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Foreword

The Geostationary Operational Environmental Satellite (GOES) program is a key
element in National Weather Service (NWS) operations. GOES weather imagery
and quantitative sounding data are a continuous and reliable stream of
environmental information used to support weather forecasting, severe storm
tracking, and meteorological research. Evolutionary improvements in the
geostationary satellite system since 1974 (i.e., since the first Synchronous
Meteorological Satellite, SMS-1) have been responsible for making the current
GOES system the basic element for U.S. weather monitoring and forecasting.
Spacecraft and ground-based systems work together to accomplish the GOES
mission.

Designed to operate in geosynchronous orbit, 35,790 km (22,240 statute miles)
above the earth, thereby remaining stationary, the advanced GOES I-M spacecraft
continuously view the continental United States, neighboring environs of the
Pacific and Atlantic Oceans, and Central and South America. The three-axis,
body-stabilized spacecraft design enables the sensors to “stare” at the earth and
thus more frequently image clouds, monitor earth’s surface temperature and
water vapor fields, and sound the atmosphere for its vertical thermal and vapor
structures. Thus the evolution of atmospheric phenomena can be followed,
ensuring real-time coverage of short-lived dynamic events, especially severe local
storms and tropical cyclones — two meteorological events that directly affect
public safety, protection of property, and ultimately, economic health and
development. The importance of this capability has recently been exemplified
during hurricanes Hugo (1989) and Andrew (1992).

The GOES I-M series of spacecraft are the principal observational platforms for
covering such dynamic weather events and the near-earth space environment for
the 1990s and into the 21st century. These advanced spacecraft enhance the
capability of the GOES system to continuously observe and measure
meteorological phenomena in real time, providing the meteorological community
and the atmospheric scientist greatly improved observational and measurement
data of the Western Hemisphere. In addition to short-term weather forecasting
and space environmental monitoring, these enhanced operational services also
improve support for atmospheric science research, numerical weather prediction
models, and environmental sensor design and development.

The main mission is carried out by the primary payload instruments, the Imager
and the Sounder. The Imager is a multichannel instrument that senses radiant
energy and reflected solar energy from the earth’s surface and atmosphere. The
Sounder provides data for vertical atmospheric temperature and moisture
profiles, surface and cloud top temperature, and ozone distribution.

Other instruments on board the spacecraft are the search and rescue transponder,
ground-based meteorological platform data collection and relay, and the space
environment monitor. The latter consists of a magnetometer, an X-ray sensor, a
high energy proton and alpha detector, and an energetic particles sensor, all used
for in-situ surveying of the near-earth space environment.
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End users, scientific and technical persons, program personnel, and others
desiring mission data from or further information about the GOES system may
contact the specific National Environmental Satellite Data and Information

Service (NESDIS) point of contact.

Topical Area Point of Contact

Telephone

"E Mail Address*

Product Manager Jamison Hawkins

301-457-5125

NOAA PORT Manager Carl P. Staton

301-457-5165

CStaton@NESDIS.NOAA.Gov

GOES TAP Manager John A. Paquett

301-763-8051

Jnaquette@SSD.WWB.NOAA.Gov

Satellite Operations

socc Louis P. Barbieri 301-457-5130 -

Engineering Michael A. Suranno  301-457-5240 -
Ground Systems Richard Reynolds 301-457-5185 RReynolds@NEDIS.NOAA.Gov
Instrument Calibration Michael Weinreb 301-457-5250 -

WEFAX/Data Collection ~ Wayne G. Winston

301-763-8325

Wayne_Winston@SSD.WWB.NOAA.Gov

Space Environment Monitor Richard Grubb

303-497-3284

RGrubb@SEC.NOAA.Gov

Space Environment Center Gary R. Heckman

303-497-5687

GHeckman@SEC.NOAA.Gov
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Preface

To further enhance the utility of the GOES system, this DataBook presents a
summary and technical overview of the GOES I-M system, its satellites,
subsystems, sensor suite, and associated ground communication and data
handling subsystems. The DataBook is intended to serve as a convenient and
comprehensive, desktop technical reference for persons working on or associated
with the GOES I-M missions. Sufficient technical information and performance
data are presented to enable the reader to understand the importance of the
GOES I-M mission, the system’s capabilities, and how it meets the needs of end
users.

Certain performance data presented herein, e.g., Imager and Sounder
radiometric performance, were predicted from or measured on the GOES |
satellite. As the satellites undergo on-orbit operations and actual data are
obtained, such technical information in this book may not necessarily reflect
current capabilities.

Space Systems/Loral (SS/L) is the prime contractor for the GOES I-M system
under NASA Contract No. NAS5-29500. The GOES program is managed for the
National Oceanic and Atmospheric Administration (NOAA), the principal user,
by the National Aeronautics and Space Administration (NASA), Goddard Space
Flight Center (GSFC). The Aerospace/Communications Division of ITT is the
subcontractor to SS/L for the Imager and Sounder instruments. The space
environment monitor sensors are all provided by Panametrics, except for the
magnetometer, which is built by Schonstedt Instrument Company.
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Overview of the GOES
Mission

Goals of the Mission

The goals of the Geostationary Operational Environmental Satellite (GOES) system
program are to:

= Maintain reliable operational, environmental, and storm warning systems to
protect life and property

= Monitor the earth’s surface and space environmental conditions

< Introduce improved atmospheric and oceanic observations and data
dissemination capabilities

= Develop and provide new and improved applications and products
for a wide range of federal agencies, state and local governments, and
private users

To address these goals, the National Weather Service (NWS) and the National
Environmental Satellite Data and Information Service (NESDIS) of the Department
of Commerce established mission requirements for the 1990s that are the bases for
design of the GOES I-M system and its capabilities. The GOES system thus
functions to accomplish an environmental mission to service the needs of
operational meteorological, space environmental, and research users.

The GOES System

To accomplish this mission, the GOES I-M series of spacecraft perform three major
functions:

= Environmental Sensing: Acquisition, processing, and dissemination of imaging
and sounding data independent of imaging data processes and the (in-situ)
space environment monitoring data, and measurement of the near-earth space
“weather.”

= Data Collection: Interrogate and receive data from earth surface-based data
collection platforms (DCPs) and relay to the National Oceanic and Atmospheric
Administration (NOAA) command and data acquisition stations.

= Data Broadcast: Continuous relay of weather facsimile and other
meteorological data to small users, independent of all other system functions;
relay of distress signals from aircraft or marine vessels to the search and rescue
ground station of the search and rescue satellite-aided tracking system.
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Each mission function is supported or performed by components of the GOES I-M
payloads:

Environmental sensing:
= Five-channel Imager
= Nineteen-channel Sounder

= Space environment monitor (SEM)
- Energetic particles sensor (EPS)
- High energy proton and alpha particle detector (HEPAD)
- X-ray sensor (XRS)
- Magnetometers

Data collection:

= Data collection system (DCS)

Data broadcast:

= Processed data relay (PDR) and weather facsimile (WEFAX) transponders
= Search and rescue (SAR)

= Sensor data and multiuse data link (MDL) transmitters

The remote sensing function is carried out by the 5-channel Imager and 19-channel
Sounder, both of improved spatial and spectral resolution, and in-situ sensing by a
SEM covering an extensive range of energy levels. The acquisition of sensed data
and its handling, processing, and final distribution are performed in real-time to
meet observation time and timeliness requirements, including revisit cycles.
Remotely sensed data are obtained over a wide range of areas of the western
hemisphere, encompassing the earth’s disk, selected sectors, and small areas. Area
coverage also includes the visibility needed to relay signals and data from ground
transmitters and platforms to central stations and end users.

The Mission Capable Space Segment

The GOES I-M series of spacecraft are the prime observational platforms for
covering dynamic weather events and the near-earth space environment for the
1990s and into the 21st century. These advanced spacecraft enhance the capability
of the GOES system to continuously observe and measure meteorological
phenomena in real-time, providing the meteorological community and
atmospheric scientists of the western hemisphere with greatly improved
observational and measurement data. These enhanced operational services
improve support for short-term weather forecasting and space environment
monitoring as well as atmospheric sciences research and development for
numerical weather prediction models, meteorological phenomena, and
environmental sensor design.
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The Weather Watch System of the 1990s
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The Observational Platform

The advanced GOES I-M spacecraft three-axis, body-stabilized design enables
the sensors to “stare” at the earth and thus more frequently image clouds,
monitor the earth’s surface temperature and water vapor fields, and sound the
earth’s atmosphere for its vertical thermal and vapor structures. Thus the
evolution of atmospheric phenomena can be followed, ensuring real-time
coverage of short-lived, dynamic events, especially severe local storms and
tropical cyclones, two meteorological events that directly affect public safety,
protection of property, and, ultimately, economic health and development.

Innovative features incorporated in the GOES I-M spacecraft enable high
volume, high quality data to be generated for the weather community. Two
important capabilities are flexible scan control that allows small area coverage
for improved short-term weather forecasts over local areas, and simultaneous,
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independent imaging and sounding. Precision on-orbit stationkeeping, coupled
with three-axis stabilization, provides a steady observational platform for the
mission sensors, greatly increasing earth-referenced data location and
measurement accuracy. To maintain location accuracy, an innovative image
navigation and registration (INR) methodology is employed that uses star
sensing via the primary instruments. The INR subsystem provides daily
imaging and sounding data on a precisely located, fixed earth coordinate grid
without ground interpolation.

The Imager

The Imager is a multispectral, earth-scanning instrument capable of sweeping
simultaneously one visible and four infrared channels in a north-to-south swath
across an east-to-west path, and providing full earth imagery, sector imagery
containing edges of earth’s disk, and area scans of local regions. Besides
simultaneous imaging, it features higher infrared spatial (4 kilometers, 2.5
statute miles) and spectral resolution in the surface and cloud detection
channels, and increased sensitivity, all of which enhance quantitative estimates
of surface temperature and low-level moisture and monitoring of convective
intensity. Imaging over five channels significantly improves cloud and water
vapor measurements and produces visual and infrared images of the earth’s
surface, oceans, cloud cover, and severe storm developments. Cloud imagery is
available to users in mapped format (available for each channel) as well as the
familiar GOES projection sectors. Two composite images, visible-infrared and
infrared-water vapor, are also produced.

The Sounder

The GOES I-M Sounder features more spectral channels, higher spatial
resolution (8 kilometers, 5 statute miles), and increased sensitivity for high
quality soundings than are currently available. It is capable of stepping 1 visible
and 18 infrared channels in a north-to-south swath across an east-to-west path.
The Sounder and Imager both provide full earth imagery, sector imagery
containing the edges of earth’s disk, and area scans of local regions. Nineteen
spectral bands (seven longwave, five midwave, six shortwave, and one visible)
yield the prime sounding products of vertical temperature profiles, vertical
moisture profiles, layer mean temperature, layer mean moisture, total
precipitable water, and the lifted index (a measure of stability). These products
are used to augment data from the Imager to provide information on
atmospheric temperature and moisture profiles, surface and cloud top
temperatures, and the distribution of atmospheric ozone.

