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Infrasound sensors installed at International Monitoring System (IMS) stations must meet a minimum set of requirements defined I.2. Minimum Requirements for Infrasound Station Specifications
by the Preparatory Commission (PrepCom) for the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO), with further Characteristics Minimum Requirements
. .« . . . . . .« e Sensor ty Microbar ter
refinement by the Provisional Technical Secretariat (PTS). These requirements specify the performance characteristics that a Number of semors Four clement amay’
. eye . . Geometry Triangle with a component at the centre
sensor must possess, such as noise, pass-band, sensitivity, and dynamic range. The terms used to describe many of the Spacing Triangle basis: 1 fo 3 kn?
. . ey . . . . . . Station location accuracy <100 m
requirements do not have clear definitions that are commonly agreed upon across the monitoring community. Differences in basic e oo Tt e
definitions between those who set requirements and the sensor manufacturers, evaluators, and end users can be critical in Mcasured paramieter Abso e _or diferentisl pressue
determining whether or not a specific sensor is acceptable. Defining mutually agreed upon definitions for how an infrasound SO ISPOe Dt
sensor’s performance is to be evaluated will be beneficial to the entire monitoring community. An initial set of definitions is bron__ T et
. . Centre
L proposed for ConS|derat|On ) Sampling rate =10 samples per second
Resolution =1 count per 1 mPa
Dy IC 1% =108 dB
/ ° \ T:]_'llijl-:;cl:ll;gai‘, <1 ms*
Sensor NOISe Standard temperature range —10°C to +45°C*
- ] . ] ) - ] Bllfi"ﬂ{' at the station or National Data Centre =7 days _
Sensor noise is taken to be random deviations in the sensor output signal that are uncorrelated with the phenomena that the Data formal__ Group of Scientifc Experts format
sensor is intended to be measuring. IMS requirements specify a maximum infrasound sensor noise at just a single frequency, 1 Hz. Eitﬂun Continuous
ata availability =08%
A more complete requirement would be to specify the maximum sensor noise level across the application passband of 0.02 to 4 Hz, Tinply data availbilty = LTS
. . . . . 1551011 capable array =5 elements operafiona
relative to some noise model (i.e. 10 dB below a noise model, such as the Bowman Low Noise Model). Acoustic filtering Noise reduction pipes (site dependent)
Auxiliary data Meteorological data
. . . :]_u the case of noisy sites or when increased capability is required, the number of components could be increased.
Sensor Noise may be evaluated in different ways: L3 kan s the recommended spacing
DC Removal l: |BLOCK = | Window: |HANN ~ | FFTLlength: |4096 + | FFT Overlap: 5/8 = | 90% Confidence: 0.96562 dB| Unit: |Pressure - , TS_E_ o1 31} state Ufh‘?ﬂlﬂl-_
* |solated from input pressure measurements using g e Perioioty: otee por yeit (L),
. . i f Better than or equal to 1 ms.
pOrt Cd pS on the Sensor or an |SO|at|0n Chamber. jg -!?Fe:tnp:rﬂmreraigett)t:e adapted for some specific sites.
. . i ® Once per minute.
* Incoherent noise analysis from 2 or 3 co-located o N Y,
sensors measuring a common coherent signal. i o _ p N
B -70 == Bowman LNM -10dB ° °
R Calibration
. . -60
N0|zse levels are analyzed as power spect.ral density - A sensors calibration refers to the correctness of its sensitivity
(Pa /.HZ) across frequency and generally interpreted o S N N i S N a S S (i.e. mV/Pa or mV/Pa/s). The IMS requirements state that the
relative to some model. o o ety (1 1 * calibration must vary by less then 5% in amplitude, to be
Sata is collected f " Ny od to h i | i - and § uti evaluated at least once per year. There is no requirement for
Af a2|; ilo ecte |- rom t e ser?sc.)r over? |Toe9|;er|<? t Ic:)FTavg z:\jsu |C|en|dy Sm?d conﬁL gnctelm efrva an requeln:::y retso ution. the phase response, although 5 degrees is the amount
Z . .
