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REVISIONS

Revision A to the Preliminary Telemetry Data Flow Workbook (GND TLM 2102)
contains the fo l l ow ing  changes.

I .  Addit ions

® Segment 3, Telemetry Data Flow

o Segment 4, Major Telemetry Subsystem Funct ions .

The Air Force STC (Sate l l i te  Test Center) Interface is incorporated.

I I .  Deletions

e Segment 1, O rb i t e r  Downlinks

eo Segment 2, Orbi ter  Downlink Contents of GND TLM 2102 are combined
into Segment 1 - Orb i ter  Telemetry Downlinks.

I I I .  General

e¢ The segments are resequenced to provide a bet ter  lesson flow.

eo Segment 5, Telemetry Data Rates and formats have been rewr i t ten
for bet ter  c l a r i t y .

I f  you have already taken GND TLM 2102, you w i l l  only need to take Segments
3 and 4 of th is  Revision A in order to receive c red i t  for having taken the
course.
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FOREWORD

DEVELOPER Ground Systems Training Section

BRANCH Tra in ing  In tegra t ion  Branch

MAIL CODE CG3

TELEPHONE (713) 483-3188

LOCATION BLDG 4 /ROOM 245

This t r a i n i ng  ma te r ia l  is part  of a ser ies of l ec tu res ,  handouts, and workbooks
for i ns t r uc t i on  on Ground Systems.

This t r a i n i ng  package should be studied before attending any classroom session
on th is  ma te r i a l  or t ak ing  any lesson for which th i s  is a p re requ i s i t e .

The Ground Systems lesson sequence char t  shows where t h i s  lesson f i t s  in
the se r ies .  The prerequis i tes  for each lesson, and the optimum presentat ion
order.  The lesson sequence charts are located in the Shut t le Train ing Program
Catalog.

This ma te r i a l  is for  t r a i n i ng  purposes on l y ;  i t  should not be used as a source
of ope ra t i ona l  data.

This workbook is part of the advanced t r a i n i ng  series with data for spec i f i c
examples taken from the STS- F l i gh t .  This should not de t rac t
from i ts  t r a i n i ng  value for la ter  STS F l i gh t s .

The last two pages of th is  workbook are two forms:

(1.) "Lesson Cr i t i que  Sheet"

(2.) "Training Report"

(1) The "Lesson Cr i t i que  Sheet" is used to obtain your comments on th is
workbook. Please f i l l  i t  out and mail to the i ns t ruc to r  when you have
completed th is  workbook. ( I t  need not be placed in an envelope nor
be signed.)

(2) The "Train ing Report" appl ies to FOD personnel ONLY. I t  provides the
information to enter th is  t r a i n i ng  in your t r a i n i ng  record.  To receive
c red i t  when you have completed th is  workbook, please complete the "T ra in -
ing Report" and mail to CG3.



HOW TO USE THIS WORKBOOK:

This book is organized into segments. You should proceed through the segments
in the order in which they are presented. Wi th in  the segment, however, you
con t ro l  your own progress .  You should begin each segment by read ing  the
objec t ive  and the learn ing mater ia l .  The learn ing mater ia l  is set apart
in a box. This is the cent ra l  information to be learned. Supporting data
fo l low ing  the learn ing mater ia l  is provided as add i t iona l  informat ion to
aid you in l ea rn ing .  I f  you are a l ready  qu i t e  f am i l i a r  wi th the ma te r i a l
presented in the learn ing mate r ia l ,  skip r i gh t  to the exercise items. For
other segments with which you are somewhat f am i l i a r ,  you may want to read
the ob jec t i ve ,  l ea rn ing  ma te r i a l ,  and some of the suppor t ing  data ,  then go
on to the exerc ise.  I f  the mater ia l  is t o t a l l y  new to you, most of the support-
ing data should be very he lp fu l .  | |

Before going on, you should always make ce r t a i n  that you understand the cor rec t
answers to each of the exe rc i se  i tems.  The feedback exp la i ns  the co r rec t
response and is pa r t i cu l a r l y  he lp fu l  for  items you missed.  Exerc ise items
are usual ly  on the r ight -hand page, and exercise feedback on the le f t -hand
page, so that you can fo ld the page over to compare your answer with the
cor rec t  answer.

All the acronyms and abbreviations used in th is  lesson are discussed wherever
f i r s t  used. A l i s t  of de f i n i t i ons  is prov ided in Appendix A.

A con ten t  b i b l i og raphy  ou t l i ne  is o f ten  p rov ided  at the end of the lesson
for those persons who may des i re  more de ta i l ed  data on a spec i f i c  t op i c .

This workbook is provided for your use. You may make notes or wr i te  comments
anywhere you l i ke .  You may re ta in  the text for la ter  reference.

iv



TABLE OF CONTENTS

Segment T i t l e

Lesson In t roduct ion ce  ee  eee

1 Orb i te r  Telemetry Downlinks . . . .

2 Orb i ter  Downlink Modulation Methods

3 Telemetry Data Flow . . . . . . . .

4 Major Telemetry Subsystem Functions

5 Te lemet ry  Data Rates and Formats . .

Appendix Title

A Abbreviation and Acronyms . . . . .

B References . . . . . . +. . +. « . . .

C Cr i t i que  Sheet . . . . . . . . . . .



LESSON INTRODUCTION

The major emphasis of th is  lesson is focused on the f o l l ow ing  areas:

e Transmit t ing data from the space shu t t l e  vehic le  to a t yp i ca l  GSTDN
(Ground Spacecraft Tracking and Data Network) s ta t ions  and to the IOS
( Ind ian Ocean Stat ion)

® Processing this data at the GSTDN s ta t i on

e Transferr ing this data to MCC

® Processing and d i s t r i bu t i ng  this data at MCC.

This lesson begins at the telemetry generation inputs i n t e rna l  to the o rb i t e r
and proceeds through/from the GSTDN s i te  to MCC, descr ib ing major telemetry
subsystems and the i r  funct ions.  So tha t ,  given a f a i l u re  in any one of these
subsystems, you wi l l  know how telemetry data are a f fec ted.

This lesson has been developed to po r t r ay  the t e l eme t r y  capab i l i t y  for  ea r l y
Shuttle Transportation System (STS) f l i gh t s .  This configuration should hold
true un t i l  TDRSS (Tracking and Data Relay Sa te l l i t e  System) is incorporated.
Later ed i t ions  of this workbook wi l l  discuss the payload in te r faces ,  the
TDRSS and other STS and GSTDN elements which represent the add i t iona l  capab i l i t i e s .

We wi l l  begin this lesson by f i r s t  in t roducing the types, contents, and charac-
t e r i s t i c s  of the telemetry downlink between the o rb i t e r  and the GSTDN stat ions.
This is fol lowed by an end-to-end data flow and a funct iona l  descr ip t ion
of al l  major subsystems involved in acquir ing and processing telemetry data
from the orbiter.

vi



SEGMENT 1

ORBITER TELEMETRY DOWNLINKS

OBJECTIVE:

Be able to state the 3 basic Space Shut t le  telemetry data l inks downlinked
by the o rb i t e r  S-band systems and i den t i f y  the i r  contents.

INTRODUCTION:

Data l inks to and from the o rb i t e r  are the means by which f l i gh t  con t ro l l e r s
"command and con t ro l "  the Space Shut t le  and obtain data regarding the pe r fo r -
mance of the Shu t t l e ,  i t s  payloads and the pay load ' s  sc i en t i f i c  data .  By
monitor ing Space Shut t le  systems data, f l i gh t  con t ro l l e rs  can i den t i f y  degrada-
t ion trends and system fa i l u res  and thus recommend cor rec t ive  act ions.  This
segment discusses the 3 basic te lemetry data downlinks for ear ly STS f l i gh t s .
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LEARNING MATERIAL:

The 3 Space Shut t le  te lemetry data l inks  downlinked and the i r  contents by
the two o rb i t e r  S-Band systems are:

a. Operational Downlink (0D):

(1) Operational Instrumentation (QI)

(2) GPC "downl is t "  data

(3) D ig i t a l  Air-Ground (A/G) voice channel(s)

(4) Payload "housekeeping" data

b. FM Wideband Downlink (FM)

Select ion of one at a time of the f o l l ow ing :

(1) On-board orbiter recorder dumps

(2) R/T SSME (Space Shuttle Main Engine) data

(3) R/T TV (video)

(4) R/T payload data

c. Development Fl ight Instrumentation (DFI)

(1) PCM telemetry

(2) 15 subcarr ier  channels (analog) f l u t t e r  measurements
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SUPPORTING DATA:

OPERATIONAL DOWNLINK

\or
MCC

— |
| CONSOLES

GSTDN NP,
SITE R/T DATA DISPLAY

a. Operational Downlink (0D). Of the 3 data l inks,  the 0D is termed
"operational" because i t  is the prime (and only) link providing o rb i te r -
to-MCC telemetry for use in R/T (real time) control and monitoring.
The operat ional downlink contains the fo l l ow ing  types of data:

(1) OI (Operational Instrumentation). OI data contains Space Transpor-
t a t i on  System (S15) parameter measurements such as tempera tu res ,
pressures, vol tages, and flow ra tes .  These parameter measurements
are co l lec ted by OI sensors.

(2) GPC "Downl is t " .  F l igh t  c r i t i ca l  data inputs from the o rb i t e r ' s
guidance, navigat ion and con t ro l  (GN & C), so l id  rocket boosters
(SRB's), and the Engine Interface Unit (EIU) along with the computed
data from the General Process Computers (GPC's) comprises the
data stream re fer red to as the GPC down l i s t .

(3) Air-to-Ground (A/G) D ig i t a l  Voice Channels. As part of the OD,
e i ther  1 or Z d i g i t i zed  voice channels 1s contained wi th in  the
0D down l i nk .

(4) Payload Housekeeping Data. This data wi l l  include status and
t iming data on the Payload experiments.
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FM WIDEBAND DOWNLINK

REAL-TIME POST-PASS

>>
FM

=
| GSTDN SITE |

| "PLAYBACK"|
§POST-PASS

| McC |

| GSTDN SITE

[ recor”|

FM Wideband Downlink (FM). This data provides for (one at a time)
e i ther  on-board recorder dumps, R/T main engine data, R/T TV, or
R/T payload data ( i f  any).

NOTE:

Current requirements ca l l  for recorder
dumps to be played back to MCC post-pass.
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DEVELOPMENT FLIGHT INSTRUMENTATION DOWNLINK

TO MCC
—

GSTDN SITE— IAses|
| "RECORD" |] POST-MISSION

Developmental F l i gh t  Instrumentation (DFI) . This l ink is a r esu l t

add i t iona l  engineering te lemetry.  This l ink w i l l  be received and
recorded at the GSTDN s i tes for t rans fe r  to MCC post miss ion.
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PRACTICE:

I .  State the names of the 3 basic te lemetry data l ink downlinks by the Orb i te r
S-Band systems.

1.

2.

3
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PRACTICE FEEDBACK:

I .  State the name of the three basic te lemetry data streams downlinked by
the Orb i te r  S-Band system.

1. Operational Downlink (0D)

2. FM Wideband Downlink (FM)

3. Development F l ight  Instrumentation (DFI)
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PRACTICE:
Match the appropriate downlink t i t l e  with the correct  func t iona l  descr ip-
t ion of i t s  associated data content .

Downlink T i t l e :  Functional Descr ip t ion:

DEVELOPMENT FLIGHT INSTRUMENTATION (DFI)

on-board o rb i t e r  recorder  dumps

R/T SSME data

R/TTV (video)

R/T payload data

OPERATIONAL DOWNLINK (OD)

PCM telemetry

15 subcarr ier channels (analog)
f l u t t e r  measurements

FM WIDEBAND DOWNLINK (FM)

Operational Instrumentation (0I)

GPC "down l i s t "  data:

Digi ta l  Air-Ground (A/G) voice
channel(s)

Payload "housekeeping" data
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PRACTICE FEEDBACK:

Match the appropriate downlink t i t l e  with the correct functional descrip-
tion of i ts associated data content.

Downlink T i t l e :  | Functional Description:

DEVELOPMENT FLIGHT INSTRUMENTATION (DFI)

on-board orbiter recorder dumps

R/T SSME data

4 R/T TV (video)

R/T payload data

OPERATIONAL DOWNLINK (OD)

PCM telemetry

15 subcarrier channels (analog)
f l u t t e r  measurements

FM_WIDEBAND DOWNLINK (FM) /

Operational Instrumentation (0I)

GPC "downl is t "  data

D ig i t a l  Air-Ground (A/G) voice
channel(s)

Payload "housekeeping" data



SEGMENT 2

ORBITER DOWNLINKS MODULATION METHODS

OBJECTIVE:

Be able to i den t i f y  the S-Band modulation method that the 3 Space Shut t le
data l inks u t i l i ze .

INTRODUCTION:

I t  is important that you know which modulation method the 0D, FM, and DFI
u t i l i zes .  This segment l i s t s  these modulation methods.

