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1.2. Minimum Regquirements for Infrasound Station Specifications

Characteristics

Mlinimum Beguirements

Semsor vpe

Microbarometer

MNumber of sensors

Four el ement array”

(e ometryv Trizngele with o component al the centre
Spacinge Triangle basis: 1 0 3 km™

Station [ocation accuracy = 1M}

Relutive sensor locat on =1 m

Measured parameter

Absolute” or differential pressurs

Passhand

002104 He

Sersor response

Flat to pressure over the passbhand

SENS0T 0SS

<18 B below rmuni morm aoomstic noase”

Cahbration

=5% in absolute amplitude”

State of health

Sintug datn transmitted o the Infemational Data
Centre

Sampling rate

=10 sample s per second

Resol ution

=1 count per | mPa

Dy TR TR =108 dB

Tim e aeCUrney =1 s

Standard temperature mnge 10°C Lo +457CF

Buffer ot the station or Natiwonal Dota Centre =7 days

Dt Sormnt Ciroup of Scentific Experts format
Dt fraume length =30 5

Dot b n Sl S5 iom

Conlmuous

Diata svailabi lity

=08%

Timely dats availabil iy

=97%

Mission capable array

=3 glements operobonal

Acoustic fiiltering

Moise reduction prpes (site dependent)

Auxil ey data

Meteorolomeal data”

3 km is the recommended spacm g.
“ Used for daily state of healih.
4 pinimum noise level at | Hz ~5 mPa.
® Penodicity: once per year {mimmmam),
" Better than or cquad o I ms.

® Temperature range to be adapted for some specific sites,

S Omice per mimite,

In the case of nolsy sites or when mereased capabibity is requimed, the number of componants could be moreased.
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Summary of IMS requirements:

1. Passband 0.02 - 4 Hz
« (flat over passband +/- ?)

2. Sensor (System) Noise <18 dB below minimum noise model
« 9 Minimum sensor noise at 1 Hz is 5 mPa (-46 dB)
« critical review is needed for any noise model produced

3. Calibration 5% absolute amplitude

4. Resolution 21 count per mPa
* Review current definition of CALIB ()

5. Dynamic Range 2 108 dB
* RMS of Full-Scale Output Pa for tonal signal
* Noise is estimated using RMS of passband

e « 20*1og10 (FS/Noise)

" Sandia National Laboratoies
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Martec RM2000/MB2000/MB2005

Power: MB2000 =4 watts and MB2005 =1.6 watts @ 12V
Sensitivity: MB2005 96.3 mV/Pa

Noise: -64 dB rel 1 Pa*2/Hz ~ 0.7 mPa rms (0.5-2 Hz)
Full-scale Pressure: 107 Pa (zero to peak)

Dynamic Range: 104 dB

Passband:0.02 - 10 Hz

Seismic coupling: Yes

Observations for MB2005:

*TP9 output to re-center LVDT
*‘Reduced power consumption
Differential outputs

‘Increased input voltage range (9-36V)

General Comments
*Is the seismic sensitivity too large?
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Martec MB2000 1380 and MB2005 NV7009
Isolation Self-Noise (static)

DC Remaval: [BLOCK |+ | Window: [HANN | FFTLength: [16k % FFT Overlap: [5/8 +| 90% Confidence: |0.94532 dB| Unit: |Pressure »
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Martec MB2000 1380 and MB2005 NV7009
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Isolation Self-Noise (static)

DC Removal: [BLOCK | Window: [HANN v | FFT Lenath: FFT Overlan: 90% Confidence: [0.94532 dB| Unit:

1B Pa3Hz
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—s51004:c3s
AcousticLNM
—+ CEA-MB2000-CTBT

0.1 1
Frequency (Hz)
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!
Frequency m Hz

FEE. 410 Corigadison berwees NIBIHIT MBI sell-goise (Podceiail e al. 2008 ol Tilkasotial

Loy Modse Meloadic] froms Bowssan {Bowmen ex al. 2007

Figure taken from: Infrasound Monitoring for Atmospheric Studies,
p.130
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Piston-Phone Linearity / Amplitude Response Verification

78
50 Station: |s1004
25 Channel: [MEZ000 1380
Pa O i L Rate: |50 Hz
25 Bitweight: |3.27 u¥jcount
-50 —
Response: |MB2000-SM13580.,,,
78 Unit: |Pressure w
2009006/17 12:24 18:368 1242 19:00 1912 19:24 19:36
Date (GMT)
78
50 Statior: [s1004
28 Channel: |MBZ00S NY7009
v 0.0 S o Rate: (50 Hz
25 Bitweight: | 3,27 uv/count
-5.0
75
2009/08/17 19:24 12:36 19:48 19:00 19:12 19:24 19:38
Date (GMT)

6 amplitudes at single frequency (1Hz); Sine fit in green; misfit

e in red
" Sandia National Laboratoies




Waveform Amplitude (W)
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Linear voltage output with increasing amplitude

= 51004:MB2000 1380

- 51004:MB2005 MNV7009

il

Reduced SRN with increasing amplitude

5
Reference Pressure (Pa)

= 51004:MB2000 1380
- 51004:MB2005 MNV7009




Closer look at 3.56 Pa tone...

