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SPACE SHUTTLE PAYLOAD COMMUNICATION LINKS

James C. Springett        Sergei Udalov

Summary – One mission of the Shuttle is to place payloads into Earth orbit or on
escape trajectories and to recover payloads from Earth orbit. In order to properly deploy
and retrieve such payloads, operational and diagnostic communications must take place
between the payloads and the Shuttle. The results of such communications, in the form of
tracking, commands, and telemetry, will be interpreted both aboard the Shuttle and on the
ground. To accommodate a diverse set of payloads for both NASA and DOD programs,
multimode avionic equipment dedicated to payload communications is being installed
aboard the Shuttle. This equipment, operating at RF and baseband and providing capability
for digital and analog signal forms, will furnish all required capabilities to communicate
with both attached and detached payloads.

Introduction – The Shuttle, also referred to as the Orbiter, is the major element of the
Space Transportation System (STS) and the key to future routine space operations. In
particular, the delivery/recovery of various payloads into/from the space environment is
easily effected by carrying them into Earth orbit within the Shuttle’s large cargo bay.

Beginning in the early 1980’s, nearly all spacecraft launched by the United States and
many vehicles transported to Earth orbit for other countries will utilize the Shuttle.
Generally, these payloads may be divided into two distinct classes: (1) those which will be
separated or become “detached” from the Orbiter and (2) those which will remain
“attached” to the Shuttle in the associative surroundings of the cargo bay. Many detached
payloads will be transported into geosynchronous or other Earth orbits or placed on deep
space trajectories by the Inertial Upper Stage (IUS). Certain detached payloads (known as
free-flyers) will simply operate away from the Orbiter in co-orbit, and some of these will
be subsequently recovered by the Shuttle for return to the ground.

Key among requirements for payload support are those to communicate between the
Orbiter and the payload(s). Generally, attached payloads will be serviced via hardwire
links while communications with detached payloads must use RF channels. To provide
such capability, a specific set of Shuttle avionic hardware is currently being developed by
NASA and industry. It is the purpose of this paper to outline the nature, characteristics,
and functional design of these avionic subsystems. In order to acquaint the reader with the 



*The IUS will be the usual launch vehicle; others, however, are not precluded.

entire Shuttle/payload communication system, the salient aspects of typical payload
communication requirements and subsystem organization are also discussed.

Payload Communication Requirements and Subsystems – Whether a payload be
attached or detached, a further distinction can be as to whether it is manned or unmanned.
For example, the Spacelab, insofar as the pressurized module is concerned, is manned, and
its communication requirements are already well established. Detached manned vehicles,
on the other hand, are only in the conceptual stages; as a result, their detailed requirements
are lacking. The avionic subsystems which will specifically serve manned payloads
(especially detached ones) are also less advanced in their development than those intended
for use with unmanned payloads. For these reasons, the major topics addressed by this
paper are concerned with the unmanned payload communication systems.

The two largest user agencies of the Shuttle as a payload launcher will be NASA and
DOD. Other users will be organizations such as COMSAT, private industry, and foreign
countries. NASA and DOD payload requirements and subsystem capabilities have
predominantly driven the design of the avionic subsystems (especially in terms of the
detached payload communication links). Thus, “standard” capabilities have evolved to
serve NASA and DOD. Nonstandard conditions have also been provided for, but with
generally less operational capability (especially aboard the Orbiter). With all of these
qualifications, the specific NASA and DOD unmanned payload requirements and
subsystems will now be reviewed.

A.  Communication Functions – The model for the ensuing discussion will be a
spacecraft that is to be launched on a new trajectory using the IUS.* The spacecraft is
mated to the IUS at all times, whether they be jointly attached to the Orbiter in its cargo
bay or detached in the near vicinity of the Orbiter (within a radial range of 10 nmi).

Prime requirements to communicate are dictated by the need to perform on-orbit
checkout of the IUS and its attached payload. Such checkouts are monitored and
controlled by both the Orbiter flight crew and ground control centers. Data to and from
(commands and telemetry, respectively) the payload may be generated and displayed
within the Shuttle forward cabin area or relayed to ground facilities, usually through the
Tracking and Data Relay Satellite System (TDRSS).

