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ABSTRACT

Radar altimetry data for the Navy GEOSAT-1 Mission are acquired by a single ground
station that also archives, preprocesses, and distributes the data. The ground station,
located at the Applied Physics Laboratory in central Maryland, commands and controls the
spacecraft and monitors its health and status. Because satellite altimetry data transmitted
during any pass over the ground station are unique in terms of ocean surface coverage,
there is a program requirement for a 24-hour-per-day operational station with a high
degree of reliability and maintainability. The spacecraft command and health monitoring
functions are free from single point failures, and automation is used to reduce operator
error. Store and forward techniques are used extensively to minimize altimetry data loss
and to facilitate recovery from failures.

INTRODUCTION

The satellite radar altimeter has proven to be a versatile and powerful tool for remote
sensing of the oceans. Data from the GEOS-C and SEASAT-1 altimeters supported
research in geodesy, bathymetry, mesoscale oceanography, tides, ice topography, winds,
and waves.1,2 The Navy GEOSAT-1 mission is designed to extend this data set by placing
a radar altimeter spacecraft in approximately the SEASAT-1 orbit in 1985.3

This paper describes the single ground station that supports the GEOSAT-1 mission. The
station receives, archives, processes, and distributes the radar altimetry data from the
satellite. It also provides for command and control of the satellite and monitoring of its
health and status. The ground station is fully operational and has a high degree of
reliability and maintainability.



STATION OVERVIEW

Figure 1 shows GEOSAT-1 telecommunications characteristics for uplink command and
downlink real-time and tape recorder playback transmissions. In terms of hardware, the
station is partitioned into three elements. Figure 2 is an overview showing the ground
station RF, digital, and computer system elements. There are three major software
packages residing on the computer. Two of these are data product packages and the third
is software for command, control, and monitoring (CCM) of the satellite.

The ground station RF element is an existing facility at the Applied Physics Laboratory
(APL), called the Satellite Tracking Facility (STF), that has been upgraded to support
GEOSAT-1. This element consists primarily of analog equipment required for uplink
transmission and downlink reception. It includes prime and backup antenna systems, two
high-power VHF transmitters, redundant receiving and demodulating systems, and timing
equipment.

The digital element of the ground station serves as an interface and buffer between the RF
element and the computer system. It also performs the functions of data archive recording,
encryption/decryption, and time tagging. The digital element has a limited capability to
perform command and real-time telemetry monitoring functions in the event of a computer
system failure. The digital element includes fully redundant bit synchronizers,
decommutators, analog tape recorders, time management devices, and crypto equipment.
Microcomputer controllers play key roles in the RF and digital elements as functional
devices and for automation purposes.

The ground station computer element supports a number of functions including spacecraft
command, control, and monitoring; data acquisition and processing; and the formatting and
transmission of data products. The data processor must accommodate numerous
input/output demands resulting from real-time processing during satellite passes as well as
from postpass processing of the voluminous data set (approximately 450 Mbits) presented
during the satellite tape recorder dumps. The computer system also supports peripheral
functions such as prepass readiness tests, pass logging, and dump telemetry analysis. The
ground station computer has a 32-bit word architecture with real-time capability and high
throughput. It consists of an SEL 32/77 minicomputer with associated peripherals,
including 300 Mbyte disk drives, digital tape units, cathode ray tube display consoles, line
printers, and high-speed input interfaces.

There are three distinct software packages associated with the ground station computer.
Taken together, software operations using these packages consume much of the 24-hour
day.



The CCM software package consists primarily of real-time satellite support functions
performed during passes. The software also supports prepass readiness test functions and
postpass logging and data test operations.

The sensor data record/waveform data record (SDR/WDR) software package is used on a
postpass basis to perform altimetry data processing and to produce output data products in
the form of computer-compatible tapes. The SDR, the prime data product of the ground
station, is generated using algorithms derived from the SEASAT-1 mission and from
several recently developed radar altimetry techniques. Major SDR/WDR processing
objectives are to remove GEOSAT-1 instrument-and spacecraft-related errors from the
altimetry data and to accurately time tag the data. After further processing at the Naval
Surface Weapons Center (NSWC), the SDR data are used to provide improvements in the
earth’s gravitational models used by submarine-launched ballistic missile systems.

The GEOSAT-1 Oceans Application Program (GOAP) software package performs similar
functions and produces a data product similar to the SDR/WDR software. The difference
is that the GOAP data product, called the NORDA data record (NDR), must be quickly
generated and transmitted to the Naval Ocean Research and Development Activity
(NORDA) over a 9.6 kbps data line. After further processing at NORDA, the NDR data
are used to provide timely and accurate environmental information for prediction of
oceanographic parameters.

