General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



g = /
NA2A CR- /6 22/

FEASIBILITY AND SYSTEMS DEFINITION STUDY

0= O e
0ot =
® T
FOR MICROWAVE MULTI-APPLICATION PAYLOAD ggiEE2
Mot )
Hes 20O
{MMAP] agEST
GE Report No. 775DS4220 SP3un
CONTRACT NO. NAS-5-23734 g = e
- O~
ooz
: I 09Oty
‘Prepared by bl o e
General Electric Company %{8 §EE
Valley Forge Space Division SRR
- O
Box 8555 &3;:5—4
Philadelphia, Pa. 19101 :q::;:
A: o
o~ =
B
O W
SEPTEMBER 1977 ApD .
- ]
g A
177 ]
Prepared for E.’)
GODDARD SPACE FLIGHT CENTER o
National Aeronautics and Space Administration <
Communication and Navigation Division o
Greenbelt, Maryland 20771
. &g =
g | =
¥ N I
op W
7 w
N
2

2]

FINAL REPORT

space division %
%

GENERAL §B ELECTRIC



-

TEGHNICAL REPORT STANDARD TITLE PAGE

1. Report Na. 2, Government Accession No, 3. Reciplent's Catalog No.

4, Title and Subtltle 5. Report Date
. September 197%.
Feas1b111ty and Systezns Deflmtmn Study for Micro- g peami- Grgonization Cada

wave Multi-Application Payload (MMAP)

_7. - Author(s} 8. Perfarming Organization Report No,

J.B. Horton, C,C, Allen, M.J, Massaro, T 778SDS4220
J.L. Zemany, J, W, Murrell, R. W, Stanhouse,

G.P.Condon, R.F. Stone, dJ, Swa.na., M. Afifi, R. Nilton

9. Performing Organization Name and Addrass - - 10, Work Unit No.
General Electric Company — G "
1. nntract ur rant No.
Valley Forge Space Cenfter ‘NAS5-23734

PO, Box 8555
Philadelphia, Pa. 19101

13. Type of Report and Period Covered

= Spunsormg Agency Name and Address Final Report September
" National Aeronautics & Space Administration = | 1976-September 1977
Goddard Space Flight Center 14. Sponscring Agency Coda

Greenbelt, Md, 20771 952

 John J. Woodruff -

15. Supplementary Notes

d:.agram has been completed

16, Abstract

This report covers work completed on three Shuttle/Spacelab experi- :
ments: Adaptive Multibeam Phased Array Antepna (AMPA) Experiment, El-
ectromagnetic Environment Experiment (EEE) and Millimeter Wave Commun-
ications Experiment (MWCE). - Definition of these experlments procecided

in paraliel. Work on the AMPA experiment was completed. Results included
the definition of operating modes, sequence of operation, radii of operation
about several ground stations, signal format, foot prints of typical orbits and
preliminary definition of ground and user terminals, Definition of the MOD I
EEE (121.5 to 2700 MHz) was completed; this work included conceptual hard-
ware designs, Spacelab interfaces, data handling methods, experiment test-
ing and verification, and EMC studies. - The MWCE-MOD I has been defined
conceptually for a steerable high gain antenna, Work was complietedona
fixed antenna conceptiial design called MWCE-MOD I,  Work on the EEE-
MOD 1 (121, 5 MHz-43 GHz) conceptual design and system block dlagram

17. Key Words [Selected by Authoris)} .- ' 18. Distribution Statement
Shuitle, Spacelab, Microwave, Pay- '
loads, Antennas, Receivers, Ground = -
Terminals, Communications

-18. Security Classif. {of this report) 20 Security Classif, lof this page) | 2%, No,ofPages | 22. Price®

Unclassified Unclassified

*For sale by the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151,




Section

TABLE OF CONTENTS

PREFACE . « &+ ¢ + &« o o w0 v a v o

GLOSSARY L] - L] Ed - - . - . L] L] | a L] . LI ] . L] L]

INTBODUCTION ] I.'. . l. .o . .i . C.' . L . o V' V ov [ .a

1.1 Experiment Objectives . . l. voa e e e ey e e
102 SﬁldyApprDaCh . . .o- .. '.-_ “ a4 N e o_"‘..v_'o

EXPERIMENT ORBITAL DEFINITION. « « « « « o« « « .

2.1 TyplcaIOrbltPI‘Oflle o e e e s e
2.2 Additional Equal Area Projection Prohles . .

' ADAPTIVE MULTIBEAM PHASED ARRAY (AMPA) EXPERIMENT

3.1 . AMPA Experiment Definition . . . . .+ « . 0 . . .
3,1.1 AMPA Experiment Concept and Purpose . . . .

3.1.2 AMPA Experiment Operational Concepts . . . .
.8.1.3 AMPA Coverage Area/Radius of Operafion. . . .
3.1.4 AMPA Footprinton Earth . . . . . . . .
3.1.5 AMPA Parameters, Operating Conditions, and Llnk
. Calculations . . . . . . ¢ e e e e e
3.1.8 AMPA Experlment Equlpment e oa e e e e
3.1.7 AMPA Experiment Parameters . . . .« . . . .
3.1.8 AMPA Signal Strueture . . . . . . .+ . . .
©-3.1.9 AMPA Data Link via TDRS . . v . v « «-v 2
3.2 AMPA User-Terminal Preliminary Design . . . . .
' 3.2,1 AMPA User-Terminal Requirements . . . .
3.2.2 :AMPA User-Terminal Design: Concepts e e .

3.2.3 AMPA Calibraition Beacons . . + .« . .+ .
AMPA Ground Control-Terminal Preliminary Design. . .
'AMPA Data Reduction Requirements . . . . . . .

L Lo o
mﬂ:-m

ELECTROMAGNETIC ENVIRONMENT EIXPERIMENT (EEE) o .

4. EEE Operatlon a.nd Sensmvﬂ:y .. . . - T”. .

- 4.2  Payload Cornfiguration . . . . . o 0w 4 e ..
4.3 Operational Environment and Data Management e e e

-4,3.1 EEE Environment Considerations © . .+ . v+ .
4.3.2 EEE Data Management and Momtormg e e

"'Addltmnal AMPA Material Generated . . . . . i . o

iii



Section

8

9

TABLE OF CONTENTS (Cont'd)

4.4 TInstrument Testis During Development. . . . . . .
4.4,1 Tactory Tests . + « &+ + « o o « + « &+
4,4.2 Equipment Certification . . . . . .« + i . .
'4.4.3 1Inflight Calibration and Testing . . . .+ .+ .+ .

4,5 EEE-MOD II System Description . . e s e e s e

4.5.1 EEE-MOD II Equipment Descrlptton s e e
4,5.2 EEE MOD 0 Sensitivity and Accuraey . . . . .
4.6 EEE RF Environment Survey Study . . . + + « .« .+ .

MITLLIMETER WAVE COMMUNICATIONS EXPERIMENT (MWCE)

5.1 MWCE Experiment . . e e e e e e d e e
5.1.1 Experiment Ob]ectwes e e e e e e e e
5.1.2 Operational Modes . . . e e e e e e e

5.2 MWCE-MOCD I Instrument Descrlptmn T

5.3 Data Reduction and Analysis . . . . . . . . . . .

5.4 System Performance Analysis . . « . + . + i .+ . .

5.4.1 Radius of Operation and Operational Time . . . .
5.4.2 Communication Performance Analysis . . . . .

5.5 MWCE-MOD II Instrument Description -« . . . . « o

5.5.1 Link Requiremenis. . . e 4 e s s
5.5.2 - Experiment System—Electmcal Des1gn e e e
6.5.8 Experiment System-Hardware Design . . . . .
5.5.4

Ground Station Considerations e e e e e e s

OTHER CANDIDATE MMAP EXPERIMENTS . . . . . . .

6.1 E=xperiment Objective and Justification of the Spaéelab OSP
Experiment. . . . .+ ¢ 4 & o e e e 0w .

6.2 Technical Approach for the OSP Experment . .. .. . . . .
6.3 Basic OSP Experiment Requirements . . . . . . .

NEW TECHNOLOGY. « « + « « + « o o « o+ o v o

CONCLUSIONS  « + + v o v v v v e e i s

’ REFERENCES- . . LTI R * L L] . = _-' L] L] Ll L]

AP?END]X A MWCE Antenna Pointing Sjrstem Preliminary Design . . .

- APPENDIX B MWCE-MOD II Antenna Requirement Analysis . ., . . .

APPENDIX C EEE Antenna Paftern and Footprint Analysis . + .+ v .
APPENDIX D Analysis of EEE Spectrum Processor Accuracy . .+ . .

APPENDIX E EEE Spectral Processor Design. . . . . . . .« . .

~iv

P11
Do =

]
[ S G =T N
S

Pt S N SN

1

11
v

]
o R R

o

e



RIS T4

A=A e

bt

f Ehre P

LS e

B

e T

L=

L=l

o T et

R TTLA

T A

PR

L S

D o BO N)?Dbblmlw Do

o
v
ar]
[

2-1

[
= 0 N

1

PELY S
B Qb= gmm-:l_c:cn

¢
-

3-7

- 3-8 -

3-9
3-10

8-11

3-12

313

4-1
4-2

4-3
4-4

4-5
4-6a

4-6hb

4-7

4~8

4-9

- 4-10
C4-1]a
. 4~11b
Cod-12
4-13

4-14

| LIST OF ILLUSTRATIONS

. Typical EEE Region of Interest/First Day Orbit TTACES « v o v v v « o

CONUSOI'bit Pa-ttem (G’Day :Mj.SSiOD) » 4 & B & ® S & @ & 8 B " 2 € & B @
Operating Times Over CONUS for Six Day MissioNe s ¢+ ¢ o v o o o«

Mission Day 1.0 (Albers Orbit Projection) .
Mission Day 2,0 (Albers Orbit Projection) .

Mission Day 3.0 (Albers Orbit Projection) .
Mission Day 4.0 (Albers Orbit Projection) ,
Mission Day 5.0 (Albers Orbit Projection) .
Mission Day 6. 0 (Albers Orbit Projection) .

Mission Day 7.0 (Albers Orbit Projection) . . .

AMPA L-Band Commumcaﬁons Experiment Conﬁguratmn e v et e e
Typical Operating Areas Over CONUS ., o & 4 5 4 s v0 0 0 o v s s 0 s o o
Typical Operating Areas Over CONUS. « 4 v v ¢ e o v s s 0 s s s 0 o a w

TFootprint of AMPA -3dB Contour on Earth for Several View/Scan
ANgles from NAGIT o « o o v o o s s v o s o 8 s e o s s s s e v o s oo
AMPA Carrier-to-Noise Ratio for 50 kHz Communication Channel . . .
AMPA Carrier-to-Noise Ratio for 1 kHz Adaptive Beamforming

Chmel.ll.l...-.l.!!lllll‘.l'n..l.l

AMPA. L~Band Antenna System Block Diagram . o « o ¢« o v ¢ o o s o 4«
I~Band AMPA Experiment Pallet Complement . . . v o « o ¢ v s s = o0

Simplified Transmitter Block Diagram of GE MASTR Executive II. . ., .
Simplified Receive Block Diagram of GE MASTR

Executive II. . . .

AMPA User-Terminal Block Diagram Showing '_I‘ypioai___ Operating

Freuuencies o o o o « o o s o s 6 8 8 o s a0 s s s s s s oo easossas’

AMPA Control and Data Tink s o o v s o o o o o s o s 0 a s v 0 o2 s o
AMPA E@erlment Control and Data Handling « o « v v v v 0 v 0 v v

EEE meﬁnmalSymmnx.. AT A T A
EEE Receiver Operation MOAES « v v o s o s o o s o2 6 0.0 s s s 0 s o o
RF Frequency Bands forthe EEE . . o . v v v v v v v s v vt v o0 v v
- EEE Sensitivity Analysis Summary for EEE MOD T « « o 4 4 a0 « s o &
- Typical EIRP versus Frequency Data Display . « v o o o ¢ ¢ ¢ ¢ ¢ o o &

EEE~MOD I System Block DIiagTall « « ¢ « «ot e o o s 0 2 o0 s o0 ¢ s o
EEE-MOD I System BlockDiagram . + v ¢ 4o ¢ 0 v 0 ¢ 0 00 av 0 s o

EEE"MOD IPallet MountEquu].pmento * @ & 8 2 8 9 B F s B & F 8 * oo

EEE Pallet Layout and Antenna Field of VIEW « o « & 2 ¢ o v s s:0 0 s o o
- EEE - MOD I Spacelab Flight Conﬁguratton R
- Aft Flight Deck Panel Configuration .« + + &+ + + . ¥

EEEWeight and Size v v v v 4 « v ¢ 00 o ¢ o 0 @
EEE Power RequirementS o+ « « « « o o o o o & o
‘Antenna Clearance Diagram, Pallet Only +.. . . o
EEE Environment Considerations « « « « » .'.'
Shuttle Bay Electromagnetic Compatibility Environment . o « o v s « o

+

2-2
2-4
2-6

2-9
2-10
2-11
2-12
2-13

2-14
3-3

3-9
3-12

3-19

3-20

- 3-22

3-32
3-32

3.33

3-36
3-37
4-2 -
4-4
4-5
46
4-8
4-10
4-11

4-12

4-13
4-14

L 4-150 . o

4-16
4-16
A-17
4-19
4-21



Figure

- 4-15
4-16
4-17
4-18 -
4-19
420
4-21
4-22
4-23
 4-24
' 4-25
4-26
427
428
" 4-29
4-30
4-31

-1
b-2
5~-3
54
5-5
5~6

5-8
5-9
5-10
5-11,
5-12
5-13

. =14
5~15
5-16
517

5-18
65-19

520

1IST OF ILLUSTRATIONS (Cont'd)

Shuitle Bay to EEE EMC Isolation Required o o« o o o v v v s e s 0 oo 4-22
EEE Data Management and Control ., o v v ¢ ¢ v o o ¢ s ¢ s ¢ 0 0 0 0 o o A-24
EEE ReceiVBI’ Data Management "% % & 3 8 8 B % B A & U B W & P s 8 BN 4:"‘26

Receiver Control and Monitoring « o .o o s.0 0 o o0 0 s 0 s s 60 0 v 427
Expel'imentnataprocessmg. u P R LI I S B R - . A 45"‘29

EEE Factory TestS o o o s 0 s o s s s s s s o s s s o svnasssess 430
EEE Equipment Certification s « « « v « o o s v s e s s s s v s aess 431
EEE Integration and Prelaumch TesStS . o + s o o s o o o0 0 s e s e s o0 432
EEENOiSeCalibraﬁon....‘-..-g‘.‘.‘..-.-'...-‘..,.'..... 433
EEE Mflight Calibration with BeaconS « « v o« a ¢ v o 5 s » o s ¢ s ; e s s 433
Concept Drawing of EEE-MOD II Pallet Mounted Equlpment v oo e ese 435
EEE-MOD I System Block Diggram « o« o s s « o s s o o s s 6 s v 0 ¢+ 4=37
Footprint Dimensions vs, Tilt Angle Off Nadiv v o « v o o 2 o s 0 0 ¢ o » 4-4]1

" Dwell Time as a Function of Frequency « « o « o+ o s o o v v 2 0 v 02 oo 4-4.6
Spectral Power Densﬁ:y Measurement Cireuit . « v v v o v s o & e e e e 4-49

Number of Emitters vs. Frequency (1350~1450 MHZ) , o o o« « s v » o » « 4-53
Total Cumulative Power vs. Freguency (1350~1450 MHZ) « o o« « o & & 4-53

MWCE MODIMOdeS Ofoperaﬁonooo .« -.- ) -.n. . .- L I -.n » 5"5

MWCE Spacelab Equipment Block Diagram B R I I R SR NP 5-9

- MWCE Pallet Mounting Configuration s « « « v s s o s v s v s v e e v o-l1

MWOE Data ProCesSiNg o « o o « o o s s a's'a's s 6 o s soavas s ses BH-15
Satellite~Ground Station GeomMetTY v o + ¢ o ¢ o « o s s ¢ ¢ s o ¢ s ¢ a s s 0-16
MWCE Maximum Radius of Operation as a Function of Ground

Station Elevation Angle o o w4 o s 6ot o s 0 s 20 o8 v a s a0 s s a0 5-19
MWCE Antenna View Angle from Nadir as a I‘unctmn of Ground

Station Elevation ANEle « o o o« s o s « s s s = e s v 6 s o s o asisas 520

- MWCE Radii of Operation from Austin, TX and Rosman, NC. . . . . .. 5-22

DOWIIllﬂkT]’.‘&HSHH.SSlon Pa-rameters ® 8 & 8 ® ¥ 8 4 & & P s 8t w8 B s 5"34:

* Spherical Geometry for Computation of Orbital Trace Time . v+ + + s ¢  5=23 -
Upl]llkTransmlSSIOIlParameterS. 4 8 & & & 8 % &4 B B S 2 8 ¢ & B e = = . 5-33

WCE MODI[MUdeS OfOperah.On. . n'- LI ) t ‘a e e e s e oW, wle e w 5-4:2 .

MWCE-~MOD If Anterma Gain Requirements for Two-Way 'I‘ransmlssmn -

IﬂIlkI ® & B P & & 4 o ®W e & B S 8 & 8 B 8 8 ¥ oA A 8 ¥ AN EE P e 5-44;

_UPlleFI‘equEnCyP].an.....-.._.-....-..-......... 5""46
'DownllnkrreqllenCYPlan.--...--.... R 5"47 o

MWCE-MOD II Experiment Configuration (RF Portion) « v v o« o o ¢ o & » - 5-48
MWCE-~-MOD IT Experiment Configuration (Control and Monitoring '

..'.Pomon)-uoco¢-.oc-nlcl.u-l'lc_.lol.n.ll..l.-nl 5"'49

Concept of MWCE-MOD. I[Installedepacelab/Shutﬂe eeeedea.. B-52 S

MWCE"MOD]IE){perlmenthEtqullpment. ® * B . @ 8 8 8 ¢ 0 & ... . u5'52




LIST OF TABLES

Table - - . Page

2~1 . Estimated Viewing Times forGlobal Areas « +'v v s s s v e s e s e s o - 2-5
2-2 ‘Operating Times Over CONUS (IVImutes) T 2-5
- 3-1 Typical AMPA User/Spacelab Operatu_ug Times for 5° and 23° o

'  Ground Station Elevation AnglesS o o « v o o0 o & R NIRRT RO 8-10
3-2 Typical AMPA User/User Operating Times for 5° and 23°

2

Ground Station Elevation ANgleS o o o o o s s s o s s o s s e s anss s =13

3-3° - . AMPA Experiment Parameters and Operating Condifions s « v v 4o o s o o 3-~16
3~4 ~ AVPA Experiment Parameters and Cperating Conditions . o o o v o o o K 3-16
3-5 AMPA Experiment Data Link RequirementsS . 4 o« + o v s ¢ o 6 2 ¢ s s s . 3-27
- 3-6 . Summary of AMPA User-Terminal RequirementS o « o o o0 ¢ o s o s s o - 380
4-1 Footprint Dimensions and Dwell THC + v o ¢ o o o s s s o s s o » o s o.a . 445
4-2 Fractional Error and Averaging Time inSpectrum s s s s oo nbacsa 4-50
. 5-1 Badms of Operation and Total Lmk Margm for Varlous Ground _
" Station Flevation AngleS s i s s s v s s e e e s nas et e e e isees o 518
5-2 MWCE Operating Time Over Rosman, NC for 20° Ground Station =~
ElevaﬁonAng‘le................o..........-... 525
5-3 = MWCE Operating Time over Rosman, NC for 5 Ground Station N
ElevatlonAng‘le..-.....--............-...-q;p‘y-“'vs"zﬁj'
5-4 MWCE Operating Time Over Austin, TX for 5° Ground Station o R
. : "Elevation Angle « o oo v o 0 0o s s s n s s 0 o0 s s s et a0 s s 527
5-5 MWCE Two-Station Operating Time over Austin, TX - Rosman, NC '
v for5°GraundStaﬁonElevat10nAngle................... b~-28
5-6 TransponderModeofOPerauon....................... 5-~29
5-7 . 30 GHz Uplink Budget for 2 45° Blevation Angle « « « v e-e s o.s s s w v o - B-85
5-8 30 GHz Uplink Budget for a20° Elevation Angle o « o+ « s o6 o o ¢ o 5 ¢ o . B5~37
59 30 GHz Uplink Budget for a 5° Elevation Angle s o v ¢ v s s e s v r e se s D=39

5-10 ?BeaconlankSummary..._........................._5-.—45
" 5-11 = MWCE Operating Time over Rosman, NC for a 5° Ground Station - S
e Elevation Angle . o v v o v o s 2o s s s s e i s s s ar e ne e 553
5-12 =~ MWCE-MOD I Hardware MatriX. o« o v e o o o o s s o s s s 0 o 00 v aa B-54

vii/viii:




]

) G

PREFACE

The objective of this study is to provide NASA with a Feasibility and Systems Deﬁnition
Study for Shuttle/Spacelab Microwave Multi-Applications Payload Experiment (MMAP),
This study includes the selection and definition of the system design'approach"for cer-
tain key experiments, and includes the study of equipment requirements, and Shuitle
interfaces for each uf these experiments, Cost effective design is a major objective of

the study, Work included the definition of the Adaptive Multi~-beam Phased Array (AMPA)

' Experiment, the Electromagrietic Environment Experiment (EEE), and the Millimeter

Wave Communications Experiment (MWCE), Wotk on the AMPA Experiment definition
included user and ground terminal definition, and data reriuctlon requlrements. _ Deﬁmtlon
of the MOD I EEE (121, 5-2700 MHz) and MOD II (2,7-43 GHz) was completed. Work dur-
ing the final contract period primarily mcluded effort on the EEE MOD 1. Task studles
completed and submitted as separate contract 1tems (CI'S) are as follows: ‘
€17 Ground Ha.nd]ing and Test Operations Plan
- CI8 Payload Specialist Functions Plan =
Ci9  Mission Operations Plan
- CI10 Data Handling Plan
CI 12 1List of Critical and Long Ledd Ttems

CI 16 Reliahility and Quality Assurance Crlteria I(Rehabﬂlty vs. Cost)
Cl 17 Electromagnetic Compatibility Test Plan

The authors gratefully acknowledge the contrihuﬁoﬁs of S. Durrani (AMPA), L. Ippblito
{MWCE), R. E. Taylor (EEE), and J. Woodruif (MMAP) for their many contribufions

-and suggestions in defining the MMAP experime:hts. |

 w/x
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SECTION 1
INTRODU CTION

The National Aeronautics and Space Administration (NASA) initiated this study to define
a number of Shuttle/Spacelab experunents which are common in technology and which W111

further the technology goals of NASA in the communication and navigation fields, These

" experiments all fall within the scope of microwave technology and are gzouped to form the

Microwave Multi-Application Payload (MMAP) experiments. The experiments are:

Electromagnetic Environment Experiment (EEE)
Adaptive Multibeam Phased Array Antenna (AMPA) Experiment

. Millimeter Wave Commumcatmns Experl aent (MWCE)
J{)rbmng Standards Platform (OSP)
Antepna Range Experiment (ARE)

Cocperative Surveillance Spacelab Radar (CSSR) Experiment
Data Collection with Multibeam (DCMB) Experiment
. NAVSTAR GPS Experiment (GPS)

m_-llpbm_rt-‘-,co_m‘t—l

Durmg this study, most of the eﬂort was directed toward the EEE AM:PA and MWCE
experiments, These expemments have been partially defmed in premous studies 152 3
and material from these studies has been utilized in this study. This study was directed
towefd'deﬁniﬁon of experiment inetﬁmentation such as antennas, receivers, data .
processing equipment, Shuttle interfaces and, if required, instrument pointing systems,
Other areas of investigation included Ground Handling and Test Operation, Mission Oper-
ations plans, Data Handling Plan, Payload Specialist functions, R&QA criteria, an

. EMC test plan, and a hstmg of crlncal a.nd long; 1ead items. Th.‘lS final report covers work

done durmg the. contract penod September 1976 through September 197 7



1.1 EXPERIMENT OBJECTIVES
The objective of this study is to provide NASA with a Feasibility and Systems Definition
Study for candidate Shuttle/Spacelab Microwave Multi-Applications Payload Experiments.

The study includes the selection and definition of the system design approach for certain -
_ key e}menments, and mcludes the study of equipment requn:'ements, Shuﬁ:le interfaces and

ground eqmpment

1.2 STUDY APPROACH | | .
The basic approach to defining the individual MMAP experiments is o apply cost effective

design to each experiment. Equipment such as antennas, transmitters, receivers, power
supplies, conirol systems and thermal/mechanical systems is expected to bé mostly
pallet-mounted and unique for each experiment, Data processing equ1pment, control and
display equipment, recorders (if required) and Shuttle inte rface eyuipment will he located
1in the Spacelab Module or Igloo and the Aff Flight Deck (AFD) area. The approach used in
this study is to define each experiment for the best cost compromise hetween experiment-
unique equipment and Shuttle/Spacelab equipment available to all éx_periments, such as the

'Command and Data Management Subsystem (CDMS),-

~ Several factors have resulted in changes in the initial exneriment definition, These include
the role that the Payload Specialisﬁ will have in the experiment, ‘the' accessibility of the TDRSS
real~time data link to the ekperiment, the amount of operating time an experiment will have,
the viewing'angle of the expefimén'f érlténnés, and é,vailability of the Spacelab Module. These
factors have not necessarily changed the design-to-cost approach, but have aifected the over-

all philoSophy of 'exﬁ)eriment operation and data management.

Functional definition of each experiment was carrled out to show feas:.blhty of design,
and mechanical interfaces with the Shuttle. For the MVIAP, all expenments have antennas
and assomated equipment such as recelvers, transmtters, power supphes, etc. Design of
~ the equ1pment must include ﬁeld-—of—wew of the antenna and space 1o accommodate the assgoci~
> ated eqtupment 'I‘herefore, 1ocat10n of the eqmpment on the Shuttle is a principal de:-ugn

factor for each experunent. Slmﬂarly, other Shuttle-related environmental factors, €.Buy

T 1e2
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electromagnetic compatibility {EMC), are considered in the feasibility study.

Ground support equipment, as required, is included with each experiment; This includes
test equipment for the instrument, and user ground terminal equipment for experiment

operation. Where practical, existing NASA equipment is used for these ground operations.

The overall study approach follows the primary cost effective design approach by using
experiment-unique equipment, optimizing operation of this equipment by careful selection
of its location in the Shuttle, allowing for maximum operating time when practical, and
using existing equipment on the Shuttle and at ground locations whenever practical, This
approach should provide the most reliable design and minimum practical cost for each

experiment.

1-3/4
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SECTION 2
EXPERIMENT ORBITAL DEFINITION

This section includes work completed to date on orbital parameter considerations of three
MMAP experiments: AMPA, ELE and MWCE, Each of these experiments was studied, not
only to determine the feasibility of the instrument design, buf. to assure satisfactory e}éperiment
operation and compai::.bﬂlfy of the experlmeni; with the Shuttle 4,5 mlssion. In per:formmg

the operational studles, a 400 km, 57° mclmatlon orblt was assumed Details of these

~ orbits are included in this section.

A typical orhit broﬁle for the MMAP studies was performed in a previous siudy to establish
operating times for an experiment and to obtain the maximum geographical coverage _poseible
on a typical 7-day Shuitle mission during the 1981-82 time :framé. 1 During this time'. | '
permd the Shuttle W111 be launched from the Eastern Test Range (ETR), Cape Canaveral

| Florida, and the maximum orb1t mclmatmn bemg 570, Results of this study are _mcluded

here for reference,

To obtain reasohable operation parameters, certain mission g'uidelines were estab-
lished, For example, a T-day orbiter mission is in reality a 6-day mission for EEE,
since 1/2 day is neOded for orbiter check~out, | equipment pewer-up.and experiment
check~out, and 1/2 day is needed for orbiter landmg preparatmn A cn-cular orhit 1s
assumed and orhit altltude is assumed 400 km, Knowmg that the launch w111 be from

the ETR, the basic mission parameters for the study can b_e eetebhshed as follows:
1. Mission Duration: 6 days
2, Orbit Inclinations 579
3. Altitode: 400 km
4, Orbit Shape: Circular

*'B,  Insertion Point: ETR (28,5°N, 80,5%°W) =

2;1..-_
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The above parameters define a mission profile that covers an area symmetrical about the eguator
and bounded by + 57° latitude, Figure 2-1 shows the typical first-day traces of an orbiter insert-

ed in orbit at the ETR and exhibiting these parameters, Characteristics of the profile are:

. Exact 3 day repeat orbit
~ Orbit period 92,65 mmutes' (15. 54 revolutions/day)
Orbits per 6 day missions: 93, 34

Distance between adjacent orbits 7, 8° = 470,4 nm = 871 km (ref Equator)
. Orblts over CONUS; 21 per 3 day cyc]e = 42

cnﬂ:gamt-*

Figure 2-1 shows a representative orhit pattern for the first day of a mission, During the second
and third days the orbit traces move progressively eastward to fill the area between the traces
shown, providing two. additional traces between each trace shown in Figure 2-1. The resulting
grid ovef the CONUS is shown in Figure 2-2, This grid and similar grids over the other regions |

of interest was used to determine fly-over times and EEE operating pe_rio_ds,

Table 2-1 shows typical viewing tlme for each of the regions outlmed in Figure 2~-1, Note that

'the total viewing time for all ix geographlcal regmns is 58,93 hours for the entire 6- day m1ssmn.

Extending this analysis to the CONUS only (Table 2-2), the viewing time is about 50 minutes per

‘day and only 5,15 hours total, Some fly-over times are eXtrEmely short, e,g,, Nos, 5 and 35

orbits, and no fly-over occurs for orbits Nos, 20 and 66,

S

_ The dlstrabutlon of the CONUS observatlons times can be seen m Flgure 2 3 Shown are the _
__tlmes of Orblt coverages for the s:.x days (from Table 2-2 data) plotted on a 24-hour bas.1s start—
” mg with the indicated To tlme reference. Note that all operatmg tlmes are in nea.rly the same |
block of hours each day, thus a six-day mission would not provide for viewing during both day-
| light and.ﬁight hours. An égrly daylightrShuttle launch would be preferred for EEE to obtain

viewing during dayliéht hours, since the major electrowagﬂeti_e radiation activity oceurs during

.those hours; To cover both day and,rﬁght_oﬁ'th_e' same mission, a longer mission period is re- . -

quired or orbit parameters must be altered, e.g., change of altitude, orbit inelination and

launch site,
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Table 2-1, Estimated Viewing Timeg* for Global Areas

_ Timé -~ 6 Day
Areas - Migsion -
CONUS - also included in North America time 5. 15 Hours
North America - Includes, Canada, Ceniral America, and - 11,87
Caribbean area as well as CONUS-
South America As shown 7.12
' n.urope 7,21
[Africa ) 11,00
|Asia 15,44 .
Australis 6,29
Slx-Day Total 58, 93 Hourg

*Includes one minute operatlon at each end of each orbit cutside apphcable boundary |

or shoreline (See Figure 2-1)

‘Table 2-2. Operating Time Over CONUS* (Minutes)

Day1 Day 2 Day 3 Day4 | Day5s Day 6 |
Orbit Time {Orbit Time |Orbit Time |Orbit Time |Orbit Time |Orbit Time
1- 756 | 17 9,75 |32 4.9 |48 84 | 64 88|79 = 8,15
2 .84 | i8 882 | 83 815 |40 7.7 | 65 4.75/80 6,65
3 .7 19 475 | 34 6.65|50 265 | 66 @z |81 .50
4 2,65} 20 x |35 - .50 {51 1.85 | 67 . 6,35/ 82 3,05
5 1.85 | 21  6.35| 36 3.05 |52 7.75 | €8 11.35/83 8,5
6 7.75 | 22 1..35| 37 8.5 |53 9.75 | 69 8.4 [84 9.8
7 975 | 23 8.4 |38 o8 |s¢ 53 | | "

8 53 | B
| | | les 75
| 52 8.0 | 47 7.5 |68 9.75 | 78 7,98 |94 8.4
“Total 50,90 |- 52,42 49,13 |+ - '53,15- 50,65
Six Day Total: 308,80 Minutes . |
5 15 Hours

*Assumes one a.ddltional mmute of operation at each end -of orblt path over the U, S

beyond the border/coasthne crossmgs (See Flgure 2- 2)

52,55° |

2-5
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2.2 ADDITIONAL EQUAL AREA PROJECTION PROFILES
The orbital data previously generated and described in Subsection 2,1 required many

manual and semi-automated calculations. in addition to a mumber of computer runs to define
ground sites, contact times, and antenna elevation radius of contact zones. The ahalysis
was primarily performed on a Mexrcator projection of the Continental U.S,, _whlch inher-
enily portrays distances, orbital tracks and geographical areas in a non—lmear scale, This
necessitated a complex approach to prehmlnary analysis efforts. ‘The resultant efforts
revealed a need for portraying fhe orbital gi"bund track and geographical parameters in a

format compatible with constant scale factors for velocities and distances.