LEARNING MATERIAL:

Downlink/S-Band Equipment Modulation Scheme

1} OD (Operational Down l i nk )  PPM (Phase Modulation)

2) FM Wide Band Down l i nk«& FM (Frequency Modulation)

3) DFI Down l i nk«& Pp FM (Frequency Modulation)

SUPPORTING DATA:

The orb i te r 's  0D u t i l i zes  phase modulation (PM) and both the wideband FM
l i nk  and the DFI l ink  u t i l i ze  frequency modulat ion (FM). This is r e f l ec ted
at each GSTDN s i te  where receivers are selected to operate in e i ther  the
"PM or FM Mode" in support of detect ing and demodulating spec i f i c  downlink
ca r r i e r s .

NOTE:

For spec i f i c  o rb i t e r  modulation charac ter is -
t i c s ,  refer  to the In ter face Control
Document (ICD) ICD 2-0D004, "JSC/GSFC
Space Shut t le  RF Communication and Tracking
Document."
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PRACTICE:

Match the S-Band modulation method with the appropriate Orb i ter  downlink.

DOWNL INK MODULATION

e Operational Downlink FM

o Wideband FM Downlink | PM

e DFI Downlink
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PRACTICE FEEDBACK:

Match the S-Band modulation method with the appropriate Orb i ter  downlink.

DOWNL INK MODULATION

® Opera t i ona l  Downlink FM

e Wideband FM Downlink PM

e DFI Downlink



SEGMENT 3

TELEMETRY DATA FLOW

OBJECTIVE:

Trace the flow of te lemetry data from the Orb i te r  to MCC on the end- to- end
Orbiter-to-MCC data flow drawing.

INTRODUCTION:

This segment is based on four data flow func t iona l  drawings that contain
the major t e leme t ry  subsystems (along with A/G vo ice ,  rang ing ,  command and
TV) onboard the O rb i t e r ;  at a t yp i ca l  GSTDN s i t e ;  at the I0S ( I nd ian  Ocean
S ta t i on )  and the Air  Force STC (Sa te l l i t e  Test Center )  at Sunnyvale,  Ca l i f o r -
nia;  and at MCC. The IOS in te r face  is included because the data flow through
the I0S is  d i f f e ren t  from the t yp i ca l  GSTDN ground s ta t i on .  This segment
is designed to give you an overa l l  p i c t u re  of telemetry data flow before
a de ta i led  discussion of the major subsystem func t ion  is given.

LEARNING MATERIAL:

The drawings on Pages 4-39, 4-40, 4-41, and 4-42 are your learn ing ma te r i a l .

INSTRUCTIONS:

Turn to pages 4-39, 4-40, 4-41, and 4-42. You w i l l  f ind four fo ldout  drawings
en t i t l ed  Space Shut t le -1  Orbiter-to-MCC Telemetry Data Flow. The drawings
when detached from the workbook present a complete drawing of the telemetry
data flow from the Orb i te r  to MCC. Trace the flow of te lemetry data through
the te leme t ry  subsystems as the f low is d iscussed in the suppor t i ng  data
sect ion .  Disregard the groups of funct ions in the b l ocksat th is  t ime.
They are discussed in Segment 4. The actual t r ac i ng  of the telemetry data
flow as we go through the supporting data discussion is your p rac t i ce .
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SUPPORTING DATA:

ORBITER

We discuss the flow of data for the three te lemetry data downlinks separately
completing the flow of the three downlink onboard the o rb i t e r  before proceeding
to the GSTDN s i te  and I0S/STC. Likewise, at the s i t e ,  the flow is discussed
separate ly ,  however at the s i te the three downlinks are combined and discussed
together to/ through the MCC.

Operational Downlink (OD) Data

The General Process Computer (GPC) rece i ves  0D te leme t r y  fo rmats  from the
MASS Memory and vehic le  subsystem parameter data from F l i gh t  C r i t i ca l
Mul t ip lexer  /Demultiplexer (MDM's). From these inpu ts ,  the GPC bu i lds  the
GPC downl ist  andt r ans fe r s the downlist to the Pulse Code Modulation Master
Unit (PCMM). The PCMMU also receives other veh ic le  subsystem data from Opera-
t i ona l  Instrumentat ion (OI) MDM's and bu i lds  the downlink te lemetry data
stream. The PCMMU outputs this data stream to the Network Signal Processor
(NSP) where i t  is combined with A/G voice. (A detailed discussion on A/G
Voice Data Flow is conta ined in A/G Voice Data Flow Workbook -GND A/G 2102A).
This combined data is the OD and is routed to the S-Band Transponder for
transmission to the ground and to the Operations (OPS) Recorder for recording
and dumping. oo

FMWideband Downlink Data:

The telemetry part of the FM wideband downlink contains the Main Engine data
from the Engine I n te r f ace  Unit  (E IU ' s )  or the recorded OD te l eme t r y  data
plus voice from the Ops Recorders. The data from the EIU's and Ops recorder
are i npu t to the FM Signal Processor for se lec t ion  and t rans fe r  e i ther  of
0D telemafry recorder dumps or SSME data to the FM Transmitter. The FM trans-
mi t te r  outputs the data to the S-Band combiner where i t  1smixed with the
DFI Data Signal for transmission to the ground.

Development F l i gh t  Instrumentation (DFI) Data:

DFI MDM's rece i ve  DFI veh i c l e  parameter data and t rans fe r  th i s  data to the
DFI PCMMU where the DFI data downlink is bu i l t .  The DFI PCMMU outputs the
data stream to the Frequency Division Multiplexer (FDM's) and DFI WB Recorders.
The DFI t ransmi t te r  receives the data from the FDM, frequency modula testhe
data and t r ans fe r s  i t  to the S-Band combiner where i t  is  mixed wi th the FM
wideband data signal for transmission to the ground.

GSTDN SITE

At the GSTDN s i te  the S-Band equipment receives the two Orb i ter  S-Band s ignals
cons is t ing of the 3 downlinks and t rans fers  the signal to the mul t i -coup ler
for  d i s t r i bu t i on  to the appropr ia te  receivers.
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OD Downl ink

The mul t i -coup ler  d i s t r i bu tes  the composite signal of te lemetry and voice
to the PM Receiver where i t  is demodulated and t ransfer red to the Program
Patch-Board. The signal is then switched to PCM Decommutator(DECOMM Number 1)
and the WB recorders.  PCM DECOMM Number 1 discards the A/G voice and t rans fers
the te lemetry data stream to the 642-B computer for processing and transmission
to MCC via the GSFC Message Switch at GSFC.

FM Wide Band

The mu l t i - coup le r  d i s t r i bu tes  the FM wideband data downl ink to the FM Rece iver
where i t  is t ransfer red to the Program Patchboard for switching to the WB
recorders and PCM DECOMM Numbers 3 and 4. From there the data is t ransfer red
to the 642-B computer for processing and transmission to MCC via the GSFC
Message Switch at GSFC.

DFI Data

The mu l t i - coup le r  d i s t r i bu tes  the DFI data to the DFI Receiver where i t  is
routed to the Demodulator Phase Sh i f t  Keyed (PSK) via the Program Patch Board.
The PSK Demodulator separates the PSK subcarr ier  from the DFI data and t rans-
fers the data to PCM DECOM Number 2 where i t  is then routed to the 642-B
computer for processing and transmission to MCC via the GSFC Message switch
at GSFC.

R/T OD telemetry playbacks, Site Status Messages (SSM), and Data Link Summary
Messages (DLSM) cons is t ing  of a summary of the o rb i t e r s  R/T, 0D, OD dump
and DFI data downlinked during a pass are formatted and output by the 642-
B computer in a standard communications NASCOM/4800 b i t  b lock.  This is ca l led
a Blocked Data Format (BDF). The 642-B outputs th is data onto three (3)
56 kbs lines to the GSFC Message Switch at Goddard Spaceflight Center (GSFC).

INDIAN OCEAN STATION (IOS)/SATELLITE TEST CENTER (STC)

I f  the GSTDN s i te  w i th in  the o rb i t e r ' s  l ine of sight is the I0S, the flow
of data is as f o l l ows :  At the Indian Ocean Sta t ion ,  (as at the t yp i ca l  GSTDN
s i te ) ,  S-Band Equipment receives the orb i ter  S-Band data and transfers i t
to the mul t i -coupler  for d i s t r i bu t i on  to the appropriate receiver.

OD Downlink

"The mul t i -coup ler  d i s t r i bu tes  the composite signal of te lemetry and voice
to the GRARE receiver  where the signal is t ransfer red to the Data Routing
Patch Panel (DRPP) for switching to the Defense Sa te l l i t e  System via the
Defense Communication System/Satel l i te Control Fac i l i t y  In te r face  System
(I0S/DSIS). The Sa te l l i t e  Test Center (STC/DSIS) at Sunnyvale, Ca l i f o rn i a
receives and records the s igna l ,  then t ransfers  the signal to the Delta Modula-
tion System (DMS). In the DMS, the voice is separated from the telemetry
data. The remaining telemetry data stream is reconstructed and t ransfer red
to the Adaptive Communication Line Con t ro l l e r  (ACLC) for processing and t rans -
mi t t i ng  to GSFC.
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FM Wideband Data

The mul t i -coup ler  t rans fers  the wideband data l ink to the FM Receiver Number 1
where the data signal is demodulated and t rans fer red  to the DSIS for t ransmis-
sion to the STC. At the STC, the DSIS receives and records the data. I f
the data s ignal  is 0D dump telemetry ddata, the data stream is played back
to MCC post-pass. The playback data are t rans fer red from the DSIS to the
ACLC where i t  is processed for transmission to MCC.

I f  the data signal is EIU data, the data are recorded but are not transmitted
to MCC. The tapes are sent to MCC post mission.

DFI Data

The mul t i -coup ler  d i s t r i bu tes  the DFI data to the FM Receiver Number 2 where
i t  is routed to the DSIS. The IOS/DSIS transmits the data to the STC/DSIS
where i t  is recorded. The data are not t ransmit ted to JSC, but the tapes
are sent to MCC post mission.

Summary

During R/T, telemetry data along with t ra jectory data are formatted in a
4800 b i t  NASCOM blocked data format and are switched to MCC via the GSFC
Message swi tch.

MCC

At MCC, the Wide Band Data (WBD) switch receives the block of data and switches
i t  to the Network Communication Interface-Common (NCIC) where the data are
processed and d i s t r i bu ted  to the appropriate subsystems. Telemetry data
only are rou ted  to the Network Communications In te r face -Un ique  (NCIU). There
i t  is frame synced and t ransfer red to the Telemetry Preprocessor Computer
(TPC). Dump and R/T OD data are t ransfer red from the NCIC to the Dump Data
Processor for temporary storage.

The telemetry data stream that is t ransfer red from the NCICU and routed to
the TPC is processed into appropriate data sets. SelectedAnalog/Event Data
are the input to the Analog Event D i s t r i bu t i on  (AED) Equipment for d isp lay
on MCC Display and Console Equipment. The remaining data are then t rans fe r red
to the Shut t le  Data Processing complex (SDPC) via the Mult i -Bus In te r face
(MBI). The SDPC performs various data computations and t rans fers  th is  data
to the D ig i t a l - t o -Te lev i s i on  Equipment (DTE) where the SDPC d i g i t a l  computer
informat ion is converted to video displays for d isp lay ing on MCC Display
and Console Equipment.

The SDPC also drives D ig i t a l  Display Dr ivers (DDD) ind ica tors  on up to 50
MCC consoles simultaneously. The SDPC receives MCC console keyboard requests
for d isplays via the Display Select Computer Input Mul t ip lexer  (DSCIM).
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SEGMENT 4

MAJOR TELEMETRY SUBSYSTEM FUNCTIONS

OBJECTIVE:

Be able to i den t i f y  the major funct ions of the telemetry subsystems, given
the te lemet ry  data f low drawing and a l i s t  of the te lemetry  subsystem func-
t i ons .

INTRODUCTION:

In segment 3, you traced the flow of te lemetry data through the te lemetry
subsystems. In th is  segment, the major funct ions of these subsystems are
discussed.

LEARNING MATERIAL:

The drawings on pages 4-39, 4-40, 4-41, and 4-42, are your learn ing ma te r i a l .

INSTRUCTIONS:

For th is  segment, you w i l l  use the same fo ldou t  drawings that you used for
Segment 3. You are only expected to i den t i f y  the h igh l ighted blocks (the
blocks with the groups of funct ions l i s t ed  i ns i de ) .  You are not requi red
to i den t i f y  those blocks that are shaded or words inside blocks that are
bracketed. These are included only to provide a comprehensive data flow
with in te r faces .  Their funct ion and contents are covered in other lessons.
Also, you are not expected to memorize a l l  the funct ions of each subsystem.
You should,  however, f am i l i a r i ze  you rse l f  with the func t ions  so that  given
a group of func t ions ,  you can match them to the appropriate subsystem.
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The o rb i te r  mass memory uni t  is a d i g i t a l  tape storage uni t  p rov id ing a large
storage medium for bulk data, GPC app l ica t ion  programs, d isp lay  format ,  and
other o rb i t e r  data. I t  has both read and wr i te  capab i l i t y  and provides storage
for d isp lay  formats,  computer reconf igura t ion ,  d iagnost ics,  p re - f l i gh t  check-
out rout ines and PCMMU downlink formats. Whenever a new 0D telemetry format
is requ i red ,  i t  is read from the Mass Memory into the PCMMU by the GPC for
u t i l i za t i on .

