
Spectrum Utilization for the International Space
Station Communications and Tracking Systems

Item Type text; Proceedings

Authors Novosad, Sidney W.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:20:27

Link to Item http://hdl.handle.net/10150/615227

http://hdl.handle.net/10150/615227


SPECTRUM UTILIZATION FOR THE INTERNATIONAL
SPACE STATION COMMUNICATIONS AND TRACKING SYSTEMS

Sidney W. Novosad
Tracking and Communications Division

Johnson Space Center
Houston, Texas

ABSTRACT

Over its lifetime, the international Space Station Program will use a variety of
communications and tracking systems which could span the frequency spectrum from VHF
to optical wavelengths. Primary communications traffic will initially occur in the S-band
and Ku-band regions. Tracking will initially consist mostly of L-band satellite links. As the
demand for more C&T services increases in the growth phase, use of millimeter and
optical wavelengths will be required. Although many issues remain to be resolved, the
most significant interference concern at present is that of Ku-band space/space links
between co-orbiting Space Station elements.

INTRODUCTION

The current concept of a mature International Space Station Program is that of a manned
“Core” structure, several unmanned platforms, and several interacting elements (both
manned and unmanned) which are either attached to or co-orbiting with the Core. The
Core is a large structure containing habitable modules with interconnecting nodes, a
servicing facility for spacecraft, and the necessary resources for accommodating attached
payloads. The Core will operate in low earth orbit at 28.5 degrees inclination, between
180-250 nautical miles altitude. The platforms are of two types: (1) polar orbiting platform
(POP), (2) co-orbiting platform (COP). The U. S. POP will operate at approximately 98
degrees inclination, between 270-486 nautical miles altitude; the U. S. COP will be at 28.5
degrees inclination, between 250-540 nautical miles altitude. Foreign platforms will be in
similar locations. The other Space Station elements include robotic servicing devices, and
various types of free-flying spacecraft which interact with the Core and the platforms.

The Space Station Program will be evolutionary, with its capabilities phased in during its
projected 20-30 year lifetime. Figure 1 is an illustration of a completed Core configuration.
A recent phasing concept would provide an initial permanently-manned configuration by
1996 which would consist of all the Core modules and nodes, but delay implementation of



the Core upper and lower booms, the Core servicing facility, the Core solar dynamic
power system, the Core mobile transporter, and the U. S. COP.

To support the varied scientific and engineering activities of this program over its lifetime,
an extensive, evolving communications and tracking (C&T) capability is planned. The
Core and the platforms have a diversity of space/ground and space/space C&T interfaces.
Space/ground C&T for all Space Station elements will primarily be over geosynchronous-
orbit relay satellites such as the NASA TDRSS (Tracking and Data Relay Satellite
System) and possibly similar foreign systems being planned by Europe and Japan. Core
space/space communications will use a wideband multiple-access system for links with
co-orbiting terminals such as EVA’s (extravehicular astronauts), OMV (orbital
maneuvering vehicle), OTV (orbital transfer vehicle), telerobotic devices such as the MSC
(mobile servicing centre), and the FTS (flight telerobotic servicer), manned shuttle craft
such as the U. S. Shuttle Orbiter and the European Hermes, and free-flying spacecraft
(FF’s) such as satellites and platforms, etc. U. S. platform space/space communications
will consist of links with the U. S. Shuttle Orbiter payload interrogator. Tracking services
will initially be provided by the TDRSS and the U. S. Air Force GPS (Global Positioning
System) satellites. All unmanned free-flying elements in the control zone of the Core will
be required to provide their GPS tracking data to the Core for determination of relative
location.

In addition to the above primary C&T links, there are several other radio systems
envisioned. These include wireless crew communications within modules, nodes, and
airlocks; emergency wireless communications between modules/nodes; user-provided
Core/ground direct links to selected ground sites around the world, etc.

As growth requirements are further defined, it is expected that the Space/ground links will
be accommodated by an advanced TDRSS capability using higher frequencies and perhaps
optical links. Space/space links will also evolve to higher frequencies. New tracking
sensors for soft docking, for better spacecraft traffic management, debris tracking, and for
proximity operations support are expected.

