time (DPU, CU/0BC, GPS) and

d. Payload Correction Data (2 through 9 of 2.2.6.1)

2. High Rate Channel Telemetry:

a. Playback of Recorded Realtime Spacecraft Telemetry above or
b. Payload Correction Data or

c. On-Board Computer Memory Dump

2.3.1 TRANSPONDER

The transponders are capable of transmitting in the frequency range of 2200 to
2300 MHz. For the Landsat D mission, the transmit frequeacy is 2287.5 MHz. The

receiver frequency is 2106.4 MHz.

The spreading code for the TDRS Return Link is obtainred froam the transponder
internal digitsl subsystem. Modulation mode control permits reconfiguration of
the phase modulator network to deliver to the S-Band power amplifier stage one

of the following:

1. Residual carrier, linearly phase modulated (GSTDN)

2. Suppressed carrier SQPSK, PN internally supplied (TDRSS)

LSD-WPC-007
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The configuration of the traunsmitter and the selection of modulation sources and
levels for TDRSS or GSTDN operation is automatically accomplighed by the
transponder”s digital subsystem, based on the Forward Link mode being received
by the transponder and external commands. See SVS-10124, Data Format Control

Book, Volume III (Coumand). Following modulation, the S-Band signal is

amplified to the desirad RF output level.

The initial power-up configuration, assumed by the transponder asutomatically
when power 1is temporary interrupted to the receiver (prime power), is shown in

Table 2~5.

2.3.1.1 Transmitter

.

The nominal RF output of the transponder is 5 wetts + 1dB at the diplexer output
port. The Modulator in the TDRS transponder, Figure 2-13, has i{imputs for two
digital telemetry data bit streams for the TDRSS Mode and two amzlog telemetry

inputs for the GSTDN mode.

The two TDRS data bit streams (Realtime Telemetry and High Rate Channel) aré
modulo-2 added to interrnally-generated PM codes arnd tranamited imdependently on
the In-phase (1) channel and the Quadrature (Q) channel as Staggered -~
Quadrature - Phase-Shift-Keyed (SQPSK) modulation on the S-Band Return Link. The

relative distribution of modulation energy is set at 4:1 ratio (Q:I).

LSD-WPC-007
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Table 2-5. Power-up (RESET) RF Paramater Configuration

Parameter Initial Value

Receiver Mode Dual

TDRS Receive Command Rate Low (125 bps)

{

Transait: Initially OFF

(After "Override” Auto turn on inhibited

Turn-0N)

Frequency AUX OSC until receiver
acquires: then Receiver
vCo

. Mode STDN

STDN Hodulation Low

Index

STDN Telemetry Both OFF

Channels

STDN Ranging Channel Digabled

. LSD-WPC~007
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From the PMP, the GSTDN enalog signal 1 {s summed in a linear network in the
transmitter and transmitted as a residual - carrier phase modulation on the S~
Band Link. The transmitter GSTDN #2 signal input port is not used. The GSTDN
phase modulation index is commandable LOW or HIGH. Both the TDRES and the GSTDN
telametry channels can be turned ON/OFF by external command. The ranging
turnaround function is cuommand gelectable and internal to the transpounder. The

GSTDN tone ranging channel is linearly summed with the telemetry inputs from the

PMP. Coherent frequency turnaround ratio is 240/221.
2.3.1.2 Receiver

The receiver simultaneously tries to lock on to either the TDRS or GSTDN signal
based upon received signal strength. The received signal strength of =50 to =95
dBm selects the GSTDY mode whereas the range =110 to -135 dBm causes the
receiver to select the TDRS mode for processing incoming command signals. See
SVS-10124, Data Format Control Book, Volume III, (Command) for ccmmanding

description arnd formats.
2.3.1.3 Antennas

The transponder transmits via the OMNI or the high gain entenna on the S-Band
frequency of 2287.5 MHz. The transponder to antcuna configuration is command
selectable and set by two RF gwitches. The two RF switch sgtates are
independently commanded, therefore, transponder No. 1 or ,No. 2 can be
independently configured to transmit telemetry through the OMNI or high gain

antenna.

LSD-WPC-007
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2.3.1.6 RQEBing

A turnaround of the received S-Band ranging code is command selectable and is
coherent (240/221). The turn-around rsanging function 1in the trangsponder is
available ouly whea the receiver is locked to a Forward Link signal. In the
TDRSS mode of the transponder, turn-around ranging }s obtained by synchronizing
the "all 1-g" gtate in the locally generated Return Link PN code with the "all
1°8” state in the received Forward Link PN code. The code itself {s not turned

around.

The GSTDN ground Tonme Ranging Subsystem relies on the Landsat-D apacecraft
transponder to detect sinewave tones in the range of 4 KHz to 500 KHz vhich have
been phasa-modulated on the Forward Link carrier by the GSTDN site and to re-
modulate them at a predetermined phase wmodulation index. In the phaselock
receiver, a geparate intermediate frequency emplifier/phase detector channel 1is
provided for the renge tone signals. The amplitude of the output tones are
maintained cqonstant by an automatic gain coatrol system. The modulation Index
controls are provided in both the transponder and the Pre-Modulator Processor
and must be configured as shown in Table 2-6, to obtain the correct modulation

index. for GSTDN operation.

1L.SD-WPC-007
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Table 2-6. Modulation Index Settings

Resultant
Mod. Index Settings Modulation Index
XPDR PMP RANGE(2) BASEBAND(2) TELEMETRY (RT)
LOW LOW(1) 0.6 1.0 0.8
Lov LOW OFF OFF 0.8
RIGH LOW OFF OFF 1.6

NOTE: (1) Baseband ON
(2) Mutually Exclusive Operation
(3) Mode B,C,D

A coaomandable switch 13 provided 1in the raunging channel so that {t caa be
conmanded ON/OFF. The ranging tones to the GSTDN may be transmitted alone or
may be summed with the Return Link subcarrier (RT S/C telemetry) prisr tc
applying the signals to the transaitter phase modulator. If the receiver is not
locked to a forward link signal an RF gwitch in the transmitter automatically
selects the transmitter drive frequency from a quartz crystal oscillator. This

is called the "non-coherent” mode.

Some combinations of realtime spacecraft telemetry (RT), range (RNG), Range Rate
(RR), On-Board Computer (OBC), Narrowband Tape Recorder (NBTR} Playback and
Payload Correction Data (PCD) can be transmitted simultaneously to elther GSTDN
or TDRS under certain counfigurations of the C&4DH. These are summarized in Table
2-7.

LSD-WPC-007
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TDRS/GSTDN Data Type Selection vs. Mod. Index

GSTDN MOD TDRS
RT RNG RR OBC NBTR PCD INDEX RT RNG RR OBC NBTR PCD
A. X c H X c Cc
B. X (o c L X c C
c. X C X : 8 X Cc C X
D. X o X H X c c X
I E. X c X H X Cc c X
NOTES: X = Turned ON
C = Cohereant Turn—around mode
L = Low Modulation Index
H = High Modulation Index
RT = Realtime Telemetry
RNG= Range
RR = Range Rate
. LSD-WPC-007
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2.3.2 STACC CENTRAL UNIT {CU)

The CU includes the command decoder, format gemerator, bus control interface and
spacecraft clock, as shown in Figure 2-14. The CU coatrols the’telemetty matrix
via the format generator. The telemetry data 18 retrieved from various
subgystems via a Multifplex Data Bus. The CU can address up to 31 RIU’s (62
redundantly). RIU address “0” is reserved for internal CU special commands.
There are nine RIU“s on Landsat-D addressed as follows for the various

spacecraft subsystems for both commands and telemetry:

PDU, DPU, TM and TH

GPS, MSS, TM, S-Band XMTR, and TH
MSS, DPU, TM, TH and TCS

WBCS :

ggg_g Subsystem(s) Addressed
1 C&DH, OBC and NBTR

2 MACS

3 MPS

4 SC&CU, ESAM and PM

5 PM

6

7

8

9

LSD-WPC-007
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2.3.2.1 Multiplex Datas Bus

The STACC CU multiplex data bus consists of the Bus Control Interface, Bus
Control Units and Remote Interface Uanits (RIU) including Expander Unit(s). The
oultiplex data bus has redundant sete of “party lines”. Each gset contains two
2-wire circuite, one for the transmission of commands 2nd addresses from the CU
to remote units and the second for the transmission of data froma the resote
units back to the CU. These circuits are referred to as the Supervisory Line
and the Reply Line regpectively. The Multiplex Data Bus charscteristics are
described {in Table 2-8. The 32 bit Supervisory Line Word Format is shown in

Figure 2-15 and the 9 bit Reply Line Word Format is shown in Figure 2-16.
2.3.2.1.1 Supervisor Line

There are four types of supervisory line messages that are sent to the RIU"s via
the Multiplex Data Bus: Real-time (ground) command, RIU channel address for
telemetry data, computer command, and RIU channel address for computer deta.

These four message segments, each containing 32 bdbits, comprise a 125 microsecond
timing cycle on the Supervisory Line that !s repeated continuously, Figure 2-17.
The Supervisory Line remains active when not transmitting messages, peramitting
RIU’s to continue deriving clock and to maintain syncuronization. The Multiplex

Data Bus aéﬁivity is deécriﬁed later.

LSD-WPC-007
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Multiplex Data Bus Characteristics
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Bit rate:

Bit sync:

U e T R T

Word sync:

Word size:

Word rate:

*Response time:

o~

1.024 mbps
Biphase-L per preliminary MSDADS

3 bits illegal code followed by
Logical "1"

32 bits on Supervisory Line

9 bits on Reply Line,
8 bits data plus leading O

32 kwps maximum on Supervisory Line
16 kwps maximum on Reply Line

N-bit times to be specified by
contractor where N < 64.

. . Clock on Supervisory Line is coantinuous.

Clock.

Data on Reply Line are phased relative to Supervisory Line

Up to 62 Remote Units may be tied on bus.

* Response Time {s defined as the time from the end of the message parity bit
to the start of the return data sync word.

P aviropratuisprivriel WIUEPIISINEPIIE NFRERI ko £ LU (IS e SR R
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Figure 2~15. Supervigory Line Word Format

The telemetry signal type is determined by bits 15 and 16 of the telemetry
messaje, as shown in the above diagram. The meanings of bits 15 and 16
are as follows:

00 Passive Analog

01 Active Analog

10 Serial digital

11 Bilevel

Format on the reply line consists of nine bits. The first is a sync bit,
logical "0" which is followed by eight bits of telemetry information, as
shown below.

[ | I 4 % v 7 8

[ ORTA

"

—- SYNC 81 - - _

Figure 2-16. Reply Line Word Format

LSD-WPC-007
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Segzant #0 Segment #1 Segeent #2 Segment #3

0 One Ground CMD 0 STACC Request for o CMDs from OBC o 08C requests for
mesgage slot §#0 telezetry in megsage Slot telemetry
only #6 only
Row #13 ounly o Inserted once o 128 requests

o One ground CMD
every 16 os

(See

Figure 2-17.

every message
slot

16 fixed words
plus 112 TLM
addressecs

128 Telemetry

requests every
16 ma.

Figure 2-24)

2-59

o Discrete CMD
in messgsage Slot
‘#6 and Row #4
only

o 16 serial
magnitude CMDs
every 16 ms

o 1 digerete CMD
.every 16 ms.

Supervisory Line Message Format

every 16 os.

LSD-WPC-007
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2.3.2.1.2 Reply Line

For a given message, the addressed RIU must respond in a maximum of 31.25
microgeconds following the message cycle to become active and start execution.
The transmigsion of the acquired data 1s accomplished on the reply 1line.

Signals ounly appear on the reply line during the response perfiod. The reply
activity negssage format 1s 9 bits long and occupies appropriate time slots
containing 8 bits of data and a leading logical zero (as sync). The maximum word
rate 1is 16 K words (9 bits) per second. The Reply line is quiescent vhen not in

use.
2.3.2.2 3us Control Unit

The bue controller interfaces the Central Unit to the multiplex data bus. It
receives data source addressing frcm the format generator, adds the standard
header and immediately transmits the data oanto the supervisory 1line as
Manchester encoded data. Bit 31, even parity bit, is generated on the fly as
data is shifted out. The controller uses the 1.024 and 2.048 MHz clocks from
the spacecraft clock for encoding. The beginning of each 32 bit data word is
denoted by an approximately 1 microsecond party line pulse generated by the
_format generator. The coatroller transmits Manchester ;og}cal “ones” when real

data words are not being sent.
The controller receives Manchester encoded data on the reply 1line. The data

consists a sync bit (0) and 8 bits of data (Figure 2-16) transmitted at the

LSD-WPC-007
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1.024 MHz rate. The controller generates an eight pulse clock from the data, s
data ready envelope, and transfers the eight data bits to the format generator.

The format generator returns a data received pulse during the eighth clock time

to complete the data transfer.

The controller responds to four critical commands which esteblish . the
configuration of the redundant party lines. The cocmaands determine which
supervigory line i{s driven and which line receiver data will be accepted. Sce

Volume III (Command) of the DFCB for description and format of Special commaands.

2.3.2.3 Remote Interface Unit (RIU)

The RIU is the standard interface between the STACC CU and the subsystems. The
RIU performs the command decoding and the telemetry multiplexing as shown 1in

Figure 2-18. The RIU performs the following functions:
1. Distributes eight (8) serial magnitude and sixty-three (63) pulse
commands. (Refer to SVS-10124, Data Format Control Bogck, Volume III

(Command) .

2., Selects and distributes clock signals from the STACC CU and fcrwards
them to the subsystem equipment.

3. Selects, conditions and, where {ndicated, counverts sixty-four (64)
channels of telemetry data and relays them to the STACC CU.
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Figure 2-18. RIU Simplified Block Diagram
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All RIU’s on Landsat~D are comnected as redundant pairs, e.g., RIU 1A and 1B. In
normal operation one of the pairs is OFF and the mate of the pair is ON in the
standby 2 mode. Turning one of a pair OFF can only be accomplished by turning

the other on in the standby 2 mode.
2.3.2.3.1 Telemetry Controller

The Telemetry Controller 18 an independently timed and power strobed section
used to provide all timing and control signals necessary for telemetry
multiplexer and bus transmitter operation, processing of the four types of
analog and digital input signals, and temporary storage of acquired data to be
trangsmitted on both reply 1lines to the CU. At the end of a data acquisition
process, acguired data resides in the eight bit output data register. The
telemetry controller sends the conteats of this register along with a one-bit
sync (Figure 2-16), and the necessary power and timing signals to the reply bus
transmitter which sends the 9-~bit word to the CU. Nine bits of NRZ-L data
including a one-bit sync are coanverted to biphase data and tramsmitted om both

reply lines simultaneously.
2.3.2.3.2 Telemetry Multiplexer Expander Units

Each RIU contains a single telemetry multiplexer capable of retrieving four
types of signals from a total of 64 inputs. A total of eight wmultiplexers wmay
be used with any given RIU providing a maximum input capability of 512 channels.

The additional telemetry multiplexers are housed in pairs in Expander Units.

LSD-WPC-007
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2.3.2.3.3 RIU Operational Modes

The RIU “ON" is divided into 2 separate subgroups called Stzndby 1 and Staadby

2. Table 2-9 defines the RIU operational modes.
2.3.2.3.4 Subsystem Telemetry Interface

The RIU retrieves four types of data from up to 512 dinput channels (fully
expanded). The types of data which are acquired are analog, pasaive analog,
bilevel and serial digital. Retrieval data is sent to the CU hence to the OBC
or grounrd at a selected bit rate and format via the CU/PMP/Transponder. The
STACC CU controls the acquisition of data, via messages cent over the
Supervisory Line. The telemetry controller in the RIU selects the input to be
sampled, power strobes the correct telemetry multiplexer and routes the acquired
sample to the appropriate {input circuit for processing, €formatting aad
transmission to the CU over the Reply Line of the MDB. The telemetry type, bits
15 and 16 of the Telemetry message (Figure 2-15), indicates to the telemetry
controller whether the input is active or passive and whether it 18 analog or
digital. Following data acquisition and proceseing the telemetry coatroller
stores the 8 bit aata word prior to transmission. A 1-bit sync is added forming

the 9-bit reply word which 1s sent over the reply lines.
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Table 2-9. RIU Operational Mode Definition
Function Mode
Power
Fail off Standby 1 Standby 2
Telenmetry - - - X
+5.3 Volts (Stby 2) - - - X
Frame & Word Rate Sync - - - X
1.02+ MHz Clock - - - X
Serial Command - - - X
+5.3 Volts (Stby 1) - - X X
Discrete Commands 1-63 - - X X
Discrete Command O - X X X
Supervisory Bus Revr. - X X X
Power Couverter - X X X
. Mux Pinchoff X% X X X
\ X - Functionally Powered
* - From external -15V source
NOTES:
1. The difference between "OFF" and "STANDBY 1" and between “STANDBY 1" and

“STANDBY 2"

2.

2-65

is dcrermined by separate dedicated relays and will therefore
repain the same after a power fallure.

"STANDBY 1” is activated by command to RIU Channel "0", SELF ON.