Flight Cr i t i ca l  Multiplexer/Demultiplexer (MDMS)

This set of MDM's are used to accept and encode data from f l i gh t  c r i t i ca l
systems to the GPC. MDM's are devices capable of compil ing analog, d i sc re te ,
and se r i a l  d i g i t a l  s ignals from vehic le subsystems on command from the GPC's.
In th is  case c r i t i ca l  f l i gh t  cont ro l  system measurements from the o rb i t e r
guidance, navigat ion and cont ro l  system and so l id  rocket boosters are sampled
and sent to the GPC for processing and subsequent downlinking.

Operational Instrumentation Multiplexer/Demultiplexers (OI MDM's)

This set of MDM's accepts and encodes data from OI veh ic le  subsystems to
the PCMMU.

Engine Interface Unit (EIU)

The EIU accepts main engine con t ro l l e r  data and d i s t r i bu tes  the data to the
GPC's, the Ops recorders and the FM data system. I t  provides the means for
data t ransfer between the Main Engine Cont ro l le r  and the o rb i te r  i n te r faces .
This data t ransfer  in ter face includes cont ro l  data from the o rb i t e r  to the
engines and status data from the engines to the o rb i t e r .
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General Process Computer (GPC)

There are 5 GPC's onboard the o rb i t e r  which provide the capab i l i t y  for complete
on-board data processing. The GPC's perform programmed app l i ca t ion  computational
services and then prepare the data for te lemetry transmission by means of
a downl is t .  A GPC downlist  is comprised of a table of values compiled w i th in
a GPC and sent to the PCMMU GPC data buf fers  ca l led Toggle bu f fe rs .

The GPC downl ist  is con t ro l led  by the computer memory conf igura t ion with
one operat ional downl ist  format def ined for each memory conf igura t ion except
for the GPC System Management Program. The downl ist  is then t ransmi t ted
to the PCMMU where the data is incorporated with OI data into the 0D.

Pulse Code Modulation Master Unit (PCMMU)

The PCMMU is the heart of the OD te lemetry system. The PCMMU contains three
format memories as f o l l ows :

a. 128 Kbs Fixed Program Read Only Memory (PROM)

b. 128 Kbs Updateable RAM (Random Access Memory) Software

c. 64 Kbs Updateable RAM Software.
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The 128 Kbs f ixed format is hardwired for each mission and cannot be a l te red
dur ing the f l i gh t .  The standard f ixed format is used p r ima r i l y  during launch
and entry phases, but also serves as a backup format should the PCMMU lose
i t s  updateable format memory.

The 128 Kbs and 64 Kbs updateable software formats are stored in the mass
memory and are read into the PCMMU by a GPC as requ i red .

The PCMMU continuously outputs both a HBR and LBR OI telemetry data format
to the NSP.

Network Signal Processor (NSP)

The NSP receives the formatted telemetry data streams from the PCMMU in add i t ion
to voice channels from the o rb i t e r  voice subsystems. The NSP d i g i t i zes  the
voice channels and in ter leaves the PCMMU data with selected voice channels
as f o l l ows :

a. 128 Kbs + (2) 32 Kbs voice channels = 192 Kbs

b. 64 Kbs + (1) 32 Kbs voice channels = 96 Kbs

The NSP is where the OD time d i v i s i on  mul t ip lexer  downlink rate is selected -
HBR at 192 Kbs or LBR at 96 Kbs, reference the f i gu re  below.

| ES:

HBR 
| HBR _

PCMMU | |g r  L ‘ |  MULTIPLEXER [ eG
d r

in :
| VoIcE |

OPSon] os “oo
128 kB/s L_RECORDERS 1.92 k/s



The NSP also outputs to the Ops recorder e i ther  the 192 Kbs HBR TDM OD data
or the 128 Kbs HBR te lemetry for record ing.

Operational (OPS) Recorders

The Ops recorders are used for se r ia l  recording and dumping of on-board systems
data and d i g i t i zed  voice. There are 2 Ops recorders onboard. They are normal ly
operated in a ser ia l  d i g i t a l  mode except that Ops recorder Number 1 records
EIU data in pa ra l l e l  during launch.

The recording mode is con t ro l l ab le  by the Crew and MCC. The se r ia l  mode
a l lows  app rox ima te l y  4 hours of data to be reco rded  on each reco rde r ,  so
as to provide the greatest quant i t y  of OI data for i n - f l i gh t  and pos t - f l i gh t
data analysis.

S-Band Transponder

The S-Band transponder is the p r imary  un i t  which modulates and t r ansm i t s
to the ground rece i v i ng  s ta t i ons  on S-Band RF ca r r i e r  the voice and te lemet ry
data received from the NSP. The S-Band por t i on  of the RF spectrum operates
in the 2200 megahertz frequency range.
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FM Signal Processor

The FM signal processor receives main engine data from the Ops recorders .
The signal processor outputs one at a time e i t he r :

a. 3 channels of main engine data at 60 Kbs each

b. R/T t e l ev i s i on  from TV cameras onboard

c. Ops recorder dumps - one channel of main engine data at 50 Kbs and
128 Kbs and/or 192 Kbs OD PCM te lemetry data.

FM Transmitter

The FM t ransmi t te r  frequency modulates the data signal received from the
FM signal processor for transmission to the GSTDN s i t es .  The FM t ransmi t ters
operate on the S-Band frequency of 2250 Mhz.

S-Band Combiner

The S-Band combiner is simply a device which allows the two o rb i te r  FM t ransmi t te rs ,
the FM transmitter, and the DFI transmitter to share the same antenna. In
shor t ,  i t  provides for two FM downlink transmission simultaneously.
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DFI DATA FLOW
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15 SUBCARRIERS

We wi l l  now discuss the data flow for the 3rd and last data l ink (DFI).
Recall that the DFI l ink is a unique STS development f l i gh t  instrumentat ion
package supplying add i t iona l  engineering telemetry for ear ly  STS f l i gh t s
only. The DFI l ink is used to t ransmit  R/T 128 Kbs DFI PCM data ( j us t  l i ke
the OD Tink except with d i f f e ren t  te lemetry measurement and d i f f e ren t  te lemetry
formats) .  In add i t ion  to the 128 Kbs PCM data there are 15 FM subcarr iers ,
that also get frequency mul t ip lexed at the frequency d i v i s i on  mul t ip lexer
(FDM). The mul t ip lexed composite signal out of the Frequency D iv i s ion  Mu l t i -
plexer is then used to frequency modulate the FM ca r r i e r  (2255 MHz) in the
DFI FM t ransmi t te r  before being rad ia ted from the antenna.

This data is used for pos t - f l i gh t  analysis and is not sent back to MCC un t i l
the f l i gh t  is over. Since DFI is not used during the f l i gh t  and since the
MDM's, the DFI PCMMU, DFI recorders,  and t ransmi t ters  f unc t i ona l l y  perform
in a s im i l a r  manner to the OD PM system, we w i l l  not repeat the f unc t i ons
here but re ly  on the learning ma te r i a l .  Refer back to the lower l e f t  of
the o rb i t e r  diagram and locate the DFI MDM's. Fami l ia r ize  yourse l f  with
the statements. After completing the DFI flow we have completed the on-board
o rb i t e r  discussion of the 0D, FM Wideband, and the DFI l inks  as they are
rad ia ted to the ground. We w i l l  now address the acqu is i t i on ,  recept ion,
and processing of these 3 l inks  by the GSTDN s ta t i ons .



GSTDN SITE

15 GSTDN SITES

The Ground Spaceflight Tracking and Data Network (GSTDN) is comprised of
a number of communication earth s ta t i ons ,  located around the world.  This
discussion ta lks  about the data flow through a t yp i ca l  s t a t i on  that has locked
onto the 3 data l inks as the o rb i te r  passes over. Also included is the I0S
s i te  because i t  is d i f fe rent  from a t yp i ca l  S-Band s i t e .
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Y
MULTICOUPLER |
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S-Band Equipment

Looking at the " f ront -end"  of the GSTDN s ta t i on ,  the antenna, the i r  associated
servo dr ive systems, acqu is i t i on  t rack ing  systems, feed system that is the
connecting 1ink between the physical  antenna s t ructure and the S-Band receivers
and the associated amp l i f i e r s ;  de l i ve r  the received signals to the mul t icoupler
for d i s t r i bu t i on .  The S-Band equipment provides the necessary subsystems
to "acquire,  ampl i fy ,  and convert the o rb i t e r  S-Band s igna ls"  for proper
d i s t r i bu t i on  to the PM and FM receivers.

Mult i-Coupler

The mul t i -coupler  allows the S-Band s igna ls  to be made ava i lab le  to rece iv ing
car r ie r  detect ion and demodulation equipment for each of the 3 o rb i te r  downlinks.
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PM Receiver

The PM receiver  demodulates the combined received PM sum s ignals  into the
baseband s igna ls ,  i . e .  i t  removes the modulation and reconstructs the informa-
t ion that was being modulated in the S-Band Transponder. The baseband signal
(the OD TDM telemetry and voice s ignals)  is then t rans fer red to both voice
and te lemet ry  systems for i nd i v i dua l  voice and t e l eme t r y  p rocess ing .  At
th is  point in the system i t  is back in the form of the OD HBR 192 Kbs or
LBR 96 Kbs format.  Spec i f i ca l l y  the PM rece i ve r :

e detects the ca r r i e r  frequency and removes the modulation

e t rans fers  the HBR or LBR Tink to a program patchboard where i t  is made
ava i l ab le  to the DMS voice,  and te lemetry  to the PCM decomms and recorders .
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DFI Receiver

The DFI FM receiver  acquires the FM ca r r i e r ,  detects the 128 Kbs PCM phase
shi f t  keyed (PSK) subcarrier and transfers i t  to the PSK demodulator for
subsequent demodulation. Likewise, the DFI receiver  detects the 15 FM subcarr iers
and makes them ava i lab le  for subsequent demodulation. (NOTE: cu r ren t l y
there is no requirement for the FM subcarr iers to be processed, just the
128 Kbs PCM PSK for data qual i ty  monitoring purposes).

PSK Demodulator

The Phase Sh i f t  Keyed (PSK) Demodulator receives the 1.024 subcarr ier  from
the DFI rece iver  and removes the subcarr ier  to obtain the 128 Kbs PCM DFI
s i gna l .
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FM Receiver

The FM rece iver  recovers the ca r r i e r  modulating signal and demodulates the
wideband data (WBD) channel. Recall that this link carries (one at a time)
ei ther main engine data, TV, Payload (P/L),  or on-board OD recorder dumps.
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Program Patch Board

The program patch board provides for GSTDN subsystem s ignals  to be routedto various selected devices. ‘Func t iona l l y  i t  does not a l ter  the s igna lsbut provides a means of Cross-patching various input s ignals to GSTDN subsystems.
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WBD Recorders

The wide band data (WBD) recorders are 14 channel ( t r ack )  magnetic tape recorders
used to record and playback various GSTDN data inc lud ing the OD, DFI, and
WBD FM received l i nks .  In addi t ion various t im ing ,  reference,  and command
l i s t i ng  s ignals are recorded.
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PCM DECOMM's

NOTE:

We w i l l  now discuss the ro les of the
4 PCM (Decommutators) Decomm's at each
GSTDN s i t e .  For the Space Shut t le  program
each decomm is u t i l i zed  in a s l i gh t l y
d i f fe rent  manner. However, the process
performed is essen t i a l l y  executed in
the same fashion for each decomm. The
PCM Decomm's are stored program devices
which u t i l i ze  computer techniques to
accomplish rea l - t ime  processing of se r ia l
PCM data formats under the con t ro l  of
an i n te rna l l y  stored program. The system
automat ical ly  goes .into a "search" mode
and begins searching for frame sync (synchronizat ion)
pa t te rns .  After va l i d  "checks" are accomplished
the system " locks"  up on the incoming
frame pat terns and is considered " in
step" with the on-board telemetry scheme.
It should be noted that any of the 4
Decomms can be programmed for e i ther
of the 4 fo l l ow ing  u t i l i zed  funct ions
but for s imp l i c i t y  we have assigned Decomm's
Nos. 1-4 in a " t yp i ca l "  assignment con f igu ra t ion .

PCM DECOMM No. 1

This decomm is shown as being assigned to the PM receiver ( i . e . ,  the 0D link).
In th is capaci ty  the PCM Decomm is programmed to process the incoming 0D
TDM format,  e i the r  the HBR 192 Kbs or the LBR 96 Kbs format.  Processing
in this case means essen t i a l l y  4 simultaneous func t ions :

a. Val idat ing 0D frame sync

b. Discarding (str ipping) of A/G voice bits

c. Transferr ing OD frame te lemetry words and b i ts  used to bu i ld  the s i te
status message word to the 642-B computer.