SPACE/GROUND LINKS

At the beginning of the program, the NASA TDRSS will be the main linkage for
information transfer between the Space Station elements and ground facilities throughout
the world. The TDRSS provides several communications services which vary according to
user data rate requirements and design capabilities. The two basic types of service are
multiple access and single access. The multiple access (MA) service is a single set of
forward/return link S-band frequencies for simultaneously supporting multiple low data
rate spacecraft by using code-division-multiple-access signaling over an electronically-



steerable multiple-beam array antenna. The single access service is available at S-band
frequencies (SSA - S-band single access) and at Ku-band frequencies (KSA - Ku-band
single access). Two mechanically-steerable parabolic reflectors, each with dual S-band and
Ku-band feeds, provide two SSA and two KSA links simultaneously from each satellite.

Table 1 summarizes the expected TDRSS support of several Space Station elements in
terms of frequency and data rate. In the Space Station era, it is expected that 4-5 TDRSS
satellites will be used; a likely configuration is two east satellites (in the vicinity of 41
degrees west longitude) and two west satellites (in the vicinity of 171 degrees west
longitude), and possibly an on-orbit spare between these two locations.

During the assembly phase of the Core, its TDRSS support will initially consist of the SSA
service until the Core Ku-band equipment is installed and operational for subsequent KSA
services. After the Core KSA service is available, the SSA service may only be used as a
contingency capability, although it is very possible that the SSA service could be used
continuously to provide a dedicated link for Core operational data. Regardless of its usage,
the Core SSA capability will consist of a single duplex set of forward/return link
frequencies, selectable from at least two frequency sets. The selectability is required to
avoid interference with other TDRSS SSA users in the near-vicinity of the Core,
particularly with the Shuttle Orbiter which will probably maintain TDRSS SSA linkage
even while attached to the Core. Core SSA frequency selectability will be in the
forward/return bands of 2025.8-2108.7/2200-2290 MHz. The Core will likely incorporate
the same frequency sets as the Shuttle and perhaps a third set to allow nearby simultaneous
operation with two Orbiters (or with other combinations of the Core and two simultaneous
SSA users in the vicinity of the Core). However, selection of the third SSA frequency set
is not straightforward. Choosing the frequency set that is midway between the two Orbiter
frequency sets (i.e., 2074.2/2252.2 MHz) minimizes mutual interference, but also requires
that a separate TDRSS satellite antenna be used because of TDRSS satellite bandwidth
limitations (10 MHz on the return link); this frequency plan then requires three TDRSS SA
antennas for simultaneous coverage of three SSA users that are essentially co-located. A
better selection for a third Core frequency would be one within the TDRSS satellite
bandwidth that can accommodate both the Core and other SSA channels; this would result
in the use of only two TDRSS SSA antennas, rather than three (Note: the TDRSS was not
designed to accommodate multiple SSA users through one SA antenna. However, with the
advent of operational scenarios where “clusters” of SSA users must be serviced
simultaneously, it is expected that the TDRSS ground station will be modified to allow
such support, at least within the constraints of the existing orbiting TDRSS satellites.)
Selection of a frequency set for this capability will depend on a trade of several variables
including TDRSS satellite SSA bandwidth, characteristics of the Core SSA signals and
other near-vicinity SSA user signals, etc. However, a reasonable guess at this time is that
the best choice is one near the high end of the band (to minimize earth-based radio



frequency interference which currently is more prevalent in the lower S-band region),
probably near 2099.5/2280 MHz. To avoid SSA mutual interference, additional Core
design/operational capabilities may be required, such as switchable Core antenna
polarizations to allow opposite-sense circular polarization discrimination and variable Core
EIRP control to provide roughly equal received signal levels at the TDRSS satellite prior
to retransmission to the ground.

Once the Core KSA capability is operational, it will use the 13.775/15.0034 GHz forward/
return frequency set for virtually all space/ground communications, including experimental
data, video, operations, etc. Unfortunately, all other TDRSS KSA users must use the same
set of frequencies. Therefore, when multiple KSA users are clustered together, the
interference potential is even worse than that discussed previously for SSA users where
each user could use a different frequency set. For KSA service to the same TDRSS
satellite, the only means of discriminating between two users is through the usage of
opposite-sense circularly polarized antennas. If the resulting isolation is inadequate, or if
more than two KSA users are co-located, time-sharing of the service is the only acceptable
alternative.

As shown in Table 1, the Core does not plan to use the TDRSS MA service, but the U. S.
platforms and the OMV will. The MA service of a single TDRSS satellite can
accommodate up to twenty simultaneous return links on the 2287.5 MHz frequency, but
only one forward link at a time on the 2106.4 MHz frequency. So if simultaneous
commands are needed to two or more TDRSS S-band users, only one could use the MA
service and the other(s) would have to use an SSA service, unless the MA service of a
different TDRSS satellite was available.

