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1.0 EXECUTIVE SUMMARY N81-20158

1.1 Purpose of Effort and Degree of Performance

The overall objective of the work has been to identify potential
interface compatibility problems associated with interfacing OFT payload
elements with Orbiter communications and data-handling elements that would
result from payload or Orbiter failure to meet interface requirements con-
tained in the Orbiter/cargo standard interface specification (NASA JSC
ICD 2-19001). The uotential interface compatibility problems can be asso-
ciated with either attached payloads in the payload bay or detached pay-
loads communicating with the Orbiter via an RF Tink.

Evaluation of the attached payload/Orbiter interfaces was made
by investigating interface problem areas experienced between the IUS and
the Orbiter since similar problems could be expected for other payloads.
Some of the principal accomplishments made by Axiomatix during this eval-
uation are listed below:

(1) 1dentification of the four basic cases of attached
payload interface problems, i.e.:

(a) Orbiter subsystems are in the design development stage;
therefore, interface requirements have changed as the Orbiter subsystem
design matured

(b) ICD 2-19091 reflects current subsystem design speci-
fications but some externally derived requirements such as TDRSS user
requirements are not reflected in Orbiter subsystem specifications; hence,
they are not in the ICD

(c) Not all Orbiter subsystem capabilities are presented
in the payload/Orbiter ICD's

(d) In some cases, payload/Orbiter ICD revision notices
(PIRN's) have been made but these changes have not appeared in the Orbiter
subsystem specification.

(2) Identification of areas of interface design difficulties:

(a) Each Orbiter signal-processing/data-handling unit
has different payload interface requirements
- (b) Digital interfaces with Orbiter subsystems have
conflicting requirements when cable effects are taken into account.

TR
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(3) Recommendation of approach to resolve payload/Orbiter
interface problems

(a) Identify payload user constraints

(b) Assess performance degradation for varying user
constraints

(c) Develop payload/Orbiter interface design handbook.

When Axiomatix undertook to evrluate the detached payload inter-
faces with the Orbiter, it was found that these interfaces were not ade-
quately defined in ICD 2-19001. Therefore, Axiomatix undertook the task
of updating the ICD to include the interfaces as defined by the require-
ments and capabilities of the Orbiter subsystems--Payload Interrogator
(P1), Payload Signal Processor (PSP), and the Communication Interface
Unit (CIU). The principal accomplishments made by Axiomatix to provide
clearly defined detached payioad interfaces in the ICD are listed below:

(1) Provide a preliminary definition of the detached payload
interfaces for review by Rockwell and NASA/JSC (Appendix II)

(2) Review the rough draft version of Rockwell Interface
Revision Notice (IRN SD-152A) developed from the Axiomatix preliminary
interface definition (Appendix III)

(3) Provide an updated detached payload interface definition
to reflect changes in the PI, PSP and CIU as a result of PIRN's on these
Orbiter subsystems (Appendix IV)

(4) Provide formulations of the minimum payload EIRP require-
ments for the PI/PSP combination (Appendix V)

(5) Provide restrictions on modulation forms for nonstandard
detached payloads (Appendix VI), that is, payloads which use the bent-pipe
capability of the Orbiter Ku-band Signal Processor (KuSP)

(6) Revise with Rockwell and NASA/JSC the IRN SD-152A to
include the correct interface information due to changes resulting from
the Critical Design Reviews (CDR's) for the PI, PSP and CIU (Appendix VII)

(7) Update IRN 5D-152C to reflect the most recent Orbiter
specifications and capabilities in terms of required flux density for
payloads to communicate with the Orbiter (Sect<on 5.0).
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‘ While performing the activities required by this contract,
Axiomatix has worked closely with the cognizant NASA personnel, the Orbiter
prime contractor (Boeing Aerospace Company), and the IUS, CIU and Orbiter
payload communications equipment (PI and PSP) subcontractor (TRW Defense
and Space Group). A vital part of this activity has involved Axiomatix
attendance and participation in riviews with NASA, Rockwell and Boeing as
shown in Figure 1.1. The tasks and reviews shown in this figure follow
the principal accomplishments 1isted in the previous section.

The work performed under this contract was strongly interrelated
to parallel efforts. The Axiomatix support for PDR's of the PI and PSP
was provided through Contract NAS 9-15792, while the support for the CDR's
was provided through Contract NAS 9-16067, Exhibit A. Axiomatix support
for the IUS and CIU reviews and design critiques was provided through Con-
tracts NAS 9-15409C and 9-16067, Exhibit A. This Axiomatix support to the
hardware design development yielded an invaluable bac«kground to the details
of the hardware design for evaluating potential interface probiems. The
overall payioad/Orbiter/TDRSS (GSTDN) system support for Axiomatix was
provided through Contracts NAS 9-15240 and 9-16067, Exhibit B. This
Axiomatix support to the overall system ties together the various payload-
related equipment as well as yielding an extensive insight inte how the
payload/Orbiter interface issues relate to the total system. Hence,
Axiomatix is in a unique position to recommend resolution to payload/Orbiter
interface problems for either a design change or an operational workaround.

1.3 Contents of the Final Report

There are three sections and seven appendices which address
various aspects and details of the payload/Orbiter interface issues.

Section 3.0 contains the payload/Orbiter functional command sig-
nal flow and telemetry signal flow. Included in the section on command
signal flow are functional descriptions of the various Orbiter communica-
tion/avionic equipment involved in processing a command to a payload
either from the ground through the Orbiter or by the payload specialist
on the Orbiter. Similarly, in the section on telemetry signal flow, func-
tional descriptions of the various Orbiter communication/avionic equipment
involved in processing telemetry data by the Orbiter and transmitting the
processed data to the ground are presented.
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Section 4.0 contains the results of the attached payload/Orbiter
signal-processing and data-har?'ing system evaluation. The causes oi the
majority of attached payload/Orbiter interface problems are delineated.
Appendix I is the viewgraphs used to present the results of the attached
payload/Orbiter system evaluation to NASA JSC on August 27, 1979, The
remaining portion of Section 4.0 praesents the Axiomatix recommendations to
resoive future payload/Orbiter interface problems and provide more detailed
design information to the payload :iesigner attempting to interface with
the Orbiter.

Finally, Section 5.0 presents the development of an update to
ICD 2-19001 for detached payloads. Appendices II through VII are the docu-
ments developed by Axiomatix and Rockwell to arrive at the ICD 2-19001
update. The last part of Section 5.0 presents the changes necessary to
the most recent IRN SD-152C (Appendix VII) as a result of the PI and PSP
CDR's that have occurred since IRN SD-152C was issued on March 7, 1980.
Also, a ref ned set of required flux density values for a detached payload
to communicate with the Orbiter is presented in Section 5.0. This refined
set of required flux density values incorporates the latest Orbiter capa-
bilities and design specification changes.

e




2.0 INTRODUCTION
2.1 Statement of Work
2.1.1 Objectives

N81 20159

The objectives of this contract were to identify and resolve
potential problems associated with interfacing payload elements with
Orbiter communications and data-handling elements such as the Ku-band
signal processor (KuSP), payload signal processor (PSP), payload inter-
rogator (PI), payload data interleaver (PDI) and payload recorder (PR),
and to assure the proper integration of payload and Orbiter communica-
tions elements such that acceptable end-tn-end system performance will
be achieved.

2.1.2 Stipulated Tasks
The contract statement of work calls out the following tasks.

"Task #1 - OFT Payload Interface Compatibility Analyses - The
contractor shall, through analysis and/or simulation, identify
potential interface compatibility problems (associated with
interfacing OFT payload elements such as IUS, CIU, TDRS and
PAM with Orbiter communications and data handling elements,
i.e., the Ku-band signal processor, payload signal processor,
payload interrogator, payload data interleaver, and payload
recorders) that would result from payload or Orbiter failure
to meet interface requirements contained in the Orbiter/cargo
standard interface specification (NASA JSC ICD 2-19001).

The contractor shall review Orbiter hardware documentation
(procurement specifications, test documentation, etc.) per-
taining to the above listed Orbiter elements, and existing
payioad interface hardware system design documentation as
provided by NASA, for compatibility with the standard inter-
face specification and payload ICR's."

"The contractor shall perform analyses of specific interface
issues involving IIS, CIU, TDRS and PAM resulting from tech-
nical interface discussions with the candidate payloads during
the performance period of this contract. The results of these
analyses will be used by JSC as a data base to support nego-
tiation of interface agreements and ICD's with the subject
payloads."

"Task #2 - Probiem Area Analyses and Resolution - The contrac-
tor shall determine and asseéss viable alternatives to payload
system design, operational requirements, ard/or interface
configurations whicn will allow resolution or workaround of
problems identified under task #1. Problems identified that
are due to Orbiter failure to meet interface specifications
shall be assessed and viable solutions shall be proposed.”
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2.1.3 General Anproach

Potential interface compatibility problems can be associated
with either attached payloads in the payload bay or detached payloads
communicating with the Orbicer via an RF 1ink. The effort under this con-
tract was divided between an evaluation of the attached payload/Orbiter
interfaces and of the detached payload/Orbiter interfaces. Evaluations
of these interfaces were made by investigating interface problem areas
experienced between the IUS and the Orbiter. To this end, Axiomatix worked
closely with the cognizant NASA personnel, the Orbiter prime contractor
(Rockwell International), the IU5S prime contractor (Boeing Aercspace Co.)
and the IUS, CIU and Orbiter payload ccimunication equipment subcontra
(TRW Defense and Space Group).

Figure 2.1 presents the subtasks which Axiomatix undertook to
accomplish evaluations of the payload/Orbiter interfaces. In addition,
Figure 2.1 shows the interrelation between the interface evaluations and
the IUS and Orbiter payload communication hardware development. Since
both the IUS and the Orbiter payload communication hardware are in the
development stage, new potential interface issues occur as the systems
mature. The preliminary and critical design reviews (PDR's and CDR's)
provide very important forums to identify potential interface problem
areas. Therefore, interface evaluations in many cases must be updated
following the design reviews.

To perform the evaluation of the attached payload/Orbiter inter-
faces, Axiomatix reviewed ICD 2-19001 and the IUS/Orbiter-unique ICD.
Also, as background for the ICD requirements, Axiomatix reviewed the
Ovbiter subsystem specifications. In order to discover details of the
IUS/Orbiter interface problems, Axiomatix attended the IUS/Orbiter work-
ing group meetings and specially called meetings with Boeing and Rockwell.
Both past and current IUS/Orbiter interface problems were reviewed to
establish if similar problems might be encountered by future payloads
attempting to interface with Orbiter subsystems. Results of the evalu-
ation were reviewed with NASA over the past year.

The detached payload interfaces were not adequately defined in
ICD 2-19001 so Axiomatix was tasked by NASA to rewrite Section 8.3 of
ICD 2-19001 to properly define these interfaces. The first Axiomatix
ravision to this ICD was denoted Revision 1 and dated May 3, 1979.

L
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Rockwell issued its rough draft version of Section 8.3 (IRN SD-152A) on
October 3, 1979. Axiomatix reviewed IRD SD-152A and updated its own ver-
sion of Section 8.3 and also issued Revision 2 on January 2, 1980. Fol-
Towing release of Revision 2, NASA, Axiomatix and Rockwell personnel met
January 21-23, 1980 to update and correct IRN SD-152A. The result of the
NASA/Axiomatix/Rockwell review was the Rockwell IRN SD-152B, issued
February 28, 1980. there were some small changes made after the initial
review of IRN SD-152B and the marked-up IRN was reissued on March 7,

1980 as IRN SD-152C. Since IRN SD-152C was issued, Axiomatix and Rockwell
have had additional reviews to revise and update portions of IRN SD-152C,
The results of these reviews and the Axiomatix recommendations for changes
to IRN SD-152C and ICD 2-19001 are presented in Section 5.0 of this report.

2.1.4 Continuity with Previous Work

The previous stages of this contract (i.e., NAS 9-15604A and
NAS 9-15604B) have provided aids to the payload communication system
design. Contract NAS 9-15604A produced a report, "Guidelines for Choosing
and Evaluating Payload Frequencies," Under Contract NAS 9-15604B, a hand-
book, "Users' Handbook for Payload-Shuttle Data Communication," was provi-
ded. Therefore, the present stage of the contract for resolving potential
interface problems for attached and detached payloads was a logical follow-
on effort,

2.1.5 Relationship to Parallel Work

The work performed under this contract was strongly interrelated
to parallel efforts. Axiomatix support for PDR's of the PSP and PI was
provided through Contract NAS 9-15792 while support for the CUR's was pro-
vided thorugh Contract NAS 9-16067, Exhibit A. Axiomatix support for the
IUS and CIU reviews and design critiques was provided through Contracts NAS
9-15409C and NAS 9-16067, Exhibit A. This Axiomatix support to the hard-
ware design development yielded an invaluable background %o the details of
the hardware design for evaluating potential interface problems. The cver-
all payload/Orbiter/TDRSS (GSTD) system support for Axiomatix was provided
through Contracts NAS 9-15240 and NAS 9-16067, Exhibit B. This Axiomatix
support to the overall system ties together the various payload-related
equipment as well as yielding an extensive iﬁsight into how the payload/
Orbiter interface issues relate to the total system. Hence, Axiomatix is
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in a unique position to recommend resolution to payload/Orbiter interface
i
problems for either a design change or an operational workaround. 1

2.2 Organization of the Final Report

There are three sections and seven appendices which address var-
jous aspects and details i the payload/Orbiter interface issues.

Section 3.0 ¢ as the payload/Orbiter functional command sig-
nal flow and telemetry s: ::i flow. Included in the section on command
signal flow are functional descriptions of the various Orbiter communication/
avionic equipment that are involved in processing a command to a payload
either from the ground through the Orbiter or by the payload specialist on
the Orbiter. Similarly, in the section on telemetry signal flow, functional
descriptions of the various Orbiter communication/avionic equipment that
are involved in processing telemetry data by the Orbiter and transmitting
the processed data to the yround are presented.

Section 4.0 contains the results of the attached payload/Orbiter
signal-processing and data-handling system evaluation. The causes for the
majority of the attached payload/Orbiter interface problems are delineated.
Appendix I contains viewgraphs used to present results of the attached
payload/Orbiter system evaluation to NASA JSC on August 27, 1979. The
remaining portion of Section 4.0 presents Axiomatix recommendations to
resolve future payload/Orbiter interface problems and provide more detailed
design information to the payload designer attempting to interface with
the Orbiter.

Finally, Section 5.0 presents the development of an update to
ICD 2-19001 for detached payloads. Appendices II through VII are documents
developed by Axiomatix and Rockwell to arrive at the ICD 2-19001 update.
The last part of Section 5.0 presents the changes necessary to the most
recent IRN SD-152C (Appendix VII) as a result of the PI and PSP CDR's that
have occurred since IRN SD-152C was issued on March 7, 1980. Also, a
refined set of required flux density values for a detached payload to
communicate with the Orbiter is presented in Section 5.0. This refined
set of required flux density values incorporates the latest Orbiter capa-
bilities and design specification changes.
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2.3 Recommendations for Future Effort

As a result of the attached payload/Orbitui: <ignal-processing
and data-handling system evaluation, Axiomatix recommends that an overall
system study be performed which will provide the payload communication
system designer with:

(1) Payload user constraints derived from Orbiter subsystem
design requirements and capabilities and from TDRSS user constraints

(2) Performance degradation based on varying user constraint
compliance

(3) "Designer's Handbook" which will show in detail methods of
designing interface circuitry to meet all Orbiter and TDRSS user
constraints.
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3.0 PAYLOAD SIGNAL-PROCESSING/DATA-HANDLING EQUIPMENT

The Orbiter payload signal-processing/data~handiing equipment
has two primary functions: first, to process command data to the payloads
and, second, to process telemetry data fyom the payloads. These functions
can be performed in one of two modes: (1) the attached mode (a hard-line
umbilical) and (2) the detached mode (L-band or S-band RF 1ink).

3.1 Orbiter/Payload Functional Command Signal Flow

Figure 3.1 presents the command signal flow from the Orbiter to
the payload in a functional form. For NASA missions, the payload signal
processor (PSP) sends commands directly to the payload in the attached
mode and through the payload interrogator (PI) in the detached mode. The
NASA commands come to the PSP from the general-purpose computer (GPC)
through a multiplexer/demultipler (MDM). For DOD missions, the communica-
tion interface unit (CIU) sends commands directly to the payload in the
attached mode and through the PT in the detached mode. The DOD commands
come to the CIU from the GPC through the MDM or directly from the Ku-band
signal processor (KuSP). The commands from the KuSP and the network sig-
nal processor (NSP) which are passed througii the GPC are generated on the
ground and transmitted to the Orbiter using direct S-band network communi-
cation Tink or the S-band or Ku-band communication links through the track-
ing and data relay satellite system (TDRSS) A brief summary of the func-
tions of each of the units involved in the command signal flow is presented
in the next sections to delineate the interfaces where compatibility is
required and potential interface problems can occur.

3.1.1 Payload Transponder

The payload transponder shown in Figure 3.1 actually includes
the transponder to provide the RF link in the detached mode and a signal
processor to process the commands directly in the attached mode and
through the transponder in the detached mode.

NASA and DOD payload transponders are generically quite similar
in terms of their functions and architectures. NASA transponders are
standardized, with three mission-oriented types available: deep space
transponders [for use with the Deep Space Network (DSN)], near-Earth
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transpenders [for use with the space tracking and data network ground
stations (GSTDN)], and TDRSS transponders (for use with TDRSS or GSTDN).
DOD transponders interface with the USAF Satellite Control Facility (SCF).

Conspicuous differences between NASA and DOD transponders are
the forward 1ink frequency bands and transponding ratios. The NASA
receive frequency range is S-band (2025- 2120 MHz), while the DOD receive
frequency range is L-band (1760~ 1840 MHz). The transmitter frequency is
related to the receiver frequency by a ratio of integers, called the coher-
ency (or turn-around) ratio. Both the NASA and DOD transmitter frequency
ranges are S-band (2200 - 2300 MHz). The corresponding coherency ratios
are, for NASA, 240/221, and for DOD, 256/205.

Figure 3.2 is a block diagram of the typical payload transponder.
The forward 1ink RF input is preselected, filtered for the frequency band
utilized [S-band for NASA and L-band for Inertial Upper Stage (IUS) and
DOD], and the nput is then mixed down to the first IF. Further mixing
translates the first IF signal to the second IF, where the output from the
second IF amplifier is distributed to four phase detector/demodulator
functions.

The carrier-tracking loop functions to acquire and track the
residual carrier component of the input signal. A second-order tracking
loop is employed. Frequency and phase coherence are supplied from the VCO
to the synthesizer/exciter, where the coherent reference frequencies are
derived for the demodulation functions.

AGC is obtained through in-phase demodulation of the residual
carrier. The AGC voltage is filtered and applied to the first IF ampli-
fier to control the gain of the receiver. The AGC voltage is also filtered
and compared with a threshold to determine whether the carrier-tracking
loop is in or out of lock.

The command demodulator coherently recovers the command phase
modulation from the carrier. Spectral conditioning (in most cases, 1im-
ited to lowpass filtering) is usually provided in the output to the signal
processor command detector. Typical transponder receiver operating and
performance parameters for ccmmands are indicated in Table 3.1.

T A R
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Table 3.1. Typical Payload Transponder Receiver Characteristics

Item Parameter and Range

Receive Frequency Range:

L-Band Frequency (DOD) 1760 - 1840 MHz

S-Band Frequency (NASA) 2025 - 2120 MHz
Tracking Loop Bandwidth 18, 60, 200 or 2000 Hz
Tracking Loop Order Second
AGC Dynamic Range 100 db
Command Channel Frequency Response 1-130 kHz
Noise Figure 5-8 dB

3.1.2 Payload Interrogator (PI)

Basically, the PI is a transceiver consisting of a receiver and
a transmitter which are frequency excited or referenced to a universal fre-
quency synthesizer that allows the PI to operate on any of 861 channel pairs.
The transmitter operates on two distinct bands--1763 - 1840 MHz (L-band) and
2025 - 2120 MHz (S-band) and the receiver covers the band 2200 - 2300 MHz
(S-band). Table 3.2 1ists the principal operating characteristics of the
transmitte«.

Figure 3.3 shows a functional block diagram for the Pl. A
single RF rort connects the PI to the payload antenna cable as the payload
antenna serves to simultaneously receive and transmit signals. This port
connects into the receiver input and transmitter output through an assembly
known as the triplexer. The triplexer consists of six cavity-based band-
pass filters which divide the rz.2iver band and botk transmit bands approxi-
mately in half. The two band a¢signments, designated "high" and "low," are
used to provide payload communication with minimum interference to network
communications. When the PI 1s transmitting to « DOD payload in the fre-
quency band of 1763.7-1799.7 MHz and receiving in the frequency band of
2202.4 - 2247.5 MHz, the S-band network transponder transmits at 2287.5 MHz
and receives DOD operational signals at 1831.787 MHz. Alternately, when
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Table 3.2 Principal PI Transmitter Characteristics

Parameter Value Units
L-Band Frequency Range 1763 - 1840 MHZ
S-Band Frequency Range 2025 - 2120 MHz
Carrier Frequency Tolerance $0.001 %
Carrier Phase Noise 10 max degrees-RMS
Qutput Spurs , < -65 dBc
Phase Modulator 0.2 to 2.5 radians
Frequency Sweep Ranges 75 £ 5 kHz
56 + 5 kHz
33+3 kHz
Frequency Sweep Rates 10 + 3 kHz/sec
250 + 75 Hz/sec
Power Level: High 37 to 42 dBm
Medium 27 to 32 dBm
Low 4 to 9 dBm

the PI is transmitting to a DOD payload in the 1803.7 - 1839.79 MHz band and
receiving in the 2252.4 - 2297.5 MHz band, the the S-band network transponder
transmits at 2217.5 MHz and receives DOD operational signals at 1775.773 MHz.
Similarly, when the PI is transmitting to a NASA payload in the 2025.8 to
2072.56 MHz band and receiving in the 2200 - 2250.75 MHz band, the network
transponder then transmits at 2287.5 MHz and receives NASA operational sig-
nals at 2106.406 MHz. Alternately, when the PI is transmitting to a NASA
payload in the 2072.68 - 2119.79 MHz band and receiving in the 2250,875 to
2300.875 MHz band, the network transponder transmits at 2217.5 MHz and
receives NASA operational signals at 2041.947 MHz,

Frequency synthesis for both the receiver and tihe transmitter is
based upon a master 80 MHz temperature-controlled crystal oscillator (TCX0).
Transmitter carrier phase modulation takes place at a fixed frequency which
is subsequently translated to the praper output frequency within the trans-
mitter synthesizer (TX). In order to frequency sweep the transmitter car-
rier, a VCXO sweep circuit is used, with its output also being input to the
transmitter synthesizer. Thus, the output of the transmitter synthesizer
is a discrete carrier, phase-modulated and frequency-swept signal with a nor
inal (no sweep) carrier frequency corresponding to the designated channel.
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The transmitter synthesizer output is amplified to a level
necessary to drive either of the output power amplifiers. Separate power
amplifiers are used for L-band and S-band channels (respectively, LPA and
SPA). Only one amplifier may be on or active at a given time. Either amp-
1ifier is capable of providing three selectable output power levels, as
listed in Table 3.2. Power amplifier output is switched into the appropri-
ate triplexer subband.

3.1.3 Communication Interface Unit (CIU)

The current function of the CIU is to provide command and telem-
etry data conditioning between the Orbiter and the IUS transponder. The CIU
consists physically of four boxes and two control panels mounted in an Orbiter
standard console. The CIU accepts command data from one of five sources, as
follows:

(1) S-band MDM

(2) KusSp

(3) GN&C MDM

(4) Crew-generated data from control panel
(5) T-0 umbilical.

Input data is validated, formatted, modulated on an SGLS base-
band carrier (see Figure 3.4) at 1 k baud, and forwarded to one of six des-
tinations. In the attached mode, the CIU forwards the conditional command
data directly over hard line to one of two redundant IUS transponders on one
or two IUS's in the Ortiter payload bay. In the detached mode, the CIU for-
wards the conditioned command data te one of two redundant PI's for RF trans-
mission to the IUS trantponder,

Ground-generated commands may be received from either the KuSP
or the NSP (through the GPC/MDM interface). Received as a continuous binary
data stream at 128 kbps from the XuSP and 1 Mbps bursts from the GPC/MDM,
they must be detected and buffered. The binary outputs of the buffers are
either 4 kbps or 2 kbps which, when converted to the ternary format, become
symbol rates of 2 ksps and 1 ksps, respectively. The input to the binary-
to-ternary converter consists of serial data plus clock (two 1lines) and the
output consistis of the "S," "0," and "1" symbols plus ciock (four lines).




(=]
™ adojaAul uoLjeinpoy auo} puewwo) ¢ a4nbirg
9 szm + XVH.
wlu = [RULWOU ZHY G = 4 “01F 209 = Q0L X 57— o= = UOLIR|NpOY JUddURg
.ﬁzu N 2:.”_
W0u = [BULWOU ZHy Y2 = 9y
wSw = [BULMOU ZHY 69 = a.m Spu0lascaal g9 = awr} Aejsg = oh
XYW
v 1—
g 4 4
3
_ | _
I _
B I-_ T
R ‘R >
- — A_ 1 _
| I | I
bupssoa) 0437
potaad ummT
- - - - L g had ~ bt - “

|
|
|




i

21

Crew-generazed commands are input through the command generator
and verification unit which outputs them in the proper ternary format. A
priority selection switch determines whether ground or Orbiter-originated
commands will .= transmitted to the payload. The FSK/AM generator encodes
the ternary commands into the proper signal for transmission to the payload.
Three subcarrier tones of 65, 76 and 95 kHz (corresponding, respectively,
%o the "S," "0," and "1" symbols) are employed in a time-serial manner,

The command rate clock, at one-half the symbol rate and in the form of a
triangular wave, is amplitude modulated onto the composite tone stream, as
shown ir: Figure 3.4. Attached payloads may receive either the ternary
baseband or tone command signals from the CIU.

Figure 3.5 shows a simplified block diagram of the CIU. Micro-
processor technology is fundamental to the CIU operation. The microproces~
sor performs frame synchronization, VCC extraction (required for DOD com-
mands) and command authentication, and determines command rejection. The
microprocessor also accepts GN&C data and provides the command gererator
function to send GN&C or crew-generated command data to the FM/AM modula-
tor. The required binary-to-ternary conversion on the command data is
also performed by the microprocassor. Additional functions performed by
the microprocessor are CIU mode control and status display.

3.1.4 Payload Signal Processor (PSP)

Commands are handled by the PSP in such a manner as to (1) accept-
conmand messages in “burst" form and buffer store, (2) perform a validation
check, (3) rate convert to the appropriate bit rate and prefix with an idle
pattern, and (4) biphase modulate the serial command word oato a subcarrier.
Data rates and signal characteristics for the command signal generation
portion of the processcr are tabulated in Table 3.3.

A PSP command functional block diagram is presented in Figure 3.6.
As shown in this figure, PSP control/mode information and command data are
transferred to the PSP from the general-purpose computer (GPC) via the MDM
interface. For this purpose, a serial bilateral data bus operating at a
rate of 1 Mbps is employed. Also, over this same serial bus, the PSP is
able to transmit a status message to the GPC for the purpose of configu-
ration and command data validation. Input/output in the proper mode is
established to the PSP from the MDM using discrete (one-bit message) lines.
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Table 3.3. PSP Command Signal Characteristics

Parameter Value Units
Subcarrier Waveform Sinusoidal -
Subcarrier Modulation PSK, +90 Degrees
Subcarrier Frequency 16 kHz
Idle Pattern Alternating

"ones" & "zeros"
Bit Rates 2000 + 2N, bps
N=0,1,2,...,8

Within the PSP, a 1 MHz serial data interface i¢ provided which
performs data wovrd detection and synchronization. All timing is generated
from a master 12 MHz clock. The word validation Togic examines the serial
interface output to (1) check the integrity of the Manchester data waveform,
(2) check parity, and (3) look for end-of-data identification. Failure to
pass any of these tests results in inhibiting the Manchester-to-NRZ con-
version operation.

A1l word-valid Manchester data is converted to serial NRZ-L
data, after which it is clocked into the dual buffer. The dual buffer con-
sists of two storage memories: one which receives current data at the
1 Mbps rate while the other is clocked out at a rate proportional to the
1.024 MHz clock. Thus, new command messages from the GPC/MDM may be
received and stored at the 1 Mbps rate while, at the same time, command
data may be transferred to the command subcarrier modulator at the selected
payload command bit rate.

The message-valid logic examines all messages received from the
GPC/MDM for illegal codes. Any illegal form detected is sufficient to in-
hibit further processing operations. A failure-to-pass message validation
is transmitted through the status message generator back to the GPC, and
a message repeat is requested.

The portion of the GPC message which corresponds to the PSP con-
figuration information is processed by the configuration control which,
in turn, is responsible for setting the PSP mode/operating parameters.

e M et o
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Configuration status is transmitted back to the GPC via the status message
generator. Command message verification is also made using status message
reportback to the GPC.

Valid coomand bits to be transmitted to the payload are clocked
from the command buffer at the proper bit rate. Each command is prefixed
with a command idle pattern of alternating "ones" and "zeros." (In fact,
the command idle pattern can be transmitted any time when requested and in
lieu of actual command bits.) Command bits or idle pattern bits biphase
modulate a 16 kHz sinusoidal subcarrier which is output to the PI.

3.1.5 Crbiter Network Communication Equipment

Command data reaches the Orbiter from the ground by use of the
network communication equipment. For commands, there are two sets of
equipment: (1) the S-band transponder and network signal processor (NSP),
and (2) the Ku-band receiver and Ku-band signal processor (KuSP).

3.1.5.1 S-band transponder and network signal processor (NSP)

The transponder is a multimode S-band communications unit which
operates in three primary modes (DOD direct, GSTDN direct, and GSTDN Hi-
Power/TDRS relay) and several secondary modes. The transponder supports
full-duplex communication in any of the primary modes, provides Doppler
turn-around during coherent operation, and provides tone ranging turn-
around. Turn-around ranqing is accomplished exclusively with tones on the
1.7 MHz subcarrier.

A block diagram of the network transponder is shown in Figure
3.7. The transponder receiver searches for, acquires, tracks and coher-
ently demodulates either residual carrier PM signals in the DOD or GSTDN
modes or suppressed carrier PSK signals in the TDRSS mode. Acquisition of
the spread spectrum code in the TDRSS mode is accomplished prior to carrier
acquisition. The receiver is configured as a Costas loop for carrier acqui-
sition and tracking. Symbol synchronization is performed in the NSP after
carrier acquisition.

In normal operation, the transmit frequency is coherently related
to the received frequency by either the DOD 256/205 or the NASA 240/221
transponding (turn-around) ratio. On the power-limited TDRSS relay links,
convolutional encoding is required, resulting in a symbol rate three times




26

weaberq 3201g [euoL3IUNY J3puodsuea] YA0MIBN

L€ dunbL4

_ UOL3I3S UBAL3I3Y

nwouum;uxm 491ddog

ejeq bulbuey

UOL323S JdIFLUISURA]

ejeq
puetso) J40323198( 824n0S§
_ el o
Se3509 Aduanbauy
_ saatdiy
_ Aouanbau 4
40SS330U4d e 41 3s1
_ wna3oads ﬂm - pue
peaads pug 491}t duesud
[ 4 N L)

Aagauws|a)
4030 | npoy 431} L | duy i
' |
Wd BETIR
Klquassy
JdaxaidLag
QOG/NGLSY SSYGL
Ve »

s e



[ 13

27

the information rate. The composite link data rates are shown in

Table 3.4. The spectrum of the forward TDRS 1ink is further spread to
reduce the power spectral density impinging on the earth's surface by com-
bining the coded data symbols with an 11.232 Mchips/s pseudonoise (PN)
sequence of length 1023. The perfcrmance parameters for the transponder
are presented in Table 3.5,

Table 3.4. Data Rates for Network PM Links

Composite Link Rate

Direct Relay (Rate 1/3 coded)

Link Rate | Channels Available | (Bit Rate) (Symbol Rate)
Forward | High | Two 32 kbps voice 72 kbps 216 ksps
One 8 kbps command
(Ground 0 ,
to Low ne 24 kbps voice 32 kbps 96 ksps
Orbi ter) One 8 kbps command

This NSP performs the digital processing functions for the PM
Tinks. A block diagram is shown in Figure 3.8. All receiver input data
first passes through the symbol synchronizer. Convolutionally encoded
TDRSS-relayed data passes to the Viterbi decoder, and encrypted DOD data
are cutput to an external COMSEC device, the output of which then goes to
the frame synchronizer decoder. Unencrypted input data go directly to the
frame synchronization decoder, the output of which drives the demultiplexer
(demux). Voice data from the demux are rate-buffered to either 24k bits/s
or 32k bits/s to the delta demodulators or the payload station when receiv-
ing digital voice data in the DOD mode. Command data are buffered to a BCH
(Bose-Chaudhuri-Hocquenghem) error detection/correction decoder at a net
6.4k bit/s rate. The performance parameters for the network signal proces-
sor are in Table 3.6.

’
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S-Band Transponder Performance Specifications
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RECEIVER (AMBIENT TEMPERATURE)

Noise Figure

Doppler Accommodated

Doppler Rate Accommodated
Tone-Ranging Response (1 db)
Tone-Ranging Delay
Tone-Ranging Delay Variation
Dynamic Range

8
+55
5
1.6 to 1.9
HA
78.0
-30 to -122

dB Max
kHz

kHz/s Max
MHZ

us Max

ns Max
dBm Min

ACQUISITION PROBABILITY >0.9 IN 6 SECONDS

MINIMUM SIGNAL LEVEL

INTO TRANSPONDER

MODE MODULATION 32 kbps 72 Kbps
STDN/SGLS Bi-¢-L, PSK %No Ranging) -117.0 dBm -116.0 dBm

, No Tone

STDN Hi Power | Bi-¢-L, PSK* Ranging) -102,0 dBm -101.0 dBm
TDRS* Bi-¢~L, PSK -103.0 dBm - 98.8 dBm
TORS* Carrier Only ~-104.5 dBm -100.3 dBm

The tone ranging uplink signal shall be turned off during acquisition.

Center frequency + 50 kHz.

*Input noise power spectral density of -151 dBm/Hz, acquisition
probability > 0.9 in 12s for TDRS LO & HI data.

PN ACQUISITION TIMES

Pr/N0 Average Acquisition Time Average Time
(Seconds) To Unlock
(dB-Hz) 96 ksps 216 ksps (Seconds)
49,5 < 60 < N/A 23600
51 < 20 23600
53 < 30 23600
54 < 10.0 < 10.0 25500
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Table 3.6 Network Signal Processor Performance

NSP Bit Synchrunizer

Acquisition and Tracking Threshold SNR -5 dB

Hard Decision Uncoded Data Detection < 0.6 dB from theory
(-5 dB < SNR < 10.6 dB)

Acquisition Time:

Uncoded, SNR > O dB 1 s max
Coded, SNR > -3 dB 2 s max

NSP Viterbi Decoder

For BER 107} to 107° <1 dB from theory

WSP BCH Command Decoder

Probability of Undetected Error 10'18 max

3.1.5.2  Ku-band receiver and Ku-band signal processor (KuSP)

An overall block diagram of the Ku-band forward link data sub-
system is shown in Figure 3.9. The characteristics of the received RF
signal are given in Table 3.7. The forward 1ink RF carrier transmitted
by the TDRS is normally biphase-modulated with a modulo-two sum of data

and PN code where the data and PN clocks are asynchronous. The data for-

mat is biphase-L (Manchester) and the PN code is NRZ-L. The PN code is
a 1023 symbol Gold Code.

The svstem actually has two data modes, as shown in Table 3.8.
In mode 1, the data rate is 216k bit/s as described above, and the data
stream is a time-multiplexed composite of 72k bits/s of "operational
data," 128k bits/s of DOD command data to the CIU, ard 16k bits/s of
overhead used for frame synchronization and data demultiplexing. After
demultiplexing, the 72k bits/s data are output in biphase-L format to
network signal processors 1 and 2 (NSP 1 and 2). The 128k bits/s data

are output in NRZ-L format, with clock to the payload and text-and-graphics.
In data mode 2, the received signal is demodulated and output directly to

NSP 1 and NSP 2 without bit synchronization or bit detection. In this
mode, the possible data rates are 32, 72, 96 or 216k bits/s and the data

format is always biphase-L.

el
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' Table 3.7. Ku-Band Forward Link RF Signal Characteristics
? -
Carrier frequency 13.775 GHz % 19 kHz
Received wave polarization Right-hand circular
| Received wave axial ratio 1 dB max
4
; Dynamic range of incident 113.5 dBW/m? max
Flux density -126.9 dBN/m2 min
PN code length 1023 symbols
PN code rate 3.028031 Mchips/s £ 1 chip/s
PN code format NRZ-L
Mode 1 data rate 216 kbps t 22 bps
Mode 2 data rate 32 or 72 or 96 or 216 kbps
Data format (all modes) Biphase-L (Manchester)
’ Modulation (when present) Biphase
Table 3.8. Ku-Band Signal Processor Forward Link
Data Characteristics
KuSP Interrtace Type Rate or Bandwidth
Mode 1
Command/Text & Graphics--NSP Digital 72 kbps Command
(1,2) and Text & Graphics 128 kbps Text & Graphics
16 kbps Frame Sync
(Manchester)
Command/DOD Payload Command Digital 72 kbps Command
Data-~NSP(1,2)/CIU 128 kbps D?D Payload
16 kbps Frame Sync
(Manchester)
Mode 2
{ Operations Data--NSP(1,2) : Digital | 32,72,96,216 kbps (Manchester)
) r
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Figure 3.10 11lustrates the functional processing of the KuSP
for data to be transmitted to the payload (i.e., the forward 1ink). When
the forward 1ink contains the normal S-band 216 kbps operational data of
the 72 kbps command data plus digital voice data, the data mode select is
set to transfer the data directly to NSP 1 and 2 without any processing
in the KuSP. Note that, in this data select position, the possible data
rates are 32, 72, 96 and 216 kbps. When the 216 kbps forwerd 1ink data
contains either text and graphics data or DOD conmand dates, then data
mode select is set to transfer the 72 kbps command data to NSP 1 and 2.
The 128 kbps DOD command data is actually 2 kbps which has been coded to
use the available 128 kbps data rate without having to modify the KuSP bit
synchronizer or frame synchronizer,

3.2 Payload/Orbiter Functional Telemetry Sianal Flow

The payload/Orbiter functional telemetry signal flow is presented
in Figure 3.11. In the attached mode, the payload transponder signai pro-
cessor sends telemetry directly to the payload recorder (PR), payload data
interleaver (PDI), S-band FM signal processor (FMSP), or KuSP. In the
detached mode, telemetry is transmitted by the payload transponder to the
PI. For NASA missions with standard data formats, the telemetry data
passes from the FI to the PSP, which sends it to the PDI for data handling.
For DPD missions with standard data formats, the telemetry data passes from
the PI to the CIU, which distributes the processed data to the PR, PDI,
FMSP or KuSP for data handling. When nonstandard telemetry data formats
are used in the detached mode, the PI strips off the RF carrier and sends
the unprocessed data to the KuSP for transmission to the ground. This
mode is called the "bent-pipe" mode since the Orbiter performs no process-
ing of the telemetry data other than carrier translation.

A brief summary of the functions of each of the units involved
in the telemetry signal flow is presented in the next sections to deline-
ate the interfaces where compatibility is required and potential interface
problems can cccur.

3.2.1 Payload Transponder

The payload transponder shown in Figure 3.11 actually includes
the transponder to provide the RF link in the detached mode and a signal
processor to process the telemetry data and interface with Orbiter data-
handling equipment in the attacned mode. The block diagram of a typical
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payload transponder was shown in Figure 3.2, As mentioned in subsection
3.1.1, the transmitter frequency is related to the receiver frequency by
a ratio of integers, called the coherency (or turn-around) ratio. Both
the NASA and DOD transmitter frequency ranges are S-band (2200 - 2300 MHz).
The corresponding coherency ratios are, for NASA, 240/221, and for DOD,
256/205. Most transponders alsu have a turn-around ranging capability;
there is, however, no plan to make use of such ranging capability with

the payload/Orbiter link.

The synthesizer/exciter provides all reference frequencies to
the transponder. A reference oscillator supplies standard frequencies to
the receiver synthesizer, and coherence is provided by the receiver VCO.
Synthesized frequencies are distributed to the receiver mixers and phase
detectors and to the transmitter phase modulator through a frequency
multiplier.

The phase modulator provides the means of modulating the return
link carrier with telemetry and ranging signals. Its output drives the
transmitter frequency multiplier, producing the required modulated carrier
signal in the S-band frequency range.

Finally, the power amplifier raises the modula. * S-band trans-
mitter signal to the level required by the return 1ink. For near-Earth

, spacecraft, the power levels may range from a few hundred milliwatts to

several watts, while deep-space vehicles employ power levels on the order
of 100 W.

Typical transponder transmitter operating and performance
parameters are indicated in Table 3.9.

Table 3.9. Typical Payload Transponder Transmitter Characteristics

Item Parameter and Range
Transmitter “requency Range 2200 - 2300 MHz
Ranging Channel Fre(rency Response 1 kHz to 1.2 MHz
Transmitter Phase ueviation Up to 2.5 radians
Transmitter Output Power 200 mW to SW*

*Up to 200 watts with external power ampiifiers.

I il < A i VI O, PN R Pt e ¢
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3.2.2 Payload Interrogator (PI)

The functional block diagram of the P! was presented in
Figure 3.3. As mentioned in subsection 3.1.2, the PI is basically a
transceiver which is frequency excited or referenced to a universal fre-
quency synthesizer that allows the PI to operate on any of 861 channel
pairs. The PI receiver covers the 2200 - 2300 MHz band (S-band). Table
3.10 1ists the principal operating characteristics of the PI receiver.

As shown in Figure 3.3, a single RF port connects the PI to the
nayload antenna cable as the Orbiter paylead antenna serves to simultan-
eously receive and transmit signals. This port connects into the receiver
input through an assembly known as the triplexer. The triplexer consists
of six cavity-based bandpass filters which divide the receiver band and
both transmit bands approximately in half to provide payload communication
with minimum interference to network communications, as discussed in sub-
section 3.1.2.

Immediately following the triplexer receive switch and located
at the input to the preamplifier is a power overload limiter. This Tim-
iter functions to protect the FET preamplifier itself from any damage for
applied power levels as large as +36 dBm. The preamplifier output is
input through an image frequency-rejecting BPF to the first mixer.

The function of the first mixer is to downtranslate the received
signal to a fixed intermediate frequency (IF) of 215 MHz. Since the input
signal carrier frequency may correspond to any one of the designated chan-
nels on the 2200 - 2300 MHz range, the mixer reference supplied by the
receiver synthesizer (RX) must also cover a 100-MHz range (1985-2085 MHz).
Following this mixer is a wideband IF amplifier assembly (IFAS) consisting
of several stages of gain-controllable (AGC) amplification and bandpass
filters.