The constant écale approach would have reduced the initial feasibﬂity analysis to a mechan-

ical layout of constani-radius 01rcles for determ:mng contact zones, scaled measurements
for distances and velocmes, and prescaled antenna/sensor footprmt paﬁ:erns apphcable to
a.11 1at1tudes depicted on the plot. Of course, this assumes a constant look angle of the
orbltmg platform from nadir, This approach would also lend 1tse]:f to multlple analysis

iterations, wifhout plot regeneration, for studies requiring common orbital parameters.

This requirement has already beén identified through conversations with the EEE P. L.

- To accommeodate these requirements, GE has expanded its computerized plot generation

capability to include an Albers equal area proje‘ction commonly used for geographic pre-

~sentations in area maps and world/ area Atlases. ThlS plot represents global sections with

sufficient accuracy for w1de area analys1s without the non-linearity problem of Mercator

projections. Each of the following Figures 2-4 to 2-10 for each mission day indicates the

oi:b‘ital inclination and -altitud'é, provides scajing factors for distance and ground-track
time, The figures also identify the orbital number, orbital direction, and ground track

start-time- relative to an arbitrary time for launch. "

LR i ¢ Rl S Ent iyt
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SECTION 3
ADAETIVE MULTIBEAM PHASED ARRAY (AMPA) EXPERIMENT

Defmmon of the AMPA e:@erunent is hemg conducted in four smdy phases. ’I‘hese are: .

L AMP.A. Experiment Defmltmn. Tlus is the basm deﬁmtmn phase and covers the
conduct of the experiment; defining the equipment needed at the Spacelab, ground
Cand user terminals; specifying the parameters to be observed and the method '
_ of recording them; and definition of the Spacelab to TDRS link with respect to
data transms.ssmn and format.

2, User-Terminel Preliminary Design. This phase covers idenﬁﬁeaﬁon of the _
user-terminal requirements; preliminary design of the basic user-terminal
ecuipment; and speeiﬁcation of__ calibration beacons.

3. Ground Control—TermjnulPreliminary Design, This phase covers identification
- of the ground control-terminal requa.rements- and prehmmary desa,gn of the basm
_ ground eontrol-—te*mlnal equlpment

4 Data Reduction Requirements, This phase covers identifying the data reduction
requirements during flight and after flight; and spec:iymg the format, amount,
- and method of data reductlon and analysis,

Effort during the first interim repert period was concentrated primarily on the experiment :

definition, with some preliminary effort apphed to user termmal definition in order to

establish the user~terminal parameters assumed for commumcanons link calculatlons. All

four phases have now been completed and are covered in ﬂus interim repoxrt.

The AMPA Experiment Definition is reported in Section 3.1 and.covers several i'elated | _
aveas: discussion of the AMPA Experiment concepts with definition of the operatlonal modes
and sequence of operamons for each; the AMPA radii of operation for typical orbits and |
operatmg tlmes- the AMPA footprmts on eari:h the AMPA system parameters, ‘operating
conditions, and link calculatl.ons the AM'PA Experunent equipment; the AMPA Exper:ment
parameters the AM:PA 51g'nal structure; and the A.'MPA data _mk via TDRS

The User-Termmal Prehmmary De&ugn is reported in Section 3. 25 the Ground Control

Termmal Prehmmary Des1gn 1s reported in Sectmn 3 3 and the Data Reduction Requlre-

| zments are reported in Sectlon 3.4,
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3.1 AMPA EXPERIMENT DEFINITION

o © 3.1.1 AMPA EXPERIMENT CONCEPT AND PURPOSE o
. The basic concept of the AMPA Experiment is the use on a spaeeefaft of independently E«k B
steerable high~gain agile beams that can be formed adaptively on those low power users that
signal a valid address or user code. Simultaneously, undesired interferihg signals that are L
~ not properly coded will be adaptively rejected. By providing high EIRP on the spacecraft

portion of the overall communications syetem and rejecting interference, the Ada@tive ' A | K

Mulnbeam Phased Array (AMPA) system enables many small user apphcatlons to be met
such as low--power point-to-point eommumcatlons between small users, data collection . 5 ’i
from widely distributed low power sources, emergency aid to users in distress, search - ' ._1
and rescue operations, hospital/medical data relay, etc. The basic AMPA L-band Com- =
mounications Experiment configuration is illustrated in Figure 3-1, which was generated R
- during the AMPA P_hase A Feasibility -Smdy.z_. - . o . iy 3

. The general purpose of the AMPA Expernnent on Spacelab is to prov1de a t:est bed for .
_demoustratmg and verifying the feasfmhty of adaptwely es tabhshmg such a two—way D r
(dunlex) commumeatmns link at L-band between typleal low-power user terminals via a |
low orbltmg spacecraft. Ultlmately, such a system could be used as a free ﬂyer or at S

' synchronelis geostationary orbit and tailored to specific apphcatmns. The heart of the d.

" AMPA Experiment is the Adaptive Multibeam Phased Array, which as presently envisioned

would have only .two'a,daptively formed transmit/receive beams, Two _beams are sufficient k.
. to conduct the expemment and m:mmlze the AMPA equlpment costs. 'I‘he use of two beams 5 ‘
i | is not 11m1tmg, hewever and the experlmental results will be directly applleable to expanded o ]
AMPA systems for appllcatlons requlrmg 6, 8 12 or more 51mu1l:aneous, mdependently _ £
steerable adaptwely formed beams. Such an expanded AMPA system would use the same " J i
phased array radlatmg elements, micerowave distribution networks and RF amphﬁers as £y 4
" the two-beam aAryray, ‘but woitld hav_e ‘additional adaptive. beamformmg_ circuits and transponders = - Ll ;
for the added ehanne'ls.. - . S o C | ' i;:f{ 4
. I :
S |
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3.1.2 AMPA EXPERIMENT OFERATIONATL CONCEPTS _

Two major operatmnal concepts have been consuiered for the AMPA Experlment The first -
. uses fully—adaptlve heamforming and interference re]ectlon, as desorlbed bneﬂy in para-
graph 3.1, and is by far the most versatile and effective operatlonal use of the AMPA system,
since it fully utilizes the inherent AMPA capabilities.

‘The second operational concept for the AMPA Experiment uses a programmed search or = .
commanded beam st‘ééring to acquire and track each valid user with a beam, and only uses
the adaptive circuitry to reject mterference This operation of the AMPA system is less
versatile than the first since it requires some prior knowledge of the user locatmns in ordef
to function efflolently. An undue amount of time could be used u.p in the search mode w1thout

such a. priori information,

It is assumed here, thereforé, that the AMPA equipment is capable of fully-adaptive opera-

tion for hoth beamforming and interference rejection. It is also-assumed, however, that
-'the adaptive beamforming mode of operation can he switched to a programmed search or

commanded beam steering mode of operation for operatlonal flex1b111ty Both operational

concepts can thus be employed f__or_ the AMPA Experiment,

3,121 Fully-Adaptwe AMPA Experlment Qperatxonal Modes

Four flﬂly—-adaptlve operatmnal modes are currently envlsaged for the AMPA Experlment

These are listed below:

1, User/User Operation (paired AMPA Beanis)'/Duplex Comm Link without interference
‘.2, User/User -Operafion. (paired AMZPA Beanis)/Dﬁpléx Comm Link with interference

3. User/Spacelab Operation (mdependent AMPA Beams)/Duplex Comm Lmk

4, - Uaer/Spacelab Operatmu (1ndepeudent AMPA Beams)/One—Way Comm Lmk

3-4.
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Adaptive operation in all four modes would consist of:

1 Acquiei‘cion of valid User

2. | Beamforming oo ﬂser

3, Tracking of User

4. Retrodirected transmit beam

" 5,  Interference rejection

For all four full-adaptive modes, it is assumed that each user terminal has a unique identifi-

cation coc‘ie and frequency, that each user terminal has hemispheric coverage anfennas, and

that the normal to the AMPA on Spacelab is pointed along the nadir.

The first mode in the ahove list is a basic operat‘iooal mode for the AMPA system and is

that pletured in Figure 3-1 for duplex commumcatlons ‘between two user termmals For

this mode, the AMPA system would adaptwely form two receive beams and two correspondmg
transmit beams to establish a duplex eommumcatmns link between two co~operating ship-

board or mabile terminals within the coverage area, The data rela,yed via the AMPA antenna

) system would be recorded on board the Spacelab or he rela.yed to ground in order to evaluate

the received and relayed mgnal qua.hty The sugna]s received by each user termmal would

also be recorded for evaluation. Other key measurement parameters fo be recorded for

evaluation are the user acquisition time, the tracking adcuracy, the signal-to-noise (8/N)
ratio at Spacelab and at the user terminals, and the Doppler compensation achieved at Space-

leb.

The second mode is a yariation of the fn:st “in which mterference of a controlled type and level
is present from a thu'd user termmal whose signal doee not have a vahd user code. The pur- o
pose of this mode is to perm1t evaluatlon of the AMPA adaptlve interference re]ectmn ina
8ys tematlc manner for varmus levels and types of 1nterfermg S1gnals 'I'he data recorded

would be the same as that for the first mode plus meagures of the interference rejection/

gancellation under the dlt‘ferent controlled condltlons and-the degree to whloh s1gnal ~to-noise

plue :mi:erference S/(N+1), is maximized for the desired transmission,



T_he third mode listed is likewise a variation of the first in which a duplex communications
link is established adaptively bet\&een a gingle user terminal and the AMPA system, which

is used as a Spacelab terminal in this mode rather than as a relay. Controlled interference
could be introduced with this mode, as was deseribed for the second made, to permit further ,

"evaluation of the AMPA adaptive interference rejection capabzhty.

The fourth mode is similar to the third except that the lsiﬁgle beam is used for receive only
- ina one-way communications link., This mode could be used for such experiments as data
collection from buoys and plal:forms having suitable beacon termmals or search and rescue

operatmns W1th a su1table distress beacon terminal.

Both the third and fourth modes could be used also as special check-out modes for each beam
of the AMPA system. to evaluate its technical performance as an instrument, as compared

to its operational performance. In such a checkout mode, antenna performance pa.rameters

- such as acquisition time, 8/N at _Spacelab, Doppler compensation achieved, and angle tracking

would be recorded for analysis,

A ﬁypic’ﬁi sequenee of operation for the AM'PAV Expe'rimént operated in its User/User dual-
beam duplex communications link mode is as follows:

1, Shuttle/Spacelab flies into radius of operation of User Terminal

2. Adaptiire' 'Lo'ops Acquire User Identification Signal and Form Beam No. 1

3. AMPA sends Verification Signal to User

4, Shuttle/Spacelab flies into Radius of Operation of 2nd User 'Terminal; Acquires,
Forms Beam No. 2, and Verifies Contact {0 both Users.

5. AMPA Relajzs Data Transmission between Users simultaneously, sequentially,
' or responsively during contact, :

6. vAdaptive Loops Track Users and Reject Interference.
7, AMPA Aleris Users when Contact Tez:mi_nation is imminent.

8. Sequence Repeats for Next User as Shuttle/Spacelab enters its Radius of Operation;
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- 3,1.2,2 Programmed AMPA Experiment Operation

The programmed search or commanded beam stee-ring mode is an alternative mode of opera-
tlon for AMPA to fully—adaptlve 51gna1 acqulsnlon, beamformmg‘, and trackmg Prescribed
search patterns ecan. be generated for special purposes with this mode while the adaptwe '
array mrcmtry only provrdes mterference re]ectmn. Tlus is a desirable feature to provide
for the AMPA system, since it permlts either adaptwe beamformmg or commanded beam

steermg for greater operational versatﬂlty

‘Programmed operational modes for the AMPA Experiment would be similar to the four listed
in paragraph 3,1.2.1 for fully-adaptive AMPA operation. - User terminal locations would have

to be known pr1or1 to use these modes for duplex commumcatlon links, however, and this
would 11m1t their ut111ty. It is more llkely that the programmed 0perat10ua1 modes Would be
found useful in search operatlons for user termmals that do not have the 1dent1ﬁcatlon codes

reqmred for adaptzve beamformmg opera.tmn of the AMPA system.

' 3.1.3 AMPA COVERAGE AREA/RADLJS OF OPERATION |
~A study -was made of AMPA radii of operation f'or;_ ty'p‘ica_l_Shutt_le_/s__pacelab__earth_orbits to.

determine the geographic area coverage obtained and the typieal times of operation, Calcu-

lations were made for a 59 ground—station elevation angle, which represents the lowest

pracmcal ground—stalnon elevation angle and also for a 23° groundv-s tation elevation angle
which corresponds toa 60° scan angle of the AMPA from the norma1 to the array face. A
400 km orbit altitude is assumed with a nad1r-—pomt1ng beam at 0° scan. A scan angle of 60°
represents the practical limit usually used for phased-array scan angles. Since the AMPA
is adaptive, ]ioweve‘.r; ‘and can self-compensate to some extent for the_det:rjmeutal:e’f‘feets x

of mutual coupling eto. atlarge scan angles; it should be 'possi'bie to scan heyond 60° some-

- what and thus achieve greater coverage area, and operatmg t1me The AMPA scan angle. only

increases to 69, 6 for a 5 ground-statmn elevatmn angle and the 400 1«:m orblt a1t1tude but

the correspondmg mcrease in coverage area is large because of the earth curvature and

' total 0perat1ng t1me is mcreased 5 to 7 tlmes.



Typical operating areas over the CONUS (Continental United States) axa shown in Figure 3-2
for grounci statioﬁs located at NASA/ GSFC,' Rosman, NASA/Lewis, and Goldstone, NASA
sites were selectéd for more convenient experiment planning and operation. The lighter
confour line about each location is for a 23° ground-station elevation angle, while the heavy
contour line is for a 5° elevation angle. For general information, a horizon contour line is
also included for the Goldstone location and corresponds to an AMPA secan angle of 70. 29.
The Shuttle/Spacelab orbits shown are for a 400 km. orbit altitude at é.n .inclir.latioﬁ angle of
5'70, which resulfs in a series of orbits that progress from east to west (see orbit numbers)

and repeat every 3 days.

For the User/Spacelab single—beani modes of AMPA system'bperatibn with a ground station
(the third and fourth modes discussed in paragraph 3.1,2.1), each radins-of-operation con-
Eoﬁr defines the area of coverage under the specified conditions, Any orbit passing. thrqugh
this area will permit a User/Spacelab single-beam communications link to be established
with the ground station during the time the Shuttle/Spacelab is within the area. While the
radii-of~operation contour lines are sllghtly egg—shaped on a Mercator pro;ectmn they are
true cn'cles about the ground—statlon locatmns. Arc radius is indicated in Figure 3-2 for

three oontours about Goldstone.,

AMPA User/Spacelab operating times are given in Table 3-1 for the 23° elevation-angle
contours about NASA/Goddard, Lewis, and Rosman and for the 5° elevaltion-angle contour
about Rosman, The table gives the daily number of orbits through each coverage area and
the total contact tmle per day, as well as the total six-day contact time. A comparlson of
the two sets. of flgures for Rosman shows that the average time per orbit w1th a 5° elevatlon
angle is roughly twice that for the 23° elevatlon angle and that the average number of orblts
per day is more than doubled, thus the total contact time is nearly 5 times as great. The
total G—day expenment 0perat10nal time would be 680 mmutes for four stations a.nd 1020 .

m1nutes w1th 6 stations. -
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Table:_S—l. Typical AMPA User/Spacelﬁb Operating Times
for 52 and 230 Ground Station Elevation Angles '

(TIME IN MINUTES; # = NO. OF ORBITS)

- 3 pay1 | pav2 .| oav3 | pav4 | paY 5 | DAY 6 6 DAY AVE, TIME | AVE. NO. OF
STATTON | 4 MIN. {# MIN. | # MiN. } # min. { 4 MmN, | # wow. | TOPAL TIME | PER ORBIT'| ORBITS/DAY
GSFC 2 6,63 88)2 .58|2 -6.2}2 6.2{1 2.8 36.4 3.03 2.00
(23°) B \ _ _ s ' : : :
| Lewis - 2. 6.103 9.0}1 33|33 9.7|2 541 3.3 36.8 - 3.07 2,00
(23°) - - | : . _
‘| ROSMAN - 2° 353 982 55{2 4572 68|1 35} . 336 2.80 - 2.00
(23%) _ N ) _ - - ' -
| rosmaN - f 4 28.506 36.6 )5 27.1(5 342| 4 233] 4 19.% 169.2 . 6.04 4.67
SRR S i TS 5 TR 0ot o S i S Ot SR oo S S S vt SN s RS S SR At S e
e S — - s : e S —
. b i NS S el I T T .y . I L N - rd




, For the User/User dual-beam modes of AMPA system operation with a pair of ground stations
(the first and second modes discussed in paragraph 3.1.2.1), the area common to two over- -
lapping radlus—of-oPeratmn contour lines defines the User/User region of operatmn for the
two grouud stations under the 5pec1f1ed conditions. Any orbit passing through this regmn wﬂl
permit a dual—beam communications link to be established between the two ground stations

during the time the Shuttle/Spacelab is within the region, |

-Referring to Figure 3- 2 (it is seen that very little contact time would be. ava:lable between
Goldstone and Rosman even with 5 grcnmd—statlon elevatlon angles, Tor Ros_man and

‘ Godd_ard, however, as well asg for Rosman and Lewis and for. Go_ddard and Lewis, there is
a relativeiy large region of dpéi'ation 'wiﬂi 23'0 grcimid—station eleVaEion angles and an e-fren
larger region with 5% elevation angles. For .Goddard,' Rosman, and Lewis, a part of their
| cbvérage areas is common to all three ground stations and defines a potential region in -
which three-beam operation could be performed or in which a User/User two-beam com-

: rﬁunic_ation_s link could be es tablished between two of the three s_t_a_tipns__ while controlled

interférence was transmitted from the l:h1rd (i.e., the second inode dis‘éussed,iﬁ pafé,graph

3.1.2.1). |

In order to obt'aip greater tb’tal opérating time for'the'AMPA' Exi:eriz‘nent with the User/User
mode of operation, more ground stations could be provided. - Typical operating arveas over

the CONUS are shown in Figure 3-3 for ground stations located at Goldstone, White Sands,

Johngon Space Center, St, Louis, Rosman, and Goddard. TFor clarity, the radius—of—o.perat_ion_ o

contour lines are shown only for the 23° ground-station elevation angle; however, much larger

- regions of operation can be visualized with the overlapping contours for 5‘_) elevation angles.

._AMPA User/ User operatlng times are gwen in Table 3-2 for the ad]acent statlon palrs
o (Goldstone/Whlte Sands Whlte Sands/JoImson B ohnson/St Loms, St, LOU.IS/ Rosman
and Rosman/ Goddard) for the 23° ‘ground-station elevation angle. Also included in the table
“are the User/User oPeratmg times for the Rosman/ Goddard station pair for 2 5° elevation .
angle, as obtained from Figure 3-2, Comparison of the two sets of figures for the Rosma.n/
Goddard station pair shows that the average time per orblt w1th a 5 elevation angle is over.

three times that for the 23° elevation angle and that the average number of orb1ts per clay

3 -ll
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" Table 3-2. Typical AMPA User/User Operating Times for
' 50 and 23° Ground Station Elevation Angle
(TIME IN MINUTES; # = NO. OF ORBITS)
'STATION . DAY 1 DAY 2 { DAY 3 DAY 4 DAY 5 DAY 6 6 DAY AVE. TIME | AVE. NO. OF
PAIR | & mMmi. | & wmw. | & Min. | # wMIN, | # MIN. ] & WMIN., ] TOTAL TIME | PER ORBIT | ORBITS/DAY
copsToe/ [0 - (2 32]o0 - |o - |2 320 - 6.4 1.60 0.67
WHITE SANDS . '
(23°) - _ v
WHITE sawps/{ 1 - ..7l0 - 1 12|11 nL7)l0 - 1 1.2 5.8 1.45 0.67
Jsc : :
(23°) :
Jsc/ 2 20l1 w1flo0 - 3 310 - o - 6.2 1.03 1.00
ST, LOVIS ’ :
(23°)
ST. LOUTS/ 6 - {2 46{1 16|21 281 18{1 1.6 12.4 2.07 1.00
ROSMAN
(23°)
ROSMA/ 2 2,5|2 3.2{2 382 261 21|11 2.8 17.0 1.70 1.67
GSFC -
(23°)
ROSMAN/ 4 20,505 29.4 |4 20,6 {5 2503 1873 144 | 128.6 5.36 4,00
GSFC . o . _
(5%)
e e i pama L T - e .
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is more than doubled, thus the total time for User/User operation is over 7 times as great.
The total 6-day experiment operational time for the User/User mode would then be 640

minutes for the five pairs of stations.

3.1.4 AMPA FOOTPRINT ON EARTH

The footprint of the AMPA beams on earth was studied to determine the combined effects of
beam broadening with angle of scan from nadir and increased space attenuation with greater
slant range., For a 2 meter by 2 meter array aperture, the -3 dB beamwidth at 0° scan is
ahout 7. 5° at 1500 MHz. The beamwidth inereases in the plane of scan inversely as the

cosine of the scan angle, to a first approximation. Ata 60° sean angle, therefore, the

-3 dB beamwidth is about 15° in the plane of scan, which places the -3 dB angles at about

52. 5° and 67, 5°. Because of the rapidly increasing space attenuation with incféasing sean
angle in this region, the relative -3 dB levels on earth occur at angles that are somewhat
smaller than given above and the 0 dB reference level also occurs at a smaller angle than

the scan angle. -

Footprints of the AMPA -3 dB contours on earth are shown in Figure 3-4 for scan or viewing
angles of 00, 150, 300, 450, and 600 from nadir. The footprints are plotted against radial
arc length on earth from nadir, and the central earth angle from n_adir is also indicated

for reference, Shown dotted for compﬁrison are the -3 dB beamwidth contours without
space attenuation (path loss) for the 45° and 600 scan angles, Foi' any point on an orbit
within an AMPA single-beam coverage area or dual-beam region of operation, the footprint
on the earth about the ground-station location can be obtained by interpolation from Figure

3-4 and placed on the operating arca maps shown in Figures 3-2 and 3-3,

3.1.5 AMPA PARAMETERS, OPERATING CONDITIONS, AND LINK CALCULATIONS

A set of assumed parameters and operating conditions was established for the AMPA system

in order to permit link calculations to be made for the AMPA Experiment operation, These
assumed.-op'ei:é.tihg conditions are shown in Table 3-3 for the AMPA antenna system and in

Table 3-4 for the User Terminals (ground stations that will be used to simulate small user

terminals), The variation in AMPA receive and fransmit gain was assumed to vary as the
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cosine of the scan angle, The full'array gain is assumed for transmit, and the radiated
power per beam takes into account the beam~splitting loss incurred with simultaneous
* independent beams, The system noise temperature assumes a receiver noise figure of

5 dB (62'?°K) plus 83°K for circuit losges and a 290°K antenna/ground temperattire.

Table 3-3. AMPA Experiment Pérameters and Operating Conditions

AMPA Antenna System

e Number of Badiating Flements = 32
o Fieldof View=+7 0
e Goin (Beams Formed) = 19, 2 dB/Beam at 0° Scan

- . Radiated Power = 6.6 Watts/Beam (8.2 dBW)
e System Noise Temperature = 1000°K*
o  Transmit Frequency = 1. 54 GHz

B e Receive Freduency = 164GHz
e RF Bandwidth = 7, 5 MHz (3 Bands of 2, 5 MHz)
o Comm Signal Bandwidth = 50 KHz o
o Pilot Signal Bandwidth = 1 KHz

Note: TS TAFTR_

Table 3-4, AMPA Experiment Parameters and Operating Conditions -

User Terminals
o Antenna Coverage = Hemispheric

"o Radiated Power = 1 Watt EIRP Above 23° Elevation Angle .
(5 Watts EIRP for 5° Elevation Angle)

. ® System N01se Temperature = 860°K* )

° ,T.ransmlt I‘requency =1.64 GH_Z

) Recelve Frequency 1 54 GHz
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Link caleulations were made for the AMPA communications channel and for the adaptive'
beamforming channel. The carrier-to-noise ratio (C/N) for the communications channel
was caiculated for the uplink from a ground station to Spacelab, for the downlink from Space-

lab to a ground station, and for the total dual-beam link between two ground stationg having

the same elevation angle to Spacelab. The results are shown plotted against AMPA view/scan

angle in .Figure' 3-5 with the correéponding ground-station elevatidn anglesl also ihdicated.
The available C/N margins above a 10 dB minimum are also indicated. | It is seen that the
assumed op‘er’atihg coﬁditioné are adequate out to an AMPA V'iéW/scan angle of 620, and
that an additional 7 dB of ground station power (5 Watts EIRP) would permit operation out

to 69, 60, which corresponds to a 5° ground-station elevation angle.

The carr_ier-to-nbise ratio for the adaptive bea_mfor_ming channel was calculated only for the
uplink, Since the corresponding transmit beam is retro-directed by an algorithm that uses

the adapted radiating-element weights of the receive beam. The results are shown plotted

against AMPA friew/ scan angle in Figure 3-6, It is seen that the assumed operating conditions

are adequate in this case out to an AMPA view/scan angle of over 660, thus the adé.ptive

beamforming chamnel is not the limiting link in the AMPA Experiment,

3.1.6 AMPA EXPERIMENT EQUIPMENT

: The AMPA E_xperiment requires equipment on Spacelab, at user terminals, at the ground
control terminal, and at the data processing facility. The equipment required on Spacelab
has received the most attention to date. Preliminary designs of the User Terminal and of
the Grdund Control ’I‘er.mina.'ll are coveréd in paragrapﬁs 3.2 valvld 3.3, while speciai equip-

ment needed for data reduction is covered in paragraph 3.4.

A block diagram of the AMPA L-band antenna system on Spacelab is shown in Figure 3-7,
Part of the AMPA antenna system equipment is located on a Spacelab pallet and the rest is
inside the Spacelab module, as indicated by the dashed line on the block diagra:n, When the
gdaptive loops are at the array as shown here, the pallet equipment consists pri_marily of

the L-band radiating element modules, the adaptive beamforming network and contr}ol,»l and
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the diplexers. Equipment inside the Spacelab module consists of the beam-level receivers
and transmifters, the AMPA signal sources, and the AMPA control console, As an alterna-
tive, the receivers, transmitters, and signal sources could also be located on the paliet,
with only the AMPA control console in the_Spacelab module. Alf:_ernaﬁvely, the adaptive cir-
cuitr‘y could he placed.inéide the module, in which case oniy the radiating elemeﬁt modules
would be on the pallet. Interfaces with Spacelab equipment are also indicated in the AMPA
antenna system blbck diagram foi- on~board data .recording, processing, and display, for a-

data link to ground via TDRS, and for a control link to ground via TDRS.

Figure 3-8 shows one configuration of the I~band AMPA Experiment pallet equipment mounted
on a standard Spacelab pallet. Alternative configurations are being considered to perm_it

this equipment to occupy only one half of a pallet,

3.1.7 AMPA EXPERIMENT PARAMETERS |
The principal parameters to be observed during the AMPA Experiment include all those

necessétry to evaluate the overall AMPA system performance. These fall into two categories:

1, Parameters which are required in order to determine the AMP A functional

operation,

2.  Parameters which are needed to evaluate signal quality and communications

link performance,

Some of these parameters will be available for continuous display on board the Shuttle/

- Spacelab for monitoring purposes, : All will be relayed from Shuttle via TDRS to the AMPA

Ground Control Center at NASA /JSC, and to the IPD data processing center at NASA/GSFC

_ for detaaled post-flight data reductlon. Basic parameters will also be relayed to NASA/ JSC

for display/monitoring, recording, and relay to NASA/GSFC for AMPA Experiment moni-
toring, data recording, and short term (day-to-day) data processing.

Most of the operating parameters will be monitored and recorded continuously, while some
parameters can be sampled periodically. In order to reconstruct real-time operating -con- . -

ditions during post-flight data reduction and analysis, experiment operating time in GI»TE.‘ ,

- -and Shuttle/Spacelab ephiemeris data will be recorded at least at 0.1 second intervals
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~ | during actual AMPA operatmn (1. €.y Just pnor to, durmg, and. ;;ust aﬂ:er contact in any " - -
) LL AMPA operamonal mode with User termmals) 3
ol One of the key measurement parameters of the AMPA antenna system is the acquisition P
- - time. This is the time taken to form a beam on a User Terminal with full phased array . RS
L_1 - gain after the User first enters the AMPA field of view. This will be determined by : } .
o monitoring and recording the S/N (signal-to-noise ratio) in an adaptive beamforming loop
. u and in the main commumcemons data channel, The start of User S1gnal acquisition is de- I
2 ' ter.mmed by the time at W]:IJ.C‘-h the S/N in the adaptlve loop crosses a reference threshold
.J of say 10dB, and the completion of User signal acquisition is determmed by the time at .:
' [r- ' : Which__i:he S/i\T in the main data channel risés above a corresponding threshold, ._’}
F ~~ -~ Once acquisition is completed, the AMPA anterma system must track the User\'I‘ermii;a;L | %
_ L and mﬁst also compensate for Doppler shiff during the Shuttle /Spaceiab pass. In order 3
: i - to evaluate the AM.PA tracking accuracy, the adapted radiating element we1ghts for all » i
EEEY - 32 elements will be sampled and recorded permdlcally for later reconstruction of the S P ;
T Wavefront durmg data processing a.nd comparlson with the actual User Terminal direction : :
il L : cbtained from the correspond.mg ephemeris data, The frequency of the signal rece:ved in ' T3
S each main data channel will be sampled and recorded periodically after the LO phase-lock o
L ' 'eircuitry in the receiver, in order to evaluate the Doppler compensation attained at Space- o
' lab during post-flight data p‘rocessing. : . o R ' 4
” Data recelved from User Term;mals, data relayed via the AMPA antenna system toa seeond
i “‘ o User Termma.l, and tra.nsnnssmns from AMPA to a User ’I‘ermmal wﬂl be dlsPlayed on B
o . board Spacelab and also relayecl to ground ma the 'I‘DRS data Link in order to evaluate the - '{\
‘ Loy received and relayed signal quality. These data will be monitored both on board Spacelab 5
;"‘ 0 and at the Ground Control rIfermmal for near real-time evaluation: They will also undergo PR |
- post-flight data processing and analysis for a more extensive evaluation of signal quality , 1 ‘i
7% and communications link performance. - Co
~ i

R o o N




An espedi'a]ly imp‘oi:tant part of the communications data monitoring, recording, and evalu-

ation is that done in the presence of controlied interference from a third cooperatmg ground

“gtation. The signal from this mterfermg station Would not have a valid user identification

code, as would the other two User Terminals in the User/User operationzl mode., The inter-
fering station would have a programmed format of controlled levels of interference and =~
several different types of modulation, as well as iﬁterVals of no transmission in between the
Vanous steps. The S/N of the commumcatzons data channel w111 be nonhnucusly momtored
and recorded in order fo determme (1) the response time of the adaptive loops for interfer-
ence rejection and (2) the degree of interfering mg‘nal reJectlon achleved (1. e., cancellatmn

ratio) for the various mterfermg signal levels and types of modulatton.

Signals transmitted by the User Terminsls and received from Shuttle/Spacelab via AMPA
will be recorded also at the User locations, together with time reference signals corresponding
to -those recorded on Spacelab. The tapes from these recordings will be used in-_conjuncﬁon

with the data relayed from Spacelab for complete AMPA Experiment evaluation during post-

- flight data processing and analysis.

3.1.8 AMPA SIGNAL STRUCTURE

The signal transmitted from an AMPA User Terminal will consist of (1) a narrow-band coded

-~ pilot signal and (2) 2 communications signal. The pilot signal is used by the AMPA for

adaptive signal acquisition, beamformjng, and fracking of valid User Terminals (i.e., those

N having a correct identiﬁcation code) Any signal that does not have such a coded pllot w111 _

be reJected by AMPA by adaptwely formmg a null in the direction of such a 51gnal. _

" The AMPA pilot szgnal transmitted by each User Terminal will have & unique User identifi-

‘cation code. ' The pilot signal bandwidth will be 1 kHz, and the modulation will be PCM/BPSK,

- The pﬂot_-signal will ‘also be used for telemetry and-transmission control between the User =

and Spacelab, Several different signal formats could be used for the composite pilot signal,

~Ina relatwely noise-free enmronmeni; a snnple 8-bit word that is repeated four or ﬁve. times

to form a four or five word group could he used w11:h a 75 to 80 percent time interval between

- code gxfoups. The interval between‘code groups would be used to send User telemetry/mon-
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in the temporal code filter des;gn for the adaptive 1oops.

~ selectable between either PCM/BPSK or FM, Bec_aus_e of the Hmited contact time (about

. or User/User, elther duplex or one-way), pre-recorded test tapes w:ll he used for the data

, video (1. €., telefax), and digital data,
- Special data transmissions will be permitted by providing for override of the programmed test. -

Ppagalish -

- ‘tions data to the AMPA. Ground Control Terminal at NASA/JSC and the AMPA Experiment Con-

itor signals; such as S/N and verification of AMPA signal reception, and fo initiate data
transmission by AMPA, While siraple in principle, this format introduces some difficulties : | N

.
|

A better format for the AMPA pilot signal is a continuously repeated PN code sequence of
moderate duration that is continuously received by a bipolarized temporal correlation de-
tector. Once this code becomes synchronized, it permits the p1lot signal to operate the
adaptlve loops for gignal acquisition, beamformg, and tracking., A suitable code Imght
have 31 hits (25 - 1) and a duration of about 20 msec. The telemetry and transmission con-
trol data WOuld.'be-biphesef modulated on fhis PN code etream at a slow 'ra.te correspdziding to

the code duration.

