SANDIA REPORT
SAND2007-5038

Unlimited Release

Printed July 2007

Test Definitions for the Evaluation of
Infrasound Sensors

Version 1.0

Richard P. Kromer, Darren M. Hart and James M. Harris

Prepared by
Sandia National Laboratories
Albuquerque, New Mexico 87185 and Livermore, California 94550

Sandia is a multiprogram laboratory operated by Sandia Corporation,
a Lockheed Martin Company, for the United States Department of Energy’s
National Nuclear Security Administration under Contract DE-AC04-94AL85000.

Approved for public release; further dissemination unlimited.

@ Sandia National Laboratories



Issued by Sandia National Laboratories, operated for the United States Department of Energy
by Sandia Corporation.

NOTICE: This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government, nor any agency thereof,
nor any of their employees, nor any of their contractors, subcontractors, or their employees,
make any warranty, express or implied, or assume any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represent that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government, any agency thereof, or any of
their contractors or subcontractors. The views and opinions expressed herein do not
necessarily state or reflect those of the United States Government, any agency thereof, or any
of their contractors.

Printed in the United States of America. This report has been reproduced directly from the best
available copy.

Available to DOE and DOE contractors from
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831

Telephone: (865) 576-8401
Facsimile: (865) 576-5728
E-Mail: reports@adonis.osti.gov

Online ordering: http://www.osti.gov/bridge

Available to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Rd.
Springfield, VA 22161

Telephone: (800) 553-6847

Facsimile: (703) 605-6900

E-Mail: orders@ntis.fedworld.gov

Online order: http://www.ntis.gov/help/ordermethods.asp?loc=7-4-0#online




SAND2007-5038
Unlimited Release
Printed July 2007

Test Definitions
For the Evaluation of
Infrasound Sensors

Richard P. Kromer
R.P. Kromer Consulting
5309 Dee Drive NE
Albuquerque, New Mexico 87111-1905
and
Darren M. Hart and James M. Harris
Ground-based Monitoring R and E
Sandia National Laboratories
P.O. Box 5800

Albuquerque, New Mexico 87185

Abstract

Most test methodologies referenced in this Test Definition and Test Procedures were designed by Sandia
specifically for geophysical instrumentation evaluation. When appropriate, test instrumentation
calibration is traceable to the National Institute for Standards Technology (NIST).
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INTRODUCTION

Scope

This Test Definition and Test Procedures for the Evaluation of infrasound sensors define the process that
can be performed as part of the evaluation and testing of geophysical sensors, digitizers, sensor sub-
systems and geophysical station/array systems.

Background

An infrasound sensor can be an absolute pressure micro-barometer, a differential pressure sensor or low
frequency microphone. Infrasound sensors are usually manufactured to be installed in an infrasound vault
or deployed in a borehole. The interface to the atmosphere is usually through hose or pipe array
connection. The infrasound element converts air pressure changes to analog signals. The analog signals
are sent to a Digitizing Waveform Recorder (DWR) to be either stored on local recording media or sent to
a central recording facility for storage and/or analysis. The infrasound sensor seldom provides a
mechanism for external calibration of the sensor or an indication of operational capability. The sensor
output is a voltage representation of units of pressure in Pascal.

Objectives
The objectives are to evaluate the overall technical performance of the infrasound sensor.

The results of these evaluations can be compared to the manufacturer’s specifications and any relevant
application requirements or specifications.

TEST AND EVALUATION PROGRAM

Test and Evaluation Background
Sandia National Laboratories (SNL) Ground-based Monitoring R&E Department has the capability of
evaluating the performance of infrasound sensors for geophysical applications.

Infrasound Sensor Tests
The following set of tests has been developed or is under development to evaluate infrasound sensor
performance.