] d 00 Zaznl]_lp mgﬂr\a ef, 4 minimum OI ‘1_ faoér; ’ Wl\/r\]/'tzw V;;); prlow .e :E IFCII:eTn 'OZIV recluency reio fcjhlon ° measu;e . typically used. The requirements do not state whether the
: 4 : Z. : L .
own to Wi a. requency resolution o m . | .a overlap in the windows to c.ompu e . e power §pec ra, a calibration is at 1 Hz or across the entire passband.
least 3 hours of data will be required to have a 90% confidence interval of less than 1 dB. An 8196 point FFT window, having
\improvements in frequency resolution, would require at least 6 hours of data to have a similar confidence interval. ) The deviation in the sensors calibrated sensitivity is assumed
to be relative to either the sensors nominal sensitivity or its
- measured sensitivity prior to deployment.
Dynamic Range yP PIOY
Dynamic range is the ratio between the largest and smallest signals that may be observed on the output of a sensor. IMS Routine calibration of an infrasound sensor typically is
requirements specify that an infrasound station shall have at least 108 dB of dynamic range. For the purpose of sensor evaluation, performed in the field with either a portable calibrated
it is assumed that the sensor must meet this 108 dB requirement. It is expressed in decibels as: pressure generator or relative to a calibrated reference sensor.
101 Largest Signal Amplitude ? . ~
510\ Smallest Signal Amplitude .
o . Clip
The smallest observable signal is bounded by the sensor noise. Therefore, the measurement of . , , o ,
. . : There is no IMS requirement for the minimum level at which a
sensor noise shall be used as the smallest signal. The sensor noise must be converted from a . ) _
. . . . Pa.. .= |dF ) |P[k]| sensor will clip (the maximum signal that the sensor can
power spectra across a passband to a time-domain amplitude, expressed in root-mean-squared , , ,
: : : T : k=n record). There are requirements for the maximum self-noise
(RMS) units, where dF is the frequency resolution and P[k] is the noise power spectra: \ " , , ,
and minimum dynamic range, but these requirements don’t
Selecting a sighal to represent the largest signal amplitude may be subject to interpretation. strictly enforce a desired clip level.
4 Generally, the signal will have an amplitude equal to the clip level of the sensor. We have
+1; [Peak-to-Peak Chosen to define the largest signal as the RMS value of a full-scale sinusoid. The advantages If the intent of the 108 dB dynamic range requirement is to
T Peak of using the RMS of a sinusoid are: establish a minimum clip level, then 108 dB above the
RMS * Asinusoid is a mathematically simple definition without any discontinuities. minimum noise level of 18 dB below 5 mPa at 1 Hz would
0 | . Sinuso.ids Fan be generated with re.Iative.ease by s.ignal generators and acoustic sources correspond to a clip level of approximately 160 Pa.
t for validating sensor performance including the clip level.
* Nonlinearities in the sensor output are easily visible as distortion across the sinusoid. Clip levels can be evaluated by generating a tone and then
Complete Cycle  Approximates the impulsive characteristics of transient signals that would be expected to adjusting the amplitude until clip is observed. Note that the
11 . cause a sensor to clip. clip level should only be maintained for a few cycles of the tone
* Using the RMS of both the largest and smallest signals ensures the units are consistent so as not to risk damaging the sensor.
N and the dynamic range is dimensionless. )L )
s N R
Passband Sensor Response
The passband of a sensor is the frequency range over which the sensor is able to measure with The requirement for sensor response is that the sensor output will be flat to pressure over its
a nominally constant sensitivity. The upper and lower frequency bounds of the passband are passband. However, there is no specification for the degree of flatness. In addition, the
defined as the points at which the sensors amplitude response is 3 dB below, or half, the requirement seems to apply only to the amplitude response with no mention of the phase.
nominal sensitivity. Note that the response and the 3 dB limits are expressed in units of power, - | ] ] Fi . .
which is the square of amplitude. o We .typlca y gva uate.t e sensor response by verifying that the sensor un gr test .oes not
20 N deviate from its predicted response across the passband by more than 5% in amplitude and 5
-34.5 o . . . « .
