
VIY2il \ 7 fi }1, 31 O SD 72-SA-0133-5
PART I FINAL REPOiKT

TRACKING & DATA RELAY SATELLITE SYSTEM
CONFIGURATION & TRADEOFF STUDY

VOLUME V USER IMPACT & GROUND STATION DESIGN

o rn

' U ")
r- €:; r,,

'' \

£ t--4 Ut

;I I

- Co
• ')' H " 0

W trl .0 L-

.CH L

0 .0,

4 rV) " 17

(N ?A .-A N

Hr t~ Fl I-n

.n 0 H

= ' ' ~ ~~OCTOBER 1972 \-
SUBMITTED TO

GODDARD SPACE FLIGHT CENTER

NATIONAL AERONAUTICS & SPACE ADMINISTRATION

cD(.43Co W

g-41Ln . 0'HL

V Space Division IN ACCORDANCE WITH

4North American Rockwell CONT RACT N AS5-21705

1 2 2 1 4 L a k ewvo od B o u Ie va rd , D o wvn ey , C a Ii f o r n i a 9 0 24 1

Ne H - 0

~ U (NU "

OCTOBER 19a"

SUBMITTED TO "C~g S Y
GODDARD SPACE FLIGHT CENTER

NATIONAL AERONAUTICS & SPACE ADMINISTRATION

Space Division IN ACCORDANCE WITH

YYNorth American Rockwell CO NTRACT NASE-2 1705

1 2 214 L a keawoo d Bo0uleav a r d, Do0w neay, C ali fo0r n Ia 90 24 1

https://ntrs.nasa.gov/search.jsp?R=19740002697 2020-03-23T13:48:41+00:00Z



SD 72-SA-0133-5

PART I FINAL REPORT

TRACKING & DATA RELAY SATELLITE SYSTEM
CONFIGURATION & TRADEOFF STUDY

VOLUME V
USER IMPACT & GROUND STATION DESIGN

T. E. Hill
TDRS STUDY MANAGER

OCTOBER 1972
SUBMITTED TO

GODDARD SPACE FLIGHT CENTER
NATIONAL AERONAUTICS & SPACE ADMINISTRATION

Space Division IN ACCORDANCE WITH
North American Rockwell CONTRACT NAS5.21705

2 2 1 4 L a k e o o d B o u e v a r d D ow ne C a r n , a 9 0 2 4 1



PRECEDING PAGE BLANK NOT FILMED Space Division
North Amencan Rockwell

FOREWORD

This report summarizes the results of Part I of the study conducted under Contract NAS5-2107,Tracking and Data Relay Satellite Configuration and Systems Trade-off Study - 3-Axis StabilizedConfiguration. The study was conducted by the Space Division of North American Rockwell Corporationfor the Goddard Space Flight Center of the National Aeronautics and Space Administration.

The study is in two parts. Part I of the study considered all elements of the TDRS systembut emphasized the design of a 3-axis stabilized satellite and a telecommunications system optimizedfor support of low and medium data rate user spacecraft constrained to be launched on a Delta 2914.Part II will emphasize upgrading the spacecraft design to provide telecommunications support tolow and high, or low, medium and high data rate users, considering launches with the Atlas/Centaurand the Space Shuttle.

The report consists of the following seven volumes.
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Acknowledgment is given to the following individuals for their participation in and contributionsto the conduct of this study:

M.A. Cantor North American Rockwell System Engineering and
Spacecraft DesignA.A. Nussberger Electrical Power

W.C. Shmill ,
R.E. Oglevie Stabilization and ControlA.F. Boyd i
R.N. Yee Propulsion
A.D. Nusenow Thermal ControlT.F. Rudiger Flight MechanicsJ.W. Collins Satellite DesignP.H. Deutsch 

Reliability
S.H. Turtel Telecommunications Design.. FoTurkel Operations AnalysisA. Forster , CostCost
A.F. Anderson Integration
T.T. Noji AIL-Division of Cutler-Hammer Telecommunications DesignL. Swartz it
D.M. DeVito The Magnavox Company Telecommunication System AnalysisR.. CaFrench Ground Station DesignR.H. Frenchania Operations AnalysisG. Shaushanian ,User Transponder Design

- iii -

SD 72-SA-0133



PRECEDING PAGE BLANK NOT FILMD North Aencn Rockwell

TABLE OF CONTENTS

VOLUME I
Section Page

1.0 SUMMARY . . . . . . . . . . . . . . 1-1
1.1 SYSTEM CONCEPT . . . . . . . . . . 1-3
1.2 SATELLITE LAUNCH AND DEPLOYMENT . . . . . 1-7

1.2.1 Deployment Analysis . . . . . . 1-7
1.2.2 Launch Analysis . . . . . . . . 1-8
1.2.3 Launch and Deployment Profile . . . . 1-11

1.3 TELECOMMUNICATIONS DESIGN . . . . . . 1-13
1.3.1 Telecommunications System Analysis . . . 1-13
1.3.2 Telecommunications Subsystem Design . . . 1-25
1.3.3 Telecommunications Relay Performance. . . 1-29

1.4 SPACECRAFT MECHANICAL AND STRUCTURAL DESIGN . . . 1-35
1.5 ELECTRICAL POWER SUBSYSTEM . . . . . . . 1-51
1.6 ATTITUDE STABILIZATION AND CONTROL SUBSYSTEM . . . 1-54
1.7 AUXILIARY PROPULSION SUBSYSTEM . . . . . 1-57

1.7.1 Reaction Control Subsystem . . . . . 1-57
1.7.2 Apogee Motor . . . . . . 1-60

1.8 THERMAL CONTROL . . . . . . . . . . 1-60
1.9 RELIABILITY . . . . . . . . . . . 1-64
1.10 USER TRANSPONDER DESIGN . . . . . . . . 1-66

1.10.1 LDR Transponder . . . . . . . . 1-66
1.10.2 MDR Transponder . . . . . . . . 1-66

1. 11 NETWORK OPERATIONS AND CONTROL . . . . . . 1-68
1.12 TDRS GROUND STATION . . . . . . . . . 1-77
1.13 RECOMMENDATIONS . . . . . . . . . . 1-82

VOLUME II

2.0 SYSTEM ENGINEERING . . . 2-1
2.1 MISSION ANALYSIS . . . . . . . . . 2-1

2.1.1 Network Configuration . . . . . . 2-1
2.1.2 TDRS Operational Plan . . . . . . 2-6
2.1.3 Performance Sensitivity . . 2-19
2.1.4 TDRS On-Orbit Payload Capability . 2-21
2.1.5 Launch and Deployment Profile . . 2-22
2.1.6 Launch and Deployment Timeline . . 2-27

2.2 NETWORK OPERATIONS AND CONTROL . . . . . . 2-33
2.2.1 TDRS System Concept . . . . . . . 2-33
2.2.2 Primary System Elements and Their Operational

and Functional Interfaces . . . . 2-37
2.2.3 TDRSS Functional Analysis . . . . . 2-48
2.2.4 TDRS Operational Phase Sequence of Events . 2-113

2.3 SYSTEM RELIABILITY ANALYSIS . . . . . . 2-139

V
SD 72-SA-0133



Space Division
North Amencan Rockwell

VOLUME III

Section 
Page

3.0 TELECOMMUNICATIONS SYSTEM ANALYSIS . . . 3-1
3.1 RELAY SYSTEM REQUIREMENTS AND CONSTRAINTS . . . . 3-1

3.1.1 Design Goals . . . . 3-1
3.1.2 System Design Criteria . . . . . . . 3-1
3.1.3 Telecommunication System Description . 3-3

3.2 THE INTERFERENCE PROBLEM . . . 3-4
3.2.1 Radio Frequency Interference . . 3-6
3.2.2 "Trash Noise" and Its Effect on the

TDRS Channels . . . . 3-113.2.3 The TDRS User Propagation Path . . . 3-16
3.3 FREQUENCY SELECTION . . . . . 3-21

3.3.1 Frequency Trades . . . . 3-21
3.3.2 Frequency Plan . . . . 3-25

3.4 MODULATION AND CODING . . . 3-25
3.4.1 Impact of Forward Error Control on

the Medium and Low Data Rate Users . . 3-25
3.4.2 Voice Coding for Manned Users of the

Tracking and Data Relay Satellite System . . 3-323.5 RELAY SYSTEM PERFORMANCE ANALYSIS . . . 3-37
3.5.1 Forward (Command) Link Communications

Performance . . . . . . . 3-39
3.5.2 Return (Telemetry) Link Communications

Performance . . . . . 3-44
3.5.3 TDRS Tracking Performance . . . . . . 3-51
3.5.4 Pseudo-Random Code Acquisition and

Tracking . . . . . 3-67
3.5.5 Manned User Performance . . . . . . 3-76

3.6 REFERENCES

4.0 TDRS TELECOMMUNICATION SUBSYSTEM . . .. 4-1
4.1 TELECOMMUNICATION SYSTEM REQUIREMENTS . . . . . 4-7

4.1.1 Design Goals and Criteria • • . . 4-74.1.2 Requirements and Constraints . . . 4-10
4.2 TELECOMMUNICATION SYSTEM DESIGN DESCRIPTION . . . . 4-12

4.2.1 Frequency Plan . . . . 4-12
4.2.2 Functional Description . . . 4-224.2.3 Telecommunications Subsystem Size, Weight,

and Power Summary . . . .. 4-30
4.3 LOW DATA RATE LINK . . . . 4-32

4.3.1 Return Link . . . . . .. 4-32
4.3.2 LDR Antenna . . .. . . 4-61
4.3.3 LDR Transponder . . . . 4-68

vi

SD 72-SA-0133



North Amencan Rockwell

Section Page

4.3.4 Performance Specification for LDR
Transponder . . . . . . . 4-81

4.3.5 Size, Weight, and Power Summary for
LDR Transponder . . . 4-86

4.4 MEDIUM DATA RATE LINK . . . 4-87

4.4.1 MDR System Analysis and Trades . . . 4-87

4.4.2 MDR Antennas . . . . . . . . . 4-95

4.4.3 MDR Transceiver . . . 4-100

4.4.4 Performance Specification for MDR
Transponder . . 4-110

4.5 TDRS/GS LINK . . . . . . . . . . . 4-119

4.5.1 System Analysis and Trades . . . . . . 4-119

4.5.2 TDRS/GS Link Antenna . . . 4-124

4.5.3 TDRS/GS Transceiver . . . . . . . 4-128

4.5.4 Performance Specification for the
TDRS/GS Link Transponder . . . 4-146

4.5.5 Size, Weight, and Power Summary of
TDRS/GS Link Transponder . . . 4-150

4.6 FREQUENCY SOURCE . . . . . . . . . 4-151

4.6.1 System Analysis and Tradeoffs . 4-151
4.6.2 Detailed Description of the Frequency

Source . . . . . . . . . 4-153
4.6.3 Performance Specification for the TDRS

Frequency Source . . . . . . . 4-157
4.6.4 Size, Weight, and Power Summary for

TDRS Frequency Source . . . . . 4-161
4.7 TRACKING, TELEMETRY, AND COMMAND SYSTEM . . 4-162

4.7.1 Mechanization Trades . . . . . . . 4-163
4.7.2 Detailed Description of TT&C Transponder . 4-163
4.7.3 Performance Specification for the TDRS

Tracking, Telemetry and Command Subsystem . 4-170
4.7.4 Size, Weight, and Power Summary for TT&C . 4-172

4.8 TDRS TRACKING/ORDER WIRE TRANSPONDER . . 4-173
4.8.1 System Analysis and Trades . . . . . . 4-173
4.8.2 Detailed Description of TDRS Tracking

Order Wire . . . . . . . . . . 4-175
4.8.3 Performance Specification for TDRS

Tracking/Order Wire Transponder . . . 4-177
4.8.4 Size, Weight, and Power Summary for the

TDRS Tracking/Order Wire Transponder . 4-179
4.9 Ku-BAND BEACON .. . . . . . . . 4-179

4.9.1 System Description . . . . . . . . 4-179
4.9.2 Performance Specification of the

Ku-Band Beacon . . . . . . . . 4-181
4.9.3 Size, Weight, and Power Summary of the

Ku-Band Beacon . . . . . . . . . 4-181

vii

SD 72-SA-0133.