Flexible Scan Control

Both Imager and Sounder employ a servo-driven, two-axis gimballed mirror
system in conjunction with a 31.1-centimeter (12.2-inch) aperture Cassegrain
telescope. As separate sensors, they allow simultaneous and independent
surface imaging and atmospheric sounding. Each has flexible scan control,
enabling coverage of small areas as well as hemispheric (North and South
America) and global scenes (earth’s full disk), and close-up, continuous
observations of severe storms and of dynamic, short-lived weather phenomena.
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A priority scan feature allows improved scheduling of small area and mesoscale
scans for short range forecasts and storm warnings. Imager large area scans of
3000 by 3000 kilometers (1864 by 1864 statute miles) are accomplished in three
minutes and small area scans of 1000 by 1000 kilometers (621 by 621 statute
miles) can be made in 41 seconds. A 3000- by 3000-kilometer area can be
sounded in 43 minutes, and full earth can be imaged in 26 minutes.

Space Environment Monitoring

The SEM instruments survey the sun, measuring in situ its effect on the near-
earth solar-terrestrial electromagnetic environment. Changes in this “space
weather” can affect operational reliability of ionospheric radio; over-the-horizon
radar; electric power transmission; and most importantly, human crews of high
altitude aircraft, the Space Shuttle, or a Space Station.

The XRS monitors the sun’s total X-ray activity. The EPS and HEPAD detect
energetic electron and proton radiation trapped by the earth’s magnetic field as
well as direct solar protons, alpha particles and cosmic rays. The magnetometer
measures three components of earth’s magnetic field in the vicinity of the
spacecraft and monitors variations caused by ionospheric and magnetospheric
current flows.
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GOES Geographic Coverage
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3Data Broadcast

GOES also enhances services for receiving meteorological data from earth-based
data collection platforms and relaying the data to end-users. A continuous,
dedicated search and rescue transponder on board provides for immediate
detection of distress signals from downed aircraft or marine vessels and relays
them to ground terminals to speed help to people in need. Increased
communications capacity permits transmission of processed weather data and
weather facsimile for small local user terminals in the western hemisphere.

Geographic Coverage

The GOES spacecraft, on-station 35,790 kilometers (22,240 statute miles) above the
equator and stationary relative to the earth’s surface, can view the contiguous 48
states and major portions of the central and eastern Pacific Ocean and the central
and western Atlantic Ocean areas. Pacific coverage includes the Hawaiian Islands
and Gulf of Alaska, the latter known to weather forecasters as “the birthplace of
North American weather systems.” Because the Atlantic and Pacific basins
strongly influence the weather affecting the United States, coverage is provided by
two GOES spacecraft, one at 75° west longitude, GOES East, and the other at 135°
west longitude, GOES West.

The combined footprint (radiometric coverage and communications range) of the
two spacecraft encompasses earth’s full disk about the meridian approximately in
the center of the continental United States. Circles of observational limits centered
at a spacecraft’s suborbital point extend to about 60° north/south latitudes. The
radiometric footprints are determined by the limit from the suborbital point,
beyond which interpretation of cloud data becomes unreliable.

At least one GOES spacecraft is always within line-of-sight view of earth-based
terminals and stations. The Command and Data Acquisition (CDA) Station is in
line-of-sight to both spacecraft so that it can uplink commands and receive
downlinked data from each simultaneously. Data collection platforms within the
coverage area of a spacecraft can transmit their surface-based sensed data to the
CDA Station via the onboard data collection subsystem. Similarly, ground
terminals can receive processed environmental data and WEFAX transmissions.

Ground Segment Support

Raw Imager and Sounder data received at the NOAA CDA Station are processed
in the operations ground equipment (OGE) with other data to provide highly
accurate, earth-located, calibrated imagery and sounding data in near real-time for
retransmission via GOES spacecraft to primary end users, typically the seven NWS
Field Service Stations located throughout the United States. Operational
management and planning are performed at the Satellite Operations Control
Center (SOCC), where all elements of the system are monitored, evaluated,
scheduled, and commanded.
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GOES System Functional Diagram
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Data Transmissions
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Network Architecture

The communications links, ground support equipment connectivity, and data
transmission paths complete the interfaces among GOES I-M-specific and
existing equipment. This network, transparent to current users, routes
broadcast and mission data. The Imager and Sounder output serial bit streams
are transmitted on the S-band carrier wave by the sensor data transmitter. The
GOES spacecraft signal is received at the CDA Station where it is demodulated
and processed by the OGE; the new uplink signal, containing calibrated, earth-
located data, is uplinked from the CDA Station to the spacecraft, received by
the S-band receiver, and converted to the appropriate transmit frequency.
Before being multiplexed and retransmitted to user stations by the S-band
transmit antenna, the signal is prefiltered to separate it from other uplinked
signals.
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GOES Variable Data Format

The GOES I-M variable (GVAR) data transmission format is primarily used to
transmit Imager and Sounder meteorological data. It also includes telemetry,
calibration data, text messages, spacecraft navigation data, and auxiliary
products. The GVAR format originated in the operational visible infrared spin
scan radiometer, atmospheric sounder (VAS) mode AAA of the early spin-
stabilized GOES spacecraft. The AAA format consists of a repeating sequence of
12 fixed-length, equal size blocks whose transmission is synchronized with
spacecraft spin rate (that is, one complete 12-block sequence for each rotation).

The range and flexibility of satellite operations have increased with the advent
of three-axis stabilized GOES I-M spacecraft employing two independent
instruments, each with a scanning mirror having 2 degrees of freedom. The use
of a fixed-length transmission format would have imposed operational limits on
the capabilities of the I-M spacecraft. To fully use these new capabilities, the
GVAR format was developed, supporting variable length scan lines, while
retaining as much commonality as possible with AAA reception equipment.

Operations Ground Equipment

The OGE consists of components located at the CDA Station, Wallops Island,
Virginia, and the SOCC at Suitland, Maryland. The OGE receives input streams
of raw Imager and Sounder data and MDL data from the spacecraft. Primary
outputs are PDRs of those data streams in GVAR format. One GVAR-formatted
output data stream is generated for each spacecraft downlink data stream. The
GVAR data stream is transmitted to its corresponding GOES spacecraft for relay
to primary system users, as well as back to the CDA Station and SOCC for other
internal OGE functions. Communications among the several elements of the
OGE are via the GOES I-M telemetry and command system (GIMTACS).

Internal OGE uses of GVAR data are primarily for monitoring the quality of
processed instrument data (CDA Station and SOCC), determining spacecraft
range and extracting landmark images as part of orbit and attitude
determination, and monitoring on-board computation of north/south and east/
west image motion compensation to provide continuous scan frame registration.
Also data from the MDL are received at the SOCC as an independent data link
that, for GOES I, contains angular displacement sensor and digital integrating
rate assembly data. These data are ingested and processed by the OGE and used
for diagnosing dynamic interactions among the instruments and the spacecraft.
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Communications Links

Uplink Downlink

Description Source (MHz) (MHz) Destination

Command CDA Station/DSN 2,034 Spacecraft

Telemetry Spacecraft 1,694/ CDA Station; DSN;

(including SEM) 2,209 Environmental
Research Laboratory

WEFAX CDA Station 2,033 1,691 Users; automatic
picture transmission

Data Collection CDA Station 2,034 468 DCP

Platform Interrogate

(DCPI)

Data Collection DCP 401 1,694 CDA Station; users

Platform Report (DCPR)

Search and Rescue Emergency Locator 406 1,544 Rescue coordination

(SAR) Transmitter (ELT) center

MDL Spacecraft 1681.5 SOCC

(diagnostic data)
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The GOES Spacecraft
Configuration

The GOES I-M spacecraft is a three-axis, body-stabilized design capable of
continuously pointing the optical line of sight of the imaging and sounding
radiometers to the earth. The spacecraft body contains all of the propulsion and
electronic equipment and provides the stable platform on which the payload
instruments are mounted. A single-wing, two-panel solar array on the south-
facing side continuously rotates about the spacecraft pitch axis to track the sun
during orbital motion. The use of a single-wing solar array mounted on the
south-facing side of the spacecraft allows the passive north-facing radiation
coolers of the Imager and Sounder to view cold space.

A conical-shaped solar sail mounted on a 17-meter (58-foot) boom on the north
side balances the torque caused by solar radiation pressure. A trim tab panel at
the end of the solar array provides the necessary fine balance control for the solar
radiation pressure. All communications antennas, with the exception of
telemetry and command, are hard mounted on the earth-facing panel for
unobstructed earth coverage and maximum alignment stability. To provide near-
omnidirectional coverage, the telemetry and command antenna is mounted on a
fixed 2-meter (6.6-foot) boom on the east side of the spacecraft. Redundant three-
axis magnetometers are mounted on a deployable 3-meter (9.8-foot) boom,
attached to the anti-earth face, to minimize interference from the spacecraft.

Deployed Spacecraft Outline/Dimensions
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The Spacecraft is modular in design, allowing for assembly and test accessibility.
It is made up of the propulsion module, electronics module, four major panels
(earth, north, south, and anti-earth facing), the solar array and drive, the solar sail
and boom, and Imager, Sounder, and space environment sensors. In its on-orbit
operational configuration, the spacecraft is about 26.9 meters (88.3 feet) in overall
length (solar sail to trim tab), about 5.9 meters (19.3 feet) in overall height
(telemetry and command antenna to the dual magnetometers), and 4.9 meters
(16.0 feet) in overall width (dual magnetometer to UHF antenna).

The spacecraft is designed for the Atlas | or Atlas Il launch vehicle (adaptable to
Space Transportation System). The on-orbit operational life is 5 years with the
capability to maintain stationkeeping at £0.5° in longitude and +0.5° in latitude.
The spacecraft provides for simultaneous and independent operation of the
Imager and Sounder instruments over its lifetime and is capable of generating
signals based on the image motion compensation (spacecraft orbit and attitude)
and mirror motion compensation adjustments (spacecraft internal dynamics),
with the capability to reprogram the on-board computer after launch.

Spacecraft Expanded Configuration
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In contrast to the current GOES spacecraft, the GOES I-M design features three-
axis stabilization, rather than spin stabilization, enabling the Imager and
Sounder to continuously observe the earth, and thus monitor, track, and acquire
extensive data on dynamic, short-lived weather events. The Imager and
Sounder are now independent instruments that also can be operated
simultaneously. The Imager has 5 imaging channels and the Sounder 19
sounding channels. In addition, the space environment monitor is provided
with two more energetic particles sensor channels, broadening the range of
particle energies that can be detected. The transmission of weather facsimile
data, which was time-shared in the earlier GOES, is now independent of the
Imager and Sounder instruments.

