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INTRODUCTION

The Geostationary Operational Environmental Satellites (GOES) provide a wide variety of
meteorological satellite services as a part of the network of satellites for the World
Weather Watch program planned by the World Meteorological Organization (WMO). The
GOES 4 and GOES 5 satellites operating from the two geostationary orbit locations of
75EW and 135EW longitude use newer technology and have expanded capability relative
to their predecessors, SMS I and 2 and GOES 1, 2 and 3. The satellite directly transmits
day and night observations of global scale weather, hurricanes and other more localized
severe storms to an earth-based processing center, then in a time-shared fashion relays the
processed, high resolution observation data along with weather facsimile (WEFAX) data
to field stations. Weather observations are generated in the Visible and Infrared Spin Scan
Radiometer, VISSR, Atmospheric Sounder (VAS). The VAS performs operational visible
and infrared imaging as well as experimental multi-spectral imaging (MSI) and
temperature sounding of the atmosphere by programing the 12 IR spectral bands.

The satellite provides direct interrogation and simultaneous relay transmission between the
command data acquisition station (CDAS) and multiple, widely dispersed data collection
platforms (DCP). The satellites also monitor the condition of the earth’s magnetic field and
energetic particle flux in the vicinity of the spacecraft and observe x-ray emissions from
the sun. These measurements are made through instruments collectively called the Space
Environmental Monitor (SEM) and are transmitted directly to a central processing center.
The satellite performs all these communications functions by means of a multi-function
communications system which operates on S-Band and UHF frequencies at bit rates
varying from 100 bps to 28 Mbps.

GOES COMMUNICATIONS MISSION

The GOES Communications Mission can be separated into four major functions: 1) Direct
transmission of high resolution VAS radiometric data. 2) Relay of processed high



resolution VAS data, lower resolution WEFAX data and trilateration ranging data. 3)
Relay of DCP network interrogation and reporting functions. 4) Direct transmission of
operational SEM and satellite telemetry data. The satellite to earth station communications
links which implement these functions are depicted in Figure 1.

FIGURE 1.  GOES MISSION COMMUNICATION LINKS

Direct transmission of VAS visible and infrared imaging data of the full earth’s disc to the
CDAS is one of the primary links in the operational distribution of satellite weather data.
At the CDAS, the VAS 28 Mbps high-resolution data is reformatted, calibrated, gridded
for geographical reference, and immediately retransmitted to the satellite at a reduced rate
(1.75 Mbs) as “stretched” VAS (SVAS) data. Timing circuits in the satellite then divert
the signal flow from direct VAS transmission to SVAS transmission during that period of
the satellites spin revolution when image acquisition is not being performed. Thus, the
satellite transmitter alternately transmits direct VAS data or SVAS data during each
satellite spin revolution until the full earth’s disc is mapped by the VAS (approximately 18
minutes). Full earth disc images are transmitted every half hour from GOES; the satellite
wideband transponder is fully occupied in the interim for distribution of weather facsimile
(WEFAX) time shared with turn-around ranging (TAR) communications. The WEFAX
data are relatively narrow band environmental graphic products which are transmitted from
the CDAS to GOES which broadcasts them to Satellite Field Service Station (SFSS) users
within view of the satellite. The TAR communications are composed of trilateration
ranging from the CDAS to TAR stations (located in Santiago, Chile and Hawaii) for
precise satellite orbit determination. While WEFAX transmissions occur as frequently as
possible between VAS/SVAS transmissions, the trilateration transmissions are relatively
infrequent.

The DCP reporting (DCPR) service is accomplished by timed or automatically triggered
(by weather phenomenon) communications from up to 188 simultaneous data collection



platforms which transmit 100 bps data to the satellite at UHF frequencies. The satellite
relays the DCP reports (DCPR) to the CDAS by means of a UHF to S-Band crossover link
between the UHF receiver and the DCPR transmitter. The communications link works in
the reverse direction for DCP interrogation (DCPI) from the CDAS through the satellite
multi-function S-band receiver crossover to the UHF transmitter.

Data transmission from the SEM originates from satellite sensor observations of 3
environments 1) the magnetic field strength and direction in the vicinity of the satellite, 2)
solar x-ray flux, and 3) energetic particle activity in the radiation belts around the earth.
The SEM data is converted into digital form either within the SEM instruments or through
the satellites telemetry system, multiplexed with other satellite telemetry data and
transmitted to user stations through the CDA telemetry transmitter. Satellite telemetry,
command and ranging communications with the NASA Spacecraft Tracking and Data
Network (STDN) is provided for launch and transfer orbit operations. The STDN
telemetry transmitter is also available as a back-up for operational SEM and satellite
telemetry data during geostationary orbital operations.