The AMPA communications signal will have a bandwidth of 50 kHz. The modulaﬁoﬁwﬂl be

five minutes) for each transm351on in any of the AMPA operatlonal modes (User/Spacelab

transmissions. These tapes will prowde a sequence of 30-second test segments for trans—

mlssmn. ‘Each test segment will prov1de a dlfferent type of da.ta 111 order to maximize the
amount and type of data transmlssmn that can be evaluated on each Shuttle/Spacelab pass by

a User Terminal, The types of data modulainon that will be evaluated mclude v01ce, slowed

tapes by ground control, User Terminal command, or on-board control by the Payload o
3.L9 AMPA DATA L'II\IKVIA TDRS ' : ]
‘The data link between Spacelab and TDRS for the relay of AMPA telemetry and communica- T

trel at NASA/GSFC will use the Ku-band data link on TDRS. This will insure adequate chan- = = -
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nel capacity for full evaluation of both the AMPA functional operation and the signal {rans-

mission quality and communications link performance.

The Ku-band data link will have a capacity of over 6 MBps., The two AMPA duplex communi-

cations channels will use up to 100 kBps for full data transmission. While the various oper-

: ating parameters are sampled at a fairly slow rate, a large number of simultaneous data

‘points are 'réquir‘ed for full evaluation of AMPA functional operation, These consist of the

32 adaptive complex weights, signal-to-noise ratio, frequency, etc. If these telemetry data

are sent in serial bit streams, the total telemetry data rate will not exceed about 250 KBps,

The total Spacelab to TDRS data link will thus require a maximum of 350 fo 400 kBps. 'i‘hese
data should be sent in real-time as they are acquired in ordex o provide near real-time
moxﬁtorihg (i.e., ‘quick—look data display) at the Payload Operations Control Center (POCC), and
to achieve maximum effectiveness of AMPA. Experiment Control at NASA/GSFC, These

data link requirements are summarized in Table 3-5,

i
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Table 3-5. AMPA Experiment Data Link Requirements

Duplex Commnumication Link: | B 1001 kBps

- 2 User/Spacelab Links, or User/User via AMPA Lmk
- BW = 50 kHz/Channel - :

- Data Rate = 25 kBps/Channel

- Max, Data =4 x 25 = 100 kBps

- Adaptive Complex Weights: - | 3 205 KBps

- ?;2 Elemenis x 2 Beams = 64 Wis,
- 2 Words/Wt., x 16-Bit Words = 2048 Bits/Sample Set
- ~'2048 x 100 Samples/Sec = 204. 8 kBps

Slgnal-to-Ncuse and Frequency: B 13 kBps

- 8/N and f for 2 Communication Channels
~ 8/N for 2 Adaptive Loops
- 2 Doppler Compensated Tx Fregs.
- 8 Values x 16 Bits x 100 Samples/Sec. = 12. 8 kBps

GMT and Ephemeris Data | B 16 kBps

-~ Time
- Latifude, Longltude, and Orblt Helght
~ 3 Velacity Components
- 8 Orientation Components :
- 10 Values X 16 Bits x 100 Samples/Sec =16 kBps

Momtor/Status Data , - | | ’;2 kBPs

- 250 Monitor Voltages
- 250 Values x 8 Bits x 1 Sample/Sec = 2 kBps

Experiment Reserve Data Capacity: , : __Gi kBps

Total AMPA Experiment Data Link Requirements 400 kBps

3-27

, . .
P TR T I O

9]




I

3.2 AMPA USER-TERMINAL PRE LIMINARY DESIGN

This section covers identification of the AMPA User-Terminal requirements, preliminary

design concepts for the basic User-Terminal equipment, and specification of the calibration
beacons. Earlier in the program, some preliminary User-Terminal parameters were as-
sumed to permit link calculations and overall systems analysis to be conducted. Those

initial parameters were given in Table 3-4 of paragraph 3. 1. 5.

. 3.2,1 AMPA USER-TERMINAL REQUIREMENTS

The User Terminals for the AMPA Experiment are required to operate in a duplex mode
with a nominal transmit frequency of 1, 64 GHz and a nominal receive frequency of 1, 54 GHz,

The actual frequency difference is 101.5 MHz. For maximum AMPA operating times in both

the User/Spacelab and User/User modes, t_he User Terminals are required to operate down

to a 5° elevation angle above the ground, The User-Terminal antenna mmst thus provide
nearly hemispheric overhead coverage from the zenith down fo a 5° elevation angle. The
User Terminals are required to transmit and receive left-hand circular polarization

(LECP).

The transmit EIRP must be at least 5 Watts (7 dBW) at 5° elevation angle, as discussed in
paragraph 3, 1. 5; but only needs to be 1 Watt (0 dBW) at 23° elevation angle and 0, 10 Watt
(-10 dBW) at 90° elevation angle, The radiated transmitter power required o achieve these
values of EIRP depends greatly on the User-Terminal antenna gain as a function of elevation
ahg'le. If the lradiatedv power were uniformly distributed over the hemisphere at a 5 Wait
EIRP level, for example, the total power radiated would be only 2,5 Watts, |

The gain of practical ground-terminal antennas generally is greater overhead and falls off at
low elevation angles, thus, more User-Terminal {ransmitter power is needed to achieve the

requived 5 Walts EIRP at 5° - As anupper limit, for instance, an antenna with a 00529 power

_ pattern that 1s rotatlona]ly symmetric about the zenith would require 110 Waitts radiated power

to achleve 5 Watts EIRP at 5° elevation angle (85 from the zenith) and would thus he a poor

chome for the User—Termlnal anterma. A better choice would be a turnst:ile type of antenna

whlch has h1gher gain at low elevatmn angles and also provides overhead coverage. Severe

-”3f28.§
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ground multlpath effects can oceur with such an autenna, however, unless care is taken to

minimize ga.m at angles toward the ground

The User-Terminal antenna is therefore required to have moﬂerate gain from the zenith to-

30° elevation angle, greatest gain at low elevation angles, and negligible ground iJlumina.tion.

Assuming an antenna gain of 3 d.'B from 0° to 30 elevation and 0 dB from. 30 to 90 Would

recquire a radiated power of 1. 5 Watts to meet the EIRP requlrements. A110W1ng 3 dB for
polarization loss and 2.2 dB for antenna feed network and dlplexer losses, the required User-

Terminal tra.nsmltter power is b Waﬁ;s

The User-Terminal system noise 'femperature must be less than 860°K. If the antenna noise

temperature is 150°K and the circuit losses are 1,1 dB (83°K), the noise figure of the User-

Terminal receiver must not exceed 5 dB;(GZ’??K). .

The AMPA User Termmals ‘must be able to operate w:.th elther ¥M or PCM/BPSK commumoa~—

tions mgnals, as chscussed in paragxaph 3 1. 8, The bandWldth of the commumcatlons channel -

wzll be 50 kI-![z. Pre-recorded test tapes will be used for the data transmissions from the

User Termlnals to Spacelab.

In addition, 'each‘-AMPA_User, Terminal must transmit a narrow-band coded pilot signal which
provides a unique identification code. The pilot signal will have a 1 kHz bandwidth with PCM/

- BPSK modulation, It will be used for operatmn of the AMPA adaptive beam processors and

also for telemetry and transmlsslon control between the User and Spanela.b

As anxlhary equlpment for ﬁhe AMPA Expemment, each User Termmal will requ:.re a tape

recorder for recordmg all S1gnals +ransmltted and received durmg the AMPA. operation,
'I’h_e_se tape_s‘: -mll be used together mmthe-Spaoelab data relayed and recorded for post-flight -
data reduction and analysis.. ’ o ’

These User-Terminal requirements are summarized Vin,Tabl.e ' '3'_6.'
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Table 3-6. Summary of AMPA User-Terminal Requirements

Basic Requirements

Antenna Coverage
Receive G/T

- Radiated Power
Transmit Frequency
Receive Frequency

Polarization

Typical '_I_I_ser—Teminal Requirements

Ailtenna Gain

Aﬁal Ratio
RF Bandwidth_
' Ré.dié.ted Power'

Transmitter Power

Feed Network and
Diplexer Losses

- System Noise Temperature’
Data Channel Carrier Separation
Data Modulaﬁon .

Data puts

Pilot Channel Bandwidth
Pilot Modulation
Pilot Inputs

Auxilia_ry_ Equipment

Il

Hemispheric

~29 dB/°K Min. ,

5 Watts EIRP above 5° Elevation Angle
1642.5 to 1645 MHz

1541 to 1543.5 MHz

LHCP Transmii and Receive

> 3 d.'B from 5° to 30° Elevation Angle
> 0 dB from 30° to 90° Elevation Angle
< -3dB below 0° Elevation Angle

10 dB or Less over 5° o 90° Elevahon Angle
2.5 MHz for both Transmit and Receive

5 Watts EIRP from 5° to 30° Elevation Angle '

1 Wait EIRP from 30° to 90° Elevation Angle
5 Watts _
2.2 dB Max.

-860°K Max.

50 kH=

. .FM and PCM/BPSK

Microphone and Tape

1kHz

PCM/BPSK

PN Identification Code, ’I‘elemetry Data,

- and Transmission Control -

Tape Player for Pre—Recorded Tapes,

‘Tape Recorder (Mulfi-Track)

o
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3.2, 2 AIvJ:PA USER—TERM]NAJ.. DESIGN CONOEPTS
In order to prowde User Terminals for the AMJ?A Experment that w111 be hlg'hly rellable
operatlonal equipment and yet will have alow cost, the design approach sel_ected is '{:o modify

commercial mobile radio eéguipment to meet the AMPA User-Terminal requirements, A

B oom_meroi_al equipment suitable for this purpose is the General Electric MASTE ®EXeoutive

II Mobile Radio, This mobile radio transmits in the 806 to 825 MHz band and receives in the

| 85'1 to 870 MHz band, Itis .orystal controlled with a stability of + 0. 0002 percent (2Hz per

MHz). It operates ina 81mplex mode (push to talk) and uses the crystal controlled exc:.ter as
the local oseillator (LO) on receive. Slmplz_ﬁed block dlagraxns of the transmitter and the

recewer are given in F1g'ures 3-—9 and 3-10, respeci:ﬂiely°

The GE MASTR ® Executive Il Mobile Radio can be furnished with four different transmit
frequencles as standard equipment, These are selectable by a panel knob which switches in
dlﬁeren’c ICOM (Lntegrated Circuit Oscﬂlator Module) hoards, FEach modified mabile radio

‘unit could thus be used at four different AMPA User sites on different chammel frequencies.-

An AM‘PA USer Terminal Would combine two GE MASTR @ Executive I Mohile Radios for

: duplex operation with one mochﬁed for use as the transmltter and the other modified for use

as the receiver., A power amphfler doubler stage would be ‘added to the unit that is used for

- the trans_mltter.- To transmit at 1644 MI—Iz, for example, the ICOM used in the transmlt mobll'e'

radio unit would be selected for a normal transmit frequency of 822 MHz, The modified trans-

- mitter output would be fed through a high isolation diplexer to the hemispheric coverage -

' User-Terminal antenna. These modifications are shown in Figure 3-11.

| ‘Additioxllal modi‘ﬁoations req_l.lired for the tranSmit‘ paﬂ of the AMI’A Use'r Termmal ére pro-

v1510ns for pre-—recorded tape mput, fhe coded pﬂot signal, and PCM/BPSK modulatlon as an

alternate to FM. The coded pllot signal and PCM/BPSK. modulatlon are shown apphed to the
_ I~band power amplifier in the block diagram to simplify the modification, but these could be

@ Registered Trademark '
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ot A
introduced at a lower level in the mobile radio unit with further internal modification, _ ™ i
The mobile radio unit used for the AMPA User-Terminal receiver would be modified by the SRS
addltlon of a low noise amphfler (LNA) and mixer operatmg at L band In order to use the -
e}ustmg 45 ’W:Hz IF amp11f1er of the second mobile radlo um.t a local osc:llator frequency of | T )
1497. 5 MHz would be required for a recelved signal at 15‘4_:2. 5 MHz (to continue the'_example ' R - ]
started above for transmit), This can be provided by doubling a 748,75 MHz LO signal from SRR R
iy i
i ¥ .o
the second mcbile radio unit, which can be obtained by using a special out-of-band ICOM and T
ﬂ\. = mod:fym: & the tuning of the frequency multiplier chain slightly. ' - ”3 i
Additional modifications r’equired for the receive part of the AMPA User Terminal are pro- ”‘i T
: v151ons for an audible or visual d1sp1ay monitor and for recording all 51gnals received durmg = ;
. R — k:
AMZPA operahon. A control unit is also requlred for seleotmg the operatmg modes and con- L{ '
trolhng the AMPA User-Terminal operatlon. ' ' k
© 3.2.3 AMPA CALIBRATION BEACONS - - | B
- Calibration beacons for the AMPA Experiment will be located at two orpossibly three of the. ﬁ - 3
' - ' : ' . :
User-Terminal sites.. For economy and experiment flexibility, it is planned that these bea- ;
~ cons will be specially equipped versions of standard User Terminals. . . _ S } l
Several purposes W111 be served by the eallbrauon beacons. For overall AMPA .&.ystem eval~ ml
Sl
uanon, they will prov1de (1) standard reference level mgnals, (2) Standa;r.'d reference modu- _ _j
lations; and (3) master pilot-signal 1dent1'f10at10n codes. ‘For those AMPA Experiment modes : f—? %

-~ ooof operatlon that require a controlled sou:ree of uneoded mterference, they will prov:.de- o
L controlled levels of interference; and (2) several types of modulation (such as AM, FM, oy
- PCM, CW tone, and PN spectrum),

T,

The block dlagram for an AMPA Callbratlon Beacon would be snmla.r to that shown in Figure
3-11 for the AMPA User Termmal bt it Would molude add11:10nal means for settmg trans-

b

mitter power 1evels, modulation types and levels, and pﬂot codes, Transmitted power level

~-.could be. controlled by a callbrated attenuator that is either designed into the transmit doubler

e,
H .
i

e

e
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stage or mtegrated into the transmit mobile radio during modification, The actual trans-
mitted power level could be monitored by an output power meter coupled io the transmit
power amplifier, Similarly, the modulatmn level, types of modulation, and master p]lot
codes would be controlled by addmonal modifications to the basic User-Terminal design,

3.3 AMPA GROUND CONTROL-TERMINAL PREIIMINARY DESIGN _
Consideration of this design phase is limited to the AMPA control link as illustrated in
Figure 3-12. Control signals from the POCC (Paylﬂad Operainons Control Center) at JSC

to White Sands will be either tllrough land lines or leased satellite facllztws from a domestlc
satelhte carrier, The3e control s:gnals will then be sent V1a the TDRS (Tracking and Data
Relay Sate]hte) to the CDMS in the Shuttle usmg the Ku—ba.nd link, This link and the AMPA

data requirements are discussed in more detail undeq: the next Subsection 3, 4.

All of the command and control cperations are handleéi by tﬁe POCC and the assoeiated
AMPA Experiment Control Center. Control of the expe_rime_nt'wﬂl_ be digital using a.
keyboard and display in conjuncfion wifh expériment-unique aoftware. | A voice link between
the Principal Investigator (PI) and Payloaa Specialist (PS) w111 also be used and W111 aidin

expenment coordination and control.

. 3.4 AMPA DATA REDUCTION REQUIREMENTS

The AMPA Experiment data fail into two hasic categories: (1) primary data required to

~evaluate the AMPA overall system performance; and (2) operational data conc‘emed with the

AMPA Experiment operaﬁon. - The AMPA Experiment parameters to be determined for
evaluatmg overa_’l_l system performance were dlscussed in paragraph 3. 1. 7, and the AMPA
Expenment data link reqturements were given in Table 3-5. All AMPA Experiment data |
are sent from Spacelab to ground ina d1g1ta1 da.ta stream V1a the ngh Rate Mulﬁplexer (HRM)

and the TDRS Ku-band 11nk. 'I‘hese data ave then trans:mtted by 1and line or leased domestic -

satellite links to the AMPA Ground Control Terminal at NASA/Johnson Space Center and to

the Information Processing Division (IPD) at NASA/Goddard Space Flight Center for recording:

and post-flight data processing, These two areas of AMPA Expariinent control and data
handling are indicated in Figure 3-13. .
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Figure 3-12. AMPA Control and Data Link
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Figure 3-13. AMPA Experiment Control and Data Handling
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Some of the AMPA Experlment data will be processed and dJsplayed in near real-time

during the Shuttle/ Spacelab fhght for quick-look experlment monitoring at both the Spacela,b
and the AMPA Expenment Control Center associated with the Payload Operations Confrol
Center CPOCC) The Payload Specialist (PS) and the Prmc:lpal Investigator (PI) will both
be involved with this quick-look data display during the AMPA Experiment operation in
Vérious ways depending on the detailed protocol for conducting the AMPA Experiment. For
example, experiment operation may involve changes in type of user code or modulation
doring orbit passes through ground—gtat_ion coverage areas and regions of operaftion, based

on the PI's evaluation of communication link performance, Similarly, the PS may make

. voltage or temperature control adjustments based on his observations.

VTVheb quick-look data mbniforing capability will provide for display of dynamic pattern

formaﬁon iisin‘g Vadaptiv'e weight data sampled ten times per second (i, e., at one tenth of its

full data rate of 100 samples per second). For mouiforing purposes, this reduced data rate

is adequate since it will be used only {o observe beam formation rather than to determine

~ acquisition {imes, null depths, etc. as in the 1ater post-ﬁigh’c data processing. The reduced
R rate is compahb}.e with the RAU data capaclty on board Spacelab, 80 the momtor data can be |
v | sent directly from AIVLPA to the d15p1ay console. At the AMPA Experiment Control Center,
' the same data wouid be obtamed locally from the demulﬁplexed hlgh rate data strea.m sent -
' via the HRM and TDRS o ground., o

Quick-look data display will be prowded at similarly redueced sample rates for momtormg
the several S/N and frequency values, The User data channels will be displayed directly for
momtormg on hoard Spacelab and will be obtamed from the demulttplexed data stream for

- monitoring at the AMPA Experlment Control Center. The housekeepmg data for momtormg c

_equipment voltages, temperatures, ete, are only sampled once per second and will thus

be diSpla’yed'dire‘éﬂy both on hoard Spacelab and atthe Control Center on an as-needed basis

established by the AMPA Experiment protocol.

‘Post-flight data Teduction at the IPD will use the full AMPA Experiment data relayed via
* the HRM and '_IDRS, It will also make use of the User Terminal tapes, as indicated in.
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Figure 3-13, 'Time sequence patterns will be generated for each beam from the adaptive
weights in order to analyze various pevformance paraméters related to beam formation, |
beam shape, 51delobe levels, null depths, etc. The quality of these parameters will be
evaluated for the vanous operatmg conditions, and the beam and nuil formation response

times will be determined by correlating the patterns with the 8/N data as discussed in

*par’agraph 3. 1. 7; The beam tracking accuracy will be evaluated, and the interference

cancellation ratios for the different levels and types of modulation will be determined. The

transmitted, received, and relayed communications signal quality will also be evaluated

 during post-flight data processing by comparison of the several data sources.

Soffware programs developed for system test of the AMPA equipment should be useful for |
performing some of these analyses and evaluahons of the AMZPA Experiment operamon and

system performa.nce.

Further information on the AMPA data requirements and data system implementation is
given in the Data Handling Plan, Contract Item 10,

3.5 ADDITIONAL AMPA MATERIAL GENERATED |
Payload Data Sheets (Level A and B Data) for the AMPA Experlment were revised on Novem-
ber 5, 1976 and submitted to NASA/GSFC.

Vie'wgraphs were prepared for the AMPA Experiment Concept Review held at NASA/GSFC on
February 2, 1977. A presentation on the AMPA Experiment configuration was given at the

review,

Fmal Task Report, Contract Item 7 ’ dated May 31, 1977 was prepared, ThJ.s covers the AM:PA
Expenment Ground Handlmg and Test Operahons in considerable detail, ’

Final Task Report, Contract Trem 10, dated July 14, 1977 was prepared. Section I covers .
the AMPA Experiment Data Handling Plan in detail.
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SECTION 4

ELECTROMAGNETIC ENVIRONMENT EXPERIMENT (EEE)

Definition of the EEE was conducted in three phases: MOD I design (121.5 to

2700 MHz), MOD 1II deslgn (2.7 to 43 GHz) plus the MOD I frequencies, and prepar—
ation of a lisfing of terrestrial emitters or a Frequency Tilization Study for the -
hands being scanned.

The MO]j 1 EEE definition work included several aspects of the experiment, but

- was concentrated in the following areas:

| i. EEE Obeﬁﬁon and Sensitivity
2. Pa&load Cpnﬁgﬁratidn g
3. Operaﬁ_ohél En_ﬁronmen_t and Dafa Manggement
4 Instrument 'féé.ts .During Development

4.1 EEE OPERATION AND SENSITIVITY

The Electromagnetic Environment Experiment is designed to monitfor radio frequency

‘interference emitters located on the earth, Figure 4-1 shows the EEE concept and the -

bmajor’functional parts of the experiment. The Shuttle/Spacelab segment is composed
.. of the antennas, the receiver, associated COm.mi-md & Data. Managemént Subsystem
(CDMS) eqmpment such as dlsplays, data entry, and interface equipment to control the

: experlment and transmit data to the ground station. The TDRSS is the principal means of

transmitting real—t:me data to the Payload Operatlons Control Center (POCC) at JSC

_ I‘mal processmg of dai:a and dlstmbutlon of mformatmn to Users will be accomplished

at GSFO'S Data Processmg I‘aclllty

4l
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Control oflthe EEE will be by three different modes: via ground command, by pro-
grammed automatic procedures, or by manual control by the Payload Specialist.
Figure 4-2 shows the principal functions of the EEE and the Spacelab equipment
involved in operation of the on-board equipment. Control via command from the
ground station will be routed through the TDRSS by means of the CDMS. Similarly,
status of the eduipment will bé sent to thé ground station through TDRSS, and to the

POCC at J5C.

The Spacelab computer and ?ﬁ;fgﬁSpeeialist are directly involved in the programmed/
automatic control mode. This mode will be controlled almost totally by the special
EEE soffware maintained in the Spacelab computer, The Payload Specialist will be
involved in this mode, but probably only to activate the mode and to monitor the oper-

ation of the experiment on the Spacelab displays.

The manual control mode is provided as a back-up mode and specifically for operation
of the experiment by the Payload Specialist. A keyboard is provided at the AFD's
Payload Station for command inputs and status monitoring. The CDMS data display is

used for monitoring of incoming data and eguipment checkout.

Operation of the EEE is centered about two main functional parameters, the frequency
bands of interest and the receiver sensitivity to earth-emitier electromagnetic signals.
Figure 4-3 shows the RF ifrequency bands and their usage to he covered in the design
of EEE. The fréquency range of 121.5 to 2700 Mz s_hown above the dotted line is the
range to be covered V:Ln EEE-MOD 1. A possible expandéd EEE design, the MOD ]I,
will cover the MOD-I range up to approximately 43 GHz.

Sensitivity of the EEE-MOD I is shown in Figure 4-4. The RF frequency bands are
grouped according to.the___propos_ed;— antenna designs listed, Receiver bandwidths are

typical minimum and maximum bandwidths expected fo be used. Senéitivity is givén as

. Effective Isotropic Radiated Power (EIRP} from the earth. Note that the sensitivity varies
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® (1) - GROUND COMMAND ]
R (2)- PROGRAMMED/AUTOMATIC
ON/OFF AND (3)- maANuAL
OPERATING
SEQUENCE
LogaeE o
| !
aa |  SPACELAB |
. | COMPUTER |
| | e DIGITAL
INTERFACE
L = '-l_. RF/IF/DATA |
i & TO PALLET
| =T CIRCUITS
| KEYBOARD
L e :
|
| L i |
| A 3 TO SPACELAB
e - oooooo TAPE RECORDER
6 /‘ oboooal || peconer ENCODER
PAYLOAD
SPECIALIST L
| DATA DISPLAY (1) CcoMMANDS TELEMETRY
(3) AND MANUAL (FROM GROUND  AND DATA
| CONTRCL CONTROL VIA

TDRSS)

Figure 4-2, EEE Receiver Operation Modes
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Dand Spectrum
Number Planned Mission Bands Bandwidth Use
1 121.475-121.525 Miiz 50 kHz Emergency Distress, Scarch and Rescue (121,5 MHz)
2 242.975-241,025 MHz 50 kHz Emergency Distress, Search and Rescue {243.0 MHz)
3 150-174 Mz 26 Mz Lland Mobile, Radio Astronomy o
4a 399, 9-410,0 Miz 10,1 iz WASA Space Operation, Data Collection & Rndie Astronumy
4 406.00-406,10 Miz 160 kilz Search and Rescue (406 05 Miiz) . . .
5 450,0-470,0 1fiz 20 Mz NASA Meteoxr, Sat. Data Collection, Land Mobile
6 " 806-947.0 Milz 141 Tand Mobile, Public Service Satellite
7 1215-1300 MHz 85 AP SSR Experiment, NASA SEASAT SAR (1275-143 5 Mz)
B 1350-1450 MHz 100 MMAP SMS R/M Experiment; Radio Astromomy '
o . . - (¢tH L:.ne) (1409- 1427 1fiz)
9 1636.5-1670 Miz 33.5 Mari.tme/Aemnﬂutical Hob:l.la Sat., Radw A.,tronomy on I.me'
10 2040-2110 MHz 70 NASA Earth to Sat, Data‘/Telecamanﬁ[nangmg
11 220042300 iz 160 - NASA Sat. Data Relay (TDRSS S-Band)
12 2655-2690 MHz 35 Fixed Sat. (Earth to Space)
13 2690-2700 MHz 10 Intern, Protected Exclusive Radio Astronomy
14 h200~42000 Mz o 200 Passive Microurve Seﬁso: (Sea-Surface Temperature).
15 4950-5000 Miz 50 Radic Astromomy (exclusive)
16 5250-5350 Mz 100 ‘Space Research, Redio Location
17 ° | 5725#5925 Mz 200 Fized Sat, (Earth to Space)
18 5925-6425 MHz " - 500 NASA Sat, (Earth to Space)
.19 6475-6725 Mz 250 RASA Sat: Nimbus G SIOR
20 7900-7975 Mz 75 Fixed Sat, (Barth to Space)
21 9.50-10.05 Gz | 55 }IAP SSR Experiment
T 10.6-10.7 GHz 0.1 GHz Radio Astromomy (Exclusive)
23 10.95-1L.2 aliz 0.25 ¥ixed Sat. (Earth to Spéce)
% 12,5-12.75 CHz 0.25 Fixed Sat, (Earth to Space)
25 13,1-15.7 CGHz 2.6 NASA Fixed Sot. (Earth to Spase) = Seasat Wind Ficld
Scatterameter, Short Pulse Altimeter, ATS-6: MMW
Experiment, . TDRSS Ku-Band
26 . 17.0+24,0 GH=z 7 A - ATS-G MW experiment, Wimbus ~ F SCAM Radiometer,
N o : Kimus=5 . (ESMR), Nimbug~G SMMR, and Radio Astronomy -
(Hz0 vapor 1ling), MMAP A&D R/M (18 cHz) _
27 27.5-353,2 Gilz 77 Fixed $at,, Space Research and Radio Astrovomy (31.3-31.5
GHz, 33.0-33.4 GHz), Nimbus-3 NEMS (3L.4 GHz),
} N:Lmhus-F SCAM (31 65 Gllz) ) HMAD ‘I}ﬂ\‘C (29 7-30 2 GHz)
28 | 35.2-43 GHz 1 7.8 NASA Sat" Ninbits=F ESMR (37 CHa), Nimbus ¢ ¢ SR (37 Ghz),|
: MMAP ARD R/M (36 GHz) .
B R __50-__65 GHz 15 1 Space Rcsenrch Passive M:Lcrcwave. Sensor (future)
'ACRONYM DEFINTTIONS:
-SSR o Surface Spectrum Radar
- SMS.Rfu ' Soll Moisture and Salinity Radiomoter - . -
SEASAT SAR Seasat (Spacecraft) Synthietic Apsrture Radar
SMMR © Seauning Multichaunnel Microwave Radiometer .
“SCAMS Scamiing Mierowave Spectrometenr
ESHMR ) Electrically Scanning Microwava Radiometer
ASORM - Atmospheric and Occanopraphic Tmagismg lxadi.ume.ter
MMWC i - Millimeter Wave Commnicatiens -
REMS Nimbus E Microwave Spe ctrometer

Radie Froguency Dands for the EEE o 4-5
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: In-Orhit-
: " System _ Sensitivity? Power-Flux
| Freguency _ Beamwidth Gain Efficiency { Free Space | ‘Temp. 3 RCVR Min, Deteclable Density2
Band { Band® (MiHz) Antenna {degrees) @B} %) Loss2 (dB) {K) Bandwidth EIRP (dBW) {@BW/m?) -
1 121, 5 Log Periodic - 76 8 40 128 900 +25 kilz -19 ~142
: (Ltdiax ' :
o 1.8 ht) o :
2 243, 0 o l 70 8 40 134 900 425 kHz -13 -136
3 150-174 | 70 8 40 131 900 | 20 MIz 20 -143
: S o : _ 1 MHz -3 -126
4, 5.| 30, 9-470.0 UHF Array 43 13 70 137 oou 20 kitz ~19 -142
o = (L:0x 1.3 m) ' ; 100 kilz -12 ~135 -
: ' 1 MHz -2 ~125
§-13 | 806-2700 | 0.7m- 37-11 11-22 10 143 to153] 1200 " 20 KNz, -10 138
o ' Parabolic ' "1 MHz +7 -
6-13 806-2700 Conical Helix 70 6 - 145 to 155 | 1200 20 kHz -3 to +7 =126 to .
: L {0.17 diax - : . =116 -
N 0.37 m) _
lc_uluulutioma wxcepl beamwidth are at mid-bnnd_ft"equency.
o o _ | . o - ‘ _
Zaltitude of 400 km referenced to nadir ; 2ltitude of 70" beamwidth referenced to beamedge.
a_Syslem Noise Temperature Tg = Tr * Ty, where Ty = Reeeiver noise temperature and Ta =_290° = pffective antenna noise temﬁerature.
4.I'r'|'cludus 10 d__l_s_Signul to Noise Ratic, Antenna Gain at HPBW, EIRP ié‘- referenced _lb Earth's surface,
Figure 4-4. EEE Sensitivity Analysis Summary for EEE MOD1I
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from ~22 to +7 dBw, depending on the frequency band and bandwidth selected, In-orbit,

" power-flux density gives the expected power density incident on the antenna. These values -
can be used to evaluate the effects of Shuitle generated RF interference signals on the EEE .
sensitivity. : :’
The type of signals expected to be received by the EEE is shown in Figure 45 frem Reference ' f
6. These data are typical and are representative of one form of user outputs., Typical user ) ~
’g data outputs will be generated in graphs, charts and tabular form, examples™ of Whlch are: o
o
& _
ETE Scanmng Recewer: ' EEE S&R leed-Tuned Reeewers'
é o EIRP vs. Frequency (121.5 , 243.0 & 406, 05 MHZ)
2 . : . 5 A _ _ 1
o % Channel Occupancy vs. Frequency e Antenna-Noise Temperature Meas. ;
3; o Cliannel Occupancy Tabular Ranking ¢ Receiver IF Measurement -
e Power-Flux Density (In Orbit) '@ AM Detector Measurement ;
.
4,2 PAYLOAD CONI‘IGURATION _ o !
g The equipment located on the Shuttle represents the bagic EER payload conflguratlon. S
 Figure 4—6& shows the block diagram for the antennas, recewer and Spacelab interface -\4
[E R
L_tj equlpment. ThJ.s partlcular de31gu shows four basm antennas. ' ' ' ¥
o _ o4, UHFArray(l Oxl 3m) & J
- 2. Parabolic Dish (0, 7m) L
i 3. - Conical Helix (0,17m Dia x 0. 17m Height). -
S 4. TLog Periodic (I.2m Dia x 1. 8m Height) |
- Signal level control and i'eceiver.pretection'ere provided by the attenuator and limiter . - /,
H shown at the receiver input, The bandpass filter (BPF) provides band integrity and - , / :
R protection from out.of band jamming, ‘Signal downconversion is provided by the series - P ‘
f— of low noise amplifiers (LNA) and downconverterss Signals are conducted from the pallet f”
- ‘Dumples miggosted by R.E. Taylor. Lo
£ 4~7 '
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WATTS

EIRP
) Y 1 1 e e
0.4 1.0 L2 L4 GHz
(a) Chicago, Morning, May 1, 1975 (b) Chicago, Morning, May 1, 1975* (c¢) Chicago, Morning, May 1, 1975*
Time: 081741 (Start Run) Time: 081842 (4 Mile Point) Time: 082009 (10 Mile Point)

(d) Chicago, Night, May 1, 1975* (e) Chicago, Night, May 1, 1975* (f Ciicago, Night, May 1, 1975*
Time: 223035 (Start Run) Time: 223746 (Run Midpoint) Time: 224427 (End of Run)

WATTS
EIRP
1 1 1
450 460 470 MHz
(2} Chicago, Afternoon, May 1, 1975 (h) Chicago, Afternoon, May 1, 1975%* (i) Chicago, Afternoon, May 1, 1975**
Time: 150111 (Start Run) Time: 150234 (6 Mile Point) Time: 150406 (10 Mile Point)

(i) Chicago, Night, May 1, 1975** (k) Chicago, Night, May 1, 1975%* (I) Chicago, Night, May 1, 1975%*
Time: 230120 (Start Run) Time: 230251 (5 Mile Point) Time: 230422 (10 Mile Point)

Figure 11. Chicago (Morning-Nighttime) -0.4 to 1,4 GHz and 450 to 470 MHz
Scale: *Same as (a) Altitude: 10,5C¢ ft Analyzer Bandwidth: Antenna: NADIR
**Same as (g) Aircraft Headi Na=th lig. 11a to 11f -30kHz
. 11g to 111 -10kHz

Figure 4-5. Typical EIRP versus Frequency Data Display
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i.e., no greater than 500 MHz, to avoid high signal loss. Figure 4-6(b) shows typical R

the widebeam antenna patterns caused by the Shuttle's tail will not significantly affect

equipment to the Module/Aft Flight Deck equipment by coaxial cables, The IF signal

frequencies are typical frequencies, but are consistent with keeping the IF signals low;
Spacelab equipment needed to route the detected sighals to the TDRSS downlink,
and the EEE displays. The equipment shown in Figure 4-6(b) represents the oper- ‘ " .

ailional modes shown in Figure 4-2,

Layout of the EEE paliet mounted equipment is shown in Figure 4~7, The antennas

—

shown are those depicted in Figure 4-4, and are representative of antennas needed to
cover the EEE bands. In this desiga,space is left for additional antennas for bands above

2700 MHz, which will then just fill the area across one pallet,

RF electronics are located below the antenna platform, Figure 4-8 shows the

vertical locations of the components and clearance angles for each antenna. Note

et m...{..&_..nm-._.uu.. L tael

that the center-of-gravity (CG) range for the vertical profile is below the top of the
pallet. Figure 4-9 shows the pallet equipment mounted in the Shuttle bay, Similarly,
Figure 4~10 shows the Aft Flight Deck area and the panel configuration for all experi-
ments., Figure 4-11 shows the estimated weight, size and power required for the

EEE payload equipment.

