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Performance Test of Infrasound Sensor in Low-temperature Environment
— Potential for Application in Antarctic Observation —
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Abstract:  For infrasound monitoring in Antarctica, there is a need for infrasound sen-
sors with low power consumption and high resistance to low-temperature environments. A
new-type infrasound sensor (TYPE7744N/5002A) manufactured by ACO Co., Ltd.
(Japan) with the cooperation of the Earthquake Research Institute, the University of Tokyo,
achieves less than half the power consumption of existing models. To evaluate the applica-
bility of the new sensor to Antarctic observation, we conducted a low-temperature
(—307) test for four types of sensors, including the new one. We compared the results to
those from a room temperature (21°C) test and examined changes in amplitude-phase char-
acteristics based on a reference sensor (Model60Vx2, Chaparral Physics), proven in use in
polar regions. There were no problems in the operation of the new sensor during the 30
days of the test. Spectral power ratio to the reference sensor changed up to 19% compared
to the room temperature test, suggesting that the sensitivity fluctuates with temperature.
Phase characteristics were not significantly affected by low temperatures. Future trials are
desired to evaluate the long-term stability of the new sensor, e.g., by conducting experi-
mental overwintering observations at Syowa Station.

Keywords: Infrasound sensor, Antarctica, Infrasound monitoring

EE: MERMECOZRIREBI A EWIICERT A 7202, AR oMK
BRI 2 9 A 22t L e 5. MRt 7 3 — L R GUR S MR ZE T 25 3 ]
PA%E L 723 M Z24R5T (TYPE7744N/5002A) 1%, PEAF D ZEIRRTO LU O E
NEERL TN A, FRIEIRET OB COMFICOWTEHET % 729, KRS

"R RUK M ENIJET.  Earthquake Research Institute, The University of Tokyo, 1-1-1 Yayoi,Bunkyo-ku,
Tokyo 113-0032.

P UK IR KB ZE | ~ % —. Institute of Seismology and Volcanology, Faculty of Science, Kyushu
University, 2-5643-29 Shinyama, Shimabara, Nagasaki 855-0843.

PEH - VAT AWPIERRE T — & A = v A LA B AR F%. Joint Support-Center for Data Science
Research (ROIS-DS), Research Organization of Information and Systems, 10-3 Midori-cho, Tachikawa, Tokyo
190-8518.

Y WA T AR, Kochi University of Technology, 185 Miyanokuchi, Tosayamada, Kami, Kochi 782-8502.

* Corresponding author. E-mail: dmuramatsu@eri.u-tokyo.ac.jp

ML, Vol. 67, 1-11, 2023
Nankyoku Shiryd (Antarctic Record), Vol. 67, 1-11, 2023
(© 2023 National Institute of Polar Research



2 CEE AR

T2 B Tl T I S D b A AR & o JIGERER 2 it L 7. 4 B o 2231
A% —30C DFEBRENT 30 H BT S8, Fi T OBk R & i L CHRIE
PSR DAL % F_72. 30 H M O FRME)H] 1 T 22kt o B fE IS HEIZA e 2o
7. U7 7L ¥ At (Model60Vx2, Chaparral Physics) (2% 3 5 Rl b 13 H il
TOMRREBLTHRK 192 ZLLTH Y, ZRETOREIMRIC L ) £2H 7T 5
LEZ NS, MHFEEICOWTIIKIRIC X 2 BN TH - 72 SR ITHHEA
Feth TRBRIISBABIN 2179 R LT, RO e % i3 % MR HE F
ns.