A second mixer further downconverts the 215 MHz first IF signal
to the 31 MHz second IF., The reference for this second mixer is derived
from the tracking loop VCX0, so the second mixer represents the input to
a quasilong loop phase-locked-loop (PLL) architecture. The second mixer
is followed by an IFAS. At the output of the IFAS, the signal is effec-
tively split into two principal channels.

e
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Table 3.10. Principal PI Receiver Characteristics

Parameter Value Units

Input Frequency Range 2200 - 2300 MHz
Input Signal Level -
Operating Range 124 to +36 dBm
AGC Range -127 to -27 dBm
Noise Figure 7.0 max dB
Thresholds: Acquisition -120.0 dBm

Tracking -124.0 dBm
Acquisition Sweep Range:

Minimum 112 kHz

Maximum 1132 kHz
Nominal Acquisition Sweep
Range 330 kHz/sec
Frequency Rate Tracking 17 kHz/sec
False Lock Immunity Sidebands <-26 dBc
Tracking Bandwidth 3200 Hz
Maximum Phase Noise 15 Degrees-RMS
Throughput Bandwidth:

Minimum 4.3 MHz

Max imum 5.5 MHz
Qutput Signal Regulation 2.0 + 0.4 VRMS
Throughput SNR Losses 2.1 max dB

38

The wideband channel provides for modulation recovery and out-

Rt R 0 L E L
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put to the appropriate processing units. A wideband phase demodulator
referenced to a 31 MHz oscillator (which becomes phase coherent with
respect to the signal carrier component by virtue of the carrier-tracking
Toop discussed subsequently) translates all of the signal first-order
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sidebands to the lowpass or baseband frequency region. The baseband
waveform (which generally consists of signal-plus-noise) is then regulated
to a fixed RMS value prior to being output.

A second 31 MHz channel is narrowband (approximately 30 kHz IF
bandwidth) by virtue of the placement of a crystal BPF prior to two quad-
rature reference-driven demodulators. One of these demodulators, known as
the loop phase detector, produces a carrier frequency/phase error voltage
which is subsequently filtered and applied to the voltage control input of
the PLL VCX0. The VCX0 output is frequency multiplied by a factor of 10,
whence it becomes the reference to the second mixer, thus completing the
PLL circuit. For the conditions of proper PLL tracking, the frequency and
phase of the received signal discrete carrier component at the input to
the loop phase detector is in frequency-synchronous phase-quadrature with
the 31 MHz derived reference.

Prior to achieving a condition of phase lock, the frequency dif-
ference between the received signal and the receiver references may be very
Targe (> #100 kHz). Thus, as an aid to attaining lock, the VCX0 frequency
is swept over the uncertainty range by means of the sweep Toop. Once a
state of lock is established, the sweep loop is disabled by the Tock
detector circuit.

The second demodulator of the narrowband quadrature pair is known
as the coherent amplitude detector (CAD). If, when the PLL is locked, the
input and reference to the loop phase detector have a 90° phase difference,
the input and reference to the CAD then have a 0° phase relationship, As a
result, the CAD output is a direct (zero frequency) voltage with amplitude
proportional to the level of the received carrier. Such a voltage has two
distinct uses: (1) as a means of indicating phase lock, and (2) the basis
for receiver automatic gain control (AGC).

To implement a lock detector, the CAD output is input to a two-
pole small bandwidth LPF which is followed by a comparator referenced to
a fixed threshold. When the PLL is out of lock, any direct signal compon-
ent and noise voltage appearing at the LPF output are essentially smaller
than the threshold so that the comparator output will indicate a "false"
or out-of-lock status. Conversely, 1f the PLL is locked, the direct volt-
age appearing at the LPF output is sufficiently greater than the threshold

so that the comparator output becomes "true," indicating a state of in-lock.
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An AGC voltage is formed by simply offsetting the CAD output
(i.e., adding a reference voltage, RC), lowpass filtering, and feeding the
result back to the voltage-contrullable gain amplifiers within the first
and second IFAS's. Since AGC is also needed for receiver acquisition con-
ditions when the PLL is out of lock and no direct voltage is produced at
the CAD output, a noncoherent AGC voltage is derived and used in this
state. The implementation involves rectifying the 31 MHz output of the
crystal BPF to obtain the AGC measure, adding a reference voltage RN, and
switching the result into the AGC LPF (in lieu of the CAD output). Switch-
ing between noncoherent and coherent AGC is dependent upon which of the
respective voltages is the largest.

3.2.3 Communication Interface Unit (CIU)

The current function of the CIU is to provide command and telem-
etry data conditioning between the Orbiter and the IUS transponder. The
CIU receives IUS telemetry over hard 1ine (attached) and from the PI
(detached). In the attached or hard-line mode, the CIU receives data from
one of two IUS's and provides selected telemetry data (NRZ-L) to the COMSEC
and the PDI. The CIU provides the same telemetry data after NRZ-L to
biphase-L conversion for selection to the Payload Recorder (PR), FMSP or
KuSP. The CIU also receives NRZ-L data from the Wideband Data Interleaver
(WBDI) on the IUS and performs NRZ-L to biphase-L conversion. The WBDI
data is selected to be supplied to the PI, FMSP or KuSP. The IUS EMU
analog environmental data is received by the CIU for selection to the PR.
In the detached or RF modes, the CIU receives telemetry data from one of
the two PI's as a PSK subcarrier (1.024 MHz) frequency multiplexed with
FM/FM environmental data on a 1.7 MHz subcarrier. The CIU performs PSK
demodulation and bit synchronization to generate NRZ-L telemetry data and
clock to be supplied to the PDI. The same telemetry data is NRZ-L to
biphase-L converted for selection to the PR, FMSP or KuSP. The CIU per-
forms FM demodulation on the 1.7 MHz subcarrier to generate three-channel
FM (16, 24 and 32 kHz). The CIU provides the three-channel FM plus a
100 kHz reference for selection to the PR.

Figure 3.5 shows a simplified block diagram of the CIU. The
microprocessor at the heart of the CIU performs the bit synchronization
function on the telemetry data for processing by a COMSEC and receives
telemetry data (NRZ-L) and clock from the COMSEC.
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3.2.4 Payload Signal Processor (PSP)

The PSP consists of two basic processors--one to handle telemetry
data and the second to process and encode command messages. Telemetry
input is in the form of data biphase modulated onto a subcarrier which is
serially processed in such a manner as to (1) PSK demodulate the data from
the subcarrier, (2) bit synchronize and matched-filter detect the data, and
(3) frame synchronize the data. Table 3.11 lists the principal PSP telem-
etry signal-processing capabilities.

A telemetry functional block diagram of the PSP appears as Fig-
ure 3.12. Telemetry signal input may be derived from either the PI, which
represents the operational input, or ground support equipment (GSE) for
preflight test purposes. As the input signal is a biphase-modulated sup-
pressed subcarrier waveform, the PSK demodulator functions to regenerate
a coherent subcarrier reference which is used to phase demodulate the data
from the subcarrier. Thus, the output from the PSK demodulator is com-
posed of the telemetry bits. Subcarrier regeneration and tracking is
accomplished by means of a polarity-type Costas loop.

The bit synchronizer is a digital data transition tracking loop
(DTTL) of proven design and performance. Data detection itself is per-
formed by integrating across an entire bit (in-phase integration or
averaging) and taking the resulting polarity as representative of the
bit value (+1 or -1). Bit clock synchronization is accomplished by means
of integrating between bits (mid-phase integration or averaging) and using
the resulting measure as an error signal which subsequently corrects the
local bit timing clock source phase to maintain proper alignment with the
received bits.

At the output of the bit synchronizer, a received serial telem-
etry data bit stream exists and is identical to that generated by the pay-
load, with the exception of occasional bit errors. This data stream con-
sists of random (insofar as processing is concerned) telemetry information
plus regularly inserted frame synchronization words. It is these frame
synchronization words that the frame synchronization processor searches
for and locks onto so that the telemetry stream output by the PSP is
frame synchronized.
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Table 3.11 PSP Telemetry Signal-Processing Capabilities
Parameter Value Units
Subcarrier Waveform Sinusoidal -
Subcarrier Modulation PSK, %90 Degrees
Subcarrier Frequency 1.024 MHz
Bit Rates 16 ¢ 2N , kbps
N=0,1,2,3,4,
Bit Format NRZ~-L,M, or §, or -
Manchester-L,M, or S

Word Length 8 Bits
Minor Frame Length 8 to 1024 Words
Master Frame Length 1 to 256 Minor Frames

Transition Density

> 64 transitions in 512 bits

< 64 consecutive bits w/o transition
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3.2.5 Payload Experiment Recorder (PR)

The data-recording system uses wideband digital and analog
magnetic tape recorders to record and reproduce digital and analog signals.
The magnetic tape recorder data storage system consists of two components.
The first component comprises the multitrack coaxial reel-to-reel tape
transport and its associated electronics. The tape transport features
negator spring tension and contains a minimum of 2400 usable feet of
0.5-inch by 1-mil1 magnetized tape. The transport can store a minimum of
3.4 x 109 bits of digital data. The second component contains additional
data conditioning circuitry and all other control logic and associated
electronics.

Payload experiment data recording is provided via the payload
station panel. Predetermined patch panel wiring permits digital data
recording in either parallel (up to 14 tracks) or a combination of
parallel-serial. Data rates from 25.5 kbps (lowest rate for a tape speed
of 6 inches per second (ips)) to 1024 kbps (highest rate for a tape speed
of 120 ips) can be selected from four tape speeds provide by premission
wiring of recorder program plugs.

Analog data can be recorded on up to 14 tracks in parallel with
frequencies from 1.9 kHz (lowest frequency for 6 ips tape speed) to 1.6 MHz
(highest frequency for 120 ips tape speed) by premission program wiring.
The basic recorder has the record/playback capabilities presented in
Table 3.12 below.

Table 3.12. Payload Recorder Record/Playback Capabilities

Data Range { Frequency Range Selectable Tape Speed Time Per Track
(kbps) (kHz) ] (ips) (min)
64- 128 1.9 - 250 15 32
128~ 256 3.8 - 500 30 16
256- 512 7.5 -1000 60 8
512-1024 1.5 -1600 120 4
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3.2.6 Multiplexer/Demultiplexer

The primary interface unit between the GPC and other subsystems
is an MDM, shown in Figure 3,13. The MOM's act as a GPC-to-Orbiter format
conversion unit. They accept serial digital information from the GPC's and
convert or format this information into analog, discrete or serial digital
form for transfer to Space Shuttle subsystems. The MDM's can also receive
analog, discrete or serial digital information from the Space Shuttle sub-
systems and convert and format these date into serial digital vords for
transfer to the GPC, In addition, MDM's are used by the instrumentation
subsystems, but only in a receive mode. Each MDM is controlled through
either the primary port connected to the primary serial data bus or through
the secondary port connected to the backup serial bus if failure is encoun-
tered with the primary systom. The input and output of the MDM are via a
multiplexer interface adapter (MIA).

The characteristics of the serial digital data input/output
channels between the Orbiter subsystem (e.g., NSP, PSP, CIU) I/0 buffer and
the MDM are shown in Figure 3.14. The Word and Message Discretes are in
the "0" states when the voltage level is between -0.6 V to +0.6 V and in
the "1" states when the voltage level is between +2,1 V to +5.9 V. These
discretes have differential signal termination with an impedance of 71
+7 ohms and a rise and fall time between 10 and 90 percent of 100~ 1000 ns,
as shown in Figure 3.15,

When the Word Discrete is switched to a logical "1" state, the
Orbiter subsystem is enabled to transmit individual words to the MDM. Fig-
ures 3.16 through 3.18 present the format for individual words to the MDM.
Figure 3.16 illustrates the overall data format and shows the various parts
of the MDM word. Figure 3.17 presents the specifications for the data
coding. Note that the burst data rate to the MDM is 1 Mbps, The first
three bits of each MDM words are used for word synchronization and are dif-
ferent from the normal Manchester-coded bits. Figure 3.18 presents the
specifications for the nonvalid Manchester code used for word synchrenization.

When the Message Discrete 1s switched to a logical "1" state,
the Orhiter subsystem is initiated to transfer multiple words under the
control of the Word Discrete beginning with the first word. Figure 3.19
presents the specifications for the Message Discrete and the relationship
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1000ns  -»f
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I
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|
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-——| fe—10 to 20U ns I | 170 to
— F= 1000 ns
=5.9 volts « V, - -2.1 volts
+2.1 volts < V, < +5.9 volts
NOTL:

Wavefarm represents line-to-line valtaye excursion,

Figure 3.15. Rise and Fall Times
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SYNC SIGN OR MSB : DATA PARITY
i

*

Figure 3.16. Serial Word Format

—»| Je—— 1 usec £0.1% avg/word

|
|"|| ll
1007 0001
CEOTO 00 8 l

oy KL N O O B _LLo ) 1=+voltage
o L ~ 0=-voltage

l L—-—- 1000 nsec 5% At the
1000 nsec *5% 50%

50C nsec *10% points

NOTE: Biphase Level (Manchester II)

“1" represented by 10
"0" represented by 01 for Data

"1" represented by 01 e
"0" represented by 10 for Data

Figure 3.17. Data Code
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Data

——1 lWord Sync

— 2.0 usec o
+4,75%
F——-ﬂ'—f—- 1.5 psec +3%
+ Volts -1
i
|
:
0 : X
b
L
- Volts : L.
F.--q-}- 1.5 usec +3%

Figure 3.18. Data Word Synchronization, Nonvalid
Manchester Code
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between the Message Discrete and Word Discretes in the transfer of
multiple MDM words.

Single-Ended Discretes are also shown in Figure 3.14. These
discretes have the same logical state specifications as Word and Message
Discretes; however, Single-Ended Discretes have rise and fall times of
20 v . (max)}. The power-off impedance and load impedance must be 10 kohms
(mav  with a 1ine drive capacitance of 35 pf/ft (min). The corresponding
intput current is 2.5 mA in the "0" state and 1.25 mA in the ™" state.

The characteristics of the analog interfaces with the MDM are a
voltage range of 0-5 V (peak), a source impedance of 100 ohms (max), a
load impedance of 500 kohms (min), a load "OFF" impedance of 100 kohms
(min) and a 1ine drive of 35 pf/ft (min). There can be only one analog
interface per return,

3.2.7 PCM Master Unit

The block diagram of the PCMMU is presented in Figure 3.20.
Operational instrumentation (0I) sensor data (designated as downlink data)
are acquired hy the PCMMU in conjunction with MDM's. The MDM's under con-
trol of the PCMMU's accept, encode and store the data in a random-access
memory (RAM) located within the PCMMU. The stored data are "refreshed"
(updated) perindically under the control of a preprogrammed read-only
memory. This module is known as a "fetch PROM."

GPC sensor and derived data (designated as downlist data) are
acquirved by GPC's and sent by a data bus to the PCMMU's. The PCMMU pro-
vides a unique double-bufter memory for each computer input, which allows
data reception asynchronously while synchronously outputting previously
received data. This guarantees the homogeneity of the data (i.e., output
data are not overlaid by incoming data). Payload data are processed
through the PCMMU in the same manner as the 0l sensor data except that the
PCMMU interfaces with the PDI.

The OI PCMMU, after accepting data from the MDM, computers and
PDI, formats the data into a serial digital output stream for telemetry,
recording and GSE, Format control is provided by the output formatter,
which is prograrmmcble and can be modified by a set of instructions from
the computers.
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The PCMMU has a maximum output capability of 128 kbps for
purposes of telemetry and on-board recording. The PCMMU, on command from
the crew, can send 64 kbps of information. This mode is primarily used
in conjunction with the low bit rate of the transmission system (S-band
or Ku-band) and the TDRSS.

Formats have been developed for the ascent, on-orbit and entry
phases and ground checkout. As noted in Figure 3.20, one of the format
memories is a 128 kbps PROM having a fixed format and cannot be modified
by the GPC. This format is used during power-up of the Orbiter and during
the ascent phase. A fixed format is necessary because loss of power to
the PCMMU would result in loss of information from 64/128 kb>s RAM's
(volatile memory).

3.2.8 Payload Data Interleaver

The programmable PCMMU can be modified from one flight to the
next. Since the Shuttle provides transportation for many types of pay-
loads, a programmehle PDI was designed to interface with the PCMMU. The
PDI (Figure 3.21) can accept data simultaneously from five different
attached payloads, including the IUS/CIU and an input from the PSP, then
select and individually decommutate the data for storage in a buffer mem-
ory. This memory is accessible to the PCMMU and the data are included
with the Orbiter PCM stream. The PDI is programmed onhtoard from the mass
memory through the GPC, which is used to select specific data from each
payload PCM signal and transfer them to buffer memory locations. An in-
put switch matrix selects four of the inputs for the bit synchronizers.
The "chain" functions of bit synchronization, decommutation and word
selection are provided for up to four simultaneous PCM streams in two
possible modes, as listed below.

Mode 1. In this mode, a chain bit synchronizes, master-frame
synchronizes, minor-frame synchronizes and word synchronizes to the incom-
ing data stream. The word selector blocks data into proper words for
storage in the data RAM and/or toggle buffer. PCM code type, bit rate,
PCM format, synchronization codes and word selection are programmable
under control of the decommutator format memories. Two word selection
capabilities for this mode of operation are as follows: Type I--The first
type selects all, or a subset of, the words in a payload PCM format minor




PP e

oo

Inputs
From 5
Attached
Payloads
(or CIU)

Y N—

BERR

PSP 1&2 Inputs

Isolate
IIORII

55

Power

Supply
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Switch Matrix

Figure 3.21.

PDI Block Diagram
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frame (or master frame for formats without minor frames) for storage in
the toggle buffer. Type II--The second type of word selection is by
parameter. The specification of a parameter consists of its word location
within a minor frame, che first minor frame in which it appears, and its
sample rate. The specification is provided as part of the decommutator
control memory format load.

Mode 2. In this mode, a chain bit synchronizes to the incoming
data, clocks it into eight-bit words, blocks the eight-bit words into
frames, supplies synchronization pattern at the start of each frame and
includes the status register as the Tast three 16-bit words of each frame.
A homogeneous data set for this mode of operation is defined as all infor-
mation within this PDI-created frame. Code type, bit rate, frame length
and synchronization pattern are programmable under control of the decom-
mutator format memories. The frames are supplied to the toggle buffer for
storage as homogeneous data sets. No data is supplied to the data RAM in
this mode of operation.

A status register containing the status and time for a given
chain operation is provided by the word selector to the Toggle Buffer (TB)
control logic. This logic regulates access to and from the half buffers
by the word seiectors and data busses. A1l requests for 7B data by the
data ports are processed through the Fetch Pointer Memory (FPM) and the
Toggle Buffer Identifier (TBI). The TB control logic also partitions data
from the word selector into homogeneous data sets for access by the data
bus ports.

The FPM is used to identify which TB is to be accessed by a data
bus port. It also allows access to any location in the data RAM by any of
the PDI data bus ports at any time. FPM control logic routes all requests
for TB data to the location in the FPM identified by the data bus command
word. It further provides for loading and reading of formats to and from
the FPM at any time by the data bus ports.

A data RAM for storage of data from the word selector by param-
eter is provided. Tho data RAM control logic steers data provided by the

word seiector into addresses in the data RAM specified by the decommutator
control memory.

e LRSS RAT
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There are three data bus ports for interface with the Orbiter
GPC that have read and write access into the switch matrix, decommutator
control memery, FPM, PDI and data RAM.

An IRIG "B" receiver/decoder accepts an IRIG "B" code from an

external source, decodes time and supplies it to the four status registers.

3.2.9 Orbiter Network Communication Equipment

Telemetry data is transmitted to the ground by using the network
communication equipment. The Orbiter network communication equipment used
for telemetry are (1) S-band PM transponder and NSP, (2) S-band FM trans-

mitter and FM signal processor (FMSP), and (3) Ku-band transmitter and KuSP.

3.2.9.1 S-band PM transponder and network signal processor (NSP)

The S-band PM network transponder is a multimode S-band communi-
cation unit, as described in subsection 3.1.5.1. The functional bleck
diagram of the network transponder is shown in Figure 3.7. In normal
operation, the transmit frequency is 2217.5 MHz or 2287.5 MHz. The com-
posite link data rates are shown in Table 3.13. The power amplifier
assembly supplies high-power amplification of the network transponder out-
put for TDRS/GSIDN (high powe+) modes, providing a minimum of 100 W RF
output power.

Table 2.13. Data Rates for Network PM Links

”_I i Composite Link Rate
| Direct | Relay (Rate 1/3 Coded)
Link | Bate Channels Available (Bit Rate) (Symbo1 Rate)
Return [ High | Two 32 kbps voice P .
(Orbiter! One 128 kbps telemetry 192 kbps 576 ksps
to .
Ground) | LOW | One 32 kbps voice 9 Kbps 288 ksps

Ore 64 kbps telemetry

- B I TS W SER e e

el
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The NSP performs the digital-processing funtions for the PM
Tinks. A block diagram of the NSP is shown in Figure 3.22. On-board ana-
log voice signals are delta modulated using a mudified ABATE algorithm and

muTtiplexed with teiemetry data. Data to be TDRSS relayed are convolution-

ally encoded (rate 1/3, constraint length 7). A1l digital output data are
converted from NRZ-L to biphase-L prior to being transferred to the S-band
transponder, Ku-band system or GSE umbilical.

3.2.9.2 S-band FM transmitter and FM signal processor (FMSP)

The FMSP and FM transmitter provide a capability for transmission
of data not amenable for incorporation into the limited-rate PCM telemetry
data stream. The data to be transmitted via FM include television, digi-
tal data from the main engines during launch, wideband payload data, or
digital data from the PI or att--»»: . .yload interface (API). The char-
acteristics of the data and the ev: :rmance specifications for the FMSP
and FM transmitter are presente - [able 3.14.

Conditioning and multiplexing fer FM transmission occur in the
FMSP, as shown in Figure 3.23. Video and wideband digital and analog sig-
nals are routed to the FM transmitter with only matching and filtering,
but narrowband digital engine data are placed on subcarriers at 576, 768,
and 1024 kHz.

The FM transmitter operates at 2250 MHz with an output power of
10 W. Both baseband and RF filtering are pravided to reduce out-of-channel
interference to the PM and payload receivers. The nominal RF bandwidth is
10 MHz.

To further identify the interface between the payload system
(i.e., the API and PR) and the FMSP, Table 3.15 presents the requirements
of the input signals to the FMSP. As additional information concerning
the data processing, Table 3.15 also presents the characteristics of the
data signals output to the FM transmitter. Corresponding to each type of
input signal, the signal source (i.e, API or PR) is identified. The sig-
nal type is either digital or analog, with the digital data further speci-
fied by the type of data coding. Note that, for the NASA wideband payload
data, the data coding can be either Manchester II (biphase-L) or NRZ-L,
but the Manchester-coded data is limited to data rates less than 2 Mbps
rather than 5 Mbps for NRZ-L coded data. The signal level voltages all
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S-Band FM Performance Specifications

FM Signal Processor

TV Channel Input
TV Channel Gain
TV Channel Dynamic Range

Frequency Response :0.25 dB
and Phase Ripple ¢1.0°

CCIR K Factor

Main Engine
Data in 3 Channels
Subcarrier Frequencies
Subcarrier Modulation

Analog Data Bandwidth

Wideband Digital Data Rate

Recorded Data - 2 Channels
Data Rate

Narrowband DOD Digital Data Rate

Input Common Mode Vopltage
(DC to 2 MHz)

EIA TV Standard RS 170
19 d8 +0.8 dB to -0.25 uB
51 dB 20.25 dB

DC Lo 4.5 MHz
<2%

60 kbps BPL

576 khz, 768 kHz, 1024 kHz
+180" at 215°

300 Hz to 4 MH:z

200 bps to 5 Mbps NRZ, or
200 bps to 2 Mbps Manchester (oded

25.5 kbps to 1024 kbps
250 bps to 256 kbps

1V max

FM Transmitter

o — e ¢ — E—

Frequency
Output Power (into 1.5:1 load)

Deviation Sensitivity (for
deviation up to 4.5 MHz peak)

Frequency Response +1 dB

x
]
1

Incidental AM

!Incidenta] PM

Intermodulation Distortion
(2-tone equal amplitude)

<40 dB with frequency deviation

2250,0 MHz 10.00% .
10W min, 15W max

1 Mliz/V peak £10-.

DC to 5.0 MHz
5% max over input range
<5 kHz RMS over modulation BW

] Mz
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all peak-to-peak (p/p) and line-to-1ine for differential coupling and
line-to-common for single-ended coupling. The impedance for all the sig-
nals is 75 ohms *+ 10%, except the recorded data from the PR which is

71 ohms t 10%.

The rise and fall times for the digital data are also presenied
in Table 3.15. It is desirable to keep the rise and fall times less than
10% but, in some cases, absolute times are specified which determine the
type of output drivers required at the PR, API and payload. Note that
there is an additional specification of +2% data asymmetry and +0.1% bit
jitter on the PR output signal to reduce the degradation associated with
these types of signal distortion. The output of the FMSP for the PR sig-
nal has a specification of +0.25% bit jitter which is expected due to the
multiplication of the jitter through the FMSP buffering. Actually, each
of the inf * signals to the FMSP should have these specifications but,
typically, *these are not difficuilt specifications to meet except from
tape recorders,

3.2.9.3 Ku-band transmitter and Ku-band signal processor (KuSP)

The characteristics of the data that must be processed by the
KuSP on the return Tink are quite varied, as shown in Table 3.16. The
return Tink is transmitted in one of two modes which are identified by
the type of carrier modulation utilized. Mode 1 implements unbalanced
quadriphase-shift-keying (UQPSK) while Mode 2 implements FM. In both
modes of operation, two of the channels {1 and 2) UQPSK modulate a sub-
carrier. Mode 1 utilizes this modulated subcarrier along with the third
channel to UQPSK the car~ier, as shown in Figure 3.24. Mode 2 Tinearly
sums the modulated subcarrier with the third channel and frequency modulates
the carrier with the resultant summed signal, as shown in Figure 3.25.

Channel 1 always (Modes 1 and 2) carries the operations data of
192 kbps, consisting of 128 kbps telemetry data and two 32 kbps delta-
modulated voice channels. Similarly, the data on Channel 2 does not change
from Mode T to Mode 2. Channel 2 carries the output from the PR, the
operational recorder (OR) and the PSP as well as low rate data for the
API #'«d narrowband bent-pipe data from the PI. The range of data rates
handled by the KuSP Channel 2 is shown in Table 3.16 to be 16 - 1024 kbps
Manchester-coded data, 16 - 2000 kbps NRZ-coded data or DC-2 MHz analog
bent-pipe data.

P T
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Ku-Band Signal Processor Return Link Data Characteristics

KuSP'Interface Data Type Rate or Bandwidth
RETURN LINK
CHANNEL 1 (MODE 1/MODE 2)
Operations Data--NSP(1,2) Digital 192 kbps (Manchester)
CHANNEL 2 (MODE 1/MODE 2)
Payload Recorder (PR) Digital 25.5 - 1024 kbps (Manchester)
Operations Recorder (OR) Digital 25.5- 1024 kbps (Manchester)
Payload low data rate--PSP Digital 16 - 2000 kbps (NRZ)
{1,2) or Attached Payload 16 - 1024 kbps (Manchester)
Interface (API)
PI(1,2) Tow data rate Digital/Analog |16 - 200C kbps (NRZ)
16 - 1024 kbps (Manchester)
0-2 MHz
CHANNEL 3 (MODE 1)
Attached Payload Interface Digital 2 - 50 Mbps (NRZ)
(API)
CHANNEL 3 (MODE 2)
PI(1,2) high data rate Digital/Analog {16 - 4000 kbps (NRZ)
0-4.5 MHz
Attached Payload Interface|Digital/Analog {16 - 4000 kbps (NRZ)
(API) 0-4.5 MHz
Video Interface Unit Analog 0-4.5 MHz

otk
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The data carried on Channel 3 in Mode 1 is digital data of
2 - 50 Mbps (NRZ) which is rate 1/2-constraint length 7, convolutionally
encoded by the KuSP to maintain adequate performance margin at a bit error
probability of 10-6. Because the output data rate of the convolutional
encoder is twice the input, the input data clock must be doubled by the
KuSP, The input clock is regenerated and synchronized with the input dat.
to compensate for phase offsets and avoid sampling the data stream near
transitions. A voltage-controlled oscillator (VCO) at twice the clock fre-
quency is divided by two and compared in a phase/frequency detector. The
detector output locks the VCO to twice the clock frequency over the entire
frequency range of 2 -5 MHz. Using the phase/frequency detector makes it
possible to cover the 25:1 frequency range without selecting bands. To
correct for asymmetry in both the clock (specified at 20% maximum) and data
(specificd at 25% maximum) at the KuSP input, a very symmetric clock is
regenerated and used to clock the convolutional encoder. The data bits are
sampled using a pulse generated every other clock pulse. The KuSP clock
regeneration circuit maintains the sample pulse in the middle of the data
bit. The KuSP reduces thu encoder output data asymmetry to less than 10%
for all input rates and for the input clock and data asymmetry up to their
maximum specified values.

In Mode 2, the UQPSK-modulated 8.5 MHz subcarrier is filtered,
as shown in Figure 3.25, by a bandpass filter with -3 dB points at 4.75 and
12.8 MHz, This BPF has extremely sharp low frequency skirts (-40 dB point
> 4.0 MHz) to minimize spectral spillover of the modulated subcarrier into
the Channel 3 frequency band (DC-4.5 MHz). The Channel 3 input is passed
through a Towpass filter with specified amplitude response of -3 dB at
5.5 MHz and -20 dB at 8.1 MHz. Differential delay is no more than 20 ns
due to equalization. Althouah the combination of these two filters will
provide excellent performance of the linear Channel 3, their selection is
suboptimum tor Channel 2 performance since the bandpass necessarily has a
high bandwidth-tao-center-frequency ratio ana the Towpass filter provides
only numinal skirt rejection. Note that the degradation to Channel 2 due
to spectral spillover from Channel 3 depends on the type of data on Chan-
nels 2 and 3. The worst drgradation occurs when Channel 2 is 2 Mbps NRZ
digital data and Channel 3 has a flat spectrum greater than 8 MHz.
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Table 3.16 presents the type of data present in Channel 3 for
Mode 2. The data with the greatest spectral bandwidth and, hence, the
most potential degradation to Channel 2 is the 4.0 Mbps NRZ digital data,
but it is unlikely that Mode 2 would be used to transmit this data. More
1ikely, Mode 1 would be used to transmit digital data at this high rate.
The analog data from the PI can range trom DC to 4.5 MHz but, since the PI
contains a lowpass filter with effective noise bandwidth equal to 5§ MHz,
it can be expected that this signal will cause 1ittle degradation to Chan-
nel 2. The video interface uni%t (VIU) outputs a television signal with
spectral bandwidth of approximately 4.5 MHz. Here again, there will be
little spectral spillover into Channel 2 and there should be little degra-
dation. The data from the API can be either digital data from 16 to
4000 kbps or analog data with spectral bandwidth from DC to 4.5 MHz.
Again, high-rate digital data will probably be transmitted in Mode 1
rather than Mode 2. However, there is no filtering specified for the API;
therefore, the greatest potential degradation to Channel 2 from Channel 3
occurs when Channel 2 contains 2 Mbps NRZ digital data and the output of
the API has a larger spectral bandwidth than 4.5 MHz, resulting in signif-
icant spectral spiliover. This worst-case degradation to Channel 2 is
3.3 dB. While the circuit margin on Channel 2 is large enough to allow
this much degradation, use of the three channels for a given mission
should be examined to guarantee that the correct mode is selected and that
the data to be transmitted will achieve the required performance on each
of the channels.

The return link output of the KuSP modulators is upconverted by
the exciter of the Ku-band transmitter to 15.0034 GHz. The upconverter
output is amplified to 10 mW by a four-stage GaAs FET Tlimiting amplifier.
The low AM-to-PM conversion of the Timiting amplifier permits a signifi-
cant relaxation of the TWT AM-to-PM conversion specification. The TWT in
the transmitter amplifies the exciter output to 50 W minimum and sends it
to the antenna through the diplexer/duplexer. The total return link EIRP
is about 53 dBW.
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4.0 ATTACHED PAYLOAD/ORBITER SIGNAL-PROCESSING AND

DATA-HANDLING SYSTEM EVALUATION

Evaluation of the paylecad/Orbiter signal-processing and data-
handling system by Axiomatix was requested in June 1979 because several
interface problem areas were being experienced between the Orbiter and
the IUS signal processors, and similar problems could be expected for
other payloads. The Orbiter subsystems involved in the interface prob-
lems were: (1) the PDI because of conflicting requirements for rise/fall
times and DATA/DATA skew, (2) the KuSP because of stringent rise/fall
time requirements and (3) the PR because of data asymmetry and bit jitter
requirements.

To perform the evaluatiun, Axiomatix reviewed the payload/Orbiter
interface control document (ICD) 2-19001 and the IUS/Orbiter-unique ICD.
Also, as background for the ICD requirements, Axiomatix reviewed the
Orbiter subsystem specifications., In order to discover details of ‘he
interface problems, Axiomatix attended IUS/Orbiter working group meetings
and specially called meetings with Boeing (the IUS system integrator).
Botih past and current IUS/Orbiter interface problems were reviewed to
establish if similar problems might be encountered by future payloads
attempting to interface with Orbiter subsystems.

4.1 Attached Payload/Orbiter Interface Problem Causes

As a result of reviewing the IUS/Orbiter interface problems
with NASA, Rockwell and Boeing personnel, Axiomatix found that the
interface problems occurred due to four basic causes. First, the Orbiter
subsystems are in the design development stage and, therefore, interface
requirements have changed as the Orbiter subsystem design matured. Sec-
ond, ICD 2-19001 reflects current subsystew design specifications, but
some externally derived requirements such as TDRSS user requirements are
not all reflected in subsystem specifications; hence, they are not in the
ICD. Third, not all Orbiter subsystem capability is presented in the
payload/Orbiter ICD's. Also, ICD 2-19001 contains insufficient Orbiter
subsystem detailed design data for the payload equipment desizrers to
design the interface circuits. Finally, in some cases, payload/Orbiter
ICD revision notices (PIRN's) have been made, but these changes have not
appeared in the Orbiter subsystem specifications. There are several
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reasons why the Orbiter subsystem specifications do not get updated when
the ICD's are changed. The most common reason is that there is little
documentation to support differences between Orbiter subsystem specifica-
tions and payload/Orbiter ICD's. Typically, changes to the ICD interface
requirements are generated by negotiation between the payload system
designer and his Orbiter counterpart during meetings such as the IUS/
Orbiter Working Group. PIRN's are generated and, after review, the ICD
is updated; however, the next step of changing the Orbiter subsystem
specification is not taken because, while the subsystem performance capa-
bility may be adequate, there is a vendor cost impact to change the spec-
ification. Not changing the Orbiter subsystem specification might be
acceptable to a particular paylcad system designer but later, when
another payload system designer encounters an interface design problem
and discovers that the ICD and Orbiter subsystem specification do not
agree, the neqotiation must be repeated. Without adequate documentation
regarding the reason for the difference between the ICD and the Orbiter
subsytem specifications, much of the work involved in the first negotia-
tion must be repeated.

After reviewing the past and current interface problem areas
between the IUS and the Orbiter subsystems, it was found that the pri-
mary interface problem areas occurred in the attached telemetry process-
ing. The Qrbiter subsystems, as described in Section 3.0, have been
designed for maximum flexibility and, while the Orbiter subsystem inter-
faces are consistent with each other, there is no standard interface.

In fact. each Orbiter subsystem has different attached payload telemetry
interface requivements. In some cases, such as the PDI, the interface
requirements are self-conflicting so that all requirements cannot be met.
To review in detail the interface requirements and potential problem
areas, consider the SGLS and STDN/TDRS functional telemetry signal flows
presented in Figures 4.1 and 4,2, respectively. In the attached mode,
IUS telemetry comes from three sources: (1) the Signal Interface Unit
(SIU), (2) the Environmental Measurement Unit (EMU) and, (3) the Wideband
Data Interleaver (WBDI).

The FM vibration data zonsists of three sensors mounted on the
spacecraft interface ring. Their analog output is signal conditioned to
noduiate taree ¢randard subcarriers in the EMU. The three subcarriers
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are summed together and cabled directly to the attached payload interface
and the transponder 1.7 MHz input port,

The WBDI interleaves up to Six separate channels of asynchron-
ous NRZ-L telemetry data. The WBDI output is serial NRZ-L data at a
rate of 256 kbps.

As shown in Figure 4.1, the output of the attached payload
interface is (1) EMU data from one of two IUS's sent to the CIU for
selection to the Payload Recorder (PR), (2) WBDi data from one of two
IUS's sent to the CIU for NRZ-L to biphase-L conversion and selection
to the KuSP, FMSP and PR and, (3) SIU data from both IUS's (labeled
IUS 1 and IUS 2 data in Figure 4.1) sent to the CIU for selectior to
the PDI or after NRZ-L to biphase-L conversion to the KuSP, FMSP and PR,

For the attached STDN/TDRS telemetry signal flow shown in
Figure 4.2, note that the CIU is not used; therefore, the EMU, SIU and
WBDI must interface directly with L biter subsystems. This means that
the EMU must be designed to interface with the CIU or PR, that the SIU
must be designed to interface with the CIU, PR, FMSP, PDI or KuSP, and
that the WBDI must be designed to interface with the CIU, PR, FMSP or
KuSP, Each of the Orbiter avionic subsystems have different interface
requirements. While the SIU, WBDI and most of the CIU output signals
are digital, the Orbiter avionic subsystem specifications tend to be
more analog oriented than standard digital. In fact, the digital inter-
faces have conflicting reyu.vements such as rise/fall times as defined
in Figure 3.11, data skew as defined in Figures 4.3 and 4.4, data/clock
skew as defined in Figure 4.5, bit jitter and bit asymmetry as defined
in Figure 4.6, and signal amplitude specifications. Tables 4.1 to 4.5
present a comparison of digital signal interface parameters for each
I1US/Orbiter avionic subsystem interface.

In Table 4.7, note that KuSP signal-level parameter is 2.3 to
5.0V p-p, line-to-line, while a standard digital interface is 3-9 YV
p-p, line-to-line. Hence, special interface circuits are required by
the CIU, SIU and WBDI for the KuSP interface, which has a significant
gast impact,

In Table 4.2, the rise/fall times required are conflicting
between various subsystems. Therefore, a separate interface circuit must
be designed for each subsystem.
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In Table 4.3, the PR specification of less than 2% of the bit
duration includes data csymmetry, which rmakes this a difficult specifi-
cation for the CIU, SIU and WBDI to meet. Therefore, the interface
design needs to be analyzed further to determine if this specification
can be met.

Finally, the (IU and SIU interface with the PDI is a special
problem area which is currently being worked by Boeing and the IUS/
Orbiter Working Group. The minimum rise and fall time specifications
shown in Table 4.2 require waveform filtering to slow down the maximum
rise and fall time of the interface device. However, waveform filter-
ing causes data skew.

Boeing's worst-case analysis shows that the original PDI
specification of 100 ns minimum cannot be met simultaneously with the
+200 ns DATA/DATA skew specification. Preliminary Interface Revision
Notice (PIRN) BACO26A rusulting from the Qrbiter/IUS Avionics Working
Group Meeting of July 21-31, 1979 changes the PBI minimum rise and fall
time specification to 32 ns. If PRIN BACO26A changes the PDI specifi-
cation, Deeing feels that it is possible to meet both the sphecifications
for rise and fall times and DATA/DATA skew.

The analog 1nierface parameters “or the attached IUS and the
Orbiter subsystems are given in Table 4.5. There are three areas of
discreparcy: (1) the 2V RMS p-p signal level requirement by the KuSF,
(2) the signal/noise requirement for the KuSP, and (3) the small common
mode rejection provided by the FMSP. The first and third discrepancies
are the most serious because a special interface circuit must be designed
to meet the requ-.rement. The signal/noise requirement is established to
guarantee perioriance throuih KuSP FM processing. In fact, similar
sigral/noise raquirements should b2 established for the PR and FMSP,

4.2 Attached Paylua:d/Orbiter Interface Problem

Resnlution and Recommendations

The most desi-able problem resolution to interfaciny with the
Orbiter subsvstems fren the payload point of view would be for NASA/
Rockwell to aaopt standard :ligital end analog interfaces; however, the
Orbiter subsystems are nearing completion of the development cycle. In
fact, most Orbiter subsyctems are in production. Therefore, standardiz-
ing the Nrbiter subsystem interfaces would require the greatest immediate

cost to the Space Shuttie program.
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The next most desirable interface problem resolution from the
payload point nf view would be to design an attached payload interface
unit thac provides a standard {nterface with the payloads but also pro-
vides the requirad interface with each of the Orbiter subsystems. For
the DOD missions, the CIU accomplishes the tasks required for the attached
payload interface unit. Therefore. a simplified CIU with its standard
payload interface coulg be used with NASA and commercial payloads. This
approach would be less costly than redesigning the subsystems but would
still require development of additionai hardware, and space would have
to be found in which to locate the new unit.

Another approach to resolving Orbiter subsystem interface prob-
lems with future paylcads is to design interface circuits that could be
incorporated into each payload design. With this approach, standard
interface circuits would be available to provide the interface between
the payload and a particular Orbiter subsystem. Thus, a payload would
have only to incorporate the interface circuits corresponding to the
Orbiter subsystems required for the mission. Once these standard inter-
face units were designed, they could Le available from vendors similar to
the avai1lability of the MIA's for interfacing with the MDM. The undesir-
able asnect of this approach is the lack of flexibility for the payload
designer. That is, standard interface circuits might not exist in a form
that could be packaged in the payload in an economical way. Also, as
tecrhnological advances are made, a piyload designer might want to incor-
porate these advances intc the interface design in order to implement the
bes® system in terms of cost, power, weight a: 1 compiexity.

Axiomatix recommends that a detailed overall system study be
performed te inve:oinat» the methods of designing interface circuitry to
meet all Orbiter and TDRSS corstraints. The output of this study should
be a "Des-wers {andbook”" that identifies the interface requirements of
each Oroicer subsystem and shows in derail how to design the payload
interface circuitry. This "Designers handbook” could made an appendix
to JSr-14241, which delineates the capabilities of the Orbiter subsystems.
Axiomatix has provided two payload design guidance handbooks for SPIDPQ
in the past: the first vas "Frequeney ¢2lection Guidelines” for payloads
(under Contraci JAS 9-1Fa0G4A) sn tha*. u payload designer could optimize
hic choice of RF transmitter and ran-iver frequencies when operating with
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the Orbiter in the detached mode; the second was a "Cemmunication Link
Design Handbook" (under Contract NAS 9-15604B) tc provide the payload
communication performance through the Orbiter when the payload is in the
detached mode.

The first task of a detailed overall payload/Orbiter interface
system study should be to identify all payload user constraints. Some
of these user constraints are derived from Orbiter subsve n require-
ments; however, other user constraints are derived fr 5SS require-
ments. These requirements should be reflected in {1 payload user con-
straints because, in the modes where the Orbiter only passes the payload
data through the Ku-band communication system over the TDRSS, the payload
communication parameters determine whether or not the TDRSS requirements
are met, not the Orbiter subsystems.