NASA expects to develop an advanced TDRSS which will provide more SA services,
higher data rates, better performance, etc. Included in this advanced system would likely
be the use of different portions of the spectrum, such as frequencies in the 20, 30, 60 GHz
bands, and optical wavelengths. The Space Station Core and its elements would also be
upgraded to use these new services as they become available.

The U. S. TDRSS may not be the only geosynchronous relay satelite system used for
Space Station space/ground C&T. The European Space Agency (ESA) is planning a
similar system for ESA spacecraft, including the ESA module on the Core. Although only
in the preliminary design stage, the ESA data relay satellite design would use the same
S-band spectrum as the TDRSS (2025-2108/2200-2290 MHz), but instead of Ku-band
high data rate service, it would use frequencies in the Ka-band (e.g., 26-27 GHz) region.
Likewise, Japan is considering a relay satellite system which may also use the same
S-band spectrum for low/medium data rates, but it would use the 20/30 GHz bands (e.g.,
22.55-23.55/32-33 GHz) for high data rates. The requirement for interoperability between



these systems (if any) has not been determined yet, but if it is realized, it would almost
certainly impact the frequency plan and signaling design of the advanced TDRSS and the
Space Station.

Other possible geosynchronous satellite interfaces include commercial satellites and
military satellites. Future commercial satellites may be used to provide entertainment and
other “cable TV” services, and possibly some forms of duplex data transfer. Current
commercial satellites, however, lack the capability to track a low-earth-orbiting spacecraft
or provide antenna coverage of its trajectory except for very brief periods. An exception to
this is the Advanced Communications Technology Satellite (ACTS), an experimental
NASA satellite which reportedly will have high data rate duplex link capability to low-
earth-orbit spacecraft in both the 20/30 GHz band and at optical wavelengths (since this is
a single, experimental satellite, its use as an operational relay satellite is not very
practical).

The use of U. S. military geosynchronous satellites may be considered for contingency
purposes such as the unlikely event of the loss of all TDRSS links or a Core power failure
which inhibits the C&T system. Self-contained, battery-powered transceivers and stowable
antennas would be used for voice communications through a window. Currently, these
links operate at UHF (approximately 240-320 MHz).

In addition to space/ground relay satellite links, direct links with the ground are allowed
for Space Station users who provide their own communications equipment. These links
would be allowed subject to compatibility with Space Station C&T systems and Core
resource limitations. Examples of these links are (1) experimenters who wish to dump data
whenever the Core is in view of their ground stations, (2) experimental radio links to
ground terminals, (3) amateur radio service links, etc. Specific frequencies/bands for direct
links have not been proposed yet, but such links are expected to be requested for
frequencies throughout the spectrum.

SPACE/SPACE LINKS

All low-earth-orbit activity related to the Core will occur in the operational control zones
described in Figure 2. Direct C&T with the Core will be limited to terminals located in
zones 1-6. Table 2 is a representative overview of the Core remote C&T links as the Space
Station Program evolves from assembly through growth. As shown, most C&T is
concentrated in zones 1 and 2 unitl the growth phase, when there could be several
spacecraft which co-orbit with the Core in zones 5 and 6, out to a maximum range of
1,080 nautical miles. Because these terminals handle similar information and have similar
operational requirements, the Core will use an evolving multiple access communications
system to accommodate all of these links. The initial capability will probably handle 4



simultaneous terminals in zones 1 and 2, and will grow to handle 10-20 total simultaneous
terminals throughout the six control zones. The initial capability will probably include low-
gain hemispherical-coverage antennas to provide close-in coverage about the Core, and
medium-gain steerable antennas for high data rate coverage in the extremities of zone 2.
High-gain steerable antennas would be added for growth to provide coverage out to zones
5 and 6.

A likely design for the space/space communications capability is a duplex frequency-
division-multiple-access (FDMA) system which operates in the Ku-band spectrum (13-15
GHz). An FDMA design can support the multiple wideband channels required for digital
video and high rate data, and can readily support evolutionary growth. Ku-band usage is
attractive because it is the lowest frequency band in the electromagnetic spectrum with
sufficient bandwidth (300-400 MHz) that is also allocated for space usage. The next
highest band with sufficient bandwidth and a space usage allocation is Ka-band (20/30
GHz). However, hardware development costs are significantly higher at Ka-band, power
efficiencies are lower, and providing adequate antenna coverage is much more difficult.

