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GLACIER PARK AUTOMATIC DATA COLLECTION SYSTEM

Peter F. Williams
Marketing Engineer, Electronic Products

Bristol Aerospace Limited

ABSTRACT

A VHF telemetry network linking Data Collection Platforms (DCP’s) to a master station
was developed by Bristol Aerospace and installed in the Canadian Rockies for the Snow
Research and Avalanche Warning Section (SRAWS) of Environment Canada. The master
station minicomputer uses multi-tasking capabilities to automatically collect
meteorological data from the remote mountain-top satellite sites and to compile and
display this data for the SRAWS avalanche forecasting team. The real-time system updates
its data base with information from the satellites every 10 minutes. The ‘user-friendly’
capabilities include an automatic analysis of present and past telemetry data to determine if
critical unstable conditions exist in the upper snow pack.

HISTORY

Avalanches in the Rockies are not only a destructive and death-dealing natural
phenomenon but also a costly nuisance as they frequently close down the vital highway
and rail links between the West Coast and the rest of the nation. It was pressure to
maintain the transportation corridors as safe and maximally free flowing as possible that
prompted the use of technology to aid avalanche prediction.

In 1972 Bristol designed and installed a group of meteorological stations for the Parks
Canada avalanche research team. This state-of-the-art system comprised a set of slave
state machines linked by VHF radio to a master state machine that drove a teletype in the
Roger’s Pass headquarters in Glacier National Park. Each remote satellite machine was
identified by its own particular tone frequency. The master polled each satellite once a
minute with a short tone prompt for wind information and once every ten minutes with a
longer tone for the full sensor data acquisition.

As the techniques for avalanche forecasting improved and the old system could not
provide the additional features needed, a new system specification was generated. The
forecasters wanted immediate access to historical data and they wanted graphical
representations of trends in study and meteorological data.



The following description is of the initial system delivered and installed by Bristol in the
fall of 1983 as well as the follow-on development phases.

SATELLITE HARDWARE

Bristol’s Data Collection Platform (DCP) forms the nucleus of the five satellite stations in
the network (see figure 1). The low power design allows the remote sites to be battery
operated for a complete 8 month operational season, although two sites have diesel light
plants available for recharging. The sensor complement is similar for each site:
anemometer, temperature, humidity and precipitation. A lightning protection unit is
installed between the DCP and the sensors to protect the electronics from high energy
transients.

Motorola HT440 VHF transceivers were recommended by the customer for the new
system. Brand selection was based on their familiarity with Motorola products both on the
basis of regional procurement and of local repair. The HT440 was selected because of its
ruggedized design features.

The radios were modified to access receive FSK tones before the audio amplifier so that
level would be independent of volume setting. The volume could then be turned down to
minimize quiescent current or turned up for monitoring or emergency calls. A further
modification picked off the second IF signal to be fed to detection circuitry so that
incoming RF levels could be monitored at the master site.

As a high data rate was not a consideration in this system, a simple modulation scheme
was chosen. The DCP firmware controls the telemetry in a conventional microprocessor-
UART-modem configuration. The single chip CMOS modem was interfaced to very
elementary filtering because the system would not be operating in full duplex. As well, any
characters generated spuriously are easily filtered out with software and an ‘all ones’
preamble ensures synchronization of the first message character.

The customer’s requirement for sparing was minimized by designing the hardware and
firmware to be identical for each DCP. A ‘DIP-switch’ identifies the satellite number and
determines whether it communicates with the master stations via radio or hardwire link.
The switch also identifies DCPs which have an activated printer port. The present design
will allow a total of 16 satellite without modifications to existing equipment.

MASTER HARDWARE

The customer requested a system that would be able to perform concurrent operations of
automatic data collection along with data display and analysis functions. A survey of
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existing micro and minicomputers having multi-tasking capabilities pointed to the Intel
86/330A running the RMX86 operating system as the best choice. As well as preferred in
capabilities and price, it offered Bristol a mechanism for on-going software support for the
Parks Canada program using in-house Intel software development equipment.

The 86/330A has a selection of storage media: the 8-inch floppy drive is used for off-
premises backup of telemetry and other data while the 8-inch 35Mbyte hard disk stores the
operating system and application programs as well as data files. A second hard disk of
equal capacity is to be added for supplementary data storage and will serve as the primary
disk should it become damaged. The computer is equipped with 384Kbyte of RAM.

To interface with the required peripherals (see figure 2) a four channel communications
PCB was placed into a spare slot in the computer’s MultibusR chassis. With this card the
printer, plotter and system terminal communicate over standard RS232C links and the
DCP via a current loop. A real-time calendar clock module was plugged onto the 16-bit
processor card for the initiation of timed operations and to allow the naming of various
data files.

A diesel light plant provides power for the master computer through a conventional
minicomputer voltage regulator. Extensive monitoring of the power source during
installation evidenced its suitability although further protection from brownout damage was
later added on Bristol’s recommendation.

RADIO LINK

Apart from the electronics, the hardware of the original link was unchanged. As the
antennas and masts of the system remained intact no effort was made to measure the link
characteristics. The siting information is shown in figure 3.

During system installation there were, on occasion, excessive retries on the telemetry link.
A co-located voice transmitter was found to be generating interference at the telemetry
frequency. This was eliminated with a simple trap in the antenna lead of the offending
transmitter.