General Infrasound Sensor Tests
Infrasound Sensor Characterization
Response Model Determination - Infrasound Sensor Frequency Response
Infrasound Sensor Frequency Response Verification (IS-FRV)
Response Model Determination - Infrasound Sensor Amplitude Response
Infrasound Sensor Amplitude Response Verification (IS-ARV)
Response Model Determination - Alternative Frequency/Amplitude Response
Infrasound Sensor Frequency/Amplitude Response Verification (IS-FAR)
Response Model Determination - Alternative Frequency/Amplitude/Phase Response
Infrasound Sensor Frequency/Amplitude/Phase Response Verification (IS-FAPR)
Infrasound Sensor Performance Tests
Infrasound Sensor Piston-phone Linearity Verification (IS-PLV)
Infrasound Sensor Self-Noise (IS-SN)
Infrasound Sensor Calibration Response (IS-CR)

Temperature Tests
Infrasound sensors with sub-milliPascal resolution can be affected by small temperature changes. A
sensor may be required to operate over a range of environments from arctic to desert. Also, depending on



the type of installation, the seasonal and diurnal variation can be significant. Tests can be performed at
SNL to determine the sensor’s sensitivity to temperature over a range from -65° C to +125° C.

Temperature testing can be performed at the high and low end of the manufacturer's temperature
specifications or over the range for the application requirements. Unless otherwise specified, the
temperature is changed slowly and the sensors internal temperature is allowed to stabilize before testing.

INFRASOUND SENSOR TEST DEFINITIONS

Infrasound Sensor Tests

Infrasound Sensor Characterization

The infrasound sensor can be characterized using manufacturer supplied data to determine sensor gain,
sensor bandwidth, self-noise and output impedance. Factory data should lead to a mathematical response
model.

If the manufacturer has not provided adequate sensor information, the actual response can be determined
through various tests.

Response Model Determination - Infrasound Sensor Frequency Response

Infrasound Sensor Frequency Response Verification (IS-FRYV)
Purpose: The purpose of the infrasound sensor frequency response verification test is to determine or
verify the infrasound sensor frequency response using an acoustic step function.

Configuration: The infrasound sensors are installed in a specially designed infrasonic test chamber.
The chamber is sealed and isolated from external acoustic signals. Sensor output(s) are connected to a
data acquisition system. A step function is programmed into a variable amplitude, variable frequency
piston-phone acoustic signal generator.

Evaluation: The sensor frequency response is determined from the recorded data. A mathematical fit
of the step response data determines the poles and zeros of the sensor(s). The poles and zeros define
the frequency and phase response of the sensor.

Response Model Determination - Infrasound Sensor Amplitude Response

Infrasound Sensor Amplitude Response Verification (IS-ARV)

Purpose: The purpose of the infrasound sensor amplitude response verification test is to determine or
verify the infrasound sensor amplitude response at one frequency using a variable amplitude, variable
frequency piston-phone acoustic signal generator.

Configuration: Infrasound sensors, (1) a characterized reference infrasound sensor and (2) the
infrasound sensors under test, are installed side-by-side in a specially designed infrasonic test
chamber. The chamber is sealed and isolated from external acoustic signals. Sensor output(s) are
connected to a data acquisition system. A sine-wave of known amplitude and frequency is
programmed into a variable amplitude, variable frequency piston-phone acoustic signal generator. A
co-located, characterized infrasound sensor is used as a reference.

Evaluation: The sensor amplitude response is determined from the recorded data. A mathematical fit
of the sine data determines the amplitude response of the sensor(s) at the test frequency.



The poles and zeros derived from the step response and the amplitude response at one frequency
define the total frequency, amplitude and phase response of the sensor.

Response Model Determination - Alternative Frequency/Amplitude Response

Infrasound Sensor Frequency/Amplitude Response Verification (IS-FAR)

Purpose: The purpose of the infrasound sensor frequency/amplitude response verification test is to
determine or verify the infrasound sensor amplitude response at multiple frequencies using a variable
amplitude, variable frequency piston-phone acoustic signal generator.

Configuration: Infrasound sensors, (1) a characterized reference infrasound sensor and (2) the
infrasound sensors under test, are installed side-by-side in a specially designed infrasonic test
chamber. The chamber is sealed and isolated from external acoustic signals. Sensor output(s) are
connected to a data acquisition system. A multiple sine-waves of known amplitude and frequency is
programmed into a variable amplitude, variable frequency piston-phone acoustic signal generator. A
co-located, characterized infrasound sensor is used as a reference.

