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ABSTRACT

This paper describes the architectural philosophy and the interaction between the DMSP
C3 ground system and the strategic and tactical users of DMSP imagery data. Some of the
ongoing activities relating to future enhancements and survivability are also explored. At
the present time, the ground systems Satellite Operations Center (SOC) has been installed
at Offutt Air Force Base, Nebraska, and is supported by the two remote Command
Readout Stations (CRS’s) at Fairchild Air Force Base, Washington, and Loring Air Force
Base, Maine. All commanding, planning and telemetry processing is centralized at the
SOC. Backup and redundant subsystems and communications services are provided for
reliable operation plus there is an internet with the Air Force Satellite Control Facility
(AFSCF) for early orbit and anomaly support.

Introduction

DMSP is a space and ground-based system for collection of global environmental data and
its timely distribution to DOD and other Government agencies. The environmental data
consists of visible (V) and infrared (IR) cloud cover and other specialized meteorological
oceneographic and solar-geophysical information required to support worldwide DOD
operations.

DMSP is composed of the Space Segment (SS), the Command, Control and
Communications (C3) Segment and the User Segment (US). The principal function of the
SS is to continually acquire environmental data through its satellite sensors. This data is
stored onboard the satellite for delayed transmission to the C3 Segment. Subsequently, the
data is relayed to strategic elements of the US for processing and analysis. Real time
environmental data can also be transmitted to tactical elements of the US.



Harris Government Information Systems Division is the Prime contractor for the C3

Segment which consists of the Satellite Operations Center (SOC) and Command Readout
Stations (CRS’s). The Air Force Satellite Control Facility (AFSCF) supports the C3

Segment with its Satellite Test Center (STC) and Remote Tracking Stations (RTS’s) for
launch and early orbit. The C3 Segment conducts all mission planning, generates real time
and stored program commands, provides computer memory uploads to the SS, and handles
telemetry acquisition, processing and post-pass analysis.

The US consists of Air Force Global Weather Central (AFGWC), the Navy Fleet
Numerical Oceanography Center (FNOC), and the Tactical Terminals (Mark IV
Transportable Terminals and AN/SMQ-10 Shipbaord Receiving Terminals). The Tactical
Terminals receive DMSP mission data in real time. Although neither the AFGWC nor the
FNOC are DMSP agencies, both receive and process DMSP data.

AFGWC, located at Offutt Air Force Base in Omaha, Nebraska, is the primary strategic
user and distributor of DMSP data destined for the Air Force and Army. The FNOC,
located at Monterey, California, distributes DMSP data to the Navy and Marine Corps.
Both receive and process DMSP data in combination with meteorological, solar-
geophysical, and oceanographic observations from other sources and disseminate such
environmental information in various forms to the DOD and other Government agencies,
as required.

C3S Philosophy

The initial concept of the ground system design was developed by the Air Force and Harris
in 1978. To reduce manning at the CRS’s, the proposed design approach was to centralize
the C3S functions and to have the CRS’s relay data to/from the satellite without operator
intervention at those remote sites. This “bentpipe” concept required that backup modes of
operation, redundant communications services and redundant hardware be provided at the
centralized Satellite Operations Center (SOC). It was determined at a later date that
survivability of the ground system could be assured by providing a subset of the SOC
capability at one of the CRS’s. This local commanding subset was installed in 1983.

The “bentpipe” C3S concept for DMSP relies on leased communications services to
provide the command and telemetry interface between the SOC, the CRS’s, and other
support facilities. These leased services also provide the media for relay of the
environmental data to the AFGWC and FNOC users. The primary DMSP ground sites are
shown in Figure 1 and include the following:



Figure 1.

Site I (FAIR) located at Fairchild Air Force Base, Washington, and Site II (LIZA) at
Loring Air Force Base, Maine, are the two current CRS’s. These sites are used for direct
uplink and downlink communications with the DMSP satellites. Each CRS has two
antennas; one for satellite tracking and the other for Domestic Satellite (DOMSAT)
communications to the AFGWC, SOC, and FNOC. Planned upgrades may result in the
decommissioning of LIZA and the incorporation of the Thule Greenland RTS into the
DMSP network. Figure 2 shows the configuration of the Fairchild CRS.

