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Intro

SensAlpin

* Small company funded
2003

* Close collaboration with
ALPUG

* Together 30 years of
experience

* Monitoring, warning and
alarm systems

Martin Zimmerli

Hansueli Gubler



Presenter Notes
Presentation Notes
We are a small engineering company. We provide of technological solutions for natural hazards issues. Specifically monitoring, warning and alarm systems for alpine mass movements (snow-/ice-avalanches, debris flow, rock fall).

We have some systems in different mountain regions around the globe, but the large majority of our stations in the Switzerland. 

SensAlpin funded in 2003. Took over many stations from ALPUG. Together 30 years of experience with monitoring and alarm systems.
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SensAlpin

* Provide technical solutions for
natural hazard and climate
monitoring

* Operate about 600 Stations

* Active in mountain regions in
Switzerland and internationally
(10%)

* Engineering: System integration
and sensor development

* Provide full service from
planning and production to
installation and operation



Intro

e Our expertise is mainly on technical aspects
of Early Warning Systems (EWS, Monitoring
and Warning Services)

* Process expertise (Risk Knowledge) needed
for proper design of EWS

* Dissemination and Communication to
some extent implemented in our systems

* Response Capability managed by external
companies and authorities

Monitoring
Risk and Warning
Knowledce Service

/

EARLY
WARNING
SYSTEMS

Dissemination Response
and Capability
Communication



Presenter Notes
Presentation Notes
If we look at the 4 dimensions of EWS framework, our expertise on technical system design.


Intro

e Personally 9 years at SensAlpin

* Before monitoring projects with universities
and authorities (Switzerland, Canada)

* Project lead avalanche warning systems

* Project lead debris flow alarm system
“Chamoson” (session 2; case 2)

e Technical stuff for installation and
maintenance of our systems

* Programming of stations, data management
and visualization

* Experience in Canada, Chili and Central Asia


Presenter Notes
Presentation Notes
I am with the company for ten year. Before measurement and monitoring with Swiss Universities and in Canada. Some experience in Central Asia
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Presenter Notes
Presentation Notes
In my presentation I will talk about warning and alarm systems. In this first part I will present our concepts and the technology in detail, In the second part I will show several case examples from Sitzerland and we will have enougth time for discussion.



3,;% WHITE RISK

M |

20 30 40 60 80 100 cm

}

‘Lausagne °

Schnee

Avalanche warning (IMIS)

€

Registrieren



Presenter Notes
Presentation Notes
Swiss snow meteorological network (IMIS = Intercantonal Measurement and Information System)
since 1996 – today 192 stations
mainly snow stations (flat fields) and wind stations (sumits)

rough conditions: solid construction and regular maintenance is critical for a reliable and cost-effective operation

Resulting distributed information is used by nat. end reg. avalanche warning service�


Concept of warning systems

recording

interpretation

action

Recording of relevant parameters in
appropriate resolution

Near real-time data transmission and
visualization

Expert data interpretation and / or
warning algorithm

Decision of experts and autorities on
necessary measures

Communication to public and
implementation of measures



Presenter Notes
Presentation Notes
Enable expert decision - Reliable monitoring of relevant parameter - temporally and spatially appropriate coverage

Examples: discharge/water level,     precipitation (spatial distribution),     webcam of hanging glacier

Not very time critical - Extensive measures possible


Examples of our warning systems

* Rain / water level / discharge monitoring = flood / debris flow warning

* Snow measurements = avalanche warning

* Regular images of glaciers, lakes and other objects of interest



Presenter Notes
Presentation Notes
Enable expert decision - Reliable monitoring of relevant parameter - temporally and spatially appropriate coverage


Alarm systems

e 44 active alarm systems (41 in Switzerland)

e System consists of two ore more stations

25 snow avalanche

13 debris flow

5 combined systems (avalanche & debris
flow)

* 1 rock fall system

* 148 individual stations (detection and signal)


Presenter Notes
Presentation Notes
With our alarm systems we focus on the Alps, because maintenance is essential to guaranty reliable operation. 


Concept of alarm systems

* detection of rapid mass

movements
* immediate decision and action

e alarm mainly for events that
reach the protection goal
(process and size)


Presenter Notes
Presentation Notes
automatic detection
Right process and size
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Concept of our alarm systems

detection

alarm

action

, _ detection
detection of rapid mass movement by

. o . station
continuous monitoring of flow path
\9@0
@)
automated decision by algorithm at the OO/
detection station v

Immediate alarm transmission to signal
station via radio link

Signal control and alarm propagation to
authorities and system operator

signal
station

Decision of authorities on following
measures and event analysis

data server
/ operator


Presenter Notes
Presentation Notes
On station processing is essential for short response time and low data trafic (stable communication)


Overview of technical setup

 Autonomous operation by solar power supply and
batteries (detection stations)

* Both station types based on Campbell Sci loggers

e Costumized electronics for sensor and signal
interfaces

e UHF radio for full control on transmission
protocols

* Alarm server by external provider (eAlarm
emergency)

* Monitoring and controlling server and software

Leod




Overview of technical setup

Detection station

Signal station

Solar power supply

\ \ 4 \
Sensor
B Analoge Radio
. — Datalogger —
electronics module
Sensor —
Signal «— Signal contr. |«—— :
Radio
/ Data logger |l«—— odule
Signal Router (GSM) |+—
t t t

