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Abstract

In December, 1994, NASA's Ground Networks Divi-
sion and NSF's Office of Polar Programs installed a
satellite receiving facility at McMurdo Station on
Ross Island, Antarctica. The McMurdo Ground Sta-

This paper is declared a work of the U.S. Government
and is not subject to copyright protection in the
United States.

o Project Director
Chief Scientist
1 Director, Ground Network Division
1 Program Manager, Ground Tracking System
§ Chief, Engineering Division
88 MGS Project Manager
1 Head, Polar Research Support Section
11 Manager, Technology Development, Polar
Research Support Section
# Head, Antarctic Sciences Section
##  Member of the Technical Staff
¥ Senior Principal Engineer

tion (MGS) was established primarily to acquire
Synthetic Aperture Radar (SAR) data from the
Canadian RADARSAT spacecraft, which is currently
scheduled for a September 1995 launch. For test
purposes, SAR data from the European ERS-1 space-
craft has been successfully acquired by MGS and pro-
cessed at the University of Alaska Fairbanks / Alaska
SAR Facility (ASF). MGS will be operated 24 hours
a day, 7 days a week. As the station is highly auto-
mated, the need for operator attention is minimal.
SAR data from RADARSAT will be received and
recorded for next available shipment to ASF which
may be 6 months or longer. To make this data avail-
able to the science community more quickly, NASA
and NSF are implementing an experimental data link
through one of NASA's Tracking and Data Relay
Satellites (TDRS). It is the severe environment at





[image: image2.jpg]McMurdo which dictates these experimental installa-
tions—so that "lessons learned” will be available for
future permanent applications. Data will be retrans-
mitted through a microwave link from McMurdo to a
ground station on Black Island, which in turn will
send the data at rates up to 105 Mbps through TDRS
to a ground terminal in White Sands, NM. From
White Sands high density cassettes will be shipped
daily to ASF. If this experiment proves successful, a
permanent (and perhaps commercial) data link will be
established.

Figure 1. Antarctic receiving stations: coverage
masks (3°) for RADARSAT (dashed lines) and
JERS-1 (solid lines).

Introduction

In 1990 the need for a ground station at a high south-
em latitude was recognized. Synthetic aperture radar
satellites were scheduled to come on-line soon. Some
of those planned did not have sufficient on-board stor-
age capacity to accommodate storage of data collected
over Antarctica. Therefore, it was decided to collect
Antarctic data on the continent via a direct downlink.
To cover a large portion of the Antarctic, a station at
McMurdo was proposed. In December of 1994
NASA-Wallops and NSF staff, aided by contractors,
installed a receiving facility at McMurdo Station on
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Ross Island, Antarctica (77.8°S, 166.7°E) for recep-
tion of high data-rate streams from satellites; it is
called the McMurdo Ground Station (MGS).

While the primary interest initially was in having a
receiving site for the Canadian RADARSAT space-
craft, the first satellite data received was for test pur-
poses from ERS-1. The test data was successfully
received and processed in early 1995. It is anticipated
that ERS-1 and ERS-2 reception for research purposes
will commence soon. RADARSAT data will be re-
ceived after the completion of the spacecraft’s com-
missioning phase. All of these spacecraft have data
rates in the 100 megabit per second (Mbs) range.

The SAR reception at MGS will mean that real-time
downlink data from SAR satellites is now possible
for all of Antarctica, as shown in Figure 1, because of
the coverage afforded by three receiving stations: one
at O'Higgins Station on King Island, operated by the
University of Chile, Santiago, for the Deutsche
Forschungsanstalt fiir Luft und Raumfahrt (DLR);
one operated by the Japanese National Institute for
Polar Research at Syowa; and MGS. Only MGS will
be operational for 12 months per year, but depending
on the success of a satellite data link, austral winter
data may of necessity be stored at McMurdo until it
can be removed in spring, according to current data-
handling capabilities. The SAR signal data cassettes
will be flown to the Alaska SAR Facility (ASF)
where they will be processed into images and
distributed to approved users!.

The events leading up to MGS installation essentially
began at the 1990 NSF Workshop on Arctic System
Science at Lake Arrowhead. A group of scientists in

1 ERS-1, ERS-2, and RADARSAT data handled by
the Alaska SAR Facility can be distributed only to
approved Users. To initiate the process of becoming
an approved User contact ASF User Services at
uso@eosims.asf.alaska.edu.





[image: image3.jpg]Antarctica had no access to satellitt SAR data.
Satellite SAR data is recognized as useful in a num-
ber of ice studies. A far smaller science program in
the Arctic Ocean and marginal seas had very good
access through three stations. Following these discus-
sions presentations were made to NSF and NASA
managers concerning the desirability of high data rate
reception capability at McMurdo Station on Ross
Island. A Science Working Group, appointed to look
into the scientific needs and opportunities in this area,
recommended that MGS be implemented and indicated
that the SAR data from MGS would find application
in studies of the dynamics and mass balance of the
Antarctic ice sheet, of air-sea—ice interactions in the
Ross, Bellingshausen, and Amundsen Seas, of bio-
logical habitat in the ice—ocean environment, and of
geomorphology, tectonics, and volcanoes in exposed-
rock areas (see Jezek and Carsey, 1991).