I Space Division
North American Rockwell

VOLUME IV

Section Page

5.0 SPACECRAFT MECHANICAL AND STRUCTURAL DESIGN . . 5-1

5.1 TDRS BASELINE CONFIGURATION . . . 5-2
5.1.1 Deployed Configuration . . . 5-2
5.1.2 Launch Configuration . . . . 5-2

5.2 SPACECRAFT BODY STRUCTURE . . . 5-6
5.3 ANTENNA MECHANICAL DESIGN . . . 5-9

5.3.1 MDR Antennas . . . . . 5-9
5.3.2 LDR UHF-VHF Array Structural

Construction . . . 5-9
5.3.3 TDRS/GS Antenna . . . . 5-10
5.3.4 TT&C Antennas . . . . . 5-10
5.3.5 Ku- and S-Band Tracking/

Order Wire Antennas . . . . 5-135.4 SOLAR ARRAY PANELS AND DRIVE MECHANISM . . 5-13
5.4.1 Solar Panels . . . . 5-13
5.4.2 Drive Mechanism . . . . . 5-145.5 SUBSYSTEMS INSTALLATION . . 5-14

5.6 ACCESSIBILITY AND SERVICING PROVISIONS , . 5-215.7 MASS PROPERTIES . . . . 5-21
5.8 SUBSYSTEM INTEGRATION . . . 5-21

6.0 ATTITUDE STABILIZATION AND CONTROL SUBSYSTEM (ASCS) . 6-1

6.1 PERFORMANCE REQUIREMENTS . . . 6-1
6.2 DISTURBANCE TORQUES AND MOMENTUM STORAGE

REQUIREMENTS . . . . 6-3
6.2.1 Solar Pressure Torques 6-3
6.2.2 Antenna Gimballing Disturbances. . 6-8
6.2.3 Momentum Storage Requirements . . 6-86.3 SYSTEM MECHANIZATION TRADE STUDIES 6-13
6.3.1 Transfer Orbit and Deployment Phase . 6-13
6.3.2 On-Orbit Phase Torquer and

Momentum Storage Subsystem Trades , 6-15
6.3.3 Attitude Determination Sensor

Trades . . . 6-226.4 BASELINE SYSTEM DESCRIPTION . . 6-256.4.1 Spin Stabilized Control Mode . . 6-25
6.4.2 Three-Axis Stabilized Control System. 6-30

6.5 APS Performance Requirements 6-33
6.5.1 Propellant Requirements . . 6-33
6.5.2 Thruster Performance Requirements . 6-36
6.5.3 Reaction Jet Configuration. . . 6-39

viii
SD 72-SA-0133



Space Division
North Amencan Rockwell

Section Page

7.0 PROPULSION SYSTEM . . . . 7-1

7-1 APS REQUIREMENTS AND CRITERIA . . 7-1
7-2 ANALYSIS AND TRADE STUDIES . . . 7-2
7-3 SUBSYSTEM DESIGN . . . . . . 7-7

7.3.1 Description . . . . . 7-7

7.3.2 Performance . . . . . 7-8

7-4 DESIGN CONSIDERATIONS . . . . . 7-16

7.4.1 Operating Life . . . . . 7-16
7.4.2 Thrust Vector Alignment . . . 7-17

7.4.3 Performance Verification . . 7-17
7-5 APOGEE MOTOR . . . . . . 7-17

8.0 ELECTRICAL POWER SUBSYSTEM (EPS) . . . . . 8-1

8.1 EPS SUMMARY . . . . . . . 8-1
8.1.1 Alternative Concepts . . . . 8-3

8.1.2 Requirements . . . . . 8-5

8.1.3 EPS Description . . . . . 8-13
8.2 PRIMARY POWER GENERATION ASSEMBLY . . . 8-15

8.2.1 Solar Array Function and
Description . . . . . 8-15

8.2.2 Solar Array Assembly Characteristics. 8-18
8.2.3 Operational Constraints and

Growth Considerations . . . 8-20
8.3 ENERGY STORAGE ASSEMBLY . . . . . 8-22

8.3.1 Function and Description . . . 8-22
8.3.2 Assembly Characteristics . . . 8-24
8.3.3 Growth Considerations . . . 8-26

8.4 POWER CONDITIONING ASSEMBLY . . . . 8-26
8.4.1 Function and Description . . . 8-26
8.4.2 Power Conditioning

Assembly Characteristics . . . 8-28
8.4.3 Operational Constraints and

Growth Considerations . . . 8-30
8.5 DISTRIBUTION, CONTROL AND WIRING ASSEMBLY. . 8-31

8.5.1 Function and Description . . . 8-31
8.5.2 Assembly Characteristics . . . 8-31

8.6 EFFECT OF BATTERY CAPABILITY OF TDRS
VOICE TRANSMISSION . * * 8-33

9.0 THERMAL CONTROL . . . . . . . 9-1

9.1 REQUIREMENTS . . . . . . . 9-1
9.1.1 Mission Requirements . . . . 9-1
9.1.2 Heat Rejection Loads . . . . 9-1
9.1.3 Temperature Limits . . . . 9-4
9.1.4 Design Constraints and Problem Areas. 9-4

ix
SD 72-SA-0133



Space Division
North American Rockwell

Section 
Page

9.2 SYSTEM DESCRIPTION . . . 9-7
9.2.1 Louver Radiator 9-7
9.2.2 Multilayer Insulation . . 9-109.2.3 Thermal Control Coatings . . . 9-13
9.2.4 Equipment Component Placement . 9-13

9.3 ALTERNATE CONCEPTS . . .. 9-15
9.3.1 Passive Design . . , 9-159.3.2 Variable Conductance Heat Pipe

Radiator .. . 9-15
9.4 SUBSYSTEM THERMAL CONTROL . . 9-16

9.4.1 APS . .. . . 9-16
9.4.2 Solar Array Panel * . . 9-189.4.3 Antennas . . 9-22
9.4.4 Apogee Motor . 9-229.4.5 Excess Power Dissipation . . 9-23

9.5 SYSTEM DEFINITION . 9-23

10.0 RELIABILITY 
10-1

10.1 DEFINITIONS . . 10-110.2 RELIABILITY GOALS AND CRITERIA . . 10-210.3 SUBSYSTEM ANALYSIS 10-510.3.1 Telecommunications * * 10-510.3.2 Structure and Mechanics . . • 10-13
10.3.3 Attitude Control 10-13
10.3.4 Auxiliary Propulsion Subsystem (APS). 10-1310.3.5 Electrical Power . . 10l1510.3.6 Thermal Control . . . . 10-1510.4 SINGLE FAILURE POINT SUMMARY . • 10-1810.5 RELIABILITY PROGRAM FOR IMPLEMENTATION PHASE . 10-24

VOLUME V

11.0 USER SPACECRAFT IMPACT . 11-1

11.1 USER SPACECRAFT TRANSPONDER CONCEPTS
AND TRADES . . . . . . 11-1

11.1.1 LDR Transponder . . . 11-1
11.1.2 MDR Transponder . . 11-511.2 USER SPACECRAFT TRANSPONDER MECHANIZATION . 11-7
11.2.1 LDR Transponder . . , . 11-7
11.2.2 MDR Transponder . . . . 11-1511.3 CONCLUSIONS . . . . , . 11-19

12.0 TDRS GROUND STATION DESIGN . . . . , 12-1

12.1 REQUIREMENTS AND CONSTRAINTS . 12-1
12.1.1 Uplink Requirements and Constraints 12-1
12.1.2 Downlink Requirements and

Constraints . . . 12-3

x
SD 72-SA-0133



Space Division
North Amencin Rock(well

Section Page

12.2 TDRS GROUND STATION . . . . . 12-4

12.2.1 TDRS GS Antenna Subsystem . . 12-4

12.2.2 Antenna Site Analysis . . . 12-5

12.3 ANTENNA SITE ISOLATION ANALYSIS . . . 12-6

12.4 Ku-BAND GROUND STATION ANTENNA . . . 12-6

12.4.1 TDRS Ground Station Receiver
Front End . 12-8

12.4.2 TDRS Ground Station FM
Demodulator and Demultiplexer. 12-8

12.4.3 TDRS Ground Station LDR
Processing . . . . . .12-9

12.4.4 TDRS Ground RF Transmitter . . .12-9

12.4.5 TDRS Ground Station
FDM Multiplexing . . . 12-9

12.4.6 TDRS Ground Station
Frequency Source . . . 12-10

12.4.7 TDRS Ground Link Backup Mode . . 12-10

12.5 DESIGN CONSIDERATIONS . . . . . 12-11

12.5.1 Signal Categories . . . . 12-11

12.5.2 LDR Command/Tracking (Uplink). . 12-11
12.5.3 LDR Telemetry . . . . . 12-13

12.5.4 LDR/MDR Tracking (Downlink) . . 12-13

12.5.5 MDR Command (P/BU)/Uplink Voice
(P/BU)/Tracking . . . . 12-13

12.5.6 MDR Telemetry (P/BU) . . . 12-14

12.5.7 TDRS Order Wire . . . . 12-14

12.5.8 MDR Downlink Voice (P/BU)
(Manned User) . . . . . 12-17

12.5.9 TDRS Command/Tracking (P/BU) . . 12-17
12.5.10 TDRS Telemetry (P/BU) . . . 12-17

12.5.11 TDRS Tracking (Downlink) (P/BU) . .12-17
12.5.12 Ground Station/Network

Communications . . . . 12-19

12.6 CONCEPT DESCRIPTION . . . 12-19
12.6.1 LDR Command/Tracking (Uplink). . 12-20
12.6.2 LDR Telemetry . . . . . 12-20

12.6.3 LDR/MDR Tracking (Downlink) . . 12-21
12.6.4 MDR Command (P/BU)/Uplink Voice

(P/BU) Tracking . . . . 12-21
12.6.5 MDR Telemetry (P/BU) . . . 12-21
12.6.6 TDRS Order Wire . . . . 12-22
12.6.7 MDR Downlink Voice (P/BU)

(Manned User) . . . . . 12-22
12.6.8 TDRS Command/Tracking (P/BU) . . 12-22
12.6.9 TDRS Telemetry (P/BU) . . . 12-23
12.6.10 TDRS Tracking (Downlink) (P/BU) . 12-23
12.6.11 Ground Station/Network

Communications . . . . 12-23

12.6.12 Demodulation Tracking Unit . . 12-23
12.6.13 Modulation Unit . . . . 12-25
12.6.14 Control and Monitor Subsystem. . 12-26

12.7 CONCLUSIONS AND RECOMMENDATIONS . . . 12-31

xi
SD 72-SA-0133



SpaceP Divlsion
North American Rockwell

VOLUME VI

Section Page

13,0 COSTING . . . 13-1
13.1 INTRODUCTION. . . . . . . 13-1

13.1.1 Cost Analysis . , 13.-1
13.1.2 TDRSS Program Cost Estimates. , ( 13-1

13.2 TDRSS BASELINE DESCRIPTION . . 13-3
13.2.1 TDRSS Operational Concept 1, 3-3
13.2.2 TDRS Design Concept , 13-5
13.2.3 TDRS Technical Characteristics . 13

13.3 TDRSS COSTING REQUIREMENTS . . 13-5
13.3.1 Costing Ground Rules . . 13-5
13.3.2 Costing Work Breakdown Structure , 13-9
13.3.3 Schedules . . . . , . 13-10

13.4 SPACECRAFT COST ANALYSIS. . • . . 13-14
13.4.1 Cost Methodology. . . . 13-14
13.4.2 Alternate Cost Models Description 13-15
13.4.3 TDRS Cost Estimates Based on AlternaWe

Cost Models . . . 13-17
13.4.4 Selected TDRS Cost Models . , 13-19

GLOSSARY . , 13-25

APPENDIX 13A. SAMSO/NR NORMALIZED COST MODEL . , 13A-1

VOLUME VII

14.0 TELECOMMUNICATIONS SYSTEM SUMMARY . . . 14-114.1 INTRODUCTION 
.14-1

14.2 SYSTEM SERVICE AND PERFORMANCE SM.A 4Ry , .4-4
14.2.1 LDR Return Link . . . 14-414.2.2 LDR Forward Link. . 14-6
14.2.3 MDR Link Performance * .. 14-8

xii

SD 72-SA-0133



Space Division
North American Rockwell

Section Page

14.3 LINK BUDGET 14-12
14.3.1 LDR Return Link Budget . . . . 14-12
14.3.2 LDR Forward Link Budget. . . . 14-14
14.3.3 MDR Return Link Budget . . . . 14-14
14.3.4 MDR Forward Link Budget. . . . 14-17
14.3.5 TDRS/GS Return Link Budget . . . 14-1.7
14.3.6 TDRS/GS Forward Link Budget . . . 14-20
14.3.7 Tracking/Order Wire . . . . 14-24
14.3.8 Ku-Band Beacon . . . . . 14-24

14.4 SUBSYSTEM TERMINAL CHARACTERISTICS . . . i4-24
14.4.1 TDRS Telecommunication Subsystem . . 14-24
14.4.2 User Transponder Design . . . 14-26-
14.4.3 Ground Station Terminal Characteristics . 14-33

xiii

SD 72-SA-0133



Space Division
North American Rockwell

PRECEDING PAGE BLANK NOT FILMED

ILLUSTRATIONS

Figure Page

11-1 LDR Receiver . . . . . . . . . 11-8
11-2 LDR Transmitter . . . . . . . . 11-14
11-3 MDR Receiver . . . . . . . . . 11-16
11-4 MDR Transmitter . . . . . . . . 11-18
12-1 Ground Station . . . . . . . . 12-2
12-2 Frequency Plan for Ground Station . . . . . 12-5
12-3 Antenna Installation at Ground Site to

Ensure Good Link Isolation . 12-7
12-4 LDR Command/Tracking (Uplink) . . . . . 12-12
12-5 LDR Telemetry . . . 12-14

12-6 LDR/MDR Tracking (Downlink) . . . 12-14

12-7 MDR Command (P/BU)/Uplink Voice
(P/BU)/Tracking . . . . 12-15

12-8 MDR Telemetry (P/BU) . . . . . . 12-16

12-9 TDRS Order Wire . . . . . . . . 12-16
12-10 MDR Downlink Voice (P/BU) . . . . . . 12-18
12-11 TDRS Command/Tracking (P/BU) . . . . . . 12-18
12-12 TDRS Telemetry . . 12-18

12-13 TDRS Tracking (Downlink) (P/BU) . . . 12-19

12-14 Ground Station/Network Communications . . . . 12-20

12-15 Demodulation/Tracking Unit . . . . . . 12-24
12-16 PN/APSK Modulator . . . . . . . . 12-26

12-17 Control and Monitor Console . . . . . . 12-27

TABLES

Table Page

11-1 User Spacecraft Transponder Requirements . . . 11-2
11-2 LDR User Spacecraft Transponder Requirements. . . 11-2
11-3 MDR User Spacecraft Transponder Requirements. . . 11-5
12-1 Power Generation Monitor and Control Panel Functions . 12-29

xv

SD 72-SA-0133



Space Division
North American Rockwell

11.0 USER SPACECRAFT IMPACT

The configuration of the user satellite transponder can be designed in
a number of ways, three of which are:

1. A transponder designed to be compatible with the optimum
design of the TDRS

2. A compromise design of both TDRS and user transponder
resulting in an overall minimum cost system

3. A system design resulting in a user transponder design
with a minimum impact on the user

Because of the limited'specific information regarding the current user
transponder designs or proposed designs, a detailed evaluation of the impact
on the user could not be made. However, conclusions could be drawn based on
the limited user information available and the operational constraints imposed
by the TDRSS because of its geographic access.