The second tusk of the system study should be to assess the
performance degradation for varying user constraint compliance. This
information. would allow the payload communication system designer to
trade off performance degradatiion as a function of cost, weight, power
and complexity of the payload comminication system and interface cir-
cuitry. Axiomatix is currently analyzing the performance degradation
for varying compliance of the Orbiter subsystems to TDRSS constraints
under Contract NAS 9-15240.
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5.0 DETACHED PAYLOAD INTERFACE CONTROL DOCUMENT REVISIONS

garly in 1979, Axiomatix undertook a rewrite of the then-existing
Section 8.3, "Detached Payloads," of ICD 2-19001. A first revision (refer-
red to in this report as Revision 1) was dated May 3, 1979 and transmitted
to NASA/JSC and Rockwell for further action. This revision is included
as Appendix II.

In QOctober 1979, Rockwell issued its rough draft version of the
subject Section 8.3 [Interface Revision Notice (IRM) SD-152A, dated
October 3, 1979, included as Appendix III]. Rockwell's IRN was almost
identically patterned after Axiomatix's Revision 1 as to paragraph number-
ing and wording. The largest superficial difference was that Rockwell
chose to delete all performance numbers from the text of the paragraphs
and place the numbers 1n table form in a format similar to that used for
attached payloads,

Axiomativ was requested by JSC in late October to review the
Rockwell IRN SD-152A draft. However, as the PI PDR was to be held in
early November, Axiomatix waited to ascertain the changes made by TRW to
the PI's performance before attempting the RI IRN assessment., The PDR
disclosed some broad and significant changes to the °7 operation which had
substantial impact on the PI's interface with payloads. In addition,
since the writing of Ravision 1, many changes had been made in other pay-
load suppoiting subsystems, notably, the PSP and CIU. As a result,
Axiomatix felt the need to revis: ils own documnt before attempting to
assess Rockwell's IRN S[-7152A, This was accomplisncd during December 1979
and appears as Revision ', dated JJanuary ¢, 1980, and is included as
Apoendix (V.

vhe most sigrifivant and extensive Revision 2 changes appear in
the paragraphs dealing with the PT (8.5.1.1 and divisions), SGLS Telem-
etry Nanals (3.3.3.¢ and divisions), and Nonstandard Payload Requirements
(9,33 .nd divisions), Genorally, however, uparades have been made through-
aut thae document, esprcially in rerms of perfurmance values.

Many of the intrinsic modifications TRW made to the Pl which
resulted in serformance and intert...e changes have been reviewed in the
final report tu Contract NAS 9@-!8749., “Shuttie Orbiter S-Band Payload
commumications Fquipment Design bvaluatioa.” Principally, these changes
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affected PI receiver carrier acquisition, carrier tracking, false lock,
data signal output characteristics, and PI transmitter sweep. With
respect to the PI/PSP combination, it has become possible to make high
confidence calculation; as to minimum payload EIRP requirements.
Appendix V outlines the formulations.

The current design of the CIU has involved a significant reduc-
tion of the earlier proposed telemetry processing capabilities. Only one
PSK data rate (16 kbps) remains on the 1.24 MHz subcarrier. The 1.7 MHz
subcarrier is for FM/FM type signals only, utilizing but three simultan-
eous minor subcarriars.

Finally, the PI changes have led to some essential revisions of
the nonstandard rayloads modification restrictions. An outline of the
philosophicai changes is presented in Appendix VI.

Following Axiomatix's activity to produce Revision 2, the Rocl-
well IRN SD-152A was reviewed, As was stated previously, Rockwell adopted
Axiomativ's Revision 1 but lifted the performance numbers out of the para-
graphs proper and placed them in tables. They did not, however, follow
this philosophy 100 ; it was not done with respect to the Specific Non-
Standard Modulation Restrictions (8.3.4.2.2).

When Axiomatix prepared Revision 1. each paraagraph was written
so that it was assentially self-contained as to the subject specificaticn
includina all necessary numbers and qualifications. Tables were used to
summarize the most important parameters/characteristics, but not all of
the adjunct specifications found in the subparaqraphs. There are, in fact,
certain recuirenentt. which are difficult to express solely in table form
witlcut confusion resulting.

The RI approach in IRN $D-1%2A requires the reader to assimilate
the wiraaresh to obtain the sense of tne specification, then refer to one
or more tables tu wain the Tetter (i.:., numbers) of the specification.
This riosuires both time and cross-paye correlation which can lead to
orrors,  Additicnally, it often reieqates the need or sense of the para-
araph o mediocrity.  As an example, consider paragraph 8.3.1.1.2.8.1
whi“h, in Revision 1, stated:

“Fur the purpose of au wisition, the receiver is swept
«R) khiz from the nominai r.ceive frequency at a maximum
rite ot 10 kHz/sec."
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Rockwell changed this to read:

"For the purpose of acquisition, the receiver is swept

from the nominal receive frequency..."
and there is no reference in the paragraph to the table containing the
numbers of conditions. The "85 kHz" number appears in Table 8.3.1.1.2-1
(19 pages removed) as "+80 kHz," and the "10 kHz/sec" number appears
nowhere.

A second general problem Axiomatix found with IRN SD-152A 1is
that, with respect to Revision 1, many numbers were changed without
apparent justification. Some numbers were upgraded correctly to reflect
design or performance changes. Others, however, were changed to values
that do not appear in any official RI or TRW document. Some numbers
specified by Axiomatix as "TBS" were inserted but are in error in IRN
SD-152A. As a result, it was essential that every number appearing in
Rockweli's document be carefully reviewed against current source documents.

In Axiomatix's version, reference of receiver noise fiqure,
transmitter output power, etc., was made to the PI RF input/output common
port., (Revision 2 has made this quite explicit.) Rockwell, on the other
hand, has referenced certain quantities to the RF input/output common port
(e.qg., noise figure) and nthers to the Orbiter antenna interface (e.q.,
the receiver cerrier threshold Tevels, although IRN SD-152A doas not
specifically state that this has been done). Not stated is the attenua-
t.on factor between the antenna interface and the PI common port. As a
result, the specifications cannot be used together to calculate, say,
threshold carrier-to-noise spectral density power ratios. It is essen-
tial that one reference point be established and used throughout the ICD.

On January 21-23, 1980, Axiomatix, Rockwell and NASA personnel
met at Rockwell to update and correct IRN SD-152A. It was decided that
0 2=13091 had #een written with very little narrative and that most of
the critical interface intormation w~s contained in tables. While IRN
STtu0A naaindeed put much of the information into tables, much of thz
narrative w5 left which did not add anything to the overall section on
detached payloads. Therefore, during the meeting, the narrative was
reduced to an introduction, a delineation of interfaces for standard and
nonstandard ravlreds, teiemetry modulation criteria for nonstandard pay-
lToads, ber:-pipe n des for detached payloads, and Ku-band rendezvous radar
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interfaces. Each of these sections of the narrative is very brief and is
used primarily to direct the payload system designer to the proper tables
containing the detailed requirements and capabilities. The narrative sec-
tion on the telemetry modulation criteria for nonstandard payloads is more
detailed because delineating the allowed characteristics of the nonstandard
modulation is general in nature and more easily expressed as equations

than entries in a table,

Also, at the January 20-23, 1980 meeting, all the critical inter-
face data in the tables were updated to account for modifications made to
the PI ard PSP as a result of their PDR's for changes to the SGLS telem-
try signals and for the current CIU design. These updates to the inter-
face tables agreed with Axiomatix's Revision 2. In terms of referencing
the PI receiver noise figure, PI transmitter output power, etc. to the PI
RF input/output common port as in the Axiomatix documents, it was agreed
during the meeting that the payload communication interface requirements
with the Arbiter are Orbiter EIRP for commands and required incident flux
donsity at the Orbiter for telemetry. Therefore, all Crbiter communica-
tion parameters were written in terms of Orbiter EIRP and incident flux
density at the Orbiter. In this way, antenna gains, transmission losses,
transmitter power, receiver noise fiqure, etc., d0 not have to be spelled
out in the ICD. Rockwell incorporated all these changes into the IRN and
issued IRN SD-152B on February 28, 1980. There were some small changes
made arter th: initial review of IRN SD-152B and the marked-up IRN was

reissued on March 7, 1980 as IRN SD-152C, which is included as Appendix VII.

iwo vhanges to the PI parameters listed in IRN SD-152C have
occurred as a result of the PI CDR held June 24-26, 1980. The first one
is te carrier frequency stability listed in Table 8.3.1.1-1 of IRN SD-152C
(Appendix VII}. The carrier frequency stability specification was changed
At the PI (LR to 0.301 rather than 0.0012 shown in IRN SD-152C. The
secons chairje is to the PI receiver output frequency respunse listed in
Tabie %, 3, 1.0-1 of IRN SD-152C. The output freguency response has an
upper 3 dB cucoft of 4.3 MHz (minimum) to 5.5 MHz (maximum) rather than
the 4,.% MHz shown in IRN SD-152C.

A tinal areas where IRN SD-152C needs correction is to the flux
density reauired at the Orbiter. The flux density number listed in
Table 8,3.1.0-1 of IRN SL-152C is incorrect by approximately 106. RI
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made a correction to these flux density numbers on April 7, 1983, The RI
updated flux density requirements are given in Table 5.1; however, the
antenna gain used to compute the flux density requirements appeared to
NASA and Ariomatizx to be too large. Therefore, the calculation for flux
density is reviewed here and the recommended changes are made.

The incident flux density D¢ is given by

Df * K (1)

where P . is the received power (in watts) and Ag is the effective

antenna aperture (in square meters), The value of Ae can be computed from

256
Ae = 4y (2)
where Ae is the teransnitted vavelength (in meters) and Gr is the receijv-

ing antenna gain on the Qrbiter. The value of A (in meters) with the
transmitted *requency fy aiven in megahertz is

300
Vel (3)
ft

For 2200 MHz, \ = 0.13t4 meters. The minimum specified G is 2.5 dB and
the maximum specified ﬂr is b.0 dB, or

]

Gr(ratio) 1.778 (minimum

It

Gr(ratio) 3.981 (maximum) (4)
The minimum specified Gr should be used to calculate the min-

imun values of the flux density requirements, but the maximum G, shou .
be used fo: the maximum in-lack tracking and maximum without damage.




R

91
Table 5.1. Updated Flux Density Requirements
at the Orbiter Interface
Flux Density Requirement{Flux Density Units o Comments
Acquisition 1.71 x 10'12 watts/square meter [80° Antenna
[ cone at
Trackirg
Threshold 6.81 x 10713 watts/square meter 2200 MHz
In-Lock: (min) 4.29 x 10712 watts/square meter
(max) 1.71 x 10’2(1) watts/square meter
ggflmum Level Without 4.30 x 10 wa’ts/square meter
Aage
Note (1): Not specified to Tock or track above this level
From (2), (3) and (4),
(0.1364)%(1.778) B
A, = - : = 2.632 x 1077 (minimum)
e 4
2
(0'13643ﬂ(3’98])A = 5,894 x 10'3 (maximum) (5)

To relate the required flux density to the PI specifications,
Table 5.2 presents the PI specifications for each performance parameter.
The in-Tock tracking parameter is the received power required for the PI
to remain in lock for one hour on the average. The maximum in-lock track-
ing parameters is due tc saturation of the IF amplifiers in the PI. The
receive circuit loss is due to cables and connectors between the antenna
and the PI. By adding the receive circuit loss to the PI specification,
i1he required received power Prec &% the antenna can be determined.
Using Prec from Table 5.2, (1) and (5), the required flux density for
each performance parameter can be calculated as shown in Table 5.3. The
values in Table 5.3 are those recommended by Axiomatix for inclusion in

ICD 2-190071 and should be used to modify IRN SD-152C.

- }

~— o
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Table 5.2. Required Received Power to Meet PI Specifications
P1 Receive P .
Requirement | (ircuit Required Received Power
Performance in dBW (dBm)| Loss in |P in dBW | P in Watts
(-‘) '..& (2) rec o rec
Acquisition -150(-120) { 9.8 -140.2 9.55 x 107 1°
Tracking
Threshold -154(-124) | 9.8 -144.2 3.80 x 10710
In-Lock: (min)| -146(-116) | 9.8 -136.2 2.40 x 10714
(max)| -27 (+3) 6.0 - 21.0 7.98 x 1073
Maximum without
Damage +6 (+36) 6.0 12.0 15.8

Notes:

(1) PI requirement as of the PI CDR, June 24-26, 1980

(2) Receive circuit losses are Rockwell estimates as of

December 1

Table 5.3.

980.

Recommended Flux Density Requirements

at the Orbiter Interface

Flux Density

Comments

1

Requirement Flux Density Units
Acquisition £ 3.63 x 10712 watts/square meter
I
Tracking
Threshold 11.44 x 10712 #atts/square meter
In-Lock: (min) i9.12 x 10712 vatts/square meter
(max) 1.35 (1,3) watts/square meter

- . -

Maximum Level v,ithout

T
3
2.68 x 10° (3)

Damage

watts/square meter

80° antenna

cone at

2200 MHz
(2)

Notes:

) Not specitied to lock or track above this level

cajculate the flux density reguirements
3) The minimum specified circuit loss is used to calculate the

flux densit

y requirements

(1
(2) The maximum specified receiving antenna gain is used to
(
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DRAFT REVISION #1
5/3/79

REWRITE AND REVISION FOR SECTION 8.3 OF ICD NO. 2-19001

8.3 Detached Payloads. Paraqraphs applicable to STDN, DSN, SGLLS, and
nonstandard payloads are indicated in the following hreakdown:

STDN Payloads--Paragraphs %.3.1 and 8,3.2, subparaqraphs X.3.2.1,
8.3.2.2 and 8,3.2.3.

DSN Paylnads--Paragraphs 8.3.1 and 8.3.2, subparagraphs 8.3.2.1,
8.3.2.2 and 8.3.2.4.

SGLS Paylnads--Paragraphs 8.3.1 and 8.3. 3.
Nonstandard Payloads--Paraqraphs 8.3.1 and 8.3.4.

8.3.1 S-Band Payload Interrogator (PI) Interface. The PI provides
two-way RF communication hetween the Orhiter and detached payioads within
a range of 10 nmi, In the fuollowing paragraphs, “"characteristics" are
those of the Orbiter avionics that the pavload must be caqnizant of, and
"requirements” are specifications placed upon the pavlioad communication
equipment.

8.3.1.1 PI Performance Characteristics

8.3.1.1.1 Transmitter Characteristics. The principal transmitter char-
acteristics are listed in Table 8.3.7.1.1-1.

8.3.1.1.1.1  Output Frequency Range. Two output freaquency bands are pro-
vided, L-band and S-band, as summarized in Table 8.3.1.1.1.1 1.

8,3.1.1.1.1.1 STDN Channel Assignments. The transmit/roceive frequency
pair assignments for STON-compatible detached payloads are listed in
Table 8.3.1.1.1.1-2.

8,311,102 DSN Channel Assignments.  The transmit /receive brequency
pair assigmuents for DSN-compat ible delached payloads are Tisted in
Table 8.3.1.71.1.7-34.

8.3.1.1.7.1.3 SGLS Channel Assignments. The transmit/receive frequency
pair assignments for SGLS-compatible detached payleads are listed in
Table 8.3.1.1.1.1-4

8.3.1.1.1.2 Transmitter Iriplexer Section. A triplexer 1s used between
the payload antenna and the PI transmitter/receiver output/input termin-
als, This triplexer {funcliions to divide the PI transmit and receijve
bands into low and high subbands far both the NASA and DID modes of oper-
ation  The purpose of the low/high band selectivitv 1s to preveat nutual
interference between the PI and %-Land network transponder during times
of simultaneous operation. ‘
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TABLE 8.3.1.1.1-1

Carrier Freaquency Tolerance

- o s % m e m e owm e w

- e W o wm o e W e we e

- Ex e v we = e e ua  wm e

Power Level--High

Medium

- o wr v e m e we s e e e

PRINCIPAL PI TRANSMITTER CHARACTERISTICS

bl BRI E 1T - =" 1
' Vulue ' Units y Subparagraph,
-3 = n-~ === b D al
' | ' '
: 1763 - 1840 : MHz : 8.3.1.1.1.1:
b T - - = =~ T = === == |
: 2025 - 2120 MHz : 8.3.1.7.1.1¢!
g m e s ;
: See Subparafraph 8.3.1.1.1 2:
I B T = T - === h |
: +0.00" : g : 8.3.1.1.1.3:
bl B e 9 = = = = == T - s == ]
: 10 max ' deqrees-RMS ' £,3.1.1.1.4"
e A i A
' - 64 : dB¢ 'R.3.1.1L1.5!
A e e .
: 0.2 to 2.5 : radians : 8.3.1.1.1 6:
- =1 - o= " - s s = = - Tt = T = - ]
Yoe7t max ! kHz ' 8.3.1.1.1.7"
Cea e A e .
: 10 : kHz/sec : 8.3.1.].1.8:
! ()4 gjsec ' s2.1.1.01.8"
' : : :
: 37 : dBm : 8.3.1.1.1.9'
: 27 : dBm ' 8.3.1.1.1.9°
: 4 : dBm : 8.3.1.1.1.9"'
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TABLE 8.3.1.1.1.71-1 PAYLOAD INTERROGATOR OPERATING CHANNEI%

............ .
i+ Frequency Range

2290.185-2299.814

e ve we m e e W W W e W M W W M em ma e e e e e

SGLS L-Band Transmit,
S-Band Receive

S-Band Receive

i

]

: (MHz) !
----------- T
] ]

L] ]

STDN S-Band Transmit !
and Receive ' '
] ]

S-Band Transmit ¢ 2025.833-2118.7 )

] ]

S-Band Recz2ive 1 2200-2300.875 '

] ]
------------ l"'""""-'--'---l
DSN S-Band Transmit '
and Receive ' 1
] []

S-Rand Transmit v 2110.243-2119,792

] ]

1 [}

i

1]

]

]

.-Band Transmit 1763.721-1839.795
]

i

]

2202.5-2297.5

st e e me e W e e W

S-Band Receive

- e M e e e e e e wa A m

- o e e we e s e

*The top six channels are transmit only.