“STANDBY 2" is activated by command to RIU Chaanel "63", MATE OFF.
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2.3.2.3.5 Telemetry Input Quantities

Eech Telematry Multiplexer (Figure 2-18) has 64 input channels which may acquire
data of four types, mentioned above. Sixteen specific channels may be used for
passive analog inputs and sixteen for gserial digital. Any of the 64 may ba used
for bilevel (preferably in groups of 8) or analog. The restrictio.s related to

the assignment of telemetry inputs are cutlined {n Table 2-10.
2.3.2.3.6 Analog Telemetry Inputs

The analog signal (0 to +5.12 VDC) is converted to an 8-bit digital word. The

total error of any given reading is +25 av:

1. Quantitization: + 1/2 bit

2. Linesrity: + 1/2 bie
3.  Accuracy: + 1/4 bie
4. TOTAL: + 1 1/46 bits (25 mv)

The Anglog to Digital Converter is set up so that:

0 to 10 av = 0 couats
10 av to 30 av = 1 count (nominal 20 uv)

30 av térSérmviﬂrz counts (nominal 40 nmv)

5.09V to 5.11V = 255 counts (nominally 5.1V)
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Table 2-10. Telemetry Channel Assignments
(per Telemetry Multiplexer)

——

TELEMETRY
INPUT
CHANNEL CHANNEL ASSIGNMENT BY SIGNAL TYPE
0
. Bilevel
. Group 0 These channels may
7 Only these channels be used for analog data.
8 can be used for An enable is avallchle
. Bilevel serial digital data at the time of gampling.
. Group 1 J
15
16
. Bilevel ] )
. i Group 2 Only these channels
23 cana be usged for
24 conditioned passive
. \L Bilevel transducer data.
. Group 3
)
32
. } Bilevel These channels may
. Group 4 be used for analog
39 ” data not requiring
40 an enable at the
. Bilevel time of sampling.
. Group 5
47
48
. Bilevel
. Group 6
55 -
56
. Bilevel
. Group 7 4
63
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Therefore, 5.1V tn 5.12 = all ones.
The A to D Converter input of -1V to OV = all zeroes, 5.12V to 7V = all ones.

The analog telematry tiecing characterist{cs for transmission over the raeply

lines of the multiplexer data bus are shown in Figure 2-19.
2.3.2.3.7 Passive Analog Telemetry Inputs

The passive analog signal i~ different from the active in that a standard 1 mA
current drive {s supplied. The resulting analog signal is routed to the same
analog-to-digital converter, as the active analog telemetry input. The passive
analog telemetry timing for data transmission over the MDB is shown in Figure

2-20.
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Figure 2-19. Analog Telemetry Timing
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Figure 2-20. Passive Analog Telemetry Timing
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2.3.2.3.8 Bilevel Telemetry Inputs

In responge to the bilevel telemetry request message (via Supervisory Line), a
specific block of eight telemetry 4inputs 13 routed to form a sequence to a
voltage sampler which makes a "0" or "1" decision. The resultant eight bits are
formated and transmitted with a one-bit sync over the reply lines just as in the

analog types, Figure 2-21.
The Bilevel couversion characteristics are as follows:

1. Logical "1" = +3.5 to +15 VDC
2. logical "0" = ~1.0 to +1.5 VDC

2.3.2.3.9 Serial Digital Telemetry Inputs

The serial digitsl telemetry signsl is such that the 8-bit subsystem output
shift register contents are shifted to an 8-bit iaternul shift register for
strrage and a 1~bit sync is added before being transmitted over the MDB reply

.line to the CU, Figure 2-22.

b N

The serial digital input characteristics are described as follows:

1. Word Length: 8-bits
2. lLogical "1" +2.4 to +15 VnC
3. Logical "0O" -1.0 to +1.5 VDC —

LSD~WPC-007
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2.3.2.4 C&DH Clock

There 18 a S/C oscillator 1in both of the two CU’s. Also an external ultra-
stable S/C oscillator {8 command selectable for CU wuge. Efther osciliator
contains the frequency source for timing the STACC and other subsystem functlons
- the basic oscillator frequency output 18 4.096 MHz. The CU long~-term
oscillator stability requirement is equal to or better than 2 parts in 108 per
day and +2 parts {n 105 per year. The external oscillator loag term stability
requirements over 3 years is <2 x 10-7. The output of either oscillator {ia
counted down to provide a 24 bit counter spacecraft clock time code with Least
Significant Bit resolution of 1.024 seconds. The 24 bit counter is put into the

realtime sgpacecraft telemetry stream and four clock signals are transferred to

the RIUs for distribution. These are:

1. 1.024 MHz Clock signal

2. Major frame sync signal (every 128 minor frames) |

3. Minor frame syanc signel (every 128 telemetry minor frame words)

4. Telemetry word rate sync signal; Ground selectable, 125 or 1000 wonds

per second which 18 equal to 1 Kbps and 8 Kbps respectively.

Within the RIU, the 1.024 MHz clock is derived from the continuous biphase

signal on the multiplex data bus Supervisory Line as shown i{n Figure 2-23 <The

sync pulses have a duration of 48 clock cycles, approximately 46.9 usec, and

begin 16 counts after parity verification.
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Telemetry word rate, minor frame rate, and major frame rate is extracted from a
type III message on the Supervisory Line. The three rates are produced by
decoding of logical "18" in the thrée bit positions assigned to the function
(Figure 2-15). The logical ~18" are generated at the word, minor frame, and
major frame transition times and appear in the next type III wessage, (Table
2-11) following the transition. These three functions are decoded by all RIUs,
independent of address. The "Telemetry Address” is placed on the supervisory

line in specific slots as indicated in Figure 2-24.

The C&DH clock canrn actually provide the following telemetry bit rate
frequencies: 1, 2, 4, 8, 16, 32 and 64 Kbps. The rate 12 set by a serial
magnitude command sent to the STACC/CU as defined in $VS-10124, Data Format

Control Book, Volume III, (Command). Landsat-D uses 1 or 8 Kbps.

Additionally, the clock generates a syanchronizing interrupt to be sent to the
OBC; denoted the 16 millisec interrupt, it is a 1 us pulge whose trailing edge
occurs 1 us prior to the trailing edge of wminor frame clock, and always at 16 ms

intervals.

The 24 bit spacecraft counter (clock) clock provides three words to telemetry.

The least significant eight bits of time codz are connected to the fixed word
multiplexer in the format generator. The other 16 bits of time code are
provided as two 8 bit serial data words to remote interface uanit #1 for non-

fixed minor words (86 and 87) in the telemetry matrix.
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2.3.2.5 Pormat Generator

The format generator (Figure 2-14) provides all necessary timing and coatrol to

address data sources and format real-time data into a fixed telemetry format.
2.3.2.5.1 Timing Slots

The format generator establishes the timing segments which regulate tﬁe
transnission of data on the supervisory line. Each of the coatinvous timing
segmants {5 31.25 us 1ia duration. Specific segments are assigned for telemetry
addresses, computer addresses, ground commands, and computer coumanda. With the
exception of those assigned to telemetry addresses, sgegments remalin fixed
regardless of the telemetry output rate. Telemetry segments slide appropriately

to maintain the telemetry output rate.
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Table 2-11. Summary of Format Definitions

Bit Bit
Position Quant:ity Function
0-2 3 MESSAGE 1 -1/2 bits (+), 1 - 1/2 bits (=)
3 1 HEADZR Fixed logical "1"
4=6 3 Specifiecs 1 of 3 message types:
(000) MESSAGE TYPE I (SER. MAG. CMD)
7-11 5 Specifies one of 32 Remote Units
12-14 3 Specifies one of eight command lines
to user
15-30 16 Specifies wmagnitude command value
31 1 Parity
(ool) MESSAGE TYPE II (PULSE CMD)
7~11 5 Soecifies one of 32 remote units
12 1 Specifies remote unit A or b
13-24 12 Not Used
25-30 5 Selects one of 64 outputs
31 1 Parity
(010) MESSAGE TYPE III (TM ADDRESS)
7-11 5 Specifies one of 32 remote units
12 1 Major frame rate
i3 1 Minor frame rate
14 1 TM word rate
15-16 2 Specifies one of four signal types
17-21 5 Not used
22-24 3 Allows expansion to 256 inputs
25-30 6 Selects one of 64 inputs
) R Even parity - - --- - - — - - - . .} . _
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2.3.2.5.2 Ground Coamand Slot

The ground command slot is the first full =<lot which occurs 8 ms after the OBC
16 ms interrupt (which is generated by the sepacecraft clock). See SVS-10124,

Data Format Control Book, Volume III, (Command).
2.3.2.5.3 Telemetry Format

The format generator provides a fixed telemetry format using 8 bit weords
assembled into a8 128 word by 128 frame major frama. The unit establishes &
fixed groups of &4 words each in positions 0-3, 32-35, 64-67, and 96-99. Uords
32-33, 35 and 96-99 are reserved for subcom chennels. Words 0-3, 34 and 64~67
are obtained from a fixed word multiplexer in the format generator and inserted
in the telemetry frame during all wodes of operation. The bit assignments of the

fixed words are as specified earlier.
2.3.2.5.4 Modes of Operation

The forwat generator provides data source addressing sequences dependent upon
the mode of operation. There are four possible modes. Each ROM memory (2) in
the format generator is capable of storing two unique sets of minor frame data
source addresses. The format generator processes one set during ROM mode 1, and
the second set during ROM mode 2. During the computer mode, data source
addressing 1s provided by the on-board computer: the format generator sends a
telemetry address and a 1.024 MHz gated clock to the computer which respounds

with 16 bits of serial address data. The format generator satores and formats
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the data and transmits it gerially through the party line coantroller oato the
supervisory line during the next telemetry address slot. Non-telemetry data
source addressing by the computer is handled i{n the same manner using a computer
addresss and 1.024 MHz gated clock from the unit, and 16 bits of address data

from the computer. This address 1s transmitted on the supervisory line during

the computer address slot.

A fourth mode of operatioa i3 the dwell mode. Dwell mode, like the above 3
modes, may be selected by a serial magnitude command from RIU #1 and will
control the data source addressing. During word periods other than 0-3, 32-35,
64-67, and 96 through 99 the format generator generates the address programmed
into the ROM memory location corresponding to the dvwell word identified. See
SVS-10124, Data Format Control Book, Volume III, (Command) for dwell command

description and format.
2-3-20505 Reply Data

Data {is returnad on the Reply Line in the specified response time of 64 to 73
microseconds. The format generator receives 8 bits of data and derived clock
from the party line controller. It loads telemetry data into a telemetry buffer
and a computer registg?. Computer requested data is loaded into the computer
reglatér ;nly. The buffer is loaded into the telemetry output register for
transmission in bi-phase at the curreat telemetry rate. The computer register
contents are transferred serially to the computer using the 1.024 MHz clock and

either telemetry data or computer data.
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2.3.2.5.6 Dwell Telemetry

Tre format generator provides word 67, dwell ID (minor frame word number), to
telemetry. In respongse to the dwell command the format generator tragnsfers an 8

bit serial word, with dwell irdicator and ID to the PMP.

2.3.3 ON-BOARD COMPUTER (OBC)

The OBC i{s a general purpose computer, the NASA Standard Space Computer
(NSSC-1), and 18 included as part of the C&PH Subsystem. The OBC communicates
with gatellite subsystems via the STINT to the STACC CU and hence the Multiplex
Data Bus. The general characteristico of the OBC are listed in Table 2-12.

Interface with the computer is provided to accommodate a number of functions.
Those underlined below are covered 1in this volume and the remainder in

SVS-10124, Data Format Coantrol Book, Volume III, (Command):

1. Delayed Computer Storage
2. Program Loading
3. Command Qutput

4. Telemetry data input (Telemetry Addresses)

5.- —Telemetry format control (Flexible Format)

6. Data output to real-time telemetry (Computer Words)

7. Data Dump direct to the PMP (Memory Dump)

8. Direct access to any data point via Multiplex Data Bus (Computer Data)

LSD~-WPC-007
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Table 2-12. On-Board Computer Characteristics

Word length:
Execution speed:
Memory capacity:

Processor interrupts:

Direct memory access:
Memory write protecticu:
Input/output:

Program isad and dump:
Power:

Instructions:
Accumulator:
Index register:

Direct addressing:

18 bits, 5 bits ifnstructfon ID, l=-bit index, 12 bits
operand fetch.

2 us cycle time, 4 us add, 32 us multiply, and 60 us
divide.

Eight 8192 word modules for total of 65,536 words. (8
modules contain two 4 K banks each.)

16 levels of priority interrupt.

16-cycle steal channels, maximum I/0 rate of 100 K
words/second.

Allowable storage areas are assigned in segments of
128 words.

1/0 18 achieved through time multiplexing of existing
telemetry and command hardware.

Any 4 K memory bank can be loaded and dumped via
command and telemetry without software bootstrap

45-watts wmaximum
complement).

(computing with full awemory

55
One - 36 bits
One

All 4 K words in any bank.
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2.3.3.1 Telemetry Data Input

Telemetry data is provided to the OBC as a result of the OBC supplying a
Computer or Telemetry Address via *the STACC Interface Uanit (STINT), Pigure 2-17.
The format generator acquires the telemetry data and non-telemetry data (if

needed) and makes it available to the OBC via the STINT.
2.3.3.1.1 Addresses

The format generator provides control signals for the serial tranafer of 16-bit
data acquisition addresses from the OBC for both flexible format telemetry and
coaputer data. In the flexible format mode, there are two 1limitations of OBC
controlled format: the OBC does not supply telemetry address traansfer signals
for words ~ 0 through 3 and 64 through 67; and all data 1items which OBC
procesgsors have been getting froam main telemetry (not subcom) nust be included
in main telemetry in the new format, unless execution of processors can be

discontinued. See Reference 3 in Section 5, "MMS Flight Executive User”s Guide.”
2.3.3.1.2 Return data

The fornat generator provides coatrol signals for the serial transfer of all
telemetry data and all computer data to the OBC via the STINT. The data
transfer of telemetry data i3 independent of the computer data transfer. Each
data type is eight bits sent to the CU (format generator) hence tuv the STINT and

OBC. Both telemetry and computer duta are transferred over the same circuitry.
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2.3.3.2 Telemetry Format Control

The OBC supplies the addresses via the STINT for data acquisition in the OBC
flexible telemetry format mode. The OBC gsends a block of addresses to the CU

for data acquisition during the flexible telemetry format mode.

2.3.3.3 Data Output to RT Telemetry (Computer Words)

Certain types of required data are not available directly from the subsystem
RIU’s via the MDB (e.g., FS attitude errors). These data are derived within the
OBC and accessed via "Computer word” through the RIU as serial telemetry words.
Twenty~five colums have been assigned for this type of data. The format of the

OBC reports is described in Section 2.5.

2.3.3.4 OBC Memory Dump

An OBC memory dump 13 initiated by either hardware or sofiware commands through
the STINT. Hardware dumps are accomplished in command selectable 4096 memory
word banks. Sixteen banks are used on Landsat D- Dump rata 1is command

gelectable at 1 Kbps or 32 Kbps. The dump rate is selected by a special command

2.3.3.4.1 Hardware Controlled Dump

The NSSC contains a hardware coantrolled channel that allows any bank to be
dumped independently cf processor operation. The memory bank (3096 worda) to be

dumped i3 selected by command. Only that selected fixed bank of NSSC memory 1{is
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dunped, and the dump 45 repeated four times. The format of the dump was
described earlier in Section 2.2.5. A hardware memory dump requires clearing
the computer before the dump and reinitfalizing the system afterwards. The
reason for this is that only the fixed bank caan be dumped under hardware

control. See Data Formst Control Book, SVS-10124, Volume III (Command) for

command details.

2.3.3.4.2 Software Countrolled Dump

An executive request command to initiata a software controlled dump 1is
accomplished by ground command. The Executive Request Command is decoded in the
STINT and the low order 18 bits of the command word (27 bits) are made available
to the NSSC. Two commands are required: The first command includes the number
of words to be dumped and the second command includes thc sgtarting absolute
address of the dump. The length should be limited to 4096 and start address and
length limited as not to cross a bank Loundary (i.e.; bank boundary = 4096, a
dump of 150 words starting at 3996 would not be permitted because the bank
boundary is exceeded). The minimum dump 1s 1024 words. Dumps of less than 8
words will ba increased to 8 words and repeated until a total of 1024 words are

dumped. Dumps of 1less than 256 words are repeated unti{l total dump is 1024

. words. Dumps of greater than or equal to 256 words will be repeated & times.

Software Dumps are useful for getting reports from the OBC which are too lengthy
to be included in telemetry. The Dump is controlled by the STINT in the same way
as a hardware dump, and over the same output lines and using the same format as

the hardware dump. A software dump is repeated four times as fua a hardware dump.

LSD-WPC-007

2-84

C -~

—




'
PR v aai e e eeen -

o~

e s T e P STV |

vom oe

|
|

Pt

- .o —————— ¢ o - o A S s et Ste e ey o e aa. e

SVS=-10123A
Volume Il
October 1982

2.3.4 STACC INTERFACE UNIT (STINT)

The STINT {g the interface unit for the OBC and the STACC CU. The STINT
interfaces with the PMP during the O0BC Memory Dump pariod at 1 or 32 Kbpao
telenaetry ratae. The STINT interfacaes with the C&DH RIU for discrete and serial
magnitude commends as well as STINT status for telemetry. Whanever bite are
designated by number convantion a8 to wmost significent bit (MSB) and least
significant bit (LSB), the KSB is transmitted f.rst betwean the STINT - Cantral

Unit and between the STINT-Remota Intarface Unit.

