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OPERATING MANUAL FOR THE U.S. GEOLOGICAL SURVEY’S
DATA-COLLECTION SYSTEM WITH THE GEOSTATIONARY

OPERATIONAL ENVIRONMENTAL SATELLITE

Edited by Joanne C. Jones, Debra C. Tracey, and Frances W. Sorensen

ABSTRACT

The Geostationary Operational Environmental Satellite (GOES) data-
collection system allows data transmission from locations on Earth to a
geostationary satellite, which retransmits the data to a direct read-out
ground station. Two satellites, each with 266 channels, are located over
the equator at an altitude of approximately 23,500 miles. A remote data-
collection platform telemeters data to the direct read-out ground station
through GOES. A data-collection platform collects data from sensors, con-
verts these data to engineering units, stores the data, and transmits data
at predetermined intervals. The direct read-out ground stations receive,
format, and transfer data to the collecting offices through the U.S. Geo-
logical Survey's Distributed Information System. Computer programs assist
the Survey'’s Data Relay Office in assigning and scheduling data-collection
platform use and help the user in setting up data-collection platforms, for-
matting data from direct read-out ground stations, and automatic monitoring
of the system.

INTRODUCTION

The Geostationary Operational Environmental Satellite data-collection
system (DCS) allows data transmission from locations on Earth to a geosta-
tionary satellite, which retransmits the data to a direct read-out ground
station (DRGS). Two GOES satellites, each with 266 channels, are located
over the equator at an altitude of approximately 23,500 miles. The eastern
satellite uses only odd-numbered channels, and the western satellite uses
only even-numbered channels. Each satellite contains two channel types:
self-timed and random.

Self-timed channels require data collection and storage in a data-
collection platform (DCP). Data are transmitted at an assigned time. The
interval between transmissions usually is 4 hours; however, some stations
transmit at 1-, 2-, 3-, and 6-hour intervals. The available time to make
each transmission is 1 minute at a data-transmission rate of 100 bits per
second.

Random channels allow transmissions at some random interval after each
data-acquisition cycle (data collected from the sensor). The time period in
which the random transmission is made is usually the same length as the
data-acquisition cycle.

All models of DCP's covered in this report, except the LaBarge Con-
vertible Data Collection Platform (CDCP), use both types of channels. The
U.S. Geological Survey (USGS) uses self-timed channels to relay routine data



and the random channels to relay alert data (data that are above or below
threshold limits programmed into the DCP by the user); however, the random
channels can receive routine data. Operators may program DCP’'s to make the
more frequent random transmissions when the DCP detects a preprogrammed
parameter threshold or rate of change; this allows more frequent data
acquisition when streams are flooding. The operator may program DCP'’s to
extend messages -to include previously transmitted data, thus preventing loss
of data due to loss of a single transmission.

Data transmissions from GOES are received by a direct-readout ground
station (DRGS) and subsequently transferred to U.S. Geological Survey
offices for processing. Several programs used in these offices to assimi-
late the collected data into usable form are described in this report.

Steps in data gathering and some of the programs used in processing the data
are illustrated in figure 1.

The Platform Assignment Scheduling Subsystem (PASS) program is used to
schedule data collection platform (DCP) transmissions and to schedule mes-
sage reception by each DRGS. This program can also be used to modify exist-
ing transmission schedules.

The U.S. Geological Survey-operated DRGS's receive, check, and distrib-
ute satellite-telemetered data. The Distributed Information System (DIS) is
used to transfer data received by a DRGS to the appropriate user district.
Data received on the host district’s PRIME computer are loaded into the
Automated Data Processing System (ADAPS) unit-value data base.

Data, from several types of recording devices, are converted through
the Device Conversion and Delivery System (DECODES) to a standard data
format for ADAPS entry.

This operating manual replaces U.S. Geological Survey Open-File Report
86-479, GOES data-collection system instrumentation, installation and main-
tenance manual, by John W. H. Blee, H. E. Herlong, C. D. Kauffman, Jr.,

J. Hardee, M. L. Field, and R. F. Middelburg, Jr. Two new chapters in this
report are Standard Programming of Telemetry System and Satellite Locator
Program. Standard programming of telemetry systems reduces the amount of
equipment the field person requires to service multiple makes of DCP's. The
satellite locator program provides bearing and elevation information to
assist in aiming the DCP antenna.

Purpose and Scope

This manual assists the user in the installation, operation, and main-
tenance of the Survey'’'s GOES data-collection system. The manual supplements
the manufacturers’ manuals for the DCP’'s and other components of the system.
No recommendations are made as to the best instrument system for any given
application. The information provided assists managers and users in the
selection and operation of equipment that best meets the requirements of a
particular site.
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Figure 1.--Data gathering and processing in the Survey's
data-collection system.
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INITTIAL START-UP

The procedures listed guide the user through the beginning steps of
using a DCP with GOES.

1.

Contact the U.S. Geological Survey’s Data-Relay Office, Branch of
Instrumentation, Reston, Virginia, for user registration, which
includes documentation of user identification, password, and sta-
tion assignment, and for the latest instructions on the use of a
DCP with GOES.

Acquire technical information and price lists for the DCP, solar-
panels, batteries, and sensor specifications, or consider the HIF
(Hydrologic Instrumentation Facility) DCP rental program. Appendix
A is a list of GOES-related equipment manufacturers.