In the attached mode for the IUS/spacecraft, all communications are via hardwire links
connected through an umbilical with the IUS itself. A versatile signal set capability is
allowed for both commands and telemetry and, in most cases, it will be in “standard”
forms, which allows it to be fully processed by the avionic equipment. Command data may
be in the form of a baseband signal or the data can be modulated onto sinusoidal



subcarriers (see further discussion below). Likewise, “standard” telemetry data may be in
an NRZ or Manchester serial format or modulated onto subcarriers. All command bit rates
are standard, ranging from 7.8125 bps to 2000 bps in steps of 2, on a 16 kHz subcarrier.
Standard telemetry rates range from 250 bps to 256 kbps in steps of 2. When subcarriers
are employed, standard subcarrier frequencies of 1.024 MHz or 1.7 MHz are required. All
standard command and telemetry signals are processed by dedicated avionic subsystems
aboard the Orbiter, as detailed in a following section.

All nonstandard signals (i.e., those which cannot be fully processed by the avionic
equipment) are handled by the Orbiter in what is known as the “bentpipe” mode. As such,
the Orbiter avionic subsystems do not process the signals (i.e., demodulate, detect,
demultiplex, etc.) but rather act as “transparent” throughputs. Nonstandard command
signals are not allowed. Nonstandard telemetry signals/formats/waveforms, however, are
permitted with certain restrictions. The telemetry baseband through-put bandwidth is
limited to 4.5 MHz whether the telemetry be digital or analog in nature.

Detached payload communications involve RF links between the Orbiter and the
payloads. The payload flight transponder and associated telecommunication subsystems
are used for this purpose, just as they are in fulfilling the payload’s nominal mission. The
only significant difference is that the payload must have a signal (apart from its mission
modes, if different) that is Shuttle compatible. Data rates, subcarrier frequencies, etc., are
essentially the same as for the attached communications (with a few restrictions as
discussed in the next section).

Since there are a large number of possible payload transponder frequency assignments,
the Orbiter avionics must be capable of being programmed to all such frequencies. For the
detached situation, tracking capability is required in addition to the command and
telemetry functions. Command and telemetry signals are always in their standard
subcarrier formats, with the possible exception of some “bent-pipe” telemetry. Although
the IUS and its attached spacecraft may be separately communicated with via the RF links,
simultaneous IUS and spacecraft interrogation is not possible using the Orbiter avionics.

The remainder of this section deals with the typical NASA and DOD payload
communications systems. Both major operating parameters and a functional description of
the relevant subsystems are discussed. An understanding of these subsystems is necessary
for comprehension of the overall Orbiter/payload communication capability, as well as the
design and operation of the companion Orbiter avionic subsystems delineated in the next
section.



** Note: The Space Tracking and Data Network (STDN) is comprised of the two major sub-
networks, GSTDN and TDRSS.

B.  Payload Transponders – NASA and DOD payload transponders are generically
quite similar in terms of their funtions 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 transponders [for use with the Space
Tracking and Data Network ground stations (GSTDN)], and TDRSS transponders (for use
with the TDRSS or GSTDN)**. DOD transponders interface with the USAF Satellite
Control Facility (SCF).

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

Figure 1 is a block diagram of the typical payload transponder. The forward link RF
input is preselected, filtered for the frequency and utilized (S-band for NASA and L-band
for IUS and DOD), and the input 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 amplifier 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 limited to lowpass filtering) is usually
provided in the output to the command detector.

Most transponders also have a turnaround ranging capability; there is, however, no plan
to make use of such ranging capability with the payload/Shuttle 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 modulated S-band transmitter signal to the level
required by the return link. 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 watts.

Typical transponder operating and performance parameters are indicated in Table 1.

C.  Command Detectors – Unlike the payload transponders, NASA and DOD
command detectors are quite dissimilar. The NASA command signal format is comprised
of a binary serial data bit stream which biphase modulates a subcarrier. Table 2 shows the
NASA command performance parameters, and Figure 2 is a diagram of the basic payload
command detector functions. The subcarrier demodulator functions to regulate the input
signal plus noise amplitude and to recover the command bits from the subcarrier. A data-
aided type suppressed subcarrier tracking loop is employed.

The bit synchronizer is of the digital-data transition tracking loop (DTTL) class and
provides accurate bit clock timing to the bit detector. Mechanized as an integrate-and-
dump matched filter, the bit detector serves to maximize the signal-to-noise ratio of the
noisy input and to make hard “1” and “0” decisions on the received bit stream. The
subcarrier demodulator and bit synchronizer also contain a lock detection function which is
used as a command decoder.

