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Fig.1. Schematic diagram of (a) laser interferometry and (b) vibration correction.
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Table 1. Characteristics of vibration sensors.
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fi&F NLNM
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fi&F NLNM 10 mm/s
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JNO6D DC1360 Hz +30g
(0 ~ 100 Hz)
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Table 2. Results of vibration correction experiments
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trajectory Su, and the measured vibration noise N; (b) Residuals of the measured trajectory Sy

before and after correction.

BB W [ A RN R IR BN IA R S AMETERERI AR o X TR BN I 75 56k

N

JE /N SRR L M 3RS, CMG 2T CS60 1 75 T 1 43 1 2 Aty v 56
A5 b B AR O AR HE AR T B A A R SR, HL AT ASEI R RR R 1 R 1)
AMERCR . HBEE RSN FE S oy 1R, Sl SRR, MR T2 B A
SRR BN, T B2 ROR T L, R £ M 2% 2 g ) R 3R 85 T
CMG Z4AT CS60 R T HIAMERCR MR T FE, T CMG By 58 584, FoAh

CRMCR N B, T, R R HARRE R IETSE N, AR R TE

16



SNSRI B . B, IR A S ARBNFR S o — 547
SRR R 2 RS HERIRIATAR P LA IR AT 498, R A

7 Ja B AE TR BT ) 5 S e B R o T TRSD IR R T AR T

Zr

R RIS, HWETHEA TGN . 5 —J5H, IN06D B it sy
WAEMEN, BhSTERELr, FEA L] DIE S IA B /b 2 81 & 321 &
R, ABZIRTHZMEL PR R, oFF DGR AT R 3 75 o L1
L I S B TR, I T 52 3 R R T T2 S B B I ARG T
MIAMERCR o RSN FE R B2 R B2 MR L b, s g ] PLSE AT R
ORI, AMEJE AT LSRR R B I AR A e TS M R T A
(R BRIRAM PR, s v (¥ F 2 OR S0 B s\ M5 T LIS R Ge i 212 1E
1000 mGal LA b, SARINEFRHEZ W 134850 B, s vt sd A Tz it
Tk AR B2 2% BBl a8 T SEIL 2 M g A O iR v 22 . Bk — B4R
LT AR PERE U TG AR ORUE LA U AR AR A TR AT B N I R,
AR 2 BT ] R P P B2 W8 11 v 20 A R AR 70,

BOG s EIRHIR BN AMEATU A I A5 T AR AR BT AT R . AR RTIR 4y
B, srpEde. A Al BT EE RO RS S itk fEikFEEaE it
TEARES, L LA IR EN AME (K N PR, R IR W P e AR oy AL
SCHET A IRRIETE, BT R PREE ) € A IE 1 B AR MRS RE . SR AR R R
IR B 5 O ik o AR 09 A BRI RS, IR WA T H Al FEE 11 4 T 25
B TE SRR R 2 75 SR AN I 00 T ML PRAE AR AT P9 A 328 bR B0 T 3 1Y
fEIRES, XA ERE R . B IR FESH A, 0T LGSR 1K

SO BRSPS i HL T B 2 VA

17



5% #®

ARSCIRR 3T T AR IR VE R S BO IR B AME B MR, Jad Sie s Uit T 1
ANFEHRBNIAEE T A FE BRES I AMETERE . SEIREE R 7R AT N Hu R
THAT DASEIE O S AR AE 2 A0 T B i A2 ROR, SRRIRICRA 2, T
V52 0 B BRI TV S AT kM2 s 76 M 2 B PR 8 52 Mt 7 o S 7 18 SR 1 56
Wi, HBRE VR AMEROR TR, AME S R B AR ZE I R A g, Hob
O 5878 R R T AMEE AR T PR B R S, s T DU T D S B R R 1 72 A
FIZMBERHAMERCR : FEIRS) 9L ORI T A SIS TR T T R3) 9%
JEE e Bl AR I TGV A, SR P sl P v M U /] DRt R Bt M 22 45 1F 1000
mGal Db, WU B EZ G 13 (5IA R e e R HER . Al S fl &
AT R A6 AR MM R 1 LR 32 o P MR N R B2 M i R A2 A R
BRI, 2208 F T A ]t 25 PR PR 58 NSRBI B s v Z2 0 T E T i M 3%
R, AT LU B s R DR M R RO AMEE R o DI R T AR M R U