PCM DECOMM No. 2

PCM Decomm No. 2 in the data flow diagram is shown as being assigned as the
DFI Decomm. In th is  capac i ty ,  the decomm is programmed to perform frame
sync lock-up and va l i da t ion  and provide DFI l ink status to the 642-B. Recall
that DFI PCM data does not get processed for t rans fe r  to the 642-B and MCC.
So, in th is  case i t ' s  a matter of va l i da t i ng  the data and t e l l i ng  MCC the
status of i t .  Remember that the DFI PCM is recorded on one of the 14 t racks
of the WBD recorders at GSTDN. This tape is del ivered pos t - f l i gh t .
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In summary then, the PCM Decomm assigned to the DFI l ink (in this case PCM
Decomm No. 2) does “DFI minor frame va l i da t i on  and t rans fers  the DFI l i nk
status to the 642-B." |

PCM DECOMM No. 3 and No. 4

PCM Decomm No. 3 and No. 4 are shown as being assigned to the FM rece ive r
(WBD FM 1ink)  to handle the onboard recorder  0D dump data mode. Recal l  that
for Space Shu t t l e ,  the WBD FM downlink can be used for  OPS recorder 0D dumps
( i . e . ,  using the FM l ink to playback the 0D (0I and GPC) data recorded on
the OPS recorder).  During a real- t ime pass, i f  the OPS recorder has been
commanded to stop reco rd ing  and go in to  a "dump mode", the GSTDN s i t e  w i l l
be set up on 2 Decomms ( in  th is  example Decomms Nos. 3 & 4) to handle " forward
and reverse"  data blocks ( i . e . ,  "OD dump data" can be 128 Kb/s or 192 Kb/s
and the downlinked data could con ta in  i n te r l eaved  blocks of backward da ta . )
So to accommodate this poss ib i l i t y  one decomm is set up to sync (lock-on)
and frame va l i da te  forward blocks whi le  the other is set up to sync and frame
va l i da te  reverse (backward) b locks .  In add i t i on  to frame va l i da t i on  the
decomms send s ta tus  b i t s  to the 642-B to i nd i ca te  b i t  r a te ,  d i r ec t i on  of
dump data (forward or backwards) ra t io  of the dump (e .g . ,  1:1, 5:1, or 8:1)
and the number of va l i d  OD dump frames processed since the las t  message and
since AOS (acquisi t ion of s igna l ) .  Meanwhile, the dump data i t se l f  (PCM
te lemetry)  is being recorded from the FM rece i ve r  onto one of the GSTDN WBD
tape recorded t r acks .  Post pass t h i s  OD dump data can be played back via
the PCM No. 1 to MCC just l ike R/T OD. In other words, the 2 decomms (PCM
Nos. 3 & 4) are used to va l i da te  and cons t ruc t  s ta tus  words to MCC dur ing
the R/T pass. In summary, PCM decomm No. 3 is used for " forward dump data
minor frame va l i da t i on  and t rans fe rs  s ta tus ,  t im ing ,  and format ID ( i den t i f i ca t i on )
to the 642-B." PCM decomm No. 4 is used for " reverse dump data minor frame
va l i da t i on  and t ransfers  s ta tus ,  t im ing ,  and format ID to the 642-B."

NOTE:

The previous discussion on PCM decomms
Nos. 3 and 4 was only one example of
a con f i gu ra t i on .  Both decomms might
be set up to handle forward or reve rse ,  .
one at 192 Kbs and the other at 128 Kbs.
The con f i gu ra t i on  of these decomms is
a f unc t i on  of what the on-board reco rd ing
scheme was for that po r t i on  of the tape
being "dumped". For more in format ion
on the on-board recorders you are referred
to "Instrumentation INST 2102."
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PM_SIGNAL STRENGTH
DFI_SIGNAL STRENGT
FM_SIGNAL STRENGTH — Aap  —>
PM_LOCK STATUS
DMS LOCK STATUS

The analog to D ig i t a l  (A/D) Mult iplexer Quantit izer (AMQ) is simply a device
which rece ives  s igna l  s t reng th  from the PM, DFI, and FM rece i ve rs  and the
"lock status" from the PM receiver and the DMS* and converts these signals
into d i g i t a l  words used by the 642-B system for the Site Status Message.

*Delta Modulation System (DMS) is part of the Air/Ground Voice system. I t
is discussed in the A/G Voice Workbook GND A/G 2102A.
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642-B Computer System

The Univac 642-B computer system is essen t i a l l y  the telemetry communications
processor between the " f ront  door" and the "back door" of the GSTDN s i t e .
I t  handles the 4 PCM decomm outputs and the AMQ to accomplish during rea l -
time passes, the f o l l ow ing :

a. OD telemetry transmission to MCC

b. DFI l ink status to MCC ) al l  constructed into a Site Status
Message (SSM) once per second.

c. FM l ink status to MCC NOTE: for SSM de f i n i t i on ,  refer
to JSC-11534 JSC/GSFC Communication

d. Site status to MCC. ICD.
J

Post-Pass i t  can process R/T and OD dump telemetry playback. In add i t ion
to the rea l - t ime  and post-pass telemetry i t  also constructs a "Data Link
Summary Message" (DLSM). A DLSM provides a summary of the o rb i t e r  R/T 0D,
OD dump, and DFI data downlinked during a pass. I t  amounts to a data and
message accounting scheme vs. actual data measurement values. Such things
as vehic le  ID, f l i gh t  no., message count, GSTDN s i te  ID, Data type, time
of r ece ip t ,  number of va l id  frames, number of dropouts, etc. are contained
in th is  message. MCC requests generation of th is message post-pass and i t
can be generated within 5 minutes of (LOS) Loss of Signal by each GSTDN s i te.

A11 of the above products output by the 642-B systems i . e . ,  R/T OD TM, play-
backs, s i te  status messages, and post-pass DLSM's are formatted and output
by the 642-B in a standard NASA Communications NASCOM/4800 b i t  b locks.  This
is called a "Blocked Data Format" (BDF).
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The 642-B then outputs th is data by mu l t ip lex ing  the 4800 b i t  blocks onto
three (3) 56 Kbs l ines connected to the Goddard Space F l i gh t  Center (GSFC)
switching center i . e . ,  GSFC Message Switch on your diagram. (NOTE: the
communications equipment between the 642-B and GSFC is not shown for s imp l i c i t y
but i t  is there and consists of standard communications t ransmit  and receive
equipment).

In summary, the 642-B computer system:

eo Processes and outputs R/T P/B, and dump OD telemetry data to MCC

® Builds and outputs SSM to MCC

® Bui lds ,  s tores,  and outputs DLSM to MCC (on demand)
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S-Band Equipment

Same as prev ious ly  discussed at GSTDN site.

Mul t i -coup ler

Same as prev ious ly  discussed at GSTDN s i t e .

GRARE (Ground Receiving and Routing Equipment)

The GRARE rece iver  demodulates the incoming PM signal  into the baseband s ignal .
The baseband signal of telemetry and voice is t ransmit ted to the GRARE output
device.  This equipment replaces the PM rece iver  that is at the GSTDN s i t e .

DRPP (Date Routing Patch Panel)

The DRPP output is simply a device that routes the PM baseband signal to
the DSIS. This equipment is s im i la r  to the Program Patch Board at the GSTDN
s i t e .

DSIS

The DSIS transmits d i g i t a l  voice, te lemetry and ranging via the Defense Communi-
ca t ion  Sa te l l i t e  system to the STC at Sunnyvale, Ca l i f o rn i a .
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STC/DSIS

The DSIS at Sunnyvale receives the d i g i t a l  voice data, te lemetry and ranging
data from the Defense Communication Sa te l l i t e  System, records the data and
transmits the incoming data to the appropriate output devices.

Delta Modulation System (DMS)

The func t ion  of the DMS in processing downlink telemetry and voice data is
to extract the voice signal from the composite s i gna l ,  and to reassemble
voice and te lemetry data in the i r  proper order .  The telemetry data is reas-
sembled to provide se r i a l  b i t -s t ream outputs.

Adaptive Communication Line Controller (ACLC)

The ACLC bui lds te lemetry data in a 4800 b i t  Nascom blocked data format for
transmission to MCC via GSFC. In the ACLC, the data is buffered in and packed
f i r s t - i n / f i r s t - ou t  into data blocks of 4624 b i t s .  The ACLC adds a header,
a time tag and block a l located to a polynominal error pro tect ion remainder.
The to ta l  of the above becomes a 4800 b i t  NASCOM blocked-data format message
for transmission to NASA.

STC/NASCOM In te r face :

The NASCOM in ter face between the STC and GSFC consists of a 56 Kbps data
l ine from GSFC to the STC and a 224 Kbps l ine  from the STC to GSFC for command
and te lemetry processing. In add i t i on ,  t r ack ing ,  te letype informat ion and
two voice data l ines are u t i l i zed .

The NASA Communication Network (NASCOM) consists of several systems of d ive rse ly
routed,  f u l l  period communications channels leased from various domestic
and fo re ign  common ca r r ie rs  on a worldwide basis .  These channels cons is t
of leased land l ines ,  submarine cables,  and communications sate l l i tes.

Summar

‘The major subsystem funct ions for the DFI and FM wideband data flow have
been discussed prev ious ly .  They are essen t i a l l y  the same as discussed in
the GSTDN s i te  subsystem sec t ion .
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PAUSE AND REFLECT:

This segment is ge t t i ng  rather lengthy so l e t ' s  stop a second to re f lec t
on where we've been. We have essen t i a l l y ,  up to th is  po in t ,  discussed the
funct ions of the major systems of the OD, DFI, and FM telemetry l inks  on
the o rb i t e r ,  at a typ ica l  GSTDN o rb i t a l  support s t a t i on ,  and at the IOS.

The data transmision of a GSTDN s ta t i on  to MCC is via the GSFC. The means
of data transmission between GSTDN and GSFC is the 3 56 Kbs c i r cu i t s .  The
ef fec t ive  bandwidth therefore,  represents 3X 56 = 168 Kb/s to t ransmi t  4800
b i t  BDF words from each s ta t i on .  I f  1 of the 56 Kb/s l ines were to f a i l
for any reason then the remaining 2 56 Kb/s l ine could s t i l l  be used to t rans-
mit 4800 bits at a time (at a lower bandwidth) in the LBR mode.

NOTE:

There are some exceptions to the 3 56
Kbs 1ine conf igurat ion from the s i tes
to GSFC e .g . ,  the Buckhorn entry support
s ta t i on  uses one 168 Kbs l ine and some
launch support s i tes w i l l  have one 224
Kbs c i r cu i t ,  however the ma jo r i t y  of
the o rb i t a l  support GSTDN s i tes w i l l
use 3 56 Kbs l i nes .  The NASCOM in ter face
between STC and GSFC consists of a 56
Kbps data l ine from GSFC to STC and a
224 Kbps l ine from STC to GSFC.

The most l i ke l y  u t i l i za t i on  of these c i r cu i t s  w i l l  be:

® OD and SSM's during site AOS (acquisit ion of signal) to MCC

eo OD Playback or recorder dumps, or DLSM, post-pass.

Let us now continue on with the data flow to and through GSFC to MCC.
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GSFC Message Switch (494)

The GSFC Message Switch has a Univcac 494 computer as the heart of the system
which allows up to (12) 56 Kbs incoming c i r cu i t s  ( l i nes ) ,  represent ing 4
s i tes at a t ime, to be processed.
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D
N | ( =  224 KB/S BACKUP LINE
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|: | C=
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( 12 )  © GSFC MESSAGE SWITCH
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O

| o |
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The 494 computer is programmed to accept the data l ines from 4 s i tes s imu l ta -
neously. As i t  receives BDF data in 4800 b i t  blocks i t  checks, i den t i f i e s ,
accounts, and multiplexes the data onto a 1.54 megabit/second (Mb/s) data
l ine to MCC. Data from the swi tching center to JSC MCC is also in the block
data format (BDF) ear l ier  described. A 224 Kb/s secondary (back-up) data
l ink  is provided and can accommodate data up to one GSTDN s i te  at a t ime.
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WBD Switch

The Wide Band Data (WBD) Switch (also referred to as the WBD Transfer Switch)
" con t ro l s ,  sw i t ches ,  and rou tes  WBD c i r cu i t s  to and from MCC". This equipment
provides not only swi tching and rou t ing  of c i r cu i t s  but i t  provides access
for t es t i ng ,  moni tor ing,  and res to ra t ion  of up to 24 f u l l  duplex WBD c i r cu i t s
enter ing  and leav ing the MCC.