Location of the pallet ethipment in the Shuttle ba'y could affect the antenna patterns -
if the Shuttle blocks a portidn of the pattern. Figure 4-12 shows two locations which
would offer almost no pattern distortion by the Shuttle, These positions represent the

4

closest that the equipment can be located to. the ends of the bay. A nominal blockage of

performance of At'he EEE.
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FROM PALLET
EQUIPMENT

121.5 MHZ

243 WHZ

158-174 WHZ

COAX CABLE

COAX CABLE

COAX CABLE

AFT FLIGHT DECK OR MODULE
¢ - cABLE i
CONNECTIONS
486.85 MHZ COAX CRBLE
208 MHZ COAX CABLE

SHUTTLE/TORSS T0 CRAND
——= PROCESSOR
DATA LINK CENTER

@ PROGRAMMED

EXPERIMENT
CONTROL

MAN
CONTROL

MANUAL CONTROL

@

DISPLAY

KEYBOARD

5 M2 COAX CABLE
cLock
Cilins COAX CABLE
status COAX CABLE
SHIELDED CABLE
128V, 488 HZ o 128V, 488 HZ
ND GND POWER
— S ——
CONTROL ‘
+20v0C_o y___+28vOC

N

RAUTOMATIC
! OPERATION
SPACELAB /
COMPUTER
AND
DISPLAYS
! }
’J..".‘!!E‘.‘!"...
PAYLOAD
SPECIALIST
® [ swuriie TO/FROM
TaC p#————m GCROUND
LINK CONTROL

LEGEND @ - crounn coumano

POWER FROM
SHUTTLE BUS

@ - PROGRAMMED/AUTOMATIC
@ - WANUAL

cmmmmmmmma—- SPACELAB EQUIPMENT
EEE EQUIPMENT

Figure 4-6(b). EEE-MOD I System Block Diagram
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1215~ 243 MEz EGE EQUIPMENT
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Figure 4-8, EEE Pallet Layout and Antenna Field of View
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LOCATION WT (kq) SIZE (CM)

PALLET 128 350 W X 180 D X 250 H
AFD/MODULE 28 48.3W X 50.8 D X 25.4 H
TOTAL 156 VOLUME = 15.81 M>
Figure 4-11(a). EEE Weight and Size
POWER 400 HZ, 120 VAC (W) 28 VDC (W)
PALLET 150 25
AFD/MODULE a0 5
TOTAL 190 30
STANDBY 20
TYPICAL SINGLE CYCLE OPERATION SEQUENCE
28Vde 400 Hz ac
n n
l;:: I;: — 190

4-16
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12 24 12 24
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Figure 4-11(b). EEE Power Requirements
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4,3 OPERATIONAL ENVIRONMENT AND DATA MANAGEMENT

Figare 4-6(b) shows the functional interfaces for the EEE, and the conceptional approach

to the experimerit control and operation. Further definition of the interfaces and en~
vironment was carried out to determine the physical and RFI (radico frequency inter-
ference) environment the eguipment will be exposed fo, and to define a data management
scheme. This work has included a study of the expected environment related to the
Shuttle5, interfaces with the Spacelab bn-board systems4, and a proposed method of
maunaging the EEE data. Experiment control is intimately involved in data management
and experiment operation andd is incltided here to show.involvement of the Payload

Specialist and ground control personnel.

4.3.1 EEE ENVIRONMENT CONSIDERATIONS

After a study of the Shuttle bay payload environment conditions and the types of equip-
ment that could be used on EEE, =z set of -physioai operating paranieters was formulat.ed..
These parameters include temperature, humidity, acoustic limits, acceleration, radia-
tion and RFI susceptibility, These parameters and the expected limits are shown in

Figure 4-13,

In general, the limits for temperature and humidity shown in Figure 4~13 are those nor-
mally expected for military equipment and weatherized commercial equipment, Acoustic
and acceleration limits are those required for Shuttle launch and landing, but are rea- |
sonable for microwave equipment, also. However, it is not exﬁectéd that the EEE

equipment will survive a crasi landing, excépt to stay in contact with fhe pallét.

R
o
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PARAMETERS LIMITS
AFD MODULE | PALLET
TEMPERATURE
TYPE CONTROL AIR PASSIVE (COATING,ETC.)
OPERATING 0 TO 50°C -65 TO 65°C
(PREFERRED) (25) (25)
NON-OPERATING -65 TO 65 -65 TO 65
HUMIDITY
OPERATING 40 TO 60% 40 TO 60% (TEST)
NON-OPERATING 0 TO 100 0 TO 100
ACOUSTIC LIMITS
NON-OPERATING 145 dB 145 dB
ACCELERATION
NON-OPERATING 5.0 G 5.0G
OPERATING 1X 10-2 1 X 1072
& | RADIATION (NUCLEAR) NOT A PROBLEM
RF1 SUSCEPTIBILITY DERIVED FROM
ELECTROMAGNETIC EMC ANALYSIS JSC-07700,
| GENERATED RFI NOT A PROBLEM VOL., XIV
i E Figure 4~13. EEE Environment Considerations
{ & (Ref: Spacelab Accommodation Handbook)
§
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Nuclear radiation is not expected to be a problem to the EEE, since the flighfs are short

and no equipment is susceptible to normal nuciear environment experienced during a

low orbit Shuttle flight. RFT susceptibility is a different type of problem, however, and

| must he dealt with in depth‘. The generated RFI from the EEE will be very low, since

the EEE is primarily a receiver.

The RFI susceptibility problem was studied to determine the effect the Shuitle bay R¥I
will have on principal EEE operating parameters such as sensitivity. Figure 4-14 shows

4 and the ex~-

the RFI speciﬁcation limits imposed by the Shuttle payload requirements
pected EEE sensitivity levels for each frequency band., An additional RFT level that

could be caﬁsed»by digital logic radiétion is shown at the bottom of the graph,

The niajor significance of Figure 4-14 is that the EEE sensitiﬁty levels are far helow
the Shuttle cargo bay specification limits, Figure 4~15 shows the range of isolation
needed io allow EEE to-operate at its maximum sensitivity levels, The signiﬁcance of

the levels shown in Figure 4-15 is very apparent when it is realized that the typical

o
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SOURCE OF RADIATION (dB - pV/M)

EEE SHUTTLE EQUIPMENT
BANDS _FREQUENCY LIMIT LIMIT DIGITAL LOGIC®
MHz B S e (T MDISTANCE)
1 121,5 57 37 21dB
2 243,0 55 35 5 dB )
3 150-174 60 40 18 dB
4 399,9-410 64 44 0 dB
5 450-470 64 a4 0dB [
6 806-947 59 39 -15 dB o
7 1220-1285 62 42 -20 + 4B |
8 1350-1450 63 43 -20+ dB |
9 1636,5-1670 64 a4 -20 + dB L
10 2040-2110 106 dB BLANKING REQ, - S-BAND HEMI h
OTHER  104B 10 -20 dB+ |
" 2200-2300 119 dB BLANKING REQ, - S-BAND QUAD | 8
OTHER 10 dB io -20 dB + [
12 2655-2690 67 47 ~20dB + |4
13 2690-2700 67 a7 -20 dB + |

*DIGITAL LOGIC RADIATION

RADIATED ENVELOPE i
OF 40 MHz, 5 VOLT |
CLOCK SIGNAL ?

—
2NS —¥ 5V

le-25 NS

BASEDON e TWISTED SHIELDED PAIR -
~ 50 dB ATTENUATION

* PATHLOSS= 50dB !
I1ST METER OF SPACING 4

Figure 4~15. Shuttle Bay to EEE EMC Isolation Required




isolation provided by a receiver antenna (back radiation) is on the order of 20-25 dB.

For the Shuttle limit and individual equipment limit, the EEE sensitivity will be affected -

greatly, raising the detection levels of the receiver. For a normal digital logic level,

however, the__receiv_e_r should be able to operate without loss of gensitivity,

In addition to the random noise levels speolﬁed by the Shutl:le speczfmatwns individual
Shuﬁ.[e commumcatmns transmltters will cause recewer saturation and wﬂl be blocked

- from the receiver by filters,

It should be noted that this study does not take into account the RFI generated by other

-experiments. At this time, other experiments have not been specified, However, when.

serious interference is expected from another experiment, time sharing of operation

time must be arranged,

' 4.3 2 EEE DATA MANAGEMENT AND MONITORING

Management of the EEE involves both data management and control of the experiment
from detection of signals to user outputs, Orgamzatmn of received data is also a
' prmcipal factor in all phases of data management and control Work completed on
this aspect of EEE includes a preliminary estimate of recewed data, a proposed
arrangement of the data format and a method by which these data can be controlled by ’

any one of the three proposed operation modes.

Figore 4-16 showe the expected data rates needed to manage and operete the EEE

- Receiver data is estlmated to be 85 kbps and will be buffered and formecl into a senal

bit-stream, These data are from bands 8-13 of the receiver (eee I‘1gures 4—3 and 4—6)

The search and rescue (8&R) bands will not be freqaency scanned, and will be moni~

 tored using analog detéction, These channels are to be monitored' énd'i'ecofd;'d'aS' B

separate channels. Typical user data outputs are given on pages 4.7, All data will

- .be recorded _on_magnehc tape on the ground at the POCC, -
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N - . - | |
S ‘TYPES OF DATA | DATA RATE
FREQUENCY-SCANNING - " DIGITAL: 85 kbps TYPICAL
RECEIVER OUTPUT ' : _ _ B
R . ANALOG. 150 KHZ (3 S&R CHANNE LS)
(182 kbps AFTER DIGITIZING)
S ON-BOARD DATA STORAGE (NONE)
COMMAND ' 0,25 bps TYPICAL
TELEMETRY (EQUIP. STATUS) 430 bps TYPICAL
"EPHEMERIS DATA
2 o - TIME 3 | | o
'LONGITUDE - | SHUTTLE SUPPLIED (REF: AIRBORNE DIGITAL
'LATITUDE |  DATA ACQUISITION SYSTEM-ADDAS)
ALTITUDE - ' ,
 SHUTTLE ATTITUDE
i’
i
-7 Figure 4-16. EEE Data Management and Control
‘ (SN S FEOSI0 B SV SV S il S Aty TR S SO fo PO S SRR Mo ! - FHEAIL T GOt R S S SO S St
. — \’_ " - g — -“_— —_
;.a_,;: y L L Y 11 . o I " " " ™




.

[

[immi}

Experlment control via TDRSS will be by command and telemetry. Estimated com-

" mand link capacity is 0,25 bps. Equipment status should require no more than 430 kbps

for telemetry and monitoring,

Ephemeris information to be supplied with the receiver data will provide information
needed to reduce the detected receiver data to user formats, Examples of ephemeris .

data are: calendar day, time of d.vay, Shuttle position (longitude and latitude), Shuttle

v altltude, Shuttle atmtude (reference to radn), and other experlment operatmnal mputs

such as reference gignals,

Figure 4~17 shows a proposed arrangement of detected receiver data. This scheme
could apply to other experiments as well as EEE and contains initial identification of
the experiment and the type of data being recorded. For the EEE, band

number, band r,esoluﬁon and frequency will provide the parameters to define sensi-

~ tivity, Information about the attenuator setting at the receiver input is being supplied

w1th the band number. Usmg the minimum cell gize of 20 kHz, a five~filter bank is

proposed for MOD I EEE, This allows for 0,1 MHz frequency steps by the receiver,

* All bands are to be ser1a11y stepped; e.g., in the normal mode, 'starf:mg ‘at band 2,

each band will be searched for power output until band 13 is completed, and the scan

.repeats, Aliernate modes'__can be set up by preprogramming a manual control, allow-

ing specific bands to be searched. S&K bands are to remain open and sampled peri-

odically, without frequency scanning,

The proposed control monitoring method for EEE is shown in Figure 4-18, Provision

. is made for momtormg data, test 1n:t‘ormat10n and eqmpment stams at the EEE recelver
on the Shuttle, at the Spacelab display pa.nel by the Expemment Operator at NASA J3C,
) Data w111 be momtored near-real t;.me, with dlsplays of the type shnwn in Figure 4—5

Addltmna_l mformata.on on data handlmg is glven in the task report, CI 10
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o - BAND RESCLUTION NG,
c EEE BAND NO.
RECORD TYPE
EXPERIMENT ID -

8 BITS = | BYTE

RECEIVER OUTPUTS

o BYTENO. | 1 | 2 3| a

RECEIVER -
FILTERS

1

 FREQ, STEP
DI MRZ TYP.

-F—ba

_ BASIC EEE RESOLUTION = 20 KHZ CELLS
» BANDS 3-13, SERIALLY STEPPED |

)

—-%= 5

121.5 MHZ

L 1 25KHZ

S&R BANDS

: : - | 243 MHZ

e 4. 25 KHZ CONTINUOUS

406,05 MHZ. -

== 1 50 KHZ

e tlen St - e [ —:.:,.' .w. Y

Figure 4~17. 'EEE Receiver Data Management
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Turther definition of the data management system is shown in Figure 4-19. Data &
received by the TDRSS ground station will be sent to the GSFC EEE Control Center
- via Houston, and recorded on magnetic tape. Data are then turned over to the Data ' RS I

Processing Center at GSFC for processing into user formats.

4,4 INSTRUMENT TESTS DURING DEVELOPMENT

It is not expected that the EEE equipment will be fully space qualified. The level of - ') ]
'tﬁualiﬁcation is still being studied, but will depend to a large extent on the type of test- i =

111g to be done on the equlpment and on the system. 'I‘herefore a testing plan is key _ ‘
to deﬁmng the development and verification of the equipment at each phase of the EEE _ j
' - equipment development, Th1s plan will cover tests at the factory, at the 1n11:19.1 inte~ '

gration stage, and mtegrahon on the Shuttle, and when in fhght

The overall philosophy for development of the EEE is that a system contractor will =~ = = ]
manage the initial equipment procurement, and will he respcensible for testing at the
- factory and at each level of integration. It is also assumed that some. fype cf built~in 5 f

test equipment will be designed into EEE; e,g., the noise source shown in Figure 4-6(a).

4.4,1 FACTORY TESTS
TFigure 4~20 shows a typical test program that could be used for EEE, The basic _ i

acceptance fests carmot he fully defined at this stege of deﬁnif:ion,' but are essentially '

those teste to verify that the equlpment will meet EEE eqmpment specifications. Types

- of tests and test enmronment are ehown in Figure 4—2013 It is expected that major " . -{( :
components such as antennas will be teeted by the subsystem supplier. The EEE s i

» eguipment could he assembled in an RTF lab, but must be tested in a shielded reom or. ‘
Anechoic chamber to measure low levels of sensiti’vity. Mechanical tests will be : i

3 completed m a typical mechamcal Iaboratory, as: normally used- by a spacecraft »
manufacturer. It follows that epec1al tests such as thermal/vacuum w111 he conducted

- in a vacuum _chamber,_ probably in conjunction with electrical performance test_e. Test
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TEST PROGRAM |
& Basic Acceptance Tests to he perfofmed at factory
® First EEE Integration and Tests at factoxy
& Full Performance Tests at factory
@ Calibraie built-in noise source
TEST EQUIPMENT
| ¢ Construct EEE Electrical Test Equipment - Portable Racks
- e Anterna Range (120 ~ 2700 MEz)
Shielded Room (120 - 2700 MHz)

@ Mechanical Test Equipment including Thermal Vacuum
® Built-in Test Equipment (noise source)
e Mechanical Frame or Pallet

Figure 4-20a. EEE Factory Tests

TYPICAL TESTS . TESTENVIRONMENT = COMMENTS
- |ELECTRICAL ACCEPTANCE | '
| - Antenna '  Range Measured by antenna
. - (Radiation patterns) : suppler
( |~ - Receivers _ . RF Iab Subsystem level
_ » ~ Control ‘ . B RF Isb | With recéivers
L b~ jsterface ‘ i -  RFIab Fu]lsubsystem
o - Subsystem - Shiclded room Full subSystem, EMC
| ‘MECHANICAL ACCEPTANCE | |
- V1bratmn " Mech, Iab ~  Indiv. boxes, subsystems,
pallet equip, in fixture
= 8hock . .
- Accelera.tr.on S Cow
~ Thermal Vac ' | " Tndiva boxes, subsystems
o -Acoustlc R R S w " Equip. in Ssture -
T ~ Temperature RF/Mech, Lab Combined with elec, tests

4~30 Figure 4~-20b. EEE Factory Tests
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equipment for electrical performance tests will be experiment unique, and it is pro-

posed that portable racks containing test equipment be constructed and used at various

stages of test and integrai on, Similarly, built=in test equipment should be used in all

stages of testing to calibrate the test equipment and develop experience in use of the

equipment,
= ;
4,4,2 EQUIPMENT CERTIFICATION
i
fﬁ The first level of EEE integration onto the Shuttle will be on the pallet, This phase of
- integration is still being defined, but could take place at 2 NASA center, Eguipment
{% verification will involve some basic performance tests and verification of crucial |
- ~ interface criteria; e.g., electromagnetic compatibility (EMC). It is proposed that ]
j; these tests be performed using the portable test equipment supplied with the instrument n 4{
T . and the built-in noise source. Figure 4-21 identifies some of the basic fests to be done L
< at certification. i
i

TEST PROGRAM

7 ) 4
~n // 0 Basic Performnonce Tests to verify equipment status _, )
o _ ®» EEE Integration Tests with Pallet Interface S
ar » e EMC Tests — Verification '
f!i? o e Verify built-in noise source calibration ,
T .
w TEST EQUIPMENT _ ;
e e EEE Electrical Test equipment - Portable Racks 3 i
e Shielded Room (120 — 2700 MHz) J{
LE : _ o Builimin Test Ecuipment, (noise source)
- e Pallet and Module Rack for integration ‘ ) ,' i
" Figure 4-21, EEE Equipment Certification
4-31




Similarly, Shuttle integration tests are shown in Figure 4-22, Since this is the first
full-up equipment and integration tests, the portable test equipment is still required,
although the Spacelab equipment and built-in test equipment can be used for many of
the tests. It should be noted, however, that this may be the first time that crucial

integration and EMC tests are run.

4,4,3 IN-FLIGHT CALIBRATION AND TESTING

Testing and equipment calibration during the EEE flight will make use of the built-in noise
source and beacons located at NASA sites shown in Figure 3-2, page 3-9 for Goldstone and
Rosman, By switching in the noise source shown in Figure 4-6a, receiver sensitivity can be
measured, This technique can be used to set attenuator levels as well as monitoring system
noise level, Calibration of the EEE instrument, however, requires a known ground source.
It is proposed that unmanned beacons emitting 10W EIRP be set up at several NASA sites,
These emitters, along with other known sources, provide the sources for calibration inflight,

and data received can be used in checking user data after processing. Figures 4-23 and 4~24
show the tests and test eguipment suggested for these tests.

TEST PROGRAM

¢ Performance tests to verify equipment status
EEE integration with module and Shuttle

EMC tests using built-in noise source

¢ Experiment operation tests (Modes 1, 2, 3)

TEST EQUIPMENT
o LEE electrical test equipment - portable racks

& Built-in test equipment

Figure 4~22, EEE Integration and Prelaunch Tests
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TESTS
e Monitor EEE oufputs for noise power inputs
e Measure EEE oufputs for On/Off noise inputs

e Calculate sensitivity and noise base }

[

)

SRR,

&

()

TEST EQUIPMENT

® Buili-in test equipment

P TR B L i

]

: . s - s SR
£, Figure 4-23. EEE Noise Calibration e
j
o ="

o
= TEST PROGRAM

e Measure 10W EIRP beacons at NASA sites

e Monitor known sources

P

® Operate receiver attenuators for signal reduction

(e

TEST EQUIPMENT
® Unmanned 10W EIRP beacons

f )

e

Figure 4-24, EEE In-flight Calibration with Beacons
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4,5 EEE-MOD II SYSTEM DESCRIPTION

Upon completion of the EEE-MOD I design, work was directed to a consideration of expand-
ing into the upper frequency bands from 2.7 GHz - 43 GHz. These are the band numbers |
designated 14 through 28 shown in Figure 4-3, Band 28 (50-65 GHz), also shown in this

figure, has been designated for future space research and passive microwave sensors, and

is not presently covered by this expanded configuration,

Basically, EEE~MOD I antennas and associated pallet electronics have been laid out to re- o "‘_"-:}
quire less than a full pallet (see Figure 4-7). The present thinking is to design the EEE-~ B
MOD I as a unitized pallet with most of the electronics locatad near the antenna on the pallet, i
Power is provided through the pallet's Experiment Power Distribution Box (EPDB) and 5
commands, housekeeping, and low data rate information via the Remote Acquisition Unit —-.Jj
(RAU). The full pallet top area can be allocated for the EEE,implemented on the initial 3
flights with EEE-MOD I antennas and related electronics, On later flights the EEE pallet ]
may be supplemented with new upper hand antennas and their associated electronics. ) ‘
Therefore, EEE-MOD II encompasses the MOD I frequencies and will cover the complete S
range of 0.121 to 43 GHz. The EEE functional concepts and its major functional parts of

the experiment shown previously in Figure 4-1 remain the same and apply equally well to

EEE-MOD II. The antennas and receivers, associated Spacelab equipment and interface

equipment to control the experiment and transmit the data must be expanded in 3
capability. However, the basic functions of the Payload Specialist and control modes are ]
essentially the same as for EEE-MOD 1. Operational environment and data management

factors are also the same for MOD I and MOD II, Figure 4-25 is a concept of the MOD II.

The information which follows is primarily concerned with the new study considerations and

hardware for the expanded frequency range of 2,7 to 43 GHz, o 1

4.5.1 EEE-MOD II EGUIPMENT DESCRIPTION o E
Efforts during the latter contract period include a system definition study of EEE-MOD I _

equipment and design of an equipment configuration that is realizable by means of readily

available components, in most cases off-the-shelf components, Where the use of off-the- %

B
j:' ‘.
¥
B
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shelf components did not appear possible or advantageous, an attempt was made to assure
that the components were not excessively difficult to desigh. This has led to further

channelization of the equipment, primarily to obtain first IF bandwidths of 4 GHz or less.

Figure 4-26 shows a system block diagram of the MOD II-EEE equipment, Anternacs and
related components covering the portion of the speetrum from 121.2 MHz to 2.7 GHz avre

identical to those described previously for the MOD I equipment,

The 2.7 to 43 GHz frequency range is covered by three pairs of antennas incorporating
parabolic dish reflectors. One antenna of each pair is angled out the righthand side of the
Shuttle and the other is angled out the lefthand side. One or the other is selected from each
pair depending upon which gives the optimum swept antenna-pattern area on the earth in an
orbital pass of the Shuttle for a particular yaw angle or spacecraft orientation, Selection
of an antenna from a pair is accomplished by a switch matrix. In addition, the system is
designed to enable switching in a calibration noise source to the receiver for pre-flight

and in-flight testing.

Following the switch matrices, the spectrum is divided into 4 GHz {or less) bandwidth chan-
nels either by means of diplexer filters or by matrix switch selection of the filtered channel.
Channels in the frequency range of 4 to 43 GHz are converted to 4 GHz first-IF bandwidths
centered at either 6 or 10 GHz, Two IF switch matrices sequentially route the channel to the
appropriate receivers, A sweep frequency synthesizer provides the LO input to mixers in
each of the receivers. The swept LO sequentially brings the various portions of the re~
ceived signal spectrum into the ;pectrum processor input bandwidth., In the processor the
spectral power density of the input signals is measured and converted into a digital format,
Tunable narrowband YIG filters are incorporated in the receiver chamels to minimize

image frequency response and spurious inter-modulation response errors,
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4,5.2 EEE-MOD II SENSITIVITY AND ACCURACY

Since the EEE recéiviz:g aild signal processing equipment functionally is essentially a
spectrum analyzer, the experiment equipment sensitivity and accuracy are dependent on
the usual spectrum analyzer parameters of equipment noise performance, IF bandwidth,
frequency sweep rate and video integration time, However, sensitivity in the case of the
EEE can be conveniently defined in at least two ways, both of which require consideration
of antenna parameters. Sensitivity can be defined in terms of the minimum EIRP of a

_ ground emitter that can be measured to a given accuracy, This definition is convenient

— : when considering one or a few spacially isolated emitiers, An alternative definitici of

- sensitivity is in terms of the minimum RF power-flux density, in a frequency hand, that

can be measured to the desired accuracy, This definition is convenient when considering

many closely spaced emitters.

Both definitions introduce gain-pattern considerations of the experiment antennas. In the
first case, the sensitivity is directly proportioned to antenna gain in the direction of the
emitter, The usable sensitivity attainable by increased antenna gain is limited by the
earth-area coverage. Gain that is too high gives a small footprint on the earth and not all
the desired area will be monitored. In the second case, the sensitivity is dependent on
both antenna gain and footprint area. Although the sensitivity to any single emitter in-
creases with gain, the area covered and, hence, the number of emitters in the antenna

beam ’ecreases, giving reduced sensitivity dependence on antenna gain,

Since cases of both isolated and closely spaced emitfers can be anticipated, selection of the
antenna beamwidths is ultimately significantly determined by the coverage required and by
the related parameter of '"time-on-target' which sets the video integration time and

accuracy achievable.

4,5.2.1 Sensitivity and Antenha Pattern Analysis

The EEE sensitivity in terms of the minimum detectable signal EIRP irom a single emitter,

vats

is given by the standard formula, where all quantities are in dB;
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(EIRP); = (8/N);,+ L+ T+Ny+B-G 1)

where,
(EIRP)y, is the minimum detectable effective isotropic radiated power from
a ground emiiter
(S/N)yg is the desired received signal-to-noise ratio
L is the path loss
T is the system noise temperature at the antenna terminals and includes
the antenna input noise temperature, Ty, and the receiver system noise
temperature, TR
N0 is the noise spectral desnity for 1;nity temperature and bandwidth =
~-228.6 dBW/Hz- K
B is the spectral processor resolution bandwidth, and
G is the receiver antenna gain
The path loss in dB is:
L=2010gf+2010gRS+32.4dB 2)

where, fis the frequency of reception in MHz, and RS is the slant range distance to the

emitter in kilometers.

In order to increase the coverage areaat the higher frequencies (where antenna beam-
widths become small), the antennas are pointed off nadir. With such a beam configuration
there is a compensating effect between the path-loss and antenna gain factors in equation

1).. The path-loss and footprint area at points off nadir both increase with the angle from
nadir. However, the effect of path loss is {o decrease the footprint area. Therefore,
equi-sensitivity contours can be defined on the earth surface. Appendix C contains illustra-
tions of such contours. The area within such a contour, called the "footprint,' is a
measure of the coverage area. If the contours are specified on the basis of meeting min-
imum sensitivity requirements, the coverage area is defined. On the other hand, if they
are defined on the basis of meeting coverage area requirements, the system sensitivity is

defined.

Figure 3, from Appendix C, repeated in this section as Figure 4-2?', illustrates some of

the trade--offs available among antenna beamwidth, antenna pointing angle from nadir and
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footprint dimensions. The latter are importaht bec;mse the length is indicative of how com~
pletely the earth is covered and the width determines the dwell time., Dwell time is de-
fined as the interval between times when the spectrum must be sampled in order to provide
continuous coverage along the orbital path, The footprint dimensions increase rapidly with

tilt angle, for tilt angles greater than about 40°,

From Figure 2-5, page 2-9, the distance between orbits 17 and 32 at about 400N, the
approximate mid-latitude of the CONUS is seen to be about 580 km. This is the minimum
length of the footprint that will give nearly complete CONUS coverage, assuining the antenna
beam is perpendicular to the orbit ground track. Because the yaw angle of the Shuttle is
assumed not to be controlled hy the EEE experiment POCC, antenna pointing perpendicular
to the ground track caunot be assured. Indeed, it i possible that an aatenna beam may be
pointed along the track yielding very little coverage of the earth, To avoid that situation

it is planned {o use antennas switchable in pairs, one pointed at an angle of +45° to the
Shuttle axis and the other at -45°, The antenna giving the greatest coverage will be
selected., With this antenna configuration, the worst case for coverage is when the Shuttle
axis is parallel to the ground track, in which case the antenna beams are both at 45° with
respect to ground track. Then for complete CONUS coverage the footprint length would
have to be about 625 km, Lengths of this magnitude are obtained only for beamwidths

greater than about 2° pointed near the horizon, i.e., 65° to 70° from nadir.

The antennas and anfenna configurations selected for EEE-MOD I represent a compromise
between sensitivity to isolated emitters and area coverage. Pointing angles from nadir of
00, 600, and 65° were selected, the angles increase with the operating frequency of the
antenna. To increase coverage either (or both) the beamwidths and the pointing angles may
be increased. Both actions tend to decrease the signal strength received from isolated

sources.

Table 3, in Appendix C, summarizes the design and performance of the carrent EEE-
MOD 1 desizn.

4-42



Casc) (=)

(e

Using the antenna beamwidth data given there, Figure 4-27 can be used to convert the beam-
widths to footprint dimensions on the earth at the various operating frequencies., These
footprints are somewhat arbitrarily defined by the equi-sensitivitv contour 3 dB below the
maximum sensitivity, Roughly, the contours are ellipitical and as illustrated in

Appendix C. ‘Table 3 shows dwell times based on the time it takes the footprint to pass
over an emitter so located to cover the maximum dimension of an antenna footprint oriented
459 to the ground track, This is the maximum time an emitter can be in the footprint. An
experiment designed on the basis of that dwell time would suffer from relatively poor earth

coverage. The coverage would be that of a sequence of '"just touching! ellipses.

To provide increased coverage the experiment design is based on a dwell time a quarter of
that represented by the minor axis of the elliptical contour, Table 4-1 shows the footprint
dimensions and those of an inscribed rectangle. The narrow dimension of the rectangle is
one quarter the footprint width., This dimension is a function of frequency, as shown in
Table 4-1, for the six antennas of the EEE-MOD II. The assumption of an elliptical contour
is used to calculate the length of the rectangle. Also shown in the table is the dwell timne
calculated from the rectangle dimensions., These data are shown graphically in Figure 4-28

to illustrate more clearly the dependency of the dwell time on frequency and the antenna,

From Figure 4-28 it is seen that the minimum dwell time is 1,6 s-aconds.r Tﬁis is the
period between spectral density measurements at 43 GHz for continuous coverage (moni-
toring) of the earth for emitters at this frequency. If that period is used to perform the
spectral analysis over the frequency range from 4 GHz to 43 GHz, the material in Appen-
dix E shows that the analysis can be accomplished by a Spectrum Processor utilizing a bank
of 16 filter circuits each having a resolution bundwidth of 200 KHz, an integration time of
0. 125 m sec and giving an accuracy of 20%. The spectral analysis of the frequency range
from 150 MHz to 4 GHz can be accomplished in 1. 25 seconds, with & 1esolution bandwidth

of 20 KHz to the 20% accuracy.