X—T—F:  ZEREH MR A 7 I% v FE
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22k (4 > 7 %7 2 F) IZAHOWERA (~20Hz) % T2 BEEEEOZ & 2T
ZERITKINIER, HEE, ]E H @k HAOE T2 EOBRBRR, BER (LR
FHEEROKLAEEAL EOANTHREI L > T Sh s, BEEMEmEL T, i
FRBREREDD v 7 V7L e SN A EJEEEL (microbaroms) (Yamamoto ef al.,
2013; Ishihara et al., 2015, 2017) %, KD H —¥ > 7 KK, KiloHEER EDFK
PR OBRICHERT 5 L E 2 5N RSB S N T 5D (Murayama et al,, 2017). Zi
SO 7 FIVERMMICENT 2 2 L, MIBICBI 2 KA - i - Fk - BEikbEROZ
MEEROA B = X8 Z R L, MWERRBRLICHE ) B REREO LS * =5 ) v /15
LCEZEICR A (Kanao er al., 2017; Kanao, 2018). WFIFEHLTIE 2008 4E 1255 49 Ui M Huisk
BIERIC X > TROOZEIRBIN S 2FRE SN, 20134FE251E3 507 LA BIEE LTE
MENTWD (shihara et al,, 2017). 722013 SELUEIEZ ) 2V % - RV LA BIBREOHB AL
R A S BN 2B S (Murayama et al., 2015), 5 ¥ 7R 77, A —L ¥, )V ¥ RKR—
ANy F, WBWIHO 4 # i TERB\EBH T TN S (K 1a). BB &E TR,
HROREMICT N — L ERBMARBEL TV - = XA VI L BHE - TEZTV (K
1b), ZERET D ¥ HEHD I RREOF AT OPICRKEL T (K 1c). HEP GO
TGRS 70 2 AR R D 22 MBS % 720121, BB OMRIRERECI 2 ) 5 Z2iRET
AT 2LEN DD,

A TIE, AT I — PR GORFE R ZE T & W CH 2SR L7~ A 71
7 4 YRVZEREE (220 DUF, ACO il Z2dicit & IR.5) R © ol FI v et % GFAli 5 5.
IHE D 7 3 — 225 (TYPE7144/3348) AT OKILBIN A 2 ETEA SN TV 525,
JEE QAT R IR A E O T EI L ST b (R, 2017; Yukutake et al., 2015).
Ll 7212 B S S M7z Z24RET (TYPET7744N/5002A) TIX IS OREM Y E S, [&KE
R JEWEAFE S 1 E L (Yamakawa ef al., 2022, 2023), 2% 35mW (12V DC, HHEES
It U EEDE) OREEREN 2 FEB L T b, ARRER TS T oM aERHi
I T, —30C T 30 H M@l Sk L 7.
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Fig. 1. Infrasound monitoring network around Syowa Station. (a) Observation sites along the coast of Liit-
zow-Holm Bay. (b) Observation site at Skallen. (c) Installation of the infrasound sensor at Skallen.
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ARGHERTIE,  IRUSAAHREPE D FR 0 72 0 B AR B C i AT 0 3 2 kAl & ACO Hifl 2
PRET 2 W AT CHM) S &7z, Ml TOME IR D & & 7% Chaparral Physics #Z23RE (ARFERT
1¥ Model60Vx2 & [, PERETMR-40C) 2V 77 Ly A o4& LTHAL, S104 (4
INT3E, /NA28A 7 4 )V % OFF), INFO3 (SAYA), B XU ACO BiflZEikit o 4 ¥l % Mk
L7z (1), ACO #HRMZeiRiEH L INFO3 13 ¥ > 7V Y FITH Y (INFO3 X 1.65V &
D UL720-33V T, EOMIIZEBL SN L TW5b. ACO Frll 2Rt id ks %
572002 2 RIFMHERE L CRE S ¥z, F—a A —Id 17700 (HINT%, ANEEL ~
TE20V) EEHL, V7Y v IJEER 200Hz TEEL 72, ACO Bl EIREHIH H O E
JE3EE (TYPES002A, 15 v YA NVAT)) 2MEHTL2LENHZH, KRR TIIRKS T v
YANAIFIEORMERE (K 2a) Z2HEHLE BHIZTIAFy 7 8-OayFFRy 7
WZEE L (X 2b), AT 7 — - BB Z U AF O — VEOFEICANTRILL
72 (K2c). BNTIEGPS BT a2 ZETERVZD, F—4uh—oHBRLHKIEX OFF
TIgEL, BFEZIC LY M S AC THRELZ.
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Table 1.  Specifications of infrasound sensors used in the test. The mark * in working temperature denotes actual
operating limits.