GOES with Imager and Sounder Installed
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Imager

The GOES I-M Imager is a five-channel (one visible, four infrared) imaging
radiometer designed to sense radiant and solar reflected energy from sampled
areas of the earth. By means of a servo-driven, two-axis gimballed mirror scan
system in conjunction with a Cassegrain telescope, the Imager’s multispectral
channels can simultaneously sweep an 8-kilometer (5-statute mile) north-to-
south swath along an east-to-west/west-to-east path, at a rate of 20° (optical)

east-west per second.

Imager Instrument Characteristics

Detector Nominal square
Channel Type IGFOV at nadir
1 (Visible) Silicon 1km
2 (Shortwave) InSh 4 km
3 (Moisture) HgCdTe 8 km
4 (Longwave 1) HgCdTe 4 km
5 (Longwave 2) HgCdTe 4 km
Parameter Performance
FOV defining element Detector

Channel-to-channel alignment

28 prad (1.0 km) at nadir

Radiometric calibration

300 K internal blackbody

and space view

Signal quantizing

10 bits, all channels

Scan capability

Full earth, sector, area

Output data rate

2,620,800 b/s

Imaging areas

20.8° E/W by 19° N/S

LOUVER
SUN SHIELD
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Imaging Channels Allocation

Imager 21

Meteorological Objective

Channel Wavelength Range of and Maximum

Number Range (um) Measurement Temperature Range

1 0.55t00.75 1.6 to 100% albedo  Cloud cover

2 (GOES-I/)/K) 3.80 to0 4.00 410320 K Nighttime clouds (space - 340 K)

2 (GOES-L/M) 3.80 to 4.00 410335 K Nighttime clouds (space - 340 K)

3 (GOES-I/)/K/L) 6.50t0 7.00 410320 K Water vapor (space — 290 K)

3 (GOES-M) 13.0to 13.7 410320 K Cloud cover and height

4 10.20 to 11.20 410 320K Sea surface temperature and water
vapor (space - 335 K)

5 (GOES-I/J/K/L) 11.50 to 12.50 410320 K Sea surface temperature and water
vapor (space — 335 K)

5 (GOES-M) 58t07.3 410 320K Water vapor

Imager Performance Summary

Parameter

Performance

System absolute accuracy

Infrared channel <1 K
Visible channel £5% of maximum scene

radiance

System relative accuracy Line to line <0.1K
Detector to detector <0.2K
Channel to channel <0.2K
Blackbody calibration to calibration  <0.35K

Star sense area

21° N/S by 23° E/W

Imaging rate Full earth <26 min
Time delay <3 min
Fixed Earth projection and grid duration 24 hours
Data timeliness
Spacecraft processing <30s
Data coincidence <5s
Imaging periods Noon #8 Hours Midnight #4 Hours
Image navigation accuracy at nadir 4 km 6 km
Registration within an image* 25 min 50 prad 50 prad
Registration between repeated images* 15 min 53 prad 70 prad
90 min 84 prad 105 prad
24h 168 prad 168 prad
* For spec orbit 48 h 210 prad 210 prad
Channel-to-channel registration 28 prad 28 prad
(IR only)
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Wide Field Earth Target

Wide Field Collimator Test

Because the Earth subtends a very wide angle as seen from the operational GOES
spacecraft, simulating on-orbit conditions in the laboratory for test purposes
presents a special challenge to the test designers. The usual test source would be a
standard collimator placed in front of the instrument being tested and capable of
simulating only a small portion of an accurately sized image. Though much
useful information can be obtained by this method, it has long been desired to
simulate the entire scene that an instrument would observe from geostationary
orbit.
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Image of Earth Target from S/N 03 Imager

Data File: iwfc 1.2iid0231.chl

Tue Jul 6 15:39:27 1993

SIN 03 Imager: SS/L WFC 6/12/93

The wide field collimator provides such a “flight like” scene by utilizing a very
wide field lens (~18 degrees) originally designed for use with an aerial
reconnaissance camera. The collimator projects a high quality image of the Earth,
obtained from an actual satellite photograph, through the wide field lens,
producing the correct angular extent as viewed from geostationary orbit. The
imager then forms an image of the Earth scene as it would while operating in
space. A comparison of the resulting image with the original verifies the Imager’s
performance. This method yields a simple end-to-end test that relies on the
fewest number of assumptions.
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The Subsystem

The Imager consists of electronics, power supply, and sensor modules. The
sensor module, containing the telescope, scan assembly, and detectors, is
mounted on a baseplate external to the spacecraft, together with the shields and
louvers for thermal control. The electronics module provides redundant circuitry
and performs command, control, and signal processing functions; it also serves as
a structure for mounting and interconnecting the electronic boards for proper
heat dissipation. The power supply module contains the converters, fuses, and
power control for interfacing with the spacecraft electrical power subsystem. The
electronics and power supply modules are mounted on the spacecraft internal
equipment panel.

Signal flow through the Imager maintains the maximum capability of each part of
the optical, detection, and electronic subsystems in order to preserve the quality
and accuracy of the sensed information. The scene radiance, collected by the
Imager’s optical system, is separated into appropriate spectral channels by beam
splitters that also route the signal to various infrared (IR) detector sets where they
are imaged onto the respective detectors for each channel. Each detector converts
the scene radiance into an electrical signal that is amplified, filtered, and
digitized; the resulting digital signal is routed to a sensor data transmitter, then
to an output multiplexer for downlinking to a ground station.

A user may request one or a set of images that start at a selected latitude and
longitude (or lines and pixels) and end at another latitude and longitude (or lines
and pixels). The Imager responds to scan locations that correspond to those
command inputs. The image frame may include the entire earth’s disk or any
portion of it and the frame may begin at any time. Scan control is not limited in
scan size or time; an entire viewing angle of 21° north/south (N/S) by 23° east/
west (E/W) is available for star sensing. Imaging limits are 19° N/S by 20.8° E/
W. Requests for up to 63 repeats of a given image can be made by ground
command. A frame sequence can be interrupted for “priority” scans; the system
will scan a priority frame set or star sense, then automatically return to the
original set.

Infrared radiometric quality is maintained by frequent and timed interval views
(2.2, 9.2, or 36.6 seconds, ground command selectable) of space for reference. Less
frequent views of the full-aperture internal blackbody establishes a high-
temperature baseline for calibration in orbit. Via ground command or auto-
matically, repeat of this calibration every 10 minutes is more than adequate to
maintain accuracy of the output data under the worst conditions of time and
temperature. In addition to radiometric calibration, the amplifiers and data
stream are checked regularly by an internal staircase signal to verify stability and
linearity of the output data.
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Imager Modules

POWER SUPPLY MODULE

ELECTRONICS MODULE 9210060

Operation

The Imager is controlled via a defined set of command inputs. Position and size of
an area scan are controlled by command, so the instrument is capable of full-earth
imagery (19° N/S by 20.8° E/W), sector imagery that contains the edges of the
earth’s disk, and various area scan sizes totally enclosed within the earth scene.
However, the maximum scan width processed by the operations ground
equipment is 19.2°. Area scan selection permits continuous, rapid viewing of local
areas for accurate wind determination and monitoring mesoscale phenomena.
Area scan size and location are definable to less than one visible pixel, yielding
complete flexibility.

The Imager’s flexibility of operation also provides a star sensing capability (as dim
as BO-class fourth magnitude). Once the time and location of a star is predicted, the
Imager is pointed to that location within its 21° N/S by 23° E/W field of view
(FOV) and the scan stopped. As the star image passes through the 1- by 8-
kilometer visible array, it is sampled at a rate of 21,817 samples per second. The
star sense sensitivity is enhanced by increasing the electronic gain and reducing
the noise bandwidth of the visible preamplifiers, permitting sensing of a sufficient
number of stars for image navigation and registration purposes.

By virtue of its digitally controlled scanner, the Imager provides operational
imaging from full earth scan to mesoscale area scans. Accuracy of location is
provided by the absolute position control system, in which position error is
noncumulative. Within the instrument, each position is defined precisely and any
chosen location can be reached and held to a high accuracy. This registration
accuracy is maintained along a scan line, throughout an image and over time. Total
system accuracies relating to spacecraft motion and attitude determination also
include this allocated error.

Motion of the Imager and Sounder scan mirrors causes a small but well-defined
disturbance of spacecraft attitude, which is gradually reduced by spacecraft
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control but at a rate too slow to be totally compensated. Since all physical factors of
the scanners and spacecraft are known and scan positions are continuously
provided by the Imager and Sounder, the disturbances caused by each scan motion
on the spacecraft are easily calculated by the attitude and orbit control subsystem
(AOCS). A compensating signal is developed and applied in the scan servo-control
loop to bias scanning and offset the disturbance. This simple signal and control
interface provides corrections that minimize any combination of effects. With this
technique, the Imager and Sounder are totally independent, maintaining image
location accuracy regardless of the other unit’s operational status. If needed, this
mirror motion compensation scheme can be disabled by command.

The AOCS also provides compensation signals that counteract spacecraft attitude,
orbital effects, and predictable structural-thermal effects within the spacecraft-
instrument combination. These effects are used to fit parameters for a 24 hour
period during which they are used to predict disturbances. Ground-developed
corrective algorithms are fed to the instruments via the AOCS as a total image
motion compensation (IMC) signal that includes the mirror motion compensation
described above.

Sensor Module

The sensor module consists of a cooler assembly, telescope, aft optics, preamplifiers,
scan aperture sunshield, scan assembly, baseplate, scan electronics, and louver
assembly. The baseplate becomes the optical bench to which the scan assembly and
telescope are mounted. A passive louver assembly and electrical heaters on the base
aid thermal stability of the telescope and major components. A passive radiant
cooler with a thermostatically controlled heater maintains the IR detectors at 94 K
during the 6 months of winter solstice season and then at 101 K for the remainder of
the year for efficient operation. A backup temperature of 104 K is also provided.
The visible detectors are at instrument temperature of 13 to 30 °C. The preamplifiers
convert the low-level signals to higher-level, low-impedance outputs for
transmission by cable to the electronics module.