The DOD command data is ternary in nature: “1”, “0” or “S” symbols are transmitted
in an FSK manner, each having a discrete subcarrier frequency or tone. Data rate clock (at
one-half the symbol rate) in the form of a triangular signal is amplitude modulated onto the
tones. Table 3 lists the general performance parameters, and Figure 3 shows the DOD
payload command detector generic functions. The tone demodulator consists of three
bandpass filter/envelope detector channels, each centered on one of the symbol tones.
Level detection is made by lowpass filtering the demodulator outputs, sampling the LPFs
at the proper time, and making a maximum-likelihood decision as to which of the ternary
states is being received. Timing for the level detector is obtained by recovering the 1/2



symbol rate AM from the composite tones and detecting its zero crossings. In addition, the
amplitude of the AM signal is compared with a threshold to produce a squelch indication
which activates/deactivates the command output as a function of signal strength.

D.  Telemetry Modulation – For the payloads/Orbiter communication link, standard
digital telemetry is transmitted using PSK biphase modulated subcarriers. In addition,
DOD spacecraft-to-Orbiter telemetry may involve the transmission of analog signals in an
FM/FM format. Table 4 summarizes the telemetry modualtion parameters. All telemetry
modulation signals are input to the payload transponder where they are subsequently phase
modulated onto the return link carrier.

Nonstandard telemetry signals/formats may also be transmitted from the payload to the
Orbiter using the S-band return link. Such signals can phase modulate the return link
carrier subject to certain phase deviation and bandwidth restrictions. A major difference
between standard and nonstandard telemetry is that the latter is not specifically processed
or displayed within the Shuttle.

Shuttle Avionics Equipment Serving Payloads – Figure 4 portrays the major payload
communication subsystems, the pertinent Orbiter avionic subsystems, and their respective
interfaces. Solid lines indicate signal paths for attached payloads, and dashed lines are the
detached payload paths. (Note that the PI cannot communicate with the IUS and
Spacecraft simultaneously.)

The Shuttle avionics equipment serving attached and detached payloads can be
logically divided into two categories according to function: (1) Equipment used for
payload RF and baseband signal processing functions, and (2) Equipment used for payload
data handling functions. The functions performed by the equipment in the first category
include RF signal transmission and reception, carrier modulation/demodulation, subcarrier
modulation/demodulation, and data detection. Equipments in this category are: (a) Payload
Interrogator, (b) Payload Signal Processor, (c) Communication Interface Unit, and (d) Ku-
Band Signal Processor.

The functions of the equipment belonging to the second category encompass baseband
data multiplexing/demultiplexing and encryption/decryption. Major equipments in this
category are: (a) Payload Data Interleaver, (b) PCM Master Unit, (c) Network Signal
Processor, and (d) various DOD encryptor/decryptor units. (DOD encryption/decryption
will not be discussed in this paper.)

A.  Payload Interrogator – The function of the Payload Interrogator (PI) is to provide
the RF communication link between the Orbiter and detached payloads. For
communication with the NASA payloads, the PI operates in conjunction with the Payload



Signal Processor (PSP). During the DOD missions, the PI is interfaced with the
Communication Interface Unit (CIU). Nonstandard (bent-pipe) data received by the PI
from either NASA or DOD payloads is delivered to the KU-Band Processor, where it is
processed for transmission to the ground via the Shuttle/TDRSS link (see D. below).

Simultaneous RF transmission and reception is the primary mode of PI operation with
both NASA and DOD payloads. The Orbiter-to-payload link carries the commands, while
the payload-to-Orbiter link communicates the telemetry data. In addition to this duplex
operation, the PI provides the “transmit only” and “receive only” modes of communication
with some payloads.

Figure 5 shows the functional block diagram for the Payload Interrogator. The antenna
connects to an input/output RF port which is common to the receiver and the transmitter of
the PI unit. Because of a requirement to operate the PI simultaneously with the
Shuttle/ground S-band network transponder which radiates and receives on the same
frequency bands, a dual triplexer is employed. The S-band network transponder emits a
signal at either 2217.5 MHz or 2287.5 MHz; both frequencies thus fall directly into the PI
receive band of 2200 MHz to 2300 MHz. Conversely, the payload transmitter, operating
either in the 2025-2120 MHz (NASA) or in the 1764-1840 MHz DOD bands, can interfere
with uplink signal reception by the S-band network transponder receiver. Therefore, by use
of the triplexer and by simultaneously operating the PI and network transponder in the
mutually exclusive sub-bands, the interference problem is effectively eliminated.