Whon a word {8 to be transferred from the STINT to the memory, the STINT
receives an acknowledgeament of the tranefer request from the NSSC and uses it to
gate the word onto the memory input bus (MIB). When a word ia to be tranaferred
from wmemory to the STINT, the NSSC acknowledgement signal i1e used to gate the
word from the momory output bus (MOB) into a register loceted in the STINT. The

STINT function and number of data bits transfarred ere shown in Table 2-13.

2.3.4.1 Input and Output

1/0 operations betwaen the STINT and OBC are carried out through 16 direct
memory access (DMA) devicea. All 16 DMA dovices sghare a single channel.

Simultaneous requests for memory access are regsolved by hardware priorities. I/0

can be performed one word at a time under prugram coantrol or by means of -cycle- -

steal operatfons independent of OBC instruction processing. The DMA devicas are
ligted fn Table 2-13. Where word sizes are less than 16 bits, the operation

reads from or stores into the least signiffcant bits of the computer word. No
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packing or unpacking takes place. In storing, unused bits are sot to 1°s. To
avoid halting program execution when multiple DMA requests occur, 1 CPU wmemory
eycle {s allowad betwean 10 cycla DHA accessag. Progran exccution 185 not likely

to be slowed even briefly by more then 40 percent, and the average over a period

of a sacond will rarely exceod 20 parcent.

Device O reads talemotry data into memory simultaasously with ite transziesion
to ground control. Device 1 reads in spacecrait data specially requested by the
OBC. Devica 2 is usad when the OBC has been given cantrol of telecmetry format.

It sends out the addresses for data which must be obtained and included in the
telemstry stream. Devica 3 has a similar function, excapt that data obtained

will come back through device 1 and will not be included in telemotry.

Devices & and 5 bring in 27-bit commends transmitted froa ground coatrol. The 9
most significant dits coza in through device 4 and the 18 least gignificant on
device S. Similiarly, devices 6 and 7 send cozmands from the OEC to other parts

of tha spacecraft via the Stendard Computer Interface (STINT) and Central Unit.

Davice 8 allows the computar to receiva 16-bit ssrial magnitude coauands theough
an RIU {n the sama was as any other plece of spacecraft hardware. Since tha 16
bits cculd he derived froa a 27-bit command sent out from the 0BC the 0BC ecan

g4nd couxands o {tsalf.
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Device 10 {5 used to set and reset bits in the Activdtion Status Register (ASR).
The ASR is used in otarting cycle-steal 1/0 operations. See Referance Item 14

in Section 5. Device 11 is used to place dats into the telemetry stresa froa

the OBC memory (OBC Contribution to Telemetry).
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Table 2-13. DMA Device Assignment

i Device Word Size
; Number Function (Bits)
i
' 0 TELEMETRY DATA IN 8
1 COMPUTER DATA IN 8
2 TELEMETRY ADDRESS OUT 16
3 COMPUTER ADDRESS OUT 16
4 COMMAND INPUT 9
: (GROUND)
‘ 5 COMMAND INPUT 18
6 COMPUTER COMMAND OUT 9
(0BC)
7 COMPUTZR COMMAND OUT 18
8 INPUT FROM REMOTE DECODER (RIU) 16
9 - —— - -
10 ASR CONTROL 18
11 OUTBUT TO REMOTE MUX (RIU) 8
12 —— -
: 13 ——— -
)
14 WIDEBAND DUMP OUT 32
‘ (OBC DUMP)
: ) 15 ) STINT CONTROL 18
! LSD-WPC-007 ‘
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Devices 14 and 15 are used 1in connection with goftware dumps. The dump 18
gtarted by sending device 15 a word with a 1 {n bit 18 and ended by sending it a
word with a 0 in bit 18. Th;‘duﬁp ig sent through device 14 as a normal cycle-
steal operation. Cycle-steal operations allow a block of data to be sent out or
read in while program execution continues. Each memory access (to read or store
one 1/0 word) takes 10 machine cycles (5 memory cycles), during which memory

references by the OBC are locked out.
2.3.5 PRE-MODULATOR PROCESSOR (PMP)

The PMP receives 1 Kbps or 8 Kbps telemetry data, NRZ-L, and required clock from
the STACC CU and 1 Kbps or 32 Kbps OBC Memory Dump data, NRZ-L, and clock from
the STINT. It also recelves NBTR playback data from the NBTR and Payload
Correction data from the PCD Formatter. The data rate and content of output are
command selectable. PMP output data is NRZ-M for TDRSS and Biphase-S for the
Ground Sgatlona. Additionally, the PMP provides hardline telemetry data direct

to the umbilical.

The PMP i3 redundant and each one can be powered and providing data for either

the TDRS or GSTDN telemetry streams simultaneously.
2.3.6 NARROWBAND TAPE RECCRDER (NBTR)

The Landsat-D spacecraft has two {identfcal tape recorders which can either
record or playback deta, but not both simultaneously. Each recorder has 238

minutes of recording capacity. Playback time 18 14.9 or 7.45 minutes depending
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upon tape speed and assuming a full tape. A tape winding capability in the
forward or reverse direction at high speed exists without erasure of previously
recorded data. In this mode, the tdpe can be moved end-to-erd in 3.1‘minutes.

A summary of tape modes is given ia Table 2-14. The NBTRs are dedicated units

and are not cross-strapped to the PMPg. NBTR 1 is dedicated to PMP A and NBTR 2

dedicated to PMP B.

Table 2~14. Recorder Operating Modes

Min. Totgl
Operatiag Data Rate Level of Tape Speed Oper. Time
Mode (Kbps) MUX (ips) (Hinutes)
Record 8 2 0.42 238
Playback (TDRS) 128 2 6.7 14.9
Playback (GSTDN) 256 2 13.4 7.45

The Landsat-D recorder i3 a slightly modified version of the 4.5 x 108 Bit
Standard Tape Recorder (see Figure 2-25). Digital data recording 1is
accomplished by demultiplexing the 1aput data onto 2 channels that are recorded
in parallel and 4 times redundantly on the magnetic tape. Upon playback, oﬁe of
the 4 pairs of redundant signal channels, selected by serial magnitude commaund,

18 degkewed and dejittered and finally combined into a simgle output.
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During recording, the tape speed {s controlled by the externa’’y supplied data
input clock. During playback, the timing reference is derived from a crystal
oscillator located within the recorder. Tape motion 18 achieved by using a
brushless dc motor whoge speed 1s controlled by a tachometer sgensor. Duriag
recording this sensor compares wotor 8Speed with the external data timing

refarence. During playback, the tachometer sensor 1s replaced by the off-tape

playback signal which is compared to the internal crystal oscillator.

The recorder 18 provided with a multiplexed (binary logic) command system. As
such, it does not have any memory during periods when the recorder 1{s turned
off. Thus, a full set of commands 1is generally required to establish the
desired recorder operating mode. The commands are stored while the recorder ie

in the standby mode.

The commanded operating mode, the actual operating mode, and various other vital
recorder functions and conditions are monitored via the telemetry system. The
majority of these signals are made available to the spacecraft in zmultiplexed
format, their timing being controlled by externally generated signals.
Temperature, pressure, and total recorder current are available in a non-~

multiplexed format.

One ground-igsolating power supply generates the internally required voltages.
The command and control ci-cuitry is operécive whenever the recorder is in the
Power On mode. The majority of the telemetry circuitry is powered whenever the

recorder 1is in the Power On mode; however, the recorder curreat ™ is on at sll
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tha time that the +28 Volt S/C bus is powered. The erase clircuitry 1s powered
vhenever the recorder is in g Power On mode; the control of the erase function

is controlled by a logic level. Circuitry required for tage winding, vecording,

or playback is powered selaectively.

2.4 TELEMETRY MATRIX ASSIGNMENTS

A summary of the telemetry data to be formatted on the Landsat D spacecraft {is
presented {n Figure 2-26, which contains the following information for each

uger:

1. Number of minor frame words (columns) required for the mission and
englineering formats.

2. Number of telemetry words appearing 1in each of the six columns

dedicated to subcommutation.
2.4.1 TELEMETRY FRAME FORMAT

Table 2-15 presents the minor frame word (column) allocations for the Mission
format and Table 2-16 presents the allocations for the Engineering format. Each
minor frame word 1is sampled every 128 milliseconds at 8 Kbps and every 1.024

seconds at 1 Kbps.

In both formats, sixteen minor frame words (columns O, 1, 2, 3, 32, 33, 34, 35,
64, 765, 66, 67, 96, 97, 98,799) are reserved for specific spacecraft data and
are designated as fixed words. Note that Tables 2-15 and 2-16 both coatain the

fixed words as indicated in Figure 2-3.
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Six of the fixed words have been allocated for subcommutated data such that data
are oeampled at least once every major frame. Words may be sampled in these

columns (32, 33, 96, 97, 98, 99) more than once per major frame. Tables 2-17

through 2-22 1list the telemetry word assignments in each of the gubcomas.

A telemetry vord assigned a sample rate >f once per major frame will be sampled
approximately once every lv secoands at 8 Kbps and approximately ounce every 2

ninutes at 1 Kbps.

Those words which require sampling faater than once per major frame have been
equally spaced in subcomm columns. As an example, a word requiring 4 64mp1es
per wmajor frame is gampled first in minor frame N, seacond in minor frame N+3Z,

third in N+64, fourth in N+96, {in the same column.
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Minor Frame Subcommutated Words
words (columns) (sanmples per major frame)
Migsion Eng“g Col. Col. Col. Col. Col. Col.
User Format Format 32 33 96 o7 98 99
c/pd 17 17 - - 19 21 23 1
NBTR 10 6 - - - - - -
MACS o 41 - - 58 56 47 b
MPS 12 7 - - 22 19 21 -
sc/cu 0 0 - - 11 6 7 -
PM 8 10 3 1 8 16 1% -
WBCS 0 0 - - 8 8 9 8l
™ 11 0 105 - - - - 16
MSS 0 0 - 41 1 1 1 1
S-Band 0 0 - 9 - - - -
DPU 0 0 9 - - - - -
PDU 1 4 - 9 1 1 1 1
GPS 1- 6 - 12 - - - 4
THERMAL 0 o 9 32 - - .. -
05C 26 26 - - - - - -
IM RIU 0 0 - 1 - - - 3
ESAM 10 10 - 4 - - - 8
TOTAL
USED 109 127 126 109 128 128 128 116
SPARES 19 1 2 19 0 0 0 12
Figure 2-26. Landsat D Telemetry Summary
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2.4.2 TELEMETRY ASSIGNMENTS BY USER

Tebles 2-23 through 2~41 list telemetry points by user. The user identificatioa
numbers have been arbiirarily assigned to facilitate cross referencing to the

telemetry matrix assignments (Tables 2~-15 through 2-22).

J Bach listing gives a User 1D, telemetry function description, type of signal,
telemetry matrix locatiou, sample rate, mode aad RIU channel aesignment as

explained 1{in Table 2-23. Explanations of bit atructurc of digital words are

TR

also included in each listing.

RIU channels are anumbered O through 63. Where an expander unit 13 associated

with a RIU, the EU channels O through 63 are identified as RIU chananels 64

through 127. Thus a designation of 01-80 indicates channel 16 of the EU

associated with RIU OL (C/CH). If a second expander unit is associated with &

- n»’

RIU, channels O through 63 of that EU are identified as RIU channels 128 through
191. RIU channel designations for bilevel digital words in the 1listings refer
vo the first (MSB) of the eight bits in u RIU group. Thus a bilevel wcrd <sith a
designation of 06-32 indicates a bilevel word fu RIU 06 where bit 0 is assigned

to channel 32, bit 1 to channel 33, 2 to 34, 3 to 35, etc.

1 Tables 2~15 thru 2~41 represent drawing number 47J249440AR up to alteration

notice 12. To keep updated use alteration notices from print control.
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2.5 0BC REPORTS

The Lsndoat-D telemetry (s structuTed to allow the flight softvare to contribute
a telemetry report in each winor frama. The Landsat D flight softuare will
contribute lll reports to each major frams of tolemetry. This leaves 17 reports
ags a rvesarve for growth in the number of iteuws contributed to telemetry by the
OBC. Each report {3 26 words long. The first vord i{s cutput in column 35 of
tho telematry matrix and givis the report number. The remsining words (words
0-24) are output in column ?1-95 gad 108-127. Table 2-42 provides ninor frame
number, report aumber (which will appear 1ia column 35) and a functional

identification of all of the OBC-TLM reports.
2.5.1 OBC TELEMETRY REPORT DESCRIPTIGHN

Tables 2-43 to 2-66 show and define in detail the location and meauing or value
of all the telemetered parametars. Pollowing each group of G3C TLM Reports {s
that part of the flight goftware data dictionary definimg those paramcters.

These tables are extracted from the Landsat-D Flight Softwawe Design Document

SVS-10130 and should be referred to for updates. The inforamtion provided is:

l. NANME : Symbolic Name of Parameter

2. DPROC: Defining Processor

3. TYPE: ] C = Constant, V = Variable, P = Parameter _
4.  UPROC/DUNITS: Processors using parameter/Display Units
S. TABLE: 0BC-TLM Report Number

Drop Leadfing 8 for Number

LSD-WPC-007

2-191
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6. ENTRY: Word aumber in raeport where parameter starts
7. LENGTH: Precision in OBC Computation
S = Single Precision
D = Double Precision
T = Triple Precision
W = Word (8bit Flag/Countar)
8. SCALE: Scale of Parameter
9. UNITS: Units of 0BC Computation
10. VALUE: Nominal Value of Paramater
11. DEFINITION: Explanation of parameter along with flag states
if Flag

NOTE: The symbolic name of the parameter 18 preceeded by the letter "0" in the
Ground Segment Data Base.

LSD-WPC-007
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Glossary of Units

Name Description
(R/S)2 (Radians/Secondg) ##* 2
0/1 Binary Zero or Binary One
1/MS 1/Miiliseconds
1/R®*GA 1/{Radlans ®* Gauss)
. 1/Rad 1/Radians
1/V*RD 1/(Volts * Radians)
1/VLT 1/Volts
CIR Circies
CIR/CT Circles/Count
CNT*-1 ) 1/Count
CNT/RA Counts/Radians
Counts Counts
Cycles Cycles
DE/CNT Degrees/Count
DEC/FS Degrees/Fullscale :
Degree Degree E
GA/CNT Gauss/Count i
GAU*-1 1/Gauss i
Gauss Gauss g
Gyrcts Gyrocounts
KGM#*] Kilograms
RGM#*2 Kilograms *#* 2
KM/SEC Kilome :ers/Second
M/MSEC Meters/Millisecond
Meters Meters
MG/CNT Milligauss/Count
MSEC Milliseconds
MTR**2 Meters *% 2
N.A. Not Applicable
N.D. Non Pimensioned
NMS*-1 1/(Newtons * Meters * Se~onds)
NMS/CT (Newtons ®* Meters * Seconds)/Counts
NMSEC Newtons * Meters * Seconds
R*2/SE (Radians 2* 2)/Seconds
R/G*=2 Radians/(Gauss ** =2)
R/G*2 S Radians/(Gauss *% 2)
R/S®*®2 Radians/(Seconds ** 2)
R/S/R Radians/(Seconds/Radian)
R/VR=2 Radians/Radian
RAD**2 Radians ** 2
RAD#*-1 1/Radians
RAD*-2 Radiang #** -2
RAD*SE Radians * Seconds

LSD-WPC-307
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RAD/CT
RAD/GA
RAD/MS
PAD/SE
PAD/V

RAD/V2

Y Y
Raalran

REV
REV/MS
RSEC*2
second
us/M
VLT%®=1
VLT#*~2
Voits
Yes/No

P ot R PN PO, -

.

o R PO A s A p——

Racians/Count
Radianz/Guuag
Radfans/Mill{second
Radians/Second
Radians/Volt
Radians/(Volt ** 2)
Radian

Revaolutions
Revolutions/Millisecond
(Radi{ang/Saecond) ** 2
Secoud
Microseconds/Mater
1/Volts

Volts #*% =2

Volts

Binary O or Binary 1

2~194
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Knowing the scale end the number of bits telemetered the maximum range and least

gignificant blt weight can be obtained by ualng the following equations:

Max Range = (2“-1)/(2N—s )

Lss = 12N

N = one less than number of bits telemetered
(L.e., 1 byta =« 8 bits, N = 7)

S = binary scale of OBC data

As an example THETAX, the first two words of ACS Telewetry Report #1 nas a scale
of =5 and 2 bytes (16 bits) are present in telemetry. This provides § = -5 and
N = 15 (2 bytes x 8 bits/byte = 1). Applying these to tie equations above
provides LSB weight of 9.54E-7 radians and a wmaximum range of -+0.03125 radfans.

The format would be:

LSD-WPC~007
2-195

Wi v e o e ¢ w0



e em e W et W AW T e e, o . Y F NI AN S PN e s st swiy

ORIGINAL PAGE IS

OF POOR QUALITY SVS-101234
Volune II
October 1982
— —_—
MS LS
20 t2 do SCALE -5
THETAX S RRRXXKKKXKIOKKX S @ Sign Bit
X = Data Bit
ACS TLM REE #1 WORD1 WORD 2
LSB S000000000000001 - 9.54 B-7 Rad
MAX RANGE SI11111111111111 - .03125 Rad

MS BYTE/MSB

Used in this section to mean Most Significant Byte. Parameters are calculated
as single precision (18 bit), in double precision (36 bit) or triple precision
(54 bit) words in the OBC. Telenmetry words are one byte (8 bits) each,
therefore, - only the 1/2/3 Most Significant (MS) Byte(s) of the parameter may be

inserted in telemetry.