Channel: |MB2000 1380

Bibweight: |3.27 uv/count

Response: | MEZ000-5M1380.., Li

Unit: | Pressure

<1004

MEZ005 MNYFO09

50 Hz

3,27 uvfcount

el -
1.0 Station: |s1004
os )l o]
Pa g }J l\‘ \‘ ; \ Rate: 50 Hz
. \ \
i - L
154 1 ! i ; i
2000/08/17 18:40:14 18:40:18 18:40:18 18:40:20
Date (GMT)
051 e R ] T e e S e e o B B
T T BB B S S S S A B B N s
. H Station:
Bos e e e e e e e Channel:

v ooo | ———— Rate:
BN s TTE CUCTEERY CRRETELEEE SECPRRICEPRS EETCREETEY SETCCETEEt] FERTCEPRSE, SUCRITTCLRFE CERPERELE) CRTCLPRREEED TEITCLRIEY TEPTEELCPRRt FEPERERT EETCCRIRTELS TRRLLPRTEE SCPELTUIrS SCRTRTELEy RECCPITICCR: FEETCCRIES ERITELEPRED SYRREEERET Lo Bitweight :
T L i il A —- - —L L i -_e_“_n A - A A . L A - L
B/ JRT-IE EERE EEFRFCRPS FRCCOREE SIRTTIRITTIETY SUTTPRN FEPTUPPUOELORCY SRCERCRY  SEETPRTPRRPCE [UPEUO TRPTRRCERCRRR) FEPRRR B CRPUCPECLROCS 'ORSCETs RTTPRSPRRRERE PRCCREDS FCRRCPRCRRCert EEPETPR ERPURPLCPROORE [ERCPRE: SECRERIRRPRRRE SURPRRD SURE B
2000/06/17 18:40:14 18:40:16 18:40:18 18:40:20 18:40:22
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Chaparral 50A (102220 and 102221)

Power: CP50A = 0.35 watts @ 12V

Sensitivity: 0.420 mV/Pa

Noise: -81 dB rel 1 Pa*2/Hz ~ 80 uPa rms (0.5-2 Hz)
Full-scale Pressure: 44.7 Pa (zero to peak)
Dynamic Range: 112 dB

Passband: 0.01 — 50 Hz

Observations:

*DC offset increased with signal amplitude, a check
of the balance of differential outputs is warranted
*Testing was not conducted on temperature
sensitivity

-Datasheets imply traceability to LANL infrasound
calibration capability

‘Decreased tonal SNR for amplitude linearity Test
-Self-Noise varies by analysis technique used

e " Sandia National Laboratoies
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Chaparral 50A (102220 and 102221)

- - -
Isolation Self-Noise (static)
DiC Removal I: window: FFT Length: FFT Overlap: 90%: Corfidence: |D.66462 dB| Unit: |Pressura R
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=0 —= AcousticLMNM
- CEA-MB2000-CTBT
CTET Moise Limit

4B Pa%Hz

-90
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-110

-120

-130
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2-Channel Coherence — Distributed model Self-Noise (dynamic)

CTBT Moise Limit

£ — 51036:CP 504 21
L e - AcousticLNM
E -+ GEA-MB2000-GTBT
-100
110

Frequency (Hz)
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Piston-Phone Linearity / Amplitude Response Verification

20
15
10 Skation: 51036
5 Channel: |MEZ000 1380
Fa 0 - - Rate: | 100 Hz
-5 Bitweeight: |3, 2591 uv/count
-10
A5 Response; | MB2000-5M1380,., W
20 Unit: | Pressure b
2010/0712 1736 1745 17:54 12:02 12:12 12:21 12:30 12:20 12:42
Date (GMT)
75
50 Station: | 51036
25 Channel: |CF 504 20
Vv 0.0 Rake: (100 Hz
o5 Bitweight: | 3.25492 U fcount
5.0
75
2010/0712 17:38 17:45 17:54 18:03 18:12 18:21 18:30 18:39 18:48
Date (GMT)
75
5.0
Station: 51036
248 Channel: |CP 504 21
Vv 0o Rake: 100 Hz
25 Bitweight: |3.254582 uv/count
50
75 !
201007012 17:36 17:45 1754 12:03 12:12 12:21 12:30 12:30 12:48

Date (GMT)

15 amplitudes at single frequency (1Hz); Sine fit in green; misfit
in red
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Linear voltage output with increasing amplitude
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o
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& 51036:MB2000 1380
= 51036:CP 50A 20

Wavefarm Amplitude (V)

¥

= 51036:CP 50A 21

o

Reduced SRN with increasing amplitude
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&7 .8
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s00{ @M
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Z
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=

w 4254
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| [=s1036:c6p-MBE2000
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2010/07/12 18:00:53 18:00:54 18:00:55 18:00:56
Date (GMT)