Some of the trade-offs availahle should be mentioned, Again assuming an elliptical foot-
print, the use oi one quarter of its minor axis to determine the dwell time means that 97%

of its major axis is used, i.e., almost all the available footprint length, as seen from
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Table 4-1. However, the use of 50% of the minor axis only reduces that part of the major
axis used to 87%. That is, a loss of 10% of the coverage area permits doubling the dwell
time. This in turn permits halving the resolution bandwidth and increasing the sensitivity

by 3 dB. This appears to be an attractive trade-off in the 4 to 43 GHz range.

Figure 4-28 suggests another possibility decreasing the resolution bandwidth and increasing
sensitivity. The dwell time is seen to be a function of frequency, meuning different periods
can be used between spectral analyses of different frequency intervals and still provide con-
tinuous monitoring of the emitters on the earth. For example, the frequency range from

24 GHz to 43 GHz could be analyzed every 1.6 seconds and the analysis would require 0. 8
seconds in an interval could be used to perform the analysis of the 10 GHz interval from

4 to 14 GHz with a resolution handwidth of 100 XHz. The 0. 8 second portion of the next 1.6
second interval could be used to perform the same analysis of the 14 to 24 GHz band,

This results in the 4 to 24 GHz band being analyzed every 3. 2 seconds, which as Figure

4-28 shows, is adequate.

The above discussion of time to perform the spectral analysis is based on the equations de-
rived in Appendices D & E, in particular equation 3 of Appendix E. TFor the present dis-

cussion that equation can be written:

b

NB (v/p)2

where, T is the time recquired to perform the spectral analysis over a frequency interval of
W Hz to a relative accuracy of v/p. B Hz is the resolution handwidth of the spectral analy-
sis, N is the number of contiguous filters (of bandwidth B) and detector circuits in the bank
of such elements used to measure the power density, and b :: W/B is the number of
resolution bandwidths in the W Hz frequency interval., The relative accuracy v/p is the
variance of the measurement (v) divided by the actual power of the isgnal (p) in the

resolution bandwidth,
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Table 4 -1 . Footprint Dimensicns and Dwell Time
' Footfprint inscribed Rectangle Used
Antenna Frequency Length Width Length Width | Dwell Time
GHz Km Km Km Km |  Sec
Log Periodic| 0,121-0,174 420 420 407 105 | 14,1
0,243 460 340 445 85 11.4
!
UHF Array , 0.4 310 240 301 60 8.1
i 0.7 180 145 174 36 4,8
S-Band 0.7 480 480 465 120 162
Helix 2.7 . 410 410 397 103 - 13.9
S-Band 0.7 ; 630 370 610 93 12.5
0.7m Dish 2,7 I 360 165 348 41 5.5
¢, 5m Dish 2.7 600 250 581 63 8.5
4,0 500 200 484 50 6.7
8.0 320 110 310 28 3.7
12,0 260 75 252 19 2.6
0,25m Dish | 12.0 390 145 378 36 4.8
18.0 310 105 300 26 3.5
26,0 260 73 252 18 2.4
43,0 155 46 150 12 1.6
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This equation can be put in the more conventional form by substituting the equation for b

into the equation defining T:

T = W

N (v/p)sz

This form of the equation shows that, for a fixed mumber of filter detector circuits (N),

and relative accuracy (v/p), the time required to perform the spectral density measurement
is proportional to the reciprocal of the resclution bandwidth squared, However, in the
previous discussions of trade-offs between the time to perform the spectral analysis and

resolution bandwidth assume that mumber of circuits (N) in the filter-detector bank increases

as the resolution bandwidth (B) decreases, such that the product NB is constant. In that

"

case, the time to perform the analysis is proportional to the reciprocal of the resclution

bandwidth to only the first power,

To this point the discussion has been in terms of isolated emitters. In the lower portion of

the MOD I band it is e.;pected that many emitlers will be within the extended footprints.
When this is the case, each of them can have a lower EIRP, and it will be possible to detect

ey

their collective power level at the Shuiile so long as it exceeds the receiver sensitivity., This

means that individually they can be below the sensitivity level, This phenomenon is dis-

cussed further in Appendix C.

Summarizing, the analysis shows that there are several trade-offs available among the

experiment parameters: antenna beamwidths, pointing angles, and achievable earth cover-

age., TFor a given set of antenna parameters, improved sensitivity and decreased reso-
Jution-bandwidth can be obtained by failoring the timing of the spectral analysis of the various
spectrum portions fo the dwell time available at each freguency. In addition, further im-

provements in resolution and sensitivity can be achieved at the cost of a slight decrease in

the earth area covered.
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4,5.,2,2 Spectral Power Density Measurement Accuracy

System noise performance, its gain stability, receiving system amplitude slope and ripple
variations, interference from other Shuttle equipment, the encoding A/D conversion error
and the match of the Spectral Processor characteristics to the spectrum being measured all

limit the accuracy to which the spectral power density can be measurcd at the Shuitle,

The effects of that part of the system noise and that part of the system amplitude slope and
ripple variations introduced after the antenras, can be minimized by a combination of care-
ful design and periodic calibration. The calibration noise sources incorporated into the
design provide the means for system calibration. To the extent the relevant parameters of
the antenna noise, amplitude slope and ripple and interference from other Shutfle equipment
is known, their effects on system accuracy can be minimized by further processing of the

data from the Spectral Processor.

The determination of attainable power spectral density measurement accuracy requires further
study of calibration procedures, receiving equipment performance and expected inter-

ference. The A/D conversion quantization error can be made as small as desired by in-
creasing the number of bits in the code word. As discussed in Appendix E, the error is

1dB for a 7-bit word and 0.5dB for an 8-bit word, which is standard.

A fundamental accuracy limitation is in the design of the Spectrum Processor itself, in
particular the maich of the resolution~determining filters o the spectrum fo be measured.
Spectral power density is measured by means of the circuit shown in Figure 4-29.

or its eguivalent,
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Signals to be Bandpass 9 1 T o Estimated
Measured Filter —> () —‘i‘ .’. () de [~ Spectl:'al
o Density
Spectrum Square Averaging
Resolving Law Filler
Filter Device

Figure 4-29, Spectral Power Density Measurement Circuit

From the material in Appendix D, assuming the input signal spectra are uniformly distrib-
uted in frequency and have a Gaissian amplitude distribution, the standard deviation of the

power as measured by the circuit is less than

R

B

(]

and the fractional error is less than

v/P=1/\rB—t[‘_

wasr}

L"] Where P is the true power of the assumed QGaussian processes; B is the bandpass filter
L_J bandwidth which is also the spectrum frequency resolution; and T is the averaging time used
in the measurement, For relatively long averaging time, i,e., BT products greater than
: : apout 5, the power measurement error is approximately Gaussian, Then vhas the signi-
- ficance of being the magnitude of the error that is exceeded in ahout 32% of the measurements.
L_. An error of 2 v is experienced in about 5% of the measurements.
: If the amplitude distribution of the input signals in the bandwidth B is more narrowly confined
_ than that of a Gaussian process, the measurement errors will be smaller than the above
7 4-49




formula suggests and, conversely, wider amplitude distributions lead to larger errors.

For what appears to be the most usual case of many emitters received within the bandwidth,
the Gaussian distribution assumption is reasonably accurate. However, it is not obvious
that the assumption that the signal frequency spectrum is wniformly distributed across the
bandwidth will always he satisfied. ¥FCC and other regulatory bodies tend to confine the
emitters to a narrow frequency band. This can lead to cases for which the process being
measured has a bandwidth, say Bl, smaller than the design resolution bandwidth B,
However, in the design of the Spectrum Processor a value of averaging time T has to be
incorporated into the design such that BT is large enough to give the desired error, The
result is that in the case of narrower spectra the error is that due toa B1 T <BT or a
laxrger error than anticipated, Table 4-2 gives a listing of the fractional error

as a function of BT.

Table 4-2. Fractional Exror and Averaging Time in Spectral
Density Measurements

Fractional Error Required Averaging Time (millisec,)
BT v/P B= 20kHz | B=200kHz | B=1Mhz
5 0,45 0.25 0.025 0.005
10 0.32 0.5 0.05 0,010
15 0. 26 0.75 0.075 0.015
20 0. 22 1. 00 0.1 0,02
25 0.20 1.256 0,125 0. 025
30 0.18 1.5 0.15 0.03
50 0.14 2,5 0,25 0.05
75 0.12 3.75 0.375 0,075
100 0.10 5.0 0.5 0.1

—_—
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A reasonable accuracy specification might be a fractional rms error of 0.2 for the power

density measuring process, which corresponds to less than a 1dB rms measurement error,

This requires a BT product of 25,

To illustrate the magnitude of the error involved in a mismatch between the process and the
resolution bandwidths, assume the Spectrum Processor is designed for B = 1 Mhz and

T = 0. 025 milliseconds to give BT = 25, If the process being measured had a bandwidth of
200 kHz the actual signal bandwidth and integration time product would be BT =

(200 x 103) (025 x 10_3) =5, From Table 4-2, it is seen that the measurement error

would be more than twice that expected.

The conclusion to be drawn from this is that the error due to a mismatch between spectrum
and spectral processor resolution can be significant. In the actual hardware design, this
warrants either further investigation into the expected signal characteristics, or, at least
tor the initial experiment, the use of multiple resolution bandwidths, This would allow a

comparison of results to estimate the loss of accuracy due to mismatched bandwidths.

4.6 EEE RF ENVIRONMENT SURVEY STUDY

A subcontract was awarded to the National Scientific Laboratories (NSL) for a four month

study starting 1 July 1977. The study, requested by the GSFC P.I., examines the utili-
zation of EEE frequency bands within the continental United States. From various data
sources, including listings of the International Frequency Registration Board (IFRB),

NSL will identify and characterize terrestrial emitiers as to frequency, EIRP, modulation,
radiation direction, geographical location, etc. The data from the listings will be analyzed
and classified as deterministic (reliable, detailed), probabilistic (generally reliable,
statistical), and indeterminate (unreliable, insufficiently detailed), The results of the study
will be presented in such a manner as to aid the P,I. in evaluating the expected measurement
results of the EEE experiment, Also, the study will help in interpreting the actual Shuttle
experiment flight data. The computer methodology utilized may aid in the data reduction
task for the large amounts of EEE flight data expected on the mission,
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The vesults of the study will be presented graphically in NSL's Final Report in several
ways, such as histograms showing the number of emitters versus frequency, and total
power versus frequency., (See samples in Figures 4-30 and 4-31), The NSL Final Report
will be submitted to GSFC as an amendment to the MMAP Final Report. This NSL report

is due November 1, 1977.
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SECTION 5

MILLIMETER WAVE COMMUNICATIONS EXPERIMENT (MWCE)

Definition of the MWCE was conducted in two phases: a MWCE-MOD I with dual trans-
ponders, steerable antenna, and monopulse tracker, and a MWCE-MOD I fixed antenna
configuration with one transponder. Work completed up to March 1977 included a re-
view of earlier StudieSS, and extension of these studies to include a preliminary design
of a full-up MWCE MOD I experiment using a steerable pointing antenna system, Work
on experiment implementation has included study of the ground systems as well as

the Shuttle equipment and a radius of operation analysis to show operating times over

specific stations, Work on MCD I covered the following areas:
1. MWCE Experiment
2. MWCE -MOD I Instrument Description (Steerable Antenna)
3. Preliminary Data Reduction Analysis

4. System Performance Analysis

5.1 MWCE EXPERIMENT

In the design of space communications and microwave sensing systems at millimeter

wavelengths, consideration must be given to the effects of precipitation on the earth-
space propagation path. At frequencies above 10 GHz, absorption and scattering caused
by hydrometeors (rain, hail, or wet snow) can cause a reduction in signal level (atten-
uation) which will reduce the reliability of the link. Other effects can be generated by
precipitation events. They include; depolarization, amplitude and phase scintillations,
and bandwidth decoherence. All of these factors can have a degrading effect on space

communications and microwave sensing at millimeter wavelengths,




Over the last decade or so, direct measurements of earth-space atteriation above 10
GHz have been accomplished, first with radiometers and sun-trackers, then with the

ATS earth satellites. More refined models were proposed, and the first steps in ac-
quiring long term attenuation statistics were begun at a number of frequencies and lo-
cations., Recenfly, data from the ATS-5, ATS-6 and CTS satellite experiments have

become available. Results from the MWCE will extend the scientific and engineering
data base into the millimeter wave frequency bands, specifically the 30/20 GHz com-

munications bands.

5.1.1 EXPERIMENT OBJECTIVES

The primary objective of the Millimeter Wave Communication Experiment (MWCE) is
to evaluate advanced wideband communications techniques for space applications in the
millimeter wavelength bands. The techniques will include the measurement and eval-
uation of digital and analog communications utilizing frequency reuse techniques. A
second objective is to measure atmospheric affects and provide a data base for design

of future millimeter wave communications systems.

The significant and unique aspects of the MWCE are:

1. High rate (500 Mbps capability, 50 Mbps planned for experiment) data
links at 20 GHz {downlink) and 30 GHz (uplink).

2. Frequency re-use using right and left-hand circular polarized signals.

3. Provide an additional downlink for Spacelab data,

4, Data transmissions are fo be evaluted as a hunction of local ground station
elovu.dion angle to evaluate scintiliation effects and characteristics of low
elevation angles,

5. Evaluate sub-synchronous communications link capabilities.

6, Wideband analog and digital tectiniques.
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Two major advances of the MWCE are:

1. Actual wideband communications will be conducted along with beacon-type
experimentation.

2, The measurements will be the first conducted from a non-synchronous orbi.,
thus allowing the variables of ground station elevation angle and satellite
antenna pointing accuracy to be evaluated.

Results of the MWCE would be utilized in the development of system design require-
ments for NASA projects, for the development of spectrum utilization, frequency

management and sharing criteria, and for the evaluation of domestic distribution and
communications satellite questions under the GE¥FC TCS (Technical Consultation Ser-

vices) Program.

A vast number of organizations and agencies are actively involved in the evaluation of
millimeter wave data and system analysis, A partial list of these organizations in-

terested in MWCE is presented below:

1, NASA Programs

a, CTS, ATS - Telecommunications Users

b. PSCS - Public Service Communication .atellite
c. Nimbus/Landsat - Sensor Development

d. Space Shuttle - EVAL, IUS Payload Development
e, Next Generation NASA Operations

2, WARC Support

a. IRAC Inputs for Position Papers
b, Significant Interest for Frequencies Above 20 GHz

3. Technical Consultation Services (TCS)

a. Provide support for frequency use and spectrum management under
GSFC TCS Program

5-3



4, Other Government Users
a. Federal Communications Commission (FCC)

b. U.S. Dept, of Commerce, Office of Telecommunications, Institute for
Telecommunications Sciences (OT/ITS)

c. Office of Telecommunications Policy (OTP)

d. National Cceanic and Atmospheric Administration (NOAA)

5,1.2 OPERATIONAL MODES

The MWCE will be flown on the Shuttle to simulate low-orbit satellite communications
links from the MWCE to designated principal ground stations at GSFC, Greenbelt, Md.
and GSFC, Rosman, N, C. STDN Sites. Additional ground stations might include
Blacksburg, Virginia (Virginia Polytechnic Institute and State University), Columbus,
Ohio (Chio State University) and Austin, Texas (University of Texas). The location of
these ground stations requires a 579 inclined orbit; nominal altitude is planned for

400 km.

The operational links of the MWCE will provide 2 direct evaluation of critical design
requirements for millimeter wave space systems. The areas of investigation include:
frequency re-use techniques er~ploying orthogonal polarization; propagation character-

istics and low elevation angle effects; wideband analog and digital techniques.

The MWCE- MOD I will be operated in several modes in order to demonstrate the

feasibility of high data rate, millimeter wave, satellite communication links:
1. Transponder Mode
2. GSpacelab Module Mode

3. Beacon Mode

The modes are illustrated in Figure 5-1.
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In the Transponder mode the MWCE acts as a frequency-converting "bent-pipe' com-
munications link. In this mode it is planned to use two circularly polarized channels
2ach with 50 MHz bandwidth through the transponder using separate receive and trans-

mit antennas.

In the Spacelab mode of operation the MWCE Payload Specialist (PS) will be an active
participant. For example, unlinked data will be recorded, cross~correlated between
channels, retransmitted via the TDRSS (limited to 50 Mbps), etec., with close coordina-
tion between the PS and the responsible grouud station personnel. The PS5 may also be

transmitting data such as random generated data, TDRSS data, video data, multitone

signal, and CW. Simultaneously, rntenna pointing, time sharing with other experiments,

and experiment monitoring will be being conducted.

The beacon mode consists of continuously operating 20 and 30 GHz test signals (Shuttle

to earth) for the evaluation of propagation and low elevation angle effects.

A summary of the principal measurement parameters is given below:
1. Transponder Mode

a. Bit Error Rate (BER) on LHCP channel, RHCP channel no signal,
channels isolation measurements

b. BER on RHCP channel, LHCP no signal, channel isolation measurements

¢. BER on both channels, same signal and clock rate - eross-correlation
between channels (a measure of channel isolation)

d. BER on both channels, different clock rates
e. BER as a function of elevation angle
f. Phase lock loop lock-in, slewing, loss-of-lock

g. Signal amplitudes

i
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2. Spacelab Module Mode

a, BER of known Spacelab digital data, correlate with TDRSS downlinked
data, both channels

b. BER for single channels only

¢. Spacelab data on one channel, uncorrelated data on other channel,
measure BER, correlate with TDRSS downlinked data

d. BER versus elevaiion angle
e. Phase lock loop lock—-in, slewing, loss-of-lock
f. Signal amplitudes
3. Beacon Mode
a. Attenuation and depolarization caused by rain

b. Low elevation effects caused by the atmosphere

5.2 MWCE-MOD I INSTRUMENT DESCRIPTION

The major instrument systems of the MWCE-MOD I are illustrated in IFigure 5-2. Figure

5-3 shows the MWCE pallet mounted equipment. A gimballed mount is used with
+70% FOV from NADIR, The mount will be stowed as shown in Figure 5-3 during

launch and landing.

Pallet mounted equipment is enclosed in a rectangular structure of 290 x 280 x

264 centimeters. This structure is mounted on gimbals as shown in Figure 5-3

to provide +70° field of view for ground station tracking. A light weight structure will
house the two 0.7 m parabolic antennas, the two widebeam acquisition horns, and the
RF electronics including the traveling wave tube amplifiers, down converters frequency
synthesizer and power supplies., This arrangement provides compact packaging, weight
reduction &énd short waveguide runs. A six inch diameter X-Y gimbal will be used to
provide tracking. Flexible coaxial cables are used for IF signal connections, con-

trol signal lines, and power connections to the pallet equipment.
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The +70° FOV is obtained by mounting the pallet equipment enclosure on a cantilever
structure as shown in Figure 5-3. During launch and landing the Y-axis gimbal rotates
to the full down position and is locked into position, This stowed position is needed to
comply with center of gravity constraints for launch and landing. Solenoid operated

locking pins are used to lock the gimbal and the structure in its stowed position.

The pallet based RT systems consist of two dedicated antennas, two transponders, and
two stages of IF down/up conversion. The two transponders are designed to receive at
29.75 +0.25 GHz and transmit at 19.95 +0.25 GHz, There is a separate antenna for
transmitting and receiving and each antenna is eapable of simultaneously handling both
right- and left-hand circularly polarized signals, A passive microwave polarizer is
employed to separate the polarized signals upon reception and combine the orthogonal

polarizations for transmission.

The transmit antenna system ~onsists of a Cassegrain 0.7 meter parabolic dish, 9 cm
hyperbolic sub reflector, and dual polarized feed system capable of generating RHCP
and LHCP. The horn aperture will be designed such as to efficiently illuminate the sub
reflector for optimum aperture illumination and minimum spill over loss. The polar-
ized section creates right-hand and left-hand circular polarizations, the quality of
which is a function of power division quality, 90° phase shift and internal match in the
feed circuit. An axial ratio of less than 0.5 dB is achievable. Areas of concern in
maintaining the polarization purity are tolerances, maintaining symmetry, reflections
from the sub reflector and off axis cross polarized components introduced by the curva-

ture of the main reflector.

The receive antenna system consists of an identical Cassegrain configuration except
for the tracking mode and additional filtering which may be required. The sum mode
circuit in the receive antenna (as well as in the transmit) will consist of the horn,
orthogonal coupler and a short slot hybrid which creates the power combination (or

division) and a2 90° phase differential. The quality of circular polarization is a function
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of the accuracy cf power division equality and 90° phase shift in the short slot hybrid
and the internal mateh in the feed circuit.

In the transponder mode of operation each transponder acts as a double conversion RF/ : ‘-
IF/RT repeater with a 1.35 GHz IF frequency. After conversion the received dual -
polarized signals are retransmitted by 2 10W TWTA operated at saturated power. Be-
cauge of the high data rates to be transmitted, i.e., up to a maximum of 500 Mhbps, the |
amplitude and phase characteristics of the transponder components must be designed B f_ ii
for minimum distortion. In the Spacelab mode, additional IF conversion stages trans- B i
late the received left-hand circularly polarized signal (LHCP) to an IT frequency of 425 o
MHz and the right-hand circularly polarized signal (RHCP) to an IF frequency of 330 %J
MHz, The two orthogonal polarized signals are then sent to the display console for o 1
analysis by the Payload Specialist. Similarly, digital or analog signals generated at "i
the control console by the Payload Specialist are converted to 425 MHz and 330 MHz IF - {
frequencies for LHCP and RHCP signals, respectively, and then translated to the 1.35

GHz IF frequency for transmission to the ground stations. Y

In the Beacon mode of operation, a CW beacon or a multitone generator will supply
signals at 1.35 GHz which are then up-converted for transmission to the ground station.
The CW heacon frequency is 19.95 GHz and the tones generated are spaced around the '7 3

center frequency of 19.95 GHz at +120 MHz and +240 MHz. : j

In the console control area there are five specific experiment display and control func-

tions under the supervision of the Payload Specialist during the Spacelab mode of opera- ;J." '
tion, For each circularly polarized signal there is a QPSK demodulator with phase .
lock loop. The constituent quadrature 1 and @ channel data streams are processed to

determine the overall BER and the resulting BER is recorded. Alternately, the quadra- "
ture data streams can be recorded or retransmitted via TDRS8S, The phase lock loop
error signal is displayed to determine lock-in or loop lock loss. The received signal

amplitude variation is determined by an envelope detector. An analog strip-chart ]
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recorder (optional) for recording the amplitude variations may be available to the Pay-
load Specialist. The signal amplitude is also sampled, digitized in a PCM format and

recorded for later analysis,

There are two transmitted information signals under the direct control of the Payload
Specialist, a video signal that originates in the shuitle and a coded QPSK modulated
data stream., In the former case, various parameters of the video signal are con-
trolled directly by the Payload Specialist, e.g., the type of test pattern transmitted.
The modulation format for the video informaﬁon can be chogen to be some form of
angle modulation (FM, PM, ete.}. In the digital transmission mode, a PN code gen~-
evator and its effective data rate are controlled by the Payload Specialist to determine

variation of channel BER with respect to data rate.

5.3 DATA REDUCTION AND ANALYSIS

Due to the high data rates that will be transmitted, storage of the received 50 Mbps
digital signal originating from the ground or the Shuttle will be prohibitive, Conse-
quently, all high digital data rate information must be processed and the processed
information stored. For example, the BER results can be digitized and stored rather

than storing the received digital stream. The amplitude variations of the received sig-

nals are strip-chart recorded directly and sample digitized in a PCM format and stored.

Data received by the MWCE will be sent to the ground control /processing center in

real time via the TDRSS and existing land lines. Figure 5-4 shows the steps to be

taken to process data received at the control center. All data are expected fo he initially

recorded on magnetic tapes for storage and eventually transferred to GSFC Information
Processing Division (IPD) data processing system. Similarly, data received at the

tracking stations will be recorded and sent to the GSFC IPD.

Additional information on MWCE data handling is given in the task report, CI 10.
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5.4 SYSTEM PERFORMANCE ANALYSIS

5.4.1 RADIUS OF OPERATION AND OPERATIONAL TIME

The radius of operation is defined a& the maximum great circle arc distance from an
earth station at which a desired communication system performance is achieved. The
radius of operation can be limited either by geometrical factors such as the maximum
allowable ground station elevation angle or the maximum shuttle antenna viewing angle,
or by communication performance parameters such as receiver sensitivity or antenna
gain, The practical operating elevation angle for most ground stations is about 59,
For ground stations located in very flat areas with no ground obstructions such as
trees or mountains, it may be possible to operate at or near 0° elevation angle. For
most stations the radius of operation is the great arc circle distance to the sub-shuttle

point for a 5° ground station elevation angle, The Shuttle-Ground Station geometry

is illustrated in Figure 5-5.

S = SHUTTLE

GS = GROUND STATION

Re = EARTH RADIUS = 6374 km
= SHUTTLE ALTITUDE

§ = ELEVATION ANGLE

a = MWCE ANTENNA VIEWING ANGLE
Ry = SLANT RANGE

d = ARC DISTANCE TO SUB-SHUTTLE

POINT ON EARTH'S SURFACE

ORBIT

Figure 5-5. Satellite-Ground Station Geometry
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For 2 given ground station elevation angle the MWCE antenna view augle from Figure

5-5 can be expressed as

Re

-1

a = gin (COS 8) (1)

Ry +h
where
o is the MWCE antenna view angle from nadir
R, is the earth's radius = 6374KM
h  is the Shutile altitude

# is the ground station elevation angle,

The slant range one-way communication distance between the shuttle and the ground

station is
cos (8 +a)
Rg = ————— (Rg +h @)

cos @

where Rg is the slant range distance between the shuttle and the ground station. The
great-arc distance between the ground station and the sub-shuttle point is
7 Rg
d = o0 90 - 8 -a) (3)

and the radius of operation r, is given by
7 = d (6 pmax) (4)
The radius of operation and the MWCE antenna view angle from NADIR are given in

Table 5-1 for various values of the maximum ground station elevation angle. Also,

the same results are presented in graphical form in Figures 5-6 and 5-7.
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Table 5-1., Radius of Operation and Total Link Margin for Various Ground Station Elevation Angles*

ANTENNA VIEW
ELEVATION ANGLE FROM REQUIRED RECEIVED MARGIN RADIUS OF
ANGLE (©) NADIR (%) S/N _(dB) S/N (dB) _(dB) OPERATION (km)
5 69.6 15.7 29.5 13.8 1713 (925 nm)
10 67.9 15.7 34.0 18.3 1344 (726 nm)
20 62.2 15.7 38.5 22.8 873 (471 nm)
30 54.6 15.7 41.3 25.5 603 (326 nm)
40 46.1 15.7 43.3 27.6 431 (233 nm)
45 41.7 15.7 44,1 28.4 366 (198 nm)
* ORBIT: 400 KM, 57° INCLINATION




7
%:j BoeEl () Ol Cse) (] Deond e Goed [ied Bl G [ Gl Gems] G (S G (= G

G.S.
F"—’
2000
1800

Z 1600

Q

&

i 1400

a

3

3 1200

i

&)

S 1000

o

®

L.

z 800

o

-

& -

& 500

.

o)

I 00 —
L O 4
: g
| a 200 —
<
: 1
:; L L L ! 1
990 5 10 20 30 40 50
GROUND STATION ELEVATION ANGLE (DEGREES)

61-G

Figure 5-6. MWCE Maximum Radius of Operation as a Funetion of Ground Station Elevation Angle




0¢-S

Figure 5-17.

70
oo -
1

G

m

a

o

2 50l
=z

=

5

14

I

Ll

.

D 40
z

<

i

p-]

S 30l
Z

b

=

s

g

| i | i |
20 5 10 20 30 40 50

GROUND STATION ELEVATION ANGLE (DEGREES)

MWCE Antenna View Angle from NADIR as a Function of Ground Station Elevation Angle

L
¢
|
i




o)

| T

!

The extent of the radii of operation for the Rosman, N.C. and Austin, Texas ground 3

stations is illustrated in Figure 5-8. The radii of operation, corresponding to a 50 ; ‘:

@ elevation angle (1713 km), were drawn around the both ground stations and a radius of : i
operation, corresponding to a 20° elevation angle (873 km), was drawn around the o

Rosman, N. C. facility, The CONUS shown in the figure as well as the longitudinal Ni

and latitudinal scales are MERCATUR projections of their actual spherical shapes.

The cross-hatched lines represent the orbifal paths of the Shuttle for a 400 km orhit

{

with a 57° inclination traced over a full, six day period. Approximately 94 orhits are

traced in a six day mission with an orbitral period 92. 65 minutes. The mumbers at the

!

bottom of Figure 5-8 correspond to the sequential orbit number of the trace. The op-

erational time for a particular ground station represents the total orbital time within

the radius of operation of the ground station, that is, the sum of all of the orbit trace

times within the radius of operation. The operation time is determined by first com-

puting the great arc circle length of each orbital trace of interest,

1

{3

The caleculation of the great arc circle length is illustrated in Figure 5-9. The points

A and B are the intersection points of the orbital trace and the radius of operation and p

{(Caae)

is the great circle arc distance between the intersection points. The coordinates of A

are given by A_ and 1) A and those of B are given by ?LB and 7,. The terms 2 and b S

are minor arcs of a great circle and together A, B and point P, the North Pole, form

a spherical triangle, The great-circle are distance is given by

sy [k

™ ~ ~ ~ N ]
D = cos™l [cos? cos b xsin 2 sin b cos P] (5) :
where
4 T =T/, (6)
i b= m/2 - g ™
& :

E
i
H
)
!
i
i
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o AT -
‘ :




NORTH POLE

(i) )

{smes]

E ]

Figure 5-9. Spherical Geometry for Computation of Orbital Trace Time
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The operational time corresponding to the great-circle arc length P is IR
T (9) =

where

& t is the operational time

ﬁis the are length in radians

(o]

and

LE T is the orbital period

i
o
=
B
f
{
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The total operation times for the Rosman N, C. Facility for a 20° and a 5° ground
station elevation angles is presented in Tables 5-2 and 5-3, respectively. It can be
seen that the operation time increases considerably when going from a 20° elevation
angle (873 km) to a 5° elevation angle (1713 km), The operating time over Austin',
Texas is shown in Table 5-4 and is slightly less than the operating time over Rosman,
N.C. The operating time for a given elevation angle should not vary widely with
respect to the particular ground station location. The operating time using both ground

stations is presented in Table 5-5.

5.4,2 COMMUNICATION PERFORMANCE ANALYSIS

Of the three modes of operation the transponder mode of operation for QPSK repre~
sents the worst-case operation in terms of overall link performance; consequently,
only this case will be analyzed. 1t was assumed that a bit error rate (BER) of 105
was the desired probability of error performance. The required bit energy to noise
density ratio to obtain a 10~° BER for ideal QPSK detection is 9.6 dB. Since there are
two bits of information for every QPSK symbol, the ideal detection signal-to-noise
ratio for QPSK is given by adding 3.0 dB to the required E /N, ratio. From General
Electric's experience in the design, testing, and simulation of QPSK modems, it is
known that the ideal performance is not difficult to achieve, Due to the practical
implementation of QPSK detection and non-linear amplification there is a difference
between the actual versus the ideal BER performance. It has been found that there is
a 3.1 dB difference between actual and ideal BER performance. Some of the causes
for this “digital demedulation loss'' are intersymbol interference, carrier recovery
phase errors, non-linearities in the MWCE /Shuttle TWTA, sampling jitter noise, etec.
Thus, the total signal-to-noise ratio needed at the input to the detector is 15.7 dB and

the resulfs are presented in Table 5-6.
All of the equations needed to determine the system performance will now be derived.

The actual received signal-to-noise ratio is determined by combining the noise contri-

butions produced by the up-link transmission and reception in the shuttle and by the
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Table 5-2. MWCE Operating Time Over Rosman, N.C. for 20° Ground Station Elevation Angle
DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6
ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME
(MIN.) (MIN.) (MIN,) (MIN,) (MIN, ) (MIN.)
1 2.2 17 3.3 37 3.8 52 1.9 68 3.8 83 3.8
6 1.9 22 3.8 47 2.2 63 3.3 78 3.9
32 3.9
TOTAL 4.1 11.0 6.0 5.2 7.7 3.8
SIX DAY TOPAL: 37.8 MINUTES ORBIT: 400 KM, 57° INCLINATION
L o g e g N
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Table 5~3. MWCE Operating Time Over Rosmwan, N.C. for 5 Ground Station Elevation Angle

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6
ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME
(MIN,) (IN.) (MIN.) (MIN,) (MIN.) (MIN.)