In defining the impact on the user, the general operational requirements
imposed on the user must be defined. The operational requirements result from
the configuration of the TDRSS and the information transfer requirements of
the users. These requirements are shown in Table 11-1.

Even with the incorporation of the TDRSS in the NASA reporting network,
the users must be compatible with both TDRSS and STDN. In the LDR user each
of the two TDRSs will use two unique carrier frequencies in the UHF band (400.5
to 401.5 MHz). Therefore each user must be capable of receiving the four
frequencies and the STDN VHF (148-149 MHz) carrier frequency. This requirement
for STDN interface is an option to the user as a backup to the primary TDRSS

connection. All MDRs will be assigned a unique S-band carrier frequency which
may be handed over from one TDRS to another. In the MDR case again compatibility
with STDN is an option to the user which should be considered.

11.1 USER SPACECRAFT TRANSPONDER CONCEPTS AND TRADES

The LDR and MDR user transponders will.differ somewhat for several basic

reasons. Therefore the concepts for each of the user types will be discussed
separately.

11.1.1 LDR Transponder

The requirements for the LDR user transponder are listed in Table 11-2.

The LDR concept presented here is the result of determining the functions

to be performed and considering the manner in which these functions could best

be accomplished.
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Table 11-1. User Spacecraft Transponder Requt~ymerp

LDR:

f Compatibility with both TDRS and STDN

* Tuneable to one of four UHF receiver frequencies
(TDRS) and one VHF frequency (STDN)

0 PN modulation necessary for multipath rejection
on both forward and return links and signal
density reduction in the forward link

MDR:

* Compatibility with both TDRS and STDN

* One S-band receiver frequency (TDRS) and one
S-band frequency (STDN)

* Compatibility with USB modulation

* PN modulation necessary on forward link to reduce
signal energy density

Table 11-2. LDR User Spacecraft Transponder Requirements

Forward Link

* Data rate 100 bps to 1000 bps
* Carrier frequency 400.5 to 401.5 MHz (4 channels)

" PN modulation 167 Kchips/sec

Code length Short - 2047 chips (Gold sequence)
Long - Eleven 2047 (Gold sequences

in serial)

One PN code sequence
to all users

Return Link

Data rate 100 bps to 10,000 bps

* Carrier frequency 136 MHz (1 channel)

* PN modulation 1 Mchip/sec

Y Code length Short - 2047 chips (Gold sequence)
Long - Sixty-six 2047 (Gold sequences

in serial)

* Unique code sequence
for each user
(TDRSS access is CDMA)
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The LDR transponder must be capable of receiving command, transmitting
data, and providing PN code coherence in the LDR so that a ranging computation
can be performed on the ground. For a number of reasons discussed in Section
3.5.4, a PN code modulation is used in both the forward and return links to
the LDR, therefore before any function can be performed a connectivity must be
established by synchronizing to the received PN code both in the user transponder
and at the TDRS GS and by properly tuning the user receiver to the one of four
TDRS to user carrier frequencies being used. Having established connectivity
the transmission of data in both directions can be accomplished. Tracking is
accomplished by computing the transit time of the signal from TDRS to user to
TDRS. This feature establishes the minimum code length of the PN sequence for
a given code rate. The minimum code rate is established by the amount of band-
spreading required.

Tuning to the proper carrier frequency is accomplished by selecting the
proper injection frequency at the mixers. Three obvious techniques were
considered:

* 1. Programmed from the ground station at the termination
of the previous transmission.

2. A quiescent injection frequency at the first and
possible second mixers followed by narrowband filters
and envelope detectors which are continuously moni-
tored for exceedence of a threshold. For example,
a 10 kHz filter bandwidth will result in a 3 dB
increase in total energy at the minimum expected
signal energy.

3. Toggle between the four injection frequencies.
The receiver will dwell at one injection frequency for
a period of time equal to the maximum time necessary
to synch. If synch is not achieved the system will
switch to the next injection frequency and repeat.

The command message transmitted to a user will contain the instruction
directing the proper tuning for the next transmission after the present com-
munication is completed. The advantage of this technique is that very little
hardware is required to implement the operation.

The concept for PN code acquisition is more involved. The need for PN
comes from the need to spread the TDRS to user transmission such that IRAC
requirements are metto discriminate against the multipath, to provide modu-
lation for code division multiplexing of the user transmissions,and for tracking.
In Section 3.5.4 a discussion of the code acquisition and tracking illustrates
the problems involved and the concept eventually selected for this system.
In short, a short code is transmitted for the initial acquisition phase of the
communication in order to get a reasonable acquisition time (40.sec). The
resultant code sequence configuration resulted in ambiguous ranging information,
therefore a two mode coding technique was used: a short code (2047 chips), for
acquisition, and a long code (11 x 2047 in the forward link and 66 x 2047 in
the return link) for the tracking mode with the switching taking place in both

* Selected approach
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the user and TDRS GS upon command so that coherence in the user and TDRS G/S
receiver would not be lost and sync could be maintained in the user and TDRS
G/S during the switch. The PN code acquisition requires a search of frequency
uncertainty and time uncertainty regions. Aside from the serial time and fre-
quency search two techniques were considered which allowed a faster search of
the uncertainty ranges: digital matched filter and digital spectral analysis.

The voltage output from a digital matched filter when the input is mis-
tuned in frequency by an amount tA is given.

sin ( T/2)
('& T/2)

where &) is the tuning error and T is the matched filter time window or the
length of the pseudo-random sequence for which the matched filter is designed.
Thus the digital matched filter rapidly resolves the time ambiguity but must
be properly tuned in frequency for optimum performance. The latter require-
ment can be attained by moving the local oscillator preceding the digital
matched filter in incremental steps to perform the necessary frequency search.

In addition to the losses associated with mistiming, there is aninherent signal suppression loss, i.e., if the interference is Gaussiana 3 dB suppression can be incurred under poor signal-to-noise conditions.
If the interference is CW the suppression can.be as high as 6 dB under
poor signal-to-interference conditions. The above losses are typical
when the digital matched filter uses hard limiting in the input to the
digital shift registers. To avoid these suppressions quantization of two
or three bit PCM is often used. This increases the complexity associated
with the implementation of the digital matched filter since it increases
the number of registers by a factor of two or three, depending on whether
4-level or 8-level quantization is employed. In some instances an additive
dither signal is employed to reduce the suppression losses. This technique
also results in a signal-to-noise loss of about 2 dB.

To avoid these losses and/or complexity an alternate approach to synchron-
ization is advisable. This alternate approach involves an all-digital discrete
Fourier transform which minimizes synchronization time resulting from doppler
uncertainties. In this case, the time uncertainty is searched (1/2 chip incre-ments) over the pseudonoise code length and for each increment the total doppler
uncertainty is searched in real time. A simplified functional diagram of the real
time doppler uncertainty resolver is illustrated in Figure 11-1. Where the digitalmatched filter is essentially a fast time search technique the digital spectral
analysis (doppler processor) is a fast frequency search approach. A moredetailed discussion of the parameters of the code acquisition is presented inSection 3.5.4.

After synchronization is achieved at the TDRS GS and user receivers,
the shift to the long code is accomplished by initiating a command at the TDRS
GS which instructs the user reference PN code generator to go to a prescheduled
feedback switching mode at the next all l's loading of the code generator.
Since this is the code sequence being transmitted up, the received andreference codes remain in sync. The feedback switch mode generates a different
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SD 72-SA-0133



Space Division
SNorth American Rockwell

2047 sequence each time one 2047 sequence is completed until 11 such sequences
have been serially generated. Then the entire 11 x 2047 sequence is repeated.
Since the return link chip rate is 6 times faster, 66 serially aligned 2047
codes are used in the return link. To instruct the TDRS GS of the switch to
long code, an instruction is added to the command verification message similar
to the instruction added to the command message.

Convolutional encoding is applied to the data for error control and then
Scoded so that the phase ambiguity introduced by the Costas loop (which

mathematically is equivalent to a squaring loop) may be resolved in the demod-
ulation process.

11.1.2 MDR Transponder

The requirements for the MDR user transponder are listed in Table 11-3.

Table 11-3. MDR User Spacecraft Transponder Requirements

Forward Link

* Data rate 100 bps to 1000 bps

* Carrier frequency 2025 to 2120 MHz (2 channels)

* PN modulation 5M chips/sec

* Code length Short - 16383 chips (Gold sequence)
Long - forty 16383 (Gold sequences in

serial
PN code sequence
Common to both users

Ranging code Rate - 500 K chips/sec
Length - 65535 chips

Return Link

* Data rate 10 kbps to 1000 kbps

* Carrier frequency 2200 to 2300 MHz

* PN ranging code is
transponded 500 K chips/sec

* Unique frequency
channel for each
of two users
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The MDR concept is similar to the LDR concept with a few exceptions.
The MDR transponder is required to perform the same operational functions, but
because of the difference in operating frequency the number of users accommo-
dated, and the difference in the user and TDRS antenna characteristics, the
method of implementing these operational functions are different. The PN code
modulation also is used in the MDR case for stated reasons (see Section 3.5.4)
in both the forward and return links. Therefore, in establishing connectivity
a code acquisition must be accomplished.

One unique S-band carrier frequency is assigned to each MDR user. Since
the TDRS for this case is a simple translating repeater, the unique carrier
frequency for any of the MDR users can be selected on the ground and transmitted
through either of the two TDRSs.

The concept for code acquisition is somewhat different. The reason for
PN code modulation for the MDR user is to derive tracking information and to
spread the signal energy in the TDRS to user link to conform to IRAC require-
ments. The basic circuitry is the same as the LDR case for the same reasons,
i.e., using a doppler processor, early-late gate tracker, and basic short code
length.

A short code (16383 chips) is transmitted from the TDRS G/S to the user.
The 16383 chip code length will require a maximum of 33 seconds lock up time
in the user. After synchronization in the user, the TDRS ground station trans-
mits a command instructing a switch to long code. The long code will be a
serial sequence of 40 different 16383 length codes. A slow code (500 K chip/
sec) of length 216-1 (or 65535 chips) is modulo-two added to the long code.
The switch to long code will be made at a specific 16383 sequence of the long

code with the slow (500 K chips/sec) code starting at a predetermined point in
the slow code starting at a predetermined point in the slow code sequence. For
example, if the all l's point in the slow code (500 K chips/sec) is used as the
index point, then the 16 ones in the 65535 slow code will be made time cointident
with a specific and unique 160 chip sequence in one of the 40 16383.codes of the
long code when the two codes are modulo-two added. This time relationship between
the fast long code and the slow code is determined by the relative initial
setting of the two PN code generators in the user. (This initial setting in the
user can be established by a reset command). Since the time relationship of the
slow and fast codes at the TDRS GS and user are the same, the user essentially
transponds the slow code to the TDRS GS for ranging purposes even though the PN
code in the return link is generated in the user.

The command message (MDR case) and digital voice (manned case) can be
extracted from the in-phase side of the Costas loop and processed as shown in
the block diagram of Figure 11-1.

In the return link the PN code is not added to the data to form the
modulating signal because the data rate is comparable to the code rate, and
since the PN code is being transmitted only for tracking purposes, the PN code
is trated like an additional data signal. The PN code bi-phase modulates an
IF carrier which is then added to an IF carrier modulated by the data. The
summed signal is then translated to the transmission frequency.
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Another difference is that the manned user case must also support voice
transmissions. The concept used here is to time division multiplex (TDM) the
data with the digitized (A Mod) voice to form a single data stream.

11.2 USER SPACECRAFT TRANSPONDER MECHANIZATION

The mechanization of the LDR and MDR transponder are illustrated in

Figures 11-1 through 11-4 in the form of functional block diagrams. There are

a number of functions being performed in these designs which will be described

in this section.

