
Never replicate a successful experiment 
-Fett's law.
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Fidelity and Yield in a
Volcano Monitoring Sensor Network



Everyone knows what a volcano is

9ǾŜǊȅƻƴŜΩǎ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǎŜƴǎƻǊ ƴŜǘǿƻǊƪǎ

hƪΧ 9ǾŜƴ ƛŦ ȅƻǳΩǊŜ ƴƻǘΣ ȅƻǳΩƭƭ ǊŜŀƭƛȊŜ ƛǘ ƛƴ ŀ ŦŜǿ ƳƛƴǳǘŜǎΗ
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Evaluation of data collected from a 19-day field deployment of 16 wireless sensors

Collected data for hundreds of earthquakes, eruptions and tremor events

Location: Reventadorvolcano, Ecuador
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Event detection accuracy

Data transfer performance
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The five axes of analysis



Why monitor volcanoes in the first place?
to monitor hazards by assessing the level of volcanic unrest
to understand physical processes occurring within the volcano (magma migration)

Instrument used:
Seismometer ĄMeasures ground propagating elastic radiation from source 
internal to volcano and on the surface

Existing Volcano instrumentation:
Standalone data loggers Ą record on a flash drive BUT power hungry, bulky



/ƘŀƭƭŜƴƎŜǎ ƛƴ ǘƻŘŀȅΩǎ ǎŜƴǎƻǊ ƴŜǘǿƻǊƪǎΥ
Node failure
Message Failure
Sensor Calibration
Inaccurate Time Synchronization

Typical Volcano Studies employ: GPS synchronized data loggers

Challenges in using 
sensor networks for 

volcanic activity 
monitoring

Requires high data 
rates

Requires complete data

Signal comparison 
across multiple sensors



We are concerned with a few typical challenges as students of EECS

High data rate sampling
Seismometers and microphones typically sampled at 100 Hz, 24 bits per channel
Total data rate exceeds radio bandwidth!

Automatic seismic event detection
Detect signals of interest ςearthquakes, eruptions, etc.
Detector uses a ratio of two EWMA filters (Exponentially Weighted Moving Average)

Reliable data collection
Download 60 sec. of data from each node following a detected event
Uses a reliable multi-hop data transfer protocol, called Fetch

Fine grained time synchronization
Must correlate signals across the network (e.g., for computing wave arrival times)
Requires accuracy of one sample time (10 ms)
Uses the Vanderbilt FTSP1 protocol and a single GPS receiver