**The bottom four channels are receive only.

~~~~~~

No. of

nnnnnn

D

- em e e o em e ew wme e e e e mm e e me am e e we e wm w we

""""""" t
Channel )
Spacing (kHz)

115.104
125.000

uuuuuuuu

341,049
370.370

N . L

4003.906
5000.000

-------- \
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»
TABLE 8.3.1.1.1,1-2 STDN CHANNEL AND FREQUENCY ASSIGNMENTS
»
Refer to Appendix C for specific channel and frequency assignments.
Method of calculating frequencies is as follows:
¢
P !
: Channel No. n = 1 to 808 :
' '
¢ : Receive Frequency = 2200.6G00 + (n-1) x 0.125 MHz :
i t
: Transmit Frequency = 2025.8334 + (n-1) x 0.115104 MHz:
] J !
¥ : Transmit Frequency = 221/740 x Receive Frequency :
i
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TABLE 8.3.1.1.1,1-3 DSN CHANNEL €& FREZQUENCY ASSIGNMENTS

SHANNEL

875
a7e
877
878
e79
680
as1
882

[+ ]
o
wn
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unassigned channels:

(56)

(1ub)

(236)

T D ——— —— A — — —— — — — —— A ———— . N . —— A i e G S ———

TRANGMIT- MHZ
| SYNTHESIZEK |

SPECIFIED

2110. 243056
2110.584105
2110.925154%
2111.266204
2111.007253
21%11.948303
2112,289352
2112.630401
2112.971451
2113.312500
2113.653549
2113.994599
2114,335648
2114.676697
2115.017747
2115.358796
2115.699846
2116.040895
2116.381944
2116.722994
2117.064043
2117.405092
2117746142
2118.087131
2118.428241
2118.76%9290
23¥19.110339
2119.451389
2119.792438

. W (T — —— —— — ——— N — — — —— . - o — N e S Gus me WS GEEe W g

86813-899

2110. 243059
2110.584108
2110.925157
2111, 266206
2111.607255
2111,948304
2112, 289353
2112.630u402
2112, 9714
2113. 312500
2113, 653549
2113.994598
2114, 335647
2114.676696
2115, 017745
2115, 358794
2115.699843
2116.040892
2116. 381941
2116.722990
2117.064039
2117.405088
«117.746137
2118.087186
2118. 428235
211P. 769284
2119.110333
2119.451332
2119.792431

. . G D WDty S m— R — ——— — . W S D GV D A A —— i WS G W W S — —

REGEIVE WMHZ

SPECIFIED

2290. 98518%
2290. 555556
2290, 92%9.6
2291, 296296
2291.666667
2292.037037
2292, 407407

2292,7771778 ,

2293.1481u8
2293.518519
2293.888889
2294, 259259
2294, 629630
2295.000000
2295%.370370
2295. 740741
2296. 111111
2296. 481981
2296.857852
2297.222222
2297.5925913
2297.962965
2298. 333333
2298. 703704
2299,.074074
2299. Uhyuuy
2299. 814315

»
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SYNTHESIZER

“---‘---“----‘ -.-.-—-n------‘--'---’—-------“ ...... oo amaw

2290. 185790
2290. 555560
2290.925930
2291.296300
2291.666670
2292.037G40
2292.407410
2292.777780
2293.148150
2293.518520
2293.888890
2294, 259260
2294.629630
2295.000000
2295.3701370
2295,760740
2296. 111110
2296, 481480
2296.851850
2297.,222220
2297.592590
2297.962960
2298.333330
2298.703700
2299.074070
2299.444440
2299.814R10
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TABLE 8,3,%.1.1.1-4 SGLS CHANNEL & FREQUENCY ASSIGNMENTS

WA PN B RPEE BB RN R R TS WP OO R E N e W

et

| | | RECEIVE |
| | TRANSMIT | DCD i
i { ORBITER TO |  PAYLOADR |
{ { DOD PAYLOADS | TO ORBITEFER {
JCHANNEL | (MHz) f (Miiz) |
o0 ) T Veaa ) Tamsee )
‘ 901 : 1767.725 : 2207. 500 :
: 902 : 1771.729 : 2212. 500 :
: 903 : 1775.733 : 2217. 500 :
: 904 : 1779.736 : 2222. 500 :
: 905 : 1783, 740 : 22217. 500 :
: 906 : 1787.744 : 2232. 500 {
: 907 : 1791.748 : 2237.500 !
; 903 : 1795.752 : 2262. 500 :
! 909 : 1799.756 : 2247. 500 :
| 919 : 1803.760 : 2257.500 :
: 911 : 1607.76u : 2257. 500 :
: 912 : 1811.768 : 2262. 500 :
: 913 : 18015.772 : 2267. 500 :
: 914 ‘ 1819.77% : 2272. 500 :
: 915 i 1823.779 : 2277.500 :
: 916 : 1827.783 : 2282.500 :
: 917 : 1831.787 : 2287.500 :
: 913 : 1835.791 : 2292. 500 :
: 919 : 1839.795 : 2297.500 :

Unass igned _hannels: 920-999
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5-Band Subbands. The lowband is approximately 2025-2075 MHz
and is approximately 2074-2120 MHz.

1
b
2 L-Band Subbands. The lowband is approximately 1763-1803 MHz
band 1s approximately 1803-1840 MHz.

8.3.1.1.1.3 Carrier Frequency Tolerance. The maximum carrier frequency
uncertai?ty is #0.001% of *the nominal carrier frequency (transmitter sweep
disabled).

8.3.1.1.1.4 Carrier Phase Noise, The transmitter phase noise will produce
no more than a 40 RMS tracking phase error in a 300 Hz two-sided tracking
bandwidth and a 10° RMS tracking error in a 16 Hz two-sided tracking
bandwidth,

8.3.1.1.1.5 Carrier Spurs. Any spurs appearing at the transmitter out-
put will be at least 65 dB helow the unmodulated carrier power level,

8.3.1.1.1.6 Carrier Phase¢ Modulator. The phase modulator will accept
analog or digital moduTating signals. The modulator deviation character-
1stic is linear within :4% over a deviation range of 0.2-2.5 rad. Fre-
quency response is flat within 0.5 dB from 1-200 kHz.

8.3.1.1.1.7 Carrier Frequency Sweep. The transmitter output "requency
may be swept over three ranges: 75 +5 kHz, 55 +5 kHz, 33 %3 kH.. The
fast sweep rate for the 75 and 55 kHz ranges is 10 +3 kHz/sec and, for
the 33 kHz range, is (TBS) + (TBS) Hz/sec. Frequency sweep is linear up
and down in frequency, beginning at the nominal channel frequency. When
the sweep is disabled, it remains in effect at the specified rate until
the nominal carrier frequency is reached.

8.3.1.1.1.8 Selectable Transmitter Power levels. Three selectable
transmitter output power levels for.either the L-band or S-band frequency
ranges are available:

High +37 dBm to +42 dBm
Medium +27 dBm to +22 dBm
Low +4 dBm to +9 dBm

8.3.1.1.2 Receiver Characteristics. The principal receiver characteris-

tics are listed in Table 8.3.71.1.2-1,

8.3.1.1.2.1 Input Freguency Range. The receiver input frequency range
is S-band, 2200-2300 Miiz.

8.3.1.1.2.1.7 STDN Channel ° signments. See Paragraph 8.3.1.1.1.1.1.
8.3.1.1.2.1.2 DSN Channel Assignments. See Paragraph 8.3.1.1.1.1.2.

8.3.1.1.2.1.3 SGLS Channel Assignments. See Paragraph 8.3.1.1.1.1.3.

8.3.1.1.2.2 Receiver Triplexer Section. See Paragraph 8.3.1.1.1.2.

8.3.1.1.2.2.17 Receive Subbands., The lowband is epproximately 2195-2257 MHz
and the higband is approximately 2248-2306 MHz.
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TABLE 4.3.1.1.2-1 PRINCIPAL PI RECEIVER CHARACTERISTICS

v Input Frequency Range
. _
v Triplexer Subbands

]

» Input Signal Level Range
]

1 AGC Range

]

v Qut-of-Band Interference
L]

1+ Noise Figure

:Thresho1ds: Acquisition
: Tracking
:Acquisition Sweep Range
:Acquisition Sweep Rate
:Frequency Rate Tracking
:Frequency Tracking Range
:Lock Detector Performance
'

1 False Lock Immunity

:Trackinq Bandwidth
:Maximum Phase Noise
:Maximum SPT

:Throughput Bandwidth
:Output Signal Regulation
'

+ Throughput SNR Losses

2200 - 2300 MHz
]
See Subparagraph
L]
-124 to +25 dBm

-124 to -20 dBm

See Subparagraph
L]

7.0 - dB
~122.5 : dBm
-124.0 : dBm
+85 : kHz

10 : kHz/sec

44 : kHz/sec
+100 : kilz

'

See Subparagraph
]

See Subparagraph
t

(TRS)

! Hz
1% : Deqgrees-RMS
h : Deqrees
4.5 E MHz

See Subparagraph
|

- ar e w e a e e = mr e o e e e mm e e e e e v W mr wm ar m m @ e e wm o e e mm am W e W e e

(TBS) ' dB

1
1
1
1
[
]
]
T
1
1
1
1
I
[
1]

-------- ]

Subparagraph

8.3.1.1.2.1
8.3.1.1.2.2 1
8.3.1.1.2.3 1
8.3.1.1.2.4 1
8.3.1.1.2.5
8.3.1.1.2.6
8.3.1.1.2.7
8.3.1.1.2.7
8.3.1.1.2.8.11
8.3.1.1.2.8.1
8.3.1.1.2.8.21
8.3.1.1.2.8.31
8.3.1.1.2.9
8.3.1.1.2.10
8.3.1.1.2.1]
8.3.1.1.2.12
8.3.1.1.2.13
8.3.1.1.2.14
8.3.1.1.2.15

- e e e e e e e e as e e am e es e
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8.3.1.1.2.3 Input Signal Level Ranpe. The receiver is operable over a
range of -124 to +25 dBm.

8.3,1.1.2.4 AGC Dynamic Range. The AGC raintains the receiver transfer
function in a Tinear state over-an input signal level range of -124 to
"20 dBmv

8.3.1.1.2.4.1 Receiver Gain Saturation. Above -20 dBm, the receiver IF
amplifier circuits begin to ampiitude saturate. Although this should not
adversely affect the demodulation of constant envelope signals, it may
cause receiver faise-lock under certain conditions. Overall receiver
performance is not guaranteed atove -20 dBm.

8.3.1.1.2.4.2 Receiver Protective Limiting. At input signal levels of
+10 dBm and higher, a preamplifier protective diode breakdown limiter
becomes operative. Purposeful recciver operation above +10 dBm is not
recommended.

8.3.1.1.2.5 Qut-of-Band Interference. The receiver will operate with no
more than a 1.0 dB SNR performance degradation due to out-of-band inter-
ference for the conditions listed in Table 8.3.1.1.2.5-1.

8.3.1.1.2.6 Noise Figure. The receiver noise figure, as referenced to the
RF common input/output port, is 7.0 dB maximum,

8.3.1.1.2.7 Carrier Acquisition and Tracking Thresholds. The minimum
received discrete carrier signal level for quaranteed acquisition is
-122.5 dBm. The minimum received discrete carrier siqgnal level for guar-
anteed tracking and demodulation performance is -124.0 dBm.

8.3.1.1.2.8 Carrier Dynamic Acquisitira 7ad 1racking

8.3.1.1.2.8.1 Receiver Frequency Sweep. For the purpose of acquisition,
the receiver is swept 185 kHz from the nominal receive frequency at a max-
imum rgte of 10 kHz/sec. (This sweep is unrelated to the transmitter
sweep,

8.3.1.1.2.8.2 Frequency Rate Tracking. The maximum in-lock frequency
rate that may be tracked is 34 kHz/sec.

8.3.1.1.2.8.3 Frequency Tracking Range. The receiver maximum frequency
offset tracking capability is ‘100 kHz from the nominal carrier frequency.

8.3.1.1.2.9 Lock Detecton- Statistical Performance. Lock detectir proba-
bility of false aTarm {indicating that the receiver is in lock when it is
not) is (TBS) for a carrier level of -122.5 dBm and standard payload modu-
Tation conditions. Lock detector probability of indicating that the
receiver is out of loct when it is not is (TBS) for a carrier level of
-124.0 dBm. The lock detector must indicate an out-of-lock state for more
than (TBS) ms before tha receiver automatically enters the sweep acquisi-

tion mode.

8.3.1.1.2.1¢ False Lock Immunity. The receiver will not false lock to
carrier sideband components for any NASA (STDN and DSN) or SGLS standard
modulation conditions for received signal levels less than +20 dBm. (See
Paragraph 8.3.4.2.2 for nonstandard modulation conditions. )
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1 TABLE 8.3.1.1.2.5-1 OUT-OF-BAND INTERFERENCE CONDITIONS
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| ]

: -65 dBm : Low Band: 2165 MHz to (fR - 10) MHz

: : and (fR + 10) MHz to 2285 MHz

L e e e m e e . . L e e e ;oo . .. e ...

] 1

: -65 dbm : High Band: 2220 MHz to (fp - 10) MHz

: : and (fR + 10) MHz to 2340 MHz

e e e e e ... .- - L e e e e e e m .. . ... .. - -

1 ]

: -25 dBm : Low Band: 200 MHz to 2165 MHz and

: : 2285 MHz to 16 GHz

e e . e e - e . - .- L e e e m e . m .. rmm ... --
-25 dBm High Band: 200 MHz to 2220 MHz and

2340 i*Hz to 16 GHz
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8.3.1.1.2.11 Phase Locked Loop (PLL) Bandwidths

8.3.1.1.2.11.1 Tracking Bandwidth. The in-lock PLL tracking noise bandwidth,
when the receiver is operating within the linear coherent AGC range, is (TBS)
Hz (two-sided) and the damping factor is (TBS).

8.3.1.1.2.11.2 Acquisition Bandwidth. The out-of-lock PLL noise bandwidth,
when the receiver is operating within the noncoherent AGC control range, is
(TBS) Hz (two-sided) maximum, with a damping factor of (TBS)

8.3.1.1.2.12 PLL Phase Noise Components. Components and maximum values which
comprise the PLL phase noise are listed in Table 8.3.1.1.2.12-1,

8.3.1.1.2.13 PLL Static Phase Error. PLL static error components and maximum
values are listed in Table 8.3.1.1.2.13-1.

8.3.1.1.2.14 Wideband Demedulator. A wideband sinusoid phase-characteristic
demodulator provides recovery of all carrier phase modulations, The through-
put41gwaass 3 dB bandwidth of the receiver, demodulator and output circuits
is 4.5 HHz.

8.3.1.1.2.15 Wideband OQutput Signal Requlation. The wideband demodulated sig-
nal output Tevel to the PSP, CIU and bent-pipe ports is controlled by an RMS
type of regulating loop. PSP and CIU signal waveforms plus noise are regulated
to 2.0 0.4 V RMS and the output amplifier clips or 1imits all peak values
(plus or minus) to approximately 4.0 V maximum. The KuSP or bent-pipe wave-
form plus noise is regulated to 2.0 #0.4 V RMS and the output amplifier clips
or limits all peak values (plus or minus) to approximately 3.5 V maximum,

8.3.1.1.2.16 Demodulation 3MR 'uss Conponents. Table 8.3.1.1.2.16-1 lists the
receiver (including the “SP) SNR 10ss components and maximum values.

8.3.1.2 Antenna Characteristics., The PI/payload link utilizes a single hemi-
spherical antenna for both transmitting and receiving.

8.3.1.2.1 Antenna Location. The antenna is located at the top of the payload
bay forward bulkhead, as shown in Figure 8.3.1.2.1-1.

8.3.1.2.2 Antenna Type. The antenna is a single-element cross-dipole which
operates on the froquency range of 1740-1850 Milz with a VSWR - 1.5:1, and an
the 2000-2300 MHz Irequency range with a VSWR - 2,0:1.

8.3.1.2.3 Gain. The maximum on-axis gain is between 2.5 and 3.0 dB.

8.3.1.2.4 Beamwidth. The 3 dB beamwidth is bounded by a 1000 cone aligned
with the +Z axis of the Orbiter.

8.3.1.2.5 Polarization. Antenna polari:ation is selectable as either right-
hand circular [RHCP) or left-hand circular (LHCP).

8.3.2 NASA Standard Payload/PI/PSh Communication Characteristics and
Requirements e

8.3.2.1 Command Signals. A single form of command signal is allowed, with
summary characteristics listed in Table 8.3.2.1-7.
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TABLE 8.3.1.1.2.12-1 PI TRACKING 100P PHASE NOISE COMPONENTS

'
1
[}

-------------

Component Source

- a e a m ms W m A% B w mm e W e W e

Maximum Phase Noise Contribution

- a E e s e e B e o e e WL G e S W e M e @ M m M W e e o w -

1]
[}
]
}
Additive Noise . < 10° RMS
]
\
Osciliator Instability , < 5% RMS
1
]
Modulation Tracking ; < 10° RMS
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TABLE 8.3.1.1.2.13-1 PI TRACKING LOOP STATIC PHASE ERROR COMPONENTS

Frequency Offset
/Netuning and doppler)

Frequency Dynamics

No Modulation Slewing
(Nonstandard direct carrier
modulations only, sce sub-
paragraph 8.3.4.2.2.4.2)

- s o M W e e we o e Be e % e s W e s ms  w e M  m ww em we W vs em
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------------ ey

Component Maximum Value
.............. \

30

120

18°

|
|
[
|
i
[
|
|
1
\
|
[
|
|
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. TABLE 8.3.1.1.2.16-1 ﬁI/PSP SNR 1.OSS COMPONENTS
 J
: Component : Loss (dB)
el -t - -
¢ : PI Noise Figure Tolerance : -0.5
] [}
: PI Interference Degradation : -1.0
1 [}
¢ : PI Phase Noise Loss : -0.1
[} 1
| : PI Demodulation Phase Offset Loss : -0.2
> § t
f , ' PI Filtering Loss ! -0.2
' 1
' |
., PI Nonlinear Loss \ ()
| L}
! y : PSP Subcarrier Demodulator Loss : -0.6
1 t
, : PSP Bit Synchronizer (nss : 0.9
\i Ve e e e e e - - PO -
|
»
|
{
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; TABLE 8.3.2.1-1 NASA STANDARD COMMAND SIGNAL CHARACTERISTICS

4 = = = " = m = w e e = . b B b T R I = === = e - -
i Parameter ' Value v Units + Subparagraph

I 7t e s e e m = om o= q o m e = .- L I A be = w om e = e - -4

[ ] [} i ] !
+ Waveform v Sinusoidal - o 8.3.2.1.1 !

' ) ’ i |

] ] ] ] ]

| 1 Modulation ' PSK, 90  + Degrees @ 8.3.2.1.1 '
I [} 1 ] 1

| ) ' 1 \ 1
‘ 1 Subcarrier Frequency ' 16 | kHz v 8.3.2.1.2 '
] t t ] i

; 1 ] i 1 1
i Carrier Modulation [ndex «+ 1.0 + 0.] 1 Radians + 8.3.2.1.3 '

\ | 1 1 ) t
‘ [} ] N 1 ] ]
‘ 1 Bit Rates v 2000 2 27 , bps v 8.3.2.1.4.1
1 4 i { )

1 N=0,1,2, W8 1 I

I = % e e e e e m = e e - b B R | = = .- | odE R B T -+
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8,.3.2.1.1 Modulation Waveform, The comman? waveform is a sinewave
subcarrier PSK modulated ($30°) by the command bits.

8.3.2.1.2 Subcarrier Frequency. The nominal command subcarrier fre-
quency is 16 kHz. ‘

8.3.2.1,2.1 Subcarrier Harmonic_Distortion, The maximum harmonic com-
ponents do not exceed 1% of the fundamental frequency amplitude.

8.3.2.1.2.2 Subcarrier Frequency Stability. The 60-sec averaged sub-
carrier frequency will be within +1x10-5 of the nominal subcarrier
frequency.

8.4.3.1.3 Carrier Modulation Index. Carrier modulation index for the
comnand waveform is 1.0+ 0.7 radian peak.

3.3.2.1.4 Data Modulation

8.3.2.1.4.1 Data Rates. The command data rates may be any one of the
following:
2000 bps, 1000 bps, 500 bps, 250 bps, 125 bps, 62.5 bps,
31.25 bps, 15.625 bps or 7.8125 bps.

8.3.2.1.4.2 Data Bit Format. The bit format may be NRZ-L, NRZ-M or
NRZ-S. Transition of the data waveform will coincide with a zero crossing
of the subcarrier,

8.3.2.1.4.3 Data Asymmetry. The data bit asymmetry will not exceed 2v
of the nominal data bit period.

8.3.2.1.4.4 Data Bit Jitter. The data bit peak phase jitter will not
exceed 3% of the data bit period.

8.3.2.1.4.5 Command Bit Preamble. Whenever actual command bits are nat
being mondulated onto the subcarrier, a prefix consisting of alteraating
"one" and "zero" bits is emploved., The prefix always beqgins with a "one”
bit ends with a "(TBS)" bit just prior to the first command message bit.

8.3.2.2 Telemetry Signals. A sinqgle form of telemetry siqnal is allowed,
with summary requirements listed in Table 8.3.2.2-1.

8.3.2.2.1 Modulation Waveform. The telemetry waveform shall be a sine-
wave subcarrier PSK modulated (+900) by the telemetry bits.

8.3.2.2.2 Subcarrier Frequency. The nominal telemetry subcarrier fre-
quency shall be T.073 MHz.

8.3.2.2.2.1 Subcarrier Harmonic Distortion. The maximum harmonic com-
ponents shall not exceed (TRS)™ of the fundamental frequency amplitude.

8.3.2.2.2.2 Subcarrier ‘requency Stability. The long-term subcarrier fre-
quency stability (uncertairfy) shall be within +0.01% of the nominal sub-
carrier frequency.

8.3.2.2.3 Payload Transmitter Modulation Index. The payload carrier mod-
ulation index shall be 1.0 #0.7 radian peak.




Transition Density 8.3.2.2.5.6

®
TABLE 8,3.2.2-1 NASA STANDARD TELEMETRY SIGNAL REQUIREMENTS

: [l ~ - == "= e =28 --" p- - p=- .- !

“ . Parameter ' Value i Units 1 Subparagraph ,

| i B S T i L L L B A p= - - | = == - 1
[} ] ] [} ]
:waveform : Sinusoidal : : 8.3.2.2.1 :
[} 1 ] ] ]
:Modulation : PSK, +90 : Degrees : 8.3.2.2.1 :
] ] \ 1 1
, Subcarrier Frequency , 1.024 ' Mz v 8,3.2.2.2 '
] ] i ' 1
) ] ] i \
y P/L Modulation Index , 1.0 + 0.1 + Radians » B.3.2.2 3 '
} 1 ] 1 1
] t ;\! ] ] L]
 Bit Rate ) 16 ¢+ 27, | kbps v 8.3.2.2.4.17
] ! i ] ]
] 1 ] 1 ]
. ' N=0,1,2,3,4 ' ' I
] 1 ] ] 1
] ] ! ] 3
, Bit Format » NRZ-L,M, or S, or i - v 8.3.2.2.4.2
L] ] t 1 ]
] I L} ' [}
. y Manchester-L.; M, or § | ' '
[} ] 1 [} 1
] ] 1 ] ]
s Word Lenqth ; 8 1 Bits v 8.3,2.2.5.1
1 i t } '
] ] ] [} !
y Minor Frame Length 8 to 1024 v Words v 8.3.2.2.5.2
t ] § ] ]
] i i | 1
y Master Frame Length , 1 to 256 y Minor Frames , 8.3.2.2.5.4 ,
1 ] i 1 ]
1 i ] t ]
! ' ] §
) 1 | J
] 1 ] 1
] ] ] ’
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8.3.2.2.4 Data Modulation
8.3.2.2.4,1 Data Rates. The telemetry data rates shall be any one of
the following:
16 kbps, 8 kbps, 4 kbps, 2 kbps or 1 kbps.
8.3.2,2.4.2 Data Bit Format. The bit format shall be NRZ or Manchester

L, Mor S, The bits and subcarrier may be asynchronous or, if synchron-
ous, no specific transition versus subcarrier phase relationship is

required.

8.3.2.2,4.3 Data Asymmetry. (TBS)

8.3.2,2.4.4 BRit Rate Stability. The bit rate stability shall be better
than 0,1% of the nominal bit rate.

8.3.2.2.5 Data Structure Formats

8.3.2.2.5.1 Mord Length. The basic data word length shall be eight
bits. (Longer words may be realized as multiples of eight bits).

8.3.2.2.5.2 Minor Frame Length. A minor frame shall be a minimum of
eignt words up to a maximum of 1024 words.

8.3.2.2.5.3 Minor Frame 5ynchronization Words. Minor frame synchroniza-
tion words shalT consist of %, 16, 24 or 32 bit fqroups.

8,3.2.2.5.4 Master Frame Length. A master frame shall be comprised of
between one and 256 minor frames.

8.3.2.2.5.6 Master Frame Synchronization Word. The master frame syn-
chronization word shall consist of an eight-bit unique pattern or an
eight-bit minor frame count,

8.3.2.2.5.6 Transition Density. The minimum data transition density
requirement shali beé for or more transitions in any 512-bit block and
for no segment qreater than 64 bits without o transition,

8.3.2.2,6 Payload Minimum EIRP, Table 2.3.2.2.6-1 lists the payload
minimum EIRP required to achieve a 1x10°% bit error for the hii rates
listed under 8.3.2.2.4.1 at the output of the PSP for the conditions of
10 nmi range, worst-case tolerances, and 2 0 dB performance margin.

8.3.2.3 STDN Near-Earth (NE) Transponder Turnaround Requirements. The
following paragraphs also apply to TDRS user transponders operating in
the STDN mode.

8.3.2.3.7 Forward Link Sweep Acquisition. The NE transponder forward
1ink from the Orbiter to the payload will be frequency swept in the PI
transmitter (for acqu ition purposes) in accord with 8.3.1.1.1.7
utilizing the fast sweep rate of 10 kHz/sec over the +75 kHz range,
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8.3.2.3.1.1 Transponder Minimum PLL Acquisition Bandwidth. In order to
achieve a 0.9 probability of carrier acquisition when the Pl sweep crosses
the transpon-er nominal receive frequency, the transponder two-sided loop
noise bandwidth shall not be less than 200 Hz.

8.3.2.3.1.2 Sweep Tracking Requirement. The PI transmitter sweep may go
through a number of complete sweep cycles before being disabled. The
transponder receiver must therefore be capable of tracking the entire PI
transmitter sweep range (75 kHz) for the condition of PI transmitter max-
imum nominal frequency offset (C J01%).

8.3.2.3.2 Return Link Sweep Acquisition. The PI receiver may be required
to acquire the payload transmitter signal when the transponder is in its
one-way mode (transmitter carrier frequency derived from the transponder
auxiliary oscillator) or in the two-way mode with the forward 1ink sweep
transponded to the return link carrier.

8.3.2.3.2.1 Auxiliary Oscillacor Stability. The long-term stability of
the transponder transmitter's nominal carrier frequency as derived from
the auxiliary oscillator shall be no worse than 0,001%.

8.3.2.3.2.2 Auxiliary Oscillator-to-VCO Switchover. There are no Pl-
imposed requirements on the auxiliary oscil)ator-to-VCO switchover (when
the forward 1ink becomes acquired) in terms of the resulting frequency
step.

8.3.2.3.2.3 PI Recei* *~ Lock Loss Due to Auxiliary Oscillator-to-VCO
Switchover. Tt is exp. ¢ that, when the transponder switcnes its
transmitter frequency source from auxiliary oscillator to the VCO, PI
receiver lock (if it had been attained in the one-way mode) will be lost.

8.3.2.3.2.4 Transponder Turnaround Ratio. The transponder transmit/
receive frequency turnaround ratio shall be 240/221.

8.3.2.3.2.5 Return Link Carrier Sideband Level Due to Forward Link
Modulation Feedthrough. The maximum feedthrough modulation sidebands of
the return Tink carrier by the forward 1ink command modulation (16 kHz
subcarrier) shall not exceed a return link sideband level greater than
-35 dBc.

8.3.2.4 DSN Deep-Space (DS) Transponder Turnaround Requirements

8.3.2,4.1 Forward Link Sweep Acquisition. The NE transponder forward

link from the Orbiter to the payload will be frequency swept in the PI

transmitter (for acquisition purposes) in accord with 8.3.1.1.1.7 util-
izing the slow sweep rate of {TBS) Hz/sec over the %33 kHz range.

8.3.2.4.1.1 Transponder Minimum PLL Acquisition Bandwidth. In order to
achieve a 0.99 probability of carrier acquisition when %he sweep crosses
the transponder nominal receive frequency, the transponder two-sided loop
noise bandwidth shall not be less than (TBS) Hz. (It has been assumed
that, when the DS transponder is operating with the Orbiter, the minimum
receive signal level will be (TBS) dB above the PLL absolute threshold
for which the nominal 18 Hz two-sided loop noise bandwidth occurs.)
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8.3.2.4.1.2 Maximum Swept Acquisition Time. The time required to sweep
the entire +33 kHz frequency uncertainty range using the slow sweep rate
will be (TBS) sec.

8.3.2.4.1.3 Sw.ep Tracking Requirement. In the slow sweep rate mode,
the PI transmitter sweep will nominally go through one complete sweep
cycle and then become disabled, The transponder receiver must therefore
be capable of tracking the entire PI transmitter sweep range (+33 kHz)
for the condition of PI transmitter maximum nominal frequency offset of
-0.001%.

8.3.2.4.2 Return Link Sweep Acquisition. The PI receiver may be required
to acquire the payload transmitter signal when the transponder is in its
one-way mode (transmitter carrier frequency derived from the transponder
auxiliary oscillator) or in the two-way mode with the forward 1ink sweep
transponded to the return link carrier.

8,3.2,4.2.1 Auxiliary Oscillator Stability. The long-term stability of
the transponder transmitter's nominal carrier frequency as derived from
the auxiliary oscillator shall be no worse than 0.001%.

8.3.2.4.2.2 Auxiliary Oscillator-to-VCG Switchover. There are no PI-
imposed requirements on the auxiliary oscillator-te-YCO switchover (when
the forward 1ink becomes acquired) in terms of the resulting frequency
step.

8.3.2.4.2.3 Pl Receiver Lock Loss Due to Auxiliary Osciliator-to-VCO
Switchover. It 1s expected that, when the transponder switches its trans-
mitter frequency source from auxiliary oscillator to the VCO, PI receiver
Tock (if it had been attained in the one-way mode) will be lost.

8.3.2.4.2.4 Transponder Turnaround Ratio. The transponder transmit/
receive frequency turnaround ratio shall be 240/221.

8.3.2.4.2.5 Return Link Carrier Sideband Level Due to Forward Link Modu-
lation Feedthrough. The maximum Teedthrough modulation sidebands of the
return 1ink carrier by the forward link command modulation (16 kHz subcar-
rier) shall not exceed a return link sideband ievel greater than -35 dBc.

8,3.3 DOD/SGLS Standard Payload/PI/CIU Communication Characteristics and
Requirements

st Pndug)

8.3.3.1 Command Signals. A single form of command signal is allowed,
with summary characteristics listed in Table 8.3.3.1-1.

8.3.3.1.1 Modulation Waveform. The command signal is a ternary FSK/AM
waveform with fcm as shown in Figure 8.3.3.1.1-1. Three command symbols
are employed and the composite FSK waveform is 50% amplitude modulated by
a triangular function of frequency equal to one-half the command symbol
rate.

-
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| TABLE 8.3.3.1 1 SGLS STANDARD COMMAND SIGNAL CHARACTERISTICS
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8.3.3.1.2 Command Tone Frequencies. The command symbol tone frequencies

are as follows:
Logic "S" - 65 kHz

Logic "0" - 76 kHz
Logic "T" - 95 kHz

8.3.3.1.2.1 Tone Frequency Accuracy. The maximum nominal tone frequency
error will not exceed (1B5) &

8.3.3.1.3 Carrier Modulation Indices. Two carrier modulation indices
are employed: 1.0 0% radians or 0.3 #10% radians peak.

8.3.3.1.4 Data Modulation

8.3.3.1.4.1 Data Symbol Rates. The ternary symbols are transmitted at
the rate of 1000 symbols/sec or 2000 symbols/sec.

8.3.3.1.4.2 Triangular AM Clock. A triangular waveform clock at one-half
the symbol rate and with its positive zero crossing delayed by 0.6 Tg

+10% from the symbol epoch amplitude modulates the composite symbol stream
with a 50% intensity.

8.3.3.1.4.3 Data Format (TBS)

8.3.3.1.4.4 Command Bit Preamble (TBS)

8.3.3.2 Telemetry Signals. Both PSK and FM subcarriers are allowed; sum-
mary requirements are listed in Table 8.3.3.2-1.

8.3.3.2.17 Modulation Waveforms

8.3.3.2.1.1 PSK Subcarriers. Digital telemetry waveforms shall be sine-
wave subcarriers PSK modutated (2900) by the telemetry bits.

8.3.3.2.1.2 FM Subcarriers., The analog telemetry waveform shall be a
sinewave subcarrier frequency modulated by the analog telemetry signal
to a maximum deviation of #(TBS) Hz-peak.

8.5.3.2.2 Subcarrier [requencies. The nrominal PSK subcarrier frequencies
sha}] be 1.024 MiTz and 1.7 Milz.” The nominal M subcarrier frequency shall
be 1.7 MHz.

8.3.3.2.2.1 Subcarrier Harmonic Components. The maximum harmonic compon-
ent? of any subcarrier shall not exceed (1BS) % of the fundamental frequency
amplitude.

8.3.3.2.2.2 PSK Subcarrier Freguency Stability. The long-term subcar-
rier frequency uncertainty shall be within +0.01% of the nominal subcar-
rier {requency.

8.3.3.2.2.3 FM Subcarrier Frequency’Accuraqy. When the FM subcarrier is !
unmodulated, the maximum frequency oftfset from the nominal frequency
shall not exceed (TBS) ¥.
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TABLE 8.3.3,2-1 SGLS STANDARD TELEMETRY SIGNAL REQUIREMENTS
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8.3.3.2.3 Payload Transmitter Modulation Indices. Each subcarrier shall
employ one of two modulation indices: 1.0 :10% rad peak or 0.3 +10% rad
peak. A maximum of two subcarriers may simultaneously modulate the carrier.

8.3.3.2.4 Subcarrier Modulatiofs

8.3.3.2.4.1 Digital Data Rates. The telemetry digital data rates shall
be any one of the following in accord with the specified subcarrier fre-
quency:

1.024 MHz and 1.7 MHz Subcarriers 1.7 MHz Subcarrier Only

250 bps 8 kbps 128 kbps
500 bps 10 kbps 256 kbps
1 Kkbps 16 kbps
2 kbps 32 kbps
4 kbps 64 kbps

8.3.3.2.4.2 Data Bit Format. The bit format shall be NRZ-L or Manchester-lL.
8.3.3.2.4.3 Data Asymmetry. (TBS)

8.3.3.2.4.4 Bit Rate Stability. The bit rate stability shall be better
than 0.1% of the nominal bit rate.

8.3.3.2.4.5 FM Signai Frequency Response. The baseband signal that fre-
quency modulates the subcarrier shall have a highpass rolloff of (TBS)
dB/octave beginning al 100 Hz and a lowpass rolloff of (TBS) dB/octave
beginning at 200 kHz.

8.3.3.2.4.6 FM/FM Signal Structur¢. When the FM subcarrier is frequency
modulated by a composite set of frequency moduiated sub-subcarriers, the
signal structure shall comply with the following requirements: (TBS).

8.3.3.2.5 Data Structure Formats

8.3.3.2.5.1 Word Length. The basic data word length shall be (TBS) bits.
8.3.3.2.5.2 Minor fram: Length., (TBS)

8.3.3.2.5.3 Minor_Frame Synchronization Words. (TBS)
8.3.3.2.5.4 Master Frane Length. (TBS)

8.3.3.2.5.5 Master Frame Synchronization Word. (TBS)

8.3.3.2.5.6 Transition Density. (TBS)

8.3.3.2.6 Payload Minimun EIRP, Table 8.3.3.2.6-1 lists the payload min-
imum EIRP required to achieve a 1x10°% bit error rate for the bit rates
listed under 8.3.3.2.4.) at the output of the CIU for the conditions of

10 nmi range, 1.2 rad modulatinn index, worst-case tolerances, and a

0 dB performance margin.
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! TABLE 8.3.3.2,6-1 SGLS PAYLOAD MINIMUM EIRP REQUIREMENTS
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8.3.3.3 DOD/SGLS Transponder Turnaround Requirements

8.3.3.3.1 Forward Link Sweep Acquisition. Some SGLS transponder receivers
have a self-contained automatic sweep acquisition capability. The PI transmit-
ter sweep capability is therefore not required for such transponders and will
be disabled. For those SGLS transponders not having a self-contained automatic
sweep acquisition capability, the PI transmitter will be frequency swept in
accord with 8.3.1.1.1.7, utilizing the fast sweep rate of 10 kHz/sec over the
55 kHz range.

8.3.3.3.1.1 Transponder Minimum PLL Acquisition Bandwidth. 1n order to achieve
a 0.9 probabiTity of carrier acquisition when the Pl sweep crosses the transpon-
der nominal receive frequency, the transponder two-sided loop noise bandwidth
shall not be less than 200 iz,

8.3.3.3.1.2 Sweep Tracking Requirement. The PI transmitter sweep may gn
through a number of complete sweep cycles before being disabled. The tran-
sponder receiver must therefore be capable of tracking the entire PI transmit-
ter sweep range (55 kHz) for the condition of PI transmitter maximum nominal
frequency offset (:0.001%).

8.3.3.3.2 Return Link Frequency Stabi’ ¢ -nd Acquisition Requirements

ol

8.3.3.3.2.1 Auxiliary Oscillator Stat'i,%y. The long-term stability of the
transponder transmitter's nominal carrier frequency as derijved from the auxii-
iary oscillator shall be no worse than 20.001%.

8.3.3.3.2.2 Auxiliary Oscillator-to-VCO Switchover. There are no specific
requirements as the resulting frequency step is expected to be within the PI
receiver acquisition range.

8.3.3.3.2.3 Pl Receiver Lock Loss Due to Auxiliary Oscillator-to-VCO Switch-
over, It s expected that, when the transponder switches its transmitter fre-
quency source from auxiliary oscillator to the VCO, PI receiver lock (if it
had been attained in the one-way mode) will be lost.

8.3.3.3.2.4 Transponder Turnaround Ratio. The transponder transmit/receive
frequency turnaround ratio shall be 256/205.

8.3.3.3.2.5 Return Link Carrier Sideband Level Due to Forward Link Modulation
Feedthrough. The maximum feedthrough modulation sidebands ot the return link
carrier by the forward 1ink command modulation (65 kHz, 76 kHz, 95 kHz tones
and the one-half symbol rate clock and its harmonics) shall not exceed a return
1ink sideband level greater than -35 dBc.

8.3.4 Nonstandard Payload/PI/Bent-Pipe Communication Requirements. Nonstand-
ard communications are those which do not conform to the NASA/PSP or DOD/CIU
command and telemetry capabilities. Nonstandard communication signals must,
however, comply with the Pl capabilities and requirements.

8.3.4.1 Command Signals. An input port to the PI transmitter phase modulator
exists abaard the Orbiter at the Payload Station (PS). This port allows non-
standard command signals to be transmitted from the PS; however, no ground
through Orbiter-to-payload nonstandard command capability exists. Therefore,
if such command transfer capability is required, use must be made of either

the PSP or CIU standard cummand signalling capability. PS command signals must
comply with the PI transmitter requirements of 8.3.1.1.1.




8.3.4.2 Telemetry Signals. Nonstandard telemetry signals are defined as
those which cannot be handled by either the PSP or CIU, Such sfignals are
acquired and demodulated by the PI, and the resulting baseband signal is
transferred to the ground via the Ku-band bent-pipe link for processing.
Nonstandard telemetry cannot be detected, sorted and displayed aboard the
Orbiter. In order that nonstandard telemetry signals be compatible with
the PI performance criteria, various conditions and restrictions are
imposed as per the following subparagraphs.

8.3.4.2.1 General Payload Transmitter Modulation Criteria

8.3.4.2,1.1 Allowable Modulations. Phase modulation (PM) of the carrier
is the only aTlowable type of modulation. Frequency modulation (FM) and
amplitude modulation (AM? of the carrier are not permitted. Quadriphase
and spread spectrum modulations are also not allowed.

8.3.4.2.1.2 Maximum Carrier Suppression. The maximum allowable carrier
suppression due to the composite of all phase-modulating sources shall
not exceed 10 dB.

8.3.4.2.1.3 Subcarrier Modulation. When subcarriers are employed, they
may be either phase or frequency modulated. Amplitude modulated subcar-
riers are not permitted. Restrictions on the use of subcarriers are given
under 8.3.4.2.2.2 and 8.3.4.2.2.3.

8.3.4.2.1.4 Direct Carrier Modulation by Baseband Signals. Direct carrier
modulation by analog type baseband signals is not allowed. Direct carrier
modulation by digital type baseband signals is allowed, subject to the
restrictions given under 8.3.4.2.2.4.

8.3.4.2.2 Specific Nonstandard Modulation Restrictions

8.3.4,2.2.1 Discrete Frequency Component Sideband Levels. Carrier phase
modulation by periodic signals {sinusoids, square-waves, etc.) having funda-
mental frequencies less than 200 kHz is not permitted. No incidental and/or
spurious discrete frequency component sideband levels shall be greater than
~-32 dBc on a frequency range of +200 kHz about the carrier frequency.

8.3.4.2.2.2 Frequency Modulated Subcarriers

8.3.4,2.2.2.1 Analog Modulations. No analog signal frequency modulated
subcarrier, on a frequency range of +200 kHz about the carrier frequency
shall be allowed to phase modulate the carrier if the inequality

f af > 8 « 103

is violated, where f,, is the bandwidth or maximum frequency of the base-
band analog signal in Hz and Af is the peak frequency deviation of the
subcarrier in Hz. Provided that the above inequality is satisfied, the
maximum allowable carrier phase modulation index, B8, hy the frequency
modulated sinusoidal subcarrier shall be the lesser of 1,85 rad (106°)
or the 3 which satisfies the relationship:

37(8)735(8) = 5.43%1077 £ af,




or the 8 which results in a lock detector false alarm probability greater
than 1x10-4 when the lock detector bandwidth is centered on the FM sub-
carrier (i.e., on either relative subcarrier frequency sideband of the
carrier). The value of R may be determined with the aid of Fig. 8.3.4.2.1-1.

8.3.4.2.2.2.2 Digital Modulations. No frequency-shift-keyed (FSK) sub-
carrier, on a frequency range of :200 kHz about the carrier frequency,
shall be allowed tn phase modulate the carrier if the inequality

Ry > 2.5 x 10°

is violated, where Ry is the data bit rate (bps). Provided that the above
inequality is satisf?ed, the maximum allowable carrier phase modulation

index, B, by the FSK modulated sinusoidal subcarrier shall be the lesser
of 1.85 rad (106%) or the g which satisfies the relationship

3,(8)/35(8) > 6.9 x1073(R, )2

or the g which results in a lock detector faise alari probability g.cater
than 1 x10-4 when the lock detector bandwidth is centered on the FM sub-
carriar, The value of ¢ may be determinid with the aid of Fig., 8.3.4.2.1-1.

8.3.4.2.2.3 Phase Modulated Subcarriers

8.3.4.2.2.3.1 Analog Modulations. Phase modulation of subcarriers by
analog baseband signals is not recommenued due to inefficiency. As a
result, no such modulations are expected and no guidelines have been
developed.

8.3.4,2,2.3.2 Digital Modulations. Nn phase-shift-keyed (PSK) subcar-
rier, on a frequency range of +200 kiiz about the carrier frequency, shall
be allowed to phase modulate the carrier if the inequality

Ry > 2.5 10°

is violated, where Ry, is the data bit rate (bps). Provided that the
inequality above is satisfied, the maximum allowahle carrier phase modu-
lation index, i, by the PSK modulated sinusoidal subcarrier shall be the
lesser of 1.85 rad (106') or the ¢ which satisfies the relationship

. ] -8 2
or the i which results in a lock detector false alarm probability greater

than 1x10-4 when the lock detector bandwidth is centered on the FM sub-
carrier. The value of g may be determined with the aid of Fig. 8.3.4.2.1-1.

8.3.4.2.2.4 Direct Carrier Modulations

8.3.4.2.2.4.1 Analog Modulations. Direct phase modulation of the carrier
by an analog baseband signal is not recommended due to inefficiency. As
no such modulations are expected, no guidelines have been developed.

8.3.4.2.2.4.2 Digital Modulations. The criterion for the minimum allow-
able bit rate is based upon a carrier tracking loop RMS phase noise com-
ponent due o modulation sidebands tracking of 100 or less. The allowable
NRZ bit rate must therefore satisfy the following inequality:
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Ry > 4,8 x 104 tanz (
where the numerical coefficient is based upon the PI carrier tracking loop

maximum in-lock noise bandwidth and 8 is the carrier phas. deviation (8 <

8)

71.5°), In order to keep carrier loop phase slewing to less than 18° during

a string of transitionless data bits, the maximum number of such bits shall
be: ’ .
Maximum No. of Bits Without Transition = 1,65 x 10 4 Ry

This transitionless period must be followed by a reasonable number of
transitions in such a pattern that the slewing error is negated within a
period of bits equal to five times the transitioniess period. To avoid
the problem of bit slewing, Manchestering of the bits is recommended.
Given Manchestered bits, the minimum bit rate allowed is the larger bit
rate calculated from:

Ry > 640 tanz(

Ry > 2.7%10° /Ean (8] .

Maximum modulation index g for all digital modulations shall not exceed
71.59 or 1.25 rad.

8)

8.3.4,2.3 Bent-Pipe Feeathrough Characteristics

8.3.4,2.3.1 PI/KuSP Configuration. Figure 8.3.4.2.3.1-1 shows the gen-