1 7.5 16 4.9 33 5.0 48 6.7 64 1.3 79 5.0
2 6.7 17 7.5 3 2.8 52 7.0 67 5.4 82 2.8
6 7.0 18 1.3 37 7.8 53 6.8 68 8.0 83 7.8
7 6.8 21 5.4 38 3.5 62 4.9 78 8.0 84 3.5
22 8.0 47 7.5 63 7.5
32 8.0
TOTAL  28.0 35.1 26.6 32.9 22.7 19.1
SIX DAY TOTAL: 164.4 MINUTES ORBIT: 400 KM, 57° INCLINATION
| R s I GRS O S SRRt I S N R SRS st ETID
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Table 5-4. MWCE Operating Time Over Austin, TX. for 5° Ground Station Elevation Angle

DAY 1 DAY 2 DAY 3 DAY & DAY 5 DAY 6
ORBIT TIME ORBIT TIME CRBIT TIME ORBIT TIME ORBIT TIME ORBLT TIME
(IIN.) (MIN.) (MIN.) (MIN.) (MIN.) (MIN.)

1 3.0 17 7.8 32 6.9 48 7.8 64 4.7 79 6.8

2 7.8 18 4.7 33 6.8 53 7.7 68 6.2 83 3.6

7 7.7 22 6.2 37 3.6 54 4.6 69 7.2 84 8.0

38 8.0

8 4.6 23 7.2 P 10 63 7.8 78 6.9
TOTAL  23.1 25.9 28.3 27.9 25.0 18.4
SIX DAY TOTAL: 148.6 MINUTES ORBIT: 400 KM, 57° INCLINATION

- .J. e ,_. " f.,_ . py | e
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Table 5-5. MWCE Two-Station Operating Time Over Austin, TX. - Rosman, N.C. for 5
Ground Station Elevation Angle

DAY 1 DAY 2 DAY 3 DAY &4 DAY 5 DAY 6
ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME ORBIT TIME
(MIN.) (MIN.) (MIN,) (MIN.) (L) (MIN.)
1 8.1 16 4.9 33 9.0 48 10.2 64 5.9 79 9.0
2 10.2 17 10.8 36 2.8 52 7.0 67 5.4 82 2.8
6 7.0 18 5.9 37 7.8 53 8.2 68 8.0 83 7.8
7 8.2 21 5.4 38 8.0 54 4.6 69 7.2 84 8.0
8 4.6 22 8.0 47 8.1 62 4.9 78 9.8
23 7.2 63 10.8
32 9.8
TOTAL 38.1 52.0 35.7 45,7 36.3 27.6
SIX DAY TOTAL: 235.4 MINUTES ORBIT: 400 RM, 57° INCLINATION
: : AU A A S S A ST ¥ £ it B SR A v
T " " —
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Tabl: 5-6. Transponder Mode of Operation

- el e
)

f

[aEm) (psw) D)

REQUIRED Eb/No (IDEAL) = 9.6 dB
CONVERSION TO QPSK* = 3.0 dB
DIGITAL DEMODULATION LOSS** = 3.1 dB

15.7 dB

deske

STGNAL-TO-NOISE RATIO
REQUIRED FOR BER = 107

(TOTAL LINK)

NUMBER OF BITS/SYMBOL

INTERSYMBOL INTERFERENCE, CARRIER RECOVERY
PHASE ERRORS, SAMPLING JITTER WOISE,
MODULATOR AMPLITUDE IMBALANCE, EIC.

G (]

G
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S
down-~link shuttle transmission and ground station reception. The total received - !
signal-to-noise ratio for the transponder mode of operation is given by 3 :

S &k ..%

(8/N) - - |
TOTAL  Nyprnk * NpowNLing (10) 1
) * i
or - . i
(S/N) = 1 (11) [

VSMyprng * YN powniink o
The uplink signal-fo~noise ratio is given by - ;

= —-— + - -
(8/N) yprnk = (EIBP), = Lo + (G/T)g /o~ BW - N (12) :
i B
where - I?
(EIRP)E is the efiective isotropic radiated power of the ground station " o
I..T is the total path loss for the up-link transmission =
(G/T)S /c is the ratio of the gain of the MWCE spacecraft antenna to the noise ]
temperature of the MWCE receiver . 1
BW is the received signal bandwidth : i
N0 is the thermal background noise power density for unit temperature. ,,.;

Sirailarly, the downlink signal-to-noise ratio is given by ¢, ol
T = - + - - i
(S/I\)DOWNLINK (EIRP)S/C LT (G/T)E BW NO (13) oL ]
S
L L
where .
(EIRP)S /c is the effective isotropic radiated power of the MWCE on~board the . ‘
spacecraft ]
LT is the total path loss for the downlink transmission 5 \J
(G/T)E is the ratio of the ground station antenna gain to the noise temperature o
of the ground station receiver, T 7
i o
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The total path loss is the sum of four components and is given as 5__:2 .

= + +
LT Lf Lp+LA Lpo (14)

where

Lf is the free-space loss

L o is the pointing loss and is caused by the transmit and receive antennas not N
being pointed on boresight '

L is the polarization loss due fo polarization alignment mismatches hetween - :
the receive and transmit antennas o

¥
i
¥
i
:
i

L A is the atmospheric loss due to oxygen and water vapor absorption

An empirical formula® for the atmospheric loss is

&

L, (20 GHz,6) = .71 (.6)/sinf (15)

e
24

{=

[

i

LA (30 GHz, #) = .71 (,45)/sind (16)

o
&

.where 4 is the elevation angle.

[t

The effective isotropic radiated power is given by

Do}

(EIRP) = G - Lf - P (17) H

Al

(e,

where

[

G is the antenna gaip referred to an isotropic antenna -

Lﬂ is the total line loss between the transmitter and the antenna N w{ '

g

H

PT is the total transmitted signal power, o

(i  (aos]
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The total system noise temperature of a receiver is

Ty = T, + TO(IZ-JJ + Pﬂ T (NF-1) ' (18)

where

1.;:_/ et

Ta is the antenna temperature.

e

T is the total receiver system noise temperafure referred to the input antennas
terminals

o)
To is the standard noise reference temperature = 290 K
Lﬂ is the total line loss between the antenna and the receiver

1
NFis the noise figure of the receiver. - -3
L

The uplink aind downlink transmission parameters employed in the analysis are pre-
sented in Figures 5-10 and 5-11, The fransmitter powers, the antennas, and the

receiver noise figures employed were the same parameters recommended in a previous ; g
report (Reference 3). The total line losses employed represent worst-case values, The ‘1‘ .

EIRP's and (G/T)'s of the transmitter and receiver systems is also indicated. The

complete system performance calculations for the transponder mode for ground station

elevation angle of 450, 200, and 5° is presented in Tables 5-7, 5-8 and 5-9 respectively.

The complete system performance summary is given in Table 5-1.

R SRR
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(EIRP)g = 78.5 dBW

* INCLUDES LINE LOSS

T
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w

4.6 m 30 GHZ I m
55% 5%
60.5 dB hi;

TEAT

Ly = Lg + Lp+ Iy + Lpo
Ly = TOTAL LOSS

Lf = FREE SPACE LOSS
Lpo = PCINTING LOSS

Lp = POLARIZATION LOSS
Ly, = ATMOSPHERIC LOSS

]

1

(SMyprimg = (FIRP)g - Ly + (6/T)g/c - BW - N,

Figure 5-1¢. Uplink Transmission Parameters
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MWCE_PAYLOAD EARTH STATTON
PA LA |
__*_D_» L0SS 7 m 20 GHz 49+ LOSS _,._}>_>__ _ ]
10W 2.0 dB 55% 55% 1.0 dB |
40.5 dB 57.0 dB '
N.F. = 5 dB
* o
Tp = 29.5 dB K
ir
LT=Lf+Lp+LA+Lpo |
\ l._
]
(EIRP) g /c = 48.5 dBW (G/T)y = 27.5 dB/°K |
I

(S/M)pownLing = (BIRP)g,c - Lp + (G/T)g - BW - N,

Figure 5-11. Downlink Transmission Parameters
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= Table 5-7. 30 GHz Uplink Budget for a 45° Elevation Angle ‘ e
| i
_ P
EARTH STATION TRANSMITTER POWER (dBW) 20.0

FARTI STATION RF LOSSES (dB) 2,0

EARTH STATION ANTENNA GAIN (dBi) 60.5 ‘

i

EARTH STATION EIRP (dBW) 78.5

3

LOSSES
P
g FREE SPACE LUSS (dB) 176.9
E POLARIZATION (div) .5 .
= ATMOSPHERIC (dB) .5 P
POINTING L.0SS (TX ANT.) {dB) .5 i
TOTAL LOSSES (dB) 178.3

N SATELLITE RECEIVE SYSTEM G/T* (dB/OK) bob é
= SIGNAL BANDWIDTH (dB-Hz) 84,0 L
s BOLTZMAN'S CONSTANT (dpw/Hz-"K) -228.6
- C/R UPLINK TOPAL (dB) 49.3 L
= Topm = Ta + Ty (Lp-1) + Lp Tolli-1)
- TgAT = 2900 + 2900 (1) + (2} (2909) (i4.8) ;
£ Toap = 91927K = 39.6 dBOK

*THCLUDES LIt 1043
o .
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Table 5-7, 20 GHz Downlink Budget for a 45° Elevation Angle (Cont'd) bl %
t;r.:: %‘ R
TRANSMITTER POWER (dBW) 10.0 T
RF LOSSES (dB) 2.0 =
o [ '!‘.-
ANTENNA GAIN (dBi) 40.5 § f i
= (.
; .
EIRP (dBW) 48.5 L i
P
LOSSES i}
FREE SPACE LOSS (dB) 173.3 %E ;
oF 4
POLARIZATION (dB) : .5
ATMOSPHERIC (dB) 6 !
potisi i
POINTING LOSS (dB) .5 +
TOTAL LOSSES (dB) 174.9 &
EARTH STATION RECEIVE SYSTEM G/T% (dB/OK) 29.5 B
v
STGNAIL BANDWIDTH (dB-Hz) 84,0
BOLTZMAN'S CONSTANT (dBW/Hy-9K) -228.6 i
C/N DOWNLINK TOTAL (dB) 45.7 .
C/N UPLINK (dB) 49.3 &
C/N TOTAL (UP LINK + DOWN LIKK) (dB) 44.1 -T
TE = Ta + To (Lg-1) + Ly To (NF-1) A
Tp = 350K + 2909 (.26) + 2909 (1.26) (2.16) < hni
Ty = 900°K = 29.5 dB%K o n
*INCLUDES LINE LOSS A
S A L
wt i ;
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Table 5-8, 30 GHz Uplink Budget for a 20° Elevation Angle

wE]

=

EARTH STATION TRANSMITTER POWER (dBW) 20.0

{Fomnec]

)

[t

N

EARTH STATION RF LOSSES (dB) 2.0 13

EARTH STATION ANTENNA GAIN (dBi) 60.5

5

i:.

EARTH STATION EIRP (dBW) 78.5

s LOBSES
i FREE SPACE LOSS (dB) 181.8

POLARIZATION (dB) )

ATMOSPHERIC (dB) .9
POINTING LOSS (TX ANT.) (dB) 5 P

TOTAL LOSSES (dB) 183.7 P

SATELLITE RECEIVE SYSTEM G/T* (dB/°K) 4.4 i

SICNAL BANDWIDTH (dB-Hz) 84,0
b BOLTZMAN'S CONSTANT (dBEW/Hz-"K) ~228.6 |

an C /% UPLINK TOTAL (dB) 43,8

TsaT = Tg + To (La-1) + Lg To(NF-1) i

Tsar = 2900 4 290° (1) + (2) (290°) (14.8) |
Tgap = 9192°K = 39.6 dBOK S
*INCLUDES LINE 1.0S8 '

]

|

{ e}

[ e}

(i
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Table 5-8, 20 GHz Downlink Budget for a 20° Elevation Angle (Cont'd) 2 i
i
; L |
f TRANSMITTER POWER (dBW) 10.0 »
§ RF LOSSES (dB} 2.0 a
| ANTENNA GATN {dBi) 40.5 o Fus
% EIRP (dBW) 48.5 L fi 
f LOSSES . 7 o
| FREE SPAGE LOSS (dB) 178.3 B % '*5
% POLARIZATION (dB) - .5 - | <
| ATMOSFHERIC (dB) 1.3 8 é )
POTHTING LOSS (2B) .5 . § ;f}
TOTAL 1OSSES (JB) 180.6 2 ]
EARTH STATION RECEIVE SYSTEM /T (dB/OK) 29.5 | .
SIGNAT BANDWIDTH {dB-Hz) 84.0 h
BOLTZMAN'S CONSTANT (dBW/-°K) | -228.6 i
C/ DOWNLINK TOTAL (dB) 40.0 . :;4
C/¥ UPLINK (dg) 43.8 - .1
C/N TOTAL (UP LINK + DOWN LINK) (dB) 38.5 . : 3
— |
TR = Ta + Te (Ly=1i 4 Ly 'Co (F-1 : ]
Tg v 350K+ 2000 (LEeh 4+ 2000 (1.26) (0 103 .
T = 900TK = 295 dROK . ‘o
*INCLUDES LINE 108§ .
5
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Table 5~9, 30 GHz Uplink Budget for a 5 Elevation Angle

EARTH STATION TRANSMITTER POWER (dBW)
EARTH STATION RF LOSSES (dB)

EARTH STATION ANTENNA GAIN (dBi)
EARTH STATION EIRP (dBW)

LOSSES
FREE SPACE L0OSS (dB)
POLARIZATION (dB)
ATMOSPHIRIC (dB)
POINTING LOSS (TX ANT.) (dB)

TOTAL LOSSES (dB)
SATELLITE RECEIVE SYSTEM G/T* (dB/°K)
STICNAL BANDWIDTH (dB-Hz)
BOLTZMAN'S CONSTANT (dBW/Hz-"K)

C/M UPLINK TOTAL (dB)

Tgar = Tg + Ty (Lg-1) -+ Lg To(WF-1)
TSAT = 290° + 290° (1) -+ (2) (2907) (1:.8)
Tgar = 9192°K = 39.6 dBOK

*INCLUDES LINE LOSS

20.0

2.0

60.5

78.5

187.2

3-7
o3

191.9

4.4

84.0

-228.6

35.6
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Table 5-9. 20 GHz Downlink Budget for a 5° Elevation Angle (Cont'd) =
TRANSMITTER POWER (dDW) 10,0 >
RF LOSSES (dB) 2.0 e
ANTENNA GAIN (dBi) ' 40, 5
apw ‘l -
RIRP (dBW) _ 48.5
LOSSES 9 ‘}
FREE SPACE LOSS (dB) 183.7
POLARIZATION (dB) ; .5
ATMOSPHERIC (dB) 4.9 N
POINTING LOSS (dB) o5 -
TOTAL LOSSES (dB) 189.6 T
EARTH STATION RECEIVE SYSTEM G/T* (dB/OK) 29.5 T
Lo +
W
SIGNAL BANDWINTH (dB-Hz) 84.0
BOLTZMAN'S CONSTANT (dBW/Hz-OK) -228.6 PR
o F ‘ T g
C/N DOWNLINK TOTAL (dB) 31.0 e
T
C/m UPLINK (dB) 35.6 R
1
i
C/N TOTAL {UP LINK + DOWN LINK) (dB) 29,5
L
TE = Ta + To (Li-1) + Lg To (WF~1) L
Te = 3500 + 2907 {.26) + 290° (1.256) (2.16) RS
o od
Ty = 900K = 9.5 dvoK .
#IRCLUDES LINE L0OSS _ J Y
b e
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5.5 MWCE-MOD I INSTRUMENT DESCRIPTION

This configuration, a simplified version of MWCE-MOD I, is designated as the MWCE-
MOD I. I is characterized by a non-steerable and non-deployable fixed set of antennas
and a single wideband transponder, switchable to either RHCP or THCP, The flexibility

of the three operational modes is retained along with all essential features of the system

design and hardware complement, The MWCE-MOD II is considered a cost-effective

approach to meeting the Shuttle experiment objectives.

Figure 5-12 illustirates the MWCE~-MOD II modes of operation and may be related
to Figure 5-1 for MOD L.

A summary of the principal measurement parameters is given helow:

1, Transponder Mode (RHCP and LHCP)

a.
b.

d.

e,

BER tests on Mbps versus eclevation angle on RHCP

BER tests on 50 Mbps versus elevation angle on LHCP

‘Signal strength measurements, 30 GHz uplink

Signal strength measurements, 20 GHz downlink
Digital/Analog video transmission quality

2. Module Mode (RHCP and LHCP)

a.

bo
C.
d.

€.

BER on uplink data in conjunction with transponder mode BER tests at ground
station on same data versus elevation angle

Uplink BER tests on 30 GHz link versus elevation angle
Downlink BER tests on 20 GHz link versus elevation angle
Signal strength measurement, 30 GHz uplink

Optional downlink digital video versis analog video quality tests

3. Beacon Mode (RHCP and LHCP)

a,

bc

Attenuation and depolarization caused by rain

Low elevation effects caused by the atmosphere
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RHCP
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MWCE .
WIDEBAND SHUTTLE T/C
TRANSPONDER |g _»| CONTROL
- AND
19,75 GHz w, MONITOR
CW BEACON
PALLET SPACELAB
BEACON MODE
29,53 GH= |
MWCE
WIDEBAND SHUTTLE T/C
TRANSPONDER |t o cor;:\'Nr goa.
19,75 GHz )__.___\ MONITOR
CW BEACON
PALLET SPACELAB
TRANSPONDER MODE
29,55 GHz MWCE
WIDEBAND T/C MANUAL
: TRANSPONDER [ = CONTROL
AND
19,75 GHz , MONITOR
CW BEACON
[ | QPSK MODEM
AND VIDEO
PALLET SPACELAB

MODULE MODE

Figure 5-12, MWCE-MOD I Modes of Qperation

A,




&

G CEy E

5.5.1 LINK REQUIREMENTS

Communicaiions Link

The following reguirements have been established for this phase of the communication
experiment:

1. Data Rate, 50 Mbps

2, BER, 1x 1079

3, Margin, 10 dB

4, Transponder bandwidth capability, 500 MHz minimum
Assuming a 3 dB demodulation loss, the required signal-to-noise ratio in a bandwidth equal
to the bit rate is 22,7 dB including the 10 dB margin. This amounts to a total signal-to-
noise density ratio of C/Ngy = 99.7 dB-Hz,

Using the ahove requirements, a 400 km orbiting Shuttle and realizahle models of the up-
link and downlink equipment, an analysis was performed to determine the minimum 30 GHz
and 20 GHz Spacelab antenna gain pattern required for the experiment. This analysis is

included in Appendix B. Figure 5-13 summarizes the results.

The gain pattern shown, though not physically realizable with a single passive antenna, can

be achieved using beam steering or beam switching techniques,

Beacon Link

The downlink beacon will operate in two modes ~ the normal/tracking mode and the acquisi-
tion/propagation mode. In the acquisition/propagation mode, the beacon will utilize the

full power of the transmitter, and the communication signal will be furned off, Since this
is a one-way uplink only, the signal-to-noise density available on the ground will be slightly
greater than that available for the communication signal through the transponder, or in the
order of CNy &2 100 dB-Hz. The high signal levels available in this mode will be utilized
for initial acquisition at low elevation angles, and for propagation studies at low elevation

angles and during adverse weather conditions.
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The normal/tracking mode of beacon operation will occur simultanecusly with the communi-

cation experiment and will share the transmitter power with the communications signals. S
The available signal level will be 20 dB less in this mode, for a nominal C/Ng = 80 dB-Hz I

-

at the ground station,

m*ﬂiﬁ“' 3.

Table 5-10 summarizes the downlink beacon capabilities. |

f:

Table 5-10. Beacon Link Summary ;

S— Ao Propelon Mot | Yol

= C/N, Available 100 dB-Hz 100 dB-Hz | 80 dB-Hz g
i Bandwidth 50 dB-Hz 30 dB-Hz | 80 dB-Hz N
_ Threshold SNR 10 dB 10 dB 10 dB S
Acquisition Fade Margin 20 dB '} 1
Operational Fade Margin 60 dB 40 dB ;

The data in the table above applies to a pilot phase lock receiver for signal acquisition. i

The 1 kiloHertz tracking bandwidth refers to a second order loop and offers margin in

tracking a maximum rate of Doppler of 24 kHz/sec. The requirements for a monopulse

.

antenna tracking receiver may require use of some of the fade margin listed above.

Frequency Plan i &

The proposed uplink frequency plan is shown in Figure 5-14. Both the uplink and downlink

bands are based on currently assigned operational frequency allocation by the Federal

Communications Commission, The specific band allocated by the FCC for Fixed Satellite, ¥ '

Earth-toSpace is 29.5 GHz to 30 GHz. A potential interference problem, however, exists

in the second harmonic of the Shuttle TDRS Ku-band transmitter which is centered at

30,0068 GHz, as shown, The data rate of the Shuttle to TDRS signal can be anywhere from

1 kbps to 300 Mbps. At the high data rates, considerable second harmonic spillover into the
MWCE channel can occur. To minimize the TDRS interference, the MWCE frequency plan

was established as shown in Figure 5-14 where the 50 Mbps uplink data is spaced at the low
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end of the band. Also, even though the intrinsic design of the MWCE transponder is wide~

band to handle 500 MHz, the IF bandwidth for this experiment is specified at 200 MHz to .
prevent retransmission of the TDRS second harmonic. Further control of the TDRS inter- -
ference can be imposed hy the MWCE experiment in its requirement and specification of .

the Shutile to TDRS data rate and time of transmission,

Iq____ 500 MHz BW POTENTIAL B,'

200 MHz BW -l
l‘_ EXPERIMENT

TR

I TDRS 2ND | )

QPSK HARMONIC i ——

29,55 BeAcoN R

20, 645 R

]

29,4 29 6 29,7 29,8 29,3 30,0 .

FREQUENCY, GHz

Figure 5-14. Uplink Frequency Plan

The uplink beacon signal, shown at 29,648 GHz, is transmitted when required for round trip . i
propagation measurement, ground station Doppler compensation for bent-pipe data trans- :

mission, or for Space Shuttle beamswitching or steering.

The downlink frequency plan is shown in Figure 5-15. For the bent-pipe transponder mode _ i
of operation, it consists of the uplink signal translated 9.8 GHz down in frequency. H ;
The downlink beacon signal is always present for ground station antenna tracking, as well as : I

for propagation measurements.
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l<.___ 500 MHz POTENTIAL BANDWIDTH —>

| EXPERIMENT
BANDWIDTH
l" __ 200 MHz -
| QFPSK
19,75
I BEACON i
19,845
| T 1
L | | , l | I
19,6 19,7 19,8 19,9 20,0 20,1 20, 2

FREQUENCY, GHz

Figure 5-15. Downlink Frequency Plan

5.5.2 EXPERIMENT SYSTEM - ELECTRICAL DESIGN
Figures 5-16 and 5-17 show a block diagram of the MWCE-MOD II Shuttle equipment,

The experiment operates in one of the three following modes:
i. Transponder mode
2. Module mode

3. Beacon mode

In the transponder mode, the uplink communication signal is received at 29. 55 GHz and
converted to an IF frequency of 1.375 GHz by means of a low noise image recovery mixer,
The signal is then filtered, amplified and up-converted to the downlink frequency of

19.75 GHz, Finally, it is amplified to a level of 10 watts in a TWT amplifier,

The transponder signals will consist of wideband analog or digital signals and a heacon

signal which is received from the ground station or is originated in the {ransponder,
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Figure 5-16. MWCE-MOD I Experiment Configuration (RF Portion)
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Either RHC or LHC polarization can be selected by means of receive and transmit

switches,

When operative in the Spacelab mode, uplink signals are converted to an IF frequency of

70 MHz and transferred to the Spacelab module as shown., Downlink signals which originate
in the Spacelab module are transferred to the pallet equipment at 70 MHz and then converted
to the IF' frequency of the transponder.

The Mocule mode of operation may consist of independent uplink and downlink signals. For
example, a 50 Mbps signal may be demodulated in the Spacelab QPSK demodulator and BER
tests may be performed at the same time a different QPSK signal or analog signal is trans-

mitted to the ground station,

BER tests may also be performed in the Spacelab on uplink signals at the same time BER
tests are run at the ground station on the downlink transponder signal.

Operation in the normal Beacon mode may occur simultaneously with operation in the
Transponder mode or Module mode., In this case, the Beacon signal is 20 dB below the level
of the communication signal. In most cases, however, important propagation character-
istics will be obtained during beacon operation at the high power level as shown in Table 5-
13. As shown in the block diagram of Figure 5-16, the downlink beacon signal originates in
the frequency synthesizer and is injected into the downlink at the IF frequency at two dif-
ferent levels. The two levels of beacon signal are switch selectable, The low level is for

normal operation and the high level is for the acquisition and propagation mode,

The beacon signal can also be switched to a broad beam horn antenna when downlink signals

are desired at more than one ground station or during handover from one station to another.

An optional multitone beacon package is shown in the block diagram of Figure 5-16, which
could be GFE equipment, should the need arise.
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3, 5.3 EXPERIMENT SYSTEM-HARDWARE DESIGN

Hardware Description

The hardware comprising the MWCE~MOD II is made up of pallet-mounted equipment and
Spacelab Module equipment. Concept mechanical configurations are shown in Figures

5-18 and 5-19. In the Transponder mode and Beacon mode, the pallet-mounted equipment
can operate independently of the Spacelab Module equipment, except for TT&C housekeeping
and power control equipment, The two assemblies mounted on the paliet are the antenna

subsystem and the transponder subsystem.

Antenna Subsystem

The antenna subsystem consists of a 30 GHz dual polarized antenna/array, a 20 GHz dual

polarized antenna/array and a broad beam horn with a 4 dB beamwidth of 140 degrees.

The antenna subsystem will be a subcontract item which may or may not be supplied by the
prime MWCE contractor, By program definition, this task considers only mechanically fixed
antennas, The design of the MWCE-MOD I antenna subsystem is beyond the scope of this
contract and will be addressed in a separate antenna design study. The desired pattern,
Figure 5-13, is not feasible using a single passive antenna. The most cost effective ap-
proach may be to reduce or eliminate the requirements for low elevation angle coverage,
accept a shorter mission test time, and use a switchable multibeam antenna system or
similar design. Table 5-11 shows typical operating time starting at 5° elevation angle

from Rosman, North Carolina,

Shuttle Interface Electronics
The Shuttle Interface Electronics Unit consists of encoding and decoding equipment re-

quired to process and interface all command and telemetry signals with the Shuttle

TT&C equipment and with the Spacelab display and control equipment,

Equipment Summary
The hardware matrix chart (Table 5-12) lists all the proposed equipment for the MWCE-

MOD II experiment, with estimates of the size, weight and power requirements of each.
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Table 5-11. MWCE Operating Time Over Rosman, N.C.
for 5° Ground Station Elevation Angle

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Orbit Time| Orbit Time| Orbit Time | Orbit Time]| Orbit Time | Orbit Time
: (Min, ) (Min. ) (Min. ) (Min. ) (Min. ) (Min. )

1 7.5 16 4.9 | 33 5.0 ] 48 6.7} 64 1.3 | 79 5.0
A 2 67| 17 75| 36 2.8 52 7.0] 67 54 | 82 2.8
6 7.0 18 1.3} 37 7.8 ] 53 6.8]| 68 80 | 8 7.8

7 6.8 21 54| 38 3.5 | 62 4.9 78 8.0 | 84 3.5
22 8.0 47 7.5 | 63 7.5
o Total 28,0 35.1 26.6 32.9 22.7 19.1
Six-Day Total: 164.4 Minutes
. Orbit: 400 km, 57° Inclination
o
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Table 5-12, MWCE-MOD II Hardware Matrix

SIZE WEIGHT |  POWER
{TEM cM Kg (WATTS)
PALLET EQU!PMENT 41.55 17.6
o ANJENNA SUBSYSTEM ESTIMATE ——= 25 —= 20
o TRANSPONDER SUBSYSTEM 16. 55 97.6
- RF SWITCH ASSEMBLY 20 x 25 x 6.4 2.0 10
. RECEIVE BP FILTER 10x25%2 Q.2 -
- LOW NOISE MIXER FRONT END 8x3x3 0.2 -
- IF AMPLIFIER ASSEMBLY Bx5x5 1.5 2.9
- IF INTERFACE UNIT 5% 5 x 10 .6 -
- UP CONVERTER ASSEMBLY 10x6x6 .15 2.5
- STEP ATTENUATOR AND DRIVER 22x12x5 1.5 2.0
ASSEMBLY
- TWTA 33,7x107 x 9.0 2.8 50
- 20 GHz LOW PASS FILTER 5% 25X 2 0.2 -
- POWER MONITOR 5%5 %3 a3 .2
- MSC HARNESS & RF CABLING 4,5 -
WAVEGUIDE, PANEL, ETC.
- FREQUENCY SYNTHESIZER 15.25 x 5 x 1.5 2.0 30
SPACELAB MODULE EQUIPMENT .2 311
* QPSK MODEM ASSEMBLY
QPSK MODEM 48,25 % 50.5 x 13.3 15.9 30
- PN GENERATOR AND BER 48.25 x 50 % 5 4.0 10
DETECTOR
- SGNAL STRENGTH MODIFICATION 10 10
T0 MODEM
o INTERFACE UNIT 1.0 -
¢ STRIP CHART RECORDER 17.8x43.2x 3% 12.3 120
@ SHUTTLE INTERFACE ELECTRONICS AND | 48.25 x 50 x 14 16 30
SWITCHIATTEN DRIVERS
¢ POWER CONVERTER/CONTROL 48.25 % 50 x 14 16 20
¢ DIGITAL PRINTER 2.6 x 17.8 x 35.6 7.0 100
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5, 5.4 GROUND STATION CONSIDERATIONS
Several modifications may be necessary to existing ground stations o participate in the

MWCE-MOD I experiment, First, a nominal G/T of 30. 1 dB/%K was used as the figure of

o Wl s B o B e

merit for the ground station receiving equipment in the following link analysis. This figure

is achieved with a 3 dB parametric amplifier preceded by 1 dB of loss and a high elevation

= 4

angle antenna temperature of 50°K.,

Second, in the Transponder mode of operation, the uplink Doppler shift of + 750 kHz adds to 2
the downlink Doppler shift of +500 kHz for a total Doppler of 1,25 MHz at a maximum rate
of change of 24 kHz per second, |

These Doppler rates and offsets are not problems in high data rate system where the

recovered carrier has a high signal-to-necise density content and where tracking loop band-

=

widths are high, The communications experiment at 50 Mbps may not be performed during : " ‘

adverse weather conditions and low elevation angles, In order to provide large fade/loss SR

o

margin, narrow detection bandwidths must be used for the beacon signal, which in turn

require the use of tracking receivers,

Since a tracking pilot receiver is necessary to track the beacon, the tracking of the full

Doppler by the QPSK demodulator can be relaxed since most of the Doppler will be removed
by the pilot receiver. However, this is only true when the source of the beacon signal is

collated with the source of the QPSK signal. If this is not always true, then the QPSK de- ; * i
modulator must be capable of tracking the residual Doppler in the received signal, which B

may include the entire uplink Doppler shift, if the beacon originates in the Spacelab and the @ ;
QPSK signal originates at the ground station, Figure 5~20 shows a conceptual block dia- o ;

(=)

gram of the ground station receiving system using a pilot receiver,
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SECTION 6
OTHER CANDIDATE MMAP EXPERIMENTS

-

At the outset of this study, as explained in the Introduction (Section 1), a number of other
candidate experiments were to be considered other than AMPA, EEE, and MWCE, The
objective was an attempt to identify a commonality in the antenna subsystem, electronics N

subsystem, power and control subsystems, and data handling subsystems. From this

design commonality, theoretically it is possible to configure a number of related MMAP _;
experiments such as those listed on page i-1 (duplicated below with number 9 added): i

EEE

AMPA
MWCE .
Orbiting Standards Platform (OSP) S
Antenna Range Experiment (ARE) P
Cooperative Surveillance Spacelab Radar (CSSR) Experiment
Data Collection with Multibeam (PCMB) Experiment L
NAVSTAR GPS Experiment (GPS) O
Position Location Interferometer (PLI)-

The study revealed that the experiments are each virtually unique with respect to one
another in their antenna, transmitting, receiver, and signal processing requirements, ]
Each one must he optimally designed as a aprtial or total pallet-experiment hardware Tl
package, However, the Shutfle-provided data handling, control, and monitoring suhsystem

(CDMS) and the power subsystem (EPDB) etc., may be used for all experiments.

By direction from GSFC, emphasis was placed on the first three experiments listed, In ; i

o &0 o o COo D o O o o

the last interim report it was indicated that the PLI would be considered, This was sub-

sequently dropped by GS¥C as a potential Spacelab experiment,

During the later phases of the MMAP contract, the OSP has emerged as a good potential

Spacelab experiment for future flights, perhaps after 1982,

L S Ty AR e < P b

6-1

) =)
Y
i

S L ey e L .