T HRR IR, 2038 AP 5 ARl A PRI T S I 2 00 % 10 S O 2 A v
7, WLl o R EaR R m R T R AME TR RE . AL, S SR
FIIIE FE VH I AMEREME NSO S 5 T RBNAME (L B IE B 5%, A 5 R3]
M2 A 1 K e R B TR L T R R

SR [ T R S T e Y B T R A I B S A AR T R R
56 % 0 A A SR AL A CMG R = i

18



SR

[1] Marson I, Faller J 1986 Journal of Physics E: Scientific Instruments 19 22

[2] Faller J 2003 Metrologia 39 425

[3] Faller J 2005 Journal Of Research Of The National Institute Of Standards And
Technology 110 559

[4] Marson [ 2012 International Journal of Geophysics 2012 687813

[5] Niebauer T M, Sasagawa G S, Faller J E, Hilt R, Klopping F 1995 /Metologia 32
159

[6] Hu H, Wu K, Shen L, Li G, Wang L J 2012 Acta Physic¢a. Sinica 61 099101 (in
Chinese) [HH%E, LR, &, 2Nl % 2012 Y 61099101]

[7] Saulson P R 1984 Review of Scientific Instruments 55 1315

[8] Haubrich R A, McCamy K 1969 Reviews.of Géophysics 7 539

[9] Sorrells G G, Douze E J 1974 Journal of Geophysical Research 79 4908
[10]Cessaro R K 1994 Bulletin‘of the Seismological Society of America 84 142

[11] Timmen L, Rder R Hy/Schntill M 1993 Bulletin géodésique 67 71

[12]Svitlov S 2012 Mefrolegia 49 706

[13]Wen'Y, Wu K, GuoM Y, Wang L J 2021 /[EEE Transactions on Instrumentation and
Measurement 70~1003607

[14]Rinker R, Faller J Proceedings of Precision Measurement and Fundamental
Constants Gaithersburg, MD, June 8-12, 1981 p411

[15]Brown J M, Niebauer T M, Klingele E 2001 International Association of Geodesy

Symposia 123 223
19



[16]Wang G, Hu H, Wu K, Wang L J 2017 Measurement Science and Technology 28
035001

[17]Qian J, Wang G, Wu K, Wang L J 2018 Measurement Science and Technology 29
025005

[18]XuAP 2016 Ph. D. Dissertation (Zhejiang: Zhejiang University) (in Chinese) [¥F
FMS 2016 A0 (WL WL KRY)]

[19]Le Gouét J, Mehlstaubler T, Kim J, Merlet S, Clairon A, Landragin’A; Peteira dos
Santos F 2008 Applied Physics B 92 133

[20]Merlet S, Le Gouét J, Bodart Q, Clairon A, Landragin A5 Pereira dos Santos F,
Rouchon P 2009 Metrologia 46 87

[21]Baumann H 2012 Geophysical Prospecting 6,361

[22]Bidel Y, Zahzam N, Blanchard C, Bennin A, ‘Cadoret M, Bresson A, Rouxel D,
Lequentrec-Lalancette M F 2018 Nature Communications 9 627

[23]Bidel Y, Zahzam N, Bresson/A, Blahchard C, Cadoret M, Olesen A V, Forsberg R
2020 Journal of Geodesy-94.20

[24]Cheng B, Zhouw¥, Chen P J, Zhang K J, Zhu D, Wang K N, Weng K X, Wang H L,
Peng S P, Wang X', W B, Lin Q 2021 Acta Physical Sinica 70 040304 (in Chinese)
[REOK, S %, sKRELE, KPR, O, S, FWAK, ZREE, EHIE,
R, MRam 2021 P)FEAR 70 040304]