LS BYTE/LSB

Used to mean Least Significant Byte. Unless otherwise noted the LS Byte {s used

as telemetry word.

Software Version

- — - 7

These OBC Telemetry Reports reflect version 19 (5/18/82) of the Landsat-D Flight

Segment Software.

LSD-WPC-007
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2.5.1.1 OBC Telsmetry Zaro Reports

Upon ground command OBC Telematry reports may be resot to gero. An oxacutive
request code 13 command will zero the roport designated in tha opsrand. If the

operand {s 236 or greater the entire OBC contribution to telsmstry will bs set

to garo.

LSD-WPC-007
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0BC-TLM Report Sequence

L S 8 08 A T SN A S B8 e

§VS~-10123A (
Volume II
October 1982

Raport ¢ Minor Frams
(Word 135) Numbat Mnenoaic Name
1 8, 40, 72, 106 ACS 01 Attitude Control Report #1
2 9, 41, 73, 105 ACS 02 Attitude Control Report #2
3 10, 42, 74, 106 ACS 03 Attitudas Control Report #3
4 11, 43, 75, 107 ACS 04 Attitude Control Report #£4
5 12, 44, 76, 108 ACS 05 Attitude Control Raport &5
6 13, 45, 77, 109 ACS 06 Attitude Control Report £6
7 14, 46, 78, 110 ACS 07 Attitude Control Raport &7
8 23 ACS 08 Attitude Control Raport #8
9 26 ACS 09 Attitude Control Report #9
10 27 ACS 10 Attitude Control Report #10
11 30, 62, 94, 126 ACS 11 Attitude Contral Report #l1 -
12 15, 31, 47, 63
79, 95, 111, 127 ACS 12 Atttitude Control Report #12

13 16, 48, 80, 112 EPR Ol Ephemeris Raport £l

14 17, 49, 61, 113 EPH 02 Ephemeris Report #2

15 18, SO, 82, 114 EPH 03 Epheneria Raeport 83

16 58 EPH 04 Ephemaeris Raport #4

17 59 EPH 05 Ephemsris Raport 845

18 60 EPH 06 Ephemeris Roport 86

19 6l EPH 07 Ephemerts Raeport #7

20 19, 51, 83, 115 ANT Ol TDRS Ant Pointing Report £1

21 20, 52, 84, 116 ANT 02 TDRS Ant Pointing Report #2

22 21, 53, 85, 117 ANT 03 TDRS Ant Pointing Raport 43

23 22, 54, 86, 118  ANT 04 TDRS Ant Pointing Report &4

24 28 UFL 01 Update Filter Report £l

25 29 UFL 02 Update Filtar "erort #2

26 35 UFL 03 Update Filter Report &3

27 36 UFL 04 Update Filtaer Report #4

28 55 UFL 05 Update Filter Report #5

29 68 UFL 06 Update Filter Report #6

30 90 UFL 07 Updote Filter Report &7

K} 91 UFL 08 Update Filter Report 8

32 92 UFL 09 Update Filter Report #9

33 93 UFL 10 Update Fi{lter Report #10

34 96 UFL 11 Update Filter Report #11

LSD-WPC-007
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SVS=-10123A
Volume 11

Octobar 1982

0BC-TLM Report Sequence

Report # Minor Frame
(Word 35) Number Mnemonic Name
35 Q0 POT 01 SA Potentiometer Data Report #1
36 01 SDP 01 Solar Array Deploy Report
37 97 GMT 01 GMT Update Raeport
38 06, 38, 70, 102 ACS 13 Attitude Control Report #13
39 07, 39, 71, 103 EXECRPT 1 Flight Executive Report
40 65 MMON 01 Memory Monitor Report #1
41 66 MMON 02 Memory Monitor Report #2
42 67 MMON 03 Memory Monitor Report #3
43 64 SEP 01 Solar Ephermeris Report #1
44 24, 56, 88, 120 ANT 05 TDRS Ant Pointinz Report #5
45 2 SCPRPRT Stored Cod Polnter Report
46 124 STBF 01 Status Buffer Report #1
47 32 ™0 01 Telemetry Monitar Report #1
48 33 ™0 02 Telemetry Monitox Report #2
<9 34 T™0 03 Telemetry Monitor Report #3
50 125 STBP 02 Status Buffer Regort #2
LSD-WPC-007
2-~199
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ACS OBC TELEMETRY REPORTS
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ACS TELEMETRY REPORT #1

Minor Frame Number: 8,uo0,72,104

OBC Telemetry Report Number: "

§VS-10123A
Volumne II
October 1982

Minor Frame word 91 92 93 9 95
ENTRY 0 1 2 3 4
THETAX THETAY THETAZ
Data 2 MS BYTES* T2 Mms BYTES "2 Ms BYTES
108 109 110 111 112
3 6 7 8 9
ola NGX .
3 MS BYTES
113 114 115 116 117
™~ 10 11 12 13 14
NGY 1 NGZ o
3 MS BYTES T IMS BYTES =
118 119 120 121 122
15 16 17 18 19

NGX

3 MS BYTES >

NGYF

’ 3 MS BYTES

123 124 125 126 127
20 21 22 23 28
o NGZE
3 MS BYTES NACS3

* 2 MOST SIGNIFICANT BYTES - CALCULATED IN-OBC AS

2-201
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ACS TELEMETRY REPORT #2

Minor Frame Number: 9,4&1,73,105

§VS-10123A
Volums II
* Qetobar 1982

OBC Talemetry Report Number:2

Minor Frams word 91 92 93 94 95
ENTRY 0 1 2 3 %
WGX WGY WGz wX wY
Data MSB MSB MSB MSB MSB
108 109 110 111 112
5 6 7 8 9
Wz EX - EY
MSB 2 MS BYTES 2 MS BYTES
113 114 115 116 117
‘(”\ 10 n 12 13 14
h EZ EPA 1
2 MS BYTES 3 MS BYTES &
118 119 120 121 122
15 16 17 18 19
EPA 2 - EPA 3
3 MS BYTES 3 MS BYTES
123 124 125 126 127
- - [ 20 | 22 — 23 | 24
_ EPA 4
e 3 MS BYTES > NHT

Epoch for EPAL,2,3,4 is TF

2-202
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Minor Frame Number:

Minor Frame word
ENTRY

Data

o e e e e o

ACS TELEMETRY REPORT #3

10,42,74,106

OBC Telemetry Report Number:

P

§VS=-10123A
Voluze II
October 1982

91 92 93 9% 95
0 1 2 3 3
EPD1 EPD2 EPD3 _
° 2 MS BYTES Ol 2 MS BYTES™ TR MS BYTES
108 109 110 111 112
) 6 7 8 9
. EPD4 . EPC1
= 2 MS BYTES ] 3 MS BYTES
113 114 115 116 117
10 1" 12 13 18
- EPC2 AN
3 MS BYTES
118 119 120 121 122
1s 16 17 18 19
EPC3 - EPC4
3 MS BYTES 3 MS BYTES “]
123 126} 125 _t .. 126 | .- 127 _
20 21 22 23 25
EIX R ElY IACCMD
2 MS BYTES o 7 MS BYTES )
2-203
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ACS TELEMETRY REPORT #4

Minor Frame Number: 11,43,73,105

Minor Frame word
ENTRY

Data

.
[ L

SVS-10123A
Volume II
October 1982

OBC Telemetry Report Number: 4

91 92 93 9 95
0 1 2 3 4
ElZ EDIX EDIY
2 MS BYTES 2 MS BYTES 2 MS BYTES
108 109 | 110 i1l 112
5 6 7 8 9
- EDIZ TWX
2 MS BYTES 2 MS BYTES
113 114 115 116 117
10 11 12 13 14
TWY T™WZ WEX
2 MS BYTES T 2 MS BYTES MsSB’
118 119 120 121 | 122
15 16 17 18 19
WEY WEZ TTX TTY TTZ
MSB MSB MSB MSB MSB
123 124 125 126 127
20 21 22 23 24
BIAS Y BIAS Z SKEW
2 MS BYTES 2 MS BYTES — ) LSB

MSB = MOST SIGNIFICANT BYTE

2-204
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SVsS-10123A
Volume II
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ACS TELEMETRY REPORT #5
Minor Frame Number: 12,44,76,108 OBC Telemetry Report Number:s
Minor Frame word 91 92 93 94 95
ENTRY ()} 1 2 3 3
EX1C EY'C EX2C
Data © SFEHLD " wMmsB MSB MSB
108 109 110 111 112
5 6 7 8 9
EY2C EX1F EY1F EX2F EY2F
MSB MSB MSB MSB MSB
113 114 115 116 117
10 1 12 13 14
NACS4 DELTNA DELTNE ITHUNLX | ITHUNLY
MSB MSB MSB MSB
) 118 119 120 121 122
) 15 16 17 18 19
ITHUNLZ |, XPC YPC
MsB 2 MS BYTES g 2 MS BYTES >
123 124 125 126 127
—- 20 -1 22 23 2%
TWS TAMSTA | MTRAFLG
2 MS BYTES NACSS
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OF POOR QUALITY

ACS TELEMETRY REPORT #6

13,85,77,109

SVS-10123A
Voluze II
October 1982

OBC Telemetry Report Number: 6

Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 s
SYSMOX SYSPL SYSMOZ |l
Data MSB MSB MSB NOMST
108 109 110 111 112
5 6 7 8 9-
ELXIL TWXC ELYIL TWYC ELZIL:
MSB MSB MSB MSB MSB
113 114 115 116 117
. (\ 10 1 12 13 14
- TWZC FDC1PR FDC1Y FDC1PRF | FDCIYF
MsB | LSB LSB LSB LSB
118 119 120 121 122
15 16 17 8 19
FDC2PR FDC2Y FDC2PRF FDC2YF |XRATDIL
123 124 125 126 127
20 21 R} 23 24
XRATDI FSTATE(1)| FSTATE(2) SAFEIST
L | ZRATDIL | pircy Lse| ROLL Lsg

2-206
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Volume II
October 1982
ACS TELEMETYRY REPORT #7

-

Minor Frame Number:

18,46,78,110

OBC Telexmetry Report Number: 7

Minor Frame word| 91 92 93 9% 95 |
ENTRY 0 1 2 3 "
P1 P2 P3 WXC WYC
Lata MSB MSB MSB _ MSB MSB
108 109 110 111 112
5 6 7 8 9
wzc PX PY Pz e ]
MSB MSB MSB MSB NOMS2
113 114 115 116 117
10 T 12 13 14
| S
AR TACS A WGDX 1 -
N 2 MS BYTES 1 2 MS BYTES =
118 119 120 121 122
) 13 16 17 18 19
Y WGDX2 WGDY 1
2 MS BYFES * 3 MS BYTES o °
| 123 124 125 126 127
20 21 22 23 24
WGCY2 _ WGDZ1 . WGDZ2
2 MS BYTES 2 MS BYTES 2 MS BYTES —]
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GF POOR QUALITY

ACS TELEMETRY REPORT #8

Minor Frame Number: 23

OBC Jelemetry Report Number: 8

Minor Frame word| 91 92 93 9% 95
ENTRY 0 1 2 3 4
Data MODE XPOSDIL XPOSDIL SMODE 3 SMODE 3§
108 109 110 111 112
5 6 7 8 9
ESACNT MAGULD FLTROFF ESASTA MODE 4l
113 114 115 116 117 |
10 1 12 13 14
TIMUNLX | TIMUNLY MODE 3! ECIATT MODE 1l
113 119 120 121 122
15 16 17 18 19
EP "EMFL FAILW ICAL NGXOVFL NGYOVFL
123 124 125 126 127
20 21 22 23 24
TIMUNLZ SUNPRS IRUSTA JTHSW NACS6
2-208
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UF POOR QuALITY

ACS TELEMETRY REPORT #9

SVS-10123A
Volume II
October 1982

Minor Frame Nuxber: 2¢ OBC Telemetry Report Number: 9

’,

Y 3TN
.
'

w

.

Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
Data IENUNL INIUNL ITHSW MODE 2C IHTBMD

108 109 110 111 112

5 6 7 8 9

DISPAS ENAPAS IHTY IHTZ SPARE

113 114 115 116 117

10 1 12 13 18
1IGYX IGYY IcY2z SENSTA OFFSET

118 119 120 121 122

15 16 17 18 19

L ELY ELZ

NGZOVFL ESASEL vsB MSB MSB
123 124 125 126 127

27 21 22 23 24
[ NOMS3 ——— NACS1 IMOMUN | MAGREF
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. : ORIGINAL PAGE IS Volume I1
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j) ACS TELEMETRY REPORT #10 (~ ) !
Minor Frame Number: 27 OBC Telemetry Report Number: 10
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4 .
pata e THETBX __ ole . THETBY ___ L THETBZ _ '
2 MS BYTES 2 MS BYTES 2MS BYTES
108 109 110 111 112
5 6 7 8 9 ;
HWX HWY HWZ HWS
MSB MSB MSB MSB
113 114 115 116 117
. ('\ 10 1 12 13 18
i MX MY. MZ BEX BEY
MSB MSB MSB MSB MSB
118 119 120 121 122
15 16 17 18 19
Sgé SELMAG | DHUNLDX | DHUNLDY | DHUNLDZ
i

123 124 125 126 127
20 21 22 23 248 S T
EXG EYG £2G EXM EYM
MSB MSB MSB MSB MSB

. 2-210
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Minor Frame Number:

Minor Frame word
ENTRY

Data

e s CMTIEANSS B ol nmn

P

7 ooy s - L

ACS TELEMETRY REPORT #11

- b ———— e a am

SVsS-10123A
Volume I1I
October 1982

30,62,94,126 OBC Telemetry Report Number: 11

91 92 93 94 95

0 1 2 3 4
SrETT Te
4 cicn BiT  FLIGHT SOFTWARE TIME

108 109 110 111 112

5 6 7 8 9

X [XXXXX Sx=

LS aMS BIT
BIT £ sion BIT TDELTA

113 114 115 116 117

10 1 12 13 14
S X[ XXXXX

Ls_§ DPUDCER | FSDPUST | TFRESET
BIT
118 119 120 121 122
15 16 17 18 19
SWTCH1 | SWTCHY | SWTCHZ SYSMOY | ITPFAIL

123 124 125 126 127

20 21 22 23 24
~ SHFAIL | ITPIST |[o————NOMS§ ———tla=NACS2-04 -

Flight Software Time (TF)

@8kbps TF = TDPU + 36msec + (4096%2-3) + (N*4096msec)

@lkbps TF = TDPU + 36msec + (4096%20) 4+ (N*32768msec)*

@ 1 January,0000hrs TF = 86,400,000msec

*N = 0.1.2,3 each succeeding TF update interval
**lkbps timing is unreliable

2-211




)

——— s s - - . mAN S ot T s B s ot o - . — -

SVS-10123A

NAL PAGE IS Volume II
. (0)2K§00R QUAUTY October 1982
) ACS TELEMETRY REPORT #12
Minor Frame Number: 1s,31,47,63 0BC Telemetry Report Number: 12
79,95,111,127
Minor Frama word 91 92 93 94 a5
ENTRY 0 1 2 3 4
Data @———— CNGX CNGY =—————trta—CNGZ—
SX X
2% COUNTS L}
SICN BIT 2° COUNTS ..
108 109 110 111 112
S 6 7 8 9
S CNGX1 < CNGY1
" T113 116 115 116 117
‘ ("\ 10 " 12 13 14
- o CNG Z | ————rl@mere—me CNG X 2 == |<&~CNGY 2~

118 119 120 121 122
15 16 17 18 19

=T CNG22 it CNGX 3>

. 123 | 124 12 | 126 1 127 ... .
20, 21 22 23 23
00000000

[*—CN >l —_— ZERO
Cy3 CNGC2Z3 BYTE
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ACS TELEMETRY REPORT #13

Minor Frame Number: 06,38,70,102

Minor Frame word

SVS=10123A
Volumo II

Octobar 1982

OBC Talemetry Report Number: 38

91

92 93 9% 95
ENTRY 0 1 2 3 3
Data TACSSP | SDSEPFL |SDFUNCT ACQIST FDCEP
108 109 110 111 112
5 6 7 8 9
EPCNT ACQRIU PFDCEP FPITCH FPCNT
113 114 115 116 117
10 1" 12 13 14
PFPITCH FROLL FRCNT PFROLL ACQFD1
118 119 120 121 122
15 16 17 18 19
WCXK1 WGCZK1 SWTCHIM | MODE2CM | FDCNT1
123 124 125 126 127
20 21 22 23 24
FDCNT2 | PFSTATI PFSTAT2| CTR120 SKOUT
2-213
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TABLE 2-44
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ORIGINAL PAGE 18

e Gmee— S AWTIIRRS ST G rve yoveves cm o dee mememaem

SVS-10122A

UALITY Volume II
. OF POOR Q October 1982
j) TDRS ANT FOINTING REPORT #1 ( _—
Minor Frame Number: i9,51,83,115 OBC Telemetry Report Number: 20
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 y A
EANA EANE ESTS EABSC EEBSC
Data MSB MSB MSB MSS MSB
108 109 110 111 112
5 6 7 8 9
ESSBC f4——— THANA —— olg— THANE e &
MSB 2 MS BYTES 2 MS BYTES
113 114 115 116 117
‘\ 10 11 12 13 14 |
A THAZ ol THEL E2PANA A
e & D %%
2 MS BYTES 2 MS BYTES 2 MS BYTES