11.2.1 LDR Transponder

The block diagrams for the LDR receiver and transmitter are shown in

Figures 11-1 and 11-2 respectively.

11.2.1.1 Receiver

The receiver is shown segmented into RF, code tracking loop, carrier

tracking loop, doppler processor, decoder, and frequency synthesizer sections.

There also is a controller from which signals will be directed to segments to

initiate specific functions and receive signals to maintain operational status

of the receiver and transmitter.

The RF segment consisting of the RF and IF circuitry is straightforward,
except for the need to switch to the appropriate injection frequency at the first

or second mixer to tune the receiver to the proper channel to receive the com-

mand. The procedure used here is to transmit in the command message an instruc-

tion to the frequency synthesizer selecting the proper injection frequency for

the next transmission such that at the end of the current transmission the

injection frequency will be switched to the proper channel. To insure against

the synthesizer switching frequency in the case of inadvertent loss of lock,

the frequency synthesizer will only switch to the new programmed injection

frequency upon command from the controller. The switch command from the control-

ler will be generated after some N code acquisition cycles have been performed

by the receiver assuring that loss of lock was due to end of communication.

The 16.25 MHz IF signal is split into two channels one going to the carrier

tracking loop and one going to the clock tracking loop.

The carrier tracking loop (Figure 11-1) is a Costas loop (mathematically

equivalent to a squaring loop). The function of this loop is to reduce the

signal to baseband and strip the data off at the output of the in-phase low

pass filter. The signal output of the loop filter is the error signal denoting

the difference between the reference 1.25 MHz and the 1.25 MHz IF. This error

signal is used to vary the VCO to the proper injection frequency to account

for frequency uncertainties. But the magnitude of the doppler uncertainty will

require unreasonable pull-in times even with large acquisition bandwidths,

therefore a frequency search mode is provided to quickly sweep the loop VCO to

within a reasonable error frequency (equivalent to the reciprocal of the data

rate). This is accomplished by means of the doppler processor.
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The doppler processor (Figure 11-1) provides a correction voltage to the
carrier loop VCO which is then used as one of the two reference frequencies in
the frequency synthesizer. In this way the doppler correction is injected in
all frequencies where the doppler correction is necessary. The processor will
also indicate code acquisition. The inputs to the doppler processor are taken
from the in-phase and quadrature signals in the carrier tracking loop following
the low pass amplifiers which have bandwidths equivalent to the reciprocal of
the data rate. Therefore when the codes are out of sync the signal energy in
the data bandwidth will be small. When the codes are in sync, the signal
energy in the data bandwidth will increase by the PN process gain. Therefore

the doppler processor will indicate a "hit" or signal presence in a 100 Hz

frequency cell when the PN codes are in synchronism because of the threshold

exceedence. On every frequency sweep, the average energy level over the entire

frequency uncertainty region is computed. This value is used as the floating
reference point. The threshold is established by selecting a margin by which

the maximum signal must exceed the floating reference. This margin is the

threshold factor.

The first step in the process is to bandpass filter the signal-plus-noise

using a filter of bandwidth 2W centered at Wc/2 Hz. The principal operation

next performed is the computation of the Fourier coefficients of the filtered

signal-plus-noise on the interval (O,T). A pulse of unknown frequency can be

represented as

P(t) = A cos [(~+Ga)t+0 o(t(T (11-1)

where wo is the nominal center frequency, is unknown, uniformly probable

over the range +27W and T is the data bit period. Assume WT to be an integer,
M; if necessary by over-estimating W slightly.

In particular, it is desired to compute the power in each component cor-

responding to frequencies in the filter passband. These quantities are the

values of Cn2 where

Cn T J f(t) exp(-j2n/T)dt
n T (11-2)

wT

for values of n in the region 2- WT, where f(t) is P(t) + noise.

Alternatively, Cn2 can be obtained through

2 2 2
C =a +b
n n n (11-3)

an fT f(t) cos 2nnt/T dtfo
b f(t) sin 27nt/T dt
n
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In the mechanization it is necessary to store f(t) at the filter output.
This is conveniently done by resolving f(t) into its quadrature components,
sampling and quantizing so that digital memory can be used. The quadrature
components of f(t) with respect to a carrier at we are fc(t) and fs(t)) such
that

f(t) = f (t) cos w t+f (t) sin t (11-4)

where

f (t) = A cos(w t+O) + n (t)c a c

f (t) = -A sin(w t+e) + n (t)s a s

in which nc and ns are indpendent Gaussian noise processes of zero mean, the
same power, both bandlimited to the frequency interval (-W, +W). On the basis
of sampling theory, it would be adequate to sample fc and fs at the rate of
2W samples/second, however, as a practical matter sampling should be at 3W to
4W samples/second to allow for non-ideal filtering and to improve the accuracy
of the numerical approximations to the integrals. Call the actual sampling
rate R, such that RT is a convenient integer. Amplitude quantization of the
samples can be performed as crudely as one bit. However, this entails a loss
of nearly 2 dB in output signal-to-noise. The use of 3-bit (8 level) quanti-
zation reduces this loss to a few tenths of a dB. The sampled, quantized
values of fc( t) and fs( t) will be represented by Fc(m/R) and Fs(m/R) where
the range of the integer m is 1 to RT corresponding to the range of t: O<t<T.

Before writing a final expression for an and bn, it is useful to note
certain symmetries in the expressions for values of n spaced equally above and
below the midband value, wcT/2&- To make these evident, let n = kc+k where
kc = w cT/2 r. The range of k'which is of interest is +WT. Making these
changes in notation, approximating fc( t) and fs( t) by their sampled, quantized
counterparts, and approximating the integrals by sums, we obtain:

RT RT
a = 1 Fc( ) cos F( ) sin T (-5a)a+k 2RT Z RRT - 2RT s R flT (11-5a)

RT RT
=1 2km 1 m 2km

b+k 1 F ( ) cos + 1 F ( ) sin 2---s =1 R RT - 2RT c R RT (11-5b)
m=l

Having computed the 2WT pairs of coefficients, ak and bk, the 2WT co-
efficients Ck2 are formed. Since only one signal is sought, it is the maximum
of all the Ck2 which need be compared to a threshold to make the detection d
decision. Since the threshold setting should be proportional to the noise
power, it may be convenient to set the threshold as a fixed fraction, /8 , of
the noise power as estimated by the sum of all of the Ck2 .

j3 is chosen to achieve a given false alarm rate, or a given detection proba-
bility for a given signal-to-noise ratio, or some similar basis.
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The computation of ak and bk are performed in two modes (data rates of

100 bps and 1000 bps):

1. R = 32,000 sample/sec, T = 10 msec, and k ranges from

-159 to +160. This is equivalent to having 320 filters

each 100 Hz wide to cover the frequency uncertainty of
+ 16 kHz.

2. R = 32,000 samples/sec, T = 1 msec, and k ranges from

-15 to +16. This is equivalent to having 32 filters

each 1 kHz wide to cover the frequency uncertainty of

+16 kHz.

In the following, only mode 1 is described since 2 is operationally

identical to 1.

The first section of the mechanization concerns obtaining and storing

the F data. The F and F signals are the I (in phase) and Q (quadrature)
channel outputs, respectively, from the baseband signal processing module.

These signals are converted to 3-bit words and sampled at the rate of 32,000

samples per second. Thus, for RT = 320, a batch of data characterizing the

signal over 10 milli-second is obtained (L.e., 320 words each of 3 bits).

The memory is of shift register type and zonsist- of four 320-word x 3-bit
sections, 2 for Fc and 2 f-r Fs . The two memory registers for each signal

component are organized such that while one memory register is being loaded

(gathering new data), the other is recirculating at accelerated rate for

processing (computing ak and bk). The recirculating rate is 10,240 Hz so that

320 pairs of ak and bk are computed in 10 msec, which is the required time

interval to gather a new batch of data by the other memory register. Thus,
by alternating the two memory register's functions, input signals are con-
tinually processed until the unknown frequency is found.

The computation of ak and bk requires the multiplication of data samples,

F (m) and F 2m) by the value of cos(2km and sin (21km and summing
cR sR RT RT

the products. F (-)and F (-) are read out serially from the circulating
cR SR

memory register. The arguments for the sine and cosine are generated by

decoding the 4 most significant bits of a 7-bit accumulator which starting at

zero accumulates the value of k as m indexes from 1 to 320 (k increments each

time m cycles until k ranges from -159 to +160.), At the end of the computation

for a particular k, (i.e., at m = 320) the C k2 = a 2+b 2(R )2+ 2
k k p k ,mm

is obtained and is presented to the "auctioneer."" This is a register and

comparator arrangement which is preset to zero at the start of each data batch

and thereafter compares the present content of its register with the newly

computed Ck2 . Whichever is greater is then stored in the register. Thus, at

the end of a k cycle (i.e.. as k goes through the range from -159 to +160),

the greatest value of Ck2 . seen is left in the auctioneer. A final comparison

is then made with the sum of Ck2, which is accumulated in a separate register,

to make the detection decision.

Having detected the presence of a signal as the doppler processor scanned

the frequency range in one pass, the doppler processor employs a further
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decision strategy, whereby two out of three consecutive detections, called
hits in the block diagram, are required to be declared a valid hit. This
increases the true detection probability and decreases the false alarm rate
under the threshold condition of 10 dB S/N in 100 Hz. At the conclusion of
a valid hit, an analog voltage corresponding to the detected doppler frequency
is sent to the carrier and code loop VCO's. This voltage effectively drives
the local oscillator frequency to the input carrier for rapid acquisition.

After each sweep, if the presence of a signal is not detected, then the
reference PN code is retarded by 1/2 chip in the code tracking loop and the
entire frequency search process repeated in the doppler processor.

After code acquisition is detected then the controller will perform a
number of functions indicated as search control in the block diagram:

1. The 1/2 chip retard function is stopped, and the early-late
gate tracker is activated.

2. Activate the output gate of the all l's recognition register
such that the transmitter PN code generator start pulse is
outputted to the transmitter

3. Activate the transmitter power amplifier

4. Initiate loss of lock count in the frequency synthesizer in
case of inadvertant loss of lock

The early-late gate tracker has now been activated in the code tracking
loop. The 16.25 MHz IF signal is mixed with a reference IF modulated by the
reference PN code through the code tracker.

The frequency synthesizer will generate a number of frequencies from two
reference sources. The injection frequencies in the RF/IF segment of the
receiver are generated from a stable-source while the 1.25 MHz injection
frequency for the carrier tracking loop is derived from the carrier tracking
loop VCO making the value of the 1.25 Mlz injection frequency dopplei corrected.

The receiver is now ready to receive a command message transmitted from
the TDRS GS. The data is taken off the in-phase side of the carrier
tracking loop and applied to a APSK decoder to remove the differential coding
and a Viterbi decoder to remove the error correction coding. The command
message is then applied to the message decoder and the various instructions
identified. The instructions of concern to the mechanization of the trans-
ponder are the injected frequency selection for the next communication and
the short code to long code instruction. This is applied to the all l's code
recognition register and at the next all l's loading of the PN code generator,
the switch to long code is made in the PN code generator. The output of the
all l's recognition register following the "switch to long code" instructionis also transmitted to the transmitter PN code generator to switch the trans-
mitter PN code generator to long code.
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11.2.1.2 Transmitter

The LDR transmitter is shown in Figure 11-2. The functioning of the
transmitter is rather straightforward except for the control signals from
the receiver.

The PN code generator is an ll-stage code generator with logic to change

the feedback logic such that six different 2047 codes are generated in serial.
This is done to produce a non-repeating code length equivalent in time to the

length of the PN code in the forward link. Initially the PN code generator
is set to a known feedback logic (code sequence) with an all l's loading in

the register so that the all l's points in both the transmitter and receiver
code generator are time coincident. When the start pulse from the receiver
all l's recognition register is received, the transmitter code generator is
started and the transmitter activated.

The PN code is transmitted to the TDRS ground station. After the code

acquisition is achieved in the ground station, the command message is trans-

mitted to the user on short code. An instruction in the command message

indicates that a switch in the forward link code from the short to long code
has been made and at what point in the sho.t code the switch has been made.
The all 1's point is a convenient index point although any point in the code is

equivalent. After the instruction is read, the all l's point is recognized in

the all l's register and the short to long code switch is made in the receiver

code generator without loss of synchronization.

The switch must also be made in the transmitter PN code generator and in
the TDRS GS receiver at the proper times. The switch to long code in the
transmitter code generator is made at the same time the switch is made in the
receiver code generator. After receipt of the command message in the user,
a command verification message is formatted and transmitted to the TDRS GS.
The command verification message informs the ground station that the short
code-long code switch is being made in the user. Since the position in the
forward link code where the switch is made is known to the ground station
and since the relative position of the forward and return link codes in the
user is also known, then the ground station receiver can identify the point
in the return link short code where the switch to long code must be made.

The data is added to the PN code and modulated on to the carrier after a
long code synch verification has been received from the TDRS ground station.