Site III, located at Offutt Air Force Base, Nebraska, ingests and preprocesses the
meteorological payload data for the atmospheric models on the computer systems at the
AFGWC as well as for hardcopy transparencies of weather worldwide. Input to Site III
also provides the communications interface between the DOMSAT terminal and the SOC.
This site is shown in Figure 3.

Site IV, located at Vandenburg Air Force Base, California, is the Payload Test Facility
(PTF). This site is used for telemetry processing during prelaunch testing and ascent.



Figure 2.

Figure 3.



Site V, located at Offutt Air Force Base, Nebraska, is the SOC. This site provides the
planning, command, control, and Equipment Status Telemetry (EST) processing which is
required for spacecraft performance and health. It provides a centralized communications
center for all remote sites. Figure 4 illustrates the SOC.

Figure 4.

To back up the CRS’s, the DMSP communications network also uses the Remote
Tracking Stations (RTS’s) and the Satellite Tracking Center (STC) of the Air Force
Satellite Control Facility (SCF). The Hula Tracking Station (HTS) is a unique RTS in that
it has equipment dedicated to the support of DMSP.

All other RTS’s used in support of DMSP interface to the STC through the Defense
Communications Systems/Satellite Control Facility Interface System (DSIS) and then via
landlines to and from the SOC. The internet of these sites is shown in Figure 5.

As shown in the figure, the primary link from the SOC to the CRS’s is via the DOMSAT.
Command and telemetry data is transmitted over this link and then via the CRS’s RF links
to and from the DMSP satellites. The interface of meteorological data (or payload) from
the DMSP to the FNOC and AFGWC users is also via the DOMSAT. This link also
supports the SOC and CRS control functions including site status and command, echo and
voice communications as well as telemetry and payload data from the HTS.



FIGURE 5.

Meteorological and telemetry data are multiplexed at each CRS with site status data and a
digital voice channel into a single 3.072-megabit/second data stream. Site status, command
data, and digital voice are not contained in the HTS’s data stream. The channels from each
CRS and HTS site are uplinked to the DOMSAT and relayed to terminals located at the
AFGWC and FNOC. Although both the AFGWC and FNOC receive all the data contained
on all three channels, only the AFGWC has the proper interface to forward telemetry,
status, and voice data to the SOC.

The command channel from the SOC to the CRS’s is a single, time-division, multiplexed
channel that contains a composite of command, site control, and digital voice at a 230.4-
kilobit/second rate. The command data stream is code converted at each CRS to a form
usable by the DMSP satellite and is then uplinked to the spacecraft. Normal telephone
communication between the SOC and the two CRS’s is backed up by the satellite digital
voice links. The voice signals from the intercom at the SOC are converted into a 14.4-
kilobit/ second digital signal by a Continuously Variable Slope Detector (CVSD) voice
processor.



The digital signal is multiplexed into the 230.4-kilobit/second data stream. The
14.4-kilobit/second CVSD digital voice data stream is recovered at the CRS and
reconstructed into an analog output which is routed to each site’s intercom system. Voice
signals from the intercom at the CRS are digitized in a similar fashion and incorporated
into the 3.072-megabit/second satellite data stream which is transferred back through Site
III to the SOC. At the SOC, a demultiplexer recovers the 14.4-kilobit/second digital data
stream. The digital voice is again converted into an analog signal and routed to an
intercom.

The primary satellite communication links are backed up by terrestrial lines that are
capable of handling command data, low-rate telemetry data, site status, and command echo
data. The terrestrial lines do not provide backup for meteorological data communication to
Site III. Additional terrestrial lines are provided to other remote sites, including the PTF,
STC, and the DMSP Satellite Factory Site. All lines are designated as alternate voice/data
lines and have special switching equipment to remove the conditioning during voice
transmission.

Other facilities which internet with the C3S’s are:

FNOC, located in Monterey, California, receives DMSP meteorological data to provide
operational, oceanographic products and forecasts for the Department of the Navy.

AN/SMQ-10 Shipboard Receiver Terminals are designed for use aboard aircraft carriers.
This terminal is a complete satellite meteorological terminal that receives, processes, and
displays the DMSP environmental data.

The Mark IV Transportable Terminals are designed for worldwide tactical deployment.
This terminal automatically acquires and receives data from DMSP and NOAA satellites in
real time. Its image processing provides detailed weather analysis in an operational
environment.