Imager Optics

To gather emitted or reflected energy, the scanner moves a flat mirror to produce a
bidirectional raster scan. Thermal emissions and reflected sunlight from the scene
pass through a scan aperture protected by a sun shield, then the precision flat
mirror deflects them into a reflective telescope. The telescope, a Cassegrain type
with a 31.1-centimeter (12.2-inch) diameter primary mirror, concentrates the energy
onto a 5.3-centimeter (2.1-inch) diameter secondary mirror. The surface shape of
this mirror forms a long focal length beam that passes the energy to the detectors
via relay optics.
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Expanded View of Sensor Module
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Dichroic beamsplitters (B/Ss) separate the scene radiance into the spectral bands of
interest. The IR energy is deflected to the detectors within the radiative cooler,
while the visible energy passes through the dichroic beamsplitters and is focused
on the visible detector elements. The IR energy is separated into the 3.9, 6.75, 10.7,
and 12 um channels. These four beams are directed into the radiant cooler, where
the spectral channels are defined by cold filters. Each of the four IR channels has a
set of detectors defining the field size and shape.

Optical performance is maintained by restricting the sensor module total
temperature range, and radiometric performance is maintained by limiting the
temperature change between views of cold space (rate of change of temperature).
Thermal control also contributes to channel registration and focus stability.
Thermal control design includes:

= Maintaining the Imager as adiabatically (thermally isolated) as possible from the
spacecraft structure.

= Controlling the temperature during the hot part of the synchronous orbit diurnal
cycle (when direct solar heating enters the scanner aperture) with a north-facing
radiator whose net energy rejection capability is controlled by a louver system.
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Imager Optical Elements
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= Providing makeup heaters within the instrument to replace the IR energy loss to
space through the scan aperture during the cold portion of the diurnal cycle.

< Providing a sun shield around the scan aperture (outside the instrument FOV) to
block incident solar radiation into the instrument, thus limiting the time the
aperture can receive direct solar energy.

Detectors

The Imager instrument simultaneously acquires radiometric data in five distinct
wavelengths or channels. Each of the five radiometric channels is characterized by a
wavelength band denoting primary spectral sensitivity. The five channels are
broadly split into two classes: visible (channel 1) and infrared (channels 2-5). For
these five channels, the Imager contains a total of 22 detectors.

Visible Channel

The visible silicon detector array (channel 1) contains eight detectors (v1-v8). Each
detector produces an instantaneous geometric field of view (IGFOV) that is
nominally 28 microradians (urad) on a side. At the spacecraft’s suborbital point, on
the surface of the earth, 28 prad corresponds to a square pixel that is 1 kilometer
(0.6 statute mile) on a side.

Infrared Channels
The IR channels employ four-element InSh (indium antimonide) detectors for
channel 2 (3.9 um), two-element HgCdTe (mercury cadmium telluride) detectors
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Imager Detectors

Note: GVAR
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for channel 3 (6.75 um), and four-element HgCdTe detectors for channels 4 (10.7
um) and 5 (12 um). A four-element set consists of two-line pairs providing
redundancy along a line. Each detector in channels 2, 4, and 5 is square, with an
IGFOV of 112 prad, corresponding to a square pixel 4 kilometers per side at the
suborbital point. Channel 3 contains two square detectors, each of which provides
an IGFOV of 224 prad, resulting in a suborbital pixel 8 kilometers on a side.

Configuration

The five detector arrays are configured in either a side 1 or a side 2 mode, either of
which can be the redundant set by choosing side 1 or side 2 electronics. The entire
visible channel array (v1 to v8) is always enabled in both modes. In side 1 mode the
IR channels have only their upper detectors (1-1 to 1-7) enabled and in side 2, only
their lower detectors (2-1 to 2-7). The GVAR numbering of the pixels is shown in
the diagram.

Though physically separated in the instrument, the detector arrays are optically
registered. Small deviations in this optical registration are due to physical
misalignments in constructing and assembling the instrument and to the size of the
detector elements. These deviations consist of fixed offsets that are corrected at two
levels: within the instrument sampling electronics and on the ground by the
operations ground equipment (no corrections are applied during star sensing).
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Operational Configurations
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Because the combination of scan rate (20°/s) and detector sample rate (5460
samples/s for IR and 21840 samples/s for visible) exceeds the pixel E/W IGFOV,
the Imager oversamples the viewed scene. Each visible sample is 16 pyrad E/W and
each IR sample is 64 prad E/W.

Scan Control

The scanning mirror position is controlled by two servo motors, one for the N/S
gimbal angle, and one for the E/W scanning gimbal angle. Each servo motor has an
associated inductosyn that measures the mechanical shaft rotation angle. The
scanning mirror position and, hence, the coordinate system used for the Imager are
measured in terms of the inductosyn outputs. Scan control for both axes is
generated by establishing a desired angular position for the mirror. The desired
angle is input to an angular position sensor (one inductosyn for each axis), which
produces a displacement error signal. This signal is fed to a direct drive torque
motor (one inductosyn for each axis) that moves the mirror and sensor to the null
location.

For E/W deflection, the direct-drive torque motor is mounted to one side of the
scan mirror and the position-sensing device (inductosyn position encoder) is
mounted on the opposite side. All rotating parts are on a single shaft with a
common set of bearings. Using components of intrinsically high resolution and
reliability, coupling of the drive, motion, and sensing is therefore very tight and
precise. North/South mation is provided by rotating the gimbal (holding the above
components) about the optical axis of the telescope. This rotating shaft has the
rotary parts of another torque motor and inductosyn mounted to it, again
providing the tight control necessary.

Servo control is not absolutely accurate due to noise, drag, bearing imperfections,
misalignment, and imperfections in the inductosyns. The principal servo pointing
and registration errors are fixed pattern errors caused by the inductosyn position
sensor and its electronic drive unit. Variations in individual inductosyn pole
patterns, imbalance between the sine and cosine drives, cross-talk and feed-through
in these circuits, and digital-to-analog (D/A) conversion errors contribute to the
fixed-pattern errors. These errors are measured at ambient conditions and the
correction values stored in programmable read-only memory. Corrections are
applied in the scanner as a function of scan address. The measured values of fixed
pattern errors vary between 15 prad (mechanical) with a frequency of up to four
times the inductosyn cycle; after correction, the error is reduced to within +4 prad.
Variations of the fixed pattern error over temperature, life, and radiation conditions
are minimized by design, and residual errors are accounted for in the pointing
budget.

Drive and error sensing components used for the two drive axes are essentially
identical. The E/W drive system has a coherent error integrator (CEI) circuit that
automatically corrects for slight changes in friction or other effects. Control
components are optimized for their frequency and control characteristics, and logic

Revision 1



32 GOES DataBook

Scan Control Schematic
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is developed for the precise control of position in response to a system-level
control processor.

Scan Operation

Scan control is initiated by an input command that sets start and end locations of
an image frame. A location is defined by an inductosyn cycle and increment
number within the cycle, the increment number determining the value of sine
and cosine for that location. Each E/W increment corresponds to 8 prad of E/W
mechanical rotation and 16 prad of E/W optical rotation. Each N/S increment
corresponds to 8 prad of N/S mechanical and optical rotation. The distance
between a present and start location is recognized, causing incremental steps (8
urad) to be taken at a high rate (10°/s) to reach that location. After the E/W slew
is completed, the N/S slew begins. From the scan start position, the same pulse
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rate and increments are used to generate the linear scan. The scan mirror inertia
smoothes the small incremental steps to much less than the error budget.

At the scan line end location (where the commanded position is recognized) the
control system enters a preset deceleration/acceleration. During this 0.2-second
interval, the scan mirror velocity is changed in 32 steps by using a 32-increment
cosine function of velocity control. This slows and reverses the mirror so that it is
precisely located and moving at the exact rate to begin a linear scan in the
opposite direction. During this interval, the N/S scan control moves the gimbal
assembly 224 prad (28 increments of 8 prad) in the south direction. Linear
scanning and N/S stepping continue until the southern limit is reached.

Scan to space for space clamp, or to star sensing, or to the IR blackbody uses the
same position control and slew functions as for scan and retrace. Command
inputs (for star sensing or priority frames) or internal subprograms (for space
clamp and IR calibration) take place depending on the type of command, time
factors, and location.

Image Generation

During imaging operations, a scan line is generated by rotating the scan mirror in
the east-to-west direction (20°/s optically) while concurrently sampling each
active imaging detector (5460/s for IR and 21840/s for visible). At the end of the
line, the scan mirror elevation is changed by a stepped rotation in the north-to-
south direction. The next scan line is then acquired by rotating the scan mirror in
the (opposite) west-to-east direction, again with concurrent detector sampling.
Detector sampling occurs within the context of a repeating data block format. In
general, all visible channel detectors are sampled four times for each data block
while each active IR detector is sampled once per data block.

The mapping between cycles and increments and the instrument FOV are
referenced to a coordinate frame whose origin is zero cycles and zero increments
(northwest corner of the frame). In geostationary orbit, the earth will be centered
within the frame, at instrument nadir, which corresponds closely to the spacecraft
suborbital point, also centered in the frame. The GVAR coordinate system is in
line/pixel space and has its origin in the NW corner.

Three components making up the total misalignment in the sampled data are
corrected by the instrument electronics and operations ground equipment:

= A fixed E/W offset caused by channel-to-channel variations in the signal
processing filter delays.

= A fixed E/W and/or N/S offset caused by optical axis misalignments in the
instrument assembly.

< A variable E/W and/or N/S offset caused by image rotation.
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Imager Coordinate Frame
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Electronics

The Imager electronics consist of a preamplifier and thermal control in the sensor
assembly; command and control, telemetry, and sensor data processing
contained in the electronics module; and the power supplies. The scan control
electronics are contained in the electronics module. The servo preamplifiers are
located at the scanner in the sensor module.

Signal Processing

Preamplification of the low-level visible and IR channel signals occurs within the
sensor module. These analog signals are routed to the electronics module, which
amplifies, filters, and converts the signals to digital code. All channels in the
visible and IR bands are digitized to one part in 1024 (10 bits), the visible for
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high-quality visible imagery and to aid star sensing capability, and the IR for
radiometric measurement. Data from all channels move in continuous streams
throughout the system, thus each channel’s output must enter a short-term memory
for proper placement in the data stream. Each channel is composed of a detector,
preamplifier, analog-to-digital (A/D) converter, and signal buffer. All signal chains
are totally independent and isolated. Redundant chains of signal processing
circuitry are provided with each circuit ending in a line driver designed to interface
with the spacecraft transmitter (the video and formatter are redundant for the IR
channels only).

Electronic Calibration

Electronic calibration signals are injected into the preamplifiers of channels 3, 4, and
5 while the Imager is looking at space. Electronic calibration is inserted after the
preamplifiers of channels 1 and 2. Sixteen precise signal levels derived from a
stepped D/A converter are inserted during the 0.2-second spacelook. The
calibration signal, derived from a 10-bit converter of 0.5-bit accuracy, provides the
accuracy and linearity for precise calibration.