02

01

-0.1

0.2

2010/07/12 18:00:53 19:00:54 18:00:55 18:00:586
Date (GMT)

0z

0.1

oo

01

02

2010/07/12 18:00:53 18:00:54 18:00:55 18:00:56
Date (GMT)

Skation:
Channel:
Rate:
Bitweight:

Response:
Unit:

Skation:
Channel:
Rate:
Bitwweighk:

Stakion:

51036

MEZ2000 1350
100 Hz

3,2521 ufcount

Pressure

MEZ000-SM1380..,

[]
=

51036

P 504 20

100 Hz

3.25492 uVfcount

51036

Charne:

PS04 21

Rate:

100 Hz

Bitwueight:

3.25482 uvfcount
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DC Remaval: [BLOCK | Window: |HAMN | FFTLength: |16K | FFT Overlap: 5/8 & | 90% Confidence:

1.5611dB| Unit: |Volkage

Sensor:
Low Gain: 0.02 V/Pa
High Gain: 0.1 V/Pa

Output(V): +/-10

13 dB difference in Voltage
in noise.

D Removal: |[Eslad ~ | Window: [HANN “ | FFTLlength: |16K % | FFT Overlap: |5f8 % | 90% Confidence: [1.57612dB | Unit: |Pressure %

07:
—10»;
-20’5
—30-5
o)
-50 4

80 —s1036:c2p-MB2000 LG

—s1036:c1p-MB2005 HG

AcousticLNM
FFFFFFFFF (Hz)

When converted by
response to Pa, the Pa
noise is the same.

Waveform

Noise (mPa
rms)

Full-Scale
(Pa)

DR 0.02-4 Hz

Noise (mPa | Full-Scale

rms) (Pa) DR 0.5-2 Hz

MB2005 HG

2.60

100

89.3 dB

1.16 100 96.0 dB

MB2000 LG

2.90

500

102.9 dB

1:13 500 110.0 dB
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DiC Remaoval :

BLOCK % ‘Window: |HAMM

| FFTLength: [16K % | FFT Overlap: |5f8 % | 90% Confidence:

Frequency (Hz)

277363 dB| Unit: |Yoltage

— s1036:c2p-1S LG
—s1036.c1p-IS HG

Sensor:

Low Gain: 0.4 V/Pa
High Gain: 2.0 V/IPa
Output(V): +/-18

20 dB difference in Voltage
in noise.

DC Removal l:

-20 1
-307

BLOCK | Wwindow: |HANM

w | FFTLength: |16k |» | FFT Qwerlap: |5f& w | 90% Confidence:

2.77363 dB| Unit: |Pressure v

—s1036:c1p-IS HG
—s1036:c2p-18 LG
AcousticLNM

When converted by
response to Pa, the Pa
noise is 5 dB higher for HG.

Waveform

Noise (mPa
rms)

Full-Scale
(Pa)

DR 0.02-4 Hz

Noise (mPa | Full-Scale

rms) (Pa) DR 0.5-2 Hz

IS HG

1.37

73.3dB

0.72 2) 78.9 dB

IS LG

0.63

45

94.1 dB

0.29 45 100.1 dB

Sandia National Laboratories
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Sensors

Chaparral 2.2, 2.5, 25
IML SS and ST

*Miltec

*‘NCPA (IRIS-PASSCAL)
sinfraNMT

*PCB Piezotronics

Sandia National Laboratories
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National Center for Physical Acoustics (NCPA-IRIS)

Power: 12 mwatts @ +/- 4.5V (9V)

Sensitivity: 23 mV/Pa

Noise: -86 dB rel 1 Pa*2/Hz ~ 60 uPa rms (0.5-2 Hz)
Full-scale Pressure: 160 Pa (zero to peak)
Dynamic Range: 125 dB

Passband: 0.007 — 40 Hz (acoustic inlet controlled)

Observations:

*Testing was not conducted temperature sensitivity
*Sensor design requires differential power (-4.5,
gnd, +4.5)

‘Very small seismic sensitivity (only observed
during isolation noise test)

‘Possible issue with sensitivity change with
shipping method (sealed back volume)

e " Sandia National Laboratoies




dB (Pa2/Hz )

SNR (dB)

-100
-110
-1z20

-20

-30

-50
-60

=70

— 51043:c2p-NCPA117
= ALMM-Bowman(20058)

-80

-a0

- -~

0.001 0.01

0.1

Frequency (Hz)

375

35.0

325

300

2751 4 -

2604f-

225

200

75

18047

128

50

70

a0 =[]
Reference Pressure (Pa)

100

= s51043:c6p-MB2000
-#-51043:c1p-NCPA118
= 51043c4p-NCPAT1T
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Discussion:
Temperature Testing specifications

*Multiple Facilities for sensor evaluation tasks

-Stability of sensor specifications
*Multiple sensors at stations

‘Incorporate MET data into analysis

e " Sandia National Laboratoies