11.2.1.3 LDR Transponder - Size, Weight, and Power Estimates

The estimates for size, power, and weight have been made with the assump-
tion that the LDR will have a transmit power of 37 dBm (5 watts). Additional
assumptions made are as follows:

1. No secondary power supply
2. Hardware is 1974 technology
3. micropower logic
4. No hybrid technology
5. No radiation hardening
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The transponder size and power are distributed as follows:

Size Power
Item (cm3 ) (in.3 ) (watt)

Receiver:

RF/IF assembly 490 30 1
Local ref. correlator 490 30 1
Costas demodulator 740 45 3
Doppler resolver 246 15 2
Coder/clock 246 15 1
Controller 246 15 1
Data processor 246 15 1
RF synthesizer 490 30 2

Transmitter:

RF powr amp (40.8 dan) 2460 150 10
Modulator 490 30 2
Data processor 246 15 1
RF synthesizer 490 30 3

Total 6900 420 28

The weight distribution is: transmitter - 4 pounds (1.8 Kg)
receiver - 6 pounds (2.7 Kg)

11.2.2 MDR Transponder

The block diagrams for the MDR receiver and transmitter are shown in
Figures 11-3 and 11-4.

11.2.2.1 Receiver

The receiver is shown segmented into RF, code tracking loop, carrier
tracking loop, data and voice decoder, and doppler processor. There is also
a controller from which signals will be directed to segments to initiate
specific functions and receive signals to maintain operational status of the
receiver and transmitter.

The RF segment consisting of the RF and IF circuitry is rather straignt-
forward. The output of the 16.25 MHz IF is split into two channels, one
going to the carrier tracking loop and one going to the code tracking loop.
The carrier tracking loop is a Costas loop. The function here is to reduce
the signal to baseband and to extract the data and voice for further processing
in the decoder segment. The functional description of the Costas loop was
given in Section 11.2.1.

The code acquisition function is essentially the same as that used in the
LDR case except for some small modifications which will be discussed here.
The code acquisition operation is started by the TDRS GS repeatedly transmitting
a single 16,383 chip sequence. In the user, the receiver will first search the
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frequency uncertainty band. If a signal is not detected, the reference PN code

is retarded by 1/2 chip and the frequency search repeated. This procedure is
continued until code acquisition is achieved. The frequency search is per-
formed by the doppler processor.

The functional description of the doppler processor is also given in

Section 11.2.1 but the mechanization parameters must be changed to accommodate
the MDR case. The computation of the ak and bk Fourier coefficients are per-
formed in one mode (1000 bps). For this Mode:

R = 120,000 samples/sec, T = 1 msec, and K ranges from
-59 to 60. This is equivalent to having 120 filters
and 1 kHz wide to cover the frequency uncertainty of
+60 kHz.

Each frequency search will take 1 msec. The maximum synch time is equal
to a search through 16,383 chips at 1/2 chip per frequency search with 1 msec
required for each frequency search or a synch time of approximately 33 seconds.

After the code has been acquired, a synch-acquired message is transmitted
to the ground. Then a command message is transmitted to the user with a short
code to long code instruction. The long code is composed of 40 different 16,383
chip codes in serial, each one generated by a change in the feedback logic of
the code generator after each 16,383 code sequence has been generated. After
40 of these sequences are generated, the total of 40 codes is repeated. At the
time the switch is made to long code, a 500 K chip/sec slow code is modulo
two added to the fast code to implement the ranging modulation. The codes are
modulo two added at specific points in the two codes corresponding to the time
relationship in the two PN generators in the user. This code is 65,535 chips
in length to provide unambiguous ranging over the 40,000 km unknown range.
The code generators in the user are time related such that the relative code
position of the two code generators is maintained. During the code acquisition
phase the slow PN code generator, although it is continuously running to main-
tain the proper code position, is not added to the fast PN code generator until
a synch indication is received from search control. After synch indication
has been received and the proper point in the long or fast code is present,
the slow code is modulo two added to the fast code to form the composite
reference PN code. At this point the 500 K chips/sec PN code generators in
the TDRS GS and in the user are displaced by the one way transit time. The
output of the slow PN code generator is now applied to the transmitter for the
retransmission to ground.

11.2.2.2 Transmitter

The MDR transmitter block diagram is shown in Figure 11-4. The 500 K chip/
sec PN signal modulates an IF carrier which is added to a second IF carrier
modulated by the data.

For the manned user case, the data and voice are time division multiplexed
to form a serial data stream.

11-17

SD 72-SA-0133



VOICE A MOD

a PSK CONVOLU-
DATA -- q TIONAL DIPLEXERCODER I  MULTIPLEXER ENCODER

H CPOWER
I AMPLIFIER

0z f? SEARCH
> BANDPASS ONTROL

A U. (n FILTER

APBANDPASS
c PN CODE FILTER

FROM REFERENCE
. CODE GENERATOR BANDPASS 

z n
P ,O FILTER o

0 1

Figure 11-4. MDR Transmitter o0



Space Division
North American Rockwell

11.2.2.3 MDR Transponder Size, Weight, and Power Estimates

The estimates for size, power, and weight were made assuming the MDR
has a transmit power of 40.8 dlBm (12 watts). Additional assumptions made
were:

1. No secondary power supply
2. 1974 technology hardware
3. Micropower logic
4. No hybrid technology
5. No radiation hardening

The transponder size and power are distributed as follows:

Size Power
Item (cq3) (in.3 ) (watt)

Receiver:

RF/IF assembly 740 45 1
Local ref. correlator 490 30 1
Costas demodulator 740 45 3
Doppler resolver 246 15 2
Coder/clock 246 15 1
Controller 246 15 1
Data processor 246 15 1
RF synthesizer 490 30 2

Transmitter:

RF power amp (40.8 dBm) 2460 150 25
Modulator 490 30 2
Data processor 246 15 1
RF synthesizer 740 45 5

Total 7300 445 45

The weight distribution is: transmitter - 4 pounds (1.8 Kg)
receiver - 8 pounds (3.6 Kg)

11.3 CONCLUSIONS

The conclusions presented here are only those relating to the impact on
the user spacecraft brought about by the communication relay service through
TDRSS. Although the specific information on the configuration of the user
spacecraft which TDRSS must support is somewhat limited, conclusions nave
been reached based on that limited information.

The use of an orbiting relay platform introduces problems not present
with STDN Ground Network, which necessitate added hardware in the user.
Specifically, the need for PN modulations results for three primary reasons:
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1. Distribution of the signal energy emanating from the TDRS to
the user over a bandwidth such that the signal flux density
at the earth will conform to the IRAC requirements

2. Discriminate against the multipath signal which will exist
in the LDR case

3. Provide code division multiplexing from up to 20 users on the
return link per TDRS.

The PN code requires hardware in the user which is not needed with the
ground network data collection system. The impact in both LDR and MDR
users is unavoidable when the basic need for PN modulation is coupled with
the necessity to develop a reasonable system in terms of lock-up time, code
lengths for unambiguous ranging, and the amount of bandspreading required to
conform to the IRAC requirements for a given level of performance. The
amount of the impact can only be defined qualitatively due to the limited
knowledge of specific user hardware. A qualitative comparison can be drawn
by referring to Figure 11-4. In this block diagram, the segments of the LDR
block diagram shown which would not be required for the ground network system
are the doppler processor, code tracking loop, a small portion of the carrier
tracking loop (doppler control portion) and the synch and code search control
signals.

Because of the shift to UHF in the TDRS to user forward link, two receiver
channels (one UHF) are required if compatibility with STDN is required. The
need to tune to any one of four carrier frequencies is a direct result of the
visibility of TDRS to a large coverage area.

In the transmitter, the PN code generator and the associated control
signals are an added hardware requirement in the user due to the necessity
for PN modulation.

In addition to the hardware, the operational sequence and command message
formatting required to achieve connectivity between the TDRS GS and the user
is complicated by the need for code acquisition.

In the MDR case the need for two PN codes with different rates is due to
the band spreading (8 MHz), the unambiguous ranging, and a reasonable lock-up
time (33 seconds). This mechanization again is unavoidable if the require-
ments are to be met. The doppler processor, code tracking loop, doppler
control portion of the carrier tracking loop and the control signals of the
block diagram in Figure 11-3 will not be necessary for the ground network.
The added complexity in the transmitter and the operational sequence and
command message formatting necessary to achieve connection between the TDRS
GS and the user is comparable to that in the LDR case.
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12.0 TDRS GROUND STATION DESIGN

This section describes TDRS ground station system which is configured to

satisfy or exceed TDRSS requirements. A simplified block diagram of the GS

is shown in Figure 12-1. Ground station requirements and constraints, trade-

offs, and concept description are discussed.

The TDRS system ground station is the unifying element in the overall

system design. All commands, tracking, and voice signals pass through it

and emanate from it to the two relay satellites. It also is the central

gathering facility for the downlink telemetry, tracking, and voice before

these are processed and sent to the users.

The TDRS ground station is a fully automated facility. All switching,
frequency selection, antenna patching, data transmission interfaces, modem
selection and patching, power control, antenna pointing and tracking, etc.,
will be computer-controlled with supervisory override to minimize the number

of station personnel. The central processing unit (CPU) used to perform the

controlling function is under the command of NOCC. A manual override mode

is provided so as to maintain the system functioning, although, at a reduced

level in the case of CPU malfunction.

The equipment configuration request necessary to support a particular

user is put into a format which can be recognized by the CPU. After an execute

order is given, the CPU selects the ground station equipment, the equipment

parameters, and the interconnection layout. A check is automatically per-

formed on the final configuration by means of local simulation units and

monitoring of the subsystem outputs prior to transmission. Upon successful

completion of test and transmission, a message status is forwarded to TDRSNET

and the user. If there is a malfunction or degradation anywhere within the

system, this fact is relayed to NOCC for action.

12.1 REQUIREMENTS AND CONSTRAINTS

12.1.1 Uplink Requirements and Constraints

The TDRSS Ground Station must be capable of sending to the relay satellites

all necessary command, tracking, and voice signals.

12.1.1.1 Command Signals

Two basic types of commands exist: commands for the relay satellites

themselves, and those to be ultimately received and processed by the various

user spacecrafts. The commands for TDRS are generated at the ground station

under the control of TDRSCON. The commands for the users can be generated at

the ground station under NOCC control or can be received over the communi-

cations/data lines (NASCOM) and transmitted directly to TDRS. The source of

commands in this case is the user control center.
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The bit rates for the commands can range from 100 to 1000 bps; there-

fore, normal voiceband data lines can be used for remote source commanding.
The only hardware constraints foreseen are the availability of the necessary

lines for remote sources and the necessary command generators for local

sources.

Operational constraints enter into the picture due to the two channel/

TDRS uplink configuration. Commands will have to be scheduled along with

any required handover from TDRS No. 1 to TDRS No. 2.

12.1.1.2 Tracking Signals

The need for range and range rate data on user spacecraft implies a

need to know the location of both relay satellites within accuracies which

yield the specified range and range rate accuracy on any user. The approach

proposed is a trilateration technique (three code/three ground station pro-

cess) as shown in Section 3.5.3 for TDRS and a one code process on each user.

In terms of the ground station, then, all code generation will be performed

locally at the ground station by means of pseudonoise (PN) codes applied to

the appropriate uplink carriers.

Due to the complexity of the tracking (i.e., the multiple relay method

from ground to TDRS to user to TDRS to ground), the code processing will be

accomplished by the ground station as opposed to user processing; however,
provision is made to forward raw data to the user control center.

12.1.1.3 Voice Signals

The medium data rate 01DR) user can have the requirement of real time

voice. The source of the voice can be local, but in most cases it will be

received over communications lines by means of modems connected to the user

control center. Of course, any facility with access to the communications

lines can talk to the user. As example of this might be TDRSCON, MSC/Shuttle,
or a special Presidential message.

Normally the voice link will be over the S-/Ku-band channel from TDRS to

the user. However, a back-up link will be provided over the UHF channel to

the user. The ground station, then, must incorporate the switching and other

units necessary for the primary/back-up voice.

12.1.2 Downlink Requirements and Constraints

The TDRSS ground station must be capable of receiving from the relay

satellites all telemetry, tracking, and voice signals required by the network

along with attendant intermediate data handling or processing.

12.1.2.1 Telemetry Signals

As in the case of command signals, there are two categories for the net-

work telemetry. The first is the telemetry from the TDRS spacecraft and the

second is that originating from the sundry users. The TDRS will be trans-

mitting housekeeping data, command verifications, etc., which must be received
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and interpreted by the network so as to ascertain the operating status or
condition of the system. As for the users, each will upon command transmit
similar telemetry.

In the case of TDRS telemetry, data will be received and handled by the
ground station so that TDRSCON and TRDSNET will be able to receive display
signals via communications/data lines which reflect the system condition.
For the users there will be a minimum of handling/processing performed at the
ground station. Instead, the telemetry will be formatted for transmission to
the individual users where it can be reduced per their unique requirements.

12.1.2.2 Tracking Signals

A tracking system employing relay satellites to transponder user satellite
ranging codes necessarily incurs more errors than a ground to user to ground
system. The added errors are due to the range and range rate uncertainty of
the relay itself. To obtain sufficient user tracking accuracy these relay
errors must be made negligible relative to those of the user. This is
accomplished by constraining the relay tracking scheme to one of trilateration
as analyzed in Section 3.5.3 of this report.