STATION OPERATION

The GEOSAT-1 orbit is such that two to three satellite passes (called a cluster) occur in
view of the ground station approximately 100 minutes apart. Cluster spacing is
approximately 12 hours. The timing of the clusters precesses so that they occur at various
hours of the day over the 18-month GEOSAT-1 mission span. There are four to six daily
contacts with the satellite. These passes represent the only opportunities to acquire
altimetry data, to transmit commands, and to monitor real-time telemetry.

During an onboard recorder playback (a dump) pass, GEOSAT-1 is commanded to play
back data from its onboard tape recorder using the 2207.5 MHz S-band downlink. The
recorder typically contains 450 Mbits of encrypted data accumulated at 10.205 kbps
during the elapsed 12-hour period since the last cluster dump. Data playback at the
833.4 kbps downlink dump rate requires about 10 minutes. The 10.205 kbps real-time bit
stream generated during the pass is also transmitted on the S-band downlink on a
modulated 1.7 MHz subcarrier.

Figure 3 is a detailed system diagram of the GEOSAT-1 ground station. A 60-foot
parabolic dish is used as the primary uplink antenna system and also receives the



composite S-band downlink from GEOSAT-1. Antenna pointing control is based on Navy
Space Surveillance (NAVSPASUR) orbital predictions provided daily by the NSWC.

The phase-modulated downlink is received and demodulated. The encrypted dump data
and unencrypted real-time data streams are separated by appropriate filters, bit
synchronized, and recorded on separate tracks of an analog tape. Timing information is
also recorded on this tape, which becomes a GEOSAT-1 archive tape. The archive tapes,
containing the altimetry data in encrypted form, will be stored at APL for an extended time
following the mission operational phase.

The 10.205 kbps real-time bit stream is decommutated and the spacecraft clock count
extracted and entered into a time management unit along with station time. The time
management unit output consists of a series of time tag messages, each message having a
unique spacecraft clock count and a concomitant station GMT time. These messages are
entered into the ground station computer and used to generate a corrected time tag for each
processed altimetry data frame.

Spacecraft status is also derived from the real-time telemetry stream for display,
monitoring, and logging during the pass. The ground system can also display and check
data from the real-time dump telemetry data recorded on the archive tape on a postpass
basis. Ground station status and control parameters are also monitored during the pass.

Command sequences are generated and checked through the ground station computer and
then encrypted and uplinked to the spacecraft through the STF VHF transmitting system.
Command authentication and verification are checked through the real-time telemetry
downlink.

After the pass, the archive tape is played through a decryptor. The decrypted dump data
are frame synchronized and recorded directly onto a storage disk of the computer system.
The data are later processed to produce the SDR and WDR. The SDR includes the basic
altimeter instrument measured height, automatic gain control, and significant wave height
plus corrections for satellite and instrument errors. Backscatter coefficients and windspeed
are also estimated. The SDR also combines ground station data with the altimetry data.
The SDR is comprised of processed data records spanning 1-second intervals of altimetry
data (10 altimeter measurements) with corrections computed at a rate of once every
second. It contains processed data from a 24-hour measurement period.

Postpass SDR data processing is a classified operation; the SDR tape is classified. All
SDR processing is performed within a secure shielded enclosure that contains the digital
element and the computer system. The SDR tapes are verified by an independent 



processor and then delivered to the user (NSWC) within two weeks after the data are
received at APL.

The WDR is an unclassified computer-compatible tape. Primarily, this data product
consists of raw waveform samples from the altimeter plus a header identical to the SDR.
The WDR tapes are verified by an independent computer and then delivered to the Naval
Research Laboratory (NRL) within two weeks after reception of dump data at APL.

There is also an unclassified data product called a housekeeping data record (HDR). The
HDR contains all satellite and radar altimetry data, excluding height data, and is processed
using an IBM 3033 computer at APL to provide a postpass assessment of spacecraft health
and status.

Finally, software modules developed for the GOAP program are used to process the
altimeter data to form the NDR. The NDR results from a processing operation similar to
that for the SDR but optimized for execution time. This data product is also classified and
is used for the prediction of oceanographic parameters. As it is being processed, the NDR
is transmitted through an encryptor into a 9.6 kbps communications line to the NORDA
facility in Bay St. Louis, Miss. The NDR is processed and delivered as soon as possible
after dump data reception. Ordinarily, NDR processing operations precede SDR/WDR
processing.

GROUND STATION SUPPORT SUMMARY

The GEOSAT-1 ground station has operated very successfully to the date of this writing
(3½ months after launch). Thus far, 60% of the primary data set has been collected, and
only 0.18% of the available data has been lost because of equipment or operational failure
at the station. This successful performance is due to functional redundancy and to a
reprocessing capability afforded by store and forward design features. The ground station
has also benefited from the services of a highly professional operations team (Ford
Aerospace).
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Fig. 1 GEOSAT-1 TELECOMMUNICATIONS CHARACTERISTICS



FIG.2 GEOSAT-1 GROUND STATION OVERVIEW.



FIG.  GEOSAT-1 GROUND STATION SYSTEM DIAGRAM.