Evaluation: The sensor amplitude response is determined from the recorded data. A mathematical fit
of the sine data determines the amplitude response of the sensor(s) at the multiple test frequencies. A
plot of frequency vs. amplitude indicates overall frequency/amplitude response.

Response Model Determination - Alternative Frequency/Amplitude/Phase Response

Infrasound Sensor Frequency/Amplitude/Phase Response Verification (IS-FAPR)

Purpose: The purpose of the infrasound sensor frequency/amplitude/phase response verification test is
to determine or verify the infrasound sensor frequency/amplitude/phase response at all frequencies
using a variable amplitude, variable frequency piston-phone acoustic signal generator and a
characterized reference infrasound sensor.

Configuration: Infrasound sensors, (1) a characterized reference infrasound sensor and (2) the
infrasound sensors under test, are installed side-by-side in a specially designed infrasonic test
chamber. The chamber is sealed and isolated from external acoustic signals. Sensor output(s) are
connected to a data acquisition system. A bandwidth-limited white noise function is programmed into
a variable amplitude, variable frequency piston-phone acoustic signal generator. A co-located,
characterized infrasound sensor is used as a reference.

Evaluation: The sensor frequency/amplitude/phase response is determined from the recorded data.
Coherence analysis indicates the relative gain and phase for the infrasound sensors under test with
respect to the reference infrasound sensor. The frequency, amplitude and phase response of the
sensor under test can be determined by mathematically correcting for the response of the
characterized reference infrasound sensor.

Infrasound Sensor Performance Tests
Piston-phone generated signals are used as test stimuli to measure sensor performance.

Infrasound Sensor Piston-phone Linearity Verification (IS-PLV)

Purpose: The purpose of the infrasound sensor piston-phone linearity verification test is to determine
or verify the infrasound sensor linearity at one frequency using a variable amplitude, variable
frequency piston-phone acoustic signal generator.



Configuration: Infrasound sensors, (1) a characterized reference infrasound sensor and (2) the
infrasound sensors under test, are installed side-by-side in a specially designed infrasonic test
chamber. The chamber is sealed and isolated from external acoustic signals. Sensor output(s) are
connected to a data acquisition system. A sine-wave of different amplitudes at a known frequency are
programmed into a variable amplitude, variable frequency piston-phone acoustic signal generator. A
co-located, characterized infrasound sensor is used as a reference.

Evaluation: The sensor amplitudes are determined from the recorded data. A mathematical fit of the
amplitude data determines the linearity of the sensor(s) at the test frequency.

Infrasound Sensor Self- Noise (IS-SN)
Purpose: The purpose of the infrasound sensor self-noise test is to determine the infrasound sensor
self-noise in the absence of infrasound background signals.

Configuration: The infrasound sensors are installed in a specially designed infrasonic test chamber.
The chamber is sealed and isolated from external acoustic signals. Sensor outputs are connected to a
data acquisition system that samples the data synchronously.

Evaluation: The sensor self-noise is determined from the recorded data. Convert the data from each
infrasound sensor to pressure units using the sensor response mathematical model for each sensor.

Coherence analysis should indicate that there is no coherence between the sensors. If some coherence
is present from conditions such as local barometric pressure changes over the test period, the
coherence noise-power computation provides the noise-floor of the infrasound sensor with the
coherent signal removed.

Infrasound Sensor Calibration Response (IS-CR)

Purpose: The purpose of the infrasound calibration response verification test is to verify the sensor
calibration response using an internally generated electronics step calibration signal, or from an
external acoustic signal generator.

Configuration: The infrasound sensors are installed in a specially designed infrasonic test chamber.
The chamber is sealed and isolated from external acoustic signals. Sensor outputs are connected to a
data acquisition system that samples the data synchronously. Use sensor appropriate method for
initiating electronics step calibration signal.

Evaluation: Visual inspection or measurement of the sensor’s output response amplitudes are

determined from the recorded data. These measured values can be used to check for changes in
microphone, or electronics sensitivity.
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