The passband bounds may be determined by I3 9B degrees in phase. Note that the predicted response includes the individually evaluated
generating input tones with a constant %‘ji;@ sensitivity at 1 Hz as well as the 3 dB roll off present at the edges of the passband.
. . 3 370 /
amplitude across a range of frequencies and  :«s] /\ p , , o L ,
. . . . © 80 N The sensor response may be measured by generating a bandwidth limited white signal that is
identifying the frequencies at which the o : . . .
. Passband inputted to the sensor. The input signal is presumed to have a flat spectra across at least the
sensor output power is reduced by half. .
B sensor passband. The output of the sensor under test is then compared to the output of a
: : : . L calibrated reference sensor with known response characteristics.
Alternatively, the passband may be evaluated by generating a bandwidth limited white signal P
that is inputted to the sensor. The input signal is presumed to have a flat spectra covering at The outputs of both the sensor under test and reference sensor are corrected for their
least the sensor passband. The output of the sensor under test is then compared to the output respective responses and then compared using coherence analysis to determine the relative
of a calibrated reference sensor with known response characteristics. The passband limits can amplitude and phase between them.
.then be observed directly from the spectra of the sensor output. )L )
. ) 4 N 7 )
Traceability Resolution References
Traceability is a critical requirement for any The requirement for resolution is that there is > 1 count per 1 mPa. This + Holcomb, Gary L. (1989), A Direct Method for calculating Instrument Noise Levels in Side-by-
sensor evaluation that is to be performed. requirement is a system level specification that includes both the sensor’s Side Seismometer Evaluations, DOl USGS Open-File Report 89-214.
e —_ Lo »  [IEEE Standard for Digitizing W Recorders, |EEE Std. 1057-1994.
sensitivity and the digitizer’s bitweight. andard for Digitizing Waveform Recorders,
T . . sy  |EEE Standard for Analog to Digital Converters, |IEEE Std. 1241-2001.
est configurations and conditions should . . -
o ] . . . .  Kromer, Richard P., Hart, Darren M. and J. Mark Harris (2007), Test Definition for the
be fully documented and the test For a digitizer with a 40 Vpp range and 24-bits of resolution, the bitweight Evaluation of Infrasound Sensors Version 1.0, SAND2007-5038.
environment properly controlled to ensure would be approximately 2.38 uV/count_ Using this bitweight, the sensor e  Operational Manual for Infrasound Monitoring and the International Exchange of
.y s s - Infrasound Data, CTBT/WGB/TL-11,17/17/Rev.5, 9 December 2009.
the repeatab”'ty of results. sensitivity W(.)U|d Only need. to be >2.38 mV/Pa' The sensor sensitivity m_ay be Operational Manual for Seismological Monitoring and the International Exchange of
. . evaluated using a tone, typically at 1 Hz, across a range of pressure amplitudes Seismological Data , CTBT/WGB/TL-11,17/15/Rev.5, 9 December 2009.
Wherever p055|ble, all equipment should relative to a calibrated reference sensor. Both the sensor under test and the . /I;/;erchtz;lqnt, BSJAT\,hSQS:f ;)zagrSen M. Hart (2011), Component Evaluation Testing and Analysis
have current calibrations that provide : : gorithms, ~6£0>.
. P reference sensor are isolated from background NolSe.  Sleeman, R., Wettum, A., Trampert, J. (2006), Three-Channel Correlation Analysis: A New
traceab”'ty to a standards |ab0rat0ry- o o _ Technique to Measure Instrumental Noise of Digitizers and Seismic Sensors, Bulletin of the
Note that stated minimum sensitivity value may vary depending upon the Seismological Society of America, Vol. 96, No. 1, pp. 258-271, February 2006.
. | | chosen digitizer or application. )L )
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