In 1992, NASA and NSF agreed that it would be ben-
eficial and feasible to construct a ground station capa-
ble of receiving satellite SAR and other high data rate
signals at NSF's McMurdo Station in Antarctica.
These discussions led to a Memorandum of
Agreement (MOA) between NSF and NASA for
spacecraft tracking and data acquisition there. The
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MOA stipulates the shared responsibilities for the in-
stallation and operation of the MGS. NASA Wallops
Flight Facility, with the assistance of the NSF, in-
stalled the ground station and radome during the
1994/95 Antarctic summer season (October 1994—
February 1995).

Description of the McMur n i

The McMurdo Ground Station consists of the antenna
site, located on a hilltop 2 km north of McMurdo; a
control room, located in the Crary Science and
Engineering Center (CSEC) in central McMurdo
Station; and a boresight antenna verification system,
located on Observation Hill. The antenna site includes
a 10 meter autotracking antenna system (see
Figure 2), housed in a radome (see Figure 3); and a
control building which contains the receiving
equipment, a local control computer system, and three
High Density Data Recorders (HDDR's) capable of
recording serial data at rates up to 107 Mbps. The
antenna system receives downlink telemetry and can
autotrack signals in either S-Band or X-Band.
Acquisition is usually done with S-Band and
autotracked in X-Band once tracking consistency is
established.

Figure 2. 10 meter antenna at McMurdo Station,
before installation of radome.

Figure 3. Radome at McMurdo Station.





[image: image4.jpg]The Crary Science and Engineering Center control
room includes a computer control system, three
HDDR's, a Data Quality Monitor system, and a Store
and Forward system. The control room is connected
to the antenna site via fiber optic lines. The Crary
facility is designed as the operations center; access to
the antenna site is required only occasionally.

The HDDR's are used to record two copies of every
downlink (one as a back-up). The primary copy is
shipped and the back-up copy held until receipt of an
acknowledgment and readability of the prime copy.
The Data Quality Monitor is an on-site determination
of the quality of the data being recorded. Given that
tape shipment may have to wait through an entire
winter season, assurance that good data is being
recorded is important. As an added method of data
quality assurance, the Store and Forward system will
be able to send one and maybe as much as two
minutes of data a day electronically, via the Internet,
to the Alaska SAR Facility for partial processing
(processing sufficient to know the data is process-
able). Initially the data will be any one to two
minutes of data.

There are operational needs where the near-real time
processing of the data is desired. This requires data for
a selected geographic location. A method to commu-
nicate to the MGS operators how to select the 1-2
minutes of data is being considered. This would allow
the selected data to be transferred electronically to
ASF and fully processed using predicted orbit vectors.
[The standard near-real time processing of data at
ASF uses predicted data; actual orbit data is available
a few days later for more accurate position location of
the images. Operational needs often dictate that time-
liness is more urgent than position accuracy.]

Installation

Following site surveys in 1990-91 to locate the sta-
tion with optimal viewing geometry for satellite
reception, the construction process began with the
arrival of a precast concrete antenna/radome founda-
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tion, a prefabricated building with precast concrete
footings, antenna, and radome via the supply vessel
M/S Greenwave in February, 1994. The bulk of the
electronic systems were shipped to New Zealand for
air delivery to McMurdo via USAF Air Mobility
Command aircraft during October, 1994.

All site preparation and heavy construction began by
early February, 1994, coincident with the close-out of
the austral summer field season. A construction crew
worked at a steady pace throughout the winter season.
The only event that can be viewed as significant
during the construction process was the damage to a
portion of the pre-fabricated support building from a
sudden winter storm. The massive building, still
attached to a trailer, was thrown on its side by the
force of high winds. Righting the trailer with a crane
was simply done, and the damage of a crumpled
comer of the building was repaired over the winter.

Antenna construction personnel arrived at McMurdo
Station in early November, 1994. Within two weeks,
all electronics had been installed, powered up, and
were in the test phase. The MGS was able to make
test tracking runs on the NASA Cosmic Background
Explorer (COBE) satellite by the end of this two-
week period.

Radome construction began in early December.
Concerns regarding the oftentimes unpredictable
Antarctic weather were foremost as many of the
craftsmen were recently returned to McMurdo to repair
storm damage to a communication sitc where an un-
seasonable storm with winds sustained at 35 m/s (69
knots) and gusts to 49 m/s (96 knots) and 5 days
duration caused the destruction of 53 radome panels
during the early phases of construction on a nearby
island. However, MGS radome construction was
uneventful and completed by month's end.