Visible Channel

Each detector element of the visible channel has a separate amplifier/processor.
These current-sensing preamplifiers convert the photon-generated current in the
high-impedance silicon detector into an output voltage, with a gain of about 108 V/
A. These preamplifiers are followed by postamplifiers that contain electrical
filtering and space clamping circuits. The digitization of the data signals is also part
of the space clamp circuitry. The visible information is converted to 10-bit digital
form, providing a range from near 0.1% to over 100% albedo. Differences of
approximately 0.1% are discernible, and the linear digitization provides for system
linearity errors of 0.5 bit in the conversion process. The star sense channel uses the
same visible channel detectors, but boosts the gain by approximately 4 times and
reduces the bandwidth.

Infrared Channels

The IR channels have a separate amplifier/processor for each detector element. The
3.9 um channel has a hybrid current sensing preamplifier for the high-impedance
InSb detector. Individual preamplifiers for channels 3, 4, and 5 are mounted on the
cooled patch in the sensor module.

The IR information is converted to 10-bit digital form, providing a range from near
0.1% to over 100% of the response range. Each channel has a gain established for a
space-to-scene temperature of 320 K. The 10-bit digital form allows the lowest
calculated noise level to be differentiated. The digital system is inherently linear
with A/D converter linearity and accuracy to 0.5 bit. The binary-coded video is
strobed onto the common data bus for data formatting by the system timing and
control circuitry.

Formatting

The data format of Imager information is made up of blocks of data generated in a
given sample time period. The Imager scans an 8-kilometer swath using
combinations of 1-kilometer visible detectors, and 4- and 8-kilometer IR detectors.
Oversampling causes the IR data to be collected each 64 prad (2.28 kilometers or
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Imager Block Diagram
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1.42 statute miles at nadir) using a data block format where the location of each
bit within the data stream is completely identified, and all information can be
separated and reformatted on the ground. The visible detectors are sampled four
times during this 64 prad period, yielding a collection rate of 16 purad per sample.
The four sets of visible data combine with one set from each IR detector in each
data block.

The formats consist of data blocks, 480 bits in a block, each block being broken
into 48 10-bit words. The format sequence during an active scan begins with a
start-of-line command from the scan control system that synchronizes the data
formatter with scan control and occurs when the Imager mirror is at the start of a
scan line. The header format follows, containing block synchronization and data
block identifiers, spacecraft and instrument identification, status flags, attitude
and orbit control electronics data, coordinates of the current scan mirror
position, and fill to complete the data block. After the header block, active scan
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data blocks follow; these contain synchronization and data block identifiers,
motion compensation data, servo error, and radiometric data.

When the mirror reaches the end of the scan line, a scan reversal sequence begins
with three active scan data blocks that permit full collection of radiometric data
to the end of the scan line. A trailer format, similar to the header format,
identifies the 39 blocks of telemetry format data to follow.

Digital signal processing starts where data from the IR and visible detectors and
telemetry merge via multiplexing and processing; a parallel-to-serial conversion
and data multiplexing take place to bring sensor data together. Other
information, such as synchronization pulses, scan location, and telemetry data, is
assembled in the data select circuitry. These data are then passed through a line
driver where pulse amplitude and impedance levels are set for the transmitter
interface. These data are transmitted at a rate of 2.6208 Mb/s or 5460 blocks per
second.

Power Supply

The power supply converts spacecraft main bus voltage (29.5 to 42.5 volts) to the
required instrument voltages. There are two sides (1 and 2) to the unit, each
totally independent and selected by command, although only one side operates
at a time. A protective resistive filter permits operation of all nonredundant
circuits (command input circuitry, inductosyn preamplifier, patch temperature
control, detector preamplifiers, etc.) by either side. Redundant circuits are
powered through separate fused links from the respective side that prevents
system loss in the event of failure.

The power converters of both sides accept and convert the bus voltage to a
steady 26.5 volts dc using switching regulators. The regulator output voltages
power both the main and a standby dc/dc converter for the electronics during
normal operation. The main converter consists of a power amplifier, transformer,
rectifiers, and filters. It provides unregulated voltage to operate the servo power
amplifiers and servo inductosyn drivers, and regulated voltage used principally
to operate analog circuitry in the Imager and also power the logic circuitry.

The standby dc/dc converter consists of a synchronized oscillator, rectifiers,
filters, and regulators and is used to operate the standby telemetry and patch
temperature control circuits. It also provides a boost voltage used to improve the
efficiency of the switching regulator and a 40-kHz signal that synchronizes the
input to the main converter.
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Power Supply Block Diagram
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Sounder

The Sounder is a 19-channel discrete-filter radiometer that senses specific data
parameters for atmospheric vertical temperature and moisture profiles, surface
and cloud top temperature, and ozone distribution. As in the Imager, the
Sounder is capable of providing full earth imagery, sector imagery (including
earth’s disk), and scans of local regions. The nineteen spectral bands (seven
longwave (LW), five midwave (MW), six shortwave (SW), and one visible)
produce the prime sounding products.

Sounder Instrument Characteristics

RADIANT SUN SHIELD
COOLER RADIANT LOUVER

COOLER ASSEMBLY

9401084

OPTICAL Parameter Performance
PORT

FOV defining element  Field stop

Telescope aperture 31.1-cm (12.2-in) diameter

Channel definition Interference filters

Radiometric calibration Space and 300 K IR blackbody

Field sampling Four areas N/S on 280 prad centers
Channels Detector Nominal
Type Circular Scan step angle 280 prad (10-km nadir) EW
IGFOV Step and dwell time 0.1, 0.2, 0.4 s adjustable
(urad)
Scan capability Full earth and space
1t07 (LWIR) HgCdTe 242
Sounding areas 10 km by 40 km to 60° N/S
8t012(MWIR) HgCdTe 242 and 60° E/W
131018 (SWIR) InSb 242 Signal quantizing 13 bits, all channels
19 (visible) Silicon 242 Output data rate 40 kKb/s
Star sense Silicon 28* Channel-to-channel
allignment 22 prad

*square detectors
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Sounder Detectors Channel Allocation

Channel Wavelength Wave No. Meteorlogical Objective

Detector Number (um) (cm?) and Max. Temp. Range
Longwave 1 14.71 680 Temperature (space — 280 K)
2 14.37 696 Sounding (space — 280 K)
3 14.06 711 Sounding (space — 290 K)
4 13.64 733 Sounding (space — 310 K)
5 13.37 748 Sounding (space — 320 K)
6 12.66 790 Sounding (space - 330 K)
7 12.02 832 Surface temperature (space — 340 K)
Midwave 8 11.03 907 Surface temperature (space - 345 K)
9 9.71 1030 Total ozone (space - 330 K)
10 7.43 1345 Water vapor (space - 310 K)
11 7.02 1425 Sounding (space — 295 K)
12 6.51 1535 Sounding (space — 290 K)
Shortwave 13 4.57 2188 Temperature (space — 320 K)
14 4.52 2210 Sounding (space — 310 K)
15 4.45 2248 Sounding (space — 295 K)
16 413 2420 Sounding (space — 340 K)
17 3.98 2513 Surface temperature (space - 345 K)
18 3.74 2671 Temperature (space — 345 K)
Visible 19 0.70 14367 Cloud

Sounder Performance Summary

Parameter

Performance

System absolute accuracy

Infared channel < 1 K
Visible channel + 5% of max. scene radiance

System relative accuracy

Line to line <0.25K
Detector to detector <0.40K
Channel to channel <029 K

Blackbody calibration to calibration < 0.60 K

Star sense area

21° N/S by 23° E/W

Sounding rate

3000 by 3000 km <42 min

Time delay

<3 min

Visible channel data quantization

<0.1% albedo

Infrared channel data quantization

1/3 specified noise equivalent radiance
difference (NEAN)

Data timeliness

Spacecraft processing <30s
Sounding periods Noon #8 Hours  Midnight #4 Hours
Image navigation accuracy at nadir 10 km 10 km
Registration within 120 minute sounding 120 min 84 prad 112 prad
Registration between repeated soundings 24 h 280 prad 280 prad
Channel-to-channel registration 28 prad 28 prad
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The Subsystem

The Sounder consists of sensor, electronics, and power supply modules. The
sensor module contains the telescope, scan assembly, and detectors, all mounted
on a baseplate external to the spacecraft with shields and louvers for radiation
and heat control. The electronics module provides redundant circuitry and
performs command, control, and signal processing functions and also serves as a
structure for mounting and interconnecting the electronic boards for proper heat
dissipation. The power supply module contains the dc/dc converters, fuses, and
power control for converting and distributing spacecraft bus power to the
Sounder circuits. The electronics and power supply modules are mounted on the
equipment panel of the spacecraft (internal north panel).

The Sounder’s multi-detector array simultaneously samples four locations of the
atmosphere in 0.1-second intervals (0.2- and 0.4-second dwells at the same FOV
are also commandable). Each field of view (FOV) provides output from 19
spectral channels in each sample period. Infrared (IR) spectral definition is
provided by a rotating wheel that inserts selected filters into the optical path of
the detector assembly; the filters are arranged in three spectral bands on the
wheel. Wheel rotation is synchronized with stepping motion of the scan mirror.

A user may request by command a set of soundings that start at a selected
latitude and longitude and end at another latitude and longitude. The Sounder
responds to scan locations that correspond to those command inputs. The
sounding frame may include the whole or any portion of the earth and the frame
may begin at any time. The Sounder scan control is not limited in scan size or
time; thus an entire viewing angle of 21° north-to-south by 23° east-to-west is
available for star location. Sounding limits are 19° north/south (N/S) by 19.2°
east/west (E/W), limited by the scan aperture and end-of-scan-line conditions.
Requests for up to 16 repeats of a given location can be made by ground
command. Capability is provided for interrupting a frame sequence for “priority
scans. The system will scan a priority frame set or star sense, then automatically
return to the original set.

Radiometric quality is maintained by frequent (every 2 minutes) views of space
for reference. Less frequent views (20 minutes) of the full aperture internal
blackbody establish a high temperature baseline for instrument calibration in
orbit. Further, the amplifiers and data stream are checked for stability by an
electronic staircase signal during each blackbody reference cycle.

Other aspects of the Sounder are the same as for the Imager.
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Operation

The Sounder is controlled by a defined set of command inputs. The instrument is
capable of full earth sounding (19° N/S by 19.2° E/W) and sector sounding,
including various sounding area sizes totally enclosed within the earth scene.
Area scan size can be as small as one sounding location. The sounding dwell at
each step is selectable to be 0.2 or 0.4 second in place of 0.1 second. An optional
capability is provided for skipping scan lines to increase the rate of area sounding
at a dwell time of 0.2 second per sounding.