[25]Long J F, Huang D L, Teng Y T, Wu Q, Guo X 2012 Acta Seismologica Sinica 34
865-872 (in Chinese) [&I%E, WA, B, REEL, FHK 2012 HiE 5k 34

865-872]
20



[26]Wu S Q, Feng JY, LiCY,SuDW,Wang QY, HuR, HuL S, XulJ Y, Ji W X,
Ullrich C, Palinkas V, Kostelecky J, Bilker-Koivula M, Nérdnen J, Merlet S, Le Moigne
N, Mizushima S, Francis O, Choi I-M, Newel D 2020 Metrologia 57 07002

[27]Guo M Y, Wu K, Yao J M, Wen Y, Wang L J 2021 [EEE Transactions on

Instrumentation and Measurement 70 1004310

21



Analysis of vibration correction performance
of vibration sensor for absolute gravity
measurement

WenYi WuKang " Wang Lijun
(State Key Lab of Precision Measurement Technology and Instrument, Department of
Precision Instrument, Tsinghua University, Beijing 100084, China)
Abstract

Absolute gravity measurement refers to measurement.of jthe absolute
value of gravitational acceleration (g, approximately 9.8 m/s?). The
precision of absolute gravity measurement is mainly limited by vibration
noises. Vibration correction is a simple/and, feasible way to deal with
vibration noises, which corrects thé“measurement results by detecting
vibration noises with a sensor. At present, vibration correction performance
of different sensors lacks systematic analysis and evaluation. In this paper,
theoretical analysis is.carried out on how the sensor characteristics affect
the correction performance. The vibration correction performances of three
sensors, two different seismometers and one accelerometer, are evaluated
by experiments under three cases with different vibration noises. The
experimental results show that the correction precision obtained by using
low-noise seismometer is mainly limited by its bandwidth and range. In
case I with quiet environment, the standard deviation of corrected results

obtained by using both seismometers can reach tens of pGal (1 uGal = 1078
22



m/s?), which is close to that obtained by using an ultra-low-frequency
vibration isolator. However, in case Il with noisy environment, the standard
deviation of corrected results obtained by both seismometers increase to
hundreds of pGal due to the enhancement of high-frequency vibration
components. This means the correction performance of both seismometers
deteriorate, and the performance of seismometer with narrower bandwidth
deteriorates more. Moreover, two seismometers cannot even work<in case
III with stronger vibration noises due to the range limitation. On the other
hand, the correction precision obtained by using accélerometer is mainly
affected by its resolution which is on the orderof mGal (1mGal = 107> m/s?).
Its bandwidth can reach hundreds of or even thousands of hertz and its
range is generally over £2 g, which-ate largé enough to meet the needs for
noisy and dynamic applications. In case I with quiet environment, the
standard deviation after correction with accelerometer is larger than that
before correction. This-s_because the intensity of vibration noises in this
case 1s close to orevensmaller than the self-noise of accelerometer so that
it could not be detected effectively by accelerometer. In case II with noisy
environment,/the resolution of accelerometer is sufficient to detect the
vibration noises effectively. The standard deviation of the results is reduced
from 2822 uGal to 1374 uGal after correction with accelerometer, equal to
a precision of 0.1 mGal after 100 drops. In case III where the amplitude of

vibration noise is up to 0.1 m/s> and seismometer cannot work,
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accelerometer could still achieve a precision of 0.3 mGal after 100 drops.
The systematic deviation is corrected from —1158 mGal to —285 pGal and
the standard deviation is reduced from 34 mGal to 3.3 mGal. Therefore, the
low-noise seismometer is more suitable for vibration correction in a quiet
environment with stable foundation, which could realize a standard
deviation superior to hundreds of nGal. While the accelerometer is more
appropriate for vibration correction in a complex or dynamic enyitonment,
which could achieve a standard deviation of mGal-level“\Finally, according
to the results and analysis, a theoretical guidance_for the selection and
design of sensors in vibration correction applications_is provided.

Keywords: Absolute gravity measurement, Vibration/cortection, Vibration sensor
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