Design the system.

a. For Survey stations in which equipment is to be installed,
consider:

shelter dimensions

shelter construction material

station type (manometer or float)

shading (if solar panels are used)

equipment already installed

potential for vandalism and protection needed
accessibility

whether station is in line of sight of the satellite

b. Learn how to program your particular unit by referring to manu-
facturer'’s manuals and appropriate sections of this manual.

c. Test equipment in the office before placing it in the field.
Test each item separately and then together as a unit. After
testing, keep equipment together as a unit and install it as
such. Equipment to be tested should include the following:

DCP

sensor(s)

input-output (I/0) cable
radlo-frequency coaxial cables
power system

antenna



4., Become familiar with Platform Assignment and Scheduling Subsystems
(PASS) described later in this manual in the chapter "Data-
collection platform information management system."

5. Read the chapter "User instructions for receiving data-collection
platform data from a direct read-out ground station” found later in
this manual.

6. Study explanations and instructions given throughout this manual.

DATA-COLLECTION PLATFORMS

The three basic functions of a DCP are

° sensor interfacing,

° control of the frequencies of sensor sampling and
transmissions, and

° transmission of data to the satellite.

All DCP's perform these basic functions, and some DCP’s perform
additional functions depending on the model and make.

Many of the Survey'’s first DCP’s, built by LaBarge Electronics in the
mid-1970’'s, are in operation today. Additional manufacturers have entered
the DCP market. New microprocessor advancements have increased the DCP'’s
ability to perform more complex functions. Newer DCP’s can transmit on two
different channels; time-tag, manipulate, and convert data; self-test;
execute multiple algorithms; and communicate with computer terminals through
an RS-232 interface. The following paragraphs describe the features of the
DCP's currently (1991) used by the Survey.

Handar Model 524

The Handar Model 524 (fig. 2), widely used by the Survey, performs the
basic DCP functions. This model makes alert random transmissions on a sec-
ondary channel. All 266 transmission channels are selectable. The Handar
Model 524 does not convert data to engineering units or have different sam-
pling intervals for different parameters. Its only data manipulation capa-
bility is averaging an input parameter over the period of the transmission
interval. Manufacturer’'s specifications are listed in appendix B.

The Model 524 DCP's most advanced capabilities are realized only
through use of its most recent firmware version. Several versions of this
firmware--an electronically programmable read-only memory (EPROM) chip--
exist. Contact Handar to determine if the firmware in the platform to be
used is the most recent. A charge is made to exchange old firmware for the
new version. The Handar Model 526 programming set was designed to program
the Model 524 DCP (figs. 2 and 3). The Model 524 DCP does not have RS-232
communication capabilities; therefore, if the Model 526 programming set is
not used, a special interface, developed and built by NOHOU Corp., is
required. This NOHOU Model CGD256 Programming Interface Adaptor is used
with an ASCII data terminal or a laptop computer equipped with the Survey'’s
Personal Field Computer (PFC) software to program this model DCP. '






Handar Model 540A-1

The Handar 540A-1 Data-Collection Platform is designed for collecting
hydrologic and meteorologic data in severe outdoor environments where
commercial power is not available. All cable connections are mated to
military-type comnectors and can operate over temperature ranges from
-40 °C to #60 °C while exposed to weather elements. The Model 540A-1 is
a microprocessor-based device that uses stored programs for an easy menu-
driven setup. This DCP can be programmed with the Handar Model 545B
Programming Set, an ASCII data terminal, or a laptop computer with the
Survey'’'s Personal Field Computer (PFC) software.

The Model 540A-1 DCP can be interfaced to most analog or digital hydro-
meteorological sensors, using a variety of plug-in interface cards. Data
retrieval options include satellite, telephone, UHF/VHF radio and Random
Access Memory (RAM). Any sensor used has to be interfaced to the Model
540A-1 with an optional sensor interface card. Six interface card slots are
available.

Handar Model 560

The Handar Model 560, (fig. 2) a hydrologic DCP,,replaced the Model
524. The Model 560, a single unit housed in a NEMA 4~ environmental enclo-
sure with airtight I/0 connectors, can scale input data, convert raw data to
engineering units, and execute several data-manipulation algorithms. Manu-
facturer’'s specifications are in appendix B.

The basic unit has an up-down counter and an interface for an incremen-
tal encoder, an event counter for a tipping-bucket rain gage, and a voltage
monitoring system for the power-supply battery. An additional ADR-analog
card will be needed to use analog-to-digital recorders (ADR's) or analog
inputs. The ADR-analog card handles two ADR’s and four analog inputs. More
cards can be added for additional inputs.

The operator may program the Model 560 with a Handar 545A programming
set or with an ASCII data terminal or with a laptop computer equipped with
the Survey’s PFC software. An optional method of programming the Model 560
is with a Tandy TRS-80 Model 100 or 102 portable computer.

Handar Model 570A

The Handar Model 570A is an integrated Expandable Data-Aquisition
System, which can provide data retrieval by satellite, telephone, UHF/VHF
radio, or RAM options. The Model 570, which includes a microprocessor-
controller with an 8-bit analog-to-digital converter (ADC), is housed in a

1 National Electrical Manufacturers Association type 4 environmental
enclosures are intended for indoor or outdoor use primarily as a measure of
protection against water, hose-directed water, wind-blown dust and rain,
splashing water, and ice.



NEMA 4 weatherproof enclosure. The Model 570A can be programmed with the
Handar Model 545B programming set, an ASCII data terminal, or a laptop com-
puter with the Survey's PFC software.

The basic 570A, with no optional interface boards, is capable of inter-
facing wit