eral PI/KuSP configuration for the bent-pipe. Telemetry signals may be
input to either the narrowband or wideband channels as defined in the
following subparagraphs.

8.3.4.2.3.7 Narrowhan:d Channel., The anticipated use of the narrowband
channel 1s by PSK nr IM «subcarriers which have nonstandard frequencies
?nd/?r nonstandard data rates or analoq modulations, Characteristics are
BS). '

8.3.4.2.3.3 Wideband Cnannel. Wideband signals are defined as those
which have maximum frequency components on the order of 4.5 MHz. Such
signals are allowed to directly frequency modulate the Ku-band FM trans-
mitter. The amount of deviation achieved depends upon the nature of the
modulating waveform, its RMS and peak values being established by the PI
wideband output noncoherent regulator {see subparagraph 8.3.1.1.2.15).

8.3.4.3 Nonstandard Transponder Turnaround Requireme %s. Nonstandard
transponders are defined as those which are not explic(tly STDN/NE (sub-
paragraph 8.3.2.4) or S5LS (subparagraph 8.3.3.3) types. Nonstandard
transponders must, however, conform to the PI frequency channel assign-
ments and other PI acquisition and tracking requirements.

standard trans er must niave a turnaround ratio of 240/221 and adhere
to the channel assignment: of Tables 8.3.1.1.1.1-2 and 8.3.1.1.1.1-3, or
a turnaround ratio of 256/205 and adhere to the channel assignments of
Table 8,3.1.1.1.1-4.

8.3.4.3.1 Frequency Channel Assignments and Turnaround Ratios. A non-
pon

8.3.4.3.2 Forward Link Acquisition. A nonstandard transponder that does
not possess an inherent receiver acquisition capability must make use of
the P1 transmitter sweep capability outlined under 8.3.1.1.1.7. Either
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of the two sweep rates may be employed and the transponder two-sided loop
noise bandwidth shall not be less than the following limits:

Sweep Rate PLL Noise Bandwidth
10 kKz/sec »>200 Hz
(TBS) Hz/sec . >(TBS) Hz

8.3.4.3.3 Forward Link Sweep Tracking. The nonstandard transponder must
be capable of tracking the entire FI transmitter sweep range as defined
under 8.3.1.1.1 7 for the condition of PI transmitter maximum nominal fre-
quency offset of +0.001%.

8.3.4.3.4 Return Link Sweep Acquisition. The PI receiver may be required
to acquire the payload transmitter signal when the transponder is in its
one-way mode (transmitter carrier frequency derived from the transponder
auxiliary oscillator) or in the two-way mode with the forward link sweep
transponded to the return link carrier.

8.3.2.3.5 Auxiliary Nscillator Stab111ty The long-term stability of the
transponde - transmitter's nominal carrier frequencv as derived from the
auxiliary osciliator shall be no worse than +0.001%

8.3, “.3 5 1 Phase Noise, The transoonder transmitter phase no1se when the

— —— e -

a 3° RMS tracking phase error in a 1000 Hz two-sided tracking bandwidth.
8.3,2.3.6 Return Link Incidental Modulations

8.3.2.3.6.1 &purs Any discrete frequency spurs within +200 kHz of the
returii Tink carrier frequency shall be less than -32 dBc.

8.3.2.3.6.2 Forward Link Modulation Feedthrough. The maximum feedthrough
modulation sidebands of the return link carrier by any frequency component
of the forward 1ink command modulation shall not exceed a return link side-
band level greater than -35 dBc.

8.3.5. Ku-Band Rendezvous Radar Interfaces. The Ku-band and rendezvous
radar will skin track a target in the passive mode or track a transponder-
equipped target in the active mode.

8.3.5.1 Passive Mode Characteristics. The rendezvous radar shall have the
interface characteristics defined in Table 8.3.5.1-1 when operative in the
passive mode.

8.3.5.2 Active Mode Character1st1cs The rendezvou: radar shall have the
interface characterwstxas defined Tn Table 8,3,5.2-% = an gperating in the
active mode.

8.3.5.3 Transponder Characteristics. The payload shali :e specified with
a transponder that is compatible with the Ku-band rendezvous radar. The
transponder characteristics are TBD.




TABLE 8.3.5.1-1 RACAR PASSIVE MODE
ELECTRICAL INTEBFACE CHARAJCY ¢ MISTICS

pgpaegegageapeepegeaegeaer- e Y R L L R R F R E E X R A R R R L R R R A A
.

| Parameter |Dimension| " Value | Notes }
|seeeecececcece| seccsccsan|vrmrrccccrrranmcrtsencns | mcosnarsscsncocncee|
{1. Target | | { |
| Type { | i |
e PR R R KL R Rt Bt bbb i bbbl Rt ddeddddddeddes ~
|Size | Square 11.0 Minimum {Radar system sized |
\ | Meter ) {to detect in 1 m2 |
| | { {scintillating {
| | | ftarqet at 12 min- |
{ | ] jimum anqular {
| { \ Isearch field of 30 |
I | | {deg by 30 deg with |
| | | 199% probability. |
R bt Strdd Eabdedbdb il Bededhdedadehdidid ceeswsceceres|srserssstr oot |
{Scintillation| iSwirling Case I target |Target is stabilized
ICharacteris-~ | | {in 3 axes to an |
jtices { | fangyuldr rate of TBD|
| { ( |deg/sec. |

seeerecccccse|seenrenns | cescracssessrecsacssnates |coscecascsnasensan |
|2. Radar {GHz {Nominal Minimum at 13.75({4 Step Fudge Diver-|
( Operating | | {eity - 52MHz per |
| Frequency | | |step during detec- |
| ] | {tion and tracking. |
R bbbl kb dabdded bt b S Sttty bbbl EALAA LA S bbbl
13. Antenna | | { |
{Character- ! | { |
(istics | | { |
EAAA il bl dd Rl bbb d 5 Rt dd i dedabd bl Eeddedededhbdadadddddaliadidd |
{Gain | dB 138.5 . 1At 13, 775 GHz {
(EEE LA Saiid ELEELLLld Bl bt bbbkl Rl s S -\
|Sidelobe |dB {20 minimum i {
| | relative | | {
| ito | |
| { Tainbeam | |
fee==- cewemoon |===-- cwce|ore-- cessme== ity |==-emmerm e r e |
{Type { 5 *“Horn" monopulse, {Two-gimbal antenna |
| { automatic tracking, {mount |

front—fed parabola. i {
----- S bbb L LR bl R bl bedadeddl |
50 peak, 10 average {Peak and averaqe \
{power are function |
jof range and selec-{
{table duty cycle. |
|Peak power variable|
fover 45 dB range - |
{Duty cycle variable|
10.00% to 0.3 {

4. Trans- lWatts
imitter Power |
{

i
| {
| |
! |
! |
| |

o




TABLE 8.3.5.1-1 RADAR PASGIVE MODE ELECTRICAL

INTERFACE CHARACTFRISTICE (Continued)

R YT YL E R YRR YRR LY I N TR YR E Y EEE R ERLENERELY XK R LR ERSELELERLELESLNLNEZX]

{ Parameter (Dimension| ‘ Value { Notes {

'-...--‘.o.-.-' -----.-..'..----.v-.o...-.--n.---o‘----.'---.-----.----'

P B B R L e L e e ey

{PRF { pulses/ |TBD Detection | |
| | sec { \ |

'.--------..--' .--.‘-‘-'.---.-".-0-.----.‘.11----‘-‘.---.'--“-.-----‘

5. Receiver | | { {

--m-.m—---.--l --—.-----l ------.-0-----.--.-..---‘-‘.----'-.-.--.--..'

|Ncise Fiqure | dB ) | |
.-’---_---.---'----.----'-‘--.Q-_-‘-.----.--.‘---‘-lv.------‘---”'.-.-‘
jInput Power |watts 150 IAt input port to ]
{Limits | average | jlow=-noise amplifier|

{Dynamic rangej dB 1115 | |

BN OT O PP PV CEORVWT DD VOO ONE DDAV GO RY PP ORT PR ET OB DO DDV D OB R W BRR Y NS OBET RS
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TABLE 8.3.5.2-1 RADAR ACTIVE MODE ELECTRICAL

INTERFACE CHARACTERISTICS

| Parameter |Dimensionl| value | Notes
‘-.--'------'-! O---.--‘-. -----.-’-C-‘--.----------'---.---.----C ..... -

{1. Target | | {

| Type ] | |
|eeesecccccccc|rreremnan|oconconnccccccenrococnns |acncacnssnecnenna s
iTransponder | | ‘ |(Target carries
|Pulse Beacon | {coherent pulse
|transponder which
{retransmits ampli-
|fied replica of re-
|ceived pulse.

| Beacon carryin
{target is stabilized
{in 3 axes to THD

{ | jdeg/sec each axis.

. . ——  — —
. = —— —— g ——
. —— a— —

--o----------'---—-cw—-.---———b‘o-----c--o------‘------o ----- - - -
|Jdperating | ft, 11.824X10¢ Detection {
{Range | {100 minimum {
R e Bt e R LD EE DLl —m---- -
je=eoccncen- el bl R e R ettt i e b bl b el e L A
|2. Beacon ( { (
{Character- | { |
 istics \ { {

'----—-----.—- --------- -t mcevercee e e cComm o w .- - .' -------------------

{Minimum { dBm | TBD |Function of target |

{ | jtransmit freq.
| i i+THD Hz.

|
|

‘ ------------- '——-‘-----‘ ----------- o------...—-' --------------- -. .-
|

|{Detectable i | fantenna and re- {
|Signal | | fceiver sensitivity |
|[~=w=oevecece- | mm--- ce=m|emreeccceccecocennecanes |om===- Semecsseccce- |
{ EIRP | Jdiw | TBD | |
Rl hdd R bbbl Raebdd Seseme- Dltdde el R e ===
|Coherence [ | TBL . | |
|ewseeeew- il RAA bbb bbbl Edbd it bbbt bbbl B i cesecese=|
|Delay | psec ({ TBD | \
|==cee==- aabbid EAAA LA b A St Rt b bbb b db it S il b b deh b it y
R h bt b b bbbl Rl dbdedde bbbl it ol Rl cecemee|
{ 3. Radar | f | |
{Characterist«j { | |
lics | { | |
==~ SR Rttt LM B A il bbb bbb bbbl RALAA Attt bbbl
|Transmit {GHz 113.8 nominal | \
|Freq. | | { |
jemeemmnecn- | em——-- it Eakededddededb it |==e===- wecs=msccec=n|
|Receive Freéa.|GHz {13.8 |Same as radar \

|

|

|

|

(Antenna Gain (s

T




TABLE 8.3.5.2-1 RADAR ACTIVE MODE ELECTRICAL

INTERFACE CHARACTERISTICS (Continued)

- eSO ATOE CBO VD ERD P OOS VOB PO VRO RO WP DG PO DO O GCR BB BER N BN - - .

| Parameter |Dimension| Value { Notes |
| | | |receive |
|Antenna side-|dB rel- (20 minimun | |
|lobe level |ative to | { |
] imain beam| { |
|{Antenna ‘Type | |5 %“Horn®" monopulse, {Two-gimbal antenna |

] { fautomatic angle track, (mount. |
| | |front-fed parabola | |

| {target range deter-|
| {mines average (
| |power. Peak power |
| fcontrollable over |
| j45 dB range. |

"---------coo‘ -—-------‘ ----------‘--------o----' .................. |

|PRF's | pulses |224 search and track | For range greater |
| | per sec. | fthan 10 nm. |
| | 17177 Track {Range less than 10 |
| S |
(Pulse widths |usec. | Dual 4.15 and 0.122 {Used in search |
| | } {ranger. {
| | 14.15 {Used for track when|
{ | | irange >10 min. |
| | {0,122 {Used for track when|
| { { irange < 10 min. |
At el Bl bbbl ad Bt bl i bbbl bld ELALE LRt At ik |
| Transmit |Watts 160 | Peak-duty cycle in |
| Power | i |search or track and|
|

{

{

|

!

— A nn = oy

|Receiver |dB (S | |
Inoise Figure | | { |
A bbbl Rl bt Rt d b bl S bbb bl R e L R L L LR R
|Input Power |RWatts |50 - damage level IAt input port |
|Limit | (average) | ito low-noise amp. |
{ {2.5X103 1dB gain com- {Low-noise amp. |

| pression to low-noise amp. |

|

I
|Dynamlc Range|4B 1115 { |

i
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APPENDIX III

PRELIMINARY INTERFACE REVISION NOTICE SD~152A
UPDATE OF SECTION 8.3 OF ICD 2-19001
FOR DETACHED PAYLOADS
OCTOBER 3, 1979




INTERFACE REVISION NOTICE

l
L

- AFFECTED ICD | IRN
' NO 1€0 2-1900) REV F z Tmcumo IDENTIFIER 3 NO ¢ SHEET 1 OF Ai
[ #ROGRAM coODE I s SD-1524 ;. r::;u AFFECTED
Tt o vionics
o TIE it ) § INITIATED BY
c PCIN Rockwell International

A ADARS AT ERrCRRGO 10 THIS IRN EFFECTIVITY
Orbiter Vehicles 102, 099, 103 & Subs.

TR ToRTAmeT ——==-=——-—~——_R__PAYLOAD SPECIFIC ICDg

Update communications interfaces .
with detached payloads to current -

Orbiter deaign, _—
CrHANGE 1ICD 12 70 13 FROM
EFFECTIVITY
4 RN N 15 NEW IAN EFFECTIVITY 16 PREVIOUS IRN EFFECTIVITY

12 DESCRIPTION OF CHANGE t
l. IELETE: Section 8.3, IETACHED PAYLOADS, and replace with revised section, attached,
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2. REVISE: Table of Contents, List of Tables and List of Figurea to agree with this change.
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NOTE: This PIRN includes data from IRN 060 (SD-036), IRN 080 (SD-113), PIRN JSC-015,
and PIRN SD-145.
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18 PREPAREDBY |19 TECH CONCURRENGE }5'02 ORG. PayTload/Targo Integration|zi. pave
W. K. McCarty (HCw~ 8 Advanced Engineering | 3 Qctober 1979
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4.1 Lot ached pPavlioads.  The Payload Interrogator (PI)

- o .

provides two-way RF communication between the Crbiter and
Jdetacted pavlioiads within a range of up to 10MM. Thig
capabiliry shall i1nclude acceptance and processing of tong
commands for crinsmission on either the NASA or DOD paylead
fregquencies. The PI shall not operate during ascent put
ghall be required to survive rhe envirQnmoet during aacent
without-dyradatrion to sutsejuent performance, Paragraphs

r applicable +o STDN, DSN, SGLS, and nonstandard payloads are

def'”' indicaved in rhe following breakdown;

NASA/STDN Pavloais--Paragraphs 6.3.1 and 8.3, 2,

&QAsA/DSN Payloa is--Paraaraphs 8.3.1 and 8.3.2.

'€Q§§DDDISGLS Payloads--Paragraphs 8.3.1 and 8.3.3.
v'\

N rons*~andard Payloalds--Paragraphs 8.3.1, 8.3.4, and

\g;) R.3.5.

* <QP The ¥u-band rendezvous radar will skin-track a target in the

vassive mode or track a *ransponder-equigped target in the
ac*ive mode. Paragranhs applicable to the Ku~band radar are
8.%.6.1,R,3.6.2, and 8.3.6.3.

In +he following parajyraphs, "characteristics" are those of
<he "rbhiter avionics that rhe payload must, bhe cognizant of,
and "reguirements" are specifications placed upon the rpayload
SImMMINications wyiliment,

e e > o S - - - — - —— -

3.2.1.1 PI performance _Characteristics.

- - St vy . - EER -~ - SPUNR

‘ 9-%1.1.1.1 Trapsmitter Characteristics. The principal

— .

sransfivrser characteristics are listed in Table 8.3.91.,1.1-Y,

3.3.1.1.1.1 Durpur Frejiency Ran3de. Two output frequency

tands are proviiel: L—bSEE"(Doo) and S-band (NASA).
[R]
8.3.1.1.1. 1.1 NASA/STDN channel Assjgnments. The

-t e tas Gma - A —— " S St . " "

transmit/receive freguency pair assignments for STDN-
compatible detached payloads are listed in Table
5-3|1n1.1-1o1"‘¢

1 B.3.1.1.1.1.2 NASA/DSN channel Assignments. The

tranamit/receivg_f;;&G;HE;~E;;;-;§§1gEEEREE for DSN-
} comparible detached payloads are listed in Table
Bada1.1,.1.1.2-1,

3.0 10703 00N INS Crannel Assiyrmerts. The

~ransTit/receive ‘requency pair assignments for SGLS-
compa-ible deracted payloads are listed in Table
B3 1010101, 3-0,

1SC Form 63A (0ct 1)) NASA - ¢
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B.3.1.1.1.2 Trangmtter Triplexer Section. A triplexer is
used 1n rhe PI transmi+ter/receiver. The triplexer functions
ro divide tre PI transmit and receive tands into low and high
subbanis for both the NASA and DOD modes of operation. The
ourpose of the los/high band selectivity i{s to prevent mutual
interference betsween the PI and S-band network subsystem
during timees of simultaneous operation.

8.3.1.1.1.3 carrier Fraguency Tolerance. The maximum
carrier fregquency uncartainty is ercent of the nominal '
carrier frequency (transmitter sweep sabled).‘? g@v.bg

apﬂz 6.3.1.1.1.4 Carrier Phase Noise. The transmitter will

‘;gms’ produce no more than the listed phase nQise({in a steady-state
ﬂm,,¢ﬂv error for an ¥ Hz two-sided tracking tandwidth loop.

00 v *"'t'l . -

‘4wn“‘j B.3.1.1.1.5 Carrier Spurs. Carrier Spurs are any spars

appearing at the transritter output below the unmodulated
carrier power level.

8.3.1.1.1.6 Carrier_ Phase Modulator. The phase modulator
will accept analoi or digital modulating signals. The
modulator deviation characteristic is linear within the
limitg, over %he range listed in Table 8.3.1.1.1-1,
Freguency response is flat within the limits over the range
listed in Table 8.3.1.1,.1-1,

3.3.1.1.1.7 carrier Freguency Sweep. Frequency sweep is
linesr uo and down in frejuency, beginning at the nominal
chanrel frequency. When the sweep is disabled, it remains in
effecr a+ +the soecified rate un+ii the nominal carrier

freJuency is reiached.

8.3.1.1.1.8 galactable Transmitter Power Levels. Three
selaec-ible *ransmitter output power levels for either the L-
band or S-bard frejuency ranaes are availakle at the orbiter

an*enna wntrterface.

89.3.1.1.2 Feceiver Characteristics. The principal geceiver

characteristics are listed in Table 8.3.1.1.2-1. The values
. in this paragraoh are referenced to the Ortiter intergface.

8.3.1.1.2.1 Input_Freguency Range, See Table 8.3.1,1.2-1.

PASA/STDN _channel Assignments. See Table 8.3.,1.1.1.1,1-

o e St g RS e s s e e i 8 T it s A e et e e e WD S et T P P

NHASA/ZDSM_Chanrnel Assignments. See Table 8.3.1,1, 1.1.2~-

e - e - W —a G t —— P o T e " o ey o W st

09D/35!I€ Charnnel Assiarmen=s. See Table 8.3.1.1.1.1.3-

> oo s e i . W - " o o — T —> . ——_—— - -

Feceiver Yriolexer Section. See Paragraph

ORIGINAL PAGE BB
OF POOR QUALITY
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® saturation level the receiver IF amplifier circuits beqin to

’ Maee e

- e RS SR i At iu Ry
ICONO DL1900] . Tm.v F

SD-152A

B.).i.1.2.3 Input Si13ingl Level Range. Eee Table B8.3.1.1,2~
1.

8.3.1.1.2.4 AGC _Dynamic Fange. The AGC maintains the
raceiver transfer function in a linear state over an input
s13nal level range.

8.3.1.1,2.4.1 Fecejver Gain_Saturation. Above the listed

amplizude sarurate. Al<hough this should not adversel
affect the demojulation of constant envelope signals, Zt may
cause receiver false-lock under certain conditiors. Overall
recelver performance 18 not guaranteed akove the listed
saruration level.

8.3.1.1.2.4,2 Eeceiver Protective Limitinag. At the listed
inpur signal level and higher, a preamplifier protective
l1ode breakdown limiter tecomes operative. Purposeful
recelver operation above this limi® 18 not recommended.

9.%3.1.1.2.5 our-a2f-Band Interference. The receiver will
operdate with no more than the listed performance degradation
Jue to our-of-band interference for the conditions listed in
Table B,23,1,1,2.5=-1.,

B8.3.1.1.2.6 Nojse Fijgure. The receiver noise figure is

referenced to the FF PI common input/output port.

3.3.1.1.2.7 Carrier Acquisition and Tragking Thresholds.
The acjuisition threshold is the minimum received discrete
carrier siagral level tor guaranteed acquislition. The
“racking *hreshold 1s *he minimum received discrete carrier
s17n31l level for guaranteed trackino and demodulation
oerformance.

(3 &

»3.1,1.2.8 Carrier Oynamic Acguisition apd Tracgking.

5.3.1.1.2.8.1 Eeceivar Frequency Sweep. For the purpose of
acytisi+*ion, the receiver is swept from the nominal receive
freguency. Phase lock will be achieved within the time

lisced. (This sweep 1S unrelated wo the transmitter sweep.)

8.3.1.1.2.8.2 Freguency Fate Tracking., The maximum in-lock
frequency rate that may ke tracked is listed in Table
3‘ 3.1.1.2-1'

8.3.1.1.2.8.3 Frejuency Tracking Range. The receiver '
maximum frequency offset tracking capability from the nominal
_%grr%er frequency 1is eisted in Table 8.3.1,1.2-1,
R Y haage L T
b 8.3.1.1.2.9 (peraring Performance. The PI reciever
operation cerformance characteristics are listed in Table
3. 3- 1u1&~;"' ’-

8.3.1.1.2.10 False Logck Immunity. The receiver will not
false lock to carrier sideband components within the listed

15C Form 694 (Dct 13) NASA-)St
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limi%s tor any NASA (STDN and DSN) or SGLS standard
modulation conditions for received signal levels as listed
below the RF carrier power. (See Paragraph 8,3.84.2.2 for
nor.standard modulation conditions.)

9.3.1.1.2.11 Phase Locked Loop (PLL) EBandwidths.

8.3.1.1.2.11.1 Tracking Bandwidth. The in-lock PLL tracking
naise bandwidth, when the receiver is operating within the
linear coherent ASC range is listed in Table 8,31 1.2~1.

8.3.1.1.2.11.2 Acguisision_Bandwidth. The out-of-lock PLL
noise bandwidth, when rhe receiver is operating within the

nuncoherent AGC control range, is listed in Table 8,3.1.1.2~

1:“ vl R 1 [ RS T A LY FELENV N IOpLs A\

8.3.1,1.2.12 Wideband Demodulator. A wideband sinusoid
phase-characteristic demodulator provides recovery of all
carrier phase modulations. The throughput lowpass 3 dB
bandwid*th of the receiver, demodulator and output circuits is
listed in Table 8.3.1,1%1,2-1.

8.3.1.1.2.13 wideband Qutput_ Signal Requlation. The
wideband 4emodulated signal output level to the CIU and bent-
pipe ports is controlled by an RMS type of regulating loop.
The output sianal waveforms plus noise are requlated and all
peak values (plus or minus) are clipped or limited by the
ou%tput amplitier to the levels }isted in Table 8.3.1.1,2-1.
Vidpe, o b o . R ERUE

8.3.1.2 Aptenna Characreristics. The PI/payload link
u-zilizes a single beam antenna for both transmitting and
receiving. The principal antenna characteristics shall be as
listed in Table R.3.1.2-1, N N

9.3.1.2.1 An*enna_locarion. The antenna is located at the

¢20 2¢ the cargo bay fcrward bulkhead, as shown in Figure
303.1.2- 1-1. ’

3.2 NASA standard Payload/PI/PSE_cCommunjgation
haricterissics_and Fegqujirenents.

- S e e i e o e s gy W Tt et 3

1) 0

l

'2
owed, with summary characteristics listed in Table
2. 11,

. .1 Ccommand_Signals. A single form of command signal is
1

(V= 3 ol ¥V ]

.

«1.1 Modulation
r

«3.2 rm, The command waveform is a
inewave subcarrie

lated by the command bits.

n o QW m

8.3.2.1.2 Sulcaryrier Frequency. See Table B.3.2.1-1,
8.3.2.1.2.1 Subcarrier Barmonic lJistortisn. The maximum
Rarmonic components as a percentage of the fundamental
freguency arplitude are listed in Takle 9.3.2.1-1.

15 Form 694 (06t 73) NASA-JSC
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B. 3.2.1.2.2 sybearrier_Fraguency Stability. The 60-sec
averaged subcarcrier frequency shall be within the listed
percerrage 5f t=he nominal subcarrier frequency.

8.3.2,1.3 cCarrier Modulation lndex. £ee Table 8.3.2,1~1.
8.3.2.1.4 Dpata Mpdulation.

8.3.2.1.4.1 parta_Rates. The command data rate may be any
one of the rates listed in Table 8.3.2.1-1.

8.3.2.1.4.2 ©3_RBis_Format. The bit format may be NRZ-L,
NRZ~M or NR2~2., Transition of the data waveform will
coincide wich a zero crossing of the svbcarrier.

8.2,2.1.4.3 Dpata Agsymmetry. The data bit asymmetry is a
nercentaqe of the nominal data bit period.

8.3.2.1.4.4 Data Bit Jitter. The data bit peak phase jitter
is a percentage of the data bit period.

8.3.2.1.4.5 Jomman3 Bit Preamble. Whenever actual command
bits are rno+ beiny modulated onto the subcarrier, a prefix
consisting of alternating "one® and “zero® bits is employed.
The prefix always begins with a "one® kit and will stop in
the bi* period before the first command message bit.

8.3.2,2 Teleme~ry_Sianals. A single form of télemetry
sianal 1s allowed, with summary requirements listed in Table
9- 3.2- 2'1.

89.3.2.2.1 Modyla-ion Waveform. The telemetry waveform shall
b2 a sinewave subcarrier modulated by the telemetry bjts.

B.3.2.2.2 Subcagrier Freauency. See Table 8.3.2.2-1,
3,1.2.2.2.1 Subcarrier Yarmonic pistortion. The maximum

harmonic components as a percentage of the fundamental
frequency ampli-ule are lis-ed in Table 8.3.2.2-1.

8.3.2.2,2.2 gFubcarriar Freguency Stabjljty. The lopg-term
subcarrier frequency stability (uncertainty) shall be within
the listed tolerance of the nominal sukcarrier frequency over
one hour.

9.3.2.2.3 pavioal Transmitter Modulatiopn Index. Seg Table
8.3.2.2-1.

8.3.2.2.4 Data Modulation.

8.3.2.2.4.1 Data Pates The telenetry data va=es shall te
-1

as listed in Table 8.3.5.2 .

89.3.2.2.4.2 Dpaza Bis Format. The bit format shall be NRZ or
Manchester L, M or S. The bits and subcarrier mnay be

jsC Form 63A (et 13)
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asyncrronous or, 1t synchronous, no sgecific rransition
versus subcarrier phase relationship is required.

8.3.2.2.4,3 Dara_Agymmetry. The data asymetry is a
percentaage of a nominal bit period listed in Table 8.3.2.,2~1.

8.3.2.2,4.4 B3~ Rgre Srabjiliry. The bit rate stabilicy as a
percentage of the nominal bit rate is listed in Table
8. 30 2' 2-1t

8.3.2.2.5 Daza_Styucrure Formats. Data structure formats
shall be as specified in Table 8.3.2.2-1., The basic word
leng*h shall bhe eijht bits, as specified tterein, or shall be
d mul*~iple *rhereof. The master frame synchronization word
shall consist of an eight-bi%t unique pattern located in first

or las* word or worls of master frame-Format Type 1, , ..  »

8.3.2.2.% Payloal Miramum Effective Isotropic FEadia*ed
Powey_ (EIRP) .Table 8.3.2.2.6-1 lists the payload minimum EIFP

raquired to achieve the listed conditions.

8.3.2.3 HASA/3TDN Near-Zapth (NE) Transponder Turnargund
Fequirements. The followina paragraphs also apply to TDFS

1sey transponders op2rating in the STDN mode., The
regquirements are summarized in Table B8.3.2.3-1.

8.3.2.3.1 Forwirl Link Sweep acquisition. The NE
trar.sponder forward link fromr the Orbiter to the payload will
be frejguency swept 1n *i,e FI transmit-er (for acquisition
parposes) in accord wi*h Paraaqraph 8.3.1.1.1.7 utilizing the
fas* sweep rate lissel, over the range listed in Table

9: 3- 2. 1'1-

8.3.2.,%.1.1 Transpornder Minirum PLL Acquisiticp Bandwidth.
In orier to achieve a 0.9 probability cf carrier acquisition
when rhe PI sweet croasses trhe transconder (NE) rnceminal
raceive freguency, *re =ransponder (NE) twc-sidad loop noise
Eardwidrh srhail be as listed in Table 8,3, 2.3-1,

8.3.2.3.1.2 tween Trackirg_ Fequirement, The PI transmitter
sweep may go through a rumber of complete sweep cycles before
being disabled. The transponder receiver must <herefore be
capable «f tracking the entire PI transmitter sweep randge
(¢75 kHz) for the conlition of Pl transmivter maximum nominal
fregquency offser wi~hin the tolerance listed in Table
3.3.2.3-1.

8.3.2.3.2 Eeturn lLink_ Sweep Acquisiticn. The PI recejver
may be required ¢o acgquire the payload transmitter signal
when tre “ransporder is in its one-way xzode (transmit<er
carrier freguency derived from the “rarsponder auxiliary
ds5¢c1llator) or in the two-way mode with the forward link
sweep transponded <> -“he return link carrier.

— - — e — - -
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frejuency as derived from the auxiliary oscillator shall be
no worse than the percentaje listed in Table 8.3.2.13-1,

8.3.2.3.2.2 Auxiliary Oscillator-to-VCQ Switchover. There
are no PI-imposed requirements on the auxiliary oscillator-
to-VCo switchover (when the forward link becaomes acquired) in
terms of the resultinag frequency step. The PI will start
resweep afser transient within the tire limits listed in
Table 8.3,.2.3-1. :

8.3,..3.2.3 PI_neceiver Lock Loss Due %o Auxjliary
Oscillator-to-VUCcn_switchover. It is expected tha, when the
transponder switches its transmitter frequency source from
auxiliary oscillator to the VCO, PI receiver lock (if it had

been a+tained in the one-wa, mode) will ke lost,

84,3.2.3.2.4 Transponder Turnaround Patig. The transponder

e s et s i e e mp po e o

transmit./receive freguency turnaround ratio shall be as
lisred in Table 8.3.2.3-1,

89.3.2.3.2.5 PReturn_Link Carrier_Sjidetand lLevel Due_ to

v o et D St St S St S o WD T Y W S T WY WD * P et

Forward_Link Modulation Feedthrough. The maximum feedthrough
forward link command modula+ion (16 kHz subcarrier) ehall not
exceed a return link sideband level greater than the level
listed in Table 8.3.2.3-1.

e i o At i o A D i B i P T o S0P et WD St S it e T e retees O PO S
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8.3.2.4.1 Forwari Link Sweep Acguisitjon. The NE
cransponder forward link from the Orbiter to the payload will
be frequency swept in the PI transmitter (for acquisition
purpeses) in accord with Paragraph 6.3.1.1.1,7 uv«ilizing the
slow sweep ra%e list2ed, over the range listd in Table
3.3.2.u-1.

9,3.2.4.1.1 Transponder Minimum PLL _A¢quigition Bandwidth.
In order %o achieve a 0.99 probability of carrier acquisition
when *he sweep crosses the transconder ncminal receive

. frequency, *he trarsponder two-sided loop noise bandwidth

shall not te less than the bandwidth listed in Table 8,3.2.4~-
1. (I has been assumed that, when the DS trangponder is
operating with the Orbiter, the minimum receive signal level
will te TBD dB above the PLL abksolute threshpld for which the
nominal 38 Hz two-silded loop noise bandwidth occurs.)

8.3.2.4.1.2 Maximum_Swert Acquisitjon Time. The time
required to swe2p the entire ¢3! KHz frequency uncertainty
range 1sina ke slow sweep rate will be less than the time

l.szed in Tatle 8. 3.2.4-1,

8.3,2.8.1.3 Sweep Tracking Pequiremert. In the slow sweep
rate mode, the PI transmitter sweep will naminally go through
one complete sweep cycle and then become disabled. The

—
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transporder receiver must +therefore be capable of tracking
the entire PI transmit*er sweep rang2 (£33 kHz) for the
condition of PI transmitter maximum nominal frequency offset
of the percentage listed jin Table £.3.2.4-1.

8.3.2.4.2 Eeturn_Link_Sweep Acgujsition. The PI receiver
may be required to acquire the payload transmitter signal
when the transponder is in its one-way mode (transmitter
carrier freguency derived from the transponder auxiliary
oscillator) or in the two-way mode with the fqrward link
sweep transponded to the return link carrier.

stability of the transponder transmitter's nominal carcier
fregquency as derived from the auxiliary oscillator sh:ll he
no worse than *hre percentage listed in Table 8,3,2.4-1,

B.3.2.4.2.1 Auxiliary Oscillaror Stabiljty. The long-term

——— . —— A —

are no PI-imposed requirements on the auxiliary oscillator-
to-VCO switchover (when the forward link becomes acquired) in
~erms of *he resulting frequency step. The PI will start
resweep after transien% within the time listed in Table

3. 3i23u-16

8.3.2.4.2.2 Auxiliarv_Oscillator-to-vVCQ Switchgover. There

o b e e s s A - — U S

Oscillator-ro-VCO_Switchover. It is expected that, when the
transponder switches its transmitter frequency source from
auxiliary osciilator «o the VCC, PI receiver lock (if §t had

been attained in the one-way mode) will ke lcst.

8.3.2.4.2.4 Transponier Turnaround Eatio. The transponder

transmit/receive frequency turnaround ratio shall be ag
listed in Table 8.3.2.u-1.

P AN --9—5 A5 J.F P EFANES 2 2 X PR 2011
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by the forward link cormand modulation ({16 kHz subcarpier)
shall not exceed a re-urn link sideband level grea%ey than
~ht level listed in Table 8.3.2.4-1.

.3.3 DOD/SGLS_Standard Payload/CIy communication
haracteristicg_and_Regujrements.

mand_Signals. A single form of compand gignal is

. 3. In|
llo h summary chara ;:e¢xistics listed in Table
l3'

o w o

8.3.3.1.1 Modulation Waveform. The command signal is a
ternarv FSK/AM waveform w<ith form as shown in Figure
3.7,3.1.1-1, Three comrand symbols are emgloyed and the
composite FSX waveform is S0% amplitude modulated by a
triaraular function of <requency equal %o cne-half the
command svnbol ra%e.
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8.3.3.1.2 cCommani_Tone Frequencies. The command symbol tone

—— o s -

frequencies shall be as listed in Table 8.3.3.1=1.

8.3.3.1.2.1 Topne_Freguency Accuracy. The maximum nominal

tone frequency error will not exceed the rolerance listed in
Table 8.3.3.1-1.

8.3.3.1.) <cCcarrier _Modulation Indices. Twe carrier

———— — V> S o - o

modulation indices are employed as listed in Table B.3.3.1-1,

8.3.3.1.4 Da*a_Modulation.

B.3.3.1.4,1 Data_Symbol Rates. The ternatiy symbols shall be

o e e e T o e s e en Tt 0 gy i

transmnicted at the ra+es listed in Table 8.3.3.1-1,

8,3.3,1.4.2 Triangular AM Clock. A triangular waveform
clock at one-half the symbol rate and with its positive zero
crossing delayed by 0.6 T ¢ 10% from the symbcl epoch
amplitude modulates the composite symwbcl stream with a 50%

intensity.

R.3.3.1.4.3 Data_Format. TBD

—— > ——— — s T Gttt b T T

Table B8.3. 3.2-1.

8.2.3.2.1 “odalation Waveforms.

—— T . T - — o - o oot

8.3.3.2.1.1 PSK_Subicarriers. Digital telemetry taveforms

shall be sinewave subcarriers SK modulated (£90°) by the
telemetry kits.

8.3.3.2.1.2 FM_Subcarriers. The analog telemetry waveform
shall be a sinewave subcarrier frequency modulated by the
analog telemetrv 3ianal to a max.mum peak deviation as listed
in Table 8,3.3.2-1,

8.3.3.2.2 Subcarrier_Frequencies. The norinal PSK and M

. subcarrier frequencies shall be as listed in Table B8.3.3.2-1.

T~ . S e i o e o s Ires e b0 e Sttt W WD

harmonic components of any subcarrier as & percentage of the
fundamental frequency amgplitude are listed {n Table 8, 3.3.2~
1.

8.3.3.2.2.1 Subcarrier Harmonic Components. The maximum

—— e iy —a e e

~erm subcarrier freguency uncertainty as a percentage of the
nominal sukcarrier frequency is listed Table 8,3.3.2~1.

8.3.3.2.2.2 PSR_Subcarrier Freguency Stabjlity. The long-

8.3.3.2.2.3 FM_Subcarrjer Freguency Accuracy. When the M
sabcarrier is unmitlated, the maximunm frequency offset from

the nominal frequency shall not exceed the value listed in
Table 8.3,3.2-1.

7SC Farm 694 (Oct 13)
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H.3.3.2.3 Paylaad Transmitter Modulatjon Indices. Each
subcarrier shall employ one of the two modulation indices
listed in “able 8.3.3.2-1. A maximum cf two subcarriers may
simultanedously modulate the carrier.

8.3.3.2.4 gSubcarrier Modulatjons.
B8.3.3.2.4.1% pijgital Data Rates. The telemetry digital data
rates shall be any one of the rates listed in Table §,3.3.2-1
in accord with the specified subcarrier frequency.

B8.3.3.2.4.2 Data_cit_Format. The bit format shall bs as

L e e e R | e W . Y i A o W

8.3.3.2.4.3 Datra Asymretry. The data asymmetry shall be as

e s S 2oy > o S Sotn o -

B.3.3.2.4.4 Bit_Fate_ Stability. The kit rate stability as a

parcentaqe of the nominal kit rate is listed in Table
8.3.3.2-1.

B8.3.3.2.4.5 FM_Sianal_Frequency Resporse. The basekand

e S e i e e =t D Sy . S e s G v — . e

signal that frequency modulates the sukcarrier shall have a
highpass rolleoff of 12 de/octave above and below the
frequency ranae listed in Takle 8.3.3.2-1.

8.3.3.2.4.6 FM/FM_Signal Structure. Wwhen the FM subcarrier
is frequency modulated by a composite set of fregquency
modulated sub-subcarriers, the signal structure shall comply

with nhe followina requirementss TBD.

8.3.3.2.5 Data _Structure Formats. Data structure formats
shall be as specified in Table 8.3.3.2-1. Minor frame
synchror.iza%ion words shall be TBD. Fcr Type II, the master
frame svrchronizarion word shall be 8 Lits of any pattern,
loca=ed in +he firs« or last minor frage in any word column,
o-her «tan the minor frame sync colurn. Transi%tion density
shall ke TBP.

8.3.3.2.6 Payloal Minimum EIFP. Table 8.3,3.2.6-1 listy the

A8 A5~ IR —R A3 Ligh -1 IR 3 M

payload minimum EIRP required to achieve the tested

.conditions.

8.3.3.3 DOL/SALS_Transponder Turnaround Reguj :ments. The

8.3.3.3.1 Fforward Link_Sweep Acguisition. Some SGLS
transponder receivers have a seli-contained automatjc sweep
acquisition capability. The PI transmitter sweep cambility
is =*eref>re not reqguired for such transponders and will Ete
jisabled. For those SGLS transpondexs nct having a self-
<on-aired automatic sweep acquisition capability, the PI
rransmiscer will be frequency swept in accord with Paragraph
8.3.1.1.1.7, urilizing tha fast gweep rate listed, over the
range listed in Table 8,.5.3.3-1,

;!‘SC Form BSA (0ct 73)
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8.3.3.3.1.1 Transponjer Mini oum PLL Acquisition Bandwidth.
Tn order to achieve a .9 probability of carrier acquisition
when the PI sweep crosues the transponder rominal receive
frejuency, -he transponder rwi-sided loof noise bandwidth
shall not Fe less whan tha* listed in Takle 8.3.3.3-1,

8.3.3.3.1.2 Swgep .Trackipy_feguirement. The PI transmicter
sWweep may go through a number of complete sweep cycles before
being disabled. The transpinder receiver must therefore be
capable of tracking the entire PI transritter sweep range
(¢55 kHz; for the condition of PI transritter maximum nominal
frequency offset listed in Table 8.3.3.3-1,

.3.2 Feturn_Link Fi2guency Stabjlity and Acgujigition

e e iy o —

§.3.3.3.2.1 Auxiliary Cscillator Stabiljty. The long-term
stability of thae transgonder transmitter‘'s nominal cagrier
frequency as derived from the auxiliary oscillator shall be
no worse *han listed in Table 8,.,3.3.3-1.

B- ?I

8.3.3.3.2.2 pRuriliary Osciliator-to-VCO switchover. There

are no specif.c req:ulrements as the resulting fregquency step
is expected Yo be within the PI receiver acquisition range.

8.3.3.3.2.3 PI_Fegei- ey Lond Luss Due to Auxiliary
Oscillator-to-VCO Swirtcncver. It is expected that, when the
transponder switch2s 1.5 transmitter frequency source from
auxiliary oscillator =u the VCO, PI receiver lock (if i his

been at=-ained in the one-way modw:) will be lcst,

8.3.3.3.2.4 Transvonier Turnaround Ratio. ‘The transponder

transrir/receive frequency *urnaround ratio shall be as
lis*ed in Tarle R.3,.3.3-1,

9.3.3.3.2.% Eeturn_Link Carrier gSideband lLevel Due to
forward Lirk Molulation Feedthrough. The maxirmum feedthrough
~odulation sidebands of the return link carrier by the
forward link commard modulation (65 kHz, 76 kHz, 95 kHz tones
and the one-ralt symbal vate clock and its harropicg) sghall

not exceed a returr link sidatand level greatgx than the

level lis%ed in Table R.3.3 3-1,

— e e G e e e e —

Ra2guirements. Noartaandar’ ommunications are those which do
not conform *o ti:e NASA, P5: ar DOD/CIU canmand and telemetry
capabilities. tHoenstaal ¢4 wowmrunication signals muse,
however, comply with =zhe ET capabilities and requirements.

8.3.u NO“§*d“53Ei“E¢X1Oadfﬁii§§QS:EXQ£.§2EE2§¥EQSLQ§

8.3, 4.1 Tommapndi Sianals., AN inpurt port to the PI
transmitter sxist.s abhoard tne Orbiter at the Fayload Station
(PS). This port atlows ponstandard conrand signals to be
~rarsmi=~ed from “ae PS; however, no ground through Orbiter-
t2-payload nons<anlard <¢o>mmand capability exists., Therefore,
1f such command trinsfer capability is require, use must be
made of either the PSF cr ClU standard caommand signalling

jsc Farm 684 (0ct 13)
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cat-abilivy,  ps command signals muct confply with the Pl
-ransmitter requirements of B8.3.1.1.1,

3.3.4.2 Telemetry Siinals. See Paragraph 8.3.9,

-l iy 2o —— -
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Frequency modulation (FM) and amplitude modulaticn (AM) of
the carrier are not permitred. Quadrighase and spread
spec-rum modulations are alsa not allowed.

8.3.4,2.1.2 Maxinum Carrier Suppressicn. The maximum
allowable carrier sugpression due to the composite of all
ohase-modulating sources shall not exceed 10 4B.

9.3.4.2.1.3 Subcarrier Modulation. When subcarriers are
emnloyed, they may be either phase or frequency modulated.,
Amolisude modulated sutcarriers are not permitted.
Restrictions on the use of subcarrie'rs are given under

R.3.4,2.2.2 and 8.3.4.2.2.3.

8.3.4.2.1. 4 Direct Carrjer Modulation by Baseband Sjgpals.
Direct carrier modulation by analog tyge basebznd signals is
no% allowed. Direct carrier modulatior bty digital type
bPaseband siqnals is allowed, subhject to the restrictions
given under 8.3.4.2.2.4,

8.3.4.2.2 ¢specific Nonstandard Modulatjon Eestrjctiong.

8,3.4.2.2.1 Discrere_Freguency Gomponent Sideband Levels.
~arrier phase modulation by periodi¢ signals (sinusoids,
syuare-waves, e%c.) having fundamental frequencies less than
200 kHz is not permitted, No incidental and/or spurious
discrete frequency component sideband levels shall be greater
thar. -32 dBc on a frejuency range of $200 kHz about t%the
carrier frequency.

9.3.4.2.2.2 Freguency Modulated Subcargiers.

8.3.4.2.2.2.1 Analog Modulations . No ana)og gignal

- v T o e = A A . o ————— ———

frequency modulated subcarrier, on a frequency range of 2200

kHz about the carrier frequency shall ke allowed to phase

modula*e the carrier if the inequality
fu bf > B x 103

is violated, wher2 f, is the bandwidth or maximum frequency
of the baseband analog signal in Hz and Af is the peak
frejuercy 3eviation of the subcarrier in Hz. Provided that
the above inequality is satistied, the maximum allowable
carrier phase modulation index, B, by the frequency mpdulated
sinusiodal subcarrier shall be the lesser of 1,895 rad (106°)
or the B which satisfies the relationship:

P e N
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; ] J, (B) 7/ Jg (B) = 5.43 x 1077 £nof,

or the B which results in a lock detector false alarm
probabiility gqreater than 1 x 107¢ when the lock detector

| ’ bandwidth is centered on the FM subcarrier (i.e., on either
| relative subcarrier frequency sideband of the carrierj. 7The
' value of 8 may be determined with the aid of Fig. 8.3.4.2,1-
1.

8.3.4.2.2.2.2 Digital Modulationgs. Nc frequency-shift-keyed |
(FSK) subcarrier, on a frequency range of $200 kHz about the
carrier frequency, shall be allowed to rhase modulate the

carrier if the inequality
Fb » 2.5 x 102

is violated, where Ky is the data bit rate (btps). Provided
that *he atove inequality is satisfied, ¢he maximum allowable
carrier phase modulation index, B, by the FSK rodulated
sinusoidal subcarrier shall be the lesser of 1.85 rad (106°)