Basically, TDRS tracking consists of the following. A PN code is
generated at the ground station and transmitted to TDRS. The code is then
turned around to the ground station, detected, and processed. Simultaneously,
it is transmitted from TDRS to two spatially separated remote ground locations.
These remote locations receive the code, generate new codes (one for each),
and transmit them to TDRS, where they are relayed to the ground station for
processing. Trilateration is then used to pinpoint the locations of the TDRS
spacecrafts.

Simultaneously, each user satellite will return a code which must be
received. Since the location of the user is intimately related to the loca-
tion of the relays, the range and range rate processing will have to be per-
formed at the ground station before range and rate counts can be transmitted
to the user control center.

12.1.2.3 Voice Signals

Both primary and back-up voice is required. Consequently, the proper
switching, detection, and voice routing will have to be provided at the
ground station. Both local and remote voice will be obtainable.

12.2 TDRS GROUND STATION

The basic elements of the ground station shown in Figure 12-1 are des-
cribed in this section.

12.2.1 TDRS GS Antenna Subsystem

The TDRS GS antenna subsystem consists of two 60 ft (18.3m) dia. parabolic
reflectors mounted on an elevation over azimuth wheel and track pedestal and
three VHF helicies to support two operational spacecraft and an in-orbit
spare.
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Figure 12-2, Frequency Plan for Ground Station

The 60 ft(18.3m) dia.antennas are high efficiency (>67%) Cassegrains

using shaped reflectors and subreflectors. A horizontally stabilized RF

equipment room is attached over the azimuth bearing. The RF room houses the

four-horn feed assembly (including the monopulse bridge and diplexer), para-

metric amplifier and associated wiring and cabling. This design approach is

a scaled down version of field-proven COMSAT station equipment and provides

high reliability and low maintenance.

12.2.2 Antenna Site Analysis

The 60 ft(18.3m) dia. antennas supporting the TDRS operational space-

craft utilize identical frequency spectra, Figure 12-2. It is, therefore,
necessary to insure that the space-to-earth links have sufficient isolation

to eliminate cross-service interference. Link computations indicate that

overall transponded signal must operate with CNR's of 19 dB and 5.2 dB for

the MDR and LDR links, respectively, for a system error probability of 10-5

or less. This performance requires that the cross channel interference be-

ween the space-to-earth links be approximately 30 dB. This isolation is

obtained by:

1. Physical site separation
2. Reflector design techniques to minimize side lobe spillover

3. Special site preparation
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Physical site separation to provide natural geographic and/or geological
shielding barriers is inconsistent with efficient operational control and
maintenance.

12.3 ANTENNA SITE ISOLATION ANALYSIS

To provide satisfactory performance, the cross channel interference
requirements be ween the two space-to-earth links must be maintained 5 to 10
dB below the C/N of 19 dB, or approximately 30 dB. Since the two GS antennas
are effectively located back-to-back, its front-to-back lobe levels must be
designed to provide the above margin. Antenna techniques are available which
can provide front-to-back ratios as high as 75 dB using specially designed
skirts about the dish perimeter to minimize all side lobe spillovers. In
addition since the two antennas are essentially back-to-back, it is possible
to use special site preparation as shown in Figure 12-3 to reduce cross link
isolation.

By combining efficient antenna designs with high front-to-back ratios
with either of the proposed ground site preparations, it is expected that 60to 75 dB isolations can be assured between the two space-to-earth links.

Although it is not now planned to use the in-orbit spare TDRS satellite
as an operational vehicle, it is possible to provide new full relay perform-
ance capability in this TDRS satellite by employing the functionally redundant
S-band back-up mode that has been included into the basic design. Referring to
Figure 12-2, this third, space-to-earth link can operate in S-band back-up
mode and still provide full LDR plus one MDR user support. By operating thislink at S-band this will not cause interference in the other two links. To
implement this capability for full time use, it will be necessary to add a
third antenna operating at S-band with a complete GS transceiver. Alternatively,
(on a periodic, time-shared basis), it will be possible to use a dual S/Ku-band feed on one of the 60 ft (18.3m) antennas and tap into one of the two
GS transceivers at a convenient S-band level. This alternate operational
capability for the in-orbit spare TDRS satellite has not been included in thedesign or in the cost estimate for the TDRS Ground Station.

12.4 Ku-BAND GROUND STATION ANTENNA

The feed to be used would be a square pyramidal horn fed by four square
wave guides at the throat, providing monopulse tracking and circular polariza-
tion. This design is similar to that developed for the Haystack radar. Thefeed is a multi-mode corrugated horn and allows for accurate control of pri-
mary feed illumination to attain the high efficiencies of a doubly-shaped
reflector antenna system. These techniques, particularly the use of multi-
mode monopulse feeds, are limited to narrow band systems. The referencedHaystack feed horn has a bandwidth design objective of 7.5 percent and has
achieved a 10 percent bandwidth. Ku-band frequencies, as they are presently
conceived, span the range of 13.4 to 14.2 GHz for transmit operation and 14.4
to 15.25 GHz for reception from the spacecraft. The total bandwidth (13.4 to15.25 GHz) approaches 12.6 percent bandwidth. Philco WDL has attained 75percent efficiency for a 35-foot antenna operating from 3.7 GHz to 4.2 GHz,
a 12.5 percent bandwidth. This performance was achieved using a corrugated
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throat conical horm primary feed. It is assumed that the multi-mode monopulse
horn design could be improved to cover a 12.6 percent total bandwidth (42.9
percent in transmit) with the design optimized for the ground station receive
mode at the expense of the ground station transmit function.

A 60'(18.3m) dish with a total efficiency of 75 percent would provide a
nominal gain of 67.0 dB on transmit and 67.9 dB on receive. This design
with a total antenna efficiency of 75 percent implies nominal first and
second side lobe levels 17 and 24 dB below the peak of the beam. The back
lobe would be 10 to 15 dB below the gain of the feed and approximately 60 dB
below the peak of the main beam. Back lobe level could be reduced to the order
of 70 dB with the use of a cylindrical shield about the periphery of the.dish.

12.4.1 TDRS Ground Station Receiver Front End

The space-to-ground link is designed for a system noise temperature of 23.3 dB
and a sky temperature of approximately 300K. This means that the receiver temper-
ature is about 3000K as measured at the antenna input port. A receiver which cor-
responds to this consists of a diplexer with an input insertion loss of approximately
2dB followed by two paramps each having a gain of 15 dB. Both paramps are uncooled
and have a noise temperature of 1000K. Each paramp is backed up by a redundant
paramp. Following the paramps the signal is mixed down to 2072.5 MHz, and amplified
in an S-band amplifier to 0 dBm. This signal is then sent by cable to the central GS.

12.4.2 TDRS Ground Station FM Demodulator and Demultiplexer

The 2072.5 MHz signal from the antenna substation is filtered and
amplified upon entering the main station. This signal is 600 MHz wide since
it is five channels at different frequencies, all of which have frequency
modulated the carrier (FDM/FM). The next operation is to demodulate the
carrier using a phase lock loop with a VCXO at 2072.5 MHz, and a 600 MHz band-
width. The resulting signal as baseband is 46.5 MHz wide if there is no TV
on MDR-2. With TV, MDR-2 is 100 MHz wide rather than 10 MHz wide, and the
total bandwidth is 154 MHz. In either case, 500 MHz is added to the signal
to move it to a frequency where it is easier to separate the signals with
filters.

The LDR channels are each 1 MHz and spaced 2.5 MHz apart. The.19.5 MHz
LDR band is mixed down to 100 MHz, filtered, and routed to the AGIPA processors.
Channel MDR-1 is 10 MHz wide, but the information is not necessarily centered
in the band. Therefore, the 356 MHz L.O. signal is made variable in 0.1 MHz
steps so that the information in the MDR channel can be centered. The same is
true for the 392.5 MHz L.O. signal for MDR-2. However, when MDR-2 is receiving
a TV signal, the 100 MHz bandpass filter is used and the L.O. is fixed at 455
MHz, since the TV channel requires the full 100 MHz. The order wire signal is
mixed down to 150 MHz from 515 MHz, and is filtered with a 1 MHz filter. The
remaining channel is the TDRS telemetry data. When the VHF transponder is
operating, the telemetry is received at 137 MHz. To reduce the number of
conversions required, minimize equipment and simplify the switching network,
the Ku-band telemetry signal is also mixed down to 137 MHz.
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12.4.3 TDRS Ground Station LDR Processing

The 19.5 MHz wide LDR band consists of eight 1 MHz channels spaced 2.5
MHz apart with 1 MHz guard. These channels are the received signals from the

four vertical and four horizontal antenna elements at the satellite. If the
eight signals are combined with the proper relative phasing and amplitudes,
then the detected signal to interference ratio for one user will be optimized.
It is the function of the AGIPA processor to find the optimum weights for a

particular user, combine the eight channels, and send that result to a de-
modulator. In the TDRS system the 40 individual users are identified by

orthogonal pseudonoise codes which allows the 20 users to occupy one eight-
channel group. The PN code corresponding to the desired user is employed to
detect that user, and unweighted and weighted samples are sent to a mini-
computer for comparison. The computer changes the weights until the optimum
weights are obtained.

During handover the spare processors are employed. The LDR downlink
selector routes the signal from the new relay satellite to an unused processor
while the main computer assigns the correct PN code to that processor. The
mini-computer at the new processor optimizes the signal, and indicates that
the signal is ready to be demodulated. The CPU now switches the user's de-
modulator over to the new processor and no data is lost. The AGIPA processor
deactivated during handover becomes a back-up processor.

12.4.4 TDRS Ground RF Transmitter

The transmitter consists of 3 RR power amplifiers providing 25 watts each.

Two amplifiers are used for the MDR#1 and MDR#2 command-data, and the third

amplifier is a linear amplifier to transmit the two LDR, TDRS pilot reference,

and the TDRS command data. The outputs are multiplexed in a multicoupler.

The RIRP for each channel is 80.9 dBm.

12.4.5 TDRS Ground Station FDM Multiplexing

The forward link data from ground station to TDRS contains six channels,
of which four are data to be relayed to users. The fifth channel is the pilot
frequency used as a reference for the frequency synthesizers in the TDRS
satellite. These five channels are sent up together by frequency division
multiplex.

Two of the uplink channels are MDR channels for two MDR users. The
channels start out at 150 MHz and, at present, are only 1 MHz wide. The
signals are mixed to a predetermined frequency with 0.1 MHz resolution any-
where within a 100 MHz bandwidth. The new frequency is determined by the
particular MDR user to be serviced. The TDRS system transmits the entire
100 MHz band for each MDR user.
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The two LDR channels are 1 MHz wide and start out at 150 MHz. They are
mixed down to 55 and 60 MHz and then go to a VHF combiner. Also entering the
combiner is the pilot frequency at 65 MHz and the telemetry command link.
Telemetry starts as 149 MHz with 1 MHz bandwidth because this is the same
frequency the VHF transmitter uses to transmit it. Mixing with 99 MHz brings
the telemetry down to 50 MHz. The four low bandwidth signals next are assem-
bled in a VHF frequency combined and then the entire 15.5 MHz band is trans-
lated to S-band and sent to the transmitter site.

12.4.6 TDRS Ground Station Frequency Source

The ground station frequency source serves as a source for almost every
frequency in the system. This serves to mal-e all of the signals coherent
and stable to the degree that the atomic reference used for a primary refer-
ence is stable. The synthesizer does not produce every frequency required for
two reasons. The demodulators must be locked to the incoming users signal
which use a different frequency reference. Therefore, VCXO's are used in
phase lock loops in the demodulators. The other frequencies not directly
produced by the synthesizer are produced indirectly by remote units.

This leaves the main frequency synthesizer to produce 23 low-level
signals. Further study should reduce this number. These low-level signals
serve to lock loops at the point where a signal is needed. In the case of
variable sources such as those required for the MDR channels the lowest
frequency desired can be mixed with multiples of 100 kHz to produce desired
frequencies in 100 kHz steps. The multiplying can be performed by a program-
mable counter which allows the entire process to be computer-controlled.

12.4.7 TDRS Ground Link Backup Modes

The main links for data and information relay between TDRS and the
ground occur at Ku-band. Should there be a temporary failure (or even a
catastrophic failure), there is an alternate link available, although it forces
a slightly reduced capability. At the satellite, one of the TDRS-to-user MDR
link is converted into a ground link at S-band or Ku-band.

The main limitation of this configuration is loss of an MDR channel.
Secondly, the frequency allocation at S-band is only 90 MHz wide for the
downlink rather than 600 MHz wide. By using FDM only and chopping 30 MHz off
of the remaining MDR channel, the rest of the channels are transmitted just
as before. When received, the S-band link is not translated in frequency at
the receiver site, but is transferred right to the demultiplexer in the main
station. The use of 6.5-foot (2m) transmitting antenna allows a much less
elaborate receiver on the ground at S-band.

For the uplink in S-band backup mode, only one TWT is needed. The
power required is only 0.5 kw and the bandwidth has been reduced to 100 MHz.
However, the bandwidth is now 5 percent of the frequency being transmitted
so that a Kylstron cannot be used. Since there no longer are two high-power
MDR signals producing intermodulation products as in the Ku-band transmitter,
the channels can be combined at low power.