IP connection

grid power supply

jul| olpeu
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automated decission by algorithm at th %

detection station

Sensors for detection and monitoring L===mesi \

Liquid precipitation pluviometer
Flood Water level (static = lakes, river barriers)  pressure sensor (difference to Pair)
distance / level sensor (radar, laser, ultrasonic)
Flow height
tilt sensor, pull rope, rip cord
Debris flow
Vibration (seismic energy) geophones
Snow and ice avalanche Flow velocity doppler radar

Infrasound emission infrasound microphones


Presenter Notes
Presentation Notes
Favourite sensor 


Sensors for detection
and monitoring

pluviometer

pressure sensor (difference to Pair)
distance sensor (radar)

tilt sensor, pull sensor, rip cord
geophones

doppler radar

webcam (communication, power!)
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Presenter Notes
Presentation Notes
Data in seconds resolution
Details later 


Communication

* Radio link detection to signal:

* UHF radio for full control on
transmission protocols

* Very robust alarm call (alarm code)

* Weblink from signal to alarm server
(eAlarm emergency)

e Communication link to station for event

analysis, maintenance and system
monitoring

detection
station

SENS

A

detection of rapid mass movement by
continuous monitoring of flow path

automated decission by algorithm at the
detection station
Immediate alarm transmission to signal
station via radio link

Signal control an 1 alarm propagation to ‘
autorities and system operator ‘

Decission of autqrities.
measures an

¢ event analysis

signal
station

N

eAlarm
data server



Presenter Notes
Presentation Notes
Time critical communication over propretarien communication link!!!
No 


Alarm interface

* local alarm by traffic lights, flashlights,
sirens etc.

* alerting of authorities by automated
phone calls, text messages and
interfaces to their control centers

* hardware interfaces at the signalizing
stations

 web interfaces to reset alarms and
control traffic lights

Ill

desktop control tool “alarm manager”

L a




Data flow and
data

management
infrastructure

Simple Hosting Infrastruktur (Domain: sensalpin.com)
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Mobilfunknetz {meist statische private IP)
SIM Pool in wslswisscom.ch oder intranetm2m. bridge.com

Funknetz (via Relais od. Station m. IP-Anbindung)
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Data portal and system monitoring
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Presenter Notes
Presentation Notes
Monitoring plot
Event plot
Automatic transmission of station configuration (sensor settings etc.)
Network monitor



Geophones

Sensitive to frequencies 1-100 Hz
5-50 meters from flow channel
Redundancy by multiple sensors

Alternative seismic signals: earth quakes,
thunder, rockfall, human activity,...

Manual triggering impossible (for large
debris flows)

Size and flow velocity estimation in post
processing

Signal processing required for alarm







Geophone sighal processing

rectified geophone signal
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Geophone sighal processing

AC (running effective value = amplitude)

T i it

Sampling interval



Geophone signhal processing

PULSE (discrimination circuit)
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Geophone sighal processing

e digitized signals with
1 sec resolution
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0

CHAMOSON_MA2 Torrent de Cry 2024-05-09

AC Geophon 1 PULSE _GEO1

23:26:10 23:26:20 23:26:30 23:26:40
CHAMOSON_MA2 Torrent de Cry 2024-05-09

AC Geophon 2 PULSE_GEO2

______ - - - — = Sapsddiin GMbH |

I I | I
23:26:10 23:26:20 23:26:30 23:26:40

Pulse



Geophone sighal processing

e digitized signals with
1 sec resolution

* digital integration of
pulse sum of event
over pulse
threashold

>
S
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Geophone sighal processing

Analoge Digital processing
Geophone > ) >
electronics (Campbell Logger)
* relevant location * AC: analog averaging * pulse counting
o circuit _ ,
e good seismic * pulse integration
coupling e PULSE: analog

. . . . . . .
discrimination circuit alarm



Geophone sighal processing

Geophone

* relevant location

e good seismic
coupling

Integrated analog and digital signal processing

 technically easier application
* platform independent

* short training phase




Conclusion geophones

e Other algorithms may have similar or even
better results, but training events needed

e Qur signal processing based on some 10000
registered events

* We can provide our experience with the
integrated signal processing unit

e About 6 months develoment needed on our
side

* We can support local suppliers with the
integration in their detection system

* However, basic station concept (on station
processing) has to match




Key messages




System reliability as a key factor

Proven simple technology preferred over latest high-tech!

High robustness of technology and algorithms

- low failure rate and low costs of operation

- low power consumption

Combination of different sensors

- low false alarm rate

Redundancy where necessary

Time critical communication with “own” radio (no GSM)

Calibration phase for system training

* System monitoring and maintenance




Links

www.sensalpin.ch

https://www.sensalpin.ch/en/applications/natural-hazards-alerting/

swisstopo-map-sensalpin

data-portal-sensalpin



http://www.sensalpin.ch/
https://www.sensalpin.ch/en/applications/natural-hazards-alerting/
https://map.geo.admin.ch/?lang=de&topic=ech&bgLayer=ch.swisstopo.pixelkarte-farbe&E=2639574.65&N=1177298.72&zoom=6&layers=KML%7C%7Chttps:%2F%2Ffiles.sensalpin.ch%2FAGROMETEO.kml,KML%7C%7Chttps:%2F%2Ffiles.sensalpin.ch%2FALARM_stn.kml,KML%7C%7Chttps:%2F%2Ffiles.sensalpin.ch%2FALARM_peri.kml,KML%7C%7Chttps:%2F%2Ffiles.sensalpin.ch%2FIMIS_stn.kml,KML%7C%7Chttps:%2F%2Ffiles.sensalpin.ch%2FIMIS_rel.kml,KML%7C%7Chttps:%2F%2Ffiles.sensalpin.ch%2FMETEO.kml
https://datenportal.sensalpin.ch/
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