Boise State University

ScholarWorks

2018 Graduate Student Showcase Graduate Student Showcases

April 2018

The Gem Infrasound Logger: A Lightweight, Low-Power, Low-Cost,
Open-Source Infrasound Logger

Jacob F. Anderson
Boise State University

Jeffrey B. Johnson
Boise State University


https://scholarworks.boisestate.edu/
https://scholarworks.boisestate.edu/gss_2018
https://scholarworks.boisestate.edu/gss

The Gem Infrasound Logger: A Lightweight, Low-Power, Low-Cost, Open-Source
Infrasound Logger

Abstract

Low-frequency acoustic waves (called infrasound) are used for monitoring atmospheric disturbances
including nuclear tests, volcanoes, and other powerful phenomena. Brief but focused infrasound
campaigns enable the study of a wide range of sites and phenomena at low cost and with few workers.
However, the cost, weight, and general inconvenience of commercial data loggers has limited past
infrasound campaigns. To solve this problem, | developed an Arduino-based infrasound logger (the Gem)
with a fraction of the cost, weight, and installation time. The Gem has since been adopted by several
institutions for infrasound recording at volcanoes, stratospheric balloons, and river rapids.
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Limitations of Existing Infrasound Logging Systems Designing an Infrasound Logger Application Examples

The strengths of the Gem infrasound logger have resulted in its use in several conventional and

Several essential components must be integrated to record any sensor to disk: : : :
P J y unconventional infrasound campaigns (three examples shown here). The Gem has so far been

* Expensive data loggers with limited selection

. . . . * Analog-digital converter adopted for research at six other institutions worldwide.

* Recording in risky sites and platforms discouraged by high cost e Microcontroller —
e Storage medium (e.g., SD card) ,\

* Expensive, awkward cabling needed for sensor connections * Power supply n |
* Weatherproof enclosure A

* Long installation time due to cable management, concealing . , _ _ . _ \ L
Infrasound logging in particular requires precise sample timing (2.5 ms), moderately high T

« Heavy and bulky: difficult to transport, aerial use limited to very large platforms resolution (216 bits) and sample rate (2100 Hz), anti-aliasing filtering, and moderate A,
amplification (gain = 20). The following additional components are required for infrasound: A

 Complex, error-prone installation procedure * Analog signal conditioning (low-pass filter, instrumentation amplifier)
* GPS (for precise timekeeping)
* Infrasound sensor [3]
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* Despite noisy setting, dense sensor network led to accurate eruptive gas estimates (right)
The components cost <$200 total and do not require specialized engineering techniqgues to
Integrate. With the help of do-it-yourself electronics techniques, this kind of problem is
feasible for a determined non-specialist.

 Gem described in detail in [1]; code and designs available at [2]
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User-friendly platforms like Arduino and * High-altitude balloons at float can detect

Li-Po A : . i i i i
" @ Micro-SD . e Battery Raspberry Pi (right) enable beginners in Infrasound from distant explosions (right) [4]
ower - NS  Card > electronics to quickly learn to connect . . |
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