When detached payloads are in the immediate vicinity of the Orbiter, excessive RF
power levels may impinge on the interrogator antenna. Thus, the RF preamplifier of the
receiver is protected by a combination of sensitivity control attenuators and a diode
breakdown limiter. The output of the preamplifier is applied to the first mixer where it is
converted to the first IF for amplification and level control. The first local oscillator
frequency, fLO1, is tunable and its frequency corresponds with the desired PI receive
channel frequency. Except for channel selection, however, fLO1 is fixed. Consequently, any
unspecified frequency difference between the received payload signal and fLO1 will appear
within the first IF amplifier and at the input to the second mixer.

The receiver frequency and phase tracking loop begins at the second mixer. As shown
in Figure 5, the output of the first IF amplifier is down-converted to the second IF as a
result of mixing with a variable second LO frequency, fLO2. The portion of the second IF
which involves only the carrier tracking function is narrowband, passing the received
signal residual carrier component and excluding the bulk of the sideband frequencies.
Demodulation to baseband of the second IF signal is accomplished by mixing with a
reference frequency, fR. The output of the tracking phase detector, after proper filtering, is
applied to the control terminals of a VCO which provides the second local oscillator



signal, thereby closing the tracking loop. Thus, when phase track is established, fLO2

follows frequency changes of the received payload signal.

For the purpose of frequency acquisition, the fLO2 may be swept over a ±50 kHz
uncertainty region. Sweep is terminated when the output of the coherent amplitude
detector (CAD) exceeds a preset threshold, indicating that the carrier tracking loop has
attained lock. The output of the CAD also provides the AGC to the first IF amplifier. To
accommodate payload-to-Orbiter received signal level changes due to range variation from
about a few feet to 10 nautical miles. 110 dB of AGC is provided in the first IFA.

A wideband phase detector is used to demodulate the telemetry signals from the carrier.
The output of this detector is filtered, envelope level controlled, and buffered for delivery
to the PSP, CIU, and Ku-Band Processor Units.

The PI receiver frequency synthesizer provides the tunable first LO frequency and the
corresponding exciter frequency to the transmitter synthesizer. It also delivers a reference
signal to the transmitter phase modulator. Baseband NASA or DOD command signals
modulate the phase of this reference signal, which is in turn supplied to the transmitter
synthesizer where it is upconverted to either the NASA or DOD transmit frequency and
applied to the power amplifier.

For transmitter efficiency optimization, separate NASA and DOD RF power amplifier
units are used. Depending on the operating band selected, transmitter output is applied to
either the high or low band triplexer. To compensate for varying distances to payloads,
each transmitter has three selectable output power levels. This provides for better control
of link operation.

B.  Payload Signal Processor – The Payload Signal Processor performs the following
functions: (1) it modulates NASA payload commands onto a 16 kHz sinusoidal subcarrier
and delivers the resultant signal to the PI and the attached payload umbilical, (2) it
demodulates the payload telemetry data from the 1.024 MHz subcarrier signal provided by
the PI, and (3) it performs bit and frame synchronization of demodulated telemetry data
and delivers this data and its clock to the Payload Data Interleaver (PDI).

The PSP also transmits status messages to the Orbiter’s general purpose computer
(GPC); the status messages allow the GPC to control and configure and PSP and validate
command messages prior to transmission.

The functional block diagram for the PSP is shown in Figure 6. The PSP configuration
and payload command data are input to the PSP via a bidirectional serial interface.
Transfer of data in either direction is initiated by discrete control signals. Data words 20



bits in length (16 information, 1 parity, 3 synchronization) are transferred across the
bidirectional interface at a burst rate of 1 Mbps, and the serial words received by the PSP
are applied to word validation logic which examines their structure. Failure of the
incoming message to pass a validation test results in a request for a repeat of the message
from the GPC.

Command data is further processed and validated as to content and the number of
command words. The function of the command buffers is to perform data rate conversion
from the 1 Mbps bursts to one of the selected standard command rates. (See Table 2.)
Command rate and format are specified through the configuration message control subunit.

From the message buffers, the command bits are fed via the idle pattern selector and
generator to the subcarrier biphase modulator. The idle pattern (which in many cases
consists of alternating “ones” and “zeros”) precedes the actual command word and is
usually also transmitted in lieu of command messages. Subcarrier modulation is biphase
NRZ only.

The 1.024 MHz telemetry subcarrier from the PI is applied to the PSK subcarrier
demodulator. Since the subcarrier is biphase modulated, a Costas type loop is used to lock
onto and track the subcarrier. The resulting demodulated bit stream is input to the bit
synchronizer subunit, where a DTTL bit synchronization loop provides timing to an
integrate-and-dump matched filter which optimally detects and reclocks the telemetry data.