Network Communication In ter face - Common (NCIC)

Before addressing the NCIC spec i f i ca l l y  let  us pause and introduce a new
term, the Network Input Processor (NIP) system which is used to denote and
encompass a number of subsystems that are discussed here in .  The NIP is r ea l l y
comprised of the Network Communication In te r face  Common (NCIC), Network Communi-
ca t i on  In te r face  Unique (NCIU),  and the Telemetry Preprocessor Computer (TPC).
We w i l l  not discuss the NIP to any extent except to point out that co l l ec t i ve l y
i t  serves to perform a generalized communications in te r face  and rou t i ng  f unc t i on ,
and a generalized decommutation service for o rb i t e r  and associated payload
data ( i f  any). Prior to r ou t i ng  telemetry data, processing is performed
to compensate for id iosyncracies in Orb i te r  generated downlink data, pe rmi t t i ng
more conventional decommutation techniques to be u t i l i zed  for subsequent
processing of telemetry data by other MCC elements.

OK, l e t ' s  get back to the NCIC and see how i t  serves to support the funct ions
just discussed. The NCIC provides input in te r face  with the WBD l inks and
performs management type functions including block data format (BDF) synchroni-
za t i on ,  polynomial code checking, header processing, se lec t i ve  message handl-
ing, and communications error s ta tus ing.  In summary i t  performs "message
processing and rou t i ng  of a l l  incoming NASCOM 4800 b i t  block data formatted
messages, message accounting and error s t a tus i ng " .
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Network Communications Interface - Unique (NCIU)

Up to now we have discussed how 4800 bit  blocks in BDF is handled from the
output of the GSTDN s i te  un t i l  i t  gets into the MCC. I t  is now time to see
what act ion and process takes place with the data frames themselves once
the data is received at the MCC. The NCIU w i l l  handle a s ing le  te lemetry
data stream. The data may be in e i ther  a BDF from an NCIC or an unblocked
serial telemetry (UST) format. The NCIU performs frame synchronization and
t ransfer  of te lemet ry  data to the TPC on a minor frame bas i s .  The te lemetry
frame synchronizer i n i t i a l l y  searches the data on a b i t - by -b i t  basis for
the te lemet ry  frame sync word. Once i n i t i a l  sync has been ob ta i ned ,  i t  goes
into a "check" mode where the frame synchronizer counts the number of b i ts
or words to the end of the data frame and then looks for the sync word at
the expected l oca t i on .  After several consecutive in tolerance sync pat terns
have been detected, the frame synchronizer advances to the "lock mode" .
The NCIU, in th is  sense, is " bu i l d i ng  the minor frame" from the BDF data.
Addit ional  funct ions performed by the NCIU include network speed bu f f e r i ng
to compensate for vary ing network rates e .g . ,  224 Kb/s and 1.54 Mb/s, and
generation of ground rece ip t  time (GRT) del ta time components for the TPC,
for BDF te lemetry,  the NCIU determines a del ta b i t  count by counting the
number of b i ts  between the f i r s t  data b i t  of the block and the f i r s t  b i t
of the airground (A/G) sync pa t te rn .  The TPC w i l l  then ca lcu la te  a del ta
time between GRT and on-board vehic le  c locks.

In summary, the NCIU performs "A/G frame sync detec t ion ,  minor frame bu i l d i ng ,and GRT delta time ( A T) detection for a single telemetry stream."
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The TPC is essen t i a l l y  a 32-b i t  minicomputer with the capab i l i t y  of d i r ec t l y
addressing up to 1 megabyte of core memory. The telemetry preprocessing
func t ion  includes breaking the data stream down into i ts  appropriate data
sets and performing decommutation scheme in order to d isp lay the data and
process i t  f u r t he r .  Also included are i npu t / va l i da t i on  processing, analog/event
distr ibut ion (AED) processing, and Shuttle Data Processing Complex (SDPC)
processing.

LY

a. Inpu t / va l i da t ion  Processing. This task val idates a l l  minor downlink
frames received by the IPC from the NCIU. In add i t i on ,  the downlinked
data is separated into its pr inciple parts ( i . e . ,  OI and subcoms)
as a func t ion  of downlink/downlist cha rac te r i s t i c s ,  which are def ined
premission by format ident i f icat ion ( ID 's ) .  All valid frames from
the downlinked data set are moved to appropriate storage areas for
use by the output processors. When su f f i c i en t  data is received to
describe a "data cyc le " ,  the status and s ta t i s t i c s  per ta in ing  to the
data cycle are posted, and the data released for use by TPC processor/-
func t ion .  This processing inc ludes:

(1) Minor frame va l i da t i on .

® A/G status word check

¢ Frame count va l ida t ion

e OD formatID ve r i f i ca t i on .

(2) Subcom (subcommutation) val idat ion.

e GPC subcom (sync, count, and ID).

(3) Data cycle val idation.

(4) Time Processing.

®@ Calculates and adjusts GRT t ime.
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(5) Format processing.

e Format ve r i f i ca t i on

® Detects format changes.

AED Output Processing. The Analog/Event Distr ibution (AED) processor
i n te r faces  d i r ec t l y  with the AED by format t ing and t ransmi t t i ng  analog,
event, and t iming for the d r i v i ng  of the displays on analog and event
recording devices.

SDPC Output Processing. The SDP processing includes the output of
3 basic types of messages to the SDPC: 1) rea l - t ime data message
used to t ransmit  a l l  veh ic le  te lemetry with i ts  associated s ta tus ;
2) a summary message which provides a tape index of a l l  te lemetry
data processed by the TPC; and 3) a conf igurat ion status message.

In summary, the TPC provides fo r :

Master frame validation/decomm (OI)

GPC subcom decommutation

Time ca lcu la t ions

Sample rate reduct ion

Logging

Status summary

Outputs preprocessed telemetry data to the AED and the SDPC.
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TIMING
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AED (Analog/Event D i s t r i bu t i on )  Equipment

The AED receives analog and b i l eve l  event data from the TPC and d i s t r i bu tes
th is  data to analog and event s t r i p  chart recorders (SCR's) located throughout
the MCC. I t  can dr ive a maximum of 200 analog pens and 400 event pens simul-
taneously. In add i t ion to telemetry data, i t  accepts t iming signals from
the MCC t iming equipment for d isp lay ing GMT and various other spacecraft
and ground time reference s ignals.

In summary, the AED "Converts and d i s t r i bu tes  analog event ,  and time data
to analog and event strip chart recorders". (SCR's)

NOTE:

The AED is also referred to as the AES
(Analog Event System).
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MBI (Mu l t i p l e  Bus In ter face)

The MBI subsystem consists of two redundant standalone units (MBI-A and MBI-
B) which have 64 in te r face  adapters and 5 data buses each. They provide
data l ink communications between 64 possible users. This l ink has the capa-
b i l i t y  to es tab l i sh  message source and des t i na t i on ,  operate t ransmission
and recept ion equipment, detect and recover e r ro rs ,  supervise data exchange,
and perform funct ions re l a ted  to such communication. The MBI provides a
common data bus enabling mu l t i p l e  paths that can be establ ished dynamically
on a demand basis between the users.
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Users inc lude the SDPC, NIP (TPC or NCIC's, NCIU's) and Network Output Mu l t ip lexer
(NOM). The NOM is a "command" device not covered here.

In summary, the MBI provides a "data bus system for mu l t i p l e  paths between
elements of the NIP, NOM, and the SDPC."

| - >| CONSOLES AND DISPLAY EQUIPMENT

I EE P vv
| Tee 1 AED | | | DTE | | DDD i | osc  |

MBI. SDPC

SDPC (Shuttle Data Processing Complex)

The SDPC is the computational element (IBM-370 computers) which, contains
the app l ica t ion  programs which va l ida tes ,  ca l i b ra tes ,  performs special  computa-
t ion, performs real-t ime (R/T) display functions, performs data retent ion,
and performs data t rack ing  and management funct ions for telemetry data.

NOTE:

Within the SDPC there are several IBM
370 computers. Whichever 2 computers
are selected for the on - l i ne  support
discussed here in ,  they are assigned as
a "mission operations computer" (MOC)
and as a "dynamic standby computer" (DSC).
You w i l l  most l i ke l y  hear the words MOC
and DSC referred to more often than the
"SDPC" since the SDPC houses a number
of computers and the i r  associated per iphe-
ra l s .  However, since we are r ea l l y  t a l k i ng
about the co l l ec t i ve  ro le  the SDPC performs
as a support element, we w i l l  continue
to refer to i t  here as the SDPC. Keep
in mind that opera t iona l ly  speaking the
MOC/DSC is the term most usua l l y  used.
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In general,  the SDPC performs the fo l l ow ing  func t ions :

a. Data Va l ida t ion .  Each va l id  input frame is "unpacked" using a set
of constants for each format number. Data is va l idated p r io r  to pro-
cessing and indications of out-of-sync condition ( i f  any) displayed.

b. Calibration and Engineering Unit (EU) Conversion. This process involves
the i n te rpo la t i on  of PCM input "counts" e.g. a per cent f u l l  scale
with a " ca l i b ra t i on  curve" .

100% "CAL-CURVE"

INPUT
PARAMETER
PCM
COUNT

0%
ENGINEERING UNIT 28V (e .g . ,  VOLTS)

The above example shows that for a pa r t i cu l a r  parameter PCM count of 50%
fu l l  scale would equal an engineering uni t  (EU) value of 28 vo l t s .  Each
orb i te r  parameter w i l l  have at least one ca l i b ra t i on  curve stored in the
SDPC.

c. L imi t  Sensing. This app l ica t ion  provides for the ab i l i t y  for approprate
MCC personnel to es tab l i sh  " l im i t s "  on a parameter and have the SDPC
"watchdog and a le r t "  i f  the parameter exceeds the spec i f i ed  l im i t .
For example l im i t s  could be set for cabin pressure where X = lower
l im i t  and Y = high l im i t .  I f  e i ther  of these l im i t s  are exceeded
then the SDPC might be programmed to l i t e  l i gh t s ,  r ing a buzzer, f lash
a symbol on a d isp lay ,  etc.

d. R/T (Real/Time) Computation and Analysis.  This func t i on  is used to
compute and analyze l og i ca l  so lu t ions from a var ie ty  of inputs whereby
a combination of more than one parameter is required to solve a problem.
Some examples of problems to be solved are:

(1) Recorder per cent tape (3) Orb i ter  power
calculat ions

4) 0, flow rates
(2) Fuel cell power 4)  2

(5) 0, tank quantity
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This app l ica t ion  provides for the data assem-b ly ,  fo rmat t ing ,  updat ing, and d r i v i ng  of te lemetry data d isp lays.Data displays include the Digital-to-Television Equipment (DTE) displaysand the Dig i ta l  Display Driver (DDD's) displays. The DTE channeldriven by the SDPC contain data arranged (formatted) in a pre-arrangedformat determined pre-f l ight.
destined for d isp lay  via the t e l ev i s i on  monitors.

The DTE channels carry formatted data
The SDPC is wherethe requested formats are assembled and output in d i g i t a l  words whichcontain both the background (or reference data) and the dynamic data.A s imp l i f i ed  example:

FORMAT
NO.

I XxXX

PARAMETER NO. NAME

FUEL CELL CURRENT (AMPS)
FUEL CELL VOLTAGE (VOLTS)
CABIN PRESSURE (PSI)

V75W350
V72L290
V296456

REFERENCE_A4-Z—"
DATA

DISPLAY FORMAT
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Data displayed over the DTE channels is ca l led up by "formats" from
f l i gh t  operations consoles via special  keyboards (discussed in the
"user too ls"  lesson). Each format cal led up u t i l i zes  one of the DTE
channels. The D ig i t a l  Display Driver (DDD's) driven by the SDPC conta in
event dr iver  logic which i l luminates  event ind icators  on f l i gh t  opera-
t ions console. (The DDD's w i l l  be discussed sho r t l y . )

In summary, the SDPC "performs TM ca l i b ra t i on ,  TM l im i t  sensing, TM EU conver-
sion, R/T TM computation and analys is ,  and performs R/T TM data presentat ion
to DTE and DDD's."

DTE (DIGITAL-TO-TELEVISION EQUIPMENT)

TER TV C
SDPC 0

R/T DISPLAY UP_TO_64 TV CHANNELS A
GENERATION — |
APPLICATION }

E
S

DTE (Digital-to-Television Equipment)

The DTE provides the capab i l i t y  to convert the SDPC d i g i t a l  computer informa-
t ion into dynamic raster  type video displays containing both alphanumeric
and graphic informat ion. I t  con t inua l l y  refreshes the last  informat ion re-
ceived from the SDPC un t i l  the d isp lay  is e i ther  deselected by the user or
updated by the SDPC. For f l i gh t  ope ra t i ons  purposes there are 64 t e l ev i s i on
channels ava i lab le ,  however for ear ly STS f l i gh t s  a maximum of 38 channels
w i l l  be al located to STS telemetry driven d isp lays.  (Tra jec to ry ,  command,
and other uses take up the others.)