Time did not permit margin testing during the laboratory system integration but retry
indicators proved that the link does have a suitably low error rate.



SOFTWARE

The DCP firmware performs automatic one-minute archiving of the wind information to
make it comparable with the former system’s collection techniques. The acquisition of
other data is initiated by a command message from the master station directed to each
satellite. This acquired information is transmitted after a second command from the master.
The DCP acquires all sensor channel information as if all sensors were connected so that
all reports are of a uniform length.

The master computer software is written in PLM-86, an easy-to-use and understand block-
structured language. PLM combines high-level software features such as 32-bit floating-
point operations with low-level hardware operations such as interrupt processing
instructions. The RMX86 operating system is configured to run a number of ‘jobs’. Each
job has one or more tasks that are activated by an event-driven scheduler. These events
can be either software or hardware related.

COMMUNICATIONS

Every ten minutes the calendar clock ‘wakes up’ the DCP job to start the automatic
scanning process. The first phase of the auto-scan (see figure 4) is a request by the master
computer to each of the satellites to acquire sensor data. The second phase is a request to
transmit the compiled report buffer from each site. After the computer has processed all
the ‘raw’ satellite information it enters the last phase which prints the results of the auto-
scan both to the local and to the remote printers.

The master computer uses the transceiver of the co-located DCP to communicate with the
remote sites. The firmware of this DCP recognises commands that turn on its transmitter
and that measure and report the incoming signal strength.

Each of the messages shown in figure 4 has the same format. The message header contains
the identification code of the message’s recipient. The body of the message is either a
command or text data. A computed block check character is placed in the trailer.

The system protocol requires that every command issued by the master receive a
handshake response. A block or parity error in the response or a lack of response will
initiate a re-issue of the command up to a fixed number of retries. In the case of a print
message to a remote printer, the remote DCP buffers the message while checking for
errors. It then puts the data out the serial printer port and finally transmits the handshake
response.



USER FUNCTIONS

The main system task is the automatic collection, storage and access of meteorological
data. However, the terminal is a utility which offers the user ‘friendly’ mechanisms with
which to perform the required operations. The user in most cases selects a menu item or
responds to a displayed prompt.

The system terminal also has a graphics capability that displays the telemetry information
of the present day and the two previous days: in effect a 72-hour window. The user is
prompted for numeric inputs to select the satellite and its parameter for display. The
forecaster can then look for patterns that his knowledge indicates may be critical for
snowpack instability. As well, a facility for matching conditions in this window to
conditions programmed via user inputs will excite audible and visual alarms in the master
station complex.

The SRAWS group operates a snow research station from which data is generated relating
to snow parameters. The master computer maintains data bases for both automatic and
manual input of this and other snow-related information. For example, avalanche activity is
logged and manually stored.

Painstaking hand plotting of snow parameter and meteorological data trends have been
replaced by a large plotter driven by the master computer. Information will be extracted
from the appropriate data bases in response to menu and prompt operations at the terminal
and then fed to the plotter.

The forecasting of avalanches is to a large extent a matching of past avalanche activities
with the snow and atmospheric conditions surrounding this activity. A search function
allows the user to set a template pattern of parameters. The appropriate data bases are
accessed as far back in history as needed to find matches which fit the template. The
template can be made “sloppy” or “tight” under user command to increase or decrease the
number of matches.

The above functions all are able to run concurrently with the real-time telemetry operation. 

DIAGNOSTIC FACILITIES

The health of the DCP and its associated instruments can be flagged as error codes in the
processed data which is automatically displayed on the terminal and copied to the printers.
Further diagnosis can be made by issuing a manual scan from the keyboard and by
observing the raw telemetry data on the terminal screen.



The DCP firmware maintains a diagnostic byte which it includes in its report message.
This byte indicates if a power-up or system reset occurred since the last transmission and if
it encountered a parity error or a block check error in its last reception.

A portable DCP test set manufactured by Bristol can be connected to the satellites to
further diagnose hardware/firmware problems. The test set can initiate and display the
results of a data acquisition. The examination of memory locations allows the detection of
errors in incoming and outgoing data buffers.

Link performance can be monitored with the signal strength measurements and the retry
indications, which are displayed with both automatic and manual scans.

The 86/330A computer comes with a number of diagnostic packages for determining
internal hardware faults. A confidence test can be run on a regular basis as part of a
preventative maintenance program and extensive exercising routines can be used to locate
the more elusive problems.

SUMMARY

This system has been designed to meet the customer’s present and future requirements.
The modular aspects of the real-time operating system as well as the popular bus structure
of the 86/330A allows cost-effective additions of both hardware and software. The reliable
DCPs, designed for operation in harsh environments are key components in this critical
real-time system.

Many diverse applications exist for DCP networks such as the one discussed in this paper.
Two examples are: flood monitoring and forecasting systems which are currently
becoming prominent and pipeline moritoring and control networks.



FIGURE 1
BRISTOL’S DATA COLLECTION PLATFORM



FIGURE 2
MASTER COMPUTER AND PERIPHERALS



FIGURE 3
DATA COLLECTION NETWORK

SATELLITE LINK ELEVATION
#1 1.2 KM 1930 M
#2 16 KM 2100 M
#3 1.5 KM 1950 M
#4 16 KM 1900 M
#5 --     1315 M



FIGURE 4 - NETWORK COMMUNICATIONS