The remaining portion of this section is devoted to a brief overview of the work done to

date on OSP as a result of the Preliminary User Requirement Study accomplished by
OT/ITS (Office of Telecommunications/Institute for Telecommunications Sciences), Baulder,
Colorado, and NASA, with active GE support. An informative data package and question-
naire has been sent to prospective government and commercial users of OSP. Participants

in the working group, chaired by John Woodruff, included:

R. Baird - NBS

H, T. Dougherty - OT/ITS

G. Ehrlich - NASA/Hdgts.
A, J. Estin - NBS

A, Kampinsky - NASA/GSFC
R. W. Kreutel -~ Comsat Labs
W. L. Morgan - Comsat Lahs
do Woodruff - NASA/GSFC

Following is a brief description of the proposed OSP experiment.

8.1 EXPERIMENT OBJECTIVE AND JUSTIFICATION OF THE SPACELAB OSP
EXPERIME NT

The objective is to develop, test and demonstrate on a Spacelab, The OSP concept is to

deploy at synchronous orbits, a family of dedicated-standards beacons and receivers to
provide signal sources and receivers of well-defined frequency, spectral power, noise, and
polarization properties for the measurement of long-term propagation statistics and the
measurement and calibration of antennas, It is necessary to chaacterize accurately and
precisely the ground station antennas and propagation paths for optimum utilization of the
available spectrum on earth/satellite links, For a significant user community, the use of
synchronous satellite pattern range is the only cost-effective means of precisely measuring
large anterma gain, patiern and polarization characteristics. These needs require dedicated
signal sources and receivers as described above, and/or long, continuocus periods of propa-
gation measurements (adequate to provide meaningful statistics) to synchronous orbit, The
Shuttle provides a significantly softer ride into orbit of standards-quality devices, checked,
tested, and thermally evaluated while in low orbit and softly inserted into a synchronous

orbit.
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The current trend towards re-utilization of frequencies and utilization of higher frequencies
requires improved characterization of both the propagation path and the ground station

antennas that can only be done effectively using a "standard source' at synchronous orbit.

Present capability is limited to natural sources (e.g., radio stars), System margins on
satellite/earth 1inks have to be made larger; pattern and gain control on physically or
electrically large antennas and tighter controls on polarization, for example, are almost }

impossible to effectively invoke in the absence of such a facility (standard source).

?:

6.2 TECHNICAL APPROACH FOR THE OSP EXPERIMENT ?
3

The approach is to develop Orbiting Standards Platforms consisting of simple dedicated pay- :
loads brought up to low orhit by the Space Transportation System (STS) in a package attached =

E:q- 5

(one per mission) on dedicated free~flyers, checked out and tested in space and then inserted

gently into synchronous orhit. Free-flyers would be retrieved and re-used, payloads modi-

fied and/or replaced during the missions, The OSP will have antennas of precisely known

gain, pattern, and polarization servicing a variety of signal sources and receivers, The

sources and receivers will operate in modes such as: commanded center-frequency and

bandwidth, swept frequency, commanded coherent tones, and spectrally pure discrete ]

frequency. The sources will have synthesizer/modular capability and precisely controlled

power outputs. The receivers will have precision phase and amplitude measurement capability. o

Receiver outputs will be encoded and fransmitted to earth along with other monitoring and

e j

control data.

- A

6.3 BASIC OSP EXPERIMENT REQUIREMENTS
Initial experiments will probably involve pallet-mounted antennas and electronic hardware

in the Shuttle bay area much as planned for the EEE, AMPA, and MWCE experiments, This .'{ i

will enable basic checkout of all fundamental experimental work to be done with the Shuttle

T

low orhits in conjunction with various user terminals.

The ultimate experiment requires the Orbiter/Shuttle for checkout and test; soft insertion

(2G) into synchronous orbit; and packaging for (2G) launch fo orbit, The experiment
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hardware includes a free-flyer package with appropriate attitude control and prime power
(=1 kW) for a minimum two-year mission, T&C channel capacity to monitor and control
OSP, NBS-calibrated antennas (earth coverage), frequency standards, signal scurce conirol
and monitoring, signal sources, etc. Cn-hoard support by the Payload Sperialist involves
onboard checkout of OSP, adjustment and modification of OSP for re-use, insertion of OSP

into a free-flyer mode, and later retrieval of OSP for low-orbit testing.

Initially, multi-mission coverage using discrete segments of the frequency range 100 MHz
to 100 GHz would meet most needs, Expansion to segments in the range 10 MHz to 300 GHz
would be ultimately desirable, A set of dedicated narrowband frequencies spread over the
spectrum that can exceed the approximate -150dBW/m?/4 kHz flux limit appears desirable

and should be sought at the upcoming international conferences.
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SECTION 7

NEW TECHNOLOGY

Work on this contract during the contract period of September 1976 through September 1977

has not resulted in the evolution of new technclogy.
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SECTION 8
CONCLUSIONS

At the end of the MMAP Sysiems Definition Study, some preliminary conclusions may

be drawvn. The effectiveness of the study benefited by the highly responsive

posture that has been maintained during the course of the contract with the Technical
Officer, J, Woodruff, the various Principal Investigators, and with NASA support personuel,
Examples include timely responses to the Spacelab Experiment Announcement of Oppor-
tunities (AO's) which resulted in the preparation of several Spacelab proposals written in
NASA's context. Also included is the detailed technical consideration of a multiplicity of

experiment design and system variations, many suggested by the Principal Investigators.

Work completed during the interim period September 1976 to July 1977 has resulted in two
experiment designs, the EEE-MOD I and the MWCE-MOD 1. Cperational parameters were
studied and applied to the AMPA Experiment. A 400 km, 57° inclination orbit profile was

selected as a typical one to define the operational parameters for the experiments,

The AMPA and EEE-MOD I instruments have been completed in this feasibility and systems
definition study and may now progress to the next phase of NASA's experiment hardware
procurement, As a cost effective technique, some of the work was based on completed con-
tracts 1»2 and on current AMPA contractual work being conducted for NASA by the Air-
borne Instrument Laboratories, The General Electric studies provided the basis for the
AMPA Concept Review held at NASA-GSFC in February 1977. Work on defining the AMPA
experiment's operational modes has shown that at least a + 70° viewing angle from the
Shuttle is needed to provide an experiment operating time of 6~8 minutes. Details of the
experiment operation are included in Section 3 of this report along with a trade-off study

of viewing angle versus operating time.
The MWCE-MOD I concept design was completed for a system using a steerable antenna
mount, This system represents a full-up MWCE, found o be too expensive for the initial

implementation. An analysis of the MWCE radius of operation reveals that operation to
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ground terminals with at least a 5° ground-elevation angle is needed to achieve practical
operational times, in the order of 6-8 minutes, Therefore, it appears essential to employ
a high gain ground antenna in order to achieve a satisfactory carrier-to-noise (C/N) ratio

at low antenna elevation angles.

A lower cost MWCE-MOD II concept design was completed during the period March 1977

to June 1877, which promises to meet essentially all of the experimental requirements.

System definition of the EEE-MOD I (121, 5 MHz to 2700 Miz) and EEE-MOD I (121. 5 Mz
to 43 GHz) are complete. Equipment layouts indicate the reguirement for one standard
paliet and moderate-size electronics packages in the Spacelab Module or AFD. Datfa
handling requirements were studied and reported in a separate task report (C.I. 10) in-
volving the transmission of real-time data via the TDRSS links., Flexibility of experiment

control is afforded by three optional operational modes: remote control via TDRSS,

autzmatic programmed control, or manual control by the Payload Specialist, Analysis work

was done to evaluate the effects of antenna pattern coverage with the higher gain, higher
frequency antennag above 2,7 gHz, Tilting the antennas forward and off nadir produces an

optimum coverage of terrestrial emitters,
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APPENDIX A
MWCE-MOD I ANTENNA POINTING SYSTEM PRELIMINARY DESIGN

[Ty

o

1.0 FUNCTIONAL DESCRIPTION
The MWCE Antenna Pointing System (APS) has two modes of operation: Acquisition and

< Tracking., The APS functional block diagrams for the acquisition and tracking modes are

shown in Figures 1 and 2 respectively., In the acquisition mode the gimbal orientation re-

T

Y quired to peint the mcaopulse antenna at the desired ground station is determined by the
- MWCE controller and applied to the APS controller, The commanded gimbal orientation
is compared with the actual gimbal orientation as measured by the gimbal potentiometer.
The gimbal orientation error is then used to command the gimbal torquer such that the

== gimbal orientation error is nulled. B

== When the monopulse system has acquired and is fracking the ground station, the MWCE
controller switches the APS from the acquisition to the tracking mode, In the tracking mode l
(see Figure 2), the monopulse processing electronics generate signals that are proportional "
to the antenna pointing error relative to the ground station. These signals are processed

to generate the appropriate gimbal commands to null the antenna pointing error.

-
niaed it ¥ 5. it b oo e n

The APS is comprised of two major components- The gimbal assembly and the APS con-
troller. The gimbal assembly contains the gimbal structure, drive motors, bearings, and
potentiometers, The APS controller contains the elecironics required to process the gimbal

pointing error signals and generate the appropriate gimbal motor drive signals.,

" The APS gimbal assembly mounted in the Spacelab pallet is shown in Figure 3. The gimbal
""" concept is a two axis, X-Y direct drive gimbal similar to that used on the S-193 Skylab g
experiment, The MWCE mounting arvangement allows the MWCE fo be .
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Figure 1 MWCE APS Acquisition Mode Functional Block Diagram
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stowed with a low c.g. relative to the shuttle but swing up to cbtain the +70 deg
(in both directions) clear field-of-view réqu.i_red for the MICE.*

A cutaway drawing of the gimbal assembly is shown in Figure 4. Two Inland
7200 DC torque motors provide gimbal control torques. For the nominal wass pro-
perties, this results in a 0.34 rad/sec2 angular acceleration capability*

The APS controller functional block diagram is shown in Figure 5. This aAPS
controller desicgn is based upon the design analysis described in Section 3. 'The
same control loop campensation is used for both the acquisition and tracking modes.
Thus, mode selection congists essentially of specifying the pointing error source.
It is assuned that the mode commands and acquisition gimbal comands are generated
external to the APS.

2.0 Requirements

This section contains the preliminary MACE APS requirements that were used
to guide the design effort. All requirements are 3@. It can be anticipated that
these requirements will be modified as the MWCE design is refined.
2.1 Acquisition Mode

Pointing Accuracy

The APS shall point the antenna boresight within 2 deg of the commanded
attitude after the slew and settling time.

Slew Duraticon

The APS shall execute a cammanded 60 deg reorientation with a total slew
and settling time less than 10 sec.
2.2 Tracking Mode

Tracking Accuracy

When using the narrow beamwidth monopulse, the antemna boresight shall point
within 0.10 deg of the ground station.

Transient Response

an initial 10 deg attitude error at monopulse acquisition shall be reduced
to within the tracking accuracy limits within 10 sec.

3.0 Design and Performance Analysis
3.1 Acquisition Mede

The preliminary acquisition mode single axis gimbal control loop is shown in
Figure 6. For the preliminary design no slew command shaping/feedforward control
has been included. For large angle slews, the gimbal drive motor will be saturated

* The MCE ginbal and support structure configuration was designed by John Zemeny;

the detail gimbal desiga was provided by Rae Stanhouse.
A-5
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yvielding a maximm gimbal acceleraticn of .34 rad/sec‘?'. With this acceleration
capability, an optimal 60 deg slew can be completed in 3.5 sec. The acguisition
control loop shown in ligure 6 will not yield an optimal (i.e., minimm time)
slew maneuver; however, it is anticipated that the 60 deg slew maneuver can be
g campleted well within the 10 sec requirement.

- The accuracy of the slew maneuver ig determined by the gimbal potenticmeter
g angular readmit accuracy. Mesting the 2 deg acgquisition mode pointing require-
0

ment should not present a problaem. It should be realized that other attitude
error sources external to the gimbal servo loop (e.g. shuttle attitude errors,
gimbal camand errors, etc.) will also cause errors in the antenna boresight
Eg pointing.
3.2 Tracking Mode
E There are several conflicting factors in the design of the tracking mode
' APS. Iow tracking errors, fast response and the reduction of the effects of
disturbance torques, gimbal bearing friction, and shuttle motion are accomplished
¥ with a high gain, high bandwidth control loop. On the other hand, the undesirable
effects of monopulse noise on pointing error are agravated by increasing the con-
T} trol loop bandwidth. A preliminary tracking mode control loop design was per—
formed to evaluate these conflicting factors and evaluate the feasibility of the

lg, APS design approach.

= The tracking mode gimbal control loop block diagram is shown in Figure 7.
ﬁ A series campensated control loop has been selected for the baseline design.

= This represents the simplest (and least expensive) approach for the APS design.
The parameter values for the baseline control loop design are given in Table 1.

7

i1 The motor parameters are based on similar DC torgue motors. The MWCE moment of
_ inertia is based on preliminary mass properties data. Single axis, rigid body
o

ﬁ dynamics have been used for the preliminary design analysis. In view of the

relatively low angular rates and control loop bandwidth for the APS, gimbal cross
coupling and flexible structure dynamics should not significantly impact the
baseline design.

Summary

The principle conclusion of the preliminary design and performance analysis
is that the 0.1 dey tracking mode pointing accuracy requirement can be satisfied
by the baseline APS design. Table 2 contains a summary of the baseline APS

performance.
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Table 1 Antemnna Pointing System Parameters

Synbol Definition Value Units
T Moment of inertia of gimbal and experiment 31. slug Ft2
Kc Campensation gain 1000 volts/rad
Wz Campensation lead break frequency 1 rad/sec
WP Compensation lag break frequency 40 rad/sec
Wm Monopulse noise filter break fregquency not used rad/sec
K‘I‘ Motor torgue constant 0.25 ft.1b/volt
B Motor back emf coefficient 1 volt/rad/sec

K
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Table 2 Baseline APS Performance Summary

Performance

Performance Criteria Ievel Comments
Steady state pointing error 0.001 deg Indicates that tracking error due to relative
caused by 1 deg/sec ramp .input ground station motion will be small
Pointing error caused by . 0.001 deg Based on moncpulse noise level of 0.00048 deg (34 )
monopulse noise
Response to disturbance torques Can be reduced by increasing loop gain/bandwidth;
cause by shuttle motion 0.06 deg however, this increases the effects of monopulse
noise and flexible structure, control loop interaction
Linear step response settling time Represents nulling of initial error (i.e., acquisition).
(time to move within +5% of final 1.2 sec. Iarge initial errors (> 1.5 deg) will cause motor
value) saturation and an increase in the response time.
Pointing error cause by bearing Based on 0.2 ft. lb. bearing friction. Can be reduced
friction 0.03 deg by integral campensation
Response to shuttle angular Not yet evaluated; however, the relatively low shuttle
rate 8D angular are not expected to cause significant control
disturbances.
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Stability

Of prime consideration in any control loop design is stahility. Figurz 8
shows the open loop bode plot for the baseline APS. The lead cmq:;ensatim break i
frequencies have been selected to yield a relatively large phase margin of 72 deq.
This results in an overdamped control loop response which has the advantage of il
reducing the effects of monopulse noise. The possibility of including a mono- :
pulse noise filter was incorporated in the baseline design (see Figure 7). The 4
preliminary analysis indicated that the noise filter did not significantly
improve performance and consequently it is not included in the final baseline design. i

The closed loop frequency response for the baseline APS is shown in Figqure 9. I
The closed locp bandwidth is 11 rad/sec. ‘
Step Response Gl

The unit step response is shown in Figure 10. In general, the step response P
shows the mammer in which an initial error is nulled; i.e., it describes the ; _;
acquisition response. However, the loop gain is such that motor torque saturation )
will occur when the initial error is greater than about 1.5 deg. If the motor
saturates, the step response rise and settling time will be increased. However, {
the motor acceleration capacity is such that the 10 sec requirement for nulling
an initial 10 deg acoquisition attitude error should be satisfied. iy

e e b g
R . !

)

)

i

g;t:—‘-",_,q:"l

Bearing Friction Effects _
5-193 ginbal experience indicates that the gimbal bearing friction will be S
on the order of 0.2 ft. lb. For the baseline APS gains, the pointing error
required to overcome the friction is 0.03 deg. This value appears acceptable;
however, it desired, it could be redueed by the incorporation of an integral
canpensation term in APS control campensation. If the friction level goes up,
then it will be necessary to add the integral coirpemsation. This will not be i
a significant impact to the design. ; 1
Steady State Tracking Error i
For the baseline APS, the steady state pointing error response to a ramp

input is given by:

i

Beg = "K_C:ec

where ©¢ is the gimbal command ramp rate.
The maximmm tracking angular rate for the MACE is about 1 deg/sec. For the
baseline APS, a constant 1 deg/sec angular rate input causes a steady state

e Y

2'%( error of 0.001 deg. During actual operation, the input to the APS will not have

i
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a constant angular rate; i.e., keeping the antenna boresight aligned with the
W D ground station will require some angular acceleration. This angular acceleration ]
will cause some increase in the tracking error; however, the angular accelera- '
tion is low and the above result indicates that the tracking error caused by the

target motion will be small.

Disturbance Torgue Response -
An inportant consideration in the MKE APS is the effect of disturbance I
torques introduced by shuttle motion. It is assumed that the shuttle is limit b
cycling between atiitude error limits, When the attitude error limit is reached. EE
thrusters are fired to reverse the shuttie angular rate. These thruster pulses i
generate shuttle motion that results in disturbance torques being applied te the 4
APS gimbals, ' }
The disturbance torque caused by shuttle motion can be shown to be:* m%
'_I‘d = lE m Zg Sl

= =3

where Td is the disturbance torque j
lp is the distance from the experiment center of mass and the gimbal i

(&3
g

' m  is the mass of the experiment i
_ %g is the ginbal acceleration. I
| Zg depends on the shuttle motion and is given by: )
U %y = (_I]I-l_s * l‘;Slt) F.
ﬁ where F_ is the thruster force used to control the shuttle attitude. [
1. is the moment arm from the thruster to the shuttle c.q. i
1y is the mament arm fram the shuttle c.g. to the gimbal axis.
I, is the shuttle moment of inertia.
g is the shuttle mass.

*This disturbance torque analysis is based on a similar analysis performed
by Ball Bros. Research Corp. for the shuttle Small Instrument Pointing

System (SIPS).
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The following numberical values are used:

m, = 5925 glugs
I = 5.8099 E6 slug ft2
Fr. = 36 1b.
1, = 66 ft.
lg = 30 ft.
lg = 3 ft.
m = 6 slugs
yielding
Zg = 0.0184 ft/sec’
and

™d = .33 ft.ib.

The disturbance torgue is not a step but rather a short duration pulse. The
duration of the pulse can be determined from the time required to change the
shuttle angular rate from +0.01 to -0.01 deg/sec. which yields a pulse duration

of 0.86 sec.
To find the approximate gimbal attitude error caused by the shuttle motion,

the disturbance torque pulse will be approximated by an impulse with strength

(.33) (.86) = .28 ft. lb.

The response to the shuttle induced 0.28 ft. lb. disturbance torque impulse

is shown in Figure 1l. It can be seen that the peak antenna pointing error is
about 0.06 deg. This is acceptable; however, for the preliminary design phase
it would be desirable to have a slightly lower disturbance torque response.
The disturbance torgue induced pointing error can be reduced by increasing the
control loop gain and bandwidth. This also increases the errors introduced by
monopulse noise; however, the monopulse noise analysis indicates that there is
sane margin for increasing the bandwidth.
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Mongpulse Noise Response
The antenna pointing error response to monopulse noise is given by the APS

closed loop response.
%Ls\ = G )

It will be assumed that the monopulse noise is white with strength an;
thus the monopulse noise power spectral density (PSD) is uniform with frequency
and has magnitude TnZ.

The 16" pointing error caused by the monopulse noise (g, is then camputed by:

‘/Z.

z
G—G = Ga —‘?-L;_: ‘(:Jc(._\w\\ dw

- 0O

The integral in the brackets has been tabulated for raticnal algebraic
transfer functions. For the baseline APS, the monopulse noise response can be

camputed to be:
U-e'.'—' Z.IS Q—v\

A preliminary analysis of the MWCE monopulse tracking accuracy indicates
that the monopulse noise will be quite low — 0.00016 deg (1€ }. Thus, the 3 q
antenna pointing error caused by monopulse noise is 3 (2.15) (.00016) = .00l deg
for the baseline APS.
Other Consideratiaons
1. Effects of Shuttle Angular Rate

Shuttle angular rates cause antenna pointing disturbance through the motor
back emf (as shown in Figure 7) and through the bearing friction (not shown in
Because of the relatively low shuttle angular rates, these disturbances

Figure 7).
are not expected to produce significant antenna pointing errors.

2. Antenna Stowing Maneuver
The MWCE anterna must be stowed and latched prior to shuttle deorbit and

landing. The important requirement for the stowing maneuver is that the antenna

be guided into the proper position for engaging the retention mechanism without
striking any of the support structure. It appears that the baseline APS can
support this requirement by employing the acquisition mode control configuration
(i.e., cantrol using the potenticmeter) and selecting a proper sequence of control
camnands.

First the antenna would be oriented such that a single gimbal 7xis maneuver
is required to camplete stowing. The final stowing maneuvexr would then be
executed as a series of small steps or a slow rate ramp until the antenna is in
the desired position. This approach would aveid any significant control loop
overshoot that would bump the antenna into the support structure.
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Mn alternate approach for the final (i.e., single axis) stcwing maneuver
would be to modify the control loop campensation such that the loop is highly
overdamped and responds to cammand inputs with zero overshoot. This approach
would camplicate the APS controller somewhat but simplify the stowing maneuver
cammanding.

3. MWCE/Spacelab Cable

The current MWCE design employs a flexible cable to provide power and
signal cammmication between the gimbal mounted MWCE and the Spacelab. Care
must be taken in the design of this cable to ensure that the cable induced
disturbance torques do not generate large pointing errors.
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APPENDIX B
MWCE-MOD I ANTENNA RE QUIRE MENTS ANALYSIS

The MWCE (Millimeter Wave Communications Experiment) must be capable of operating in
various modes, including independent up and downlink modes, as well as bent-pipe transponder
mode, where the uplink 30 GHz signal is translated to 20 GHz and retransmitted back to the
ground. The transponder mode of operation sets the minimum gain requirements on the
receiving and transmitting antennas, since this mode includes the tandem link loss of the

cascaded up and down links.

The total round trip signal to noise ratio is expressed by the following equation:

SNRl SNR2

SNR,, = SNR, + SNR, )

where, SNRl = Uplink minimum SNR

SNR,) = Downlink minimum SNR

But, SNRy = SNR, = 22.7 dB, as defined by the requirements given earlier. Now if SNR is
to be made equal to 22.7, then SNR; and SNRyp must be increased by G'1/Gy and G'3/Go

respectively as shown in equation (2).

SNR, (G',/G,) SNR, (G',/G,) o

SNR,., = - ;
T SNR1 (G l/Gl) + SNR2 G 2/(3:2)
where Gl = One-way uplink 30 GHz antenna gain
Gl = Two-way 30 GHz antenna gain requirement
G2 = One-way downlink 20 GHz antenna gain
Gé = Two-way 20 GHz antenna gain requirement
Now since SNRT = SNR1 = SNR2 = 22.7 dB, equation {2) becomes,
t t
1 = E.l...iz___.._ - ©s + ! (3)
t t - ' '
GZ G1 * Gl Gz Gz G1
Now let G'l = G:?/ K  and substitute into (3)
Therefore,
T = +
G2 Gr2 GlKo 4)
and
t = 4
Gl =G, + G, /K, (5)
B-1
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Equations (4) and (5) show that the minirrum two-way (30 GHz and 20 GHz) antenna gain require-
ments for the transponder mode is a function of both the uplink and downlink minimum gain
requirements for the one-way links. For the equal gain case, where Kg = 1, the minimum

gain requirement for the two-way link is simply the sum of the one-way link antenna gain ratios,
or,

GI =Gl =G, +G

2 1 "2
The analysis which follows is performed o determine the one-way uplink and downlink antenna

gains (Gy and Gg) as a function of elevation angle, and angle off Nadir for an orbiting Shuttle
at 400 km altitude. The results are plotted in Figure B-1,

Using the results in Figure B-1, the 30 GHz and 20 GHz antenna gain requirements for the
two~way link are plotted in Figure B-2, for equal gain case, or Ko =1, ——.

Figure B-2 shows the equal aperture case when K_ = 1/2.25.
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Figure B-1. Antenna Gain Requirements for One-Way Links Only
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G1 = SNR + BW - 228.6 (Boltzman's Constant) + TS + L+ Lp - EIRP

Qr

Parameters

where

30 GHz Receiving antenna gain

22.7 dB in 50 MHz bandwidth

Signal bandwidth, 77 dB-Hz

System effective receiving temperature, 32.8 dB-%K
0.5 dB, antenna pointing loss

Ground station uplink signal EIRP = 79.5 dBW

Total link losses, including the following,

-10 log (1/4 « Rz), Path spreading loss, dB

-10 log (h2/47r), effective area, isotropic antenna

0,.3196

: , fimospheric loss, dB (to 3° Elevation)
sin 0

R =cos (6 + @)/cos B R, * h), range in km

e

R
sin—l( ) cos B, degrees, view angle off Nadir

R +H
e
Elevation angle, degrees
Earth's radius, 6374 km

Shuttle altitude, 400 km

G, =175.1 -10 log (1/4 7 R%) - 10 log (A2/4 7) + 0.3195/sin 6,

= -175.1 + L (dB)

(dB)

T
s




E N S

&)

ST

-

R ST L PP

= -43/8111 9, dB

Atmospheric Loss Ratio = AR = 10AL/10, Ratio

Atmospheric Loss = AL

(Ap-1)
Ground System Effective Temperature = Tg = -—f—-—— 290 + 50° + (NF-1) 290
R
or Tg= ~———— 200 +488
AR ; ;_'-'!

Therefore,

G/T = 57 - 10 Log Tq

Downlink Antenna Gain

Gy = -Po + Ly + L+ L - G/T - 228.6 + BW + SNR + Transponder Loss B BY

Where e .

L
Il

10 dBW (Saturated TWT)

Line Loss, 1.0dB

t-|
Il

Pointing Loss 0.5 dB ;

(e
i

Space Loss at 20 GHz including atmospheric loss at 0.43/sin 8, dB

=
I

SNR .

— IR ___ . 0.2 dB for 500 MHz Transponder (Power Robbing of g
SNRTR +1 i

Transponder EIRP by Noise for Saturated TWT) or G, = 137.2 - G/T + L (dB) To

Transponder Loss =

FURI
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APPENDIX C
EEE ANTENNA PATTERN AND FOOTPRINT ANALYSIS

The beam formations and antenna arrangements of the Electromagnetic Environmental

Experiment (EEE) on board the Space Shuttle are used to monitor RF radiaticn from emitters

(=

located on the earth. The anienna arrangements selected use as much existing hardware as

RTh
b reh)

possible, The EEE~MOD II antennas handle the frequency bands of 0.1215 ~ 2,7 GHz ;
plus the 2.7 - 43, 0 GHz range, Sketches of the EEE-MOD II antenna arrangement are shown o
in Section 3.0. Sections 1.0 and 2,0 describe the RF parameters and the specific levels

—

of radiation, 1
i

(=

1,0 SENSITIVITY ANALYSIS
The EEE antennas receive signals (at specific irequency bands) from many sources of L F ';‘

(==

radiation., These sources include harmonics of other sources, residues of spectra of other ; ‘

bands, intermodulation components, etc., with signals which vary considerably in ampli- S ]

tudes, phases and directions of arrival.

i
LRy
S TR

A source signal field level may be represented by

K=k, eitn

.

Where Kn is the amplitude vector of the source signal and ¢n is its phase. The total

received level, from numerous sources in the antenna field of view at the antenna

-y

terminals is given by

— N
A, =T ADnaian

n=1 In ’ 2)

Uty

f )

where Dn is the antenna gain in the direction of the source of radiation, k= 2m/) ,

j 1
Tn is the path length distance to the source, N is the total mumber of sources and A : y

et

is the wave length of electromagnetic radiation.

¥T =T-+1:n,
n "o

(s

%
=2




where T0 is the path length from the antenna phase center to a point of observation on
earth along the direction of the main heam, and tn is the differential path length to other

points of observation away from that direction, the signal level at the antenna terminal is

given hy

N
By = elkTo ;  AnDn i (Pn+ kip) 3)
n=1L Tn

In case of uniformly distributed sources of equal amplitudes, neglecting phase and path

length variations among the sources, the received signal level is

H
KS = oikTo 3 SnD, f In dS, 4

n-—

where K is a representation of elementary signal amplitude and polarization, K is

equal to , 048 is the elementary source sampling area and {} is the solid angle

— gikTo
TO

of the antenna pattern, in the field of view.

Equation (4) represents the conventional antenna far field pattern, the gain of which is

given by
G

G -
|1'€|2f (n)? ds o)

The smaller the value of the integration the higher the antenna gain., When the path
length of the signal is taken into consideration (with uniform amplitude and phase of

saurces)
ol N
7 -AefkTo 0 Dy iken 6)
st - T — e ’
To n=1 K
C-2
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where K’I‘ is the relative path length variation factor. The amplitude variations reflected
in the path length factor Ky reduces the signal level from sources of radiation away from ,

nadir. This reduces the footprint length and gives an effect similar to an enhancement of

l the antenna gain, ‘ ‘
o
i When the sources of radiation may be considered to be a large numher of random amplitude ;

- and phase distributed emitters, the RMS value of Ag is:

B 1 N 1/2
bom=—| 2 &’
Vo n=1

g = [N &, EE
=h 2 L] : :
where Kso is the RMS value of Ks. This RMS value is strongly affected by the path length

variation.

In evaluating the sensitivity requirements of the EEE receivers two different sensitivity

values are convenient. The simplest is the sensitivity to isolated sources. The second is

&
T R T U ST TN LSRN

that applicable when the antenna footprint is occupied by huge mass of radiators, distri-

buted over the area.

For this reason evaluations are made of equal sensitivity lines defining the footprints of the

EEE beams to determine their coverage areas on the ground and their coverage area

relative to nadir pointing beam footprints. The analysis is based on the oufline configuration

of Figure 1. Summary charts which give complete information on the footprint configurations ;
are shown in Figures 2, 3, 4, 5, 6, 7, and 8, These charts are generated using a computer
program (EEEDBX) which determines the equal sensitivity contour of the antenna at any B
chosen level relative to its peak sensitivity. The program determines the level of the peak

and its relative location to nadir. The input parameters to the program are the beam tilt

e

angle (off nadir) and the 3 dB beamwidth, These charts show that the extent of the equal sen-

v}
\

et

sitivity lines of the footprint is more sensitive to the beam tilt angle for smaller beamwidths.
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Figure 1. Geometry of Footprint Configuration
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R = Radius of Earth
H = Height of the Shuttle
T, = Free Space Distance Petween the Shuttle and the Beam Axis Orientation
Point {C) of the Beam = R Sin}Sin~1 [ R + H Ysin @, ] - ﬁo)_/51n %o
' R
@ = Angle from Madir to any Point on the Footprint (F)

[

cos~l (cos @, cos y) .
x and y are the elevatlon and azimuth angles off the beam axis.
2z - Arc Distance OP = R8 , 21 = R81 and Z5 = R
g = Sin~1 [(r + 1) Sin 6 - ¢]
R
2y and Z3 are the Arc Length Coordinates of P, on the Surface of the Earth

The Radiation Pat_ “tern (Centered at C3) is given by

E=-3 fsin (§ x"xy")\2
. (fin.(u/Z) ) To/T,

a = 3 dB Beamwildth, r
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Another computer program has been developed to determine the equal sensitivity contours
of specific antermas (mainly reflector antennasy. In addition this program (EEEFF) per-
forms an integration of the area within the equal sensitivity contour for the evaluation of
effective sensitivity improvements due to a multiplicity of sources. A third program
(DWELL 4) calculates the link parameters, including the dwell time on targets at any equal
sensitivity level, the EIRP level (in dBW) and the power flux density associated with any

antenna configuration (especially reflector antennas).

In order to calculate the sensitivity of the EEE at specific frequencies, several factors

must be taken into consideration:

1. The dwell time is determined by the size of the equal-sensitivity (-3 dB)
footprint contour lines. This is evaluated from the tilt angle off nadir and the choice

of the antenna configuration and aperture size,

2, At low freguencies, where many sources of radiation are expected within
the beam footprint, and where the noise figure and path loss are relatively low, wide

beams looking near nadir are expected to yield adeqguate performance.