In summary, the DTE "converts SDPC computer language into dynamic TV video
disp lays" .
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DIGITAL DISPLAY DRIVERS (DDD's)
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) - MCC CONSOLE

The DDD channels are driven by the SDPC to dr ive up to 5300 ind ica tors  s imul-
taneously on up to 50 consoles at an update rate of once/second. Not a l l
of these are te lemetry dr iven ind icators  but a good por t ion  are. These include
la t ch ing  and non- la tch ing event and l im i t  lights.
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DSCIM (Display Select Computer Input Multiplexer)

The DSCIM is used to accept console keyboard inputs request ing d isp lay  informa-
t ion from the SDPC. I t  detects ,  formats,  and mult iplexes large numbers of
data request en t r i es  from the console users to the SDPC. Each keyboard request
is encoded into information r e l a t i ve  to console ID, data des i red,  where to
d isp lay i t ,  etc.  The SDPC then acts upon the input informat ion and completes
the necessary steps to provide the requested d isp lay  data back to the requester
(user).

In summary, the DSCIM "detec ts ,  formats,  and mult ip lexes d i sp lay  request
from console keyboards to the SDPC".
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CONSOLE AND DISPLAY EQUIPMENT
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Console and D isp lay  Equipment

The console and d i sp lay  equipment cons is ts  of essen t i a l l y  the elements used
to ask for d i sp lay  in fo rmat ion  and those which d i sp lay  in fo rmat ion .  These
consist of the consoles, CRT's (TV monitors), keyboards, indicators (e.g.
clocks, event l i t es ) ,  and s t r ip  chart recorders (SCR's). In summary the
Console and D isp lay  Equipment cons is ts  of "MCC consoles, input keyboards,
d i sp lays  for TV, event l i gh t s ,  SCR's and clocks".
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data and d i g i t i zed  voice

FM SIGNAL PROCESSOR
® Accep ts ,  processes and

selects for transmission
(one at a time) of P/L, TV,
playback,  WB analog and WB
d ig i t a l  data for FM trans-
mission

S-BAND COMBINERFM TRANSMITTER

Provides ca r r i e r  f requency genera-  p=  ¢ rov ices  jor  two TH down- |

t ion and FM modulat ion output of .
FM data downlink t en  v ia  one antenna

| FDM'S DFI TRANSMITTER |

® Frequency mult ip lexes DFI 1 oe Frequency modulates DFI —
—- data such as vibration, telemetry stream and routesacoustic, and f l u t te r  to S-band combiner

measurements for  DFI t r ans -
miss ion  and DFI WB recorders

DF PCM RECORDER DFI WB RECORDER (2)
° Records DFI f requency

= e Records 128 kb/s DFI PCM i .  mul t ip lexed frequency data;
e .g . ,  v i b ra t i on ,  acousticte l  emetr |

y and f l u t t e r  measurements
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|Learning Material |
§ GSTDN

Fa

OT
UHF TRANSCEIVER

S-BAND EQUIPMENT
e Acquires, amp l i f i es ,  and

converts Orbiter S-band signals
e Transmits command, vo ice ,

and rang ing

MULT ICOUPLER
eo D i s t r i bu tes  incoming S-band
signals to PM, DFI and FM receivers.

ERROR CHANNEL SWITCH

ACC

IRSS

-

: src 1
| -

a § STS Orbiter to MCC TLM Data Flow (GSTONIGSFC)  §
3 ,

SCV MUX/DEMUX SCE : | 
-

- - )
} MILA i
i |
| i
i |

QUINDAR, TONE KEYING EQUIPMENT
( :

a COMM TECH CONSOLE iDMS SCAMA SWITCH GN
PM RECEIVER — 

A/G NO. 1. /G NO. 1y

—— |] 0 Receives the 0D te lemet ry  and 
_

1 e Outputs demodulated R/T and dump 
. 

-

data = A/G-2 1

® Transfers OD l ink  to the DMS VOICE RECORDERS oo | 

|
| i

AMQ - !
DFI RECEIVER ® Provides signal strength i i

® Receives DFI FM telemetry signals for 0D, DFI, and FM Tinks i i

L—1pie Outputs PSK and FM sub- ® Provides lock status for ] i
ca r r i e r s  fo r  subsequent PM rece i ve r  and DMS ]

— demodulation | 

- |

_ _ 
PCM DECOMM NO.1 | 

i i

FM RECEIVER y | 

¢ Provides prime OD minor 642-B COMPUTER SYSTEM | GSFC MESSAGE SWITCH (494) i

: > PROGRAM PATCHBOARD frame validation | ]
—4 | ® Receives Orb i te r  FM WBD channels for o Transfers 0D telemetry | |

main engine; TV, P/L, and OPS; and P/L A I! : and i ts status to 642-B » l l  >

o Transfers TV to video Processing system ® Provides for mu l t i p l e  and $ Discards A/G voics b i ts  - -
1 selectable rout ing of ® Processes and outputs i I

inputs/outputs to various PSK DEMODULATOR PCM DECOMM NO. 2 R/T, P/B, and dump OD |

VIDEO PROCESSING SYSTEM receivers, recorders and telemetry . i .  e Provides DFI minor frame . cejemetry data « MCC _ i
————— i e  —— — — va l i da t i on  —> J11¢s anc ou tpu t s  « }  -»>

elements ° Demodulates PSK subcarrier o Transfers DFI 1ink SSM to MCC o Routes MCC data to —
rom DFI FM ca r r i e r  status to 642-B e Bu i lds ,  s to res ,  and out- - GSTDN sites i

puts DLSM to MCC on
demand i ® Routes GSTDN data to i

ROM C-BAND VIDEO AND ———— PCM DECOMM NO. 3 i MCC (up to four sites i
- VOICE TO ¢ Provides for forward ¢ Routes commands B simultaneously |

TOPS : 

MCC. HE dump data minor frame validation j r——3p e Builds and outputs pp |
— — — — — — — ® Transfers status, timing, command histories to | |

F and format ID to 642-B MCC i I

WBD RECORDERS ® Processes and outputs i J
_ RTC TO PCM DECOMM NO. 4 t r ack ing  data to MCC | |

GSFC | 

® Records and playback function for al l  Ss Provides for reverse - | -

TTY TO telemetry down! inks tory : dump data minor frame va l ida t ion  —m —> 1
MCE es command history type II data o Transfers s ta tus ,  t iming,  i | ]

and format ID to 642-B - |
1 i
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Learning Material |

S-BAND EQUIPMENT
e Acquires, amp l i f i e s ,  and

pd  converts Orb i te r  S-band s igna ls
e Transmits command, voice,

and ranging

MULTICOUPLER

eo D is t r i bu tes  incoming
S-band signals to GRARE
and FM receivers

GRARE RECEIVER
® Receives OD TDM telemetry

and voice PM signal
eo Outputs demodulated R/T

and dump data
e® Transfers OD l i nk  to

data rou t i ng  patch panel

FM RECEIVER NO. 1
® Receives Orb i te r  FM WBD

Ly  channels for main engine;
P/L and OPS; and P/L
recorder dumps

e Outputs data to DRPP

FM RECEIVER NO. 2
® Receives DFI FM te lemetry

s ignals
EE

| 
eo Outputs data to DRPP

(10S)

N DSIS

® Transmits OD TDM telemetry
and voice along with rang-
ing data to communication
sa te l l i t e  system

® Receives command and voice
data from communication
sa te l l i t e  system

FT

DATA ROUTING PATCH PANEL

wf  eens comme omnes oman  cas  Ge .  cease esses essed

® Provides for mu l t i p l e  and
selectable rou t i ng  of
inputs/outputs to various
inter faces

wl  ann  conn  GE.  GE  CE  C tm— C— —

end l  coms Gene eee  comms SEE,  SEES GUN CE=———

(STC)

DSIS

® Receives OD TDM telemetry
and vo ice  data from I0S
via communication sa te l l i t e
system

® Records voice, telemetry,
and command data

® T ransm i t s  command and
vo ice  data to IOS.

X

| UMU

)
DMS

UPLINK

® Receives up l ink analog J
voice s ignals

® Receives tone keying °
enabling voice d i g i t i ze r s

Pp t  @ Performs A/D vo i ce  con-
version °

® Outputs d i g i t a l  voice
to UMU o

°
°

a
—

STS Orbiter to MCC TLM Data Flow (10S/STC)

ACLC
UPLINK
® Accepts command messages in

4800 b i t  NASCOM format and
converts data to DSIS/STC >»
format

® Trans fe rs  commands or f i l l  to FROM/TO
UMU

DOWNL INK GSFC
® Accepts 128 KB/S telemetry

data and formats for  t rans -  Sam
mission to GSFC

® Accepts AZ, EL and RR data
from IOS and formats i n to
t r ack ing  message

DOWNLINK

Receives d i g i t a l  voice
and telemetry from DSIS
Demultiplexes (separates) - ilsEPER TONE RECEIVER ,

d ig i t a l  voice from telem- VOICEetry data < FROM
Performs D/A voice con- GSFC
ve rs i on  <<
Reproduces analog voice SL  Sane

over system speakers for VOICEmonitor ing TO GSFC
Trans fe rs  voice to GSFC vv

Reassembles telemetry
data and t rans fe rs  to ACLC
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r _

MCC TV SWITCHING EQUIPMENT 525 TV MONITOR __SCAN CONVERTERS

B GSTDN FROM SITES | BLACK AND BLACK AND WHITE

: | 

| WHITE 945 BLACK AND WHITE TV
| TO GSTDN SITE 

|: - COLOR TV VIR 525 BLACK AND WHITE TV

i . TV TO BLDG 8

- COLOR TV FROM | MILA TONE KEYING EQUIPMENT
" BLDG 8

|
1 ANALOG CHANNEL SWITCH |}  -

IB
! 4 A/G

1 . GSTDN TONE KEYING EQUIPMENT | VOICE DISTRIBUTION EQUIPMENT R/T CONFERENCE SWITCH R/T CONFERENCE EQUIPMENT NO-1

I— A/G

- - ) . ~ NO. 2

| |

|

|| :

] 
| PRIVATE CONFERENCE EQUIPMENT

| CCRF | )

| 

) 
e H i s to r i ca l  h r y iA le :  of

NB all  TM data, A/G voice, <<
| WED SWITCH and selected voice loops
| . en te r i ng  or l eav ing  the MCC ATA

1 A FROM : VF DATA PATCH
I e Contro ls ,  switches, and NCIC KSC
] routes a l l  WBD c i r cu i t s  ® Message processing and | 

NCIU TPC
to/from MCC rou t i ng  of a l l  incoming

| NASCOM 4800-bi t  block eo A/G frame sync de tec t ion  ® Master frame va l i da t i on
data formatted messages A ® Minor frame bu i l d i ng  Bp  ° GPC subcom decommutation

. . ® Message accounting eo GRT AT detec t ion  for @ Time ca lcu la t ions
" ® Error s tatus ing s ing le  telemetry stream eo Sample rate reduct ion
i ® Logging AED

1 Y ? ¢ Status summary d ® Converts and distr ibutes
i Qucpus ee  to  RED analog event and time

DUMP DATA PROCESSOR teiCooary ata to data to analog and event
: ® Provides reverse to forward and rate correction an str ipchart  recorders

for dump OD data
1 NOM eo Temporary storage of dump and R/T OD data
| for quick access play-ibacks MBI
| I e Data bus system for
| > mu l t i p l e  data paths
i —- between elements of
| j 

| NIP, NOM, and SDPC

|
kL

VIS

[ Vom mE

STS Orbiter to MCC TLM Data Flow (MCC)

CONSOLESAND DISPLAY EQUIPMENT

Master frame va l i da t i on
GPC subcom decommutation
Time ca lcu la t ions
Sample rate reduct ion
Logg ing
Status summary
Outputs preprocessed
te lemet ry  data to AED
and SDPC‘y

y

DDD'S

® Drives d i g i t a l
d isp lay ind ica tors

y

@ Allows Orb i te r  TV and TV video d isp lay
to be switched to any MCC console

A
® De tec t s ,  f o rma ts ,  and

DTE | mult ip lexes d isplay

DSCIM

eo Converts SDPC computer
; - requests  from console

language into dynamic keyboards to SDPC
TV video displays

1 y
CSE

Prov ides  a user i n t e r f ace  between
and operator consoles the SDPC
Provides a d i r ec t  input to the
SDPC for the LLTD.

_ SDPC
Performs TM ca l i b ra t i on
Performs TM l im i t  sensing
Performs TM EU conversion
Performs R/T TM computation and analysis
Performs R/T TM data presentat ion to DTE and DDD'S
Meters command ouput up to 50 per second
Builds and stores Orb i te r  commands for output
Performs automatic 2-stage command comparison
Builds and outputs ngtwork TM management commands
Provides console command displays
Generates Orbiter element/acquisition message (IIRV)

+
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PRACTICE:

Match the groups of funct ions l i s t ed  below with the blank STS Orb i ter - to-
MCC Telemetry Data Flow diagram on the fo l low ing  page.

I .  ORBITER

A.

e D ig i t i zes  analog voice
and inter leaves with
the OD telemetry data
for downlink

® Performs frame synchroniza-
t ion

® Demultiplexes command
and A/G voice

e@ Transfers commands to
the CMD MDM's.

® Used for se r i a l  recording
and dumping of on-board
systems data and d i g i t i zed
voice.

® Transmits PM TDM telemetry
and voice to GSTDN sites.