From the frame synchronizer, the telemetry data with corrected frame sync words and
clock are fed to the PDI. The telemetry detection units also supply appropriate lock signals
to the Orbiter’s operational instrumentation equipment, thus acting to indicate the presence
of valid telemetry.

C.  Communication Interface Unit – The CIU, shown in Figure 7, is the DOD
equivalent of the NASA PSP. The major differences are that the CIU (1) handles ternary
commands in both baseband and FSK tone formats (2) accepts Orbiter crew-generated
commands, (3) permits a much larger range of standard telemetry data rates (see Table 4),
and (4) is capable of simultaneously handling two subcarrier frequencies.

Ground-generated commands may be received from either the Ku-Band Processor or
the NSP (through the computer/MDM interface). Received as a continuous binary data
stream at 128 kbps from the Ku-Band Processor and 1 Mbps bursts from the NSP, 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. Input to the binary-to-ternary converter consists of serial data plus 



* The lower frequency limit is 1 kHz for direct modulation (i.e., no subcarrier) of the payload
S-band transmitter, due to PI receiver carrier loop sideband component tracking in a bandwidth of
2 kHz about the carrier.

clock (two lines), and the output consists of the “S,” “0” and “1” symbols plus clock (four
lines).

Crew-generated 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 be 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 kHz, 76 kHz, and 95 kHz
(corresponding respectively to the “S,” “0” and “1” symbols) are employed in a time-serial
manner. The command rate clock, at one-half of the symbol rate and in the form of a
triangular wave, is amplitude modulated onto the composite tone stream. Attached
payloads may receive either the ternary baseband or tone command signals from the CIU.

Figure 7 shows that there is one PI and four hardline telemetry inputs to the CIU. The
modulated subcarrier characteristics are indicated in Table 4. All subcarrier inputs are
routed through an input selector to the two PSK demodulators. These PSK demodulators
are similar to that used in the PSP. The FM discriminator, however, demodulates the
analog baseband signal from its 1.7 MHz subcarrier (see Table 4), which is in turn sent to
the Ku-Band Processor to be handled as “bent-pipe” telemetry. All demodulated/detected
and hardline telemetry is routed to the selector/multiplexer where it is partially
demultiplexed and sorted for reformatting to the PDI and where the command verification
data from the payload is extracted for the command generator and verification unit.

D.  Bent-Pipe Signal Handling – To accommodate payloads whose telemetry formats
are not compatible with standard data rates and subcarrier frequencies, “bent-pipe” modes
of operation are provided within the Shuttle’s avionic equipment. Several signal paths
acting as “transparent throughputs” are available for both digital and analog. Digital data
streams at rates higher than 64 kbps (which, therefore, cannot be handled by the PDI) may
directly enter the Ku-Band Signal Processor where they may be (1) QPSK modulated onto
an 8.5 MHz subcarrier, (2) QPSK modulated onto the Ku-band carrier (e.g., 50 Mbps
Spacelab data), or (3) frequency modulated onto the Ku-band carrier. Detection and
processing of all such data occur at ground stations.

Analog signals may take one of two paths. If they are in the form of a modulated
subcarrier and do not have significant frequency components above 2 MHz, they may be
hard-limited (i.e., a two-level or one-bit-quantized waveform produced) and treated as
“digital” signals by the 8.5 MHz subcarrier QPSK modulator. On the other hand, if the
analog signal is baseband in nature on the frequency range 0 Hz* to 4.5 MHz, it may be



** All parameters are for illustrative purposes and are based upon preliminary specifications and
initial design capability. They do not necessarily represent the operational Shuttle system
performance.

transmitted via the Ku-band link utilizing FM. Again, all processing is accomplished on the
ground.

Shuttle/Payload Communication Link Power Budget – A quantitative example** of
the Shuttle/ payload communication link performance is provided by Table 5. This table
shows the power budgets for the command (Orbiter-to-payload) link. As shown in Table 5,
relatively good margins are indicated for the Orbiter-to-payload command link operating in
both NASA and DOD modes. Note that these margins are available at the maximum
command rate of 2 kbps.

The antenna gain of 0 dB for the payload end of the link is conservative. This gain,
however, is typical of the wide angle antennas required for a near hemispherical coverage
characterizing the Shuttle/payload communication link.