Power
Sensor model Sensor serial Adjusted Pressure Working
Frequency range Nominal sensitivity consumption
(manufacturer) number (SN) sensitivity range temperature
(@12V DC)
Model60Vx2 NA N
674 0.02-200 Hz 27.6 mV/Pa @1 Hz ~150 mW +360 Pa -40-+60 C
(Chaparral physics) (reference)
SI104 0.1/0.05-1500 Hz 1.02 mV/Pa 1.05 mV/Pa N
0007 ~72 mW +2000 Pa  -30*—+50 C
(Hakusan) (HPF ON/OFF) (HPF OFF) (HPF OFF)
INFO03 N
004 0.1-1000 Hz 20.0 mV/Pa 21.0 mV/Pa ~60 mW +60 Pa -90*—+50 C
(SAYA)
514 25.7 mV/Pa (ATT 0 dB) 9.3 mV/Pa
TYPET744N/5002A 8.1 mV/Pa (ATT-10dB)  (ATT-10 dB)
0.1-1000 Hz ~35 mW +400 Pa -20-+50 C
(ACO) L1525 23.4 mV/Pa (ATT 0 dB) 8.7 mV/Pa
7.4 mV/Pa (ATT-10dB)  (ATT -10 dB)

1ch Power unit Sensor
(Prototype) (TYPE5002A) (TYPE7744N)

‘l

2 ARBUSH WM. (a) 7 a—RHMEIRET OBl A s 4F v v AVERREE GUER),
15 v A VEIREEE (TYPES002A), ¥ (TYPE7744N). (b) il atBr 4 J2H L 7= M st 1o
TORBRBEFERRE. (o) IRIRHERIZH 7 H.

Fig. 2. Equipment used for the test. (a) New type infrasound sensor manufactured by ACO. The photo shows a
4-channel type power unit (prototype), a 1-channel type power unit (TYPE50024), and a sensor
(TYPE7744N). (b) Low-temperature experimental laboratory at the National Institute of Polar Research
(NIPR). (¢) Equipment used for the low-temperature test.
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RETEICOWTE, BllIRSEE ANZza TRy 2 A (K2b) oFZHLE, 41
ARELLIRECTHEE T T LAATENEDZ AL S FE2MT LRy 7 ANOZEDN
JEME S NTIEND LY, R LB S. ZOFBEICE ) BE~10PaBEDT 7
FIVEANTINEL Z ENTES, GHIENAEB TN LT —ZAXRT PV ETZ B ZAAXRY b
VEEEL, BRI OFRBERISEB L) 77 L Y 2 (Model60Vx2) & D AT MV -
MAZEZFR L. 72, 2 o0z REHE M OB E R 572012, UITFoX (1) TRT
RR - feae—L A28 L

| S, I°
S.S

ZZT, S, S, EFERELONT—AXRT MV, S ETUAART FVTHL. R
Bk 10 58 (600 #) R THEML, ENE AT —4 & LT Welch i (Welch, 1967) 12
DAL ANRYZ PV EHEE L2, Welch B0 B ARIMEE (7L —2) OE X 1008,
BRI Tukey B (T4 V7 —%=), =" —=F v 713 90% IZ%EL, #5101 7L—24
DARZ VDT 3y TV EFE LTS, 2 BARRERTIX 0.02Hz (Model60Vx2 @
flat response O FIREWEE) 5 20Hz (£ 7 5% » O LBREER F TOREEG K
THERZ KT %.

(1)
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23. HBAR

IR AR IR H I (B CKE) S8, %1 v OIREMAHFEO S X OREH
HBhkiTo 7z (Test 1). FFEKFHEMIEFT OEBRE GRERIFOSEE 21C) 1I2T20234E4 A
OHIZHEML, 22. THERAFETIOHTHOALY 7 FH Vi AN L7z, KBTI
Model60Vx2 ® 1 Hz \2B1F % i (&EE 27.6mV/Pa) 2V 7 7L ¥ A& L, 1HZIZBUT A
INIEDS—3 3 % & 912 ACO T Z2d&ET - S1104 - INFO3 DRKEEZ L 72 (£ 1).