COMMUNICATIONS SUBSYSTEM

The GOES communications subsystem is comprised of a despun antenna array
interconnected to the electronics on the spinning side of the satellite through a non-
contacting rotary joint, as illustrated in Figure 2. The subsystem employs full redundancy
and cross-strapping of all active electronics units for reliability purposes. The redundancy
details have been omitted from Figure 2 for purposes of clarity. The subsystem can be
divided into 3 individual systems according to their mission function, 1) the multi-function
S-Band system, 2) the UHF system, 3) the telemetry/command and ranging system, The S-
Band and UHF systems are interconnected for performing DCPR and DCPI functions and
will be collectively described.

The multi-function S-Band system contains the communication equipment for transmission
and reception of the VAS, WEFAX and trilateration mission functions. The key elements
of this system are the multi-function S-Band receiver and transmitter and the DCPR
transmitter interconnected through the S-Band triplexer and rotary joint with the S-Band
parabolic antenna.

VAS Signal Flow - Analog VAS data are multiplexed and converted to PCM in the VAS
digital multiplexer (VDM) and delivered to the QPSK data modulator in the S-Band
receiver where they modulate the 84 MHz intermediate frequency carrier. The signal is
then upconverted to the 1681.6 MHz and fed to the high power transmitter comprised of a
low level driver followed by four hybrid coupled output stages delivering 20 watts of 



FIGURE 2.  GOES COMMUNICATIONS SUBSYSTEM FUNCTIONAL
BLOCK DIAGRAM

output power. The transmitter output is routed through the S-Band triplexer via the middle
coaxial channel of the tricoaxial rotary joint to the S-Band parabolic antenna.

Multifunction Signal Flow - The 2 GHz multifunctional signals (SVAS, WEFAX or
trilateration ranging) are received on the S-Band parabolic antenna and coupled through
the middle channel of the rotary joint to the high gain triplexer where it is separated from
the 1.6 GHz downlink signals. The signal is then routed to the S-Band receiver where it is
amplified and downconverted to an intermediate frequency of (–94MHz). Signal selection
within the S-Band receiver logic is made according to one of two ground commendable
modes: VAS/SVAS time share mode and multifunction mode.

In the first mode, timing signals alternately switch the signal path in the S-Band receiver
from direct VAS to relay SVAS transmission in a complementary manner. The QPSK
modulator in the direct VAS transmission path is keyed on and the SVAS relay path is
squelched off during the period of satellite rotation (20 degrees) when the VAS imaging is
performed. Alternately, the QPSK modulator is keyed off and a limiter/amplifier in the
SVAS path is switched on during the remaining period of satellite rotation (340 degrees)
when VAS imaging has been completed. In the second mode, the VAS QPSK modulator is
continuously disabled and the multifunction path is not interrupted. The multifunction



transmission path after the common switching point in the S-Band receiver is identical to
the VAS signal path.

DCPI Signal Flow - The 2034.9 MHz DCPI signal is received on the earth coverage
S-Band antenna at 2034.9 MHz and routed to the S-Band receiver through the same path
described for the SVAS signal. In the receiver, this signal is downconverted to IF where it
is separated from the multifunction signals, filtered, and limited. This IF signal is delivered
to the UHF receiver for upconversion and then fed through the cross-strap switch to the
4-watt transmitters. The signal passes from the UHF diplexer through the outer coaxial
channel of the rotary joint to the UHF helix antenna.

DCPR Signal Flow - The 401.9 MHz DCPR signal, received by the UHF helix antenna, is
coupled through the outer coaxial channel of the rotary joint, separated from the 468.8
MHz DCPI signal in the diplexer, and directed to the UHF receiver. The signal is
converted to IF, filtered and amplified in an AGC amplifier in the UHF receiver and routed
from the dedicated, linear .5-watt DCPR transmitter through the S-Band triplexer and the
middle coaxial channel of the rotary joint to the S-Band parabolic antenna. UHF receiver
AGC preserves linearity while providing an essentially constant drive to the DCPR
transmitter, which is operated linearly to minimize intermodulation products between the
simultaneously transmitted (up to 188) DCPR carriers.

S-Band Triplexer - The high gain triplexer is a key element of the S-Band transmission
system. In addition to separating the transmit and receive frequencies, this triplexer permits
channelization of the high power, time shared, VAS/multifunction transmission link and
the low power, continuous DCPR link. The triplexer also provides the VAS signal
spectrum band limiting to suppress transmitted power flux density in the adjacent radio
astronomy frequency band (1660 to 1670 MHz).