The Sounder’s flexible operation includes a star sensing capability. Once the time
and location of a star is predicted, the Sounder is pointed to that location within
its 21° N/S by 23° E/W field of view and the scan stopped. A separate linear array
of eight silicon detectors with a 240-urad N/S coverage, similar to the Imager, is
used. As the star image passes through the detectors, the signal is sampled, then
encoded and included in each Sounder data block for extraction and use at the
ground station. The star sense detectors are sampled at 40 times per second.

Duplication of the four-element array in each of the three bands (longwave, 12 um
to 14.7 um; midwave, 6.5 pm to 11 pm; and shortwave, 3.7 pm to 4.6 um) yields
the spectral separation of the infrared bands; the filters are arranged on the wheel
for efficient use of sample time and optimal channel coregistration. Each detector
converts the atmospheric radiance into an electrical signal that is amplified,
filtered, and digitized; the resulting digital signal is routed to a sensor data
transmitter, then to an output multiplexer for downlinking to a ground station.

By synchronizing filter wheel rotation with the scan mirror’s stepping motion, all
sampling is accomplished with the mirror in a stopped condition. Upon ground
command, the scan system can generate frames of any size or location using west-
to-east stepping and east-to-west stepping of 280 prad, with a north-to-south step
of 1120 prad, continuing the pattern until the desired frame is completed. The
visible channel (0.7 um), not part of the filter wheel, is a separate set of uncooled
detectors with the same field size and spacing. These detectors are sampled at the
same time as the infrared channels (3, 11, and 18), providing registration of all
sounding data.

By virtue of its digitally controlled scanner, the Sounder provides operational
sounding from full earth scan to mesoscale area scans. Accuracy of location is
provided by the absolute position control system in which position error is
noncumulative. Within the instrument, each position is defined precisely and any
chosen location can be reached and held to a high accuracy. This registration
accuracy is maintained along a scan line, throughout an image and over time.
Total system accuracies relating to spacecraft motion and attitude determination
also include this allocated error.

Motion of the Imager and Sounder scan mirrors causes a small but well-defined
disturbance of spacecraft attitude, which is gradually reduced by spacecraft
control but at a rate too slow to be totally compensated. Because all physical
factors of the scanners and spacecraft are known and scan positions are

Revision 1



44 \ GOES DataBook

continuously provided by the Imager and Sounder, the disturbances caused by
each scan motion on the spacecraft are easily calculated by the attitude and orbit
control subsystem (AOCS). A compensating signal is developed and applied in
the scan servo-control loop to bias scanning and offset the disturbance. This
simple signal and control interface provides corrections that minimize any
combination of effects. With this technique, the Imager and Sounder are totally
independent, maintaining image location accuracy regardless of the other unit’s
operational status. If needed, this mirror motion compensation scheme can be
disabled by command.

The AOCS also provides compensation signals that counteract spacecraft
attitude, orbital effects, and predictable structural-thermal effects within the
spacecraft-instrument combination. These disturbances are detected from star
sensing and land features. Ground-developed corrective algorithms are fed to
the instruments via the AOCS as a total image motion compensation signal that
includes the mirror motion compensation described above.

Sensor Module

The sensor module consists of a louver assembly, baseplate, scan assembly, scan
aperture sun shield, preamplifiers, telescope, aft optics, filter wheel, and cooler
assembly. The baseplate becomes the optical bench to which the scan assembly
and telescope are mounted. A passive louver assembly and electrical heaters on
the base aid thermal stability of the telescope and major components. A passive
radiant cooler with a thermostatically controlled heater maintains the infrared
detectors at 94 K during the winter solstice season and 101 K for the remaining
portion of the year (with 104 K as backup). The visible and star sense detectors
are at instrument temperature of 13 to 30 °C. Preamplifiers in the sensor module
convert the low-level signals to higher level, low impedance outputs for
transmission by cable to the electronics module.

Sounder Optics

The Sounder telescope is similar to that of the Imager. Dichroic beamsplitters
separate the scene radiance into the spectral bands of interest. The IR energy is
deflected toward the detectors located on the coldest stage of the radiative
cooler, while the visible energy passes through a dichroic beamsplitter and is
focused on the visible (sounding and star) detector elements. The SW and MW
bands are reflected by another dichroic beamsplitter and the LW is transmitted
through it. Optical separation of the 18 IR channels takes place at the filter wheel
assembly.
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Expanded View of Sensor Module
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Filter Wheel

The filter wheel is a 28.2-centimeter (11.1-inch) diameter disk containing 18 filter
windows divided into three concentric rings, one ring for each IR detector group.
The outer ring contains seven LW channels, the middle ring contains six SW
channels, and the inner ring contains five MW channels. Filter angular lengths
are selected to provide nearly equal performance margin in each channel. The
wheel has approximately one-fourth of its area clear of filters. By synchronizing
the stepping of the scan mirror to occur in this “dead zone,” the wheel can
continue rotating while the mirror steps to the next location and is stopped while
the 18 channels are sampled. Stopping the mirror ensures that all channels
sample the same column of the atmosphere; holding and sampling in 0.075
second provides virtually simultaneous sampling of the channels.

The first channels to be sampled are high altitude sensors that have little spatial
definition and are less affected by the settling characteristics of the scan mirror.
The earth surface viewing channels are grouped near the end of the sounding
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Filter Wheel and Channel Separation
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period for maximum stability and coregistration. Though not viewed through the
filter wheel, the visible detectors are gated so that they sample the same
atmospheric column at the same time as the IR channels.

The filter wheel acts as the spectral defining element in the optics, though it also
has a major effect on radiometric stability and signal quality. Each filter has a very
narrow spectral bandpass, restricting the radiant input from the scene and
contributions from optical parts in the path to the filter wheel. From filter wheel to
detectors, there is no spectral limit other than a broadband limiting filter in the
cooler. Any small deviation of radiance in this area may cause unwanted noise in
the signal. To reduce emitted energy that might cause random noise and to
provide very low background radiance input to the detectors, the filter wheel is
cooled to 235 K. The temperature of the filter wheel housing is brought to about
238 K by thermal connection to a radiating surface. Heaters and a precision
temperature control circuit maintains the housing within 1 °C of the set
temperature.
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Detectors

The Sounder acquires radiometric data for 19 distinct wavelengths or channels
through the use of four separate detector assemblies and a rotating filter wheel.
This generates an 1120-purad N/S swath that is moved latitudinally in 280-urad
(10-kilometer) steps. A fifth detector array provides the Sounder with star sense
capabilities. Each of the radiometric channels is characterized by a central
wavelength denoting primary spectral sensitivity. The 19 channels are broadly
split into two classes: visible (channel 19) and infrared (channels 1-18).
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IR, Visible, and Star Sense Detector Arrays
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Visible Channel

The visible silicon detector array (channel 19) contains four detectors having an
instantaneous geometric field of view (IGFOV) of 242 prad in diameter set by the
detectors, corresponding to an 8.7-kilometer (5.4-statute mile) diameter nominal
pixel size at the spacecraft suborbital point. A star sensing array, consisting of a
separate set of eight silicon detectors, is on the same mount and aligned to the
center of the visible sounding detectors. It is identical to the Imager visible
detector array but has 0.97-kilometer (0.60-statute mile) resolution and 8.5-
kilometer (5.3-statute mile) array coverage.

Infrared Channels

The IR channels (1 through 18) are contained in three detector sets: LW, MW,
and SW, each set consisting of four detectors. The fields of view are set by the
field stops in a pattern the same as the visible channel.

Configuration

Each of the field stop or detector patterns is arranged in the same asymmetric
fashion, with a nominal focal plane configuration. The star sensing array and
visible radiometric array have a clear optical path in the instrument. The three
arrays dedicated to IR wavelengths (LW, MW, and SW) are optically located
behind the filter wheel assembly, each handling a different region of the infrared
spectrum. Although physically separated in the instrument, the four radiometric
arrays are coregistered optically, resulting in automatic coalignment of the pixels
for all 19 channels.
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Scan Control

As in the Imager, the Sounder scans the selected image area in alternate lines (that
is, west-to-east followed by east-to-west or vice versa) and is capable of scanning
both north-to-south and south-to-north. However, the OGE can only ingest north
to south scans, which is an operational constraint. The Sounder’s scanning mirror
position is controlled by two servo motors, one for the N/S angle and one for the
E/W scanning angle. The position of the scanning mirror, and hence the
coordinate system employed for the instrument, is measured in terms of the
inductosyn outputs. Scan control for both axes is generated by establishing a
desired angular position for the mirror. The desired angle is input to an angular
position sensor (one inductosyn for each axis), which produces a displacement
error signal. This signal is fed to a direct drive torque motor (one for each axis)
that moves the mirror and sensor to the null location.

For E/W deflection, the direct-drive torque motor is mounted to one side of the
scan mirror and the position-sensing device (inductosyn position encoder) is
mounted on the opposite side. All rotating parts are on a single shaft with a
common set of bearings. Using components of intrinsically high resolution and
reliability, coupling of the drive, motion, and sensing is therefore very tight and
precise. North/South mation is provided by rotating the gimbal (holding the
above components) about the optical axis of the telescope. This rotating shaft has
the rotary parts of another torque motor and inductosyn mounted to it, again
providing the tight control necessary.

The servo system is not absolutely accurate because of noise, drag, bearing
imperfections, misalignment, and imperfections in the inductosyn. Such inherent
position-related errors cause pointing errors that preclude achieving the highest
possible system accuracy. Slight variations of individual pole pairs cause a
systematic pattern that is repeatable and measurable and can therefore be stored
and subtracted to counteract the inductosyn’s inherent error. This fixed error
pattern and other systematic factors are measured, encoded, and stored in read-
only memory. By injecting this stored error signal into the main control loop, the
effect of inductosyn electromechanical errors and other systematic effects are
reduced to less than one-fourth of their noncorrected values.

Drive and error sensing components used for the two drive axes are essentially
identical. Control components are optimized for their frequency and control
characteristics, and logic is developed for the precise control of position in
response to a system-level control processor.

Scan Operation

Scan control is initiated by input commands that set start and end locations of a
sounding frame. A location is identified by an inductosyn cycle and increment
number within that cycle, the increment number determining the value of sine
and cosine for that location. Each E/W increment corresponds to 17.5 prad of
E/W mechanical rotation or 35 prad of E/W optical rotation. Each N/S increment
corresponds to 17.5 prad of N/S mechanical and optical rotation. The distance
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Detector Separation and Scan Pattern
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ITT NOTATION IS SHOWN HERE.

9401143
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Scan Control Schematic

Legend
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between a present and start location is recognized, causing incremental steps
(17.5 prad) at a high rate (10°/s) to reach that location. To minimize peak power
demand the scan slews latitudinally, then longitudinally to a requested location.

Scan to space for space clamp or to star sensing, or to the IR blackbody uses the
slew function. Command inputs (for star sensing or priority scan) or internal
subprograms (for space clamp and IR calibration) take place at the proper time
during a frame.