Radar Data

NSF and NASA plan to operate MGS on a 24-hour
availability basis. In operation MGS is expected to





[image: image5.jpg]receive, record, and send (to ASF) SAR signal data
from ERS-1 and ERS-2, and RADARSAT, scheduled
for launch in September 1995. Table 1 shows the
general characteristics of the SAR satellites.
Reception of data from ERS-1&2 reqixires an agree-
ment between NASA and the European Space Agency
(ESA); this document is in the final stages of signa-
ture on both sides of the Atlantic, having been
approved in principle in June. The acquisition of
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ERS-1 and ERS-2 data is particularly interesting as
the two satellites are currently planned for joint opera-
tions for at least 90 days, and they will fly in the
same orbit in a 1-day separation so that radar interfer-
ometry for topography and change studies will be
possible. RADARSAT data reception is anticipated
by early 1996 after the usual satellite commissioning

period.

ERS-1,2 JERS-1 RADARSAT ASAR

SAR

FREQUENCY C-band L-band C-band C-band

POLARIZATION A\'A" HH HH VV and HH

SWATH 100 km 75 km 50-500 km 100400 km

RESOLUTION 25m 18 m 10-100 m 25-1000 m

INCIDENCE ANGLE 23° 35° 20° - 50° 23° - 60°

ORIENTATION right right right, some left right

DATA STORAGE none 20 minutes 20 minutes none
ORBIT

INCLINATION 97.5° 98.5° 98.5° 97.5

ALTITUDE 785 km 568 km 790 km 785

REPEAT 3, 35, 168 41 days 24 days 35 days
MISSION Lot j B o

LAUNCH ERS-1:7/1991 - Feb., 1992 Fall, 1995 1998

- ERS-2:4/1995

LIFETIME 3 years 2+ years 5 years Forever?

STATUS flight flight integration approved

AGENCY ESA NASDA CSA ESA

Table 1. International SAR mission descriptions.
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Figure 4. Image acquired 4 December 1995 at the McMurdo Ground Station and processed at the Alaska SAR
Facility, showing the Pennell Coast of Antarctica between Cape Hooker and Cape Cheetham. The acquisition was
supported by the European Space Agency as part of integration tests for the McMurdo Station. © ESA, 1994
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Scheduling
ASF will provide the scheduling for the SAR acquisi-
tions at MGS. ASF, as the prime contact with other
national space agencies for SAR remote sensing, will
establish spacecraft instrument schedules for user data

requests such that any conflicts with other MGS
activities are reconciled.

Radar Data Samples

For purposes of testing the newly installed MGS
electronics, ESA has provided a limited amount of
data downlinked from ERS-1 to MGS, and these data
tapes have been taken to ASF for processing,
although they are not available to the general user
community until the agency approval is secured. This
is shown in Figure 4.

Future

The MGS has a bright future to provide a wide range
of data acquisition and spacecraft tracking services,
owing largely to its high latitude location and future
telecommunications linkages to the outer world. The
ability of the MGS to utilize commercial geostation-
ary communications satellites or NASA's TDRS to
offload data from the station at McMurdo is blocked
by the physical presence of Mt. Erebus on the hori-
zon. Thus electronic communication is via a micro-
wave link to the south of McMurdo to Black Island
where a relay station exists which has visibility over
Mt. Erebus to these relay satellites. This relay station
is remotely operated and combines a variety of power
sources (wind, solar, diesel electric) to operate unat-
tended. There are presently no commercial providers
offering an equivalent high volume data rate transfer
service from either Black Island or McMurdo; how-
ever, commercial alternatives will continue to be
explored. TDRS will provide a very high bandwidth
(300 Mb/s) data transmission path from McMurdo to
White Sands, NM, at which point the data will be
recorded on high density tape for shipping to its final
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destination. The large bandwidth of TDRS is the only
means to accomplish this end, as MGS data would
hopelessly clog the T1 (1.544 Mb/s) carrier that NSF
currently uses for all communications to McMurdo
Station. The TDRS link is being implemented on a
demonstration basis.

There are additional satellite SAR systems now being
planned for the future. A prime example is the
Advanced SAR (ASAR) to be flown by ESA on the
ENVISAT series, and there is planning for a Japanese
satellite. These future data may also be available for
MGS acquisition.

Clearly, the present system of mailing data cassettes
to Fairbanks after being flown from McMurdo to
New Zealand is only one approach to data transfer; it
was selected because electronic transfer for the antici-
pated data acquisition schedule would be a significant
expense. This situation may change in the future
when SAR data can be moved electronically for pro-
cessing and then possibly retransmitted to the south-
emn hemisphere to users on ships or ice traverses;
such rapid data handling would also make the SAR
images available for operational uses by resupply and
research ships in the sea ice off Antarctica.

The McMurdo Ground Station is functioning and
seems to be a very satisfactory source of data. It
stands as a good example of interagency
collaboration.
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