12-10

SD 72-SA-0133



North American Rockwell

The backup mode ground equipment is much less involved than the main

channel. However, the capability of the system is reduced when in backup
mode.

12.5 DESIGN CONSIDERATIONS

This section presents factors affecting the proposed ground station
design along with the rationale for choosing the present approach. The
discussion here will be in terms of the signal processing from reception at
the antenna to the required destination.

12.5.1 Signal Categories

The signal processing categories at the ground station are:

1. LDR command/tracking (uplink)

2. LDR telemetry

3. LDR/MDR tracking (downlink)

4. MDR command (P/BU)*/uplink voice (P/BU)/tracking

5. MDR telemetry (P/BU)

6. MDR order wire

7. MDR downlink voice (P/BU) (Manned user)

8. TDRS command/tracking (P/BU)

9. TDRS telemetry (P/BU)

10. TDRS tracking (downlink) (P/BU)

11. Grd. sta./network communications

Section 12.6 contains a block diagram and a discussion of each of these
categories. In the following subsections the tradeoffs used to arrive at the
design are presented.

12.5.2 LDR Command/Tracking (Uplink)

For the low data rate (LDR) user, provision must be made for locally
generated or remote real time command. For remote command (Figure 12-4) the
maximum data rate of 1000 bps allows the use of normal voiceband lines and
low speed modems. In the non-real time mode command data will be. generated
and processed in the central processing unit (CPU) (minicomputer) and will be
the end result of programming by TDRSNET under orders from a user. Since the
CPU is needed for configuration control, data processing, etc., this added
function has a negligible impact on the design.

The local reference referred to in Figure 12-4 is just one output of a
frequency synthesizer provided at the ground station for modulation/de-
modulation purposes. Given the need for several references, any additional
output is readily added with very little extra hardware.

*(P/BU) = (Primary/Backup)
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Figure 12-4. LDR Command/Tracking (Uplink)
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The PN generator is used for tracking; therefore, it will require corre-

lation with the received code. This is implemented by the l's gate. A short
code is used to "synch up" the system due to the long acquisition time needed

for the tracking code. When ranging is required the user and ground station

switch to a long code.

12.5.3 LDR Telemetry

Each LDR user signal is processed through AGIPA and the telemetry is
stripped off. Raw data (unconditioned) may be desired by the user; hence,
this option is made available. Provision also is made for full data con-
ditioning and/or forward error control decoding. A functional block diagram

of LDR telemetry is shown in Figure 12-5.

All data is recorded at the ground station to provide a backup in case
of loss in the transmission to the user. This recording also allows a play-
back at slower rates. A graphic recorder is provided for quicklook purposes
as a gross check on system operation. The cost impact of this option is
negligible in contrast to the operational flexibility afforded by the ability
to check some of the outgoing data. Also these recorders are available for
TDRS housekeeping data quicklook, thus serving a dual purpose.

Wideband lines are chosen as the real time TDRSS to User Control Center
medium due to the maximum bit rate requirement of 10 kbps. However, the
option of voice band lines for tape recorder playback is provided.

12.5.4 LDR/MDR Tracking (Downlink)

The implementation of this category is straightforward and is shown in
Figure 12-6. The only major tradeoff was the choice of doing the range and
doppler count processing at the ground station. This processing is performed
in the GS due to availability of the CPU (normally used for station control)
and the relative complexity of the user range and doppler count extraction
which involves determining the TDRS location parameters. The CPU output is
the counts that are equivalent to a standard (non-relay) system. These are
time shared and sent to each user.

12.5.5 MDR Command (P/BU)/Uplink Voice (P/BU)/Tracking

The considerations for this mode of operation (see Figure 12-7) are as
follows. Voice band lines are used in the remote command mode since these
lines will handle the 1 kbps maximum bit rate required. As in the LDR case,
local command is provided via the CPU. The manned user has the option of
simultaneous voice by time division multiplexing (TDM) the voice with the
commands. Provision is made for either local or remote voice for the two
available voice channels.

12-13

SD 72-SA-0133



Space Division
North American Rockwell

PRIYF
CArMI R IF AMP AGIPA FRM PRIME PRIME DEMOD/ME PROCESSOR IF MODE F 'CARRIER IF AMP I TRACKING

( FM ) I I I I

RRDELOCALc
SD.L T ,/CKIN " BACKUP

RANGE COUNT

-- 1---1R DOPPLER COUNT CPU

ICOR RECORDEIR TDRS
TM LOCATION DATA
MUX

DATA

ENCODER

ECc-orD IMAGNETIC DATA
TAPE - TRANS MODEM

RECORDER ENCODER

VOICE BAND

O-- VOICE 8,,;D LI';E LINE

Figure 12-5. LDR Telemetry Figure 12-6. LDR/MDR Tracking
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The rationale for the PN configuration and tradeoffs involved are the
same as those of the LDR.

12.5.6 MDR Telemetry (P/BU)

TDM was selected for manned MDR user telemetry/voice service. For back-
up the source frequency is switched to shift the subcarrier frequency to theVHF band. In this mode the receiver multiplexer is switched to demultiplex
only one voice channel. The MDR telemetry system is shown in Figure 12-8.

As in the LDR case, either raw or conditioned data is available and can
be recorded and/or sent to the user in real time as well as low bit rate
playback over voice band lines.

12.5.7 TDRS Order Wire

The downlink order wire (Figure 12-9) is used to notify the ground
station of service requirements needed by the MDR. It also serves the dual
purpose of bringing down one of the three TDRS location codes. No major
tradeoffs were performed.
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12.5.8 MDR Downlink Voice (P/BU) (Manned User)

For the manned user, the decision was to provide two voice channels in
the primary mode and one in the backup mode (see Figure 12-10). Also, soft
decision forward error decoding is used in both modes. Provision is made for
recording voice on magnetic tape for purpose of GS backup.

The option of monitoring each voice channel is included in the design in
that the hardware can also be used for duplex voice communications with MDR
users. A local voice input allows communication with the user in case of
loss of remote voice capability.

Consideration was given to routing raw delta modulated voice directly to
the user, but this would require wide band lines and the option was deemed to
be unnecessarily costly for the minimum flexibility added. This option was,
therefore, not incorporated in the design.

12.5.9 TDRS Command/Tracking (P/BU)

The design of the TDRS command/tracking (Figure 12-11) is straight-
forward. It incorporates a backup VHF transmission capability to supplement
the primary transmission mechanism. Either the PN commands for TDRS are
frequency division multiplexed onto the Ku-band uplink along with the other
(user) channels or they can be translated into VHF and transmitted over a
separate antenna. In the case of TDRS the long/short code system is not
needed.

The approach selected for the tracking of TDRS is one PN generator and
three range gates. This technique was chosen over other configurations mainly
for its simplicity and minimum cost.

12.5.10 TDRS Telemetry (P/BU)

A separate dedicated channel is provided for TDRS telemetry (see Figure
12-12). The data received is conditioned, recorded and/or applied to the
local status equipment. Since many signal conditioners are available for other
purposes (users) conditioned rather than unconditioned data was chosen.

The status equipment will be a combination of hardware and software (from
the CPU). Provision also is made for sending the status to TDRSCON. A voice-
band line is chosen since the status data will be of a "housekeeping" nature
(except during launch/injection) and hence low in rate.

12.5.11 TDRS Tracking (Downlink) (P/BU)

The tradeoffs of TDRS tracking include a capability of tracking in a
backup mode (see Figure 12-13). In this case the CPU makes use of only one
demodulation tracking unit for calculating the TDRS location. In the backup
mode only PN1 , i.e., one PN code, is turned around. The other two codes
from the remote ground stations are not transmitted.
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As in the case of the TDRS, telemetry provision is made for local display
together with the standard TDRSCON display data sent via voice band lines.-

12.5.12 Ground Station/Network Communications

The choice of a combination of voice band lines for voice and wide band
lines for data was made for GS/network communications (see Figure 12-14).
Since it is desirable to be able to control all location operations by means
of a central unit, the voice and data required for ground station to outside
facility communication is designed to pass through the master control and
display console for routing by TDRSNET via NASCOM. This also allows the
option of automatic control via the CPU or manual control via the master
console.

12.6 CONCEPT DESCRIPTION

While the tradeoff analysis in Section 12.5 describes the various segments
of the ground station concept, it does not cover some aspects of the design
(where no major tradeoffs were involved). In this section each category will
be discussed with the purpose of explaining the reasoning behind the chosen
design.
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12.6.1 LDR Command/Tracking (Uplink)

Commands can originate either locally at the GS or in real time from the
user control center via NASCOM. The correct command source is selected at the
ground station, used to APSK modulate a subcarrier which has been PN modulated
previously, and added to other subcarriers in the frequency multiplexer. The
FDM output is then translated to Ku-band, amplified, and transmitted to TDRS.

The output of the PN generator also drives a l's gate which, when enabled
by the receiver (upon obtaining code synchronization) sends a "start range
count" pulse to the receiver; The term "l's gate" implies that the sequence
of all ones must be obtained before range count is started (the receiver then
measures the time needed to receive the all ones back at the ground). Ranging
requires a long code; acquisition requires a short code. This is implemented
by the appropriate logic. (See LDR transponder for details.)

12.6.2 LDR Telemetry

All LDR telemetry signals are received on one of five FDM subcarriers.
The entire LDR band is AGIPA processed and then the particular LDR of interest
is selected by the demodulation tracking unit which recognizes the appropriate
code. Upon lock of code and carrier, the unit sends unconditioned data to a
switch that provides the option of conditioning and/or error decoding. The
added option of using a hard or soft decision signal conditioner is also
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available. The data is then sent to the user control center over wide band

lines at rates up to 10 kbps. It is also recorded on magnetic tape as a real

time transmission failure backup. The magnetic tape record mode is also pro-

vided to enable slow speed playback over voice band lines in non-real time.

The option of graphic recording is provided as a quick look. This can

be used for fault isolation and/or as a quality check by GS personnel.

12.6.3 LDR/MDR Tracking (Downlink)

The input to the demodulation tracking unit is selected by switching and

filtering. Although the detail of the demodulation tracking unit is not shown

here*, suffice it to say that the unit is gated so as to accurately measure

the doppler frequency shift in the carrier which is related to the satellite

orbital velocity (range rate) and also the round trip PN code delay which is

related to the range of the satellite. These outputs are sent to the CPU

where the TDRS position and rate data is available. The CPU then computes

the range count and doppler count as if no relay was involved (removes the

relay parameters). The user then can use this data to determine orbits, etc.

The range and doppler counts are TDM and routed to the user via NASCOM.

The backup of recording is used here to preclude any loss of data due to

transmission malfunction.

12.6.4 MDR Command (P/BU)/Uplink Voice (P/BU) Tracking

As in the LDR case, the MDR command source is selected. The commands

and/or TDM voice (for manned users) phase shift (delta coded) modulates a

subcarrier, is added to other inputs, translated to Ku-band and transmitted

to TDRS.

The voice is delta modulated and has two possible sources; i.e., one

from the master control and display console and the other from a remote user

via a modem/voice line set.

Provision is made for a primary and a backup mode of operation. The

major differences in the backup mode are the chip rate is reduced, the number

of voice inputs is decreased, and the subcarrier is changed from S-band to

VHF.

As before, the PN generator output is fed to a l's gate for ranging

purposes, and the discussion previously given applies here as well.

12.6.5 MDR Telemetry (P/BU)

MDR telemetry received by the demodulation tracking unit is selectable.

In the primary mode it comes down on an S-band subcarrier; in the backup mode

it arrives via a VHF link. The telemetry (plus one or two channel voice for

manned users) is stripped off the subcarrier. The telemetry is then either

conditioned or not conditioned, demultiplexed, and then routed to the MDR

user control center over NASCOM wide band lines.

*See Section 12.6.12
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As in the LDR telemetry case the option of either magnetic or graphic
recording or both is provided. Also, it is possible to record at the normal
bit rate and play back over voice band lines at a reduced rate. The wide
band mode, however, will be the primary link to the user.

12.6.6 TDRS Order Wire

The order wire link is used for three purposes. The first is to send one
of the TDRS ranging codes from TDRS to the ground station. The second is to
notify the network of a need for service. The third is to provide MDR's with
an S-band beacon. The demodulation tracking unit extracts the range and doppler
counts and also the modulation representing the service order. All of this is
sent to the CPU for interpretation.

While the CPU uses the range and doppler counts in conjunction with other
information to determine the location of TDRS, it also decodes the order wire
data and routes it to the master console for action by ground station personnel
(if such is the configuration at the time). An automatic response may be pro-
grammed into the CPU for standard order wire reactions by the ground station.
Operation of the order wire link will be configured automatically by the CPU
to provide mission support and will be powered down during slack periods.

12.6.7 MDR Downlink Voice (P/BU) (Manned User)

For the manned user delta modulated voice is time division multiplexed
with the MDR telemetry. After the digital bit stream is detected in the de-
modulation tracking unit, it is conditioned, forward error control decoded,
and sent to the demultiplexer. The demultiplexer strips off the voice channel
or channels from the telemetry. Each channel is then converted to analog voice
by the "voice delta-demod.". The output of the demodulator has the option ,of
being locally amplified and produced at the ground station and/or sent to
user control centers via NASCOM line. The option of magnetic recording is
also provided.