Sounding Generation

The E/W scan of the Sounder is acquired via a repeating sample-step-settle
sequence that constitutes a 100 ms (single dwell), 200 ms (double dwell), or 400
ms (quadruple dwell) intervals. This is controlled by the filter wheel rotation.
This step-settle sequence repeats until the end of the scan line is reached. At this
point, a 100-ms interval is executed in which the mirror will be stepped 1120 prad
(40 kilometers at the spacecraft suborbital point) in the N/S direction, which is
four times larger than the E/W scan step. At the conclusion of this interval,
acquisition of the next scan line will be initiated in the opposite E/W direction

Sounder Coordinate Frame

INFRARED MECHANICAL COORDINATE INSTRUMENT
BLACKBODY  LIMITS FRAME FIELD OF VIEW LIMITS

”“4—‘ l A

Y CYCLES
202

__21°

ORIGIN X CYCLES
9401146
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using the sample-step-settle sequence. In the double (quadruple) dwell mode, two
(four) detector samples are acquired at each step.

The mapping between cycles and increments and the instrument field of view are
referenced to a coordinate frame whose origin is zero cycles and zero increments
(southwest corner of the frame). In geostationary orbit, the earth will be centered
within the frame, at instrument nadir, which corresponds closely to the spacecraft
suborbital point, also centered in the frame. The GVAR coordinate system for both
the Imager and Sounder is in line/pixel space and has its origin in the NW corner.

Electronics

The Sounder electronics module is similar to the Imager’s, but with additional
circuitry required for the filter wheel motor drive, synchronization, and channel
registration. There is no coherent error integrator for the Sounder in the E/W
direction, though an average error integrator (AEI) is active in the N/S and E/W
directions to improve position accuracy. The AEI is a simple error correction circuit
that acts upon the servo error signal to reduce that error to zero. The scan control
electronics are contained in the electronics module. The servo preamplifiers are
located at the scanner in the sensor module.

Signal Processing

Preamplification of the low-level IR and visible channel signals occurs within the
sensor module. These analog signals are sent to the electronics module, which
amplifies, filters, and converts the signals to digital code. All channels in the visible
and IR bands are digitized to one part in 8192 (13 bits), the visible for high-quality
visible sounding and to aid the star sensing capability, and the IR for radiometric
measurement. Data from all channels move in continuous streams throughout the
system; thus each channel’s output must enter a short-term memory for proper
formatting in the data stream. Each channel is composed of a detector, preamplifier,
filter, postamplifier, analog-to-digital converter, and signal buffer. All signal chains
are totally independent and isolated. Redundant chains of signal processing circuitry
are provided with each circuit ending in a line driver designed to interface with the
spacecraft sensor data transmitter.

Electronic Calibration

Electronic calibration signals are injected into the preamplifier of all channels while
the Sounder is looking at space. Sixteen precise signal levels derived from a stepped
digital-to-analog (D/A) converter are inserted during the 0.2-second spacelook. The
electronic calibration signal is derived from a 10-bit converter having 0.5-bit
accuracy, providing the accuracy and linearity for precise calibration. This is
inserted into all preamplifiers of all channels, both visible and IR.

Visible Channels

The visible channel and star sensing detector arrays have a separate amplifier/
processor for each detector element. These preamplifiers are current sensing types
that convert the photon-generated current in the high impedance silicon detector
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into an output voltage, with a gain of about 108 V/A. The preamplifiers are
followed by postamplifiers that contain electrical filtering and space clamping
circuits. The digitization of the data signals is also part of the space clamp circuitry.
The visible information is converted to 13-bit digital form, providing a range from
near 0.1% to over 100% albedo for the visible channel. Differences of
approximately 0.1% are discernible, and the linear digitization provides for system
linearity errors of 0.5 bit in the conversion process.

Infrared Channels

The IR channels have a separate amplifier/processor for each detector element.
Individual amplifiers, mounted on the cooled patch, are provided in the sensor
module.

The IR information is converted to 13-bit digital form, providing a range from near
0.1% to over 100% of the response range. Each channel has a gain established for
space-to-scene temperatures of 320 to 340 K. The 13-bit digital form allows the
lowest calculated noise level to be differentiated. The digital system is inherently
linear with analog-to-digital (A/D) converter linearity and accuracy to 0.5 bit. The
binary coded video is strobed onto the common data bus for data formatting by
the system timing and control circuitry.

Formatting

Digital signal processing starts where data streams from the IR and visible
detectors and telemetry merge via multiplexing (a parallel-to-serial conversion and
data multiplexing take place to bring sensor data together). Other information,
such as synchronization pulses, scan location, and telemetry data, are assembled in
the data select circuitry. The data are then passed through a line driver where
pulse amplitude and impedance levels are set for the transmitter interface.

A Sounder data block is transmitted during the time it takes for the filter wheel to
complete one revolution (0.1 second). Unlike the Imager, there is no concept of
multiple data block types that are formatted differently as a function of their data
content. All of the data is contained in one Sounder data block stream, where each
Sounder data block contains 250 16-bit words transmitted at a data rate of
40[Kb/s or 10 blocks per second. A Sounder data block contains:

< Sounding data

= Star sense data

e Telemetry

* Header data

= Synchronization

= Attitude and orbit control electronics (AOCE) data
= Scan position

= Scan control data
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Sounder Block Diagram
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Power Supply
The Sounder power supply is very similar to that of the Imager. The Sounder

power supply provides the additional power, control and regulation required by
the filter wheel.
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Space Environment Monitor
Subsystem

The Space Environment Monitor (SEM) measures in situ the effect of the sun on
the near-earth solar-terrestrial electromagnetic environment, providing real-time
data to the Space Environment Services Center (SESC). The SESC, as the nation’s
“space weather” service, receives, monitors, and interprets a wide variety of
solar-terrestrial data, and issues reports, alerts and forecasts for special events
such as solar flares or geomagnetic storms. This information is important to the
operation of military and civilian radio wave and satellite communication and
navigation systems, as well as electric power networks, and to the mission of
geophysical explorers, Shuttle and Space Station astronauts, high-altitude
aviators, and scientific researchers.

The SEM subsystem consists of four instruments used for in situ measurements
and monitoring of the near-earth (geostationary altitude) space environment and
for observing the solar X-ray output. An energetic particles sensor (EPS) and high
energy proton and alpha detector (HEPAD) monitor the incident flux density of
protons, alpha particles, and electrons over an extensive range of energy levels.
Solar output is monitored by an X-ray sensor (XRS) mounted on an X-ray
positioning platform, fixed on the solar array yoke. Two redundant three-axis
magnetometers, mounted on a deployed 3-meter boom, operate one at a time to
monitor earth’s geomagnetic field strength in the vicinity of the spacecraft. The
SEM instruments are capable of ground command-selectable, in-flight calibration
for monitoring on-orbit performance and ensuring proper operation.

Energetic Particles Sensor

The EPS performs three integral measurements (at geostationary orbit) of
electrons from 0.6 to more than 4.0 megaelectronvolt (MeV), a seven-channel
differential analysis of protons from 0.8 to 500 MeV, and a six-channel differential
analysis of alpha particles from 4 to 500 MeV per nucleon. The EPS also provides
all the support required by the HEPAD, which extends the EPS energy ranges to
greater than 700 MeV for protons and to greater than 3400 MeV per nucleon for
alphas. The EPS and HEPAD are housed within the spacecraft main body and
view the space environment through apertures.

The EPS unit consists of a telescope subassembly, a dome subassembly and signal
analyzer unit/data processing unit (SAU/DPU); the latter unit provides the final
amplification of the telescope and dome output signals. These components are
housed on a separate panel, mounted on the spacecraft’s south equipment panel,
providing a clear field of view towards the west.
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The telescope uses two silicon surface barrier detectors that output charge pulses
to charge sensitive preamplifiers within the telescope, converting them into
voltage pulses; this preconditions the signals sent to the SAU/DPU. These
detectors sense low energy protons in the range of 0.8 to 15 MeV and alpha
particles in the range of 4 to 60 MeV. The two detectors, surrounded by tungsten
shielding, are arranged in a telescope configuration: a 50-um, 100-mm? front
detector and a 500-um, 200-mm? rear detector. Tungsten collimators define the
field of view of 70° and eliminate detector edge effects. Sweeping magnets
exclude electrons below about 100 kiloelectronvolts (keV), while a 0.145-mil
aluminum foil excludes light. The outer surface of the front solid-state detector is
covered with 130 pg/cm? of aluminum, rendering it light tight.

The dome employs three sets of two 1500-um, 25-mm?, silicon surface barrier
detectors, each with different thickness moderators covering the respective pairs’
independent fields of view, thus providing three different energy thresholds. As
in the telescope, the solid state detector output charge pulses are passed through
charge sensitive preamplifiers, converting them into voltage pulses before being
routed to the SAU/DPU. After processing, the output of the detector pairs

Energy Ranges for the Energetic Particles Sensor and
High Energy Proton and Alpha Particle Detector

Channel Nominal Energy Detector
Particle Type Designation Range (MeV) Assembly
Proton P1 <0.8to4 Telescope
Proton p2 4109 Telescope
Proton P3 9to 15 Telescope
Proton P4 15 to 40 Dome
Proton P5 40 to 80 Dome
Proton P6 80 to 165 Dome
Proton p7 165 to 500 Dome
Proton P8 350 to 420 HEPAD
Proton P9 420 to 510 HEPAD
Proton P10 510 to 700 HEPAD
Proton P11 >700 HEPAD
Alpha Al 41010 Telescope
Alpha A2 10t0 21 Telescope
Alpha A3 21to 60 Telescope
Alpha Ad 60 to 150 Dome
Alpha A5 150 to 250 Dome
Alpha Ab 300 to 500 Dome
Alpha A7 2560 to 3400 HEPAD
Alpha A8 >3400 HEPAD
Electron El 20.6 Dome
Electron E2 220 Dome
Electron E3 24,0 Dome
“Singles” S1to S5 — HEPAD
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Energetic Particles Sensor Performance Summary

EPS Parameter

Performance

Proton bands (P1 to P7)

7 bands 0.8 to 500 MeV, logarithmically spaced

Alpha particle bands

6 bands 3.2 to 500 MeV, logarithmically spaced

Electron bands (E1 to E3)

Integral bands with thresholds of
E1: 0.55 MeV
E2:2.0 MeV
E3: 40 MeV

Dynamic range

Cosmic ray background to largest solar particle event

Accumulation efficiency

P1, E1, E2, and E3 bands 25%

P2 to P7 bands 50%
Sampling rate Once every 10.2 or 205 s
Band edge stability <+3%

Resolution

No worse than pseudolog compression of 19 to 8 bits,
using 4 bits of mantissa and 4 bits of exponents

Geometric factor

Telescope > 0.06 cm? steradian

Dome > 0.25 cm? steradian
Field of view

Telescope 1.1 steradian

Dome 2.0 steradian
EPS/HEPAD
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provides data for four proton, three alpha, and three electron energy bands,
ranging from 15 to 500 MeV for protons, 60 to 500 MeV for alphas, and less than

0.6 to more than 4.0 MeV for electrons.

