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ABSTRACT

This paper was prepared as part of the team design competition for a graduate level course
given at the University of Canterbury, in Christchurch, New Zealand. It presents a high
level design of a snow avalanche telemetry system. The goal of the system is to provide
data to better assess avalanche risk, and to assist in designing more effective protection
measures in avalanche prone areas.

The primary conditions monitored are air pressure, snow density, snow depth, snow
temperature, wind velocity, wind direction, and ambient air temperature. All critical
aspects of the telemetering system have been specified, including the sensors,
transmitter/receiver, and telemetry frame design. Aspects of the system packaging and the
link budget which are unique to the alpine environment are discussed.
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INTRODUCTION

Snow avalanches are destructive natural phenomena that unleash a huge amount of energy
within a short period of time. In New Zealand, avalanches pose a threat to some of the
most popular ski-fields and mountain passes.

The catastrophic nature of the avalanche event and the harsh alpine environment provides
a unique design challenge in collecting avalanche data in real time. Slope sensors beneath
the layer of ice, snow, and maybe debris must provide continuous temperature, pressure,
density and snow depth information reliably for a period of several months with no access
for hardware maintenance. Sensor housings must be able to withstand the full force of an



avalanche without dislodging. Radio data links from the slope sensors to the summit
station must be low power and reliable- the most critical data collecting period for these
‘one-shot’ transmitters occurs at the time least friendly to radio propagation as the
avalanche passes over the sensors.

All the above issues have to be taken into consideration during the initial design phase to
ensure the robustness of the system. System expandability and flexibility, ease for remote
maintenance and ‘auto-monitoring’ with minimal human supervision are also influential
factors for the design.

SYSTEM DESIGN

The design utilises 5 independent slope stations spread across the avalanche slope face,
each with vertically arranged sensors measuring air pressure, snow density, depth and
temperature. Data is transmitted via a low-power digital radio link from the slope stations
to a summit station, which collates and time stamps the data. The slope station also carry
out wind velocity, direction and ambient air temperature measurements. The main control
point is the base station, which communicates with the summit station via a full duplex
digital radio link. The base station receives and backs up data from the summit station. It
can control the basic operations of the summit station without a human operator. A user
interface is still available for the user to access and interpret the data, as well as controlling
summit station operations. The overall block diagram of the system is shown in Figure 1.
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Figure 1 - System Block Diagram



THE TRANSDUCERS

Sensor Range Quantization Sample Period
Slope Station
Pressure: Strain Gauge 0-3000µε 12 bits 100 ms
Temperature: Thermistor -20 - +80°C 8 bits 100 ms
Density: Load Cell 0-200N 10 bits 100 ms
Summit Station
Ambient Air
Temperature

Thermistor -20 – +80°C 8 bits 2 s

Wind Velocity: Anemometer 0.15 – 50m/s 10 bits 2 s
Wind Direction: Windvane 0 – 360° 8 bits 2 s

THE SLOPE STATIONS

Five slope stations will be established at regular intervals across the avalanche slope face.
Each station is comprised of 10 pressure and 10 temperature transducers arranged
vertically to obtain the pressure and temperature profile of the avalanche event. A load cell
transducer is positioned on the slope to measure the mean snow density - snow depth is
estimated from the pressure and temperature transducers. Battery voltages of individual
slope stations are also monitored.

The sensors are partially embedded into the vertex of a V-shaped reinforced concrete
buttress which is secured to the mountain slope, as in Figure 2. The free end of the strain
gauge protrudes from the concrete through a steel protection plate and a Neoprene sealing
washer. Snow and avalanche debris exerts a force on this free end – deforming the strain
gauge length and changing the resonance frequency of the vibrating wire. The sensors are
vertically spaced at 400 mm intervals – therefore giving a maximum 4m pressure profile
within the snow pack.

The data streams from the pressure, temperature, and snow density transducers of each
slope station are sampled at the rate of 10 samples per second. They are then packaged
into an IRIG frame for channel encoding before transmitting to the summit station using a
FDM transmission scheme. The frame structure is shown in Figure 3. It consists of one
minor frame per major frame and is divided into 27 fixed-length 8-bit words long. A 16-bit
synchronization code is applied to each frame. Temperature reading from the 8-bit ADC is
placed in a single octet. The lower 8 bits from each of the pressure sensors and snow
density sensor are placed in a unique octet and the remaining bits (4 bits from the pressure
sensor and 2 bits from the snow density sensor) are placed in a shared octet. BM is 6 bits
long and is used for battery monitoring purpose. The frame transmission rate is 10 frames
per second.