Telemetry, Command, and Ranging Signal Flow - The uplink, command, and ranging
signals are coupled through the bicone antenna (mounted concentric with the spacecraft
spin axis on the despun antenna) and the innermost coaxial channel of the rotary joint to
the T&C quadraplexer. The redundant command and ranging units are hybrid coupled to
the receive port of the quadraplexer so that both command receivers will be on line at all
times. The command tones are demodulated in a phase lock receiver in the command and
ranging unit and routed to the T&C (baseband) subsystem where receiver selection and
command tone detection are accomplished. The ranging signal is amplified and frequency
translated by the required 240/221 conversion ratio in the command/ranging unit. The
output of the command/ranging unit is routed through T&C quadraplexer to the rotary joint
and the bicone antenna. Operational PCM data from the SEM and satellite telemetry data
are encoded in the redundant baseband telemetry system and transmitted via the CDA
and/or STDN telemetry transmitters. The telemetry signal path follows the same route as



the downlink ranging signal. Table I is a summary of the key GOES Communications
performance parameters.

S-BAND MULTIFUNCTION
            SUBSYSTEM            

UHF
SUBSYSTEM

TELEMETRY, COMMAND
AND RANGING SUBSYSTEM

FREQUENCIES, MHz
  Transmit 1681 to 1690 468 1694 (CDA), 2209 (STDN),

2214 (Ranging)

  Receive 2029 to 2032 402 2034

EIRP, dBm 55.6 45.6 32.5 (CDA), 24.9 (STDN),
10.3 (Ranging)

G/T, db/EK -16.4 -22.3 -44.2 (Command and Ranging)

Antenna Beamwidth (3dB) ±9.4E ±9.4E ± 50E X 36E

TABLE 1.  COMMUNICATIONS SYSTEM PERFORMANCE SUMMARY

VAS SIGNAL PROCESSING

Visible and infrared two-dimensional cloud mapping data of high resolution (0.9km visible
and 6.9km infrared) originate in the VAS. The VAS also obtains radiometric data in the
earths atmospheric water vapor and CO2 absorption bands used to determine the three-
dimensional structure of the atmospheric temperature and water vapor distribution.

The VAS image mapping raster is formed by the combination of the satellite spin motion
(spin scan) and the step action of the scanning optics. One raster line in the earth’s west-
east (W-E) direction is formed for each revolution of the spinning satellite at each north-
south (N-S) angular scan step position of the VAS scan mirror. Each 0.192 mr N-S axis
scan step corresponds to the total field of view (FOV) of the eight visible channel
detectors. The 0.9km resolution in the visible spectrum is obtained by using a linear array
of eight detectors aligned so that they sweep out the complete scan line path. The earth is
covered in the N-S direction with 1820 successive latitude steps until 20E coverage is
obtained.

The VAS has six infrared detectors; two are used primarily for imaging and four are used
for sounding information. Two pairs of infrared detectors are in use during any satellite
spin period. The detector pairs are automatically switched into the VDM by the VAS
processor depending upon the selected mode of operation. The processor also controls the
VAS filter wheel which can selectively position spectral filters into the optical train to
provide IR response in 12 different spectral bands.



The redundant, cross-strapped VAS digital multiplexer, VDM, provides high accuracy
multiplexing of the VAS visible and infrared data. It features differential signal detection
and employs four visible and two infrared analog to digital (A/D) converters operating in
parallel for relatively low speed operation and reduced power consumption, Figure 3
illustrates the block diagram of one of the redundant VDM units.

FIGURE 3.  VAS DIGITAL MULTIPLEXER BLOCK DIAGRAM

Each of the eight visible channels from the VAS is processed through a differential input
receiver, a five pole Bessel filter, and a dedicated sample and hold circuit. The use of four
A/D converters instead of a single high speed converter provides improved timing margins
and allows the use of a conservative, simple A/D converter design. The A/D converters are
successive approximation type operating at 500K samples/second which has auto ranging
capability using a switchable gain for higher resolution of low level inputs. The gain mode
is controlled by a comparator which determines whether the input signal falls above or
below 1/8 full scale. If the signal is above 1/8 scale, the A/D converter operates as a
normal 6 bit linear converter. If the input is below 1/8 full scale, it is multiplied by eight,
which provides the required high resolution for low level signals.