118 119 120 121 122
15 16 17 18 19
E2PANE DASCAN | DESCAN
et e i U st -t
2 MS BYTES MSB MSB
123 124 125 126 127
20 21 22 23 24
- ZENANG NCSLEW -
2 MS BYTES 2 MS BYTES INHPTRK
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SVS-10123A
Volume I1

ORIGINAL PACGE IS October 1982

OF PCOR QUALITY
TORS ANT POINTING REPORT #2

Minor Frame Number: 20,52,84,116 OBC Telemetry Report Number: 21

e

Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
NASTEP | NESTEP
Data i Ak ISX IAD |§D
108 109 110 111 112
5 6 7 8 9
ACPMODE| EXTRN | ADVTRN | INTDRS | CALENA
113 114 115 116 117
10 1 12 13 "
AUTOSW | IERATR | IRESLV SPARE N%ggmo
118 119 120 121 122
15 16 17 18 19
NRECMD NSTCMD FEANA FEANE
MSB 2 MS BYTES
123 124 125 126 127
- 20 Y 22 23 24
GANAE ANTADV
FESTS LARGE A SPARE TAD
2-261
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ORIGINAL PAGE IS
OF POOR QUALITY

B e T

SVS-10123A
volume IIL
Octobar 1982

TDRS ANT POINTING REPORT #3

Minor Frame Number: 21,53,85,117

Minor Frame word
ENTRY

Data

OBC Telemetry Report Number: 22

91 92 93 94 95
0 1 2 3 4
EPAET EPAE2 EPAE3 |
2 MS BYTES 1. 2 MS BYTES S MS BYTES
108 109 110 111 112
5 6 7 8 9
A EPAEY THACMD
"2 MS BYTES  |& _2MS BYTES™ ]
113 114 115 116 117
10 n 12 13 14
THECMD BANA BANE
T2 MS BYTES <2 MS BYTES— {2 MS BYTES
118 119 120 121 ’ 122
15 16 17 18 19
ole YANA ol YANE o
2 MS BYTES 2 MS BYTES
123 124 125 126 127
20 21 - - 22 23 24
OMEGA e
MSB SPARE
2-262
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SVS-10123A

— . GHLGINAL FA2T |Is vs-10123
. S olume I
) OF POOR QuALITY October 1982

(ﬁ ~ TDRS ANT POINTING REPORT #i
Minor Frame Number: 22,5486, 118 OBC Telemetry Report Number: 23
Minor Frame word 91 92 93 94 95
ENTRY . 0 1 2 3 4
Data ELBIAS LAMA1 LAME1 LAMS1 LAMA?2
108 109 110 111 112
5 6 7 8 9
LAME?2 LAMS?2 LAMS3 DMAX DELTA
113 114 115 116 117
‘ N 10 1 12 13 18
' TABCMD TEBCMD STALIM
2 MS BYTES 2 MS B\ TES =1 MSB
118 119 120 121 122
15 16 17 18 19
GPAE GIAE
STELIM SCPEMA MSB MSE
- 1123 | 126 | 125 126 | 127
20 21 22 23 24
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L PAGE IS

OR\G!NA .
UALITY SVS-10123A
OF POOR Q Volume II
-~ TDRS ANT POINTING REPORT #5 October 1982
v
- |
Minor Frame Number: 24,56, 88,120 OBC Telemetry Report Number: u4
Minor Frame word| 91 92 93 9% 95
ENTRY 0 1 2 3 - 4
Data FDCGDEE | FDCGDEA | ECOUNT ACOUNT TAZSI
108 109 110 111 112
5 6 7 8 9
o1 TELSI > TAZSF ———=
\
113 | 114 115 116 117
) .’\ 10 | 1 12 13 14
B le————TELSF ol TAZSD ——|e—TELSD—
118 119 120 121 122
15 16 17 18 19

1 FDCNTE FDCNTA EFPASS AFPASS

123 124 125 126 127
20 21 22 23 24
— APSTAT FDCAPFT | SPARE .

@ 2268



Volume II

SVS-10123A
October 1982

SNOILINIJAA AMLIWITIL 080

ONIINIOd INV S¥aL

-7 F1avL

.-

2-265

o e pmenn b d

-

[T S



L alab Rl TR aatie sl - - S et A

SVs~-10123A
Volume I

U S et et S

ORIGINAL PAGE IS
OF POOR QUALITY

- . P P R

@ e A eees - . g . st

o ’ ' -
S — -- .
C.
L)
W
4 ”
o
o !
7] ,
©
I
I
i
OGLIAZELZEO\ 14 TVHUON
01 A315/340 04 A31S O/) ‘T L1B8 °id
IvuoN 04 31380510/440 0L 2:38I510 0/ |
4 418 'OV13 BOL181IT RIVEL wWVBLOHd ‘a [ A yZOO oce ‘AN , A WY AutdIiil
Jow)) MBS VYNNILINV SHOL ‘a'N Lt s  zzZoo ozs AN . A WOUV LERERIY
|
31BuR U 334930 8 S 000 oze 334934 A Wouv ONVMIZ
! -
V1130 3UNVY NVIS NOTLVAIIZ YNNI INY Su0) 3340130 ] S 6100 ozs 334930 ” A wld4v NVIS 20U ©
0
¥1730 IUNVY NVIS HINWIZY VNN3INV Sudl 333930 1] S 8100 oze 334930 S WOUV NV VO m.
o~
BONYI ONIXOVUL NOLLVAIIZ VANIINV S¥OL Nviavy € S 9100 ocs 333030 LA HoJv INVAC)
I
YOUUT HNLNDVHL HANWIZY YNNIINV S¥aL Nviavy € S 100 oTs 338030 ' A naJv VNVJZI
NOJEVAITII YNNI INVY SH¥Ql QlalS3c 334930 8 S zi10D ozs 3348930 A WIJIV I
HINWIZY YRNIINV Suai 03HIS3I0 334930 ] S 0100 ozs 3349130 LA noJv 291y
ITONV NOTLVAI1I Sy0L 334910 8 S 8000 oza 3349130 mu<m A Kodav INVIIL
3IONY HINWIZY VYNN3IINY SHOL 334930 8 S 9000 (4] 334930 Sov. A noJv vHVItHL
SYIU HIDNIYES TVNOIS Y1V 03)VuHiIvd S1710A v S  GO0O ozs S170A A [T 1Y ouss )
SYI0 TYNUIS NOJLVA3II ¥iv 031Vy81 WO S1710A 14 S  voU0 ozs S170A A WOdVv o544
SVIO TYNOIS HINWIZY U1V 03 1vd8LWD S110A v S €000 [s74:] S110A oA Te N1 asuv §
MIONIYLS TVNDES ULV S110A v S  Tooo ozy S170A A WY 5183
' JVNDIS HOud3 NOI1VA3I3I ULy S110A v S 1060 oze S1170A W A KOGV NV}
IVNDIS HOMHI MHEMWIZV 81V S110A 14 S 0000 oz S1T0A m A WY viivi
NOI11INI33Q INTVA  SLENN 37IVDS HILN3 Y ABING  310VL SLINNBU  / 2O0addn JaAt 0440 WV
S O LA ABVNOILOIQ 3UVALIOS 11D173

8¢ Juvd Sp:vZ:g) UB-ddv-60 €O VO G0 Y)Y ¢B6I-UJIV-6¢ / BI:SVR ANLINITILL ALY 1DL)-O0U = JNund




e -

R T ———

asas @ oTENAS e .

OQIIAZOLIVO\ eeeece J U YV J S eseese

ANVLISNOD NOLLVSNIJIWOD NIVD

Volume II

SVS-~10123A
October 1982

YOIVIIAN] A35 308V

IYNDIS umzzw $11ON3Y¥LS TVYNDIS QI¥3LL4
IVNDIS YOBd3 NOILVAIII a3y3nriis
TYNDIS B0UYI HANnizZY Q3831013

JOwly MO|S

LiITY

A DIy MAIS NOJTAYAILD
aAD 3iVH M3IS NIy
XXX X 384V dS sesee

INVONNO3Y 3SN
‘S = ABVNIYD ISN "0 « X3IONI HIATOS3IY

ORIGINAL PAGE [
OF POOR QuUA

(b#)3IN1U4 0 (TH)INVONNGIY Y
1237135 ¥3A13033 dlvy 804 X3ONI

}=3T1BVYNI ‘9VY1J ONINIDLIJIAS 3AONW J11vnOLiny

1 =0378VN3
tOVIS NOJIVYOITIVO JONIYIIIY v

ISAM-SYUNL ‘1 = ISRI-SHYOL ‘O =
;350 JO 1S®3 SyJgl Bu)3daBS U0y XIPU]

1 =0318VYN3
1OV14 UNNOUVNINL VNNIINV JONYAQY

so)bue jequ)b oyy Gu))201908 Joy xopul
9v14 00N ONIINIOd YNNILINY SHOL

9v1J NOI1123410 NVIS NOTLVAIII

DY NOL11D34IO NVIS Hinwizy

ueas uolleAnty ‘| «
Ueds ((Inuizy ‘O = (JOJEIIPUE S|X@ URDS

and 434S
IATNG WWANID NOLTLIVAITI VINMNIINY SHOL

oo
d34S IAIYO IVHNID HLAWELZY YNNIINY SHOL
NOTLINLI3Q

9z 39vd Sr:vl S

"O°'N

0N
S170A
S1170A
S110A
Sd431S
Sd31S

Sd431S

"O°N

‘O°N

‘O°'N

‘O°'N

‘a'N

)

Sd3ts

S431S

Z)-

(2

~ &~ o~ o~

~

w v v oW 3 W0

w

2 3 2 3 3

I0IA SLIINM 37vIS HIODN3T

S-07 1A
t8-dJ¥Y-6T

AYVNOI 1210 3YvALIOS 11HD174

€z00
00
1200
0too
G100
100
9100
6100
300

€100

T100

5400

0100

6000

8030

L000
9000
$000
v000

£000

000

1 000

0000

AYINI

[ X4:]
1z9
(34:]
(X4:}
1z9
[ X4:)
(X4
1t
(X4:}

X4/

(X4:]

[X4:}

[¥4:]

[ X4

[X4:]
X4
[X4:]
(X4

1z8

(X4:]

1z8

38wt

‘on

‘a'n
S170A
S170A
SIT0A
Sd4318
Sd31S

S431S

Sd431S

$d318

Stinng

> >

>

>

>

A

/ 2084n 3dAt

n.oJv

wdyv

nHw

WY

NOSY

oIV

WY

HOdY

WAV

NIdJdY

Sy

NOAY

nHdv

WOdv

WY

nadv
noHJgv

v

noAav

W4V

WY

J0U:40

VIS
TVNYT)
v
SIS
Mvid
VNY 33
Y ISH
(N INN
et Yy Htd

yvds

AISIt

yidvil

ASOINVY

Vi3 IvD

SanMl

NHIAQY
HYI1%3
ANV
ail

vl

XS1

A% 3N

d431SvN

INYN

€O PO GO:vi 2861 -HdV-6T / O):SVN AUIINIVNIL[LSYW HDIY]) OBU = 1NJNT

7y

2-267

———




B R —

—— e

§VS=-10123aA
Volume II
October 1982

1S
ORIGINAL PAGE
OF POOR QUALITY

[14

|
816uc @duvApe wuuejuy 334930 e a vZ00 (X414 334030 A NIV AQVINY
NOl1INT43Q ANIVA SLINN 3TVOS HIONIT  AMINT  31UVL SLINNQ / J08dN 3dA1 204du Invid
S-0"4A  AYVNOLIDIO 3I¥VALIOS 1HDINY
30vd 6P 9Z:S8 TH-YdV-6L CO'P0 SO pI CHEI -HIV-62 / B SVYR AYLIWINVIN[LISVW IIDIH] OUD = J1nanl

\_/ )

2-268

“ e ee mame nm

B L e

st



R s S

s Y O — s e .

- ereem e CH TRVl

[
SH
S
-4
o
-
t vt Q@
v 0L
mﬂ > O .
o
1]
o
o
w3
O g
<D
oo
-l 02 ,
e
=0
(L] o,
[+ TH
oo X x I YV IS eseee - - -
seooe F YV 4SS eecee - - -
eesse J H YV dS ssees - - -
VIYILIYD NOISUIANOD HIWYIS dNNDYE NY1GvY S- a
IVYDILNT
370100 TYNDIS YOUYI NOLIAVAIII 031InNIT ‘G’'N 9 a
IVHDILNT
300 TYNDIS HOYYI HINNIZY O03LIWLD QN ] [¢]
TVUDILNI szc_m HouHd3l NOILVA3II3 OILINIT "A'N [ a
TYEOIANT TYNDIS ¥0UY3I HINWIZY 03LINID ‘a'M € a
81Bue Jequi0 uo|IeAD|® POPUIWWOD “IX] ’ 334930 ] a
o|bue jequw;B Yinw)ze papuenuod °Ix3 334930 8 a
SYoUHI INIWNDIV
YNNILINV 8034 1D38Y0D Of Sn¥vd ¥31N3 "a'N ’ a
SHOUYI ININNDIY
dZZunZN Y04 123I8¥0D 04 SwYvJ ¥3IN3I "a'N ] a
SYOYYI ININNDIWV
YNN3LNMY YOS 1033300 0L sSmiuvd ¥3N3 ‘a°N ' a
SYOUB3I ININNDIIV
YNNILINY 803 12J¥¥00 01 SHuvd 33703 . ‘a'N ' a
NOI1IN] 430 INTIVA SLINN 27v2S HLDONIT

00
€200
TT00

0z00

8100

9100
100
Ti100
0400

8000

9000

¥000

to00

0000

AYINI

zze | . , -
zze - .
Tes - -
zze NYIOVH , A
tee o'N A
cza ‘a'n A
31 ‘oON A
zee "O'N A
121 334930 A
tee 13¥93a A
tee "0°N

tee ‘g'N A
zee "O°N A
zee "a'N A

3i8ve S1INNG  / D0ddN 3dAd

S-0°tA AYVNOILDIQ 3YVMLIOS 1HD1T4
€O'v0:G0 bl ZBEY-YJdV-6Z / BI1SVIS AULINI1IL[ISYR NHDIY} 08O = 1MINI

:14 39vd SY:vTiGL TB-U4V-6T

7

ki
. o —— .l..\|l|oull\..|.‘llllm,

HOJV
WOdJdy
NO4Y

HOdY

NIV

nouav
nOdvY
noJv
NOdY

LB

nodv

N)dY

nOdv

WOy

20440

1vds
IYves
Jyvds

LRELN
INVA

VNVA
INVY
vHY D)
(L P EITIY

MOV
vivdl
€1vd)
TIva
13vyl

INVH

N
|

2-269

-t sdmeamcdan S aasne am e



XX XX) 3yy

S eesee

IXXXX) 38y xXxxxl

SVS-10123A
Volume II
October 1982

& & &
Vi

XXX X 38V

T eeses
veeve F UV IS essee
eesee J HV d S oeevee
SINVISNOD NOLLYINJIROD 31vY
SINVASNOD NOLAVINJGNUD 31VY
SINVISNOD NOILVINJNND 3ivY

1 =03T8VYNI
:OVY4 378YN3 DNISSIVONd GNVWNOD Q3HOLS

370AD 0HINOD ¥V NI Sd31S XvN

310AD 1041U0D ¥ U} EUIIE “xuy

OGNl S21Q YIATOSIY UOjIuAd e

awd SY18 ¥IAI0SIY HINWIZY
JuBwaanu) 8bBuza YIS YO4was dnyoug
SNIAVY UWDS WNW)XBw IJves dnydeg

pIoysaJsyy Bupudiine
SPOM NIWIH0INY O) YyIuuwds dnxdeg

SQTI0HSIHHL
. DNINMDLIAS MNOVUL WVHL0Ed D1 XNOVHiI0inY

Sa 1S YL
ONIHILIAS MOVl WYy Ol¥d 0L Xovidiolnv

SUTOISTYHL
ONINDLINS %094} wuuBoud 0) 3owdjoiny

SQIOHS IUHL ONTHDLIMS
JOON HOVAIUINY 0L ARIVUL WVHIOUd

o w“
- = SO0HS JUHL BNIHDILIAS
mw mm 3008 MNOVHIOINY 01 XNOvdit wWvudoud
< .m.uu. SOI0HSIEI BHTIDLIAS
o. 300w %ouvayoIny 0) Rauvd) wuabouy
-5
m nnvv U0 L) | 4D UDEIN) Y U) pUNOJILUINg
mw .
= fm NOSLINGS30
o
-1 Jovd 9y ve:isl