SATELLITE OPERATIONS CENTER

The DMSP SOC is under the command of the Air Force Space Command’s 1000th
Satellite Operations Group (SOG). As the primary command and control site, the SOC has
the personnel and subsystems necessary to conduct all mission planning, command of the
spacecraft ingest of telemetry, and post-pass health and welfare analysis. An overview of
the functions of the SOG are shown in Figure 6.



Figure 6.

• Operational Concept

Operational control of the DMSP (Figure 7) is accomplished by transmitting command and
load data from the SOC via a commercial DOMSAT to a CRS. The CRS provides the real
time command and control interface to the DMSP satellites, collects telemetry and
meteorological (sensor) data from these satellites and relays it via the DONSAT to the
AFGWC and FNOC. The CRS normally operates in the “bentpipe” mode. The CRS’s
have the capability to simulataneously receive and record the telemetry and meteorological
data. Recorded data which is not relayed in real time is transmitted post-pass. At the
AFGWC, the meteorological data which is received from each CRS via the DOMSAT is
reconstructed and processed, and the composite telemetry sensor data is then sent to the
SOC where the telemetry data is separated from the meteorological data and processed.
The SOC planning, commanding, telemetry ingest, and post-pass analysis functions are
implemented in a multiprocessor network that interfaces with custom hardware and
commercial communications equipment. Figure 8 illustrates the network functions.



Figure 7.

• Mission Planning

Mission Planning encompasses all tasks associated with scheduling and generation of
control data for both the ground system and satellite operation. It synthesizes the user’s
scheduled data needs, accepts engineering requests for special satellite tests, and processes
satellite status information to create the operational data files necessary to control the
DMSP satellite system.



Figure 8.

The Mission Planning area receives requirements from users via the AFGWC for stored
and real time mission data. In addition, requirements and constraints on satellite operation
are received from the 1000 SOG Engineering Organization and from DMSP support
contractors. These requirements and operational constraints are then processed by PLANS
- the automated Mission Planning system which produces the operational data files used by
the Mission Commanding to control the DMSP satellites.

• Mission Commanding

Mission Commanding transmits and verifies commands and satellite memory loads,
updates spacecraft clocks, and monitors, in real time, selected telemetry parameters in
support of contingency commanding. Individual commands are uplinked at a rate of two
commands/second while the uplink of memory loads to execute commands outside of a
CRS visibility circle is handled at a rate of 80 commands/second. To uplink a command or
memory load, the commanding area formats and transfers the words to be uplinked to the
communication equipment which forwards them to the CRS for uplinking to the satellite.
The commanding area also provides for functional commanding by incorporating a



command expansion capability for use in constructing command sequences. This
functional commanding capability permits the command/control operators to view satellite
operations at a very high level. For instance, the functional command “Load and Verify
Ephemeris” is a collection of many individual spacecraft commands. The Commanding
operator can select different functional levels of display to view the transmission with
increased commanding detail. These command sequences can be transmitted at a specific
time (auto transmission mode) or when initiated by an operator (manual transmission
mode). In addition, the Commanding operator can insert, as required, groups of command
into the command stream in real time.

• Real Time Equipment Status Telemetry (EST) Processing

The EST processing ingests, converts, stores, and displays satellite health and welfare
telemetry data in a form easily read for use by an operator. Two different types of EST are
received for processing real time telemetry which is acquired during each CRS’s visibility
circle and stored outside of the station circle. The telemetry data can be received either
concurrent with, or independent of, the commanding activity. Each real time computer in
the Telemetry Processing area can process one real time (2, 10, 60 kilobits/second) and
one stored telemetry stream (approximately 87.5 kilobits/second).

EST data is acquired at the CRS’s, relayed via DOMSAT to Site III, and forwarded to
decommutation (DECOM) units at the SOC. These specially-built DECOM’s uniquely
identify every telemetry parameter for computer processing. Each pair of DECOM’s is
connected to a single real time computer. These computers integrate the real time EST
commanding and stored EST functions to support a specific satellite.

Real time EST processing provides conversion of raw telemetry to engineering units and
subsequent display for satellite data analyses by engineering personnel. Satellite
subsystems, out-of-limits, and dwell telemetry displays are provided to the data analysts on
colorgraphic terminals. In addition, telemetry steps can be presented graphically on these
colorgraphic terminals, as well as on hardcopy strip charts. Color is used to improve
efficiency of operation by highlighting out-of-limits conditions, rate/direction of changes,
and form fills.