Figure 2 - Physical Arrangement Of Transducers

The cyclic redundancy check (CRC) is proposed because it has a very good error detection
performance and also provides an extremely simple and fast encoder and decoder
implementation. In order to achieve the probability of undetected error of 0.002%, which
is considered sufficient for this application, 16 bits of parity check are appended to each
data block before its transmission to the summit station. Data transmission rate is 2480
bps.

SYNC P1 P2 T1 T2 P1P2 P3 P4 T3 T4 …
… P3P4 P5 P6 T5 T6 P5P6 P7 P8 T7 T8 …
… P7P8 P9 P10 T9 T10 P9P10 D D BM CRC

T = Temperature reading D = Snow density reading
P = Pressure reading BM = Battery monitoring bits

Figure 3 - Encoded frame for slope to summit station transmission

THE SUMMIT STATION

The summit station will be established on a ridge above the slope stations. It monitors the
slope stations. Time information is derived from a GPS receiver. As soon as error checking
is completed, valid data will be time stamped, packetized, and transmitted to the base
station.

The summit station is equipped with ambient air temperature, wind speed and direction
transducers. The summit station also receives command codes from the base station.
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Figure 4 - Major Operation Components Of The Summit Station CPU

All the above mentioned operations are controlled by the CPU. A block diagram of the
major operations of the CPU is attached as Figure 4.

Data from the slope stations and data to the base station are buffered in software. Data
processing includes error checking, data stripping, time stamping, received data storage,
for received data and data packetizing, error coding and data storage for transmit data.

The data exchange between the base station and slope station can be roughly categorized
into slope station data, summit station data and control data. The slope station sensors are
sampled every 0.1 second. The summit station sensors are sampled every 2 seconds. The
control data is generated at irregular intervals. To design a data frame for the transmission
for the three types of data together, will be inefficient use of bandwidth. Shorter,
independent data packets are used instead. It is decided that based on the different
characteristics of the data, three different data packet formats are used for their
transmission.

Stop-and-wait ARQ coupled with CRC-16 is used for error control between the summit
and base communication.

The packet design is a simplified version of the CCSDS Packet Standard. The format is
listed in Figure 5. The different data types are shown in Figure 6.
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Figure 5 - Transmit Data Packet Format

The SYNC word and CRC are similar to that used in slope to summit station transmission.
The Header contains the summit station ID. It is reserved in anticipation of system
expansion to accommodate a multiple summit station monitoring system. Packet
Information field contains packet ID (4-bit), data type (4-bit) and data length (8-bit). The
CRC algorithm starts encoding from the Packet Information word onwards. The total
overhead is 56 bits long.

SS1
(216 bits)

SS1
(216 bits)

SS1
(216 bits)

SS1
(216 bits)

SS1
(216 bits)

TS
(72 bits)

SSn : Data received from slop station n. TS : Time stamp
(a) Slope station data

T2
(8 bits)

WD
(8 bits)

WV1
(8 bits)

WV2
(8 bits)

TS
(72 bits)

T2: air ambient temperature sensor; WD: wind direction sensor; WV: wind velocity sensor (WV1
contains the lower 8 bits; WV2 contains the last 2 bits plus 6 unused bits).

(b) Summit station data

CMD/ACK/RQ
(8 bits)

CMD: Command (used by the base station to control the summit station); ACK: acknowledgment; RQ:
retransmission request.

(c) Control

Figure 6 - Data types

The maximum summit-to-base station data transmission rate is 12.08 kbps. So a system
clock speed of 10MHz for either station is ample to manage all the data required of them.

THE BASE STATION

The base station receives data from the summit station, stores the data on a computer hard-
drive, makes a backup copy for archiving, and provides a graphical user interface for the
user to access the data (e.g. pressure plots). The user interface could be running any
commercially available software package (e.g. HYDSYS/TS) for data display and
analysis. The base station also controls the operation of the summit station (e.g. if battery



potential is low non-critical operations can be suspended). Figure 7 shows the operations
of the base station CPU.
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Figure 7 Major Operation Components Of The Base Station CPU

The base station is designed with the capability to ‘auto-monitor’, i.e. no human operator
is necessary to monitor the data 24 hours a day. The data are received, error checked, and
stored in the two data loggers. The collected data is checked against thresholds values pre-
programmed into the CPU and commands will be issued to the summit station if the
thresholds are exceeded. For example, turning on the de-icing heater of the sensors if the
temperature falls below 0.5 oC.

The criteria used in the selection of a suitable microcontroller are on board RAM size, I/O
ports, processing speed, and ease of programming. It is estimated that a 16-bit micro with
1 kb program RAM and 64 kb data RAM, four 8-bit I/O ports, 16-bit timers and clock
rates of up to 20 MHz is suitable for the application.