12.6.8 TDRS Command/Tracking (P/BU)

The commands for the TDRS are generated in the CPU, APSK modulated on a
subcarrier which has been PN. The choice of either adding it to the other
FDM subcarriers and transmitting on the Ku-band uplink or just amplifying the
subcarrier (carrier in this case) and transmitting it to TDRS over the com-
pletely separate VHF system is available.

It should be noted that the PN generator output is applied to three l's
gates. This is because of the tri-code location scheme used for TDRS. The
enabling of the three gates by their respective code loops allows each loop
to be triggered by the transmitted all ones which, in turn, calculate range
and doppler as described previously for the single loop.
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12.6.9 TDRS Telemetry (P/BU)

Selection of the demodulation tracking unit source is determined by a
switch. The two sources are either that which arrives over the primary Ku-
band downlink or by the separate VHF backup link from TDRS to the ground
station.

The TDRS telemetry is extracted by the demodulation tracking unit,
conditioned and sent to the TDRS status equipment. The status equipment
interprets the data and generates display data which is applied to the master
console. The status data also is routed to a special data formatter and en-
coder/modem set. These units are connected to a voice band line which is

dedicated to TDRSCON for purposes of displays.

12.6.10 TDRS Tracking (Downlink) (P/BU)

As mentioned previously, a three-code system is used to locate TDRS. In
the primary mode, one code is derived from the order wire tracking unit; the

other two are extracted by two separate tracking loops. The three range and

doppler counts are sent to the CPU where the TDRS location is computed.

In the backup mode only the PN1 code is used. This one comes down from
TDRS via the VHF link. In this case more uncertainty is incurred.

The range and doppler processed data is outputted to the TDRS status
equipment for generation of the orbital display data. As before, a dedicated
line to TDRSCON is also fed by the status equipment.

12.6.11 Ground Station/Network Communications

For the routine data and voice communication between the ground station
and outside facilities both voice band and wide band lines along with their
respective modems will be used. All of the traffic is routed through the
master console to the NASCOM and can be either automatically (CPU) or manually
controlled.

12.6.12 Demodulation Tracking Unit

The demodulation tracking unit shown in Figure 12-15 extracts an NRZ-L
bit stream from the PN-APSK input. It also incorporates all the necessary
functions for determining the code delay and doppler shift due to the input
source's range and range rate.

Several of these units and units with essentially the same objectives
are used to process the various subcarriers throughout the ground station
system. The following is a description of the unit depicted in Figure 12-15.

The PN-APSK carrier (VHF band) is applied to the first mixer of the unit
and is combined with a PN local reference. The bandpass filter isolates the
difference frequency. At this point (until PN lock has been obtained) there
is a noise-like waveform into the Costas loop phase detectors. The loop can-
not possibly lock up to the carrier so the loop searches in vain for a pre-
determined period of time allotted for carrier lock.
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The PN search block provides a half chip delay coarse search after each

carrier search time slot. At some point the local PN code comes within a half

chip of perfect synchronization with the received code. The output of the

bandpass filter now contains sufficient carrier for the loop to lock.

To obtain carrier lock the doppler processor resolves the doppler shift

and applies an error signal (proportional to the shift) to the operational

amplifier which drives the crystal oscillator. Since the loop is now within

pull range it tracks the carrier. This having occurred, the threshold detector

inhibits the doppler processor, the coarse PN search, and after a delay

sufficient to obtain fine lock on the PN code, sends an indication of the

receiver lock (RX lock) to the transmitter.

Range delay is obtained as follows. The RX lock enables the transmitter
(TX) l's gate. The first time an all ones transmitter code condition occurs

the TX gate fires the "one shot" which enables the receiver (RX) l's gate.

It also starts the integrator and causes the sample and hold to sample the

error voltage to the XVCO. When an all ones receiver code condition occurs
(the receiver generator is locked to the incoming code) the integration is

stopped, converted to a digital word and sent to the CPU for processing.
Simultaneously the doppler error voltage is A/D'ed and also sent to the CPU.

The purpose of the 1 bit delay and mod-2 adder is to convert the delta
coded bit stream to NRZ-L. Also, when the user switches into the ranging mode,
that is, from a short to a long code, a special message is sent downlink. The

long/short code logic recognizes the message and switches the PN generator to
a long sequence configuration.

As an added note, the one shot prevents a stop count output from the RX
gate unless a start count has occurred. Also the RX gate is enabled only for
a period of time sufficient for maximum expected delay. This prevents
accidental triggering outside the delay window.

12.6.13 Modulation Unit

The modulation unit shown in Figure 12-16 is the basic modulator for all
uplink data and/or digital voice.

The NRZ-L data stream is converted to delta coded PCM, PN coded, and bi-
phase modulated onto the appropriate subcarrier. The composite waveform is
then filtered and the output sent to an uplink multiplexer or other uplink
processor.

The TX l's gate provides a start pulse for the receiver tracking circuits
when all ones condition occurs in the PN code generator output, and the code
length control input chooses the long or short code under the command of the
ground station.
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Figure 12-16. PN/APSK Modulator

12.6.14 Control and Monitor Subsystem

This automated subsystem provides both local control and monitoring (at
equipment) and remote control and monitoring (control console). Each equipment
or subsystem will have a complete local control and monitor panel. These local
panels will provide full operational control of all circuits, metering of all
critical and adjustable voltages and currents, and fault/status indicators thatpermit fault isolation to the chassis level for maintenance. The remote con-trol and monitoring capability will be provided by the CPU and status displayon the control console, as discussed in the following paragraphs.

12.6.14.1 Control and Monitor Console

The basic objective will be to provide a station control center so that
the entire system and segments thereof can be operated entirely from that
center (Figure 12-17). The control center will be configured to accommodate
two operators through use of a semi-wrap-around console. All control and dis-play functions necessary to effectively operate the system, such as system
status, intercom, power, antenna, transmit-receive and performance monitor,
will be provided at the control center console. The controls and displays
will be positioned within the reach/visibility limitations imposed by the
design and the more critical functions will be give location priority. The
console will be treated as an entity wherein overall uniformity will be accom-
plished through standardization of components, markings, control action, and
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component functional use. Thus, the various control panels will provide the
operator with a readily understandable, easy to operate, system. However,
display/control panels will also be physically arrange so that each panel
segment may be removed with its equipment. This will aid in display/control
functional grouping and permit repair of defective components without inter-
rupting on-line equipment.

Of prime importance in achieving automated control of the system will be
the system status panel provided at the control override console. This panel
will provide the operator with the use or availability status of each major
segment of equipment, the mode of operation of the system, the equipment flow
path of the operational mode, and ongoing maintenance.

Another basic function provided at the control console will be an inter-
com center through which the operator can communicate with segments of the
system located remotely from the GS control center.

Other major control center override functions provided at the control
console will be transmission, reception, antenna, power, and performance analysis
for applicable operating sections.

The major panels which will be located in the control console are:

1. Transmitter monitor and control panel

2. Microwave receiver monitor and control panel

3. Antenna monitor and control panel

4. Tracking receiver monitor and control panel

5. Fault and system status panel

6. Performance monitor panel

7. Power generator monitor and control panel (behind control console)

These panels will provide controls and status for the required functions
as noted in the following paragraphs. In addition to the panels, some of the
data acquisition system will be located at the control console.

Power Generation Monitor and Control Panel. The functions of the power
generation monitor and control panel are shown in Table 12-1.

12.6.14.2 Alarm and Status Subsystem

The basic purpose of the alarm and status subsystem is to monitor measure-
ment status from various equipment, perform a high- and low-limit check, alarm
those measurements that are out of limits, and provide a malfunction CPU print-
out automatically. The data acquisition subsystem required to perform this
task will be described in the following paragraphs.
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Table 12-1. Power Generation Monitor and Control Panel Functions

Description Function

Control--generator control Provides manual setup of automatic control of electrical power genera-
4-position rotary (three tion and automatic source switching.
required, one per generator) Position 1 - Off

Position 2 - Standby--logic on, heaters on, etc., ready for start
Position 3 - Ready--start and engine operating, no load applied
Position 4 - On-line--engine operating and generating power

Control--power analyisis Enables operator at console to analyze power characteristics.
9-position rotary Position 1 - Generator 1, phase 1 volts, amps and frequency

Position 2 - Generator 1, phase 2 volts, amps and frequency
Position 3 - Generator 1, phase 3 volts, amps and frequency
Positions 4,5, and 6 - Same as positions 1,2, and 3 for generator 2
Positions 7,8, and 9 - Same as positions 1,2, and 3 for generator 3

Control--pushbutton cup Emergency disengagement of all power into entire system
guarded
Indicator--pointer-type Readout of voltage of selected generator and phase
voltmeter
Indicator--pointer-type Readout of amps of selected generator and phase
ammeter
Indicator--vibrating reedmeter Readout of frequency of selected generator and phase
Indicator--lighted-type On commercial power
Ind icator-- lighted-type On generator power
Display--legend-type Four indications shown: on-line, standby, backup and source interrupt.
indicator light for This indicator shows actual automatic generator control status for gen-
generator 1 erator 1. This light will reflect actual switch positions for initial

operating sequence selection, but after an automatic control system
function will not match actual switch position unless operator updates
switch position to match indicator. If the switch associated with this
light were placed in the on-line position, the light would so indicate
until a fault occurred that reduced power. Then Generator 1 would
automatically switch off the line, and this indicator would read "source
interrupt." This generator would not then be automatically placed in
backup again unless the switch associated with this light were placed
in that position manually. Automatic generator control will sequence
generators from backup to standby to on-line source interrupt, if
required.

Display-- legend-type Same as for generator 1
indicator for generator 2

Display--legend-type Same as for generator 1 except commercial power
indicator for commercial
power and generator 3
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Data Acquisition Subsystem. This subsystem will provide the following
capabilities:

1. Continuous monitoring of critical measurements of both on-line
and redundant equipments

2. Equipment fault isolation and detection

3. Equipment fault location and display

4. Audible and visual alarms on out-of-limit measurements

5. Remote system/equipment status (control console)

6. Local equipment status (equipment racks)

7. Automatically provide system (terminal) status information to
an external user

8. Fault isolation to the replaceable module level dependent upon
the particular faulted measurement

9. Automatic CPU printout of faulted measurements with supporting
information

10. Control capability

Automatic transfer of redundant equipment will not be controlled by the
data acquisition subsystem. This transfer will be controlled by switching
logic within the redundant equipments themselves. The data acquisition system
will, therefore, not be in the critical communications path or major failure
category. Therefore, any fault or failure within the data acquisition system
will be classified as a minor failure of non-traffic carrying equipment. The
data processor will have this output control capability available, if required.

System measurements will orientate from internal sensors or monitor points
located within the individual equipments or subsystems. These measurements
will be both analog and contact sense (discretes). The majority of indicator
measurements routed to the control console will also be routed to the data
acquisition subsystem. Additional measurements from the individual equipments
will also be routed to the data acquisition subsystem to aid in fault isolation
to the replaceable module or isolation to a group of modules depending upon the
measurement. Measurements will be provided in the following categories:

1. Provide terminal status data for transmission to an external
user

2. Provide fault isolation and detection to the chassis level and
where feasible to the module level

3. Fault detection of critical functions
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4. Equipment monitoring for detection of parameter degradation

and status for both "on line" and stand-by equipments

12.7 CONCLUSIONS AND RECOMMENDATIONS

The overall tracking and data relay satellite system ground station design

is relatively straightforward. The impact of a relay type system as opposed to

a set of ground stations ringing the globe is that one complex station (one
incorporating relay transmit/receive plus normal user satellite functions) is

required rather than several simpler hardware/software-wise stations.

In terms of hardware, the need to have equipment which can track, command,
and receive telemetry (TT&C) from TDRS, together with the formatting and de-

formatting of user TT&C is essential. This added hardware is not really a
major item since the main complexity comes in the signal processing of user
TT&C. This, however, occurs after the user data has been separated out or

before the user commands have been integrated into the relay uplink format.

The conclusion is that the complexity of the ground station is for the
most part simply the addition of commonly used hardware/software in sufficient

quantities to handle the number of users. The amount of TDRSS unique equip-
ment is small in comparison.

An essential item in the ground station is the CPU. It is involved in
all aspects of the ground station, if only in a switch controller capacity.
The CPU is literally the "heart" of the ground station and its efficient
operation depends on the CPU.

The recommendation here then is that reliability be a major factor in the
CPU design.

Since real time telemetry is a prime objective of the TDRS system the

need for wide band lines to deliver the user data is essential. With proper
multiplexing these wide band lines also can be used for voice band and/or
bit rate applications, thus eliminating entirely the requirement for voice band
lines. As of this date, however, the cost of doing this seems to be prohibitive,
hence a hybrid of voice and wide band lines is recommended. An added con-
sideration here was that 9600 bps rates are presently available over conditioned
voice band lines and so it is expected that higher rates will be forthcoming
(20,000 bps has been mentioned) by the time the ground station design is
implemented.
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