Since real time EST values can change very rapidly, a virtual playback capability is also
provided so that the data analyst can replay significant events. The replays allow slow-
motion viewing of the real time EST. Once contact with the satellite has ended, the stored
telemetry and real time telemetry are merged into the online, revolution-by-revolution
telemetry data base. This data base can then be accessed for post-pass computer analyses.



Certain commanding functions are also handled by telemetry processing. Each telemetry
frame contains a step which is an echo of the last command uplink. These steps are
stripped by the DECOM from the real time telemetry stream and forwarded to the
commanding hardware for command verification. In addition to command verification,
telemetry processing also verifies the memories of the satellite’s computers by comparing
each memory word received with a reference file generated on the ground.

• Stored Telemetry Processing (Post-Pass Analysis)

The Stored Telemetry Processing System (STPS) provides data analysts with the means to
conduct post-pass, long-term telemetry analysis of spacecraft anomalies. The system
operates in either the interactive or batch modes. In the interactive mode, the analyst can
retrieve information stored in the telemetry data base and perform analyses. The menus
lead the data analyst through the processing capabilities of the system. Results of each
processing step are displayed on the operator’s terminal. If, after viewing the results,
additional processing is required, the analyst can continue to interactively perform any
additional analysis on the telemetry data.

In the batch mode of operation, the STPS allows the analyst to execute repetitive and time-
consuming processing. The batch mode can be initiated directly from the console or
delayed awaiting a specific event. For instance, the operator can request processing to start
hours or days from the current time of day, or instruct the system to delay processing until
after a specific satellite revolution occurs.

By using the data base statistics files, the analyst can scan through the telemetry data base
for parameters that are out-of-limits or for other significant situations. Either a single orbit
of data or multiple orbits of data can be scanned. Special user-defined retrieval algorithms
are available to the analyst to aid in searching through EST data and determining key
points of interest without having to read through voluminous telemetry printouts.

Command Readout Stations

All normal data communications with a DMSP satellite are conducted via a CRS. These
sites (configuration shown in Figure 9) receive, demodulate, record, multiplex, and
transmit DMSP data via the DOMSAT to processing equipment at the SOC, AFGWC and
FNOC. Each CRS functions primarily as a “bentpipe” station for L-band (1.75 to 1.85
gigahertz) frequency uplink transmission to the satellite, and S-band (2.2 to 2.3 gigahertz)
frequency downlink reception from the satellite.



Figure 9.

The CRS uplink receives and reformats a 230.4-kilobit/second data stream from the SOC.
The reformatted data contains commands (ternary S, 1, 0, CLK) which are modulated,
compatible with the Space Ground Link Subsystem (SGLS), onto a carrier and amplified
by a high-powered amplifier located at the antenna feed.

The function of the downlink is to receive, store, and forward all incoming S-band signals
to the AFGWC. When the S-band signal is received, it is translated by a downconverter to
300 megahertz and is routed to four Demodulator/bit Synchronizer Units to extract the real
time EST and stored meteorological data for storage and forwarding. All data received
from the satellite is recorded on instrumentation tape recorders. This system of storage
makes it possible to have a post-pass playback in case there is a communications outage.
During the pass, the meteorological data stream with the highest priority is forwarded via
the DOMSAT at 3.072 megabits/second to the AFGWC and FNOC. The alternate data
stream is retransmitted post-pass from the tape recorders.

As the S-band signals are being received by the antenna, a diode scanner connected to four
S-band dipoles (two for azimuth and two for elevation) is switched on at a 94-hertz rate.
This furnishes the pseudomonopulse autotracking antenna pointing error to the Antenna



Positioning Subsystem (APS) for a continuous tracking update. A computer also supports
program track of the antenna position as a backup.

The Fairchild CRS also has a subset of the SOC Commanding and Telemetry Processing
Capability so that there is a local backup for commanding and telemetry processing.

Plans for the Future

The DMSP ground system employs several levels of vulnerability protection. The data
links between the DMSP satellite and the ground are encrypted; and in addition, the
command links are protected against interdiction by authentication hardware and software
algorithms. The program is currently assessing additional measures which will assure
mission data availability in any environment.