Conclusions – When the Space Shuttle is used as a transportation vehicle to place/
retrieve various payloads into/from Earth orbit, communications are required between the
Shuttle and the payload to perform on-orbit checkout and to perform experiments. In order
to accommodate the prime functions of command and telemetry, a number of payload
dedicated Shuttle avionic systems are being developed. Able to communicate with
attached payloads via “hardlines” and with detached payloads over an S-band RF link, the
Shuttle hardware performs all of the necessary functions: carrier modulation/demodulation,
subcarrier modulation/demodulation, detection, data multiplexing/demultiplexing, and data
encryption/decryption. For most payloads, the data and signal formats must conform to the
avionic system “standards.” However, prevision is also made to handle nonstandard
signals via a “bent-pipe” channel. The results of all such communications are transmitted
and received between the Shuttle and the ground, and selected data are both generated and
displayed aboard the Shuttle.
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Table 1.  Typical Payload Transponder Characteristics

Item Parameter and Range

Receive Frequency Range
L-Band Frequency (DOD)
S-Band Frequency (NASA)

Transmitter Frequency Range
Tracking Loop Bandiwdth
Tracking Loop Order
AGC Dynamic Range
Command Channel Frequency Response
Ranging Channel Frequency Response
Noise Figure
Transmitter Phase Deviation
Transmitter Output Power

1760-1840 MHz
2025-2120 MHz
2200-2300 MHz
18, 60, 200, or 2000 Hz
Second
100 dB
1 kHz to 130 kHz
1 kHz to 1.2 MHz
5 dB to 8 dB
Up to 2.5 radians
200 mW to 5W*

*Up to 200 watts with external power amplifiers



Table 2.  NASA Command System Parameters

Subcarrier Frequency 16 kHz, sinewave

Bit Rates 2000÷ 2N bps, N= 0,1,2,...,8

Eb/N0 for Pe
b = 1x10-5 10.5 dB

Table 3.  DOD Command System Parameters

Signal Tone Frequencies 65 kHz, 76 kHz, 95 kHz

Symbol Rates 1000 or 2000 symbols/second

Eb/N0 for Pe
b = 1x10-5 -20 dB

Table 4.  Standard Payload Telemetry Modulation Characteristics

Parameter

Parameter/Range

PSK Modulation
Frequency
Modulation

Subcarrier Frequencies 1.024 MHz or 1.7* MHz 1.7* MHz

Bit Rates or
Modulation Response

256,*† 128,*† 64,* 32,* 16, 10
8, 4, 2, 1, 0.5,* 0.25* kbps

100 Hz to
200 kHz

Peak Deviation ±B/2 radians ±160 kHz

Output Bandwidth 400 kHz 500 kHz

* DOD only
† 1.7 MHz subcarrier only



Table 5.  Typical Orbiter-to-Payload Command Link Margin Calculation

Parameter

Nominal Value

NASA DOD

1) Interrogator Transmitter EIRP
(Ptx = 5 watts, Gtx, = +2.5 dB, LRF* = -6 dB)

+3.5 dBW +3.5 dBW

2) Space Loss at 10 nmi -124.2 dB
(2100 MHz)

-122.9 dB
(1800 MHz)

3) Payload Receiver Antenna Gain 0 dB 0 dB

4) Payload Receiver RF Losses -2 dB -2 dB

5) Total Received Power
(Sum 1 through 4)

-122.7 dBW -121.4 dBW

6) Noise Spectral Density, N0

(Noise Figure = 7 dB)
-197.0 dBW/Hz -197.0 dBW/Hz

7) Received Power/Noise Spectral Density
(Sum 5 and 6 )

+74.3 dB-Hz +75.6 dB-Hz

8) Modulation Loss ($ = 1.0 radian) -4.1 dB -4.1 dB**

9) Bit Rate Bandwidth (10 log 2 kbps) +33.0 dB-Hz +33.0 dB-bps

10) Required Eb/N0 for Bit Error Rate 10-5

(Including all implementation losses)
+11.6 dB +20.0 dB

11) Link Margin
(7 plus 8 minus 9 and 10)

+25.6 dB +18.5 dB

*LRF is the cable loss
**Modulation loss for DOD transmission may be greater due to lower value of $ = 0.3
(Modulation loss = -13.6 dB) which is employed for some applications. The link margin is
reduced accordingly.



Figure 1.  Typical Payload Transponder Diagram



Figure 2.  NASA Command Detector

Figure 3.  DOD Command Detector



Figure 4.  Payload/Orbiter Subsystems and Interfaces



Figure 5.  Payload Interrogator Functional Block Diagram



Figure 6.  NASA Payload Signal Processor Functional Block Diagram



Figure 7.  Communication Interface Unit for DOD Payloads