or the B which satisfies +he relationshig

Jy (B) #Jo (B) 2 6.9 x 1078 (R )2

or *he B which results in a lock detector false alarm
probability greater than 1 x 107¢ when the lock detecor
bandwidch is centsred on the FM subc- .rrier. The value of §
may be determined with the aid of Fig. 8.3.¢.2.1-1,

3.3.4.2.2.3 Phas2_™Molulated Subcarriers.

o s ot e T D ot (o P P e W D e Sl S T A

8.3.4.2.2.3.1 Analog Modulations. Phase modulation of
subcarriers by analog btaseband signals is nct recommended due
o inefficierncy. As a resul%, no such rrodulations are

expected and no guidelines have teen developed.

Lo Sn i e s - - —

(PSX) subcarrier, on a frequency range of $200 kHz abau+~ the
carrier frequency, shall be allowed toc phase nodulate the
carrier if the inequality

KR > 2.5 x 102

is violated, where R, is the data bit rate (bps). Provided
that the inequality above is satisfied, the maximum allowable
carrier phase modulation index, B, by the PSK modulated
sinusoidal subcarrier shall ke the lesser cf 1.85 rad (1069)
or the P which satisfies the relationshig

Jy(8) 7Jg (B) < 6.9 x 1070 (R )2 ,

cr the B which resulets in a locl detector false alarm
prebapilley greater tham 1 x 107¢ when the lock detector
har.dwidich is centered on the FM subcarrier. The value of 8
may be determined with the aid of Fig. B8.3.4.2.1-1,

1sc Fofm 63A (Oct 73) NASA-JSC
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8.3.4.2.2.4 pjrect verrier Hodulations.

-

8.3.4.2.2.4.1 Apalod_Modularicns. Direct phase modulation
of the carrier by an analog baseband signal is not
recommended due to irefficiency. As no such modulations are
expected, no quidelines have been developed.

8.3.4.2.2.4.2 Diaital Modulatjons. The criterion for the
minimum allowable bit rate is based ugcn a carrier tracking
loop RMS phase noise component due to wodulation sidebands
tracking of 10° or less. The allowable NR? bit rate pust
therefore satisfy the following i{nequality:;

R, > 4.8 x 10¢ can? (B).

where the numerical coefficient i3 based upon the PI carrier
tracking loop maximum in-lock noise bandwidth and # is the
carrier ohase deviation (8 € 7i.%%°)}, 1In order %0 keep
carrier loop phase slewina *o less than 18° during @& string
of transitionless data bits, the maximum numbex of such bits
shall be:

Maximum No. of Bits Without Transition = 1.65 x 10-9 Rp

This transitionless period must be followed by 8 reasonable
number of transitions in such a pattern that the slewing
error is negated within a period of bits equal *o five times
the transitionless period. To avnid the problemr of bit
slewing, Manchestering of the bits is yecommended. Given
Manches-ered bits, the minimum vLit vate 3llowed i8& the larger
bit rate calculated from:

Ry 2 640 tanZ(p)

w

Ry 2 2.7 x 104 JEan (B .
Maximun modulation index f for all digital mcdulations shall
not exceed 71.5° or 1.2% rad. '

8.3.4.2.3 Pent-Pipe Feedthrough Characterjsiticg. The
payload transmitter may output ®not-standardn

, signal/modulation forms which can only ke grocessed by the
PI. As such, it is the function of the PI recqiver to
acquire and track the carrier component of the payload
signal, demodulate the carrier and transfer the resultant
baseband signal 2> the RuSP for relaying %o ¢ground stations,

B.3.4.2.3.1 PI/Ru_Band Configuration. The fic¢ure belaw
shows the general PI/Ku Band configuratior for the bent-pipe.
Telemerry Sianals may be input to either the narrowband or
wideband channele as defined in the fellowing sybparagraphs.

1s¢c Farm 694 (0¢t 70) NASA-JSC
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8.3.4.2.3.2 Narrpwhand_channel. The anticipated use of the
narrowband channel 1is by PSK or FM subcarriers which have
nonstandard frequencies and/or nonstandard data rates or
analog modulations. Characteristics are listed in Table

8.3.4.2.3.2-1,

8.3.4.2.3.3 wWideband channel. Wideband signals are defined
as those which have maxirum frequency components on the order
of 4.5 MHz. Such signals are allowed to directly frequency
modulate the Ku-band FM trarsmitter. The amaunt of deviation
achieved depends upon the nature of the modulating waveform,
i=s PMS and peak values bteing established by the PI wideband
su*tpu* noncoherent regulator (see sutparagragh 8.3.1.%1.2.13).

B.3.4.3 Nonstandard Transponder Turnaroung Fegujrements.
Nonstandard transponders are defined as those which are ndot
expliciecly STDN/NE (sukparagraph 8.3.2.4) or SGLS
(Subparaaraph 8.3.1.3) <ypes. Nonstandard transponders "mist,
however, conform to the P! frequency channel assignments and
other PI acguisition and tracking requirements.

8.3.4.3.1 Frejuency Channel Assignments ang Turnground
Ririos. A nonstandard transponder must adhere to either the

AP

8.3.1.1.1.1.2-1 or the DCD channel assiqnments of Table
8.7.1.1.1.1.3-%. The corresponding transri%/receive
turnaround rati1o shall be as listed in Table 8.3.4.3-1Y,

6.3.4.3.2 Forward Laink Acguisition. A nonstandard
transponder that does not possess an irherent recejiver
acjyuisition capability must rake use of the PI transmi*ter
sweep capability outlined under 8.3.1.1.1.7, Either of the
two sweeD rates may be enployed and the transpcnder two-sided
loop noise bandwidth sha'l not be less than <he limics lis<ed
in Table 8.3.4.3-1,

;sc Fors 884 (Oct 33) NASA.J5C
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2,.3.4,3.3 Forwarl Link_Sweep Tracking. The nonstandard
transponder must he capable of tracking the entire Pl
transmitter sweep range as defined under 8.3.1.1.1.7 for the
condition of P! transmitter maximum nominal frequency offset
listed in Table 8,.3.4.13-1,

B.3.4.3.4 PReturn_Link_ gweep Acquisiticn. The PI recsiver
may be required to acauire the payload transmitter siqnal
when the transponder *s in its one-way wode (transmitter
carrier trequency derived from the transponder auxiliary
oscillator) or in the two-way mode with the fogward link
sweap *ransponded to the return link carrier.

8.3.4.3.5 puxiliary Oscillatoy Stabjlicy. The long-term
stability of the transponder transmitter's nominal carrier
frequency as derived from the auxiliary oscillator shall be
no worse thran listed in Table B8.3.4.3-1.

8.3.4.3.5.1 Phase Noise. The transponder transmitiar phase
noisa whaen the carrier is derived from the auxiliary
oscillator shall no* produce more phase error than listed in
Table B8.3.4.3~1,

8.3.4.3.6 Ferurn_Link Incidental Modulatjons.

8.3.4.3,6.1 Spurg. Any discrete frequency spurs shall be
below the unmodulated carrier power level by at least the
amount listed in Table B8.3.4.3-1,

8.3.4.3.6.2 Forward Link Mojulation Feedthrough. The
maximum feedthrough modulation sidebands of the return link
carrier by any trequency comgonent of the forward link
command modulation shall not exceed a yeturn . nk sideband
level greater than “he level listed in Table 8.3.4.3-1,

. 8.3.5 pr/ps ports_for Non-Standard Pavload Signal
Processing. Payloads with command and/or telede=zy formats
chat are incompatible with the standard formats Jescribed {u

Paragraph 8.3.2 may provide their own signal grocessing
equipmen* for installation in the PS area of the Aft Flight

seck and interface it with the »I,

8.3.5.1 PBI/PS Forward Link Cata_Input Characterjstics. 7The
PS input port intertace characteristics for signals to be
modulated on the PI frrward RF link to a payload ghall be as
defined in Table B8.3.%.1-1%,

8.3.%.2 PIZEY Feturn Link Data Qutput Characterjstics. The
PS output port interface characteristics for demodulated
paylead rewurn RF link signals from the PI shall be asg
Jefinel in Table 8.3.5.2-1.

1s¢ Form 694 (0s1 73)
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M.3.5.3 PpI/ps_control_Digcrete. A control discrete shall be
rrovided to rthe PI to enable the PS ingut and output ports
and disable *he PSP input and ocutput pcres to/from tha Pl.

ghilcraracterxsrics of rhe control discrete shall be as
D2410wWS

True State (PS ports to/from 18 to 32 VDC
PI enabled)
False State (PSP ports to/from 0 to 3 vVIC
PI enabled)
Termina*ion Single ended return to
Fvwr grnd

True S-ate Current 10 milliamps maximum
Power Off Impedance 10 K ohrs pipimum
Load Impedance 3.2 X ohms minimum

8.3,%.4 PpI/ps_selectzion Lines. Cargo element sjianal
processors installed in the PS must know which PI hasg been
selected for use so that command data and the P& conrtgol
discrete can be sent to the correct interrogator. One of two
lires from *he forward load control assenblies (LCA) #2 and
¢3 shall contain a 29 VDC sianal indicating which of the %wo
interrogators has been powered on. These lines are avallable
at rhe PSDP and shall be used to provide limited control
power, as required, for the PSP, The characteristics of
these nwo lines shall ke as follows:

Logic '1t Starte (PI on) 4 to 32 VD¢

Loagic '0' S+tate (PI off) 0 plus 2.5, minus 0 VDC
Maximum Current 125 milliampy
Termination Sirfgle ended return to

Power gqround

8.3.5.% PI/PS_Overload Frorection. Protection shall be

orovided in the payload user unit such tha%t overloads will
no* fault tte fusinao in %he LCA's.

8,3.5.6 Pl/PS_Power Feturn. If a power return lLine i@

required in the pavload user unit, power return for NGO A, B
or C may bhe used.

8.3.6 Ku:-Band Esndezvous Fadag Interfaces-

- 8.3.6.1 Passive Mode cCharacteristics. The rendezvoug radar

shall have the interface characteristicy defined in Table
8.3.6.1-1 whén operative in the passive nodg.

8.3.6.2 Active Mode Characteristics. Thas rendezvous radar
shall have the interface charac-eristics defined in Takle
8.3.6.2-1 when operating in the active mode.

8.3.6.3 Transponier Characteristjca. The payload shall be
specified with a transponder that is cocpartibtle with the Ku-
vand rendezvous radar. The transpondeg cnaracteristics are
TBD.

vy
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| PAKAMETER

|1 COD/L-Band Frequency ranqe)

| Lowband (Agprox)

| quhband (Approx)

INASA/S Band Frequency
|Range

1 Lowband (Approx)

| Highband (Apgrax)

[Carrier Frequency
|Tolerance

|Carrier Sours

‘—nw—nwu_-—----—-_-——n-——-

ICarrier Phase Modulator
| Linearity

{ Deviation Fanqge

| Frejuency kesponse

i Fesponse Flatness

|

|

| NASA/STDN
| DNn/SGLS

} NASA/DaN
|Carrier Sweep Fates
| 7€ KHz Fange

| 5% KHz Fanae

| 33 KHz Farae

l--nw--—n----m - A - o . -

IPower Level--Pigh
| Medium
| Low

PRINCIPAL PI

[T ey R

TEANSMITTER CHARACTERISTICS

NASA/DOC

| VALUE |  UNITS  |SUBPARAGRAPH |
-l nnnnnnnn R R - —— - ---—-—w«—-n-u‘
i 183111, )

11763 - 1801 | MH2z | |
11803 - 1840 | MHz | \
l —————————— —-——--Ot ————— — e -—-----------'
| ! 1BedaVelett |
| ] | |
12025 2075 | MHz | !
12074 2120 | MHz | |
' ——————————————— ‘ ——————————— ---—-.—------'
} See SUbFﬂrlgraph '8-3-10101-2 ]
e el Ll
| +0.001 | ] 18.3.1.1. 1.3 |
| | | ]
| === m e e me e | === mmmm e j=mmmme - emmmao |
| <10 jDegrees FMS |8, 3 1.1.1, u |
Rt B -1
| € - 68 | dBc 18311, 5 ]
l --------------- ’————ow—----Iw---------v--—‘
) | 18.3.1.1.1.6 |
| th | X ! |
| 0.2-2.5 | Radians | |
| 1-500 | kHz | |
| 10,5 | da ] |
EEEEEEEEEEE e |~ -mmm el |
| | . 1631117 |
| | | |
| 15 ¢5 | kHz | |
I 55¢5 | kRz ! !
I 3323 | kHz | !
R | == memmmmn e |=memmmmmmsen !
| ‘ |q0 3v ‘.1-1;’ l
| 10¢) | T=Zz/sec | |
| 1021 J REz/s5€c | |
l 250275 | Hz/sec | |
| = m o mmmmm e |- -mmmme s wmmeen |
| +29 min | d An 18a3.1s1.1.8 |
| +19 min | dBm | |
| -4 min | d Bm | I

. Form B3A (0ct 7])
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Refer to Appendix C for specific channel and frequency assignments.
Me~hod of calculating frequencies i1s as follcws:

Channel No. n = 1 to 808

Receive Frequency = 2200,000 ¢ (n-1) x 0.125 MHz2

»

Transmis Frejuency = 2025.8324 » (n-1) x 0.115104 MY

Transmit Frequency = 221/240 x Raceive Frequency

. — — — — — — ———

w—-—— = e a o » -
¢

TABLE 8.3.1.1,1,1.1-1 NASA/STDN CHANNEL AND FFEQUENCY ASSIGNMEITS

js¢ Form 694 (0ct 7])
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TABLE 8.3.1.1.1.1,2-1 NASA/DSN CHANNEL & FREQUENCY ASSIGNMENTS

| ¢ e eeee e e e o I
| Channel ITransrit MHz | Recejve MHz |

@ o ——————— = ———— b ——— jm=mmm————— -

5 | 850 | | 2290.185185 |
| 851 | | 2290.555556 |

, _ | 882 | | 2290.925926 |

} i | 853 | | 2297,296296 |
| 854 (56) | 2110.243056 | 2291.666667 |
| 855 | 2110.584105 | 2292.037037 |
| 856 | 2110.925154 | 2292.407407 |
| 857 | 2111.266204 | 2292.777778 ¢
| 858 f 2111.607253. | 2293.148148
| 859 | 2111.,948303 | 2293.518519 |

| | 860 | 2112.289352 | 2293.888889 |

s | 861 | 2112.630401 | 2294.2592%9 |

| | 862 i 2112,971451 | 2294,.629630 |

l | 863 (14b) | 2113.312500 | 2295.000000 |

. | BFu | 2113.653549 | 2295.370370 |

' | 865 | 29113.994599 | 2295.74074% |

| | 866 | 2914335648 | 2296.111111 |

| | 867 | 2114,676697 | 2296.481481 |
| 848 | 2115.017747 | 2296.851852 |
| 869 | 2115.358796 | 2297.222222 |
| 870 | 2115.699846 | 2297.592593 |
| 871 | 2116.040895 | 2297,962963 |
| 872 (236) | 2116.381944 | 2298.333333 |
| 813 | 2116.722994 | 2298.703704 |
| 874 | 2117.064743 | 2299.074074 | |
| R7S | 2117,405092 | 2299.44444y |
| 874 | 2117.746142 | 2299.814815 | ;
| 8717 [ 2118.087191 | | |
| 878 | 2118,628241 | |
| 879 | 2118.769290 | I
| 880 | 2119.110339 | |
| 881 | 2119.451389 | !
| 882 | 2119.792438 | |
Unassigned channels: 883-899

)
1
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TABLE B8.3.1%.1,

- - S e T em TS R G N G = W W

303
3Qu
90~
90€
307
308
909
910
911
212
913
914
915

916

e T I P A R R P T T

1.1.3-1

TRANSMIT
ORBITEF TO
DOD PAYLOADS

(MHR2)

- - e D W A - -

176€3.721
1767.725
1771.729
1775.733
1779.73¢
1783.740
1787.744
1791.748
1795.752
1799.756
1803.7¢60
1807.764
1811.768
1315,.772
1819.773
1823.779
1827.783
1831.787

1835.791

DOD/SGLS CHANREL &
FREQUENCY ASSIGNMENTS

R A - oy W -

DV o)

2= L NI

——_—

‘llll.- .

RECEIVE
DCC
PAYLCACS

TO ORRITER

{MHz)
2202.500
2207.500
2212.500
2217.500
2222.500
2227.500
2232.500
2237.500
2242.500

2247.500 °

2252.500
2257.500
2262.500
2267.500
2272.500
2277.500
2282.500
2287.500
2292.500
2297.500

SD-152A
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- R S D W W TR WP W

| SUBPARAGRAPH
I3.3.1-\.2'1

803010‘02'1

1863.101.2.2
:8u3.1u1.2.3
:8.3.1-1-2.0
:8.3.1.1.2.0.1
:8.3.1.1.2.H.2
=8.3.1.1.2.5
:8.3.1.1.2.6

|

|

|

|

|

]

)

|

i

|

]

|

|

|

)

|

|

|

[

|

|

|

|

|

|

|

8.3. |
803 l
|

J |
|
|

1803.1u1,2.8.7]
18.3.1.1.2.3.2|
}e.3.1.1.2.a.3|
=8.3.1-1.2.9

0'30‘01020‘0

3. 1.2.10

, S . T
TABLE 8.23.1.1.2-1 PFINCIPAL P! FECEIVER CHARACTEFIETICS
NASA/COC

’ - . W > - P o v o - v WP W W e WP e e - G R D W W M R D -

! ¢ | PARAMETER | VALUE [ UN!TS
R LDl bl Ll ittty R S iadchs |
| DOD/L~Band Frequency Pangel |
| Lowbanl (Approx) 12202 - 2252 | MHz

b I Highband (Approx) 12282 - 2297 | MHZ «

t | i {

; : | NASA/8-Band Frequency | |

| ' ] Range| Py |

i | Lowband (Approx) 12200 - 2252 | MHz
| Highband (Apgrox) 12252 - 2300 | MHz
| | !

l ITriplexer Subbands | See ‘Subparagraph
| | |

I ! Input Sianal Level Range |—1'9 to 220 | dBm

| | | ' !

| |AGC Fange (=110 to -20 | dEm

| ] | |
|Gain Saturation | >-20 | d4Bm
| | {
|Frotective Limiting { 2410 | dEm
| | |
fOut-of-Band Interference | €1.0 | dBm SNF

x | i !

’ {Noise Fiaure i 7.0 max. i de
| l |
|Carrier Thresholds: | | .
| Bcquisition | -110 ¢+ | dem
| Tracking | 114 ged it | dBm
| | ]
|Carrier Acguisition Sweep | t80 ~ | kHz
|Fange | i da. Db -l Ree
i Lol iy |
|Carrier Phase Lock Time o <5 ! | Sec
| | o
|Carrier Rate Tracking | uyq | kHz/sec
| : |
jCarri2r Tracking Fange ] t80 ' | kHz
| | |
|Operating Performance i |
| Bit .Error Fate \ 1x10-6 | bits
{ Ranqe t =100.7 o ¢10} d&m
| Subcarrier Freagueucy i 16 | KEps
i Modulation Index | 1.1£10% (
| { or |
| i 1.7¢10% |
] | |
| False Lock Immuni%y 1 ]
| Sideband Components { «100 | KRz
) Signal Levels | <26 NI | dBm
{ ) |
| PLL Tracking ®andwidth | 18 | Hz
| (two-sided) | }

D LD B s GED GED T . S — " —
—— S - — - —— —— ——— — —

.
o1
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TABLE 8.3.1.1.2-1 PRINCIPAL PI FECZIVEP CEAPACTEFISTICS
MASA/DOC  (Concluded)

g w—————
NP e W TR R R MR M W T G N R Y S et es AP TR W W W TP R YR WSem 3 eSS e oe WS S T W G W WD WO W S

| PARAMETER i VALUE | UNITS  )SUBPARAGRAPA |
'-‘ ------ W R AW B S e W E W > —---'-'-"-------O'-----------'.-.-'.-’.-..'.
! Damping Factor | 0.707 | : :
| ! |
IPLL Acquisition Baniwidrh | 100 Max | Hz  18.3.1e%.2.11.2
| (two-sided) | | | |
! Damping Factor I 0.707 ) | : ]
| | | | |
{PLL Demodulator Bandwidch | 4.5 | MHz 18e3:1,1.2.V2 |
| | ' | | |
|{Output Signal Fequlation | | 18¢3.1%01,2.13 | ;
| To CIU | 2.0=20.4 | VRMSE ] | !
| 7o Ku-Band or 3ent "ipe| 2.0:0.4 | VEMS | |
| ! | l | ‘
jOucput Signal Peak Limiter| \ 183, %.9.2.13 | |
| To CIU 1 6.0 (Arcrox) | VFMS ) {
| To Ku-Band or Bent Fipe| 8.0 {Approx) | VEME | | i
| (Approx) | | | ! 3
|
|
i
i
!
T3¢ Fets 804 (Oct 13) NASA-JSC
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TABLE 8.2.1.1.2.5-1 OUT-OF-BAND INTERFERENCE COKDITIONS
PI RECEIVER
" Interference Signal Level | Aprlicable Frequency Range |
- D D D TR en s R AP AP AL A ar D Eh S D e - - - - - ' ------------ ----‘—'ﬁ--’----ﬂ”ﬂt‘-------- '
| |
-65 dBm |Low Band: 2165 MRz to (f - 1%5) MHz |
fand (f + 15) MHz to 2285 MBz |
—————————— - o - - an - - - ——l-————-—---——-—-——-----—---——--—-------—--- '
! -65 dBm {Hiqh Band: 2220 MHz to (f. - 15) MHz |
fand (f + 15) MHz to 2340 MHz '~ |
—————————— e '--————----——'.‘.---—--————---n----—--——---- |
i - 25 dBm jLow Band: 200 MHz to 2165 MHz and |
o 2285 MHZz to 16 GHz |
e et R ettt R EE P e et SR DD D DD c—ere= |
i -25 dBm High Band: 200 MHz ¢0 2220 MHz and |
i (2340 MHz to 16 GHz |
TABLE 8.3.1.2-1 I/PAYLOAD LINK ANTENNA CHARACTERISTICS
| PARAMETEFR | VALUE | UNITS | SUEPARAGFAPH |
fmrm e me s e | Bkttt ittt |====s=cesom=-- i
| ! | |
| Location |See Fiqure 8.3.1.2.1-1 |B8.3.1.2 |
ettt Bt ettt i itadd ==
{Tvype |Sinale-element cross- 18.31.2 ]
] {dipole. { |
e it R bl de it | Bttt |
| Frequency Fanges 1 1740-1850 | MHZ 18.3.1.2 |
| | ] | |
| 12000~-2300 | | [
| B itk et |=- == m—mesem—m - —os—en jmm——m————- ===
t%¢am wideh |The 3 dB beanmwidth is [R.3.1.2 }
| |bounded by an 80° cone | |
{ laliqned with the' +Z axis) |
Bt sb S S iniatedadededel it bttt il dadodnddadad | === |
|Polarization (Select- |RHCP or | 18.3.1.2
.able by a switch in the|LHCP ] |
|

- LB M W s e WP o M En E P ar e T WP D WS Am e o e A e e e S e W WP e W W e R W Y D M W @ G WS W WP AP WD WD UE WD e AP Wma W
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‘TABLE 8.3.2.1-1 NASA STANDARD CCMMAND SIGNAL CHARACTERISTICS

} PAFAMETEPR | VALUE | UNITS |SUBPARAGRAPH |
'------o-—- -------------------------- —----‘------——-—- LA L AL R LR L L L KX
| Waveform | Sinuscidal l - 18e3e2e1.1 )
| | | | |
|Modula«cion (Binary) | PSK, ¢90 | Degrees 18,3.2,1,1 ]
| | | | |
| Subcarrier Frequency ] 16 | KHz . 18.3.2.,1,2 |
| | ! | |

| Subcarrier Harmonic | €1 [ % 18.3.2.1.2.1 | i

|Distortion | ) | | !
| | . ! | |
{Subcarrier Frequency | +0.001 ) L] |18e3a201s2.2 |
| Stability (60-Second Avqg) | | | |
i | | | |
|Carrier Modulation Index | 1.0 ¢ 0.1 | Radians (|8.3.2.1.3 ]
I | | | |
| Dava Pa%es | 2000,1000,500' bps '803-2010001 |
| )} 250,125, | | |
I | 1257/2,12574, | ) |
| | 125/8 or | | |
i | 125716 { ( |
| | } | |
|Cata Bit Format {MRZ~L, M or § | - 180e3.201.4.2 |
| I | | |
|Cata Asymmetry ] <2 ] 18.3.201.4,.3 |
I | I . | |
|Cata Bit Jitter ] <3 | | 18e3.2.104. 4 {
| ! | | I
|Corrand Bit Preamble ) See Subparagraph 863,261,445 |

i

|

i

!

'5¢ Form 694 (0ct 73) WASA-JSC
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.TABLS 8.3.2.2-1 NASA STANDARD TELEMETRY SIGNAL REQUIREMENTS

- G W - WD Y ST D T W e M T W e T S R AR S e wm M G 4D e T WR R R R MR S D WD W R AR D G U MEm R D WP G T W R PGP W

| PARAMETER

.—-r'--n--‘----q--‘ --------

| Waveform

|
{Modulation

Subcarrier Frequency

bcarrier Yarmonic
s

Su
Distor+«ion

Subcarrier Frequencv
Stakiliey

7L Maodulation Index

m

it Rate

Eit Format

Data Asymmetry
ir Rate Stability

Basic Word Length

(

Frame Lenath
¥inor Frame Sync Worrds

Master Frame Leng<h

aster Frame Sync Word

|
RS
|
|
|
]
I
]
|
|
e
|
|
i
|
|
!
|
|
|
|B
|
|E
]
| ™
|
|
!
!
|
]
™
|
| ranSLtlon Density
|

|

I

VALUE

- . W o > D s wn WD W - -

MRZ~-L,M or S,
or Manchester-L
M, or S

t2
<30.01

8

8 to 1024

1 = 23€

-— N . - S e ——— . e
1

)
64 consecutive
ftransition

|
I
|
|
!
|
|
|
|
]
|
!
!
|
|
|
]
I
!
’
|
!
|
!
|
!
I
|
|

@,16,2u or 32|Bi* Groups

See Subparagraph

bits w/0

ICONU.  2-19001 u‘ﬂev F
UNITS  |SUBPARAGRAPH |
comweeenwen | ceeervwreoweoree ‘
- '.03020201 ‘
| |
Degrees IO-J.2.2.1 |
! ) |
MHz 180e3¢2e242 |
| |
| |
] 18¢3e202c2et |
| |
| |
MHz [18e3c2¢2.2:2 |}
| :
Fadians [8.3.2.2.2.3 |
| |
xkps (863.202.4.1 )
| {
- IB 3. 202.“-2 '
| |
| |
| |
b ] [Be3e2e2.4.3 |
| |
% ¢ 18.3.2.2.4.4 |
| |
Bits 18<3.2.2.5.1 |
| ]
wWords 18¢3.2-2.5.2 |
| |
' 3. 2.2.5.3 l
| |
vircre [2e3.202:5.4 |
Fraces | |
! |
]
|
|
|
|
|

18.3.242+5.5

! l
~ransitions in 512 bitg|B8.3.2.2.5.6

|
‘803' 2"2'5'6

- = - WY G D m o we M W A e M ey S N AR A AR e e e Wh BE R W e W e WD W A D G P A P WP R WP D WD D e P =P TP SR AP W TP S B WS RN B W

7S¢ Form 69A (Oct 73°

s —— soa—— -

NASA-JSC




- e TETIN VW

4

] SD-1524
BLE 8.3.2.3-1 NASA/STDN NEAP SARTH (NE) TRANSPCNDER TURNAROUND
KEQUIPEMENTS
L e e e e —m— e —— ————————— ccccm—m e
pARAMfTsR | VALUE |  UNITS  |SUBPARAGRAPH
- S W e - e - ' - - - - - "----—----- '—o-----'.-c -ow
Forward Link Sweep Acqguis-| ] |
ition | | |
| i |
¢ Fast Sweep Fate i 10 | KHz/5ec |8.3¢2+3.1
Frequency Range ! £7¢ ] KHzZ 18:302u301
| PLL Bandwidth | 2290 | H2z '8. 3.2.,3. 1,1
{ Sweep Tracking | $£0.001 Max. | ) 1830263a1,2
! i | |
. ! | | |
¥ |Feturn Link Sweep Acguisi-| | }
| tion | | |
| ) i | |
I Frequency Stability i +0.001 | % 1803.243.2.1
] Post-Transient Resweep | 50 to 90 IMilligsecond|B.3.2+3:2+2
| start | | |
| Switchover Lock Loss | See qubparagraph 1803.2.3.2,3
| Transponder Turnaround | 2407221 | |B03.2,3.2.4
| Rato | | |
| Siieband Level { <-35 Max | dBc 1863.2.3.2.5
TABLE 8.3.2.4-1 NASA/DSYN TRANSPANDER TURNARCUND REQUIFEMENTS
| PAYAMETER | VALIE ) LNI'PS | SUBPARAGRAPH
------- b LD L L Ll Dl Rt R - - es e o ' - www - '-—..--v--.-wwo
| Forward tink Sweep Acguis-| 1 {
| i%ion i | |
I | | |
i Slow Sweag Faze | 250 | Hz/Sec |9,3.2.4,1
| Freguency fan:ze i £33 | ¥H2 18.3.2404,1
| PLL Bandwid+«h i TBD | Hz |8.3.2.4,1,1
{ Acjuistion Time i <10 7-¢ | Miputes |B.3.,2.0,.1,2
| Sweep Tracking | £0.001 Max. | % o 18030240142
| : l | |
| ! i |
jFetarn Link Sweep Acgquisi-| | |
| tion ' | |
| i ( |
i Frequency Stability ] £0.001 | 18.3.2,4,2.1
| Post-Transient Feswe=p | 25 co 90 IMillisecond|8.3.2.4.2,2
| start | | i
[ Switchover Lock Toss ! See SuLparagrth 186,3.2.8,.2.3
i ~ransporder Turnarouni | 2007221 ! 18632402, 4
I Fatio | ! |
1 Sideband Level | <-3% Max. | dike 180e63.2e8.2.5

- . - - W WP M e I  WE— A8 Y A W e A C O M N WS D e G e D WP D WY W WD G D S WP SR S W > P P T U WD WD W . -

—— — — —— — — A ——— . S — — W — . —— -

|
|
|
|
!
n
|
n
z
,'
{
|
|
|
|
|
|
|
l
|
|
|

1sC Form S3A (0ct 73)
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E1RP REQUIREMENTS (1)

|

kkps 116.8 dBm /.~
|

kbps 115.8 4Bm -

. — o S —— S ——

? sSer by carrier minimum acquisition level
requirement.

(1) Pequired o achieve a 1 x 10-¢ bit error
for <he bit rates listed under Paragraph
£,3,2,2.4.1 a~ the output of the PSP for

the conditions of 10 NM range, worst-case
¢ +*a2lerances, and a —dB performance margine.
odb

~t

1SC Fofa 634 (0ct 13)
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ICD NO 24;;661 REV 4

.

8D-152A
TABLE 8.3.3.1-1 DOD/SGLS STANCARD COMMAND SIGNAL CHAFACTERISTICS

D e W SN Gy W5 W YD AD NP W N T G W e e e e e e T e e ap OB S SR R WS U NS W S R S M P RS AD D NP M T AP AR W MR ARG W G R G P W W W

: PARAMETEPR [ VALUE : UNITS | SUBPARAGRAPH |
- D NS e e e e e > e v A I——-——--—---“"- L X X Y T -”---...w.v-’
iWaveform ! Sinusoidal | 18e3.3:1,1 |
| | with AM | | |
| | ] | |
. {Modulation ( Ternary Fsk | 180303t |
| | | | ]
| Command Tone Frequencies | "S" = 65 ! kHz 1803030142 |
| | "o" = 76 | kHz | |
i o1 = 95 | kHZ | |
| i | | |
{Tone Frequency Accuracy | £ 0.0 | ] 18.3.30142.1 |
i | I | | |
|Carrier Modulation Tndijices| 0.3 ¢t 10% | radians |8.3.3.1.3 !
o for 1.0 ¢ 10% | radians | |
Pl | | I |
|Svymbol Fates | 1¢30 | SES lﬂ. 3. 30'1-“9‘ |
| | cc 2000 i sps | |
7 [ ! I | |
|Triangular AM Clock | See Subparagraph 18330 1,4.2 |
| | | | |
iCata Format | TR | IG 3.3.1.4.3 |
| | [ |
| Cormand Bi% Preamble I T3D | |9 Jedaloll |

75C Form 69A (Oct 73) NASA-J5
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el IRN NO. Isueev J10F
ICOND.  2-19001 REY F
' S5D-152A
E 4
TABLE 9.3.3.2-1 DOD/SGLS STANDAPD TELEMETRY SIGNAL REQUIREMENTS
) PAFAMETEF | VALUE | UNITS | SUBPARAGRAPH |
------------------------- '-—-------—‘—---l—-—-q------ -uv.voconhwnvl
s IPSK Subcarriers | I 18.3.3.2. 1.1 |
| Waveform | Sinusoidal | | |
| Modulation | PSK, 90 | Degress | |
| FM Subcarriers } | IG- 3.3.2.1.2 |
| Waveform 1 Sinusoidal | | |
¥ | Modulation | FM,$200 { KHz,Peak | |
' f."l EXEE SN S l' ' ' l ‘
|Subcarrier Frequencies | PSK - 1.024 | MRz 1863.3.2.2 |
i | PSK - 1.7 [ MHz | |
| | FM - 1.7 | MHz | ]
| | | | |
T |Subcarrier Harmonic | < 0.1 | 183, 3.2.2.V |
| Components | [ | |
| | i I i
| PSK Subcarrier Frequency | S 0.01 ) ] 18e3¢3.2.2.2 |
|Stability I | ! |
| | | | |
- | FM Subcarrier Frequency | <€ 0.005 | . 1863:302.2.3 |
| Accuracy | | | ]
| | | ) |
| F/L Modulation Indices | 1.0£10% ] Fadians, |8.3.3.2.3 i
| | or ! Peak | |
) | 1.7£10% | Fldianaplﬂ.io3.2.3 |
| ! Peak ] |
! P ! l |
{Diaital Bit Rates | | 18e3edu2. 81 |
| | | | |
' 1.024 MHz and 1.7 MHz | 0025, 0.5 ) | '
| Subcarriers ! 1,2,8,8,10, | Kkps | |
| l 16,32,64, .. | | |
{ 17 128 and 236 | | |
| | ] 1 |
| 1.7 MHz Subcarrier | 128,255 i Kbps | )
| | | | |
fData Bit Format | NR7z-L or 1 - 18e3e3elels2 |}
. ] | Manchester-L | | |
v ! ! I l |
|Data Asymmetry | <€t 2 } 3 18e363e2,4.3 |
| | | | |
{Bit Rate Stability | < 0.01 !  § 18.3.3.2. 4.4 )
I | | ! )
| FM Frequency Response l 100 ! Az 18¢63¢3s2.4.5 |
e i { to 200 | KHz | |
r ysc Fors 884 (0ct 1) NASA -5




AN NO l""

20!&2

IKONO  2-19001

T

SD-152A

TASLE 8.3.3.2-1 ™0D/SGLS STANCAPD TILEMETRY SIGRAL PEQUIRDMENTS

| PAFAMETE

loorovovocomanee e oo - -

|
| ™ Word Leryth
|

| FM Mirur Frame Length

} P4 Minor Frame S8ync

¥
{FM Master Frame Length

- W - - -

- -~

}FM Master Frame Sync Word

!
|Transition Density

G G - Y e NP WD WD W MmN WS MR e @R WD AR G D S M G WS SO MR W M GR GD WS W S W

|
[]
|
|
|
|
{
Wwords |
|
|
|
!
|
|

(Coriciuded)
VALUE . UNITS | SUBPARAGRAPH
] : Bits 18.3.3,2.5,1
. ]
8 to 1024 |No:‘dl |803030205n2
| |
TBD l |00303020503
| |
2 to 255 jWords 10,3¢3.2.5.4
| ]
See¢ Subparaqgraph 18e3:3e2:5.5
| |
TBD | 18.30302.5.6

|
|
l
|
|
|
|
|
l
n
|
!
u

13c Form 684 (0ct 13)
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. TABLE B.3. 3.2.6-9
¥ |
|25&
|
{128
|

¢ | 64
I
| 32
|
| 16
|

7 Il 10
| 8
|
j 4
! 2
!

i |
P
|
500
|
§2

-~y

2%

EIRP REQUIREMENTS (1)

Kbps
kktps
kbtps
kbps
khgs
kbrs
kbps
kbps
kbps
kbps

tes

CIU €or the

| EIRP

- W e VS S W T wen f W s N W W WS-

|
133.9 d%m
|
130.9 dBm

|
127.9 4Bm

15.8 dBm
15.3 dBme

115.3 dBms

D T P Ay U e R WD TR R NS AR we R Su Nm M D S NN G e WD WS S e

Bit Ra%e

sSet hy carrier minimum acquisition level
requirement.

DOD/SGLS PAYLOAD MINIMUM

(1) Fequired to achieve a ' x 10-¢ bit error

i ra=e for the bi¢ ra<es listed under
rarasraprh 8.3.3.2.4,1 a« the output of the
conditions «f 10 NM ranqe,
1-0 rad modulation index, worst-case
“olerances, and a 0 4B performance margine.

SD-152A

JSC Ferm 634 (0ct 13)

NASA-JS
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9’

4

s
.

WD W NS s e W e e e W W e - o e W e Ny e e WP T R M W W R e e A N R T S G WD W WS M N R R S D WD W e WP

| SUBPARAGPAPH

- '------- - w e

!'\BLS e-3.303"‘

PARAMETER

fadad B R N R R R R R R

rward Link Sweap Acquis-

ition

2tyrn Link Sweep Acquisi-

Fast Sweep Rate
Frequency Range
PLL Bandwidth
Sweep Trackina

tion

Frequency Stabilaty
Switchover Lock loss

Transpcnder Turnaround |

Fatio |

fiieband Level |

+0.001 Max.

i
!
!
|
!
200 |
|
|
|
|
|
!

g-ls

UNITS

- - .

KHz
Hz
X

%

+0.001 |
See Subparaqgraph

256/205 |

|

< ~35 {

Sh-1%cA

DOD/SGL:s TPRAMSPONDERP TURNARCUND REQUIREMENTS

8.3.3.3.2.1
8.3.3.3.2.3
Be3s3.3.2.4
8.3.3.3.2.5

|
i
|
!
|
|
|
I
|
|
|
|
|
{
|
|
i
)

isc Form 694 (Dct 13)
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SD-152A

TABLE R.3.4,2.3.2-1 MARRDW EAND "BENT PIPE" CHANNEL CHARACTERISTICS
| |

¥ 1 a) P4 2,52 p 2 0.2 radians with a maximum residual carrjer of |
| -100.7 dBm for tracking. |
[ |
| b) The inband data spectral components within $£100 KHZ of the |
| receive carrier frequency shall be 26 dB or more below the |

d | R.F. carrier power. |

) |
| c) The intelligerce contained in the received signal shall be |
| €4.5 MHz at the 3 dB points (PI post detection BW.) |
i \ |

4

4

t L]

¥

TS Form 69A (0c1 13) NASA-15C




T R SRR TR e R T e e

) SD-1524
THELE 89.3.4.3-1 NONSTANDARD TRANSPONDER TURNARCUND REQUIREMENTS
| PARAMETEPR | VALUE } UNITS | SUBPARAGRAPH
’ ' -------------------------- ' --------------- I—--—-v----- L L T XX T L YN Y]
| Turnaround Ratio | | 1Bedelod,?
§ NASA Type | 2007221 | |
| DOD Type | 2567205 | |
| | | |
| PLL Bandwidth | ' ‘8030“.302
® | Fast Sweep Rate | 2200 | Hz |
| (10 KYzZ/Sec) | | |
| Slow Sweep Fate | 218 | Hez |
| (250 HZ/Sec) | 1 j
| ) . ] |
| Sweep Trackina Offset 7 ¢0.001 Max. | % 18.3.4.3.3
I ! ! |
r |Auxiliary Oscillator | +0.001 } % |8s3eblnld.S
|Stability | ! i
! | | |
|Tracking Phase Errcr | 3 |Degrees,rms|B8,3.4.3,5.1
| (1000 HZ 2-sided tracking | | |
. {bandwid«h) | | ]
' I | .- ! I
|Sours (within $200 KH? of | -a%. least 65°' | dbc 18.3.4,3.6,1
jreturn link carrier | | |
| frequency) | ] |
| | | |
|Sideband Level | -35 ] dic jBedolu3nb.2
¢ I ! ! |
®
4
Fd
*,

— N G~ - — T — D v TV — N — . — ———

}s¢ Form 634 (Dct 73)
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TABLE 8.3.5.1-1

IRN NO.

SHEEY 370F 45

ICO NO

2-19001

REV F

SD~152A

PI/PS DATA INPUT ELECTRICAL INTERFACE CHARACTERISTICS

----------------------------------- R LA X E R TR AL E Y EXSI LY LY T X ¥ ]

PAFAMETER | UNMITS
------------------------ ‘-—. e - sme - o

|Carrier Modulation

|Modulator Type

|Modulator Inpu¢

KHz

{Bandwideh

[ ]

t

l

|

|

|

|

|

) :
|Signal Level |
|

2 |
|

!

|

|

i

|

ad Impedance chms

oad Terrination

e e e . e L S ee S G SR W WS e W Gk MR TR G N WD G s TS WS WL G D e G A W

VALUE

PM
linear

1 to 200

)

|
|
|
!
|
|
1
|
|
|
|
| 75 ¢ 8
|
jDifferen-
jtial,
{balanced
{direct
{cougled

------- .---'.---—'-.-----

| NQTES

dB, one-
ided

— . e v . ST . T G — G W G
N w

|
|
|
|
|
!
|
|
|
|
!
|
l
!
|
|
I
I

LR L L L R Ly R L D L X L L L g

1.0 to 8.0 ¢ 10% peak-to-peak line-to-line (0.2 S p § 2.9).,
The phase deviation shall bte directly proportional to the
ampli~ude of <he input signal. The linearity of the phase
modula*or shall ke maintained to within 10% from 0,2 radians
<5 2.5 radians when measured from best straight line. (1,0 0.
volts, P-P, L-L, i3 equivalent to 2.5 radians)

AAAAAA
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KN NO SHEET JBOF ~§
ICONO.  2-19001 REV F
SD-152A
TABLE B8.3.5.2-1 PI/PS DATA OUTPUT CLECTRICAL INTERFACE CHARACTERISTICS
! PAFAMETER I mIiTs | VALUE | NOTES I
'n----- -------------------- l --------------- ' .......... - .----.-.-.---—'
ICarrier Modulation | | PM } i
| | | | |
| Interroqator I/F i MHz ] 10 . {Double-sided |
| Bandwidth, Min. | | {Passbang, }
4 | | 13 dB |
| . | | | |
| Poscdetectrion I v 1.007 to 4,5|one sided, |
| 2andwidzh, Min. I ! i3 dB |
| [ | | !
| Equiv. Source Modulation | Radians 10.3 to 1.3 | (1) |
| ! | | |
|output Signal Level | volts | (2 ! |
] | ! | |
|Load Impendance i chms | 75 25 | |
| [ | ! I
|Load Terminatcion | |Differen- | }
| | Itial. | |
| i | balanced } i
| I |direct | |
] [ jcoupled } |
(1)  *“odula<ion indices of up to 2.5 radians will be detec-ed provided
sufficienr residual carrier is present.
(2) 2.0 t 0.4 volrts rms not %o exceed 8 V peak-to-peak, line-to-line
dacected SC.
Tsc farm 694 (Dct 13) NASA-.
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CONO 2.1 900] REV p
’ SD-152A

-Hr——'-—“ - f RN NQ JwﬁtTBQOFQ) Ii
’ i

.
+

by
-

-
TABLE 8.3.6.1-1 RADAR PASSIVE MODE !
i

ELECTFICAL INTERFACE CHARACTEFISTICS

: Parameter |Dimension]) Value ] Notes [
W e W NS o e - | --------- ' ----------------------- I ..... TR W WP W e e '
| Y. Target | | | |
I Type | | | |
|=mmmee e |===m——— Rttt et S Sl e~ mmcevrvncnr. |
| Size 1Square ]1.0 Minimum | (1) |
| | Meter ! | |
e bl |=ewem——- |se=r=me-emie s recsn= noual ittt
|Scin%illation| |Swirling Case I target |Target is stabilized
| Characteris- | | in 3 axes to an |
ltics | ] jangular rats of TBD|
| i | |{deg/sec, |
' ----- g, ‘365 ...... ' -------------------- - - w-.u—--——vuv-no--~ml
| 2. Fadar |GHz |Nominal Minimum at | (2) ]
| Operating | 113.779 . ) )
) Frequency | | t = %
------------- '——----——-l---—»--—-~—-——--—-----—— P R W P D W WD @ WA e
|3 Antenna | ) ) |
|Character- | | | |
{istics | I | |
| = o= ————- R ittt dosnd | Rdednbadddedatadd rreeee==- |
| Gain 1db 138.5 1At 13.775 GHz |
R | === R e |r=rem e e cqrem—n |
] Sidelobe 1db 120 minimum | }
| jrelative | ) |
| jto | | |
| |mainkteam | } |
l- ------------ | ————————— ' ---------------------- W o P SR OG- ’
I Type | IS "Horn" monopulse, ]Two-gimbai Qntenng | i
| | {antomatic tracking, imount |
! | | front fed parabola. ! | 1
S e o - - - - l ------------------------ W@ ® W P YD WP TG I WP '
{4. Trans- | Watts 150 peak, minimum TWT ) (3) |
|mitter Power | output for high power ! |
| } {mode l ]
' ------ -———-6-' --------- | ---------------- wewwowew |[cenwwrcsnopmeecewe - l
| PRF |pulses/ |nominal 7000 and 3000 JPRF varies with |
| Isec | jrange |
| ~m—mmemm———e— [mm——————— | =~ —memrc e e ——— s |emcarucncmrmn s m |
{S. Receiver | } | |
jreermrem - | Radadatabaded Bl | Rt L B B Rl D e LR e jmmerarecccncvennan- |
| Noige F;qure idb i5 i i

|-v--v ————— ' ---------------------- -me '—--—-o——-----— ————— !

TsC Fore 884 (Oct 13) MASA-JS
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as
-

(Concluded) ,
: Parameter |Dimension) Value | Notes
Ll U T l --------- ' ------------- Nmme e e e ow '----—-----.-.—--.-"
| Input Power |milli- |50 IAt input port to
ILimits |watts ] ’ jlow-noice amplifier|
| Ipeak & CW! |
'—--—--: —————— .-' ......... ' ------- - e an W - o ——-—-——-——l----—--------——-—-- '
|Dynamic rangejub ] 115 |

M

(2

3

_—_ﬁ
cco;::«,;.:l ;,601 Rey p
SD-152A

TABLE B8.3.6.1-1 RADAF PASSIVL MODE

ELECTFICAL INTERFACE CHARACTEFPISTICS

L P W W G e A R G - WS WS o D W P WP R SR WS D U WD WP D WD N WP R AP GD S GO W B P W e T Gl S W P W P W S W T e

Radar system is designed to detect a 1 m2 scintillating
target at 12 NM with a probability of detection of 0,99.
Angular searchfield varies with range fraom a 20 degree half
angle cone at 12 NM to a maximum of a 30 degree half angle
cone at 8 NM or less.

S frequency, 4 step frequency diversity - 52 MHz per step
during search, acquisition and tracking.

Peak and average power vary with range and duty cycle. Duty
cycle varies with range from approximately 0.00% to 0. 3.
Peak power selectable - medium and low power selections
provide nominal reductions of 12 or 24 4B respectively.
Automatic switch to TWT Ltypass (approx. 40 dB reduction in
transmitted power) at short ranges.

\ 18¢ Form 694 (Dct 13)
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- ST e |

¢ T p— |
 § Sh-152A ’
# " ' TABLE 8.,3.6.2-1 FADAR ACTIVE MODE ELECTFICAL ;
INTYRFACE CHAFACTEPRISTICS i
' : Parameter |Dimension| Value | Notes |
-wﬂ-----—--—-' - - ---' —————— - .- - w o™ '------.,----.--,--- l
11. Targer | | } )
e MU N— : |
| Transponder | | |Target carries [
¢t |Pulse Beacon | | jcoherent pulse |
| | | jcransponder which |
| I | {retransmits ampli- |
| | | ified replica of re-|
| | ! |ceived pulse. )
| | I |Beacon carrying |
e | ! | |target is stakilized
| [ | Jin ) axes tQ TaD |
: ! | |4rg/sec each axis. |
bl B R N R R '--— -c----' --------------- - e N e G S "---O----..-—--—--- I
|Nperating |Ft. |1.824x10¢ Detection | |
|Fange | 11 00 minimrum | |
PR e | = mmmmm R bbby aead EELE L L kb Al
.1 2. Beacon | ! ! !
|Character~ I I } |
|istics | | | |
| === omrmem——— o= et Sitade ettt il Reediddeda bt dedededbobdl |
IMinimum | ibm | TBD |Function of target |
¢ | decectable ] ] l]antenna and re- {
{Siynal | | |ceiver sensitivicy |
fommer s o reme = mm——— piaduiteitd by bt Rlat b d et Siindub et
|EIFP |dhw | TBD | |
o= o ———— === n pinindell EA bl bbbl h bt |
|Coheraence | | TBD { )
I ——————— - - l ————————— l ————————— - - ————-»'-——-—-----.0. oW mwnw |
s | delay |uses |10£0.1 | ! |
= jmommm———— | o= = ————— i bdl R bt bdab bbbt |
| 3. Radar | | | |
jCharacterist-| | | l
lics [ | | |
‘—-— ------ --——-'0-— —————— ‘ ———————————————— —c---o——'--oc-——-——vwv.---v-l
r | Transmit |GHZ 113.883 | |
R CHRNE - | :
|“eceive Freqg.|3Hz 113.881] |Same as radar |
| | | jtransmit freq. |
| | | j&5 MHg |
3 l-------—----- ‘ --------- l -------------------- --—-'---—O-—--v-vv--—--- '
|An*enna 3ain |4b 138.5 iTransmit angd ]
| | | ireceive |
| === |=====>=== === meme——e- phhtieb bbbl Eabbibadhaidtdest i iid.
|Antenna side-|4b rel- (20 xinimun | |
|lobe level jacive =« | |
s | Imain beam| | |
[vess e em——— [ommmrmm—— |==mmmmm————— semeemesese |seeecasnneneseene= |
Js¢ Form 884 (Dct 1) NASA-JS |
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. TABLE 8.13.06.2-1

8D-152A

F&%0OAR ACTIVE MODE ELECTF ICAL

INTEFFACE CHAFACTERISTICS (Continyed)

T A 0 D WP BB WS R WD W e W e YR TR W e e e m e S e s W G e e S B NP WS M S e e W VR IR U G S D TR A S e GES W e GP ED NP @ 4 W W D WD WP A W W

: Parameter
|IAntenna Type

- vy e R W -

jPulse widths
|
|
|
|
|
|

- o ma - —— e

Transmit
| POower

H
i
]
[}
1
]
]
]
L]
]
i
1
t

| Feceivear
|roise Fiaure

iSvinamic Range

pulses
per sec.

- e -y -

- - - -

jwatts

{ ib

Dimersion|

—-------—l - D e e MR A WS WS WD WD B ND W Gy e WP 'w---- VO PWEP WS WS-

|5 "Horn" moropulse,

jau+*omatic angle track,

| front-fed parabola

| Notes |

ITwo~-gimbal antenna
imount .
)

. ———————————————————— - - o I'------------.-.---

{229 search and track
P

- - . . - , - D MR S8 N GE M R a M SE A AR W WD R W R WD W

jbual .15 and 0.122

S0 i1-2ak, minimum TWT
outpur for high power
mode.

- my %o TSNy e AR WA W R S W e ew e WP G N W W

- T A W e e N A e W W WY BB S we W WS WD TN M

|
|
}
|For ranges greater |
fthan 9.5 NM |
jRange ‘less than 9.5
INM v
--—-—wnmu—-—-v-v.--.
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APPENDIX IV

AXTOMATIX RECOMMENDATIONS FOR REVISION OF SECTION 8.3
OF ICD 2-19001 FOR DETACHED PAYLOADS
REVISION #2
JANUARY 2, 1980




DRAFT REVISION #2
1/2/80
REWRITE AND REVISION FOR SECTION 8.3 OF ICD NO. 2-19001
8.3 Detached Payloads. Paragraphs applicable to NASA/STON, NASA/DSN,
SOD/SGLS, and nonstandard payloads are indicated in the following break-
own'

NASA/STDN Payloads--Paragraphs 8.3.1 and 8.3.2, subparagraphs 8.3.2.1,
8.3.2.2 and 8.3.2.3.

NASA/DSN Payloads--Paragraphs 8.3.1 and 8.3.2, subparagraphs 8.3.2.1,
8.3.2.2 and 8.3.2.4.

DOD/SGLS Payloads--Paragraphs 8.3.1 and 8.3.3.

Nonstandard Payloads--Paragraph 8.3.1 and 8.3.4.

Note: Sometimes the acronym NASA appears by itself; it is to be
understood that either STDN or DSN payloads are implied. STDN or
DSN by themselves denote NASA payloads. DOD and SGLS by themselves
refer to the same class of payloads.

8.3.1 S-Band Payload Interrogator (PI) Interface. The PI provides two-
way RF communication between the Orbiter and detached payloads within a
range of 10 nmi. In the following paragraphs, "characteristics" are capa-
bilities of the Orbiter avionics that the payload must be cognizant of,

and "requirements"” are specifications placed upon the payload communication
equipment.

8.3.1.1 PI Performance Characteristics

8.3.1.1.1 Transmitter Characteristics. The principal transmitter char-
acteristics are listed 1in Table 8.3.1.1.1-1.

8.3.1.1.1.1 OQutput Frequency Range. Two output frequency bands are pro-
vided, L-band ZDSDS and S-band (NASA), as summarized in Table 8.3.1,1.1.1-1.
8.3.1.1.1.2 DSN Channel Assignments. The transmit/receive frequency

pair assianmerts for DSN-compatible detached payloads are listed in
Table 8.3.1.1.1.1-3.

8.3.1.1.1.1.3 SGLS Channel Assignments. The transmit/receive frequency
pair assignments for SGLS-compatible detached payloads are listed in