-
-

&

- - - ¥eoo
- - - €zoo
- - - tzoo
- - - 1z0o
- - - 0¢oo0
‘a'N 9- a 6100
R o a 8100
‘a'N o a 100
a'N L A 9100
$d31S L A S100
Sd31S L A viI00
0 33uv3Q 8 s zi0o
0 1333910 ] S 0100
333930 e 0 6000
33¥930 8 g 8000
SLI0A v S 000
$170A v S 98000
S170A v S 5000
$170A v S  v000
S110A v S €000
S170A v s zooo
$170A v S 1000
FELSEN e a 0000
INWA  S1INA 3TVIS HIDNIT  ABINI

S-UIA

TY-Y4V-6Z

AYVNOILID310 3J4vm130S 1HOIE

tzo
€zZo

[24:)

[ ¥4}
%4}

[344:]

(¥4 ]
|2 4:]
4]
€zo
€zg
[x4:}

[:4:)
[>¥4:]
cze
€ty
[ ¥4:]
cis
224 ]

L4t

4]

3navi

‘a'N
"a'N

‘Q°N

Qe
Sd31s
$d31§

334930
334930
334930

334910

S110A

S470A

S110A

S110A

S170A

S10A

S170A

338930

SLINMG

> >

/ 20ddN IdAL

WIJdV
WiJV
WodV

nNJdv

wauv
WOdv
viduv

WIJV

nadv
nodJv
WOJV
HOdV
HWodY
WOJV

nHodv

WodJdv

WISV

¥ouv

Wy

wiav

WaJV

nNOJv

nOJv

20840

JUVIS
Juvds
JUvds
duvds
Juvas

Jvuy

v

EATRV )

VHNIJOS
Wi
wWiIvis
audY 11
UWouvi

' FRRIt]

xviid

csnv )

SV

ciuvi

cvrivl

[RATUA

b inwv)

tvav

SVINII

v

€O V¥0-50.v) U614 -UAV-6C / BL1SYR AyLINI1I1{1SVA HOTY]-oua = pindtd

2-270

— e

b P A —— A e § A d Antn o s

e -—-



SVS-10123A
Volume II

e -
~e
vt I3

ORIG!NAL PA

~
®
o
-4
" ' ”
o
.M )
&
J
o
seeee I HY Jd S eeeee - - - 200 124] . - noav Javays
0(8IAZBLTYO\ 300N
440 OL NOJVY Q3HOLIAS 2034 NIHA B AJ01D J3SKH (X4 ) 1200 (17'] 23S ' A Wodv L ddvoud
SHLiAZBIECO\ 3Q0D O34 430NN G118
tanD NI GNVH3d0 TVANT pil8 ‘0Wd N1 333
XVINAS :£118 :dO01S $30S ISNIVOV A3TI
12418 1d0LS 1340S LISNIVOV WizZv 1118 AN L n 0cco 142 ‘a°'N A WOJV ivisuv
(SSvd 1SHId 10N 3 °"SSVd
15813 0) uIinwjzZy J40) Buyj Ssvd 1§} 0 ON/S3A L " 6100 [42°] ON/S3A . A WOdJdV SHVI IV
(SSvd 15413 1CN 3 "SSvd .
AS8I4 :0) LvOyIvAs|] 40) DBuyy sced S| O ON/S3A L A 8100 141 ] ON/S3A A Hodv IXYOEE]
(260 N! VINJIVI Sv Ol
a38y343y) YInm)Zy J0j J433Unod aanyjey S1NNUD L " £100 (23] S INNOD A gV VIND L
(580 NI 3INDTIvd SvY 0L Q3d83IJ3Y)
UQH18AI| ] 4O) JOYUNOD Ban|jey S1NNOD L A 9100 vve S 1NNDD A WOdV 1IN0
(1S731 ~ 48331)S8v 334934 o1 a v100 [44'] 334930 A Houv Os 111
(1S2v1 - 4S2vi)ssv 334930 ot Q 100 (32] 334930 A NJOJV asevi
JUIRCHWCIUNOD I
@ yndiN0 JUBA|0SB.S UOYIBAD|] 334930 [ a 0100 [44°] 33y9130 A W3dJV 15111
JUDXENAIUNODY © INBINO JAIN[0SIS YYtau|Zy 338930 (1]} (4] 8000 vve 333910 A WJJv Js2vlt
02311023 @ INUIN0 JIA(OSBY UOYIVADL] 334934 [a]} 3 9000 yve 334940 A WOIv 1S 141
021uUnodY @ ININC JBALOSYY )2y 334930 [+]} a youo vve 3439130 A wWadv 152vi
> Hinu) 2y 40) Jd3unod ‘V N L A E£000 vve VN A Wigv fHIU Y
-~ UOEINADLT 104 wdiunod ‘WN L " 000 veo ‘v N A WV INMY I
-d
=z (03710¥N3 1 "0370VSI0
lo. 10) OV G38VMI 0G4-30D HINNIZY ON/S3A L A 1000 124" ON/S3A ' A NIJGYV V3UOD S
= (G30VYNIY ¢ "031wvsia
mw 0) DVIS UITUYNIS 204-3UD NOLIVAILI ON/S3A L R 0000 rve ON/S3A A Wiav 31000100
o
[T NOTLINLI3A INTVA  SLINN 3OS HIUNIT  ANMINI  3uvVi SLINNG / 208diV 3dAlL Q084U v
Q §-0 JA  AYVNOIIDIO 3JUVALIOS J191Y)
€S Ivvd 6y pT 61 IB8-HAV-6C €O VO GO W) ZO6L-UAV-6C / 81 SVAH AYLINI1IL{ ISV HOLU) "0UG = Ldn)
ﬁ. ; i 4 &
' AR 4

t e —— A st & e

—h—

2-271



A

TABLE 2-49
SOLAR ARRAY POTENTIOMETER

ORC TELEMETRY REPORTS
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CRIGIMAL prar i

A 18] SVS-10123A
OF POOR QuaLiry

Volume II

SOLAR ARRAY POTENTIOMETER DATA REPORT §1 October 1982

Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
XXXXXX '
Data TSAl1 > -~ TSAI2 —f
108 109 110 111 112
5 6 7 8 9
o] XXXXXXE gepLAG DPUUSE | FDCSADF | SADFAIL
MSB LSB LSB LSB
113 114 115 116 117 i
i
. 10 11 12 13 14 |
. - FSTIME |o____ SADRATE — ol POTDIF
LSB 2 MS BYTES 2 MS BYTES '
118 119 120 121 122
15 16 17 18 19
e TIME 18 ISAPI SADINT DLYFLG
2 MS BYTES LSB LSB LSB
123 124 125 126 127
20 21 22 23 24
INDEX —
o SPARE
)
|
- i
!
3
2-273 |
j
i

/

o

Minor Frame Number: 00

OBC Telemetry Report Number: 35
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TABLE 2-51

EPHEMERIS OBC TELEMETRY REPORTS
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S§Vs-10123A
Volume I
October 1982

e

hw‘éc.— .t



DI

ORIGINAL PAGE IS
OF FOOR QUALITY

SVS-10123A
Volume IY

October 1982

EPHEMERIS COMPUTATION TELEMETRY REPORT #1

Minor Frame Number: 16, 48,80,112

Minor Frame word
ENTRY

Data

OBC Telemetry Report Nucber: 13

91 92 93 94 a5
0 1 2 3 4
- EOGBRF (1) —>-
108 109 110 111 112
5 6 7 8 9
EOGBRF(2) <-—— EOGBRF(3) —
113 114 115 116 117
10 il iz 13 i
> EOGBVF({ 1) =
118 119 120 121 122
15 16 17 18 19
- EOGBVF(2) -
123 124 125 126 127
20 21 22 23 - 24
B XXX X
- EOGBVF(3) > T ’il’il‘ -f(
TUGFLCUA I LcucrLcu
FUGFL.GU

TF is che :ime of the parameters in the above table
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ORIGINAL PAGE i3

OF POOR QUALITY SVS-10123A
: Volume II
~. EPHEMER!S COMPUTATION TELEMETRY REPORT #2 October 1982
./ (
Minor Frame Number: 17,49,81,113 OBC Telemetry Report Number: 14
Minor Frame wrrd 91 92 93 94 95
ENTRY 0 1 2 3 4
Data fe—— EOGBRG (1) ol
; 108 109 110 111 112
4 5 6 7 8 9
i
t; EOGBRG(2) > EOGBRG (3)
i
¢
i
] 113 114 115 116 117
\ ‘ M 10 1 12 i3 ia
" ] >l EOGBVG (1)
\ 4
. 118 119 120 121 122
] 15 16 17 18 19
E"’GBVG(2) -
123 124 125 126 127
20 21 22 23 20
- EOGBVG(3) o~ EPROC

TF_is the -ime of the parameters in the above table
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SVS=-10123A

ORIGINAL PAGE Is
Volumse II
OF POOR QUALITY October 1982
"~\ EPHEMERIS COMPUTATION TELEMETRY REPORT #3
Minor Frame Number: 18,50,82,114 OBC Telemetry Raport Number: 15
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 q
Data Eremreemeee- EQGVC S EC = @— EOCVSHER
108 109 110 111 112
5 6 ] 8 9
p——————to———— EQGVARER <
113 114 115 116 117 ,
T 19 i 12 13 14
EOCVGTER —31 NEWDAT NEWDATT ECLNEW
118 119 120 121 122
15 16 17 18 19
et EOGVF DO Dt EOGVNFRE —
123 124 125 126 127
20 21 - 22 23 - |- 24

EOGVLOST e ] SPARE

4
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ORIGINAL PAGE IS
OF POOR QUALITY

s e wn s S b e g

SVS~10123a
Volume II

EPHEMERIS COMPUTATION TELEMETRY REPORT #4 October 1982

[y

e
Minor Frame Number: ss OBC Telemetry Report Number: 16 v

Minox Frame word 91 92 93 94 95
ENTRY 0 1 2 3 A
Data —————— EOGVFALM - e EOGVTALM

108 109 110 111 112
5 6 7 [ 8 9
EOGWPU
113 114 115 116 117
10 1 12 13 id
EOCWPG <
118 119 120 121 122
15 16 17 18 19
EOGWPT s>l
123 124 125 126 127
20 21 22 23 24
{
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SVS-10123A
Volume II
October 1982

- e £y

ORIGINAL PAGE IS

OF POOR QUALITY
o EPHEMERIS COMPUTATION TELEMETRY REPORT #5

<- Minor Frame Number: 59 OBC Telemetry Report Number: 17
. Minor Frame word 91 92 93 94 95
B! ENTRY 0 1 2 3 3
Data <—————EOGBPTDE(1) A
1068 109 110 111 112
5 6 7 8 9
EOGBPTDE(2) > EOGBPTDE(3)——
113 114 115 116 117
(S 10 11 12 i3 i
il WOGBPT 1
118 119 120 121 © 122
15 16 17 18 19
it WOGBPT2 —
123 124 125 126 127
20 21 T22 23 25 -
< WOGBPT3 SPARE
-
A 2-281
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ORIGINAL PAGE IS 533'1012%
OF POCR QUALITY october ons
~. EPHEMERIS COMPUTATION TELEMFTRY REPORT #6
S/
Minor Frame Number: 18 OBC Telemetry Report Number: 18
Minor Frame word 91 92 93 94 95
ENTRY 0 1 K . 3 4
Data EOCWTE3 - >
108 109 110 111 112
5 6 7 9 9
- EOGWTT3 —
113 1i4 115 116 117
(’\ 10 1 12 13 15
- EOCWTTE
118 119 120 121 122
15 16 17 18 19
_ - EOCWTTW o
A
3
-
£ _ -~ - =
gﬁ 123 124 125 126 127
e, 20 21 22 23 25
zf: - EOGVNT —————— SPARE
1:?‘:
SO
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" ORIGINAL PAGE IS sv
s-
OF POOR QUALITY Volura 11

October 1982
EPHEMERIS COMPUTATION TELEMETRY REPORT #7

Minor Frame Number: 61 OBC Telemetry Report Number: 19
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
Data - EOGWGT1 —
108 109 110 111 112
5 7 i 8 9
< EOGWGT2 -
i13 il 115 118 117
10 12 13 14
3 ° EOGWTDAT —f
i
3 118 119 120 121 - 122
£ 15 16 17 18 19
8 EOGVINIT | SPARE
i 123 124 125- 126 | 127
18 20 2 22 23 24
’z > MXTM
LR
3 anr
: dp
4 2-283
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x
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SOLAR ARRAY DEPLOYMENT TELEMETRY REPORT Oczober

Minor Frame word
ENTRY

Data

Minor Frame Number: 01

OBC Telcmetry Report Number: 36

91 92 93 94 95
0 1 2 3 4
S DSEPTM L SDTEMP
108 109 110 111 112
5 6 7 8 9
[=——————1 SCSIDE1 PDSIDE2 | ARMLOOP | PDLOOP2
113 114 115 116 117
10 11 12 13 14
DEPLOOP PDXLOOP |SCCULOOP
118 119 120 121 122
15 16 17 18 19
123 124 125 126 - 127
20 21 22 23 24
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ORIGINAL PAGE |s SVS-10123A
OF POOR QUALITY Volume II
- TELEMETRY MONITOR REPORT #1 October 1982
( - Minor Frame Number: 47 OBC Telemetry Report Number: 47
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
Data TMSTAT 01] TMSTAT 02} --~~-~-mmmmmm e
108 109 110 111 112
5 6 7 8 9
L ———————————————————————————————————————————————————————— - e
113 114 115 116 117
N\ 10 11 12 13 14
118 119 120 121 122
15 16 17 18 - 19
L e e mmmm—mmm e ——— e
123 124 125 126 127 [
20 : 21 22 23 24
R TMSTAT 24|TMSTAT 25
(1
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Volume II

ORIGINAL PAGE IS
OF POOR QUALITY TELEMETRY MONITOR REPORT #2 October 1982

OBC Telemetry Report Number: 48 (

Minor Frame Number: 48

Minor Frame word 91 92 93 94 9%
ENTRY 0 1 2 3 4
’ Data TMSTAT 26 |-------=--om=omms oo s e e mmmm oo oo m oo oo
108 109 110 111 112
5 6 7 8 9
......................................................... FO—
113 114 115 116 117
("\ 10 11 H 12 13 13
118 119 120 121 122
15 16 17 18 19
—————————————————————————————————————————————————————————————— r
123 124 125 126 127
20 21 22 . 23 24
------------------------------------------------- TMSTAT 50
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OR!GINAL PAGE |g Volume II
F POOR QuaLiTy TELEMETRY MONITOR REPORT #3 October 1982
Minor Frame Number: 49 OBC Teleuetry Report Number: 49
Minor Frame word 91 92 93 9% 95
ENTRY 0 1 2 3 4
Data TMSTAT 57 f--mce=mmm o= oo m oo m o
108 109 110 111 112
5 8 7 8 9
113 114 115 116 117
10 1 12 13 14
118 119 120 121 122
15 16 17 18 19
s 123 124 125 126 127
:?i. | 20 ' 21 .22 . 23 28
A4
£ I I TMSTAT 75
S,
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oF PO TABLE 2-56 ] -
TELEMETRY MONITOR TELEMETRY (

The telemetry monitor telemetry report contains the status words
for the telemetry groups that are being monitored. Each group has one
8 bit status word associated with it. 75 total status words make up 3
reports. The reports are output once per major frame.

Let TMSTAT I J denote the status word for the I1J'th group. The

contents of the status word are aefined as follows:

Bits 1 - 2 Number of times the group checked out of limits
Bit 3 =1 Group out of limits
=0 Group in limits
Bit4 =1 Inhibited from sending commands
=0 Enabled for sending commands
bit 5§ =1 Inhibited from limit checking
=0 Enabled for limit checking
Bit 6 Undefined
Bit 7 =1 Error in Grouo
Bit 8 = 1 Mumber of Groups Exceeded
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FLIGHT EXECUTIVE OBC TELEMETRY REPORT
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FLIGHT EXECUTIVE TELEMETRY REPORT
Minor Frame Number: 07,39, 71,103 OBC Telemetry Report Number: 39 ( '
Minor Frame word| 91 92 I 93 9% g5
ENTRY 0 1 2 3 4
Data FLTEX 01 | FLTEX 02 |-=—===-=-——-m=memmm e ccacae e
108 109 110 11} 112
5 6 7 8 9
113 114 115 116 117
10 1 12 13 14
i
118 119 120 121 122
T 15 16 17 18 19
XX
FLTEX 16 2 130 )——— CKSUM
129
123 124 125 125 127
20 : 21 22 23 24

T ®r———RTSCMDS —*

<#———— CMDINH ————
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OR'GINAL PAGE is October 1982

O Foor QuaLiy TABLE 2-58

FLIGHT EXECUTIVE TELEMETRY REPORT DEFINITIONS

BITS 0-63 (Word 1-8) - 64 bits which indicate different situations and events

within the executive which need prompt attentiun by the ground. MMS on board
ccmputer flight executive technical description (S-700-56 Rev B) Appendix D

explains this field.

BITS 64-127 (Word 9-16) - Processor status, using two bits for each processor.

The first bit is 1 if the processor is inhibited from sending commands, the second
bit is 1 if the processor is inhibited from execution. The processors are
arranged in numerical order, beqginning with bits 64 and 65 for processor number

BITS 129 and 130 - Have special meaning

BIT 129 - If 1, too many commands for the processor command storage area.
Commands ignored.