High Energy Proton and Alpha Detector

The HEPAD senses incident flux of high energy protons (350 to greater than 700
MeV) and alphas (640 to greater than 850 MeV/nucleon). The unit consists of a
telescope subassembly with two silicon surface barrier detectors, a Cerenkov
radiator, and a photomultiplier tube (PMT), all arranged in a telescope
configuration, and a signal analyzer subassembly. The Cerenkov radiator and
PMT provide directional (front/rear incidence) discrimination and energy
selection. The solid-state detectors differentiate between minimum ionizing
protons and alpha particles and are shielded from protons below 70 MeV and
electrons below 15 MeV by aluminum and tungsten barriers.

High Energy Proton and Alpha Detector Performance

Summary

HEPAD Parameter

Performance

Spectral bands
Proton
Alpha particle

3 bands from 350 to >700 MeV
2 bands from 2560 to 3400 MeV

Field of view

Conical, ~34° half angle

Geometric factor

0.9 cm?2-sr

Dynamic range

0 to 10% counts/s

Accumulation efficiency

100%

Stability and accuracy

<+15%

Data rate
Primary data channel
Single channels

Once every 10.2 s
Once every 41 s

Count resolution

No worse than pseudolog compression of 19 to
8 bits, using 4 bits of mantissa and 4 bits of
exponent

Contaminants
Proton contamination in alpha channels
Characterize response to penetrating
electron in 2-13 MeV range

< 0.1%
As specified

Lifetime

Ground commands to compensate for
performance degradation during 5-year lifetime
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The signal analyzer subassembly contains all the amplification and processing
electronics required to sort the accepted telescope events into particular particle
types and energy levels and to transmit data to the EPS SAU/DPU on 11 data
lines (4 proton, 2 alpha, and 5 single channels). The five single channels are
required to correct proton and alpha channel data. PMT operating voltage is
changeable upon ground command to compensate for aging effects; turn-on
detection circuitry ensures that the PMT voltage always initializes at the lowest
value. In-flight calibration capability is also included.

The SAU/DPU multiplexes all of the EPS/HEPAD particle data (27 channels)
and accumulates the results in compression counters. Outputs of these
compression counters are transferred serially to spacecraft telemetry in an 80-
channel submultiplexed data stream. The SAU/DPU also processes timing
signals from the spacecraft telemetry unit, housekeeping telemetry, in-flight
calibration, and control commands to the EPS/HEPAD subsystem. Upon ground
command, the SAU/DPU in-flight calibration circuitry generates a sequence of
amplitude modulated test pulses that are applied to the charge-sensitive
preamplifier inputs to determine the stability of amplification chains and
threshold discriminators.

X-Ray Sensor

The XRS is an X-ray telescope that measures in real-time solar X-ray flux in the
spectral range of 0.5 to 3 angstroms (short sun channel) and 1 to 8 angstroms
(long sun channel). The XRS assembly consists of a telescope collimator and
sweeper magnet subassembly, dual ion chamber and preamplifier
subassemblies, a DPU subassembly, and a bucking magnet subassembly.

X-rays are detected by two ion chambers, one for each spectral range. The
detector output signals are processed by separate electronic channels that
provide automatic range selection. Nominal flux levels expected are on the order
of 2 x 108 to 2 x 10® W/m? for the long channel and 5 x 10° to 5 x 10* W/m? for
the short channel. The capability is provided to calibrate each channel via
ground command. Data transmitted through the spacecraft telemetry permit
real-time ground determination of the solar X-ray emission in the two spectral
bands.

The aperture of the XRS is provided with a pair of sweeper magnets to deflect
incoming electrons away from the ion chambers so that only X-rays are
admitted. An external bucking magnet is mounted to the XRS to minimize the
magnetic signature induced at the spacecraft magnetometers.

The XRS as a single unit is housed on the XRS drive assembly; this combination
is mounted on the solar array yoke on the south side of the spacecraft body in a
position that provides the XRS and drive assembly sun sensors a clear field of
view to the sun at all times. The drive assembly moves the XRS along the north/
south axis to track the sun’s declination of +23.5°. The east/west motion of the
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XRS is provided by the solar array drive assembly. During north/south
stationkeeping maneuvers, the XRS is stowed; in this position the telescope is in-

plane with and pointing to the edge of the solar array.

X-Ray Sensor Performance Summary

XRS Parameter Performance
Spectral bands

Channel A (short) 05t03.0 A

Channel B (long) 1.0t08.0 A
Threshold sensitivity

Channel A 5x10° W/m?

Channel B 2x 108 W/m?
Dynamic range

Channel A 5x10°to5x10*

Channel B 2x10°to5x 107
Resolution

Fluxes >20 times threshold < 2% of reading
Sampling rate Once every 0.512 s
Response time

Time for output to reach 90% of final value after step change 2s
Position determination

Resolution 0.25°

Accuracy 0.50°
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XRS Mounting on Yoke Assembly

XRS
N/S SAS

E/W SAS

XRP ROTATION

LEGEND

E/W  East/West

N/S  North/South

SADA Solar Array Drive Assembly
SAS  Sun Analog Sensor

XRP  X-Ray Positioner

XRS X-Ray Sensor

9608143
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Magnetometers

The redundant magnetometers use two sensor heads, each containing three
orthogonal flux-gate magnetometer elements, to measure three orthogonal vector
components of the dc magnetic field applied to three flux-gate sensor elements.
The applied field consists of the naturally occurring earth’s field and the
interfering field from the spacecraft components (the latter could be greater than
the former). The determination of the ambient magnetic field in the vicinity of the
spacecraft is continuous and simultaneous. The flux gates are located in a sensor
assembly, attached to the end of a boom that places the sensor 3 meters away from
the spacecraft body. Each flux gate magnetometer is aligned to within 0.5° of the
spacecraft X, Y, and Z axes and has a linear range of £1000 nanoTesla (nT).

The excitation and feedback signals from the sensors are routed to a dual
magnetometer electronics unit located within the spacecraft main body where the
signals are processed and formatted for spacecraft telemetry. An analog signal
processor demodulates the flux-gate signals to produce an analog voltage
proportional to the field magnitude with a polarity related to the direction of the
field vector component being measured. Three analog signals representing the X,
Y, and Z components of the surrounding magnetic field are digitized by a 16-bit
analog-to-digital converter, producing as output a serial bit stream in which three
groups of 16 bits are allocated to the polarity and magnitude of each of the three
axes (a total of 48 bits).

The two three-axis magnetometers provide redundancy for measuring the
geomagnetic field. One magnetometer is mounted on the boom 3 meters (9.8 feet)
away (outboard) from the spacecraft, and the second, 30 centimeters (12 inches)
inboard from the first on the same boom. Both magnetometers share the same
telemetry channel, though only one magnetometer, with its associated three flux-
gate sensors, can be powered at any time.
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Magnetometers’ Location

A

ANTI-EARTH PANEL (-2)

+Y

+Z

-—— MAGNETOMETER 2 (605B) - BACKUP - INBOARD

MAGNETOMETER 1 (605A) - PRIMARY - OUTBOARD

9608144

Magnetometer Performance Summary

Magnetometer Parameter

Performance

Null setting error

2nT

Dynamic range

41000 nT, ambient field in any orientation

Sensitivity 10 mvV/nT
Linearity 0.02% of full scale
Resolution 0.03nT
Accuracy < +4 nT without temperature correction
< £1 nT with temperature correction
Noise <0.3 nT or 0.5% of reading whichever is greater
Data rate 1.95 Hz
Bandwidth Dc to 0.5 +0.032 Hz, presampling filter at -3 dB

Sensor axes orthogonality

Within £0.5°

Sensor orientation

< +1.0°, in spacecraft coordinates

Spacecraft field contamination
Maximum permanent field
Residual contamination after ground correction

<200 nT
<105nT

Revision 1



68 \ GOES DataBook

Solar X-ray Imager

The Solar X-ray Imager (SXI) is used to determine when to issue forecasts and
alerts of “space weather” conditions that may interfere with ground and space
systems. These conditions include ionospheric changes that affect radio
communication (both ground-to-ground and satellite-to-ground) and
magnetospheric variations that induce currents in electric power grids and long
distance pipelines and can cause navigational errors in magnetic guidance
systems, introduce changes in spacecraft charging, produce high energy particles
that can cause single event upsets in satellite circuitry, and expose astronauts to
increased radiation. SXI will observe solar flares, solar active regions, coronal
holes, and coronal mass ejections. Images from SXI will be used by NOAA and
U.S. Air Force forecasters to monitor solar conditions that affect space weather
conditions that are used to describe the dynamic environment of energetic
particles, solar wind streams, and coronal mass ejections emanating from the Sun.

The SXI, performing as a part of the Space Environment Monitor (SEM)
instruments, provides the means for obtaining the solar data required to:

= Locate coronal holes for predicting high speed solar wind streams causing
recurrent geomagnetic storms, and also locate transient coronal holes as a
source of ejecta.

= Locate flares on the disk and beyond the west limb for proton event warnings.

= Monitor for changes indicating coronal mass ejections (CME) that may impact
Earth and cause geomagnetic storms. Large-scale, long duration, possible
weakly emitting events, and brightening of coronal filament arcades are used
as evidence of CMEs.

= Observe active region size morphology and complexity, and temperature and
emissions measure, for flare forecasts. Monitor for active regions beyond east
limb that will be rotating onto the solar disk.

Other solar feature observations include flare properties, newly emerging active
regions, X-ray bright points, and following CME ejecta at 1000 km/sec. To meet
these objectives, the SXI images the solar corona in the soft X-ray to extreme
ultraviolet (XUV) region of the electromagnetic spectrum. Full-disk solar images
are provided with a 512 X 512 array with 5 arcsec pixels in several wavelength
bands from 6 to 60 A (0.6 to 6 nm). A regular sequence of exposures that are
downlinked at one-minute intervals is used to cover the full dynamic range
needed to monitor solar activity. The SXI telescope is mounted on the X-ray
Positioner (XRP), and its associated electronics boxes are on the solar array yoke
of the GOES-M spacecraft. The SXI is Government-furnished equipment.
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THE SUBSYSTEM

The SXI consists of a telescope assembly, and three electronic boxes: the data
electronics box for the instrument command and data management system
(