® Receives command data
from GSTDN s i tes

® Receives d i g i t a l  A/G
voice from GSTDN sites.

® Magnetic tape device
which stores preprogrammed
OD TLM formats for the
GPC.

E.

4-41

Accepts and encodes data
from OI veh ic le  subsystems
to the OD PCMMU.

Accepts and encodes data
from f l i gh t  c r i t i ca l  subsys-
tems to the GPC.

Accepts and in ter faces
f l i gh t  c r i t i ca l  MDM data
to the te lemet ry  0D system.

Provides parameter computa-
t ional services for on-
board and te lemetry downlink.

Prov ides down l i s t / down l i nk
format control

Outputs upl ink commands
to MDM's

Holds 2-stage commands
in buffer un t i l  execute
command rece i ved .

Holds SPC commands in
buf fer un t i l  time of execut ion.

Acts upon-command loads
for mass memory and main
memory.



TC
 T

h
u

m

Accepts main engine con-
t r o l l e r  data and d i s t r i bu tes
to the GPC's, ops recorders,
and the FM data system.

Co l l ec ts ,  s to res ,  and outputs
measurement parameters
from the OI MDM's and the
GPC to the NSP for te lemetry
transmission.

Accepts and encodes DFI
vehic le  parameters to the
DFI PCMMU.

Co l lec ts ,  s to res ,  and outputs
DFI measurement parameters
from the DFI MDM's to the
FDM's for downl ink  v ia FM
and to the DFI recorders.

Frequency mul t ip lexes DFI
data such as v ib ra t ion ,  acoustic,
and f l u t t e r  measurements
for DFI transmission and
DFI WB recorders.

Frequency modulates DFI
telemetry stream and routes
to the S-Band combiner.

4-42

Accepts, processes, and
selects  for transmission
one at a time of TV, playback,
WB analog, and WB d i g i t a l
data for FM transmission.

Provides ca r r i e r  frequency
generation and FM modulation
output of FM data downlink.

Provides for two FM downlink
transmissions simultaneously
via one antenna system.

Records 128 Kbs DFI PCM
telemetry .

Records DFI frequency
mul t ip lexed frequency
data e.g. v i b ra t i on ,  acoust ic ,
and f l u t t e r  measurements.



VOICE STATIONS
ORBITER CMD MDM (FF1  AND 3) (2)  | 

STS Orbiter to MCC TLM Data Flow (Orbiter)

NSP (2)
MASS MEMORY UHF TRANSCEIVER

| 
| 

ACCU

FLIGHT CRITICAL MDM'S
S-BAND TRANSPONDER

—

MDM (PF2)

| PCMMU OPS RECORDERS
p>

A/G VOICE
FROM ACCU

EIU'S

TVC |

SYNC Ol MDM'S FM SIGNAL PROCESSOR FM TRANSMITTER S-BAND COMBINER

TV MONITORS

FDM'S | DFI TRANSMITTER
—

DFI PCMMU —

DF! MDM'S
——

DFI PCM RECORDER DFI WB RECORDER (2)

<— > | n
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PRACTICE FEEDBACK:

Compare your answers with the o rb i te r  te lemetry data flow drawing in your
Learning Ma te r i a l .
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I I .  Match the groups of funct ions below with the blank STS Orbiter-to-MCC
telemetry data flow drawing on the fo l low ing  page.

GSTDN/GSFC:

A.

Processes and outputs
R/T, P/B, and dump OD
te lemetry data to MCC

Builds and outputs SSM
to MCC

Bui lds ,  s to res ,  and outputs
DLSM to MCC on demand.

Routes commands

Builds and outputs command
h i s to r i es  to MCC

Processes and outputs
t rack ing  data to MCC. _

Acquires, amp l i f i e s ,
and converts o rb i t e r
S-Band signals.

(Transmits command, voice,
and ranging.)

Dis t r ibu tes  incoming
S-Band s ignals to the
PM and FM receivers.

Receives o rb i te r  FM WBD
channels for main engine;
TV, P/L, and OPS and
P/L recorder dumps

Transfers TV to video
p rocesso r .
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Demodulates the PSK sub-
ca r r i e r  from the DFI FM
ca r r i e r .

Prime OD minor frame va l i da t i on

Transfers 0D telemetry
and i ts  status to the
642-B.

D iscards  A/G voice b i t s

Forward dump data minor
frame va l i da t i on

Transfers s ta tus ,  t im ing ,
and format ID to 642-B.

Receives the OD TDM teleme-
try and voice PM s ignal

Outputs demodulated R/T
and dump data

Transfers OD LINK to the
DMS.

Receives DFI FM telemetry
signal

Outputs PSK and FM subcarr iers
for subsequent demodulation.



Provides for mu l t i p l e
and selectable r ou t i ng
of inputs/outputs to
various rece ivers ,  recorders,
and telemetry elements.

Record and playback func t ion
for a l l  te lemetry downlinks

Command h i s to ry  type
I I  data.

DFI minor frame val idat ion

Transfers DFI l i n k  s ta tus
to 642-B.

Reverse dump data minor
frame va l i da t i on

Transfers s ta tus ,  t im ing ,
and format ID to 642-
B.

Routes GSTDN data to
MCC (up to 4 sites simultaneously)

Routes MCC data to GSTDN
s i t es .

Provides signal strengths
for OD, DFI, and FM l inks

Provides lock s ta tus
for the PM receiver and
DMS.
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ACC |

| _

i
I
" TTY TO =

MCC

- GSTDN ,
HF TRANSCEIVER

! 
_

1 E SELECT
i
i SCV MUX/DEMUX

S-BAND EQUIPMENT Jes
i
i OMMAND VERIFICATION RECEIVER |
I
i |

i
} 

| 

EE —

1
DMS

i — PM RECEIVER

i |

: | MULTICOUPLER B —

i | 

L A
: | ERROR CHANNEL SWITCH DF RECEIVER

i
| I

1
I
- IRSS FM RECEIVER y

-> PROGRAM PATCHBOARD

L >

————FROM C-BAND

» RTC TO
GSFC La

SCE

PSK DEMODULATOR

WBD RECORDERS

COMM TECH CONSOLE

vol

2 - va ay !

: 
maenn  3 Se 53 i

The

ee aRa 0a i reRRR EpCa lm,  e tn  0

LX 0 SRR S ine

SERREa Ron

PCM DECOMM NO. 1

PCM DECOMM NO. 2

PCM DECOMM RO. 3

PCM DECOMM NO. 4

-¥ GSFC

§ STS Orbiter to MCC TLM Data Flow (GSTDN/GSFC

MILA

QUINDAR, TONE KEYING EQUIPMENT]

SCAMA SWITCH /G NO, 1\ /GNO.1 JS o = oO NA/G NO, 2

AMQ

|]
i |

642-B COMPUTER SYSTEM | - ~ GSFC MESSAGE SWITCH (494)
: 2| -]
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PRACTICE FEEDBACK:

Compare your answers with the GSTDN/GSFC telemetry data flow drawing in your
Learning Ma te r i a l .
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I I I . Match the groups of funct ions l i s t ed  below with the blank STS Orb i te r -
to-MCC telemetry data flow drawing on the fo l l ow ing  page.

10S/STC

A.

Transmits command and
voice s ignals

Receives te lemetry ,  voice
and ranging data.

Receives, ampl i f ies  and
converts S-band s igna ls

Transmits command, voice
and ranging to o rb i t e r .

Reproduces analog voice
over voice system speakers
for moni tor ing

Reassembles te lemetry
data and transfers to
ACLC.

Records and provides tape
playback of te lemetry
data and voice data

Receives command and voice
signal

C. Uplink
Transmits voice, te lemetry

® Receives upl ink analog and ranging data.
voice s ignals

Receives Quindar tone
keying enabling voice
d ig i t i ze r s

Performs A/D voice conver-
sion

Outputs d i g i t a l  voice
to UMU.

Downl ink

Receives d i g i t a l  voice
and te lemetry from DSIS

Demultiplexes (separates)
d ig i t a l  voice data from
telemetry data

Performs D/A voice conver-
sion

4-49

Dis t r ibu tes  incoming S-
Band signal to FM and
GRARE rece ive rs .

Receives the 0D TDM teleme-
try and voice PM s ignal

Outputs demodulated R/T
data

Transfers OD Link to GRARE
output device.

Receives DFI PM telemetry
s i gna l .

Receives orbi ter  FM WBD
channels for main engine
and P/L recorder dumps.



. Uplink

Accepts command messages
in 4800 b i t  NASCOM FORMAT

Trans fe r s  commands or
f i l l  to UMU

Down l ink

Accepts 128 KB/s te lemetry
data and formats for
t r ansm iss ion  to GSFC

Accepts AZ, EL & RR data
~ from I0S and formats

i n to  t rack ing message.

Communication channels
leased from va r i ous  domes-
t i c  and fo re ign  common
carriers.
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|x STS Orbiter to MCC TLM Data Flow (10S/STC)

| 3 ACLC B

| i
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PRACTICE FEEDBACK:

Compare your answers with the I0S/STC telemetry data flow drawing in your
Learning Ma te r i a l .
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IV. Match the groups of funct ions l i s t ed  below with the STS Orbiter-to-MCC
telemetry data flow drawing on the fo l l ow ing  page.

MCC:

A.

Perform TM ca l i b ra t i on

TM l im i t  sensing

Perform TM EU conversion

Perform R/T TM computation
and analysis

Perform R/T TM data presenta-
t ion  to DTE and DDD's

Meters command outputs
up to 50 per second

Perform automatic 2-stage
command comparison

Builds & stores orb i ter
commands for output

Builds & outputs network
TM management commands

Provides console command
displays

Generates orb i ter  element/-
acquisition message (IIRV).

His to r i ca l  recording
of a l l  T™ data and A/G
voice and selected voice
loops enter ing or leaving
the MCC.
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MCC consoles

Input keyboards

Displays for TV, event
l i t e s ,  SCR's, and c l ock ’ ' s .

P rov ides  reverse to forward
and rate co r rec t ion  for
dump OD data

Temporary storage of dump
and R/T OD data for quick
access playbacks

Converts SDPC computer
language into dynamic
TV video displays

Controls, switches, and
routes al l  WBD c i r cu i t s
to and from MCC.

Converts and d i s t r i bu tes
analog event, and time
data to analog and event
s t r i p  chart recorders .

Data bus system for mu l t i p l e
data paths between elements
of the NIP, NOM, and the
SDPC.

Drives d i g i t a l  d isp lay
i nd i ca to r s .



Message processing and
rou t i ng  of a l l  incoming
NASCOM 4800 b i t  block
data formatted messages

Message accounting

Error statusing.

Master frame va l i da t i on

GPC subcom decommutation

Time ca lcu la t ions

Sample rate reduct ion

Logging

Status summary

Outputs preprocessed
telemetry data to the
AED and SDPC.

A/G frame sync detect ion

Minor frame bu i l d i ng

GRTAT detection for
s ing le  telemetry stream.

Detec ts ,  fo rmats ,  and
mult ip lexes d isp lay requests
from console keyboards
to the SDPC.
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: i | | 945 BLACK AND WHITE TV
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PRACTICE FEEDBACK:

Compare your answers with the MCC telemetry data flow diagram in your
Learning Ma te r i a l . ,



SEGMENT 5

TELEMETRY DATA RATES AND FORMATS

OBJECTIVE:

Be able to d i f f e ren t i a te  between the f o l l ow ing :

a. Telemetry HBR/LBR data rates and data rates formats.

b. OD downlink HBR/LBR data rates and data rates formats.

INTRODUCTION:

The purpose of th is  segment is to introduce the manner by which the operat ional
downlink (0D) gets const ructed and how i t ' s  associated,  data r a tes ,  and formats
are der ived.  This includes how the acquired telemetry input data gets assembled
in to  data set combinations and processed. I t  then in t roduces the concept
of how telemetry is arranged and formatted, where the te lemetry stream gets
combined with d i g i t a l  voice,  and f i na l l y ,  how the telemetry and voice is
formatted into the f i na l  resu l tan t  OD downlink via the RF system to the Ground
Spacecraft Tracking and Data Network (GSTDN).
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LEARNING MATERIAL:

Data Rates

Telemetry OD_Down1ink

LBR = 64 KBS LBR = 64 KBS TLM + (1) 32 KBS
HBR = 128 KBS voice = 96 KBS

HBR = 128 KB TLM + (2) 32 KB
voice = 192 KBS

Formats

~ TELEMETRY | OD DOWNLINK

LBR Telemetry (TM) Format OD LBR FORMAT
[ , oy  —p———

[ I]213]al5]6]7]8]e]10]11]12
112 ]31a l s5 te l z l s l o l i o l  

| —
| ————— —

[76]77]78]79]s0 FH 16 BITS| | |eTc.
<-  FRAMES a — 181119 120 |

® SAME AS HBR FORMAT EXCEPT
80 WORDS/FRAME

HBR Telemetry (TM) Format OD HBR Format
8 BIT WORDS=7 r

HN |r r  ¥
yee  py  112131415161 718  1112

) y —— ————
ee an t  

:

— ee  — ——

——— 
| ™ V1 V2 ™

1158]159]160 32 BITS |8  BITS |8 ars  BITS] ETC

a

—
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SUPPORTING DATA:

0I and GPC data are organized into "combinations" (sets of data) in the PCMMU.