BIT 130 - If 1, Critical processor inhibiced

a_1n?
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TABLE 2-59

GMT UPDATE OBC TELEMETRY REPORT
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2-311

- SVS-10123A
OR!GINAL PAGE IS Voluse II
s - OF POOR QUALITY GMT UPDATE REPORT October 1982
” ( Minor Frame Number: 97 OBC Telemetry Report Number: 37
5 Minor Frame word| 91 92 93 9 95
; ENTRY 0 1 2 3 4
fi Data GMTSTAT | MNSTRT le———TDPUCUR
‘ 108 109 110 111 112
5 6 7 8 9
TUPDATE——
113 114 115 1l6 117
10 11 12 13 14
118 119 | 120 121 122
15 16 17 18 19
SPARE
123 124 125 126 127
20 21 22 23 24
SPARE
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TABLE 2 - 60
GMI UPDATE TELEMETRY DEFINITIONS
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§VS-10123i

Volume 1)
ORIGINAL PAGE Is October 198:
OF POOR QUALITYy ~ MEMORY MONITOR REPORT #1
Minor Frame Number: 65 OBC Telemetry Report Number: 40
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
XX 18 =— 13XX12 —— 7XX6——
Data SPARE |=
MEMORY WORD 1

108 109 110 111 112
5 6 7 8 9

e—MEMORY WORD 2—i SPARE [*—,.nony WORD 3

113 114 115 116 117
10 . 1 12 13 14

p———{ SPARE |o——r

MEMORY WORD 4

118 119 120 121 122
" 15 N 16 17 18 19
SPARE I a2 SPARE

MEMORY WORD 5

123 124 125 126 127

20 : 21 . 22 23 28
SPARE

e — ! SPARE NOT
MEMORY WORD 6 USEABLE
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ORIGINAL PAGE (8
OF POOR QUALITY

Minor Frame Number: 66

MEMORY MONITOR REPORT §#2

OBC Telemetry Report Number:ui(/

§VS-101234
Voluize I
October 1982

2]
“
‘
1
v

LTy

Minor Frame word 91

92 93

9% 95

ENTRY 0

1 2

3 4

Data

XX18—+ 13 XX12—-+ 7 XX~

MEMCRY WORD 7

SPARE

108

109 110

111 112

6 7

8 ()

——1 SPARE

F———

RN |
MEMORY WORD

_MEMORY WORD 8

113

114 115

116 117

10

12

11

13 14

SPARE o———

MEMORY WORD 10

Phan N

mmr————C

119 120

121 122

118

16 17

18 19

SPARE

SPARE

p st m———
MEMORY WORD 11

123

124 125

126 127

20

21 22

23 24

e ———————— i

MEMORY WORD 12

SPARE
NOT
USEABLE

SPARE
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ORIGINAL PAGE |g SVS-101234

s OF POOR QUALITY Volume II
& : MEMORY MONITOR REPORT #3 , October 1982
:( Minor Frame Number: 67 OBC Telemetry Report Number: 42

2 Minor Frame word| 91 92 93 94 95

3 ENTRY 0 1 2 3 a

£ . XX 18— 13 XX12 —> 7 XX6——=

e Data. SPARE [+

MEMORY WORD_13

108 109 110 111 112
5 6 7 8 9
MEMORY WORD 14— SPARE [+ —_—
MEMORY WORD 15

113 114 115 116 117
10 11 12 13 14
- SPARE [< —)
MEMORY WORD 16

118 119 120 121 122
T 1s 16 17 18 19
SPARE (e —~————— 51 SPARE

MEMORY WORD 17

123 124 125 126 127
20 : 21 22 23 24
SPARE
j— —1 SPARE NOT
MEMORY WORD 18 USEABLE
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8Vs-101234
Volume II
October 1982

ORIGINAL PAGE IS
OF PGOR QUALITY.

TABLE 2-62
MEMORY MONITOR TLM DEFINITIONS

The three (3) Memory Monitor TLM Reports contain a maximum of 18 memory
words who's addresses are found in System Tahle 15, QMONADDS. The first word
of Table 15 contains the address of the memory locatien who's contents will be
put in memory word 1 of Memory Monitor Report #1. The System Table conta%ns 17
more addresses to specify location of the other 17 available words in the TLM
Report. These are formated as shown in word 1 thru 4 or Report 1 with 18 bits

A cSdbhh dauan
U Wil c<iT v

2-318
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TABLE 2-63
SOLAR EPHEMERIS

OBC TELEMETRY REPORT
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SVS~-10123A

ORIGINAL PAGE IS Volume II
POOR QUALITY
.. OF SOLAR EPHEMERIS REPORT #1 October 1982
!
( . Minor Frame Number: g4 OBC Telemetry Report Number: 43
Minor Frame word 91 92 93 94 95
ENTRY 0 1 2 3 4
Data < TSOL ott—
108 109 110 111 112
3 6 7 8 9
L > : SIX
113 114 115 116 117
N 10 1 12 13 14
) o 3 0%
118 119 120 121 122
- " 15 16 17 18 19
- siz »to— VEX ——f
123 124 125 126 127
20 TN 22 23 24
o1 VEY > VEZ >
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ORIGINAL PAGE IS

OF POOR QUALITY STORED CMD POINTER REPORT

Minor Frame Number: 2 OBC Telemetry Report Number: 45

Minor Frame word 91 92 93 94 95

ENTRY 0 1 2 3 4
Data [ ————=ATCPTR— %] SWVERNQO [ RTS!

108 109 110 111 112

5 6 7 8 9

L RTS 2
113 114 115 116 117
10 1 12 13 14
RTS 3

118 119 120 121 122

15 16 17 18 19

< RTS 4 o

123 124 125 126 127

20 21 22 23 24

RTS 5Pl ATCNXT e
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STATUS BUFFER

TELEMETRY REPORT
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STATUS BUFFER TELEMETRY REPORT #1 Volume‘
ORIGINAL PA October 1!
OF PooR QUIC\;LE;T'YS (fixed section)
Minor Frame Number: 124 OBC Telemetry Report Number:46
Minor Frame word 91 92 93 9 95
ENTRY 0 -1 2 3 4
Data —o—— QSTAT BUF QSTATPIR —™1QSTATE?MND —
108 109 110 111 112
5 6 7 8 9
— QSTATOVF ot QSTATP1—
(18bits)
113 114 115 116 117
10 1 12 13 14
-5 ~o——QSTATPZ ———>~
XXXXKX (18bits) XXKXKX
118 119 120 121 122
15 1€ 17 18 19
FQSTATP3 —==t ~=———— QSTATP4 ———o~
(18bits) XXX (18bits) XXXXXX
123 124 125 125 127
20 21 22 23 24
~+———QSTATPS ——o~ ~—— SPARE ———~
(18bits) XXXXXX
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GE IS - October 1982
ORIGINAL PA! 4 ER REPORT # 2
OfF POOR QUALITY STATUS BUFF T # .
\
Minor Frame Number: 125 OBC Telemetry Report Number: 50
Minor Frame word 91 92 93 94— 95
ENTRY 0 1 2 3 4
Data ?-SBPTR1—#» f<¢——— SETIMEL ———={4-SBPROCL i<
(9bits) (18bits) (9Lits)
ts8oNF1
(1bit)
108 109 110 111 112
5 6 7 8 9
SBID1 ~+jm———— SBPARAl ———=tw- o e
(9bits) {18bits) T 38ELRSy 11
t_sponr2
(1bit)
113 114 115 116 | 117
10 1 12 13 | -
SBTIME2 —*—+=SBPROC2 —*=*—~SBID2 —={<¢- SBPARA2 —
) o (18bits) (9bits) (9bits) {18bits) -
118 11¢ 120 121 122
15 16 17 18 19|
> —t  pet—— g — et
I$ES) RNy >
LSBONFB
(1bit)
123 124 125 126 127
20 21 22 23 24
SBPROGe SBID3 —sie—— SBPARA3 —— ~={LOSTDATA
3(9bit) (9bits) (18bits)
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Table 2-68. Status Buffer TLM Definitions SVs-10123A
Volume II

Octoter 1982
Status Buffsr information 1s available via OBC dump as described in Section

2.5.2 or via OBC TLM Reports 46 and 50.

Report 46 (Status Buffer Report #l) contalns the information of the Fixed Format

area of the Status Buffer (2.5.2.1).

Reﬁort 50 (Status Buffer Report ¢#2) will sequence through the Variable Section
of the Status Buffer presenting 3 Variable Section reports each time, completing
the entire 60 word Variaktle Section in 320 secoads. If the Variable Section
wraps around faster than it can be output by TLM the LSTDATA Flag (Report S5O,

word 25) will be set to 377 (octal).
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2.5.2 OBC STATUS BUTFER

The OBC mwmaintains a buffer which will keep a log of system and spacecraft
activities, including reports of errors and anomalies detected by the Flight
Executive or by processors and reports attempts by processors to send commands
while they are inhibited from commanding. The Status Buffer coniains two
sections, a Fixed saction and a Variable gection. The Fixed area cousists of a
get of words reserved for specific uses. The Variable section contains three
word reports packed into the buffer in the order in which they vere reported.

This buffer may be dumped and reset by ground command using an Executive Request
code 1l4. If the operand of this request i{s 1, the buffer wiil be dumped. If the
operand {8 0 the buffer is reset. In resetting the buffer, words O and 2 of the
fixed format section are left unchanged. Word 1 is set to the address of the
first word of the variable section. The remainder of the buffer, both fixed and
variable, is set to zero. The format of the dumped Status Buffer is the same as

shown in Section 2.2.5.

2.5.2.1 PFixed-Format Area of the Status Buffer

The fixed-format area 13 a: the beginning of the status buffer. Each word
contains a single piece of information, and the position of the word indicates
the nathre ofi the information. The area consists of 8 wairds, which have been

assigned the following uses:

LSD-WPC-007
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. Words O through 3: Pointers and flags for the variabla section.
0 - QSTATBUF - absolute address of the start of the variable section.

1 - QSTATPTR - absolute address of the word following the last word of
the last report stored.

2 - QSTATEND - ataolute address of the last word of the variable
section.

3 - QSTATOVF - wraparound flag. This 18 a count of the nonumber of
times the variable section has overflowed and wrapped
around since the status buffer was last reaset. If no
overflow has occurred, the word is zero.

° Words 4 through 8: Storage protection violation.

4 address of the last fnstruction that tried to store outside 1its
assigned area.

5 contents of the X register when the instruction was executed.

6 contents of the page and wmiscellaneous registers when the (
instruction was executed.

7 contents of the effective address 1if the store operation was
indirect, O 1f the instruction was store accumulator.

8 count of the numher of storage protect errors since the status
buffer was last reset.

2.5.2.2 Variable Section of the Status Buffer

The variable section of the status buffer followa the fixed-format area. It
contains three-word reports stored in chronological order. In crse of buffer
overflow, processing wraps around and new reports are stored over the oldestrin
the section. Sixty (60) reports may be stored before wraparound occurs. The
error {s reported in the Flight E;ecutive Report (Report #39) in the OBC”s

contribution to telemetry, and a count of the number of times wraparound has

LSD-WPC-007
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occurred (which indicates the number of reports lost) is stored in the fixed-

format area of the status buffer.

The foruat of reports is ss follows:

) 1
woroo | TIME ]
1 0 9 1
WORD 1 PROCESSOR NUMBER | 10 NUMBER ]
18 1
WORD2. | PARAMETER ]

The time is the 18-low-order bits of the 0BC clock. The ID number gives the

- bagsic wmeaning of the report and the processor number identifies the processor

involved. (Processors are numbered from 1L up to the order of their PCTs in
memory. The processcr number will bde O 1f no processor is involved in the

report.) Table 2-67 defines the meaning of various ID numbers.

The parameter word gives additional information. In many error reports from the
Absolute Time Command Processor, the parameter will give tha 1location in the
stored command buffer of the erroneous command. In some reports, no information
other than ID number and processor number 1is needed. In those cases, the
content of the third word is meaningless and can be set to O by the processor.

Table 2-67 identifies parameters (3rd word) associated with various 1D numbers.
See S=700-56 Rev B-MMS 0BC Plight Executive Technical Description, Appendix B

for further description of variable section reports.
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Status Buffer Variable Ssction Definitions

Report ID ¢
Decimal Hex Meaning Parametar (Word 3)
32 20 Overflow in requests to sgtore Interrupt handler relative
reports location
33 21 Iavalid status buffer ceport Source of request
number
34 22 Invalid jump pseudo—-op Location of jump pseudo op
37 25 Command stack overflow Which stack overflowed
0 = low priority
1 = high priority
38 26 Invalid code in processor Absolute address of
request for service instruction
39 27 Block number too big in atored Command # of pseudo op
cmd to send predifined block
40 28 Illegal Absolute address of interrupt
interrupt in section error
41 29 Error in specifying functions
for processor coatrol
42 2A Error in command hardware Neg # - number of cmds lost
Pos # - number of spurious
cmds received
43 2B Invalid op code in pseudo-op Cmd number of invalid pseudo
stored cmd op
44 2C Too nuch gtacker overflow Command number of first cmd
for ATCP logt
46 2E  Error in specifying functions

for RTS Control

2-340
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Table 2-69. Status Buffer Variable Section Definitions

Report ID ¢
Decimal Hex Meaning Parameter (Word 3)

47 2F Error in sequence number for Invalid RTS number
RIS Control

48 30 Request to activate an active Rumber of RTS
RTS

49 31 Request to activate an inhibited RTS number
RTS

50 32 Invalid number in request to Invalid number
reserve space for RTS

51 33 Invalid number for loading RTS Invalid number
RTS commands )

52 34 1Invalid number for loading RTS Invalid number
times

53 35 Invalid length in request to Sequence number of RTS
reserve space for an RTS

54 36 RTS buffer overflow Sequence anumber of RTS

55 37 Attempt to clear RTS buffer Sequence number lowest
while a sequence 18 active # active seq.

56 38 1Iavalid length in loading RTS Sequence # of RTS
commands

57 - 39 Invalid length in loading RTS Sequence # of RIS
times

58 3A Attempt to load CMDS for an RTS Sequence £ of RTS
before space reserved

59 38 Attempt to load times for an RTS Sequence # of RTS
before space reserved

LSD-WPC-007
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Table 2-69. Scatus Buffer Variable Section Defiaitions

Report 1D ¢
Decimal Hex Meaning Parameter (Word 3)
60 " 3C %rror in requesting RTS dump Erroneous gequence #
61 3D Atteampt to reserve larger space Sequence # of RTS
for active RTS
62 3E Attempt to load commands for Sequence # of RIS
active RTS
63 3F Attempt to load times for active Sequence # of RTS
RTS
256 100 Processor cut off too many times
257 101 Processor requested while
executing or waiting for execution f
258 102 Processor which is command Absolute address of high
inhibited has tried to send order of first CMD in the
commands batch
259 102 1Invalid op code in executive
request
260 104 Invalid entry in processor
priority table
261 105 Scheduler table processing started 1 = gtopped
or stopped 0 = gtarted
262 106 Request for processor control -
specifies nonexistent processor
263 107 Error in request to load or dump
table
264 108 1Invalid PCT loc in scheduler
table or table of long period
processors

LSD=-WPC-007
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Table 2-69. Status Buffer Variable Section Definitions

Report 1D ¢
Decimal Hex Meaning Parameter (Word 3)
265 109 1Invalid entry point for snap
action
266 10A Failure in switching control of
TLM format
267 10B Telemetry oync loss
268 10C Coumon error
270 10E Error in CMD count in processor
request to stack a batch of
CMDs
271 110 Software dump timing error
272 112 Stored commanrd load would
overflow buffer
273 113 Error in loading TLM addresses
274 114 The operand required by an
executive request was never
received
275 115 TInvalid block number in loading
predefined block
276 116 1Invalid starting point for ATCP
‘, 277 117 RTS control requested while RTCP
% waiting to initfalize
3,
I
g 278 118 Request to clear RTS buffer while
17 commands still stacked
5
I 279 119 Telemetry went out of sync with
% clocks
Iy
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Table 2-69. Status Buffer Variable Section Definitions

Report 1D ¢
Decimal Hex Meaning Paranmeter (Word 3)
280 11A Telemetry went back into sync
with clock
282 11C Error in request to reset 0BC
coantribution to TLM
282 11D Error in specifying buffer for
stacking cmds
284 11E Bug in flight executive
285 120 OBC clock vas not incremented
properly while telemetry was in
dwell
286 121 MEMTST found error Address of bad word
287 122 Telemetry frame number error Bad frame number
288 123 Error {n changing TILM bit rate Erroneous code
508 1FC Critical Processor error Procegsor # disabled
509 1FD System table update
incomplete out of stored
commands
510 1FE Software stored command erreor Pointer of CMD error
511 1FF Telemetry monitor out of limit TIM group out of limit
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2.6 OPERATIONAL CONSIDERATIONS

The C&DH Subgystem transponder 18 capable of being operated in the TDRSS or
G .DN mode of operation, {.e., one transponder can be operated in the TDRS mode

and the second in the GSTDN mode. Tha data source and telemetry rates with

appropriate antennas have to be comand selected as shown and dascribed earlier.
2.6.1 OBC DUMP

The OBC memory dump is command selectable at 1 or 32 kbps. At 32 kbps, a wmemory
bank of 4096 words (times 32 bits per word) will take approximately 4.682
seconds for the first copy. Since the OBC Dump is cransmitted four times, it
takes 18.728 seconds to tranamit. At 1 Kbps it takes spproximately 9.988 aminutes

to transmit it four times 32 kbps will be used for Landsat-D. Since there are 16

remory banks for Landsat-D, it takes approximately 4.99 minutes.to transmit the
entire 64K memory at 32Kbpg without considering the executive request and C&DH
commands needed to change the fixed bank ID. This does not tske 1into account

the time required for commanding to change to other fixed wmemory bauks.
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2.6.2 GPS DATA

The GPS data files are transmitted as part of the telemetry at the 1 or 8 Kbps
rate under the CU rormat countrol. Allocating approximately 12 columms to the GPS
data files (944 bits or 112 words long) in the mission format and a reduced
number of 5 columns during the engineering format. See SVS-10125, vats Format
Coantrol Book, Volume IV, (Global Positioning System) for the frequency o. data

file types and output ratee.
2.6.3 RANGING

When cither OBC Dump or NBTR playback or PCD data is transmitted over the high
rate channel, range measurewents in the GJTDN mode are not possible. Range rate
is possible. TDRS range and range rate 18 possible regardlesz of high rate

channel data output (Table 2-7).
2.6.4 HIGH RATE CHANNE. TELEMETRY

Only omne type of data can be transmitted in either TDRS or GSTDN modes via the

high rate channel at a time (See Table 2-7):

- 1. OBC Memory Dump : .
2. Narrowband Tape Recorder Playback

3. Payload Correction Data

LSD-WPC-097

2-346



1A vt "“ [ttt e -
‘v
;

PP

—

e e At e e, e et - e e

P L L

SVS-101234A
Volune II
October 1982

SECTION 3

NASCOM MESSAGE FORMATS

3.1 GENERAL DESCRIPTION

The NASA Communications (NASCOM) Network 1is a global commuanlications systea
congisting of diversely routei high speed data circults with primary switching
faclitias at GSFC. Two distinct taelemetry paths are possible for Landsat-D,
namely, TDRS and GSTDN. The realtime telemetry stream between the GSTDN/TDRSS
and the CSF is a computer compatible, digital format NRZ-L messcge, transmitted
in standard 4800 bit message blocks. Esach bleck i3 300 16-bit words. All
£

fields o 2 hlock are transmitted with the Most Signiffcant Bit (MSB)

first.