At this writing, the frequency plan for the Core multiple access system is illustrated in
figure 3. The forward link channels (Core-to-user) are in the 14.0-14.3 GHz band; the
return link channels (user-to-Core) are in the 14.5-14.89 GHz band. (Forward link
maximum data rates range from 64 KBPS to 1 or 2 MBPS for data and 400 KBPS to 25
MBPS for video; the return link maximum data rate is about 25 MBPS for data or video.)
These frequency bands were selected because of their large bandwidth and relative
compatibility with other NASA communications systems such as the TDRSS and the U. S.
Shuttle. The major problem with this plan is that these bands are in the space research
allocation which is secondary to the fixed satellite and radionavigation services. This
means that the Space Station multiple access system will not be allowed to cause harmful
interference to these primary services (present or future systems) and cannot claim
protection from harmful interference from them.

The extent of interference due to this frequency plan is still under study. One concern is
the interference potential from space station transmitters into geostationary satellite
services. A preliminary study by the National Telecommunications Information Agency
(NTIA) estimated that a U. S. domestic satellite main beam would intersect the space
station orbital path for about 10 minutes. If the space station mainbeam intersected the
satellite mainbeam during this time, the satellite would continue to operate above an
acceptable threshold except for some cases of narrowband, low EIRP satellite ground
stations transmitting during heavy rains. Another concern is interference by high-EIRP
satellite ground stations into a space station multiple access system receiver. The NTIA
study determined that mainbeam-to-mainbeam visibility time for this case was only 8
seconds. However, the interference level was very severe and concern was expressed that



successive stations along the orbital path could create an interference problem due to long-
term cumulative visibility.

To operate within this potential interference environment, the proposed multiple access
system will probably contain various interference mitigation capabilities. Dynamic
frequency assignment will allow the Core/user link frequencies to be changed by command
as needed to avoid using interference-susceptible frequencies. Antenna selection can be
used to select Core hemispherical antennas which avoid interfering with primary services
while still maintaining adequate Core/user links. Also, automatic antenna pointing
restrictions can prevent steerable antennas from pointing into the mainbeam of a satellite or
ground station. Power control can be used to reduce the EIRP from the Core (or an
interfacing user) to an acceptable level. Polarization diversity may also provide isolation
from some interferers. And, if required, operations can be scheduled to avoid predictable
interference situations.

These mitigation techniques could be adequate for the interference scenarios that are
currently known. They may not, however, be satisfactory for future fixed satellite or
radionavigation service configurations which cannot be predicted. Other, more
sophisticated techniques such as spread spectrum signaling, adaptive antenna nulling, etc.,
were also considered but rejected as technically or economically impractical. The
expectation is that the planned Ku-band multiple access system will be agile enough
relative to interference until such time as it is appropriate to replace the system with new,
mature technology that is very robust in an interference environment, or the new system
frequencies will be in a relatively benign primary service band for space-space allocations
(Ka-band, W-band, etc.) or possibly it will use optical wavelengths. However, if current
studies indicate that the planned Ku-band system is not appropriate, implementation of
20/30 GHz technology is probably the most likely alternate.

Space/space tracking of detached terminals by the Core will initially rely on the use of
relative-GPS techniques and will consequently apply only to co-operative targets. Each
(unmanned) co-operative terminal would have a GPS receiver and a communication
system that is compatible with the Core multiple access system (See Table 2 for a listing of
expected relative-GPS terminals). GPS data received by the co-operative terminal will be
transmitted to the Core via a multiple access communication system link for comparison
with Core GPS data to determine its position relative to the Core. GPS satellites transmit
at 1575.42 MHz (both precision and coarse codes) and at 1227.6 MHz (precision code
only).

For the growth phase, the Space Station Program is considering the addition of a multi-
target radar which would probably be constrained to operating within zones 1 and 2.
Potential radar frequency bands under study include 9.5-9.8 GHz, 13.25-13.35 GHz, and



35.5-35.6 GHz. Other tracking considerations under study for the growth phase include (1)
automatic tracking sensors for close-in targets such as EVA’s, which could operate in
either radio frequency (RF) bands or at optical wavelengths, (2) automatic docking sensors
which could also be either RF or optical, (3) debris tracking sensors for collision
prediction (probably an RF radar), etc.

Space/space communications for U. S. platforms will consist of standard S-band links with
the Shuttle payload interrogator (forward link: single frequency in the 2025-2108 MHz
band; return link: single frequency in the 2200-2290 MHz). Should a co-orbiting platform
located in one of the six operational zones require C&T with the Core, its frequency plan
would be that described above for Core space/space links.