3. At higher frequencies the high path losses and noise figures of the re-
ceivers required higher gain antennas with narrow beamwidths, which reduce con-
siderably the dwell times on the sources, To overcome this problem an antenna filfed

in angle from nadir is desirable. The tilt angle enhances the intersection probahility of

radiating sources because of the larger fooiprint generated, This, however, is accompanied

by increase in the path loss of the signal and an "optimum tilt angle" gives the best

compromise,

2,0 DESCRIPTION OF CURRENT EEE PARAMETERS

2,1 EEE~MOD I ANTENNA ARRANGE MENTS
The EEE-MOD I configuration uses four antennas as shown in Figure 4-7, The main RF

parameters of these are described in Table 1. The radiation patterns and the corresponding

equal sensitivity lines, of the 0, 7 meter dish, are computed (using the EEEFF computer
program) and projecied as footprints on the earih surface, from the Shuttle altifude of

C-12

s

e

.

a7

SR e L

Lt e A D me e

3




i
[y
=4}

lame)  [med (] (el CEED aE
TABLE 1
MOD I ANTENNA PARAMETERS*®
FREQUENCY RANGE NOMINMAL NOMINAL
ANTENNA TYPE Miz GAIN DBI 3 DB BEAMWIDTH

VHF Log Periodic 121.5 - 243 7 65° x 95°
l.3mx 1.5m
UHF Array 399.9 ~ 470 12.5 43° x 22°
1.0 mx 1.3 m
S-Band 806 - 2700 12-23 32° - 10°
0.7 m Dish {or 40° - 10°)%%
(with a cavity backed spiral
as a feed, preliminarily
selected AEL "ASN113a"
S~Band Conical Helix 600 — 2700 8 70°

0.17 m Conical Spiral,
wide beam

#A11 the antennas handle right hand circular peclarization.

%%The large beamwidths are applicable to an offset antenna configuration with minimal hlockage.

t
!
!
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400 Km. (The available MOD I parameters were used in the initial program to prove its
validity.) A tilt angle of this antenna may be selected in order to optimize its earth coverage
at the high frequencies. At low frequencies, with large beamwidths, the nadir orientation

of MOD I antennas, especially the log periodic, appears to be adequate, As an example of
this situation, from Figure 3, equal sensitivity circles of 320-420 Km correspond with
50°-70° beams looking at nadir, In order to increase the size of this footprint to 500 Km,
which is the approximate separation distance between the orbital tracks of the Space Shuttle,
a beam tilt angle of more than 45° is needed, With such an antenna tilt angle, the sensitivity
at the -3 dB level produces the same result as the sensitivity at the -6.5 dB level of the
nadir looking beams., The ~6,5 dB line of the nadir looking beams is at a beamwidth of

759 and occurs at a footprint diameter of 618 Km, which is larger in size than the foofprint

size at the tilt angle of 45°,

The narrower the beamwidth the greater the area gain resulting from the use of tilted
beams, At a beamwidth of approximately 20° the area gain factors of the tilted beams are
almost equivalent to the space attenuation factors. For narrower beams the area gain
factors increase faster than the space attenuation factors. This phenomenon is easily

recognizable from the area factors of Figure 2 for several antenna beamwidths,

The 0,7 meter dish has range of beamwidths of 40°-10° which yield high-tilt gains at high
frequencies and flat-tilt gains at low frequencies. This effect, added to the gain factor
considerations of the antenna beam, yields EIRP sensitivity levels which have minor
differences between high and low frequencies {at nadir or at 60° it angle). The major ad-
vantage at tilt angles is the capability of receiving multiple signals (especially at high
freguencies) due to multipath effects and hence increases the probability of using the higher
multiple-source signal-gain factors, (The mulfiple-source gain of the antenna = the

nominal gain plus beamwidth gain factor plus the footprint area-gain factor),

C-14
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2,1.1 Antenna Dish Configuration Used

1. A 0.7 m center-fed dish with (F/D) = 0,5 is used,

2, The feed tentatively selacted is the AEL "ASN113A," cavity-backed Archimedes
spiral, having a diameter of 8. 88 in. (25.55 cmyj. i"

2,1,2 Pattern and Footprint Computations

A radiation pattern computer program (EEEFF) handled the following: }

1. Parameters of a circular feed, focused at all the frequencies, with effective
diameters as follows:
Frequency (GHz) 0. 806 1,215 1.3 1,74 2,43 2,7
Feed Diameter (Cm) 30,48 26,67 25,40 21.59 16.24 12.70

2. Radiation feed patterns similar to the H~plane patterns of horns having the
diameters of the previous table are used. Comparison is shown in Figure 9 between the
computed gains and the practical gains of AL L ASN113A cavity backed spiral.

3. Radiation pattern computations (with or without the path loss considerations)

with any arbitrary central blockage. (The blockage used is 22,9 c¢m of a central disk).

4, In addition to computations of the illumination efficiency (which contains the
aperture taper, spillover and blockage losses) a 90% efficiency is assumed for design
defects (such as surface roughness, defocusing, VSWR, etc.). Moreaver, a 1dB is sub-
tracted to accommodate for feed line and antenna feed losses. The final gain numbers ai

different irequencies are tabulated in Figure 10,

5. Computations of the earth surface coordinates (related to the nadir point),

which correspond to the dB level of the antenna pattern (at any tilt angle from nadir). This

is shown in Figure 11.
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6. Integration of the radiation pattern at any limifs within the earth-projection of

the beam on a rectangular grid, to determine the gain for absolute or comparison

purposes,

7. Automated plots of antenna footprints at any number of dB levels. Examples
of the footprints of this antenna (with equal sensitivity lines at -3, -10 and -20 dB) are shown
in Figures 12, 13, 14, 15, 16, and 17,at an antenna tilt angle of 40° off nadir.

Figure 10 given previously shows the dB-level improvements of the antenna gain (due to
path length variation effects) using pattern integration, up to the first sidelobe, without
consideration of heam shift effects caused by path length propagation effects to the suriace
of the earth. When taking these beam shifts into consideration, more gain improvements
are expecied, especially near to the horizon as shown in Table 3. Gain improvements at
low frequencies cause the EIRP levels to increase, An illustration for this increase was

shown in Figure 11 (without beam shift corrections).

High sidelob levels require careful design consideration, especially when the beam is pointed
towards the horizon, The first sidelobe level increases from -14 dB when the antenna is
pointing at nadir to -7 dB when the beam is at the horizon, These high sidelobe levels are

a comhbination of blockage and range-propagation effects,

2.2 EEE-MOD I ANTENNA ARRANGE MENTS
The EEE-MOD 1 configuration for 2.7~ 43 GHz uses six reflector antennas, The main RF

parameters of these are described in Table 2, High gain antennas are needed at the high
frequencies in order to make up for the increased path loss of signals, for the high noise
figures of tl'leir associated receivers, for the high insertion losses of feed lines, and for
atmospheric attenuation, High gains and accompanying narrow beamwidth reduce the
dwell times on emitter sources and hence reduce the probability and the accuracy of
recognition of signals, These considerations make it necessary to use the antenna tilt
angle effects (off nadir) to increase the dwell time of footprints on sources and to increase
the possibility of multiple-source gain effects. Muliiple source gain effects are more

probable near the horizon due to multipath signal effects, Also there is a higher probability
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Figure 12. 0.7 METER DISH EQUISENSITIVITY
CONTOURS AT 0,806 GHz WITH 40°
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Figure 14, 0.7 METER DISH EQUISENSITIVITY
CONTOURS AT 1.3 GHz WITH 40°
TILT ANGLE OFF WADIR i
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0.7 METER DISH EQUISENSITIVITY
CONTOURS AT 1,7 GHz WITH 40°

TILT ANGLE OFF NADIR

Figure 15.
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0.7 METER DiISH EQUISENSITIVI

CONTOUR LINES AT 2.7 GHz WITH
40° TILT ANGLE OFF NADIR

Figure 17.

)

. ! ; - - noe ..1.5 Jvui_.u\... -
i A 2 ’
o
=]
-
[=]
(o)
™!
] ///JV
oy
\}\/Z
o | ) 2
Q
B A
[ V[
(=] [} o [w]
o =] [=] o
P~ o 1] ~r
SYATANOTIN - HIGVHN WOYI FONVISIT Juv

C-25




9g-D

Table 2. EEE-MOD It (2.7 - 43 GHz) Antenna Parameters
NOMINAL GAIN NOMINAL 3dB
ANTENNA TYPE FREQUENCY RANGE OVER ISOTROPIC BEAMWIDTH
(MIHz) (dB) {(Degrees)
C-X Bands 2700 - 4000 20.7 - 25.5 13.1° - 9.0°
(2)*- 0. 5M Dishes 4000 - 8000 25.5 - 31,5 9.0° - 4.3
8000 ~12000 31.5 - 34.5 4.3° 3.1
K~@Q-Bands
(2)* - 0,25M Dishes 12000 - 18000 28.6 - 32.0 6.4 - 4,2°
18000 -~ 26000 32,0 - 35,4 4.2° -3
(2)* - 0.25M Dishes 26000 - 43000 35.4 - 39.5 3.0°-1.8°
(2)* - 0, 2M Dishes 43000 - 64000 37.6 - 41.2 2.25° - 1.5°

* Both dishes are identical in design and oriented to directions near the horizon (at approximately 60°

off nadir and + 45° from the symmetry line of the Shutfle.
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of intercepting multiple sources at the same frequency in the larger extended footprints.

From Figures 2 and 3 it is determined that look angles near the horizon of approximately

oy

70° off nadir are needed in order to yield foolprint sizes similar to those of the sizes of

MOD 1I footprints. The probability of interception of sources, however, may be smaller
ﬂ at the horizon due to very low elevation angles needed for the radiating sources. There-
fore a depression angle of a few degrees below the horizon was necessary to increase the

source interception probabilities, Table 3 summarizes the link parameters and sensi~ i ;

tivity levels of the 0.5 meter and the 0. 25 meter dishes of MOD II antennas., The antennas

are mounted in two sets of three as shown in Figure 18, to allow for the capability to look

e

at sources at both sides of the 'pace Shuttle at angles of around + 45° from the flight path. .

The redundant antenna systems are mounted on two identical mechanicaily adjustable sup- ; “1

15

ports which allow for pre-flight tilt angle variations in azimuth and in elevation {around a

nominal value of 45° in azimuth and a nominal value of 55° in elevation). The location of the

;
antennas on the Shuttle pallet was selected to give as short as possible cable and waveguide i

runs to the receivers below the pallet platform. It is also necessary to locate these an- s j

]

tennas for minimum mutual pattern blockage and interactions with EEE antennas and with

el

]
other Shuttle experiments or structures. _ i
L

3,0 SOME HARDWARE CONSIDERATIONS
All of EEE-MOD I (-.12-2,7 GHz) antennas and feed lines are essentially standard catalog

¥y

items or existing hardware designs with the exception of the 0.7 meter reflector, which

ey

should be manufactured using space qualified materials,

frmm

MOD II antennas in the 2.7-43 GHz range need special care from the viewpoint of special

feed designs in order to perform satisfactorily over the broad bandwidth of frequencies, b

{ o
%

However, the state of the art is consistent with design of these feeds, The reflectors are

not standard items and need similar space-qualified materials design consideruitions as those ‘“'”-_':'. J
C
of the 0.7 meter dish. The 0. 25 meter dish which covers the frequency band of 12-26 GHz |

g uses a rigid WRD 75 waveguide feeding the receivers with associated waveguide switching
arrangements, using the same waveguide cross section. : /
ST

c-27/28

e e e T i M A L S ey et e L e L . o
R et e e pT Ee T Te EE R . .




.:' i."..Tf-'.fl'.'_l'.'.'L’lf..ff.’ff’ﬁ" oL

PSRRI SRk )

O *
- s . . I
Vi Effective Gain
1 3dB Max.\  gengitivity Gain
= Antenna (GHz) Feed [Beam Antenna| Feed El‘actoi s (@B) At 3 dB Contour L
. Type Frequency | Line Width Gain Loss ) ) Single Multiple o
: Range ("Deg") (@ B) {dB) |Beam \Nﬁdtg PP Areg_ Sourcle Source -
in Nadir [Tilt |Nadir|Tilt [NadixTilt |Nadir |Tilt
1 VHF Log Periodic (0.1215-0.174 Coax | _ 70‘; 7 Lo |11 0 3 4.1
el {1.3m x 1. 85 0.2430 Cable (b5 x85")

AEL APX 1250)
T UHF Array® 0. 3999 Coax 47°x36° 2.5 |10 (0.8 0 8.5 9.3
Ex ’ 0_o©

(. 0m x 1, 3m) 0. 7000 Cable F'Y %21 12.6 8.6 9.4
l S-Band Conical 0. 700 Coax 80° 8 L4 L2 0 6.6 7.8 ’

Helix Cable o o i s
e (0.175x 0.176 m  |2,700 70 -90
i AEL ALN 509B) :

S-Band 0. 7m Dish 0. 700 Coax p2° - (40 Oy 13 0.7 (Lsx lo gk 8.6 | 8.6 9.0 |19,4f
n (Feed AEL ASN 2.700 Cable 10° 24 114 |0.17 |0.45%%10 |10, 55+ (10,6 |18, 6%%|19.77 |30, 5¢
7 1134) o
3 Two 0, 5m Dishes | 2.7 Coax |13. 1‘2 20,7 1.5 |0.2 |o.8 |0 l13¥ [16.2 [16.2 {l5.4 3042
. 4,0 Cable | 9.0 25,5 |15 [0.15 ]0.42% o |I3.7¢ [21.0 21,0 |2LI5 |35, 13
= 8.0 4.3° sLs |15 |o.07 fo.F [0 [15.4% f2r.0(27.0 |27.07 J42.8§)

12,0 3.1° 34.5 |15 lo.0o4 |o.06% |0 {15.6% |30 {30  |30.04 |45. 6t
o
i Four 0, 25m Dishes (12,0 WR75 6.42 28.6 L7 0.1 Jo.2* |0 |15, 1% [23.9123.9 (24,0 |[39,2
18. 0 Ridgld |4.2 32.0 |L7 lo.07 jo.l* |0 [I5.2% 27,3 |27.3 |27.4 42,6

. 26, 0 Waveguidd 3.6: 35.4 [2.0 0,04 (0.06% |0 |15.5% 30,4 |30.4 [30.4 46.%
43, 0 Waveguidd 1. 8 39.5 (2.0 [0.025 [0.035%}0 |I5.7+ [34.4 54.4 (34.4 |50.F
- (1) Beam width gain factor = beam integration (weighted by path loss) relative to beam integration (without path loss)

2) Footprint area factor is referenced to its value at nadir.
i (3) Based on a side- lobe level of -25 dB.
8. * At tilt angle of 65 off nadir,

*k At tilt angle of 60 off nadir. -
s + The large beam width would avii.« from an offset reflector (due to absence of blockage of the wide band cavity backed ¢
5?‘1
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i
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Table 3. EEE-MOD II Link Parameters
and Sensitivity Levels
?Zthi‘: Ciam Minimum | Source
' onrouy Tree Space Loss |Atmospheric| 1. F. Detectable| Dwell Detectable TIRP
; Multiple (@B | Attenuation | Band [Reec.| Signal Time {(dBW)
N Source o At Tiit Tilt |Width |{N. .| At Antennal _ Seconds Nadir Tilt Angle
At |Nadir |Tilt At NadirlAngle Nadiy Angle | (M Hz)}{(dB (dBW) Nadir| Tilt Single | Multiple | Single | Multiple
4.1 126.1 +0.0250 2 | -144.0 60 -2l9 |-23
132.2 -15. 8 -16.9
9.3 136. 5 0.02 {2 -148, ¢ 38 -21. 0 -21.8
9.4 141. 4 0.10 =141, ¢ -9.2 -10. 0
i. 00 -131. 0 0.8 -0.0
7.8 141.4 0,02 |2,5[-147.0 66 -13.6 -14.8
153.1 -L9 [-81
B.6% 0.0 19, 4%% |14).4 145, g** 0,02 |3 -146, 6 30 63 -15.2 -15.9 =10, 7% | 21, 5¥*
19, 6+ 19, 77 |30. 55%%153.1 159. g¥* 0, 02 -146.6 -14.5 -4, ~ 8, 2%% | _18, 95¥*
| 1. 00 -129. 6 7 30%* | 2.5 2.33 8, 0F* [ - 1, g5%*
16,2 |14.4 30.0% |153.1 160, 9% [ 0,00 0.2% |0, 02 3. 6(~145. 77 13 44% -10,37 [-10. 57 -2, 57% | -18, 4%
21,0 |21.15 }35.12* [1586.5 164, 9% [0.00 0.2% |0, 02 9 37.3*%|-11.5 -11.65 -2, 9% -17. Ok
[27.0 |27,07 |42, 51 62,5 171.5% 10.00 0,2% 10.2 4,0 (-135. 5 4.3 20% -1.5 - 157 T.7% - T, 8¥
30 30. 04 45.66% [166.0 175.1* [0.00 0.2% |0.2 6.0 |-133.5 3 14, 4% 1,0 0.96 10, 3% - B, 6%
123.9 24,0 139.2*% i166.0 174. 8% [0.05 0.2% (0,2 T -132. 3 6.3 28.0%}8.15 8.05 17, I -1, 8*
127.3 (27,4 |42,6% |169,5 178.5% 0.2 0.5% (0,2 7 -132,3 4.3 20.0% | 8.4 8.33 17, 7% -2, 39*
30.4 [30.4 |[48.0% [72.7 181,8% 10,7 1 5% 0.2 12 -127.0 3.0 14, 0% 14,0 13. 96 28, 9% -8, 34*
34,4 (34.4 |50.1% I77.2 186,3*% |1,0 2.2% 10,2 12 =-127. 0 1.8 8.5% |14.7 14. 67 \25 0* ~9, 4%

thout path loss).

‘band cavity backed spiral).
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APPENDIX D
ANATLYSIS OF EEE SPECTRUM PROCESSOR ACCURACY

1.0 INTRODUCTION
The power spectral density measurement is made by means of a power measurement at the

output of a filter, the filter being the device that sets the resolution bandwidth. The power
measurement is made by averaging the output of a sguare law device following the filier,

The relationship between resolution bandwidth, avevaging time and the accuracy of the

power measurement is derived below. The relationship is derived in two ways: one uses

sampling theory and the other uses more conventional, and more general, continuous signal

analysis., A simple approximate relationship between the variables is derived and it provides

a close approximation f{o the exact relationship. .

It is assumed that the spectral density of the signal to be measured is a white Gaussian T

process.

Two ways of implementing the Spectral Processor are under consideration. One uses the

classical approach of paralleling circuits made up of a cascaded filter, square law device, _ 1

and an averaging circuit to measure the power density. The other uses a cascaded chirp

i

filter, square law device, averaging circuit and properly timed sampling circuit to measure |
the power densify. Although the filter and averaging circuit parameters are radically = 1

different between the two approaches, the effective integration (averaging) time and reso-

(=

lution bandwidth are the same. Therefore the following analyses apply to both

AR L B bt 1 g

implementations.
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2.0 SAMPLING THEORY ANALYSIS
It is shown that to measure the power P at the output of a filter of bandwidth B to within a

fractional error of v/P requires an integration time after the detector of approximately

T= 1/13(v/]?)2 seconds,

It is assumed that the process is a zero mean Gaussian, This hypothesis is justified if

there is a superposition of several emitters. Under this assumption the analysis of accuracy

of power estimate is straightforward.

Assume that the output of the filter is observed long encugh to have n independent samples

of the Gaussian process. 'Then the estimate of the power from the samples xi is:

2,2 2
XTEREHe < o 4x

This "sample variance® will differ from the true power 2. The variance of the

sample variance can be easily calculated:

2 — (02_,.82 )2

-5
L

(2

c4~—2_52-02+(’6‘2)2

1?= 2’ 2 is an unbiased estimate of 62 and equation (2) can be rewritten

———

2.7
Xi%; (3

™M=

n
v =-cr4+——lz—2
n® i=1 j=1

|

Zince the samples are independent, x?x?wq for i#j,and,since the process 1is zero

mean Gzussian, x?=3c:4. Substituting into equation (3) gives:

3 4 ]
= - + ——— F ——
v o n o 2

n
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AR :
M) O

G =) Ol

2_ 4 3 2_on
vo =g (—1+n+——-2 Cz) (4b
n
2ehfgs 3, o)) | 2t (4c
n 2 n
n
The fractional error is
. v _. |2
7\ (5
o

This is the well kmown result of root n improvement in estimation. To put this expression
in terms of true power, P, bandpass filter bandwidth, B, and integration time, Ta, it is
noted that P = G‘z, n = 2BTy and v = the standard deviation of the measurement which is

taken as the errot, Using these relations, equation (5) becomes:

v/P = 1/,} BT, G

As an example, consider the measurement of power from a 20 kHz bandwidth filter to an

accuracy of 20%. Using equation (5):

— = ,2 or n=50 .

f 7

In a 20 kHz bandwidth assuming nearly white noise, an independent sample exists every

1 seconds or every 25 usec. According to the above arguments, it is necessary
2x20 kHz

to integrate over 50 of these samples or integrate over 1,25 msec to obtain a smoothed

estimate,




3.0 CONTINUQOUS SIGNAL ANALYSIS

An analysis more precise and general than that of sampling theory is given here, A simpli-

fied expression of the analytical result, which provides an upper bound on the fractional error,
is the same as that provided by the sampling theory analysis. Consider Figure D-1, which

depicts lowpass filtering of a square law operation on a processed signal. This signal

serves as the power estimate,

)
p = lj' 2
est L A y-(t)dt . (8

The expected value {s simple:

est - "%‘ y2(t)dt = R(o0) , ©

where R(o) is the autocorrelation function of the y(t) evaluated at zero, Evaluate the

variance of this estimate:

est Test
(10
-p2 _p 2
Pest ~ Pest
e ey w————
_ 1 T T
= — f y2(£)y? (x)dtdx=R? (o)
T Y0 Y0
In general for Gaussian variables there is the familiar formula:
+ 2 11

21%2%3%4 T %172 73% T %173 %o

+ Za Z
2124 2973
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]
This allows Equation (10 to be written: ~
E'aﬁ

T T :

2 o i

v = 12 f _[ (2R2(t-x)+R2(ojdtdx-Rz(o)

or 12 g |

i i :.\E“ :

2 Z T2 ;1

vV = f f RE(t-x)dtdx . - t

T (s} (v] |

A further simplification is possible by integrating over strips where t~x is constant. The R

-

integral in (12 is depicted as shown, letting (t~x)=z . i

X o

t ‘/E (T-Z) . 5 ;

! -

4

t .‘;‘
The strip width is dz_, the strip length is (f2(t-z) and the integral can be written o .

\[22‘ -

2 t (13 -
v =-—ﬂ—f0 R%(2) (1- 2 )dz

Equation (13 can be used to evaluate the variance of the power estimation for both systems.

In order to appreciate the magnitude of the variances, the values for some simple models -
will be written cut. Note that the Rz term in Equation (13 will produce a lowpass contribu- -

tion to the integral and a term at 2f,, The term at 2f, has negligible contribution to the

integral, Consider for example a bandpass process whose R(t) has the form:




iy (Pmes)

G

st § { o}

e

-

oot

[

{ oo}

Lme]

A,

R(t)‘ = (1- 'Til') cos2nf t it] s 7y =0 [t >Ty (14

This process has bandwidth 1 = B. Substitute into Equation (13 gives:

2_4 2 \? A 2
v . ‘/0. (1--_‘:—1—) (1-—_-{_— cos 2’1’[th dt

(15

For the example worked out in Section 1.0 of this Appendix, 2BT, = 2B,z 50. This becomes

= RMS variation of estimate = .22 P
which is close to the previous estimate,
On the other hand, a "brick wall" bandpass filter yields a variance a little less than pre-
dicted sampling theory. R(z) for this case works out to be:

sinznflz (16
R(z) = cos 21rf02 ——_Z—‘r?f—lz——

Equation (13 becomes:

2

sin an z

2 _ 4 ff 2 1- 2

ve o= —- cos“2xf _(z) -
< 0 0 Zﬂf Z)‘Z (

(17
0 SiHZZHflz 1

2 f - dz =
< 2 _
T Wb (27:‘1’12)2 !

Noting that 2fy = B and 7 = Ty, this uppeér bound in the error is the same as the error pre-

dicted for sampling theory.
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APPENDIX E
EEE SPECTRAL PROCESSOR DESIGN

1.0 INTRODUCTION

Two ways in which the spectrum analyzer portion of the Spectrum Processor (see block

diagram, Figure 4-25) can be implemented are discussed in this Appendix E. One employs the
"clasgical' approach of detecting the power from a bandpass filter. The filter bandwidth

is the resolution bandwidth of the analyzer. The second approach uses a dispersive

(dechirp) filter to perform the integration required to achieve the desired accuracy of the

power measurements,

It is proven here that the two approaches can be configured to yield the same accuracy. The

choice, then, can be made on the basis of cost, size, weight and power requirements,

In the following analyses the bandwidth over which it is desired to perform the spectral
analysis is designated Wy and the time allotied for the analysis is Tj.

2.0 THE CLASSICAL ANALYZER
Figure E-1 is a block diagram of the classical spectrum analyzer. It is assumed that the

required resolution bandwidth, B, is small enough in relation to the total bandwidth, W4,
over which the spectral analysis is to he made that it cannot be accomplished by a single
filter in the allotied time, Ta. Therefore, a bank of paralleled filters and associated

square-law detectors are shown,

In the general case, the total bandwidth, W, may be divided into segments, Wi, and dif-
ferent resolution bandwidths and averaging times used in each segment, Relationships be-
tween the circuit parameter and constraints on them are derived for the general case, Then
an example is worked out for the specific case of a 20 KHz resolution bandwidth used over

a 40 GHz input band.

Dividing the input bandwidth into I non-overlapping segments, the sum of the segments must
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Figure E-1. A Classical Spectral Analysis System

" .u_t‘i /‘}A

o e L ‘

N TR

SAMPLE AN
HOLD

MUX

A/D

Data
Out

A e R we a1 S et A et - B e

S T I R CPEAT N

‘44 l




() &

) G -

eSS 3]

U] o)

e (i

e A et et gl s e S S S SO

equal the input bandwidth:

1
i=1

Similarly the sum of times allotted to performing the spectral analysis of each segment

must equal the time allowed for the analysis of the complete spectrum:
1
Tp = LT 2
i=1

If a resolution bandwidth Bi is assigned to the ith gegment, there are bi resolution band-

widths in the segment:

bi = Wi &
Bi

The time required to perform the analysis of the ith seg;ment is;

™ =1 .bi. 1 @
Ni Bi(v/P)2

where, from Appendix D, 1/Bi (v/ P)2 = Tai, the averaging time required to achieve a
fractional accuracy v/P; Bi is the resolution bandwidth assigned to the ith segment; Ni

is the number of parallel circuits.
Using the above relationships and equation (3) in equation (4):
Ti = WiTai (5
NiBi

which solved for the number of parallel circuits, Ni, gives:

Mi= Tai . Wi (6
Ti Bi

The local oscillator step-size is:
A f, = NiBi {7
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As an example, and not necessarily a realistic one, consider performing a power spectral ] 1

s

density analysis under the following conditions:

et —eet]

Wp = 40 GHz = Bandwidth containing signals to be analyzed

TA = 12.5 seconds

L.——..J

Bi = 20 GHz = the only resolution bandwidth used

et ‘

Wi = Wy iy
: T = Ty Band is not broken into segments .i |

(.:' \

v/P = 0.2 = measurement accuracy desired

Manipulating equation (6), Appendix D, the averaging time is:

Ta = 1/B (v/P)° = 1/20 x 10° x (0.2)2

= 1.25 msec

From equation (6) the number of parallel channels required in the analyzer is:

==

N =Ta . Wa = 1.25x10%x40x10° &
Tap B 12.5 x 20 x 10° ' :

e e D e LT
TN s | T . _‘,.L‘.L_t-b L

= 200

e

From equation (7) the LO siep size is:

o

Af = NB = 200 x 20 x 10°
= 4 MHz . a

IR}

3.0 THE DISPERSIVE (DECHIRP) FILTER ANALYZER .

Tt is shown here that an analyzer consisting of a linearly swept local oscillator followed by

2 -
ymerert ¥

a single, large bandwidth-time-product dechirp 1. F. filter provides an alternative to the
classical filter bank system,

by

The nomenclature used in Section 2. 0 for the Classical Analyzer is used here. Al-

though the significance of the parameter in some cases is different, the difference is clear

R,

fro the context. Preserving the nomenclature makes the equivaience of the two approaches

more apparent.
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The bagic idea is that the local oscillator can be swept rapidly provided the IF impulse re-
sponse is such that the energy of a single narrowband source input is "coherently™ integrated

for Ta sec, In this manner independent narrowbard spectral analyses are presented in

rapid succession, These are square-law detected and averaged over a much shorter time
interval to achieve an accurate power estimate. In other words, even though a particular
frequency is converted to a rapid sweep, the energy from that frequency is accummlated at j i
the output of the chirp filier. The system is depicted in Figure D-2, In order to cover the |
entire frequency range W A the local oscillator is linearly swept rapidly at a rate of -
Af/Ta =NB/Ta Hz per second. At any instant the output of the dechirp filter is looking at o
a discrete frequency for the last Ta sec. The impulse response of the dechirp filter lasts G 1‘
for Ta sec, The B-T product of the dechirp filter is therefore NBT,. (Dechirp filter B-T ‘i

i

i
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products of 5,000 can be implemented with surface-wave devices., See, for example, "The
Design and Application of Highly Dispersive Acoustic Surface Wave Filters,' By Gerard,
et al, IEEE Transactions Microwave Theory Tech,, pp. 176-186, April 1973).

At each instant, the strength of a discrete frequency as measured over a Ta sec time is

examined. This quadratic content is averaged over a bandwidth, B. 'Yhis average is

Y

accomplished by integrating over only t; = (1/A f) (BT) seconds.

_h.,

In the following paragraphs an attempt is made to justify the fact that this estimsate is as

accurate as the classical spectrum analyzer which averages over time for Ta sec. s

3.1 EFFECTIVE AVERAGING TIME

It is shown here that in order to average the power in a given band B over a time Ta we can

average over any set of 2BT, independent coordinates and obtain the same accuracy.

The point here is that in the classical analysis system the power estimate is viewed as

taking 2BTj, independent time samples sequentially and averaging their quadratic content;

while in the swept system the system is viewed as averaging the quadratic content of inde~ o
pendent Fourier components, In a white-like noise background any 2BT, orthogonal set of 1

functions can be used. These will be independent random variables.
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If the local oscillator can be represented at time t by e 1= sin(w1t+kt2) and the input by
S(t), the output at time Ta and dechirp filter can be written:

Ta
r
e,(Ta) = j St sin(wyb+kt)) sin (wotritdat @
(o]
or
T
e (Ta) =1/2 f S(t) cos(w,-wy)t dt ©

Neglecting the upconversion components e,(Ta) analyzes the component of the signal

at Wo—Wln
In the next € seconds the output can be written:

Ta
e (Tat€) = f S(t+e )sin(w, t+kt?) sin [(W1+2Ke Jork(o € )2 ] dt (10
o]

Ta
= 1/2-/- S(t+€ )cos [(wo-wl—Zke yt-ke 2]dt (11
(4]

Equation (11) says that e,(Ta+ €) is a new Fourier component at frequency (w,-wy-2ke ).
This will be an independent "orthogonal' harmonic for 2ke = 7 or in our case
Ta

o
= ———u gseconds,

2k Ta

Each of the "coefficients" e (Ta+ke ) for integer k will be Gaussian distributed. An average
of their squares will then be smoothed estimate of the power in the band. Integration for
€ sec will cover an average of 2BTa independent Fourier components which are clustered

in a B Hz band,

3.2 ADJACENT RESOLUTION CELL INTERFERENCE

It is shown here that there is very little interference spectral overlap in the spectral analy-

sis of contiguous B Hz cells with the swept system. In fact, the output of the dechirp filter

can be examined for a single sinuscidal input and its time record cbserved.



After some freguency conversion:
L4

eoft) =_2 sin(wox+kx2) sin ,[wo(x+t)+k(x+t)2] dx
Ta o

Neglecting the small contributions of upconversions this can be written:

Ta 2
e {t)=_1_ cos(wot+2kx+ki™)dx
Ta o

e (t)# sin [wot _L{f;'I‘a+k‘ti-| -sin [Wot+1ct2]
2ktTa

e (t) = sinktTa . cos(w0t+2ktTa+kt2)
ktTa

The first side lobe is for ktTa 37T .
2

For an analyzer of resolution bandwidth B = 20 KHz and averaging time Ta = 1.25 msec,

t = .375 K sec, This corresponds to a frequency change of about 1,2 KHz, The integration is

over 20 KHz; consequently, the resolution is quite sharply defined, There probably woul
be more interference in the classical analysis technique if any reasonable filter shape is

assumed.

3.3 A/D CONVERTER REQUIREMENTS

The output of the averaging circuit is converted to digital form for transmission. Itis

(12

(13

(14

(15

d

shown here that to encode power level over a 60 db dynamic range to 20% accuracy réquires

an A/D binary word of 7 bits, and for 10% accuracy 2 word of 8 bits.

First of all, logarithmic companding of the power level is a natural way to represent

power level. If the ratio of the largest power level to the smallest power level is 60 db,
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then the dynamic range whicl must be supported is 10% in power. Each level is

quantized to a 20% accuracy. The number of different levels N, is given by:

@2 = 108
or

n = 6 2~ 75.8
1og101.2

The number of bits m required to encode is therefore

mz logs n

or
m = 7 bits

for a 10% accuracy, n2¥ 144 andm = B8 bits (selected as standard).
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