The A/D output includes the 6 bits from the converter and a single gain indication bit from
the comparator. These 7 bits are processed by a programmable read-only memory
(PROM) which, for each of the 128 possible input words, produces the appropriate 6 bit
output to convert the overall conversion transfer function to an approximate square root
function. A single PROM performs the square root conversion for all visible A/D
converters.

Infrared (IR) channel processing also utilizes differential input buffers, active 5 pole Bessel
filters and sample and hold circuitry similar to the visible channel. The IR A/D converter
utilizes a dual mode configuration which initially performs the four most significant bit
conversion followed by a second conversion which forms the six least significant bits. This



implementation allows the use of slower and lower power components for the 4 bit
conversion with its attendant advantages of conservative design margins and lower power
operation.

The initially derived four most significant bits are representative of the input voltage to
within 1/16 of full scale. These bits are held, converted to an appropriate current, and
subtracted from the original input. In the converter’s second phase of operation this
difference signal is multiplied by 8 and again converted. The second conversion is
performed, as was the first stage conversion, in a 7 bit successive approximation converter.
The scaling is such that the seventh or most significant bit will come true only if additional
settling indicates a change to the initial 4 bit conversion is necessary. Generally this
change in the initial 4 bits will not be necessary and the 10 bit output will be formed by
using the 6 least significant bits of the second conversion and the 4 bits of the first. If the
seventh bit is true it is added to the original 4 and these new 4 bits and the 6 least
significant bits of the second conversion form the 10 bit output.

The IR A/D converter also features an individual offset correction for each input chain.
Once per satellite revolution, during preamble transmission, a calibrated voltage is applied
to the input filters. An integrating circuit within the A/D converter is driven to a value
which nulls the combined offsets of the filter, track and hold, and the converter itself. This
offset correction is held for the ensuing earth scan.

The fundamental VDM timing, logic, and output format control is accomplished in the
VDM formatter. The output VDM PCM data format is shown in Figure 4. This format is
representation of the serial PCM data stream within the VDM. The preamble code,
consisting of all zeros, is used to acquire bit synchronization on the ground. The 56 bit
sync word consists of a 16 bit code used for line synchronization, a 12 bit line scan
number from the VAS, a 22 bit sun sync count for sun to earth timing reference, 2 VAS
retrace flag bits, 3 parity bits and a single fixed zero bit.

 A minor frame is made up of four 56 bit rows consisting of a single 8 word bit followed
by 6 bit data words. The 9 bit word contains the minor frame sync code in the first row, its
complement in the third row, and in the second and fourth rows, the digitized samples of
IR sensor 1 and IR sensor 2. The 6 bit data words contain visible data for all 8 channels. In
the 10 bit IR mode, the two least significant data bits pre-empt the last two bits of the sync
and sync complement words.



FIGURE 4.  VAS DATA PCM OUTPUT FORMAT

VAS LINK TRANSMISSION PERFORMANCE

The VAS data link transmission requirements represented some severe constraints on the
design implementation of the S-Band triplexer. The triplexer is required to 1) minimize the
delay variation and distortion in the VAS transmission band; 2) suppress the VAS and
SVAS power flux density in the adjacent radio astronomy band to less then -
240dBw/m2/Hz; and 3) diplex the VAS and DCPR carriers to the S-Band antenna with
minimum insertion loss.

To meet these conflicting requirements, the transmission link was modeled by computer
simulation and a number of design configurations were studied. The final design utilized an
eight section VAS transmit filter to band limit the VAS spectrum and provide out-of-band
suppression necessary for radio astronomy protection. The VAS filter was tuned to give a
quasi-elliptic function response with a 3dB bandwidth of 22 MHz and sharp band edge
transitions which give large out-of-band rejection. The large rejection at the band edges
also provides the isolation required to efficiently sum the DCPR signal in the triplexer. The
measured laboratory and in-orbit performance of the VAS transmission link for GOES 4 is
shown in Figure 5. The performance is within 4 dB of theoretical and has satisfactorily met
all mission requirements.



FIGURE 5.  VAS BIT ERROR RATE LINK PERFORMANCE

CONCLUSIONS

The multi-function GOES communication system operates on S-Band and UHF
frequencies at bit rates varying from 100 bps to 28 Mbps, to meet the GOES mission
requirements - the acquisition and distribution of environmental data from geostationary
orbit. The system employs four major communication functions including direct
transmission of high resolution VAS radiometric data, relay of processed high and low
resolution VAS data, relay of DCP interrogation and reporting functions,and direct
transmission of operational SEM and satellite telemetry data. The system performance
measurements compare favorably with theoretical expectations and the system effectively
meets all functional operational and performance requirements.
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