The only data to be transmitted from the base station to the summit station is the control
data. The transmission rate is 6.4 kbps.

THE RECEIVERS

A Scientific Atlanta model 930C telemetry receiver is recommended for the summit and
base stations. This receiver has a maximum noise figure (NF) of 13 dB. It is matched with
a standard Yagi VHF antenna with an assumed gain of 15 dB, a loss factor of 0.5 and an
equivalent noise temperature of 200 K. The antenna to receiver transmission line is
assumed to provide a further 1dB loss. These figures are used to derive receiver figure of



merit, G/Tsys and from this, the transmit power required by the slope stations can be
determined ([3], p. 273).

SLOPE STATIONS TO SUMMIT STATION LINKS

Data is transmitted digitally via BPSK modulation and coherent detection. A frequency
division multiplexing (FDM) scheme is used to allow individual slope stations to transmit
their data simultaneously to the summit station at a maximum data rate of 2.48 kbps.

The carrier frequencies for the slope stations are selected in the 222 MHz to 225 MHz
range. The first carrier frequency was chosen at 222 MHz, with four successive carrier
frequencies spaced 15 kHz apart.

The slope station transmitters are powered by freeze resistant gel cell batteries.
Omnidirectional half-wave dipole antennas are used as they are more robust than
directional antennas.

The bit error rate (BER) for transmissions from the slope stations to the summit station is
specified at 10-4. Any samples incorrectly received will show up as an inconsistent data
point when graphed and can be discarded.

For the RF link distance of 3 km, empirical equations for rain fade ([3], p. 283) and for
multi-path fading ([2], p. 470) show no significant losses. The effect of up to 4 meters of
snow, ice and possibly rock above the antenna is estimated to provide up to 30 dB of loss.
A further margin of 20 dB is allowed for any other possible detrimental effects.

A link budget was used to determine the minimum transmitter power as described in Horan
([3], p. 275). The transmission power required to sustain a transmission BER of 10-4 and to
account for the 50 dB margin given above was calculated to be 12.19 mW.

SUMMIT TO BASE STATION AND BASE TO SUMMIT STATION LINKS

Two channels are used in a line-of-sight RF link between the base station and the summit
station; one for command signals (up-link) and the other for data (down-link). Most of the
frames incorrectly received by the summit to base links will be detected by the CRC and
can be discarded.

For the summit to base station data link, a carrier frequency of 1485 MHz is used to allow
a highly directional signal. The summit station will have a transmit power capacity of 5 W.
The modulation scheme will be coherent BPSK at a data rate of 12.08 kbps. Given the



summit station and receiver specifications above and an allowable BER of 10-6 a margin of
17.4 dB is available.

The base to summit station link allows commands to be sent to the summit station. The
link operates on a carrier frequency of 1435 MHz at a data rate of 6.4 kbps and an
allowable BER of 10-6. Given 5 W transmission power the available margin in the link
budget for the base to summit data link is 18.3 dB.

SUMMARY

The snow avalanche telemetry system described in this paper is designed to provide
unique data on slope conditions before, during, and after an avalanche. The system aims to
provide an accurate measurement of the energy profile of an avalanche, allowing more
effective protection measures and providing insights into assessing avalanche risk factors.

We have presented only a high-level concept design. Before the system is fully
operational, more effort has to be put into the detailed design of the system. Issues like the
transmission medium, transmission carrier turn-on time, and if a commercial network is
used, throughput through the network and transmission setup time have to be considered.
The channel characteristics (BER and SNR performance) are also important. These issues
have great impact on the transmission rate should additional error detection and correction
be needed to maintain the system performance.

For the communication between summit station and base station, the maximum latency
sustainable for the control, slope station and summit station data streams should be
considered while deciding on the transmit priorities for the three data types. At the
moment, the design is mostly based on off the shelf, commercially available hardware.
There is potential to develop custom hardware to make the system cheaper, faster and
easier to implement. While much low-level design work still remains, we believe that the
system offers a feasible, practical way to implement an avalanche data gathering system.

FUTURE DEVELOPMENTS

At the moment, the system is designed as a stand-alone slope data collection unit. After
sufficient data has been collected and analyzed, it is hoped that characteristics of pre-
avalanche conditions can be determined. This can then be programmed into the CPU and
extend the system into an operator-free snow avalanche warning system.



The base station can be extended to monitor data from multiple summit stations hence
expanding the system capacity. For the summit station, remote software upgrade features
can be designed into the software so that any minor software bug fix can be done cost
effectively.
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