3.2 TELEMETRY DATA (GSTDN)

The GSTDN wessage block beging with a 48-bit NASCOM network header, followed by
a 48-bit User Message header, a 48 bit NASCOM Time Code, and ends with a 32-bit
error control field. The 4624 bits between the header information and error
control field are available for message data as shown 1in Figure 3I-1. A
description of each element of the format 1s provided in the following
paragraphs:

l. Bits 1-48, NASCOM HEADER: The network header contains NASCOM sync,
routing and statistics information.

a. Bits 1-2&, NASCOM Sync: This 4is a 24 bit synchronizatfon field
that 13 set to 30473047 octal used to determine the beginning of
the 4800-bit block.
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] NASCOM_SYNC
NASCOM SYNC 26 |25 source cooe 32
) BLR SEY
33 DESTINATION CODE 20 |41 N0 43 44 FORMAT coDP 48
49 SPACECRAFT 1.D, 56 |57 DATA STREAM 1.D. 64.
65 MESSAGE TYPE 72 |73 seare 80
Pa1(Ca2|Fa3| 8a oAt LENGTH (N BITS) 96
971 s8] 99 oav of verr (o arrs) 107 | 108

MILLISECONDS OF DAY (27 BITS)

134' T aa

DATA
(4624 BITS)

oo nArmue e cwmam—  v— —— —

LAST DATA BIT: I-—-FILL

[T ML G St CUG)  CE——  Gem—  — A —  St—  Gam— ey e em— et

BLOCK FILL (4624 -~ “N" BITS)

4769 4776]F1' FZ, 4779

POLYNOMIAL REMAINDER 4800

Figure 3-1. 4800 Bit GSTDN Telewmstry Block LSD-WPC-007
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Source/Destination Code (Octal)*®
ALASKA (ULA) 023
GOLDSTONE (GDS) 016
MADRID (MAD) 011
GREENBELT (BLT) 030
HAWAIIL (HAW) 015
ORRORAL (ORR) 025
ASCONSION (ACN) C0é6
BERMUDA (BDA) C04
GUAM (GWM) 4 21
QUITO (QUI) 005
SANTIAGO (AGO) 010
MERRITT ISLAND (MIL) 01 )
LANDSAT-D CSF-~-1 8 Rbps RT TIM 106
LANDSAT-D CSF-2 32 Kbps OBC dump/PCD 306
LANDSAT-D CSF-3 128 Kbps STR Playback 046

* ¥SB LSB
MDM/TDRSS MSG 33 40
GSTDN MSG 25 32

LSD-WPC-007
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b. Bitas 25-32, Source Code: The 8-bit source code {identifies the
originator of the block by geographic locations. Source codes are
assigned by Nascom and are listed in Table 3-1.

c. Bits 33-40, Destination Code: This 8-bit field identifies the
geographic destinations. Codes are same a3 source codes. See
Table 3-1 .

d. Bits 41-43, Block Sequence Number: This 3-bit aumber {dentifies
the sequence ian which blocks are transmitted from the source.

e. Bita 44-48, Format Code: Thig S5 bit code identifies the general
type of data contained in the block. This field will be 21 octal
for telemetry blocks. MUY

Bits 49-96, User Header: The 48-bit wuser header .is reserved for
information required by users to route and procaeass the data contained
in the block.

Bits 49-56  Snacecraft ID: This 8-bit field identifies the
spacecraft being supported. For Landsat-D the code 18 070 octal.
See Table 3-2.

b. Bit 57-64, Data Stream ID: This 8~-bit field identifies the type
of telemetry contained in message. See Table 3-3.

c. Bit 65-72, Measage Type: This field containe a code which
identifies the type of data in the block. This code is 106 octal
for telemetry. See Table 3-4.

d. Bits 73-80, Spare: Set to all ones.

e. Bit 81, Spare:

f. Bit 82, Spare: Set to "0" for telemetry..

g- Bit 83, Full Block Flag: This bit is reserved for a flag which

indicates when the message fileld 1s full. "1 = 4624 bits of
telemetry data. ’ i T . . -

h. Bits 84-96, Data Length: The last 13 bits of the user header
containg a binary count of the number of bits of telemetry data,
exclusive of f1ll, contained in the data field.

LSD-WPC-007 .
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Bits 97-144, Time: This 48-bit field 1is reserved for a Parallel

Binary Four (PB4) time code. The timecode represeants the leading edge
of the first data bit of the telemetry Data below.

a. Bits 97-98: This 2-bit field is set to "00".
b. Bits 99-107: This 9-bit field containe Day of Year.
¢+ Bits 108-134: This 27 bit field contains milliseconds of day.

d. Bits 135-144: This 10 bit field containg all zero’s:
Microseconds of milliseconds 18 not used.

Bits 145-4768, Telemtry Data: The 4624 bit data €£ield 4is used to
transmit the telemetry data. When the data does not £1{11 this field,
f111 bics are added after the last data bit. This f£11 will be 311
octal. The telemetry data {38 transcitted asynchronously. This is
referred to as the throughput format. The sync from the FS may appear
anywhere within the block and may reside across block boundaries.

Bits 4769-4800, Block Error Control: The block erroc coantrol field is

32 bits in length and is reserved for the polycode to be used to
determine 1f bit errors have occurred during transrission of the
block.

a. Bits 4769-4776: This 3~bit field is not used and will be set to
all omnes.

b. Bits 4777-4778: (Fl, F2) These bits w{ll be set to ones.

C. Bits 4779-4800: Polynomfal Remainder: The last 22 bits of the
block are reserved for the polynomial remainder which results
from encoding the block.

LSD-WPC-007
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NASCOM SYNC Zdl 25 SPARE.

32

33 DATA STREAM 1.D.

40' 41 PORT SEQUENCE NUMBER 48

49 FIXED CODE 56' 57 FIXED CODE

64

65 MESSAGE TYPE CODE 72[ 73 FIXED COOE

80

581 a2 Fad DATA LENGTH (N BITS)

97 l98 199 DAY OF YEAR 1074 108

MILLISECONDS OF DAY

134 ll35 MICROSECONDS OF MILLISECONDS 144

Y
]

145, FIRST DATA BIT

!
r..--.o

DATA
(4624 BITS)

oo Cm—— emass  meIe  weveen e

_ st oampn | —rm

P——_——

BLOCK FILL (4624 - "n* BITS)

4769 a776lF1 |F2 4779

POLYNOMIAL REMAINOER

— 4800

4800 Bit MDM/TDRSS Telemetry Block
3-6

Figure 3-2.
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Table 3-2. Spacecraft 1ID

SPACECRAFT

Landsat-D

Landgsat-D Prime

CODE (OCTAL)

070
076

Table 3-3. Data Stream ID

DESCRIPTON

Realtime Telemetry
OBC Dump & PCD

NBTR Playback

CODE (OCTAL)

Landsat-D
041 043
052 -—
042 QL4

Table 3-4. Meesage Type Codes (Bit 65~72)
DESCRIPTION CODE (OCTAL)
WSGT MDM Block (Cummand ECHO) 025
GSTDN Telemetry , 106

Landsat-D Prima

- emearad -

SVS-10123A
Volume II

October 1982
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3.3 TELEHMETRY DATA (TDRSS)

The TDRSS telemetry block, like the GSTDN, begins with 48 bits of Network
Header, 48 bits of wuser header and 48 bits of time code. Subsequeatly, 4624
bits of telemtry data is followed by 32 bits of Block Error Control as shown in
Figure 3~-2. An element by elemeant description follows:

1. Bits 1-48, Network Header: The network header 1s the 48 bits in the

4800~bit block format and contains the NASCOM sync code, routing and
gtatistics information.

a. Bits 1-24, NASCOM Sync: The 24~bit NASCOM sync code is a fixed
code used to determine the beginning of the 4800-bit block. The
code is 30473047 octal.

b. Bits 25-32, Spare: Set to all ones (377 octal).

c. Bits 33-40, Data Stream ID: 8-bit field uged to differentiate
between various spacaecraft sets. Table 3-3 gives Data Stream ID
codes.

d. Bits 41-48, Port Sequence Number: This is an 8-bit binary count
used to identify the sequence in which blocks were transmitted to
a specific port on the MDM.

2. Bits 49-96, User Header: The 48-bit user header 1s reserved for
information required by users to route and process the data contained
in the block.

a. Bits 49-56, Fixed Code: This field 18 a fixed pattern of
00000001 binary (0Ol octal).

b. Bits 57-64, Fixed Code: This field 1is a fixed pattern of
00000001 binary (00l octal).

Ce. Bits 65-72, Message Type: This 8-bit field 1s used to designate
the MDM which blocked the data. Table 3-4 gives Message Type
codes.

d. Bits 73-80, Fixed Code: This fileld 1is a fixed pattern of
00000001 binary (001 octal).
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e. Bit 81, Spare: Always a logic zero.
f. Bit 82, Spare: Set to "0".

8. Bit 83, Full Block Flag. This bit is reserved for a flag which
ind{cates when the data field is full. "1" indicates 4624 bits of
telemetry data.

h. Bits 84-96, Data Length: The last 13 bits of the user header
contain a binary count of the number of bits of telemetry data,
exclusive of fill, coatained in the data fleld.

Bite 97-144, Time: This 48-bit field 13 reserved for a Parallel
Binary four (PB4) time code. The time code represents the leading edge
of the first telemetry data bit described below.

a. Bits 97-98: This 2-bit field {s set to "00".
b. Bits 99-107: This 9-bit field contains Day of Year.
Ce. Bits 108-134: This 27 bit field contains milliseconds of day.

d. Bits 135-144: This 10 bit fleld contains wmicroseconds of
zilliseconds.

Bits 145-4768, Telemetry Data: The 4624 bit data field 18 wused to
transmit the telemetry data. When the data does not fill t*is field,
fill bits are added after the last bit. This fill will be 31l octal.
The telemetry data 1s asyachronous with the 4800-bit block therefore
the minor frame sync may appear anywhere within the telemetry data
field. In deed, it may be started in one block and end {in the
folloiv”.ng block.
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Bits 4769-4800, Block Error Control: The block error control field is
37 bits in length and {8 reserved for the polycode to be used to

determine {f bit errors have occurred during transmission of the
block. -

a. Bitas 4769-4776: This 8-bit field i3 not used and will be set to
all ones.

b. Bits 4777 Fl Set to logic zero by MDM:

c. Bit 4778 F2: Receiving MDM (G3FC) sets this bit to zero {1if the

polynomial remainder is good; set to one {f polynomial remainder
is bad.

d. Bits 4779-4800, Polynomial Remainder: The last 22-bite of the
block are reserved for the polynomial remainder which results
from encoding the blocks.
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BCD
BIL
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BSQ
CCSA
cc
ccr
C&DH
CFPA
CMD
CSF

C/RS

Demux

Demod

SECTION 4

ACRONYMS AND ABBREVIATIONS

Analog (Telemetry)

Attitude Control System
Analog to Digital

Bilevel (Telemetry)
Band-to-Band Registration
Bus Coupling Unit

Binary Coded Decimal
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

Controi Simulation Fécilit&
Calibration/Restore Shutter
Central Unit

Demultiplexer

Demodulator
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Data Format Coantrol Book

Data Management Syséén

Digital Processing Unit

Data Receive Record Transmit Subsystem

EROS Data Center

EDC Digital Image Processing System

End of Line Code

Earth Resources Observation System

Earth Resources Technology Satellite

Expander Unit (for RIU) or Electronics Unit (for NBTK)

Full Aperture Infrared Source

Flight Model

Fleld-of-View

Focal Plane Arr;y

Focal Plane Detector Array

Geometric-Dilution-of-Precision (the ratio of uncertainty
in position of uncertainty in range measurements .

Greenwich Mean Time

Global Positioning System

Goddard Space Flight Center

Ground Spaceflight Tracking Data Network
High Density Magnetic Tape

Mercury Cadmium Telluride

Horizontal Oblique Mercator
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; ? HRS Horizcntal Resampling

;; ICD Interface Control Document or Drawing

_. IFOV Instantanecus Field-of-View

%E 1IGFOV Instantaneous Geometric FOV

M Instrument Module

? InAs Indium Arsenide

InSb Indium Antimonide

%: IRG Inter-Record Gap

IRIG-A Intar-Range Instrumentation Group, standard time, format A

LED Light Emitting Diode

i/.{ LFA Laminar Flow Array

LHC Left-Hand Circular

_ LLC Line Length Code

LS Line Start

?“ LSB Least Significant Bit

LSD Landsat-D

%? LSW Least Significant Word

%' MA Multiple Access

= MDB Multiplex Data Bus 7

; MDM Multiplexer-Demultiplexer (MUX-DEMUX)

;' M/F Minor Frame

g MMS Multimission Modular Spacecraft

1 MNFS Minor Frame Sync Code

.d Mod Modulator
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MSB

MSS

MSW

NASCOM

NBIR

NDS

NETD

NRZ~-L

0BC

ocC

0ocG

ONS

PAM

PCD

PDU

PFD

PM

PMP

PN

POCC

PROM
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Most Signftcant Bit
Multispectral Scaaner or Module Support Structure
Mogt Significant Word
Multiplexer

NASA Communications Network
Narrowband Tape Recorder
Navigation Data Satellite

Noigse Equivaleat Temperature Difference
Noareturn to Zero (digital code)
Non-Return to Zero Level

On Board Computer

Operation Coutrol Center

Orbital Computztions Group
Operational Navigation Satellite
Pasgive Analog (Telemetry)

Pulse Amplitude Modulation
Payload Correction Data

Power Distribution Unit
Pre~Flight Disconﬁect

Propulsion Module

Pre-Modulation Processor

Pseudo Noise

Payload Operations Control Center

Programmable Read Only Memory
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PROP

RHC
RIU
R/PA
RT

S

SAM
SBRC
s/c
SC&CU
S1iFPA
S1FPA
SLC

SLS

SMM
SOM

SQPSK

Propulsion (Subsystenm)

Polar Stereographic

Phase Shift Keyed

Random Access Memocy

Radio Frequency

Right Hand Ciccular

Remote Interface Unit
Receiver/Processor Assembly (GPS)~
Real Time

Serial Digital (Telemetry)

Scan Angle Monitor

Santa Barbara Research Center
Spacecraft

Signal Conditioning & Control Unit
Silicon Focal Plane Array (Assembly)
Sil{con Focal Plane Array (Assembly)
Scan Line Corrector

Scan Line Sync

Scan Mirror Assembly

Scan Mirror Control

Scan Mirror Electronics

Solar Maximum Mission

Space Oblique Mercator

Staggered Quadriphase Phase Shift Keyed
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S-Band Single Access

Standard Telemetry and Command Compounents

Spaceflight Tracking Data Network

STACC Interface Unit

Subcommutation

Telemetry Address

To Be Supplied

Time Code

Time Code Generator

Thermal Control Subsystea

Tracking and Data Relay Satellite

Tracking and Data Reiay Satellite System

Transportable Ground Station

Telemetry

Thematic Mapper

Transponder Unit (for NBTR)

Unbalanced Quadrature Phase Shift Keyed

Universal Transverse Mercacor

Vertical Resampling

Wideband

Wide Band Video Tape

Wideband Video Tape Recorder
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