Table 8.3.1.1.1.1-4.

8.3.1.1.1.2 Transmitter Triplexer Section. A triplexer is used between
the payload antenna and the PI transmitter/receiver output/input termin-
als. This triplexer functions to divide the PI transmit and receive
bands into Tow and high subbands for both the NASA and DOD modes of oper-
ation. The purpose of the Tow/high band selectivity is to prevent mutual
interference between the PI and S-band network transponder during times
of simultaneous operation.
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' Value ' Units 1 Subparagraph ,
T e 1= 1= "
] H ¥ ]
: 1763 - 1840 : MHz : 8.3.1.1.1.1:
T =-~ T 5" == b S e 1
: 2025 - 2120 ' MHz : 8.3.1.1.1.1:
L H Ty 1
: See Subparagraph 8 3.1.1.1.2:
b St St ) e 1
: +0.0012 : ¥ : 8.3.1.1.1.3:
T === =-= T -7 e ooy o= o® o= o o= |
: 10 max : degrees~-RMS : 8.3 1.1.1.4:
T =" = T bt ol |
: > 67 : dBc : 8.3.1.].1.5:
T s T ===~ = == === |
: 0.2 to 2.5 : radians : 8.3.1.1 1.6:
L 4 S 2 1
! +55 ' kHz ' 8.3.1.1.1.7"
SR _kHz L .
: 10 : kHz/sec : 8.3.1.1 1.8:
: 250 : Hz/sec : 8.3.1.1.1.8:
¥ i I i
: 39 : dBm : 8.3.1.1.1.9:
: 30 : dBm : 8.3.1.1.1.9:
: 7 : dBm : 8.3.1.1.1.9"
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TABLE 8.3.7.1.1.° :1 PAYLOAD INTERROGATOR OPERATING CHANNELS

- e e e e e e e m e m o w] o m m am w e em o w w wm] m m W e ow

] ] ]
1 Frequency Range 1 No. of + Channel
' (MHz) v Channels . Spacing (kHz)
"""""""" [ A o Al B B i B |
] ] ]
] ] ]
STDN S-Band Transmit 1 i
and Receive ' ' '
{ ¥ []
S-Band Transmit i 2025.833-2118.7 ' 808 ) 115.104
] ] §
S-Band Receive 1 2200-2300.875 ! 808 ) 125.000
] I ]
------------ l-----------l-----—l—-------
DSN S-Band Transmit ' I
and Receive ) ' )
} ] 1
S-Band Transmit v 2110.243-2119.792 29% 341.049
1 1 ]
S-Band Receive t  2290.185-2299.814 27%* 370.370
1 [] ]
------------ I-‘---—---_--l_---_-l---_-n-—
SGLS L-Band Transmit, : I !
S-Band Receive ! ! )
1 ] ]
L-Band Transmit v 1763.721-1839.795 20 1 4003.906
L} ] ]
S-Band Receive v 2202.5-2297.5 1 20 1 5000.000
{ ] ]

*The top six channels are transmit only.

**The bottom four channels are receive only.




TABLE 8.3.7.1.7.1-2 STDN CHANNEL AND FREQUENCY ASSIGNMENTS

Refer to Appendix C for specific channel and frequency assignmenis,

Method of calculating frequencies is as follows:

----------------------------

Channel No. n = 1 to 808

!}

Receive Freguency = 2200.000 + (n-1) x 0.125 MHz

1t

Transmit Frequency = 2025.8334 + (n-1) x 0.115104 MHz

:Transmit Frequency = 221/240 x Receive Frequency

L T . T T T N .
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Table 8.3.1.1.1.1-3 DSN Channel & Frequency Assignments
el e e
| 850 : . 2290.185185
| 851 : | 2290.555556
' 852 . ' 2290.925926
| 853 : . 2291.296296
' 854 (56)  «  2110.243056 1 2291.666667
| 855 | 2110.584105 ! 2292.037037
' 856 v 2170.925154 . 2292.407407
| 857 . 2111.266204 ' 2292.777778
' 858 v 2111.607253  , 2293.148148
' 859 ' 2111.948303 | 2293.418519
' 860 ¢ 2112.289352 . 2293.888889
| 861 ' 2112.630401 | 2294259259
) 862 v 2112.971451 | 2294.629630
. 863 (14b) | 2113.312500 |  2295.000000
' 864 ' 2113.653549 . 2295,370370
, 865 ' 2113.994599 ' 2295.740741
' 866 ' 2114.335648 . 2296.111111
| 867 | 2114.676697 | 2296.48198]
1 868 ' 2115.017747 1 2296.857852
. 869 ' 2115.358796 | 2297.222222
' 870 ' 2215.699846 1 2297.592593
. 871 . 2116.040895 | 2297.962965
v 872 (23b) v 2116.381944 1 2298.333333
. 873 | 2116.722994 | 2298.703704
' 874 v 2117.064043 1 2299.074074
| 875 | 2117.405092 | 2299.444444
+ 876 v 2117.746142 1+ 2299.814315
. 877 . 2ns.087191 !

1 878 v 2118.42824) |

. 879 . 2118.7692%0 !

' 880 v 2119.710839

' 881 | 2119.451389 |

' 882 t2119.792438

Unassigned channels:

- o e me e ms e owm m wm

883-899.

- e e e o e e
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TABLE 8.3.1.1,1.1-4 SGLS CBANNEL & FREQUENCY ASSIGNMENTS

v

-

e —— T R Y] R Y T I P

| | | RECEIVE i
| { TRANSMIT | DCD I
| | ORBITER TO | PAYLOADS |
| } DOD PAYLOADS | TO ORBITER |
|{CHANNEL | (MHZ) ' (MHz) |
e00 ) 176mr21 V3303500 |
: 901 : 1767.1725 : 2207.500 :
: 902 : 1771.729 : 2212.500 :
: 9043 : 1775.733 : 2217.500 :
: 904 : 1779.73H6 : 2222.500 :
: 905 : 1783.7¢0 : 2227.500 ‘
: 906 : 1787.744 ; 2232.500 :
: 907 : 1791.748 : 2237. 500 i
: 906 : 1795.752 : 2242, 500 :
: 909 : 1799.756 : 2247,.500 :
: 910 : 1803.760 : 2252.500 :
: 911 : 1607.764 : 2257.500 :
: 912 : 1811.768 : 2262.500 :
: 913 : 1815.772 : 2267.500 :
: 914 % 1819.775 : 2272.500 :
: 915 : 1823.779 : 2277.500 :
: 916 : 1827.783 : 2282.500 :
: 217 : 1831.787 : 2287.%00 :
: 918 : 1835.791 : 2292.500 :
: 919 : 1839.795 : 2297.500 :
Omisaiomed Ghammerar sz0-39s T




.1 S-Band Subbands. The lowband is approximately 2025-2075 MHz
hband is approximately 2074-2120 MHz.

1
b
2 L-Band Subbands. The lowband is approximately 1763-1803 MHz
band 1s approximately 1803-1840 MHz.

8.3.1.1.1.3 Carrier Frequency Tolerance. The maximum carrier frequency
uncertai?tyis +0,0012% of the nominal carrier frequency (transmitter sweep
disabled).

8.3.1.1.1.4 Carrier Phase Noise. The transmitter phase noise will produce
under nonvibration conditions no more than a 4° RMS tracking phase error

in a 300 Hz two-sided tracking bandwidth and a 10° RMS tracking error in

a 100 Hz two-sided tracking bandwidth. (Tracking loop damping factor=0,707.)

8.3.1.1.1.5 Carrier Spurs. Any spurs appearing at the transmitter output
200 kHz away from the carrier frequency will be at least 69 dB below the
unmodulated carrier power level. Within 200 kHz about the carrier, the
spurs will be > 46 below the carrier level.

8.3.1.1.1.6 Carrier Phase Modulator. The phase modulator will accept
analog or digital modulating signals. The modulator <eviation charac-
teristin is linear with +5% over a deviation range of 0.2-2.5 rad. Fre-
quency response is flat within +0.5 dB from 1-200 kHz.

8.3.1.1.1.7 Carrier Frequency Swggg, The transmitter output frequency
may be swept over three ranges: 75 +b kHz, 55 +5 kHz, 33 +3 kHz. The
fast sweep rate for the 75 and 55 kHz ranges is 10 +3 kHz/s and, for the
33 kHz range, is 250 +75 Hz/s. T[requency sweep begins at the nominal
channel frequency, sweeps up to the maximum frequency, reverses and sweeps
down (through the nominal channel frequency) to the minimum frequency,
reverses and sweeps up to the nominal channel frequency and stops.

8.3.1.1.1.8 »selectable Transmitter Power Levels. Three selectable trans-
mitter output power levels for either the L-band or S-band frequency ranges
are available at the input/output common port.

High 39 dBm +2 dB
Medium 30 dBm *3 dB
Low 7 dBm 3 dB .

8.3.1.1.2 Receiver Characteristics. The principal receiver characteris-
tics are listed n Table 8.3.T.1.2-1.

3.3.1.1.2.1 Input Frequency Range. The receiver input frequency range
is S-band, 2200-2300 MHz. ™

8.3.1.1.2.1.1 STDN Channei_Assignments. See Paragraph 8.3.1.1.1.1.1.
R.3.1.1.2,1.2 DSN Channel Assignments. See Paragraph 8.3.1.1.1.1.2,
8.3.1.1.2.1.3 SGLS Channel Assignments. See Paragraph &.3.1.1.1.1.3.

3.3.1.1.2.2 Receiver Triplexer Section. See Paragraph 8.3.1.1.1.2.

8.3.1.1.2.2.1 Receive Subbands. The lowband is approximately 2195-2257 MHz
and the highband is approximately 2248-2306 MHz.

B ) Ao




TABLE 8.3.1.1.2-1 PRINCIPAL PI RECEIVER CHARACTERISTICS

¢+ Input Frequency Range
t

» Triplexer Subbands

]

¢+ Input Signal Level

1 Operating Range

i

+ AGC Range

[}

» Qut-of-Band Interference

t

1 Noise Figure

|

1 Carrier Acquisition
 Thresholds:

' Tracking

I

v Acquisition Sweep Range
]

1 Acquisition Sweep Rate
1

v Frequency Rate Tracking

L
» Input Freq. Offset Range

[}

» Lock Detector Performance
]

1 False Lock Immunity

]

i Tracking Bandwidth
i

i+ Maximum Phase Noise

]
« Maximum SPE

» Throughput Bandwidth

1 Output Signal Regulation
]
+ Throughput. SNR Losses
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8.3.1.1.2.3 Input Signal Level Range. The receiver is operable over a
range of -124 to +l10 dBm,

8.3.1.1.2.4 AGC Dynamic Range. The AGC maintains the receiver transfer
fgnction in a Tinear state over an input signal level range of -124 to
-20 dBm.

8.3.1.1.2.4.1 Receiver Gain Saturation. Above -20 dBm, the receiver IF
amplifier circuits begin to amplitude saturate. This should not adversely
affect the demodulation of constant envelope signals. Overall receiver
performance is not cuaranteed about +1Q dBm in terms of false lock immun-
ity and output signal waveform integrity.

8.3.1.1.2.4.2 Receiver Protective Limiting. At input signal levels of
zero dBm and higher, a preamplifier protective diode breakdown limiter
becomes operative., Purposeful receiver operation above +10 dBm is not
recommended.

8.3.1.1.2.5 Qut-of-Band Interference. The receiver will operate with no
more than a 1.0 dB SNR performance degradation due to out-of-band inter-
ference for the conditions listed in Table 8.3.1.1.2.5-1.

8.3.1.1.2.6 Noise Figure. The receiver noise figure, as referenced to the
RF common input/output purt, is 7.0 dB maximum.

8,3.1.1.2.7 Carrier Acquisition and Tracking Thresholds. The minimum
received discrete carrier signal Jevel for guaranteed acquisition is
-122.5 dBm. The minimum received discrete carrier signal level for guar-
anteed tracking and demodulation performance is -124.0 dBm. Levels are
referenced to the RF input/output common port.

8.3.1.1.2.8 Carrier Nynamic Acquisition and Tracking
8.3.1.1.2.8.1 Receiver Frequency Sweep. For the purpose of acquisition,

the receiver is nominally swept +125 kHz (+111 kHz minimum, 2132 kHz max-
imum) from the nominal receive frequency at a nominal rate of 330 kHz/s.
(This sweep is unrelated to the transmitter sweep.)

8.3.1.1.2.8.2 frequency Rate Tracking. The maximum in-Tock frequency
rate that may be tracked is 17 kHz/s. .

8.3.1.1.2.8.3 Input Fregquency Offset Range. The receiver maximum input
frequency offset is +87 kHz from the nominal carrier frequency.

8.3.1.1.2.9 Lock Detector Statistical Performance. Lock detector proba-
bility of false alarim (indicating that the receiver is in lock wnen it is
note) is (TBS) for a carrier level of -122.5 dBm and standard payload mod-
ulation conditions, Lock detector prebability of indicating that the
receiver is out of lock when it is not is (TBS) for a carrier level of
-124.0 dBm. The lock detector must indicate an out-of-lock state for more
than 50 ms before the receiver automatically enters the sweep acquisition
made.

8.3.1.1.2.10 False Lock Immunity. The receiver will not false lock to
carrier sideband components for any NASA or DOD standard modulation con-
ditions for received signal levels less than +10 dBm. (See Paragraph.
8.3.4.2.2 for nonstandard modulation conditions.)

o
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TABLE 8.3.1.1.2.5~1 OUT-OF-BAND INTERFERENCE CONDITIONS
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8.3.1.1.2,11 Phase Locked Loop (PLL) Bandwidths

8.3.1.1.2.11.1 Threshold Tracking Bandwidth. The threshold in-lock PLL track~-
ing noise bandwidth, when the receiver is operating within the 1inear coherent
AGC range, is nominally 2320 Hz (two-sided) and the damping factor is 0.82.

8.3.1.1.2.11.1 Threshold Acquisition Bandwidth. The threshold out-of-lock
PLL noise bandwidth, when the receiver is operating within the noncGherent
AGC control range, is 3950 Hz (two-sided) maximum.

8.3.1.1.2.11.3 Strong Signal Acquisition Natural Frequency. The strong sig-
nal out-of-lock PLL natural frequency, when the receiver is operating within
the noncoherent AGC control range, is approximately 6120 rad/s.

8.3.1.1.2.12 PLL Phase Noise Components. Components and maximum values
which comprise the PLL phase noise are listed in Table 8.3.1.1.2.12-1.

8.3.1.1.2.14 Wideband Demodulator. A wideband sinusoid phase-characteristic
demodulator provides recovery of all carrier phase modulations. The through-
put lowpass 3 dB bandwidth.of the receiver, demodulator and output circuits
is between 4.0 and 5.5 MHz.

8.3.1.1.2.15 Wideband Qutput Signal Regulation. The wideband demodulated
signal output Tevel to the PSP, CIU (Payload Station) and bent-pipe ports is
controiled by an RMS type of regulating loop. P3P and CIU signal waveforms
plus noise are regulated to 2.0 +0.6 V RMS and the output amplifier clips or
Timits all peak values (plus or minus) to approximately 4.0 V maximum. The
KuSP or bent-pipe waveform plus noise is regulated to 2.0 #0.6 V RMS and the
output amplifier clips or 1imits all peak values (plus or minus) to approxi-
mately 3.5 V maximum,

8.3.1.1,2.16 Demodulation SNR Loss Components. Table 8.3.1.1.2.16-1 lists the

receiver (including the PSP) SNR maximum loss components for standard modulations.

8.3.1.2 Antenna Characteristics. The PI/payload 1ink utilizes a single
hemispherical antenna for both transmitting and receiving.

8.3.1.2.1 Antenna Location. The antenna is located at the top of the pay-
load bay forward bulkhead, as shown in Figure 8.3.1,2.1-1.

8.3.1.2.2 Antenna Type. The antenna is a single-element cross-dipole-fed
cavity which operates on the frequency range of 1740-1850 MHz with a VSWR <
1.5:1, and on the 200-2300 MHz frequency range with a VSWR < 2.0:1.

8.3.1.2.3 Gain. The maximum on-axis gain is between 2.5 and 3.0 dB.

8.3.1.2.4 Beamwidth. The 3 dB beam width is bounded by a 160° cone aligned
with the +Z axis of the Orbiter.

8.3.1.2.5 Polarization. Antenna polarization is selectable as either
right-hand circular (RHCP) or left-hand circular (LHCP).

8.3.1.2.6 Antenna Cable and Connectors Insertion Loss. The cable that con-
nects the antenna to the PI RF port has a signal insertion loss to either
transmit or receive signals of -9.8 dB maximum.

8.3.2 NASA Standard Payload/PI/PSP Communication Characteristics & Requirements

8.3.2.1 Command Signals. A single form of command signal is allowed, with
summary characteristics listed in Table 8.3.2.1-1.




TABLE 8.3.1.1.2.12-1 PI TRACKING LOOP PHASE NOISE COMPONENTS
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TABLE 8.3.1.1.2.13-1 PI TRACKING LOOP STATIC PHASE ERROR COMPONENTS

v Voltage Offsets within Loop g°
No Modulation Slewing 18°

(Nonstandard direct carrier
modulations only, see sub-
paragraph 8.3.4.2.2.4.2)

We o W ma % e W W e e em Be e i e s S me me ww e e M e we W W e ke e

|
1
[
i
|
]
!
I
Frequency Dynamics i 2°
]
|
i
[}
I
]
L
|
}

t
!
I
1
!
I
|
|
[}
!
|
!
[}
1
i




TABLE 8.3.1.1.2,16~1 PI/PSP SNR MAXIMUM LOSS COMPONENTS
FOR STANDARD MODULATIONS
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PI Interference Degradation

PI Phase Noise Loss

PJ Demodulation Phase Offset Loss

PI Filtering Loss
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TABLE 8.3.2.1-1 NASA STANDARD COMMAND SIGNAL CHARACTERISTICS

. Waveform
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8.3.@.1.1 Modulation Waveform. The command waveform is a sine wave sub-
carrier biphase PSK moduTated (+90°) by the command bits,

8.3.2.1.2 Subcarrier Frequency. The nominal command :ubcarrier fre-
quency is 16 kHz.

8.3.2.1.2.1 Subcarrier Harmonic Distortion, The maximum harmonic com-
ponents do not exceed 1% of the fundamental frequency amplitude.

8.3.2.1.2.2 Subcarrier Frequency Stability. The 60-sec averaged sub-
carrier frequency will be within x1x10-5 of the nominal subcarrier
frequency.

8.4.3.1.3 Carrier Modulaiion Index. Carrier modulation index for the
command waveform is 1.0t 0.1 radian peak.

8.3.2.1.4 Data Modulation

?.3.2.1.4.1 Data Rate . The command data rates may be any one of the
ollowing:
2000 bps, 1000 bps, 500 bps, 250 bps, 125 bps, 62.5 bps,
31.25 bps, 15.625 bps or 7.8125 bps.

8.3.2.1.4.2 Data Bit Format. The bit format may be NRZ-L, NRZ-M or
NRZ-S. Transition of the data waveform will coincide with a zero crossing
of the subcarrier.

8.3.2.1.4.3 Data Asymmetry. The data bit asymmetry will not exceed 2%
of the nominal data b1t period.

8.3.2.1.4.4 Data Bit Jitter. The data bit peak phase jitter will not
exceed 3% of the data bit period.

8.3.2.1.4.5 Command Bit Preamble. Whenever actual command bits are not
being modulated tnto the subcarrier, a prefix consisting of alternating
"one" and “"zer. =-"s is employed. The prefix always begins with a "one"
bit ends with ¢ -+ o" bii just prior to the first command m.:.age bit.

8.3.2.2 Telemetry Signals. A single form of telemetry signal is allowed,
with summary requirements listed in Table 8.3.2.2-1.

8.3.2.2.1 Modulation Waveform. The telemetry waveform shall be a sine-
wave subcarrier P5SK modulated (+900) by the telemetry bits.

8.3.2.2.2 Subcarrier Frequency. The nominal telemetry subcarrier fre-
quency shall be 1.024 MHz.

8.3.2.2.2.1 Subcarrier Harmonic Distortion. The maximum harmonic com-
ponents shall not exceed 1. of the fundamental frequency amplitude.

8.3.2.2.2.2 Subcarrier Frequency Stabiiity. The long-term subcarrier fre-
quency stability (uncertainty) shall be within *0.01% of the nominal sub-
carrier frequency.

8.3.2.2.3 Payload Transmitter Modulation Index. The payload carrier mod-
ulation index shall be 1.0 #0.1 radian peak.
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TABLE 8.3.2.2-1 NASA STANDARD TELEMETRY SIGNAL REQUIREMENTS

[ e r=-========m=m=== g s - fP- === ===
' Parameter i Value i Units 1+ Subparagraph
[ e e rFr="===="9=9®=9=®=m=9==> t- s ====== fI-= - - ====
I | ] 1

:Waveform : Sinusoidal : _ : 8.3.2.2.1

] [} [} ]

1 ] [} ]

. Subcarrier Frequency , 1.024 | MHz y 8.3.2.2.2

1 ] [} i

| 1 4 !

y P/L Modulation Index , 1.0 + 0.1 1+ Radians v 8.3.2.2.3

1 L | 1

| [} N [} ]

y Bit Rate ' 16 + 27, ' kbps 1 8.3.2.2.4.1
} [} [} i

| ' | 1

] ] N= 0,] ,2 ,3,4 ' 1

[} | I |

t 1 [} '

 Bit Format y NRZ-L,M, or S, or I - v R.3.2.2.4.2
i 1 | }

L } i L]

) , Manchester-L, M, or S, )

1 | I ]

1 ! ] }

 Word Length | 8 i Bits » 8.3.2.2.5.1
I I } §

1 ¢ ] ]

 Minor Frame Length 8 to 1024 i Words 1 8.3.2.2.5.2
[} } 1 1

L L} [} t

i Master Frame Length 1 to 256  Minor Frames | 8.3.2.2.5.4
1 ] ' )

¥ [} 1 }

 Transition Density . - 64 transitions in 512 bits 1 8.3.2.2.5.6
] i ] [}

| L} ! i

) 1< 64 consecutive bits w/o transition, 8.3.2.2.5.6
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8.3.2.2.4 Data Modulation

8.3.2.2.4.1 Data Rates. The telemetry data rates shall be any one of
the following:
16 kbps, 8 kbps, 4 kbps, 2 kbps or 1 kbps.

8.3.2.2.4.2 Data Bit Format. The bit format shall be NRZ or Manchester
L, Mor S. The bits and subcarrier may be asynchronous or, if synchron-
ous., no spzcific transition versus subcarrier phase relationship is
required.

8.3.2.2.4.3 Data Asymmetry. The asymmetry in period between adjacent
opposite polarity bits shall not exceed 2% of the nominal bit period.

8,.3.2.2.4.4 Bit Rate Stability. The bit rate stability shall be better
than 4.1% of the nominal bit rate.

8.3.2.2.5 Data Structure Formats

8.3.2.2.5.1 MWord Length. The basic data word length shall be eight
bits. (Longer words may be realized as multiples of eight bits).

8.3.2.2.5.2 Minor Frame Length. A minor frame shall be a minimum of
eight words up to a maximum of 1024 words.

8.3.2.2.5.3 Minor Frame Synchronization Words. Minor frame synchroniza-
tion words shall consist of 8, 1€, 24 or 32 bit groups.

8.3.2.2.5.4 Master Frame Length. A master frame shall be comprised of
between one and 256 minor frames.

8.3.2.2.5.5 Master Frame Synchronization Word. The master frame syn-
chronization word shall consist of an eight-bit unique pattern or an
eight-bit minor frame count.

8.3.2.2.5.6 Transition Density. The minimum data transition density
requirement shall be for 64 or more transitions in any 512-bit block and
for no segment greater than 64 bits without a transition.

8.3.2.2.6 Payload Minimum EIRP. Table §.3.2.2.6-1 lists the payload
minimum EIRP required to achieve a 1x10°° bit error for the bit rates
listed under 8.3.2.2.4.1 at the output of the PSP for the conditions of
10 nmi range, worst-case tolerances, and a 0 dB performance margin.

8.3.2.3 STDN Near-Earth (NE) Transponder Turnaround Requirements. The
following paragraphs also apply to TDRS user transponders operating in
the STDN mode.

8.3.2.3.1 Forward Link Sweep Acquisition. The NE transponder forward
Tink from the Orpiter to the payload will be frequency swept in the PI
transmitter (for acquisition purposes) in accord with 8.3.1.1.1.7
utilizing the fast sweep rate of 10 kHz/sec over the 75 kHz range.
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TABLE 8.3.2.2.6-1 NASA PAYLOAD MINIMUM EIRP REQUIREMENTS

' Bit Rate : EIRP .
LR L L R T === === === =~ |
: 16 kbps ' 28,2 dBm !
1
! \ [
: 8 kbps ! 25.1 dBm :
| ' |
: 4 kbps ! 22.1 dBm !
1 0 |
: 2 kbps : 19.1 dBm !
| ) [
| §
, 1 kbps ! 16.2 dBm- ,

- e e o e wm e R Sm e s ma s e e ks e e v e W e

*
Set by carrier minimum acquisition level requirement.

I



8.3.2.3.1.1 Transponder Minimum PLL Acquisition Bandwidth., In order to
achieve a virtual unity probability of carrier acquisition when the PI
sweep crosses the trans»onder nominal receive frequency, the transponder
two-sided loop noise bandwidth shall not be less than 500 Hz.

8.3.2.3.1.2 Sweep Tracking Requirement. The PI transmitter sweep goes
though one complete sweep cycle before being disabled. The transponder
receiver must therefore by capable of tracking the entire PI transmitter
sweep range {180 kHz worst case) for the condition of PI transmitter max-
imum nominal frequency offset (:0.0012%).

8.3.2.3.2 Return Link Acquisition. The PI receiver is required to acquire
the payload transmitter signal when the transponder is in its one-way mode
(transmitter carrier frequency derived from the transponder auxiliary
oscillator) or in the two-way mode with the forward 1ink sweep transponded
to the return 1ink carrier.

8.3.2.3.2.1 Auxiliary Oscillator Stability. The long-term stability of
the transponder transmitter’s nominal carrier frequency as derived from
the auxiliary oscillator shall be no worse than +0.001%.

8.3.2.3.2.2 Auxiliary Oscillator-to-VCO Switchover. There are no
PI-imposed requirements on the auxiliary oscillator-to-VCO switchover
(when the forward 1ink becomes acquired) in terms of the resulting fre-
quency step.

8,3.2.3.2.3 PI Receiver Lock Loss due to Auxiliary Oscillator-to-VCO
Switchover. It s expected that, when the transponder switches its
transmitted frequency source form auxiliary oscillator to the VCO, PI
receiver lock (if it had been attained in the one-way mode) may be tem-
porarily lost. PI receiver reacquisition by frequency sweeping will
automatically ensue.

8.3.2.3.2.4 Transponder Turnaround Ratio. The transponder transmit/

receive frequency turnaround ratio shall be 240/221.

8.3.2.3.2.5 Return Link Carrier Sideband Level due to Forward Link Mod-
ulation Feedthrough.” The maximum feedthrough modulation sidebands of the
return link carrier by the forward link command modulation (16 kHz subcar-
rier) shall not exceed a return link sideband level greater than -26 dBc.

8.3.2.4 DSN Deep-Space (DS) Transponder Turnaround Requirements

R.3.2.4.1 Forward Link Sweep AC$yj§jﬁjon, The NE transponder forward
1ink from the Orbiter to the payload will be frequency swept in the PI
transmitter (for acquisition purposes) in accord with 8.3.1.1.1.7, util-
izing the slow sweep rate of 250 Hz/s over the 133 kHz range.

8.3.2.4.1.1 Transponder Minimum PLL Acquisition Bandwidth. In order to
achieve a virtual unity probability of carrier acquisition when the sweep
crosses the transponder nominal receive frequency, the transponder two-
sided loop noise bandwidth shall not be less than 150 Hz, with a damping
factor no larger than 3.0. (It has been assumed that, when the DS tran-
sponder is operating with the Orbiter, the minimum receive signal level
will be strong to the extent that the transponder receiver's limiter sup-
pression factor will be essentially unity.)




8.3.2.4.1.2 Swept Acquisition Time. The nominal time required to sweep
the entire 133 kHz frequency uncertainty range using the slow sweep rate
profile will be 8.8 minutes from thetime the sweep is initiated until the
time the sweep is disabled.

8.3.2.4.1.3 Sweep Tracking Requirement. In the slow sweep rate mode,
the PI transmitter sweep will nominally go through one complete sweep
cycle and then become disabled. The transponder receiver must the efore
be capable of tracking the entie PI transmitter sweep range (*36 kHz
worst case) for the condition of PI transmitter maximum nominal frequency
offset of +0.0012%.

8.3.2.4.2 Return Link Sweep Acquisition. The PI receiver is required
to acquire the payload transmitter signal when the transponder is in its
one-way mode (transmitter carrier frequency derived from the transponder
auxiliary oscillator) or in the two-way mode with the forward 1ink sweep
transponded to the return link carrier.

8.3.2.4.2.1 Auxiliary Oscillator Stability. The long~cerm stability of
the transponder transmitter's nominal carrier frequency as derived from
the auxiliary oscillator shall be no worse than x0.001%,

8.3.2.4.2.2 Auxiliary Oscillator-to-VCO Switchover. There are no PI-
imposed requirements on the auxiTiary oscillator-to-VCO switchover (when
the forward link becomes acquired) in terms of the resulting frequency
step.

8.3.2.4.2.3 PI Receijver Lock Loss due to Auxiliary Oscillator-to-VCO
Switchover. It is expected that, when the transponder switches its
transmitter frequency source from auxiliary oscillator to the VCO, PI
receiver lock (if it had been attached in the one-way mode) may be
temporarily lost. PI receiver reacquisition by frequency sweeping will

automatically ensue.

8.3.2.4.2.4 Transponder Turnaround Ratio. The transponder transmit/
receive frequency turnaround ratio shall be 240/221.

8.3.2.4.2.5 Return Link Carrier Sideband Level Due to Forward Link Modu-
lation Feedthrough. The maximumn feedthrough modulation sidebands of the
return Tink carrier by th forward 1ink command modulation (16 kHz subcar-
rier) shall not exceed a return link sideband level greater than -26 dBc.

8.3.3 DOD/SGLS Standard Payload/Pl/CIU Communication Characteristics and
Requirements

8.3.3.1 Command Signals. A single form of command signal is allowed,
with summary characteristics listed in Table 8.3.3.1-1.

3.3.3.1.1 Modulation Waveform. The command signal is a *ernary FSK/AM
waveform with form as shown in Figure 8.3.3.1.1-1. Three command symbols
are employed and the composite FSK waveform is 50% amplitude modulated by
a triangular function of frequency equal to one-half the command symbol
rate.




TABLE 8.3.3.1-1 SGLS STANDARD COMMAND SIGNAL CHARACTERISTICS

! Parameter ! Value ! Units |, Subparagraph
y, T T TErTsmmEET , T T Tsms T l' ----- Py ST T T T T I
' Waveform 'Sinusoical with AM |, - | 8.3.3.1.1 |
1 [} } ! 1
' Modulation ' Ternary FSK : - ] 83310
: ! ! ' 8.3.3.1.2 |
ISymbol Frequencies \ "s" = 65 \ kHz .
¢ ! T L ! ! !
! " = 76 ' kHz | !
] 1 10 - 1 | '
\ \ "" = 95 ,  kHz .
] [} [} I ]
' Carrier Modulation Indices | 0.3 + 20% | radians | 8.3.3.1.3
! 1.0+ 10% | radiars | :
] { | L] |
' Symbol Rates ! 1000 | sps, 8.3.3.1.4.1
| ' i f [}
| ! 1 | ]

R T T T . T T T T R . T
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8.3.3.1.2 Command Tone Frequencies. The command symbol tone frequencies
are as follows:
Logic "S" - 65 kHz

Logic "0" - 76 kHz
togic "1" - 95 kHz

8.3.3.1.2.1 Tone Frequency Accuracy. The maximum nominal tone frequency
error will not exceed 10.01%.

8.3.3.1.3 Carrier Modulation Indices. Two carrier modulation indices
are employed: 1.0 0% radians or 0.3 120% radians peak.

8.3.3.1.4 Data Modulation

8.3.3.1.4.1 Data Symbol Rate. The ternary symbols are transmitted at
the rate of 1000 *0.07% symbols/second,

8.3.3.1.4.2 Tr1aniu1ar AM Clock. A triangular waveform clock at one-half
the symbol rate and with 1ts positive zero crossing delayed by 0.6 Tg

+10% from the symbul epoch amplitude modulates the composite symbol stream
with a 50% intensity.

8.3.3.1.4.3 Data Format (7BS)
8.3.3.1.4.4 Command Bit Preamble (TBS)

8.3.3.2 Telemetry Signals. One PSK and one FM subcarrier are allowed; sum-
mary requirements are listed in Table 8.3.3.2-1.

8.3.3.2.1 PSK Subcarrier. The PSK subcarrier shall be sinusoidal biphase

modulated (90" ) by the felemetry data waveform with at Teast a 30 dB sub-
carrier suppte:sion.

8.3.3.2.1.1 Subcarrier Frequency. The nominal PSK subcarrier frequency
shall be 1.024 MHz.

8.3.3.2.1.2 Subcarrier Frequency Accuracy. The long-term subcarrier fre-
quency uncertainty shall be <+0.00T% of the nominal subcarrier frequency.

8.3.3.2.1.3 Subcarrier Harmonic Components. The maximum harmonic com-
ponents of any subcarrier shall not exceed (TBS)% of the fundamental
frequency amplitude.

8.3.3.2.2 PSK Data Waveform. The PSK data waveform shall be Manchester-L.

8.3.3.2.2.1 PSK Data Rate. The PSK data rate shall be 16 kbps.

8.3.3.2.2.2 Data Rate Stability. The data rate stability shall be better
than 0.001% of the nominal data rate.

8.3.3.2.3 FM Subcarrier and Modulation. An FM/FM structure shall be
employed with sinusoidal subcarriers.

8.3.3.2.3.1 Master Subcarrier Frequency. The master subcarrier nominal
frequency shall be 1.7 MHz.




Table 8.3.3.2-~1 SGLS Standard Teiemetry Signal Requirements

L B T | L L -
' Parameter ' Value i Units  Subparagraphs |
R R R LR L L y
' Subcarrier Waveforms ' Sinusoidal : - '8.3.3.2.1 & ! |
' : '8.3.3.2.3 | f
| 1 1 i j
:PSK Subcarrier Frequency : 1.024 : MHz :8.3.3.2.1.1 : }
;
:PSK Data Waveform : Manchester-L : - :8.3.3.2.2 : |
'PSK Data Rate ! 16 ' kbps  !8.3.3.2.2.1 |
|FM Subcarrier Frequency 1.7 : MHz '8.3.3.2.3.1 |
'FM Structure ! FM/FM ! - '8.3.3.2.3 |
'Analog Telemetry ! 16 ! kHz '8.3.3.2.3.3
'Subcarrier Frequencies » 24 . kHz : \
' 32 kHz ' \
1
| FM/FM Deviations ! See Subpalagraphs '8.3.3.2.3.5 &
: ! ! '8.3.3.2.3.6
1Analog Telemetry : See Subpafagraphs :8.3.3.2.3.7 |
|
1P/L Modulation Indices : 0.3 to 2.0 : Radians :8.3 3.2.4 :
|
1PSK Data Word Length ! (TES) ' Bits  18.3.3.2.5.1 |
[}
1PSK Minor Frame Length (TBS) ' Words '8.3.3.2.5.2
}
1 PSK Master Frame Length : (TBS) :Minor Frames :8.3 3.2.5.4
[}
1PSK Transition Density ! (TBS) ! - '8.3.3.2.5.6
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8.3.3.2.3.2 Master Subcarrier Frequency Accuracy. The long-term
unmodulated subcarrier frequency uncertainty shall be <:0,1% of the
nominal subcarrier frequency.

8.3.3.2.3.3 Minor Subcarrier Frequencies. The minor subcarrier's nomi-
nal frequencies shall be 16, 24 and 32 kHz.

8.3.3.2.3.4 Minor Subcarrier Frequency Accuracy. The long-term unmodu-
lated minor subcarrier frequencies uncertainties shall be <:(TBS)% of the
nominal minor subcarrier frequencies.

8.3.3,2.3.5 Master Subcarrier Modulation by the Minor Subcarriers. The
master subcarrier shall be frequency modulated by the minor subcarriers
wit? in?ixidua] minor subcarrier peak deviaticns of the master subcarrier
of (TBS) kHz.

8.3.3.2.3.6 Minor Subcarrier Modulation. Each minor subcarrier shall be
frequency modulated by analog telemetry waveforms with a minor subcarrier
peak deviation of (TBS) kHz.

£.3.3.2.3.7 Analog Telemetry Waveform Frequency Response. Any analog
telemetry waveform shall have frequency content from 0 Hz to a -3 dB
frequency of (TBS) kHz with a Towpass rolloff of 12 dB/octave.

8.3.3.2.4 Payload Transmitter Modulation Indices. The composite PSK
and FM subcarriers shall phase modulate the carrier with peak modula-
tion index between 0.3 and 2.0 radians set at the factory with an accu-
racy of x15%,

8.3.

2.5 Data Structure Formats

8.3.3.2.5.2 Minor Frame Length. (TBS)

8.3.3.2.5.3 Minor Frame Synchronization Words. (TBS)

8.3.3.2.5.4 Master Frame Length. (TBS)

3
8.3.3.2.5.5 Master Frame Synchronization Hord. (TBS)
8.3.3.2.5.6 Transition Density. (TBS)
8.3.3.2.6 Payload Minimum EIRP for PSK Data. The minimum EIRP required
to achieve a 1x10-5 bit error rate for the 16 kbps data rate at the out-

put of the CIU for the conditions of 10 nmi range, 1.0 radian modulation
index, worst-case tolerances, and 0 dB performance margin is 28.2 dBm.

3

8.3.3.2.5.1 HWord Length. The basic data word length shall be (TBS) bits.
3
3




8.3.3.3 DOD/SGLS Transponder Turnaround Requirements

8.3.3.3.1 Forward Link Sweep Acquisition. Some SGLS transponder receivers
have a self-contained automatic sweep acquisition capability. The PI trans-
mitter sweep capability is therefore not required for such transponders and
will be disabled. For those SGLS transponders not having a self-contained
automatic sweep acquisition capability, the Pl transmitter will be frequency
swept in accord with 8.3.1.1.1.7, utilizing the fast sweep rate of 10 kHz/s
over the 155 kHz range.

8.3.3.3.1.1 Transponder Minimum PLL Acquisition Bandwidth. In order to
achive a virtual unity probability of carrier acquisition when the PI sweep
crosses the transponder nominal receive frequency, the transponder two-sided
loop noise bandwidth shill not be less than 500 Hz.

8.3.3.3.1.2 Sweep Tracking Requirement. The PI transmitter sweep goes
through one complete sweep cycle before being disabled. The transponder
receiver must therefore be capable of tracking the entire PI transmitter
sweep range (+60 kHz worst case) for the condition of PI transmitter maxi-
mum nominal frequency offset (+0,0012%).

8.3.3.3.2 Return Link Frequency Stability and Acquisition Reguirements

8.3.3.3.2.1 Auxiliary Oscillator Stability. The long-term stabilitv of
the transponder transmitter's nominal carrier frequency as derived from
the auxiliary oscillator shall be no worse than +0.001%.

8.3.3.3.2.2 PI Receiver Lock Loss due to Auxiliary Oscillator-to-VCO
Switchover. It 7s expected that, when the transponder switches its trans-
mitter frequency source from auxiliary oscillator to the VCO, PI receiver
lock (if it had been attained in the one-way mode) may be temporarily lost.

PI receiver reacquisition by frequency sweeping will automatically ensue.

8.3.3.3.2.3 Transponder Turnaround Ratio. The transponder cransmit/receive
frequency turnaround ratio shalll be 256/205.

8.3.3.3.2.4 Return Link Carrier Sideband Level due to Forward Link
Modulation Feedthrough. The maximum feedthrough modulation sidebands of
the return Tink carrier by the forward 1ink command modulation (65 kHz,

76 kHz, 95 kHz tones and the one-half symbol rate clock and its harmonics)
shall not exceed a return link sideband level greater than -26 dBc.

8.3.4 Nonstandard Payload/PI/Bent-Pipe Communication Requirements. Non-
standard communications are those which do not conform to the NASA/PSP or
DOD/CIU command and telemetry capabilities. Nonstandard communication sig-
nals must, however, comply with the PI capabilities and requirements.

3.3.4.1 Command Signals. An input port to the PI transmitter phase modu-
lator exists aboard the Orbiter at the Payload Station (PS). This port
allows nonstandard command signals to be transmitted from the PS by means
of payload/user-supplied equipment. No ground-to-payload/user-supplied
equipment command capability exists. Therefore, is such command transfer
capabilityis required, use must be made of either the PSP or CIU standard
command signalling capability. PS command signals must comply with the PI
transmitter requirements of 8.3.1.1.1.




8.3.4,2 Telemetry Signals. Nonstandard teiemetry signals are defined as
those which cannot be handled by either the PSP or CIU, Such signals are
acquired and demodulated by the PI, and the resultin? baseband signal is
(1) transferred to the ground via the Ku-band bent-pipe 1ink for process-
ing, or (2) made available at the Payload Station output port where it
may be processed by payload/user-supplied equipment, In order that non-
standard telemetry signals be compatible with the Pl performance criteria,
various conditions and restrictions are imposed as per the following
subparagraphs,

8.3.4,2,1 General Payload Transmitter Modulation Criteria

8.3.4,2.1.1 Allowable Modulations. Phase mddulation (PM) of the carrier
is the only aTTowable type of modulation. frequency modulation (FM) and
amplitude modulation (AM? of the carrier are not permitted. Quadriphase
and spread spectrum modulations are also not allowed.

8.3.4.2.1.2 Maximum Carrier Suppression. The maximum allowable carrier
suppression due to the composite of all phase-modulating sources shall
not exceed 10 dB.

8.3.4.2.1.3 Subcarrier Modulation. When subcarriers are employed, they
may be either phase or frequency modulated. Amplitude modulated subcar-
riers are not permitted. Restrictions on the use of subcarriers are given
under 8.3.4.2.2.2 and 8.3.4.2,2.3.

8.3.4.2.1.4 Direct Carrier Modulation by Baseband Signals. Direct carrier
modulation by analog type baseband signals is not allowed. [irect carrier
modulation by digital type baseband signals is allowed, subject to the
restrictions given under 8.3.4.2.2.4.

8.3.4,2,2 Specific Nonstandard Modulation Restrictions

8.3.4,2.2.1 Discrete Frequency Component Sideband Levels. Carrier phase
modulation by periodic siana]s (sinusoids, square-waves, etc.) having funda-
mental frequencies less than 250 kHz is not permitted. No incidental and/or
spurious discrete frequency component sideband Tevels shall be greater than
-26 dBc on a frequency range of +250 kHz about the carrier frequency.

8.3.4.2.2.2 Frequency Modulated Subcarriers

8.3.4.2.2.2.1 Analog Modulations. No analog signal frequency modulated
subcarrier, on a frequency range of +250 kHz about the carrier frequency
shall be allowed to phase modulate the carrier if the inequality

5
fmAf » 4,6 X 10

is violated, where fy; is the bandwidth or maximum frequency of the base-
band analog signal in Hz and Af is the peak frequency deviation of the
subcarrier in Hz. Provided that the above inequality is satisfied, the
maximum allowable carrier phase modulation index, 8, by the frequency
modulated sinusoidal subcarrier shall be the ‘esser of 1.85 rad (1069)
or the B which satisfies the relationship:

04(8)/35(5) = 2 x 1077 £ af,




e N i s

or the 8 which results in a lock detector false alarm probability greater

than x10~% when the lock detector bandwidth is centered on the FM sub-
carrier (1.e., on either relative subcarrier frequency sideband of the
carrier). The value of ¢ may be determined with the aid of Fig. 8.3.4.2.1-1,

8.3.4.2.2,2.2 Digital Modulations. No frequency-shift-keyed (FSK) sub-
carrier, on a frequency range of 1250 kHz about the carrier frequency,
shall be allowed to phase modulate the carrier if the inequality

R > 2x103

b

is violated, where Ry is the data bit rate (bps). Provided that the above
inequality is satisf?ed, the maximum allowabie carrier phase modulation
index, g, by the FSK modulated sinusoida’l subcarrier shall be the lesser
of 1.85 rad (1069) or the 8 which satisfies the relationship

31(8)/94(8) > 1.25%107%(R, )

or the g whlch results in a lock detector false alarm probability greater
than 1 x10~% when the lock detector bandwidth is centered on the FM sub-
carrier, The value of g may be determined with the aid of Fig. 8.3.4.2.1-1.

8.3.4.2.2.3 Phase Modulated Subcarriers

8.3.4.2.2.3.17 Analog Modulations. Phase modulation of subcarriers by
analog baseband signals is not recommended due to inefficiency. As a
result, no such modulations are expected and no guidelines have been
developed,

8.3.4.2.2.3.2 Digital Modulations. No phase-shift-keyed (PSK) subcar-
rier, on a frequency range of +250 kHz ahout the carrier frequency, shall
be allowed to phase modulate the carrier if the inequality

Rb>2><103

is violated, where Ry is the data bit rate (bps). Provided that the
inequality above is satisfied, the maximum allowable carrier phase modu-
lation index, B, by the PSK modulated sinusoidal subcarrier shall be the
lesser of 1.85 rad (106) or the g which satisfies the relationship
- 2
33(8)/3,(8) < 1.25x107%(R,)

or the R which results in a lock detector false alarm probability greater
than 1. 10-4 when the lock detector bandwidth is centered on the £M sub-
carrier. The value of g may be determined with the aid of Fig. 8.3.4.2.1-1.

8.3.4.2.2.4 Direct Carrier Modulations

8.3.4.2,2.4.1 Anal. . Modulations. Direct phase modulation of the carrier
by an analog basebanu signal is not recommended due to inefficiency. As
no such modulations are expected, no guidelines have been developed.

8.3.4.2.2.4.2 Digital Modulations. The criterion for the minimum allow-
able bit rate is based upon a carrier tracking loop RMS phase noise com-
ponent due to modulation sidebands tracking of 100 or less. The allowable
NRZ bit rate must therefore satisfy the following inequality:
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Figure 8.3.4.2.1-1

Curve Used for Determination of Modulation Index




> 9,2 x 107 tan® (g)

Ry
where the numerical coefficient is based upor the PI carrier tracking loop
maximum in-lock noise bandwidth and g is the carrie:r phase deviation (8 <
71.5°). In order to keep carrier loop phase slewirg to less than 18° during
a string of transitionless data bits, the maximum number of such bits shall be:

Maximum No. of Bits Without Transition = 1,0 x 10'4 Rb

This transitionless period must be followed by a reasonable number of transi-
tions in such a pattern that the slewing error is negated within a period of
bits equal t¢ five times the transitionless period. To avoid the problem of
bit slewing, Manchestering of the bits is recommended. Given Manchestered
bits, the minimum bit rate allowed is the larger bit rate calculated from:

3

Ry 2 1.23 x10° tan® (8)

R, > 2.83 «10° /tai T8) .

Maximum modulation index g for &11 digital modulations shall not exceed 71.5°
or 1.25 rad.

8.3.4.2.3 Bent-Pipe Feedthrough Characteristics

8.3.4.2.3.1 PI/KuSP Configuration. Figure 8.3.4.2.3.1-1 shows the general
PI/KuSP configuration for the « ~t-pipe. Telemetry signals may be input to
either the narrowband or wideband channels as defined in the following
subparaaraphs.

8.3.4.2.3.2 Narrowband Channel, The anticipated use of the narrowband
channel is by PSK or FM subcarriers which have nonstandard frequencies and/or
nonstandard data rates or analog modulations. The signal output from the PI
is passed through a hard limiter, following which it is treated as "digital
data" by the KuSP subcavrier modulator.

8.3.4.2.3.3 Wideband © nel, Wideband signals are defined as those which
have maximum frequency cu. <nents on the order of 4.5 MHz. Such signals are
allowed to directly frequency modulate the Ku-band FM transmitter, The
amount of deviation achieved depends upon the nature of the modulating wave-
form, its RMS and peak values being established by the PI wideband output
nonzoherent requlator (see subparaqraph 8.3.1.1.2.15).

8.3.4.3 Nonstandard Transponder Turnaround Requirements. Nonstandard tran-
sponders are defined as those which are not explicitly STON/NE (subparagraph
8.3.2.4) or SGLS (subparagraph 8,3.3.3) types. Nonstandard transponders
must, however, conferm to the PI frequency channel assignments and othewr PI
acquisition and tracking requirements.

8.3.4.3.1 fFrequency Channel Assignments and Turnaround Ratios. A nonstan-
dard transponder must have a furnaround ratio of 2407221 and adhere to the
charnel assignments of Tables 8.3.1.1.1.1-2 and 8,3.1.1.1.1-3, or a turn-
around ratio of 256/205 and adhere to the channel assignments of Table
8.3.1.1.1.1-4.

8.3.4.3.2 Forward Link Acquisition. A nonstandard transponder that does
not possess an inherent receiver acquisition capability must make usa of
the PI transmitter sweep capability outlined under 8.3,1.1.1.7. Either
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of the two sweep rates may be employed and the transponder two-sided loop
noise bandwidth shall not be less than the following limits:

Sweep Rate PLL Noise Bandwidth
10 kHz/sec >500 Hz
250 Hz/sec 5150 Hz

8.3.4.3.3 Forward Link Sweep Tracking. The nonstandard transponder must
be capable of tracking the entire PI transmitter worst-case sweep range as
defined unde ~ 8.3.1.1.1.7 for the condition of PI transmitter maximum
nominal fre. ency offset of +0.0012%.

8.3.4.3.4 Return Link Sweep Acquisition. The PI receiver is required
to acquire the payload transmitter signal when the transponder 1s in its
one-way mode (transmitter carrier frequency derived from the transponder
auxiliary oscillator) or in the two-way mode with the forward link sweep
transponded to the return link carrier.

8.3.2.3.5 Auxiliary Oscillator Stability. The long-term stability of the
transponder transmitter's nominal carrier frequency as derived from the
auxiliary oscillator shall be no worse than #0.001%.

8.3.2.3.5.1 Phase Noise. The transponder transmitter phase noise when the
carrier is derived from the auxiliary oscillator shall not produce more than
a 3° RMS tracking phase error in a 1000 Hz two-sided tracking bandwidth.

8.3.2.3.6 Return Link Incidental Modulatiuns

8.3.2.3.6.1 Spurs. Any discrete frequency spurs within 2250 kHz of the
return 1ink carrier frequency shall be less than -26 dBc.

8.3.2.3.6.2 Forward Link Modulation Feedthrough. The maximum feedthrough
modulation sidebands of the return link carrier by any frequency component
of the forward 1link command modulation shall not exceed a return link side-
band level greater than -26 dBc.

8.3.5. Ku-Band Rendezvous Radar Interfaces. The Ku-band and rendezvous
radar will skin track a target in the passive mode or track a transponder-
equipped target in the active mode.

8.3.5.1 Passive Mode Charactaristics. The rendezvous radar shall have the
interface characteristics defined in Table 8.3.5.1-1 when operative in the
passive mode.

8.3.5.2 Active Mode Characteristics. The rendezvous radar shall have the
interface characteristics defined in Table 8.3.5.2-1 when operating in the
active mode.

8.3.5.3 Transponder Characteristics. The payload shall be specified with

a transponder that is compatible with the Ku-band rendezvous radar. The
transponder characteristics are T3D.




TABLE 8.3.5.1-1 RALCAR PASSIVE MODE
ELECTRIZ.AL INTERFACE CHARACTERISTICS

LR R Y W L RERE L Y LR REELL L L XX L XERLEL X E L A T I K LA R L & A K A X E 4 & & R R L X X 1 L X X X J
0

| Parameter |Dimension| Value | Notes |
(RS EIE Anild RISt bt Rhdd bl b bbbt bt Snbinbll Reddedn bbbt dald |
{1. Target | | | |
R, | | |
|Size | Square 1.0 Minimum |Radar system sized |
| | Meterx | |to detect in 1 me |
| | | Iscintillating |
| \ | jtarqget at 12 min- |
| ( { {imum angular |
\ | { isearch field of 30 |
( | | {deg by 30 deg with |
| | | 199% probabxlity. |
f=ewem=omrmee= | ===~ Rttt ddeb i il deiaindell Ededdefleiebd et |
{Scintillation| {Swirling Case I target |Target is stabilized )
(Characteris- | | jin 3 axes to an {
|tics { [ languluar rate ot THO|
| | | |{deg/sec. |
bbbt Bt bl et it ddbd Rddededbdddadededdddeddedl |
{2. Radar {GHz {Nominal Minimum at 13.75(4 Step, Fudge Diver-|
| Operating | | Isity - 52MHz per |
{ Frequency | { |Istep during detec- |
| | | ftion dnd tracking. |
bbbt i Eabdiabdobebd Eededebdldy eseesse==- el Rebdbdddd smemeeeee|
13. Antenna { | { |
{Character- | | { |
{istics | | { i
|e=cweemmene- b Radbdabdh g | =======- Seesessssess- bt Redebddh b d b S s |
{Gain | dB 138.5 |A* 13.775 an |
seesse=nveres| eescmcees|scemmccen" bbbttt bl bbb bbby R |
iSidelobe | dB {20 minimum | {
| | relative | | |
! | to | | |
\ | rainkeam | | |
|=====- seseee-- | ====- el =———- intriedeiietdedhei et [me=mmmem e rmee e |
| Type | {5 “Horn" monopulse, {Two-gimbal antenna |
( [ tautomatic tracking, {mount (
| | | front-fed parabola. | |
|====-- vememess | mmemnm . |====e-eeca==- ikl Bty |
{4. Trans- |Natts 150 peak, 10 averaqge {Peak and average 1

{power are function |
jof range and selec-|
jtable duty cycle. |
{Peak power variablej|
fover 45 dB range - |
{buty cycle variable|
10.001 to 0.3 |

Imitter Power |
| [

o w—— — e
——— o - a—
— e A - ——




TABLE 8.3.5.1-1 RADAR PASSIVE MODE ELECTRICAL

INTERFACE CHARACTFRISTICS (Continued)

| Parameter |Dimensioni vValue | Notes
'-----—n----o-' ---—---n.'o-m-------.-‘------.----' ..... EEELEE TR T .t T
‘-------------‘ .-‘------‘-‘------.-------‘------" ------------------ -

| PRF | pulses/ |TBD Detection |
| | sec ( |

Rt bbb Bl bbbttt Rl b bbb f b Rl bbbt --
|5. Receiver | | |
(===== aiubdaintebebd Eebdebinetbded Redetdebe et bbbl Ry Sesesssse-coe
{Noise Figqure {dB {5 |
'-. ..... ‘-‘---"-_------'-- ----- ---‘---.---------' ......... L L B K

jInput Power |[watts (150 At input port to
{Limits |average | ilow-noise amplifieri

--—‘.‘----.---‘ ---------i -----------------CQCC-Q-lsa------'-'-.------o'

{Dynamic range| dB {115 | |

PR E R X X E X R X R N EE T R X E X X N E R T E I E X L XL X X X X N EE X X I E_E I X X N T F U R IR N R
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TABLE 8.3.5.2-1 RADAR ACTIVE MODE ELECTRICAL

INTERFACE CHARACTERISTICS

{ Parameter |Dimensioni Value { Notes |
'-------------' ------'--'Q-- ...... - ED AT WD W W W ‘--"---- --------------- '
{1. Target | | { |
| Type | | | |
'--—----------‘---'-----.----‘--‘----‘-------‘---'-------------‘ ----- '

|Target carries
jcoherent pulse
transponder which
fretransmits ampli-«

|Transponder | |
|
{
|
|fied replica of re-|
|
|
|
|
|

|Pulse Beacon

iceived pulse.

| Beacon carryin
{target is stabilized
fin 3 axes to THD
jdegs/sec each axis.

e . . —— — —— -

""""""" Rl i it At bbb bbb bhibdd Bl bbb bbb b td
|Operating | ft. |1.824X106 Detection | {
|Range | 1100 minimum | |
o= | =====m—-- |=====-- Ridaindedededdhdh bt e bbb Dl {
|sommem - | =====<e==| s eccccnncee bbbl | ===~ meorace- eme===|
{2. Beacun | | | {
iCharacter- | ( ( |
¢ istics { { { (
Rttt S Shahd Bedefadn itk b b deb i bt e tinininda it |
{Minimum | d'm | TBD |Function of target |
{Detectable | | fantenna and re- |
|Signal | | ceiver sensitivity |
|=eemmmmmmm—- | === wmv——- RS bbb i bbb il | =s=evmemmr e |
{EIRP | dBW {TBD | |
|==m==- bttt Bl bbb Rt b el bbbl Eabdh ks TEeTesmsse- |
|Coherance | | TBLC | |
|==oemmm e il It R sesemoces seswess- I ittt |
(Delay | usec { TBD | (
|=====ceene=- | ===== et dd Rt bbb bbb bbb b hbd e bbbl {
{=emmmm——- Rl Bt === b Dfadabdeided b Sty Sesesse- |
{ 3. Radar | | | [
|Characterist-| | | {
lics I | | !
=== | === ——-- | ~====-- sesssssssssessce- R ettt aiuldis |
|Transmi- |GHz {13.8 nominal i |
|Freq. | { { |
e el R b it Eelb bl i idndadhdededed bl Beleledebia bbb |
|Receive Frea.|GHz 113.8 |Same as radar |
] [ ) itransmit freq. {
I I I |+TBD Hz. |
frmmm e b e ettt ittt el Bt deide e |
{antenna Gain |dB 138.5 ITransmit and (




TABLE 8.3.5.2-1 RADAR ACTIVE MODE ELECTRICAL

INTERFACE CHARACTERISTICS (Continued)

W SN W U M R W W D B D MW T IR ED TN W D @ AW WY ORGSR AR R AR W W e e wp

{ Parametar |Dimension| Value { Notes |
| i f |receive i
'.'-..-‘---..“....-.‘-- --.0-‘---..-‘.-.....----'-.'-.-.----.‘------‘
|Antenna side-|dB rel- {20 minimun | {
|lobe level {ative to | | |
| {main beam| | |
EELA LSS RAil bt Bt bddt bt b dd it b Eaddetddadahddas niualdded|
|Antenna 'Type | {5 “Horn%" monopulse, {Two-gimbal antenna |
| | fautomatic angle track, (mount. |
| { |{front-fed parabola ( |
|moemm=- AL R Rttt il il Bttt S bbb hibd EAbbbhadabb bt l =1
|PRF*'s | pulses }224 search and track (For range greater |
| | per sec. | fthan 10 nm. |
| { 17177 Track jRange less than 10 |
{ : | :nm. |
bbbt bbb bbbt Raddaddabdat hinddaibddnte il R Tee=cecesecece- |
|Pulse widths |{usec. {Dual 4.15 and 0.122 {Used in search i

| | {ranger. |

| |4.15 {Used for track whenj|

i { irange >10 min. |

| 10.122 {Used for track when|

| | frange < 10 min. |
ceesee-- cemsee|me== secc|=errerercccsencecccrrnce s esessecreonn- -===
Transmit |Watts {60 {Peak~-duty cycle in |
Power | {search or track andl

|target range deter-|
fmines average |
{power. Peak power |
{controllable over |

—— . e ——— — — ke W -

— S aama D ES S enmp . a —

|u5 dB range. |
|o==mmmme=- c=f====- b Bt ST eserssssccese- |==<=se--eoccccnrecone |
|Receiver |dB 5 | |
|noise Figure | | (
|===eeocmmeoe- | =e=emmee=]=m-- hbddeb bbbttt S Rl bbbt d i S Sl
{Input Power |Watts |50 - damage level |At input port |
jLimit | (average) | ito low-noise amp. |
| { {12.5X103 148 gain com- {Low~-noise amp. |
| | | pression {to low-noise amp. |
| | | | |
|vomemtrccnn- | === |==-----essocosrcemccoo |=e=-=mmmmmmemmmen i
IDynamxc Rangeids {115 { {
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APPENDIX V
PAYLOAD MINIMUM EIRP FORMULATIONS

The following is in reference to Section 8.3 and especially
the entries for Tables 8.3.2.2.6-1 and 8.3.3.2.6-1 of ICD No. 2-19001,
A1l formulas are given in logathithmic form.

EIRP Definition

The EIRP is the effective isotropic radiated power of the pay-
Toad and consists of the three components:

EIRP = PT + GT + LTX

where PT is the transmitter total RF output power, GT is the transmitting
antenna gain, and LTX is all transmitter circuit losses.

EIRP Relationship to Link and Receive Parameters

EIRP = PR - GR - LRT - LS

where

o
1

R received power at the RF port of the PI

GR = receive antenna gain
LRT = total receive circuit Tosses
LS = payload-to-Orbiter space loss

Carrier and Data Components of PR

b e ———— ——— . S Wi & S -

2
Re = PR (®)

+ 2J]2(9)

P

it

Carrier Power

Hi

P P

Data Power

RD R

where 8 is the transmitter phase modulation index. For standard payload
modulations, 6 =1 #0.1 radian. The following table tabulates the Bessel
function values.




B

6 = 0.9 6= 1.0 6 = 1.1
352(8) 1.9 dB -2.3 dB -2.9 dI
ZJ]Z(e) ~4.8 dB -4.1 dB -3.5 dB

Parameter Values

GR = -0.5 dB (gain at -3 dB cone edge)

LRT = -10.3 dB (includes antenna to PI cable loss and
polarization loss)

LS = -125.0 dB (10 nmi @ 2300 MHz)
NO = ~167 dB/Hz (7 dB NF)
-5
EB/N0 = 9,6 dB (Pe * 10°")
LPI/PGP = -2.9 dB (total PI and PSP losses affecting data receptior).

EIRP Based Upon Minimum Carrier Power Requirement

The minimum PRC needed to satisfy the PI carrier acquisition
requirement is

For the most unfavorable carrier power modulation index condition (6=1.1):

= 2 . .
EIRPmin = PRC —JO (1.1) = GR - LRT = Lg
= -122.5 - (-2.9) - (-0.5) - (-10.3) - (-125)
N am—— e ——————
V —— - (-135.8)
‘ EIRPmin = 16.2 d&;1
I

The EIRP may not be below this value regardless of the data power
requirements.




EIRP Based Upon Data Power Requirement

The most unfavorable data power modulation index conditions is
8 = 0.9, The EIRP requirement is:

- 2

RT ™S

= 9.6 + Ry - (-2.9) - 167 - (-4.8) - (-135.8)

= Rb - ]309

The table following tabulates the EIRP for the PSP data rates.

Ry - kbps Ry - dB - kbps EIRP (dBm)
1 30.0 16.1
2 33.0 19.1
4 36.0 22.1
8 39.0 25.1
16 42.1 28.2

Note that the EIRP for the 1 kbps rate is lower (by 0.1 dB)
than the minimum required to meet the carrier acquisition requirement.
Thus, the EIRF for 1 kbps must be specified at 16.2 dBm because of the
possibility that 8 could be 1.1 and not 0.9.
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APPENDIX VI
AN UPDATE OF NONSTANDARD PAYLOAD MODULATION RESTRICTIONS

A rationale for nonstandard payload modulation restrictions was

developed and published in Section 5.2, pages 98-119, of the final report
to Contract No. NAS 9-15240D, "Shuttle Payload S-Band Communications
Study," March 9, 1979 (Axiomatix Report No. R7903-1). The following out-
Tine discussion is an upgrade to these restrictions as a result of a
change of philosophy by TRW toward PI receiver false lock avoidance.
This changed phkilosophy by TRW concerns sweeping the receiver VCO suf-
ficiently fast that sideband lock is precluded {(rather than relying on
the lock detector to discriminate between true lock and false lock sig-
nal conditions).

Brief Review of Swept Acyuisition No-Lock Criteria

¥ the natural trequency, w,, of the PLL is such that:

n

u\n . \'\A‘Sm . (])

where e is the sweep rate, then lock will not occur on discrete tre-
quency components,

Now the natural frequency, W is proportional to the amplitude
of the discrete frequency as seen by the PLL. The amplitude of an car-
rier sideband as seen by the PLL durina acquisition is a function of the
receiver noncoherent AGC and the modulation index of the signal giving
rise to the discrete carrvier sideband. For phase modulation, the latter
conditinn is proportional to J](u)/Jn(ﬁ).

If - 1s the maximum value that the PLL natural frequency can
attan for the carvier (the maximum value occurring tfor strong signal
conditions of the receiver input), and g is specifind or fixed, then a
necessary condition for po-lock onto discrete frequency sidebands is:

()
- . 2., ‘))
\]n<ﬁ) &




Current TRW Parameter Values

The minimum receiver internal sweep rate is 330 kHz/s - 104 =
297 kHz/s,

The maximum PI transmitter sweep rate turned around by the pay-
Toad transponder is 13 kHz/s x (240/221) = 14 kH ' .

Since the receiver and transmitter sweeps «:e uncorrelated, the
net effective minimum sweep rate is the difference;

fs = 297 kHz/s - 14 kHz/s = 283 kHz/s

TRW calculates the largest acquisitior value of w, at threshold
to be 2923 rad/s. Based upon a 300-kHz IF fi1° » prior to the PLL and
nencoherent AGC detector, the gain dincrease of the PLL from threshold to

strong signal condtiions 1s determined to be a factor of 4.38. Thus,

won S v3.38 x 2923 = 6120 rad/s.

Taking the above values of fg and -
2 1

Jy(r) X 28y o
3 (1) - e = 0.047 = -26.5 dBc.

voib (6120)°

This calculated value corresponds almost exactly with TRW's experimentally
determined figure of -26 dBc.

Rev. 2 Restriction Changes

The -26 dBc discrete sideband Tevel has been used throughout
Section 8.43.4.2.1 where discrete trequency sideband levels are referred
to.

A review was made of the wideband spectral sidebands criteria
due to FM or PSK subcarrier modulation. It was determined that the uven-
eral restrictions were over consiraining by a factor of 2 because the
wrong relationship was substituted in the original analysis for ., and

n

) .
Sw




Another update made is that the applicable frequency range
about the carrier for the modulation restrictions has been increased from

4200 kHz to #250 kHz due to TRW PI receiver changes with respect to If
bandwidth and acquisition sweep range.
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8.3 DETACHED PAYLOADS

The Payload Interrogator shall provide full dufrlex RF
communication between the Orbiter and detached payloads.
This capability shall include transmission of commands to,
and the reception of telemetry data from, such payloads.
Both NASA (STDN and DSN) and DOD (SGLS) transmit/receive
frequency pairs shall be availakle. See Appendix ¢ for
specific selectable chanmels.

In additior to two-way RF communicatior, Ku-band rendezvous
radar shall also be avajilable. The radar shall skin-track
targets in the passive mode or actively track transponder
eguipped payloads.

In the following paragrapghs, "charactexr.stics” referse to

those Orbiter avionics characteristics of which the payload

must be cognizant, and ®*requirements" yrefers tc

specifications placed uvpon payload comrunication equipmen:.
Payload inete vwopator

8.3. 1 \RINEF_Interfaces.

8.3.1.7 Jrargritter Characteristjcs. The princiral
transritter characteristics shall be ag listed in Table
6.3. 1. 1-1,

B.3.1.2 Recejver Charasteristics. The princigpal receiver
characteristics shall be as listed in Talle 8. 3.1.2-1.

8.3.1.3 Arteppa Characteristics. The PIfFayload link slall
utilize a single beam antenna for both t¢ransmission and

reception. The antenna shall have a bean wid¢h bounded by an
80° cone aligned with the +Z axis. Polarizatior, either FHCP
or LHCP, shall b@hselectabla~ucéngme~sh§tet in the Orbiter.
SITCcH
6.3.2 pPJI Data Interfaces. Cata interfaces provided for
detached payload use are classed as standard or non-staniard,
Standard interfaces are prewired interfaﬁes provided by the
baseline Orbiter employing pre-establieh data handling
methods. Non-standard interfaces are thdse requiring
payload-provided unique wiring and processing equipment to be
installed at the AFD. 1Input/output data interfaces shall be
available at the PSDP for access to and frcm the PY. Fiaqure
B.3.2-1 presents a block diagrar of the signal routing for
both standard and non-standard operaticn.

8.3.2.1 Standard Pavloads.

B.3.2.1.1 Commands. Command data shall be accepted by the
Payload Signal Processor from the GPC. This data shall he
modulated onto a 16 KHz subcarrier and handed off to the PI
for RF transmission to detached payloads. Refer to Para.
8.2.5 and Table 8.2.5.1-1 for command structure and
subcarrier performance characteristice.

18C Form B9A (Oct 73)
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8.3.2.1.2 TJelemetry. Telemetyy data in standard operation
shall be modulated onto a 1.024 MHz sulcarrier by the ;

i« payload. The PI receiver shall strir the FF carrier and hand i
|

off the subcarrier signal to the PSP. A single fcrr of ;N‘
teleretry signal shall be allowed with sumrayy requirements «f‘
as listed in Table 8.3.2.1.2-1. s "
. Q.
8.3.2.2 Nop-Standard Pavloads. - St
B paylond selectable (Q

shall exist at the payload station distribution panel (PSDP
This port shall allow non-standard ccrrand signals to
directly modulate the FI transritter. Such signals shall
conply with the reguirements showpn in Takle 8.3.2.2.1-1,

8.3.2.2.1 commapds.N Am input port to the PI transmitter ‘F

8.3.2.2.2 Telemetrv. An output port from ¢he PI receiver
shall exist at the PSDP. The interface characteristics for
demodulated RF siagnals from the Pl shall be as defined ir
T&ble 8.3. 2-2-2-11

8.3.2.2.2.1 Telemetry Mcdulatiop Criterja. Phase modulation

(PM) of the payload transmitter carxier shall be the only
allowable type. (Quadriphase modulaticn shall not be not
allowed). When employed, subtcarriers shall be either phase
or frequency modulated. Further restrictions on the use of
subcarriers will follow. Direct carrier mcdulation by analog
signals shall not be allowed: however, direct modulation by
digital signals shall be allowed suhject to restrictions to
follow. Carrier modulation bty periodic eiagnals having
fundamental frequencies less than 250 KHz shall not be
pernitted. No incidental and/cr spuricus diuscrete freguency
componéent sideband levels shall be greater thar 29 db below
the unmodulated carrier within a fregquency rangs of 250 KHz
about the carrier.

8.3.2.2.2.1.1 Freguency Modulated Sutcarrjers.

a. 2naloo Modulations. The sukcarrier freguercy shall be
greater than 250 KHz and the analog modulation shall
satisfy the inequality:

fubf > 4.6 x 109

. where f, is the bandwidth or maximun freguency of the
baseband analoo signal in Hz and Af is the peak
frequency deviation of the subcarrier in Hz. Provide3d
the above inequality is satisfied, the waximunm allowable
carrier phase modulation index, B, by the frequency
modulated sinusiodal eubcarrier shall be the lessor of
1.85 radians (106°) or the A whicl satisfies the
relationship:

J,(B)/To () = 2.0 x 10-Tf,Af

b. Pigital Molulatiops. The subcarrier frequency shall be
greater than 250 KHz and the data kit rate (F,) of the

18C Form 88A (Dct 73) NASA - JSC !
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frequency shift keyed (FSK) wodulation shall be greater
than 2K£PS. Provided Ry is greater than 2KBPS, the

. maximur allowable carrier phase wcdulation index, 8, by
the FEK modulated sinusoidal subcarrier shall be the
lessor of 1.85 radians (106°) or the p which satisfies
¢he relationship:

: J(B) /7T (B) 2 1.25 x 107%(R,) 2

8.3.2.2.2.1.2 phase Modulated Subcarriers.

a. Analog Mogdulations. Phase modulation of subcarriers by
analog baseband signals shall not be allowed.

b. Digital Modulatiops. The subcarrier frequency shall be
greater than 250 KHz and K, of the phase shift keyed
(PSK) wodulation shall be greater thar 2KPP5. Provided
Re is greater than 2 KEPS the maximur allowalle carrier
phase modulation index, B, by the PSK modulateq
sinusoidal subcarrier, shall be the lesegoxr of 1.R5
radiang (106°) or the £ which satisfies the
relationship:

Js(B)7To(B) S 1.25 x 10-*(R,)?

8.3.2.2.2.1.3 pirect Carrjer Modulaticn.
a. aAnalog Modulations. Direct phase modulatior of the

carrier by an analog baseband sigral shali not Lbe
allowed.

b. DPigital Moduylations. The allowakle NFZ bit rate must
catisfy the following inequality:

Fe > 9.2 x 104 tanz2p
The maximur number of such bits without transition shall
be less than 1.0 x 10-¢Fg;. The mrinimum Ri-e¢-1 bit rate
allowed shall be the laraer bit rate calculated fronm:

Ky, = 1.23 x 103 tan?p ¢ OF

R, * 2.B3 x 10¢ ytang

The modulation index p for all digital modulations shall
not exceed 71.5° cr 1.25 radians.

8.3.2.2.3 pIs/ps_cortrol piscrete. A control diecrete shall

VlA“‘ PsdP rovided,,to the PI to enable the PS input and output ports
an isable the PSP iaput and outrut pcrtes to/from the PI.

The characteristics of the control discrete shall be as

follows:
True State (PS ports to/from 18 to 32 vIXC
PI enabled)
False State (PSP rports to/from 0 to 3 VIC

JSC Fofm B9A (Dct 73) NASA.JSC
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PI enabled)
Termination S8irgle ended return
to pwr grnd
True Btate Current 10 williarps maximum
Power Off Impedance 10 K ohre winimn
Load Impedance 3.2 K ohrrs minimum
Cargo element signal processors installed in the PS shall
utilize an indication of which PI hax Leen selected for use
to direc¢t command data and the PS5 control discrete tc the
correct interrogator. One of two circuits fron the forward
load control assemblies (LCA €2 and 03) shall contain a 28

VDC signal indicating which of the twc interrogators has been
powered on. Interfaces with theze circuits at the PSDP slall
be used to provide limited control power, as required, for
the FI. The characteristice of the twc cirxcuits shall be as

follows:
Logic '1* State (FY on) 24 to 32 vDC
Logic '0' State (PI off) 0 plus 2.5, minus 0 VDC
Maximur Current 125 milliamps
Terrination Sinagle ended return to

power ground
Circuit protection shall be provided ir the carac element
user unit such that overloads shail not fauvlt the fusiny in

the LCA's.,

If a power return line is required in the Cargo element user

unit, power return for Bus A, B or C shall be¢ used.

8.3.3 Rept Pips Modes_for Detached Pavlioads. The COrhbiter

Payload Interrogator shall provide a 'kent-pipe' mod
detached payloads to permit the remodulaticn cof rece
Band signals onto the Ku-band returr link carrier.
band sianal processor thall accept the demcdulated s
fror the payload interrogator and, as a functicn of
frequency content, route the signal, ir response to
commands, to either the narrowktand charnel (Channel
or mode 2) or the wideband channel (Channel 3, mode
Received data modulated on a single sutcarrier and h
highest freguency component less than 2 MHz, shall b
to the nmarrowband channel. TCata modulated on more t
subcsrrier ands/or havina frequency corgonents betwee
and 4.5 MHz, shall be rouvted to the widebard channel

8.3.4 [Ku-pPapd Fepgdezvous Eadar Interfacers.

8.3.4.1 Ppassive Mode Chiaracteristjcs. The rendezvour radar

ghall have the interface characteristics defined in
8.3.4. -1 when operating in the passive mode.

8.3.4.2 Actiye Mpde Characterjstics. The rendezvou
shall have the interface characteristics defined in

8.3.4.2-1 when operating in the active rode.

e for
ived S~
The Ku-
igral

its
external
2, mode 1
2).

avirg its
e routed
han one

r 2 MHz

jakle

g radar
Table
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6.3.4.3 Trapspopler The payloa2 shall be

specified with a transponder that is compatitle with the Ku-
band rendezvous radar. The transpcnder characteristics are

TBD.

NASA-J5¢
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TABLE 8»3.101-1

s o o o > s o i 2 T 5 i o St T Ty G - 7

(| PAFAPETEF \ VALUE { ONITS
‘ -------- - i - l———— ' —————————
{ DOD/1.~Band rrequency rangel |
| {SGLS) 11763.721 ¢o | MHz
| 11839.795 |
| | |
INARER/S~Band Frequency | |
{Range: | {
] STDNR 12025.833400 to | MRz
| 12117.916600 |
{ DSN 12110.243056¢ to | MRz
{ 12119.792438 {
jr e e e ——— f e e e o o e e e
|Carrier Frequenf&_ i +0.0012 ( |
:Tﬂ*ﬁtﬂﬂCQ | : ‘
{Carrier Phase Noime \ €10 |Degrees ENMS
oo e e o e |- - Eg: |- -
{Carrier Spurs | < - L | dec
e e e e e e jm——————
{Carxiexr Sweer RKange | {
| | {
i NASA (Wide) [ 127545 | KBz
\ pon (wide) { $5515 { kHz
\ NASA/IOL (Narrow) | +3343 { kHz
o o e f=m— e ———— | ————
[Carrier Sweer FKates { {
| 75 KHz Fange (aeminal) | 1043 { KHz/sec
{ 55 KBz Range(&hnunu( [ 1043 { KEz/s€c
1 33 KKz Ranqe(nuannu( { 250275 | Ez/sec
———————————————————————— ‘—-- —‘——-—n—_n—-—
{EIRP-~Righ \ 429 min | der
{ Medium { +19 min \ dEm
i Low { -4 min | dem
| { |
& at Orbiter interface.
*s 0,2 MHz to 16 GHz from carrier
jeo He (Nommq\s
tracking

(1) Steady state error for a
lbandwidth/ioop)

PRINCIPAL PI TRANSMITTER CBARACTEFISTICS®

A i S U S U T G S S G W e (i D SR G . D O D

{¢ee Appendix |
{C for in- |
{dividual i
fchannel freq. |
jselections |
{
|
|
|
|

{
!
|
!
|
{
{
{
{
|

{Thrers select-
{akle levels
fat antenna
{interface.

|
l
{
!
—_;_—mu—_o——_‘
|
|
|
i
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{ Acguisition {  i.7(xi07'*  |Wts/S5g. Mtricone st 2200 |
| Threshold { o gl *‘0:" |Wts/5g. Mtr|MHz |
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TABLE 8.3.1.2-1 PRINCIPAL PI FECEIVER CFARACTERISTICS*

{ PARAMETEF { VALUE { ONITS NCTES i
e - ———————— - | I — e ——
{DOD/1~Band Freguency Range|2202.5%00 to (  MBz i|See Aprpendix |
| (SGLS) 12297.500 | {C for ]
| | { tindividual |
| | | fchannel freqg |
iNASA/5-Band Frequerncy { | |selections |
{Range: 12200.000 to { MHz { |
| STDN 12300.600 | ( '
| DSN 12290. 185185 to | MBz i ]
| 12299.81481% | ! |
i e ————— - - ! it Rttt |
INPise Fiqure (Max) [ 7.0 max. { dE { b !
e e -i- - = |=—m—m e m————— |
{Carrier Rcquisitior Sweep | 8BS { KRz | i
{Fange (Min) { { | |
e ettt (= —————e j=——— fm— {
jCarrier Phase Lock Time | %5 [ Sec 4 |
e e (- -\ - Rttt Rttt
{Carriexr Sweep Range ( | | |
{ Minimun | +112 | KHz | i
1 Maximum | +132 ! KHz | |
T e - m—————— = e e {
{ Modulation Index { 1.0£10% { 1 {
| e === - {—= ibtntntadl Edeinbetabteth !
{False Lock Immunity | { f |
| Sideband Corronents | L | { |
| Sigral lLevels { | | ]
R ittt edentaliettll Enteteteitieiasetsll Rl ioneettell Rttt |
{Output F'Ngucnc\,« Ecsfowse. i <001 to 4.5 MBz 1 ~34L Pornt {

. —— o - — - ot o oo - — o— .-.—.—...-._.—_——.—---— |——-..____---.—-. '...-.._........__......_-.-— ‘

{Flux Density at Orb. I/F
| Acguisitior

| !

{ {
| Tracking: Threshold | 1. 71x10-¢ |Wts/Sg. Mtr |MHz |
] In Lock { 1. 08x70~8% fhts/Sq. Mtr| {
i Maximum t 6.28x10-3 {Wts/Sqg. Mtr| {
T s e s - tm—- R mutetall Rt ettt |
AG/T (Gain/Temp) { -38.9 jdB/degree K| {
------------------------ {=——- == - |- |
{Input Pnase Noise (Mmf) 1 5 { degrees | |
e e e §o e o o e e e fmmm——————— frrmmm e |
{Freq. sShift Rate i <17 { KEz/Sec | |
i Freg. Shift i <87 | KBz { {
e e |~ = [ e e e |-————— |
{Carrier Suppression i <10 { dx | {
s e e i i [ e e s [ e e [ e m o |
fModulation Types { PM { 1 i
i Carrier t PM(FSK) or $ { t
{ Subcarriers {f FM(FSK) 1 ! f
e e e f——- - -~ |=m—m——m——————]
{Rent Pipe Limiting Fatio 2.9 to &.4 { V=F/V~EMS | {

8.30x10-¢ {Wts/Sq. Mtrjicone at 2200

80° antenna

e < - S v S Y S . i e T Bt Joh e S S e ke dpg . (g S U G WS ASS T T Tt 4\ B - -
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* At Orbiter interface ;
"% To preclude false lock no periodic wodulaticrn components F
.qreater than -29 dbc shall be allowed within 250 KHz of the
carrier frequency. !
¢s*+ Referenced to the RF PI input/output pozst. |
!
|
!
I
4
!
|
!
|
1
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pata Formatting Regts. See Pavragraph 8.2.1.1
{
264 transitions in 512 Lits
i
{264 cons. cutive hits w/0
{transition {

T ——— 04 At Wt W i Yo Naw A AN M W U MY il WY AT Gt S Y S S S W T S o W ——— A —— T W A I e W ) S O B e G T . .

Transition Density

D SRR gy T g SEE gy - -

TABLE B.3.2.1.2-1 STANDAFD TELEMETRY SIGNAI REQUIREMENTS

| PAFAMETEF { VAIUE { ONITS | NOTES t

Bttt bt - e ——— = e i (

{Waveforr {Sinuscidal | - 1 |

| | | |

{Modulation \ PSK, 190 §{ regrees | 1) |

{ { . { {

{Subcarrier Frequency { 1.024 { MEz \ {

| { £0.01% { | |

| | { |

{Sutcarrier Harronic { <1.0 | % 1 |

{Distortion (Max) f | { |

| { ' {

| Subcarrier Freguency \ <0.01 { % 1 i

(Stability cver 1 hcur ' | i |

| { { | |

tP/7L Mcdulation Index { 1.0 ¢ 0.1 { Kadians | |

| | | | 1
{Pit Rate { 16,8,4,2,1 | kbps l | ’

| | | | !

{Bit Format INRZ-I,M ox S, | - | |

for Bie-L, M, 1 | {

jor € | { {

| | |

Data Asymmetry £2 i X | {

i { |

Pit Rate Stakility >0.01 { X | {

| {

| |

{ |

| |

! {

{ {

| |

(1) The data tits and subcarrier phasc may ke acynclrorovs or,
if synchronous, no specific relationshiy is required.

1S Form 59A (0ct 73) NASA-JSC
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TABLE 8.2.2.2.7-1 PSDP 10 PI DATA INPUT ELECTRICAL
. INTERFACE REQUIFEMENTS

VALUE \ NCTES

PM/FSK |

!
Iinear {

{
!
[
[
i
[}
|
]
!
t
1
[
1
1
|
|
|
!

UNITE

{Carrier Modulation
{
{Modulator Type

|
{Modulator Input Bandwidth

(
-1
|
|
{
| |
| ¥ to 200 (3db, One-
' i
{
|
!
|

KHz
| {sided
{
{Signal Level volts (1)
{
{Load Impedance chrs 75 ¢ 5

|

|

|

| |
{Cifferen |
|

|

{

|

|Load Ternmination
ftial,
{balanced
f{direct
jcovurled

- T Yo W S Y A Bt > > S o B G Vaals W S s oan - - s Y e W U Pt o T S Y W e Y e - ¢ 3 -

D i S D e Dy S e P auy CED GEP D G D WP e
-
e AN S D D D N S —— o —— —— G amb S

(1) 1.0 to 8.0 ¢ 10% peak-to-peak lime-to-line (0.2 € B € 2.5).
The phase deviation shall be directly rropcrtional tc the
amplitude of the input signal. The linearity of the phase
modulator shall be maintained to withir 10X frcr 0.2 radians
to 2.5 radians when measured fror kest straight linre.

(1.0 ¢+ 0.1 volts P-P, L-1, is equivalent tc¢ 0.3 radiane;
8.0 ¢+ 0.8 volts, P-P, I-1, is equivalent tc 2.4 radians.)

TSC Fore B2A (D¢t 73) NASA-JST
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TABLE 8. 3- 2. 2. 2-1
INTERFACE CHARACTERISTICS

PARMMETER

Output F;'G, ven u’ Bas
Bandwi-dthy-

Output Signal Level

|{Load Impendar.ce

{Load Termination
|

|
|
i
|
|

f”" <

- v——— ———

- ——— '--

PI TO PSDP LCATA OUTPUT ELECTFICAL

sHEeT 120F 18

UNIT

S

MHz

VEMS

ohms

IRN NO.
ICD NO 2-19001 RevF
30-1528<
! VALUE | NOTES {
- ' ........ '
(001 to §.5(cne sided, i
| {3 4B |
| | |
f 2.020.4 ({Not to exceed|
| I8 volts P-P, |
| {I-L. {
| { |
{ 7545 | |
| | |
{Differen- | |
itial, { {
{balanced { |
{direct ' |
{courled { i

- — Y —— A S . ) e - — o — - > -

JSC Foem 694 (Oct 73)
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TABLE 8.3.4.1-1 RADAR PASSIVE MODE

ELECTRICAL INTERFACE CEARACTEFISTICS

— e R S S S I Y W G S S W TN GG S S e S I W W W G W — - —— - -

{ Parameter (Dimension| Value { Notes |

'—_-—---vm—--—_-——-—-—--——-—-—.3_-—— - P e '

11. Target Type

'—.—.—---—--—_——-_—-—_..-...-—..——--_—-__._..._.——.—_,.-_--...-—.——-.—.———.---.—-_--—-—.’

{Size {Meterxr? (1.0 Minimam { (@)) %
Lt G G G CD G SN GRED A W S l_'——‘—_h-- '---———--——---‘---*-——” ‘—____‘—_-"--'.-——-ﬂ-! - s '
fScintillation| |Swirling Case I target |[Target stabilized |
{Characteris~- | | fin 3 axes to an |
ftics | | {angular rate of TBD|
{ | { fdeg/sec. i
________________________ - - - - - ———— o e - P Sy '
{2. Radar |
' ———————————— e o e v S o St S P B . M AP o s S T U S O WP VA S S O S S S W S A S o T S0 - o o > oot '
| Operating |GHz {Nominal Minimun at ( (23 {
{ Frequency | 113.779 ' {
— o o " —— . S S S o Py T o . S S W Y s e v —— L o |

L
{3. Antenna Characteristics }
e e e s e e e e e e {
| sidelobe (dt 120 minimum { |
i jrelative | | |
{ {to { { |
{ {rainkeam | { f

{ EIRP t dbw 52 peak (At 13.779GHz (3) |
el R e il
{PRF {pulses/ {(nominal 7000 and 3000 {PFF varies with {
| |sec { {range |

A e o . o S T B S A e n Go Ab e S S o B S D S P o Tt A G i A A A S D T e S s S — o — - ——— - - ‘

{Noise Figure (dt {5 { f

{1) Radar svster is designed to detect a 1 ir2 scintillating
target a%t 12 NM with a probability of detection of 0,99.
Anqulay searchfield varies with range from a 20 degree half
angle cone at 12 NM to a maximur of a 30 deqgree half angle
cone at 8 NM or less.

(2) 5 frequency, 4 step freguvency diversity - 52 MHz per step
during searcl, acquisiticn and tracking.

{3) Pezk and average power vary with range and duty cycle. Tty
cycle varies with range f{ror approximately 0.001 to 0.3.
Peak power selectable - medium and lcw power melections
provide norinal reductions of 12 or 24 dp respectively.
Autoratic switch to TWT typass (approx. 40 dB reduction in
transritted powkr) at shcrt ranges.

13C Form 60A (Dct 73) NASA. JSC
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TABLE 8.3.4.2-1
INTEPFACE CHARACTERISTICS

RACAR ACTIVE MODE ELECTFICAL

(Target carries
{coherent pulse
{transponder which
fretransrits ampli-
{fied replica of re-
fceived pulse.
{Beacon carrying

{
{
|
!

{target is stabilized

{in 3 axes to TBD
{deg/sec each axis.

| Parameter (Dimension| Value
(e | e

1 V. Target Type

'-—-—..-....---------.-..- ------- - - a— -

{Transponder | |

{Pulse Beacon | |

| | |

| | |

| | |

| | |

| { {

| | |

| | |

| { |

e |- fmmmm——— —e——e—— e~
|Operating |Fe, {1. 824X 108 Detection 1
{Range i {100 minimum |

{2. Beacon Characteristics

‘—.—-——-———n-——_—.--—_—n—-——-_, -

{Minimum { dbm {TBD

| Detectable i |

{Signal i |

————————————— ‘—————---—'m-—————n—— -——
YEIERP {dbw { TBD

o |- ==

{Coherence | {TBD

jmmmmmm e e e | - -
|Delay jusec {1040.1

{Functicn of taraget
fanterna and re-
jceiver sensitivity

L - . ———— — -G e W e A G2 W S | e W G - - .. - —
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{Transmit {dB 152 peak

| Power EIRP t |

[EEp R ——— Y ' .......... ‘--_- — —— —— ——— A W M V.S

{PRF's {pulses {228 search and track

| {per sec. | fthan 8,5 RNM

| i . 16970 Track

wram - - Y — - o v—— o o a— —

T
|
|
|
|

{For range greater

{Range < 9.5 NM

}JsC Form 66A (Oct 73)

NASA-J5C

IRN NO. SHEET 14 OF 18 j
ICD NO 2-19001 REV F
SD-1528¢

|



m

.

TABLE 8. 3. 4. 2-1

tRereiver
tnoise Figure
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IAN NO.
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SHEET ]150F 18
REV F

2-19001
5D-1528¢.
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RACAR ACTIVE MODE ELECTFICAL

INTERFACE CBARACTERISTICS (Continued) 1

|Dimension| Value \ Notes :
1usec. |Dual 4.15 and 0.122 ({Used in search |
| | (range. 0
{ 3. 15 {Used for search and|
i | {track when range {
i | 1>9.5 NM i
{ 10.122 jUsed for track when|
\ i frange < 9.5 MM 1
f=m————— I- -—= s e e e ———— {
‘db 15 f {
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1SC Form 89A (Oct 73)
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JSC Form E8A (Dct 73)

IAN NO sHEeTl6 or 18
ICD NO. 2-1%001 rev F
SD-152B-
* TABLE C.2-1 NASA/DSN CHANNEL € FREQUENCY ASSIGNMENTS

. { Channel {Transpgit MHz | Receive MHz |

| I-— - e — |

{ 850 { { 2290.185185 ¢

i 851 { | 2290.55555¢

| 852 i | 2290.9259"

| 853 i | 2291.2962-0 |

{ 854 1 2110.243056 | 2291.666667

{ 855 { 2110.584105 | 2292.037037 |

{ 856 f 2110.925154 | 2292.407407 |

{ 857 | 2111.266204 | 2292.777778 |

( 858 { 2111.607253 | 2293.148148 |

{ 859 { 2111.948303 | 2293.518519 |

| 860 | 2112.289352 | 2293.888889 |}

{ 861 | 2112.630401 { 2294.259259 {

| 862 | 2112.971451 | 2294.629630 |

| B€3 | 2113.312500 { 2295.000000 |

| 864 | 2113.653549 | 2295.370370 |

i 865 | 2113994599 | 2295.740741 |

| B&6 i 2714.335648 | 2296.111111

§ B&7 P 2114.676697 | 2296.481481 |

| 868 1 2V15.017T747 { 2296.851852 {

| 869 { 2115.35879%5 | 2297.222222 |

{ 870 I 2115.699846 | 2297.592593 |

{ 871 | 2116.040895 | 2297.962963 |

| 872 | 2116.381944 | 2298.333333 {

{ 873 | 2116.722994 | 2298.703704

| B74& { 2117.064043 § 229S5.074074 |

{ 875 I 2117.405092 | 2295.444444 |

{ 876 § 2117746142 | 2299.814R15

| 877 t 2118.087191 | {

{ 878 | 2118. 428241 | |

{ 879 f 2118.769290 | 1

| 880 { 2119.110339 | |

{ 88t | 2119.451389 | !

. | 882 i 2119.792u438 | {
Unassel.gned Channele: B883-8%9
Transmit/Receive Ratio: 2217240

NASA-JSC
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AN NO. SHEET 170F 1g
ICD NO 2-19001 REV ¢
SD- 152
TABLE C.2-2 DOD/SGLS CHANNEL &
FREQUENCY ASSIGNMENTS
: |-~- ; ) ———c RECEJVE -n
| { TRANSMIT i DCr {
l { ORBITER TO | PAYLOADS |
{ { DOD PAYLOADS { TO OREITEFP |
{CHANNEL | (MHz) { (MHz) {
| 500 | wena2v | 2025w |
: 901 : 1767.725 : 2207.500 :
: 902 : 1771.728 : 2212.500 :
: 903 : 1775.733 : 2217.500 :
: 904 : 1775.736 : 2222.500 :
: 905 : $783.740 : 2227.500 :
: 906 : 1787.7tu : 2232.500 :
: 907 : 179 1. 743 : 2237.500 :
: 908 : 1795.752 : 2242.500 §
: 909 : 1799.75¢ : 2247.500 :
: 910 : 1803. 760 : 2252.500 :
: 911 : 1807.764 : 2257.500 :
: 912 : 1811.768 : 2262..500 :
: 913 : 1815.772 : 2267.500 :
: 914 : 1819.775 : 2272.500 :
: 915 : 1823.779 : 2277.500 :
: 916 : 1827.783 : 2282.500 :
: 917 : 1831.787 : 2287.500 :
: 918 : 1835.791 : 2292.500 :
: 91y : 1839.795 % 2297.500 :
--—:-B;;;;;;;;;-Channgls: 9;;—999 )
Transmit/Peceive Ratio: 2057256
NASA JSC

1SC Form GBA (Oct 13)
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