GPC HBR 128 KB/S,
PCMMU
® HBR FORMATTER | LBR

‘© LBR FORMATTER | 64 KB/S

These combinations of te lemetry data are assembled and formatted into two
data streams, HBR (high b i t  rate)  at 128 KBS and LBR (Low b i t  ra te)  at 64
KBS.

In te lemetry the word formats is used to i nd ica te  both:

a. The s t ruc ture  by which telemetry is assembled and t ransmit ted

b. The content ,  sequence and scheme of assigning the actual measurement
parameters to f i l l  the frames of data.

For our discussion, we w i l l  use the f i r s t  de f i n i t i on  as the s lot  s t ruc tu re .

The telemetry format s t ruc tu re  that is bu i l t  in the PCMMU for the HBR is
as fo l l ows .

Frame Format

— 
“ 8  BIT WORDS

—_— [78] 79] 80

Whereby there are: eo 160 8-b i t  words/frame

@ 100 frames = 1 master frame = 1 sec

5-3



The LBR format is arranged as f o l l ows :

112 ]3 ]a l s | s l 7 [8 ]o ] t 0

The st ructure for the LBR is the same except there are only 80 words per frame.

The b i t  rate and telemetry format co r re l a t i on  is as fo l l ows :

HBR

100 frames = 1 master frame = 1 sec
160 8-bit  words/frame = 16000 8-bit  word/sec

128000 b i t / sec
12 Kbs

LBR

80 8 -b i t  words/frame 8,000 8 -b i t  words/sec
64000 b i t / sec

h l  78 [ 79 ]80

64 Kbsu
o

 
n



After the PCMMU has formatted the te lemetry data streams into the above teleme-
t ry  formats, the data streams are routed to the NSP. The NSP accepts the
two streams of data and t ime-d iv is ion  mult ip lexes ( i n te rg ra tes )  the te lemetry
data into the resu l tan t  OD downlink as fo l l ows :

HBR = 128 Kbs TLM + 2 32 Kbs voice = 192 Kbs

LBR = 64 Kbs TLM + (1) 32 Kbs voice = 96 Kbs

oo  NSP
| 

~ HBR | 

— 1 HBR ° . |

PCMMU | | Co; | MULTIPLEXER | BR | o l  00
{ J / © TO

| 

DIGITAL S-BAND
? paz  01  TRANSPONDER

CHANNELS
DELTA MODULATION
SYSTEM (DMS)

ANALOG
VOICE
CHANNELS

128 KB/S > OPS 92 KB/S |

| __  RECORDERS |
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Correspondingly, the OD formats are increased in work size to accommodate
the d i g i t a l  voice as fo l l ows :

1 {2 ]3 ]a |5 ]6 ]7 ]8 ]9 f i o ] 11 ) i 2

-< — 1|2]3]a]s]6]7]8]oiof11}2
™ —_——

<< —™ V1 V2
32 BITSI32 BITS|32 BITS|32 BITS

™ J i i T™
2

ETC,

32 he Bz he b | er
— 317s |BITs [BITS {BITS [BITS |

—» [238] 239]240 —_  —»J118[119 [128

OD HBR FORMAT | 

OD LBR FORMAT
—— [FRAME —

e 240 8-Bi t  Words/Frame Same as HBR except:

® A Master Frame (or data cycle) 1) 120 Words/Frame
= 100 frames

2) V1 only (only one voice channel)
eo 1 Data Cycle = 1 second

V1 = Voice Channel 1

V2 = Voice Channel 2

Notice the only d i f f e rence  between HBR and LBR is that  in HBR two voice channels
are included whereas with LBR only one voice channel is present.  (For more
information on voice processing refer  to the STS A/G Voice Data Flow lesson).

In summary, when we ta lk  about b i t  rates and fo rmats ,  we have to be ca re fu l
to i den t i f y  at which point in the system we are addressing. The PCMMU formats
telemetry into two data rates and formats of 128 KB/s (HBR) and 64 KB/S LBR.
The NSP formats telemetry and voice into two formats of 192 KB/s (HBR) and
96 KB/S (LBR). Only one (e i t he r  OD HBR or LBR) is selected for transmission
v ia  the S-Band PM OD l i nk  to the GSTDN. This area is d iscussed fu r the r  in
Segment 5.
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PRACTICE:

DESCRIPTION:

a. [1] 213]a]5[6[7[8]9T10]11]12

Mv ,  [v, [MTV  ]V,
PE————

 ————=[238]239]240]

b. [1232156178 [TO ITII1Z
MV [V [TM [VV i

181191120

c. [112]3[4]5T61718[9]10

———J1581150160]
d. [112314151617 18[9110

e. 192 KBS

f .  64 KBS

g. 128 KBS

h. 96 KBS

5-7

Match the appropriate descr ip t ion  with the proper tit le.

MATCH
LETTER TITLE:

1. OD HBR ( ra te )

OD HBR (format)

0D LBR (rate)

0D LBR (format)

TM HBR ( ra te )

TM HBR (format)

TM LBR (rate)

lI
 

N
J

T
O

Y
 

O
P

A
]

W
w

W
]N

TM LBR (format)



PRACTICE FEEDBACK:

Match the appropriate descr ipt ion with the proper t i t l e .

DESCRIPTION: MATCH
LETTER

a. [112]3l4|5]6[7[8][9[10[11]12 | 

TITLE:

im [TV  [mq ] ,  e | 1. OD HBR (rate)

[ 238 ]  239] 240 a 2. OD HBR (format)

b. [1[2]3[4]5]6]7][8]9]10[11]12 h | 3. ODLBR (rate)

V V, ™ V, V i b 4. 0D LBR (format)

LL  —— :

c. [MI2[3[4l5]6]7]8]9[10 c | 6. TM HBR (format)

Ee  IRE  RL f 7. TM LBR (rate)
158| 159 160

d 8. TM LBR (format)
d. [1T2]3T4]5]6]7][8]9]10

178 | 79{ 80

e. 192 KBS

f.  64 KBS

g. 128 KBS

h. 96 KBS
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WRAP-UP:

As was mentioned ea r l i e r ,  th is  workbook is not complete by any means, but
i t  does represent  a basic i n t roduc t i on  to the subject  of STS te lemet ry .
Future addi t ions and updates w i l l  be provided in the f u tu re .  In add i t i on ,
there are some lessons cur ren t l y  being developed which w i l l  serve as in t roduc-
tory mater ia l  for the whole subject of f l i gh t  operat ions, data l i n ks ,  mission
con t ro l ,  and ground data systems p r ima r i l y  for new people.

In terms of th is  version of the workbook you have learned the f o l l ow ing :

3 STS te lemetry downlink t i t l e s

The content of the 3 downlinks

The modulation scheme u t i l i zed  for each downlink

The data r a tes ,  and formats for the OD downlink

And the data flow and funct ions of the major elements from the o rb i te r
to the MCC consoles.
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LIST OF ACRONYMS

Adaptive Communication Line Cont ro l le r
Analog/Event D i s t r i bu t i on
Analog/Event System
Air-to-Ground
Analog to D ig i t a l  Mul t ip lexer  Quant i t izer
Acquis i t ion of Signal

Blocked Data Format
Bit Error Detection

Consolidated Communications Recording Fac i l i t y

D ig i t a l  Display Dr i ve r (s )
Development F l i gh t  Instrumentat ion
Data Link Summary Message
Delta Modulation System
Data Routing Patch Panel
Dynamic Standby Computer
Display Select Computer Input Mul t ip lexer
Defense Communication System/Satel l i te Control Fac i l i t y

In te r face  System
Dig i t a l - t o -Te lev i s i on  Equipment

Engine In ter face Unit
EU Engineering Unit

FM Frequency Modulation

GNC (GN& C) Guidance, Navigation, and Control
GPC General Purpose Computer
GRARE Ground Receiving and Routing Equipment
GRT Ground Rece ip t  Time
GSFC Goddard Space Flight Center
GSTDN Ground Spacecraft Tracking and Data Network

HBR High Bit Rate
HDR High Data Rate

ICD In ter face Control Document
ID I den t i f i ca t i on
I0S Indian Ocean Stat ion

JSC Johnson Space Center

KB Ki lo  B i t ( s )
KBS (KB/S) Ki lob i ts  per second



MBS (MB/S)

MMU
MOC

NASCOM
NCIC (NCI(C))
NCIU (NCI(U))
NIP
NOM
NSP

P/B (PB)
PCM
PCMMU
PL (P/L)
PM
PSK

RAM
RF
R/T (RT)

S-Band
SCR
SDPC
SM
SRB
SSM
SSME
STC
STS

Low Bi t  Rate
Low Data Rate
Loss of Signal

Mul t i p l e  Bus In ter face
Megabits per second
Mission Control Center
Mul t i p l exe r  /Demu l t i p l exe r
Main Engine
Megahertz
Mass Memory
Mass Memory Unit
Mission Operations Computer

NASA Communication Network
Network Communication In te r face  Common
Network Communications In ter face Unique
Network I n te r f ace  Processor
Network Output Mu l t i p l exe r
Network Signal Processor

Orb i ta l  F l igh t  Test
Operational Downlink
Operational Instrumentation
Operations
Orbi ter  Vehicle
Oxygen

Playback
Pulse Code Modu la t ion
Pulse Code Modulation Master Unit
Payload
Phase Modulation
Phase Shift Keying (Keyed)

Random Access Memory
Radio Frequency
Real-Time

Frequency Spectrum of S-Band Equipment
St r i p  Chart Recorder
Shutt le Data Processing Complex
Systems Management
Solid Rocket Booster
Site Status Message
Space Shut t le  Main Engine
Sa te l l i t e  Test Center
Shutt le Transportation System
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TDM
TDRSS
TLM

TPC
TV

UST

Vl
V2

WB
WBD

Time D iv is ion  Mul t ip lexed
Tracking Data Relay Sa te l l i t e  System
Telemetry
Telemetry
Telemetry Preprocessor Computer
Televis ion

Unblocked Ser ia l  Telemetry

Voice Channel One
Voice Channel Two

Wide Band
Wide Band Data
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Orb i t e r  Downl inks

Data Flow

APPENDIX B

REFERENCES

APPLICATION

oe Types, de f i n i t i on ,
and contents

Modulation methods

OFT-1 OD Telemetry
bandwidths, data rates,
and formats.

Orb i te r

GSTDN

GSFC

B-1

SOURCE

JSC No. 11890
Shut t le  O rb i t a l
F l i gh t  Test Pro-
gram In t roduct ion
Document (September 1,
1977).

JSC No. 11891 Shut t le
OFT Fl ight - Program
Requirements Document,
(September 1, 1977).

ICD No. 2-0D004
JSC/GSFC Space
Shu t t l e  RF Communications
and Tracking.

JSC-11384 Volume
I ,  OFT Telemetry
Data Format Con t ro l
Book, September,
1976.

SD-72-SH-0105-
2 Communications
& Tracking Requirements/-
Def i n i t i on  Document.

SK1000 Stat ion Conf igurat ion
for Shut t le  O rb i t a l
and Landing Support,
August 22, 1977.

Garland Hector,
GDSD

JSC/11534 JSC/GSFC
Communications
In te r face  Control
Document, May
1977.



TOPIC APPLICATION SOURCE

eo MCC @ JSC-10013B M iss ion
Con t ro l  Center
(MCC) System Specifica-
t i on  for  the Shu t t l e
OFT Timeframe.

eo JSC-10466 OFT
TPC Prel iminary
Software Design
Spec i f i ca t i on
(10-77).

e JSC-10472 Dump
Data Handling
Subsystem Speci f ica-
t ion (8-77)

eo JSC-10233 OFT
NIP Subsystem
Speci f ica t ion
(4-77)

e JSC-10273 Analog/Event
D i s t r i bu t i on  Equip-
ment Performance
Spec i f ica t ion.

eo JSC-10261 Mu l t i -
Bus In ter face
Performance Specif ica-
t ion (6-76)

® General e JSC-10074 Rev.
B Communications
and Data Systems
Integration (CADSI),
End-to-End Configura-
t i on  Book, October
15, 1976.
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Ground Systems Tra in ing  sect ioCG3 ion
MAIL TO: nn  Space Center ,  A Rd 1, Houston,  Texas 77058

LESSON CRITIQUE SHEET

LESSON CODE GND TM 2102A DATE OF MATERIAL _ 3/28/79

Please expla in any negat ive answers to the
Use the back of the sheet i f  required.

1.

6.

Was the lesson mater ia l  presented in a l og i ca l  manner?

Comments on handout organization:

Were the f igures and diagrams optimum tounderstanding the material?

Did the lesson start from your entry level?

In you opinion, was the level of detai l  about right?

Add i t i ons  or de le t i ons  from the lesson?

Prior Knowledge: Considerable Some Very L i t t l e

Other comments (or questions):
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