OTHER EXPECTED SPACE STATION LINKS

Several other Space Station C&T systems are envisioned; two of the more likely ones are
described below.

Since operational and scientific activities in the modules, nodes, and airlocks will be
similar to those already experienced on Shuttle and Spacelab, it is expected that a hands-
free, wireless communications system will be provided within the habitable areas. This
system will consist of a fixed base unit in each module/node/airlock and a remote unit for
each crew member. The remote unit would be similar to a telephone handset with a
microphone unit. The radio portion of the system could be at RF or at infrared
wavelengths; the exact frequencies/wavelengths are still under study.

In some proposed Core configurations, habitable modules may have only one attachment
point to other habitable areas. Due to concern that the hardline communications interface
could be lost due to damage or some other problem, a duplex wireless link has been
proposed as an emergency, back-up capability. It would be a self-contained, self-powered
system that could be used for wireless communications with crew members in other
habitable areas. No specific design has been proposed at this time, so the frequency plan is
undetermined.

CONCLUSIONS

The Space Station Program will contain extensive C&T capabilities which range over a
substantial portion of the available spectrum. Most of these links will use internationally
accepted frequency allocations and will operate in a fairly standard manner. However, this
Program is also introducing a new type of C&T which may be described as “co-orbiting
space/space links,” and which must find an appropriate niche in the radio spectrum in
which to operate. The current proposal to operate a Ku-band FDMA system between the



Core and multiple co-orbiting interfaces is being heavily scrutinized since it and possibly
similar systems will be continuously operated in low-earth-orbit for perhaps decades in the
future.

As continuous activities in space become more commonplace, several new Space Station
C&T systems will almost certainly be added, some of which will require new usage of
radio spectrum resources.

FIGURE 1.  Core Configuration



FIGURE 2.  Operational Control Zones



FIGURE 3.  Cor Multiple Access System Frequency Plan



 Table I

TDRSS LINKS WITH SELECTED
SPACE STATION-ERA SPACECRAFT

SPACECRAFT FREQUENCIES (MHZ)  DATA RATE (MAXIMUM)

Forward Link Return Link Forward Link Return Link

MULTIPLE ACCESS LINKS

0MV 2106.4 2287.5 1 KBPS 16 KBPS
U.S. POP 2106.4 2287.5 1 KBPS 50 KBPS
U.S. COP 2106.4 2287.5 1 KBPS 50 KBPS 

S-BAND SINGLE ACCESS LINKS

CORE One of several One of several 300 KBPS     6 MBPS

OMV One or more in One or more in     1 KBPS 972 KBPS

U.S. POP One or more in One or more in 125 BPS     2 KBPS

U.S. COP One or more in One or more in     1 KBPS     6 MBPS

U.S. ORBITER 2041.9 or 2217.5 or   72 KBPS 192 KBPS

choices in choices in
2025-2108. 2200-2290.

2025-2108 2025-2108

2025-2108 2025-2108

2025-2108 2025-2108

2106.4 2287.5

KU-BAND SINGLE ACCESS LINKS

CORE 13,775 15,003.4   25 MBPS 300 MBPS
U.S. POP 13,775 15,003.4 100 KBPS 300 MBPS
U.S. ORBITER 13,775 15,003.4 216 KBPS   50 MBPS



Table II

CORE/Remote Terminal C&T Links

Remote Assembly Initial Operational Growth Phase
Terminals Phase Phase

Information No. of Control Zones Information No. of Control Zones Information No. of Control Zones
Term. Term. Term.

1 2 3,4 5,6 1 2 3,4 5,6 1 2 3,4 5,6

EVA C,T,A,V 2 X C,T,A,V 4 X
OMV C,T,V,D,G 1 X X C,T,V,D,G 2 X X
OTV C,T,V,D,G 1 X X
ORBITER C,T,A 1 X X C,T,A 1 X X C,T,A,V 2 X X
MSC C,T,V,D 1 X C,T,V,D 1 X C,T,V,D 1 X
FTS C,T,V,D 1 X C,T,V,D 1 X C,T,V,D 1 X
COP,FF C,T,V,A,D,G TBD X* X* X* X*

     * COP’s or FF’s which have their own propulsion/rendezvous capability and are not controlled from the ground
     ** Maximum range from the Core is 1,080 nautical miles
     C - Commands
     T - Telemetry
     A - Audio
     V - Video
     D - Data
     G - GPS data
TBD - To Be Defined