ARG SRR O [ S A B E 7 P DRI BRI B (B 2b, = —30C) 12T 202344 ] 12
H2 65 H 12 HIZ U CERM L7z (Test 2). Test 1 LM Uty 7 v 7T, 30 HE:#E
BCHRE S B H GoHH) 1222, THRRAHETIOGTHOANLY 7+ vz
ANL, RIS & 2 IRIEALAHREE DAL A k% T~ 7.

3.1. HEHE (Test1) DR

Test | DFRERE 3 ITRT. Ky 7 ZOMLFI &I L o> CTHjdRIE (P-P i) 725 5-10 Pa L1
DIFF DRI N TS (K33, 3a). /87 —ZAX7 MV aIEKT % &, INFO3 it 0.4Hz,
SI1104 i 0.1 Hz, ACO #r# Z24i:5H 0.06 Hz A4 3% & V) AKSE M % T Model60Vx2 (1) 7 7 L ¥ R)
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3 Test | OFE. 10 FHOANLY 7 FvHh 5 Welch i (FFHE 100 #, +—/3—F v 7 90%) 12T
IRT—=ZARY b, JOAARY MBLFae—L 225, () EEFoREK. (2) &k
Bk (b) T —=ARZ MVORE. (b) /8T —=ZXZ PVOIER. (¢) /8T =X X7 b
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Fig. 3. Result for Test 1. The power spectrum, cross-spectrum, and coherence were calculated by Welch's method

with 100 s sliding time windows and 90% overlap firom 10 min-long data. (a) Comparison of waveforms.
(a') Enlargement of waveforms. (b) Comparison of power spectra. (b') Enlargement of power spectra. (c)
Power spectral ratio. (d) Phase difference between the waveforms. (e) Coherence between the waveforms.

LEMELTLTWS (K3b, 3b, 3¢). T/, MMHEZEZR2 L S04 1% 05Hz fF3E 2 5,
INFO3 I3 &R TINS5 N D25, ACO FBIZ#REHE 0.1 Hz L E O TR =&, L C
BY, 0 1Hz D FORFEAEMCTHEL L THICE T -oT0E(M3d). ae—L Yy AxRL L,
WIFNRDOE Y H D 0.1 Hz DL EOTIR TRV ZRo T (K3e). Iho0RRIEED
th&tyFoMpike L Twd (F1). 72, ACO B 2RI AW T
Model60Vx2 {2 IR T BRI 2 B - AR Z R L T 5.

ACO Hr M Z2PRET DB %13 0.1 Hz DU T i 380 (& W B TE o IRFEFEPH AL 1) TD
Model60Vx2 DIEEIZ IR CBTEB Y (K 3b, 3b, 3¢), fiMoFizhs < (K3d),
aAb—L YA LIEWHEZR > TWwD (K 3e). 72721, 2 KD ACO HAEIZBREFT D 2 X
7 bV (3¢ o) IIZE»ZTELTTBY, 0.1Hz L F oW cldt v+
D A AVE U T BT et D 5.
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Fig. 4. Result for Test 2. The power spectrum, cross-spectrum, and coherence were calculated by Welch's method

with 100 s sliding time windows and 90% overlap from 10 min-long data. (a) Comparison of waveforms.
(a') Enlargement of waveforms. (b) Comparison of power spectra. (b') Enlargement of power spectra. (c)
Power spectral ratio. (d) Phase difference between the waveforms. (e) Coherence between the waveforms.
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Fig. 5. Power spectrum of the low-frequency signal induced by an air conditioner. The spectrum was calcu-

lated by Welch's method with 600 s sliding time windows and 90% overlap from 1 day-long data on

13 April 2023.
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Fig. 7. Result for the test under room temperature, carried out after the low-temperature test (30 May 2023). The
power spectrum, cross-spectrum, and coherence were calculated by Welch's method with 100 s sliding
time windows and 90% overlap from 10 min-long data. (a) Comparison of waveforms. (a') Enlargement
of waveforms. (b) Comparison of power spectra. (b') Enlargement of power spectra. (c) Power spectral
ratio. (d) Phase difference between the waveforms. (e) Coherence between the waveforms.
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