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Fig. 1. Schematic diagram of the fringe signal of atomic in-

terferometer.
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Fig. 2. Transfer function between the vibration of reference

mirror and the output signal of seismometer.
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Fig. 3. The algorithm of the vibration correction method based on element searching.

Y Py W58 R,. I, JEJRIG 580 P 5102 R3)
MRS P, INZ(ER R.. BAR R 2R
KBk E R, SIUCZIRIGE R FL0% % R, 22
B, HY T LBRIR S WG A8k 2. #hg L
BhAMERCR BT, MRS AL Ay, 1T 8
o, S AR IR BN T I A SR8k % R, t 4z

IR BURZE Ry, WIS R, K HIT ALl FAdAH
PR AQopners TIABIFRBIRZE, HFRERE o, B
I TR/ ME. U] DR

o =0(R;) =0(P —P,)=0(Rm— Ry) (11)
MBI IR 2R B 2% R, WIBRIEZE 0y, BOTEDRREREAT:
P RARBAMERCR R AR

119101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 11 (2022) 119101
* 1 EEYET SR
Table 1.  Description of main symbols.
e GRS Uil
PADy,) JEUG T SR BEAAR BRI T AIALA @y, AR BRI A A SEIME P
Prie(A @) T W RS FEARFRAIT A Dy, PAATR I XT PHEAT AR XU AR ) L5 P,
Us, bR TR, SR IO —
™, K FISIER O E e N U3 v, (0 122 328 PR ST TRTARAR R v ) 2R
Topts Kopt RACIEMS 24, Fefloh o 2R PRAAMER L R AR U E
A, B B AR (o e N U 07, R L S Ty R B B S 1) 5 51
Ao, S AN S IR Bl B ST AR A6 —
P, EIETW AR HEMRTWRSAALL, BAEARHA @ ENA @,

3 R

AR B M R PR A S & [ T
& B NIM-AGRb-1 4 Jii 78 S 12 b i F7 % 4%,
SEBR 2 AT, T LAR 36 E MathWorks 242\l A:
P MATLAB 35000575 A8 sobE, 2R
DiEWFEH: 1) 3% NIM-AGRb-1 B8 Jp{L k45
il SHOR Z i W TSIV EE , 45 8 & BT S 4L
{8, AFEIER kg KL I{H g, R B PREL S(2).
Fr S WOCHI Pk b E]BE T = 80 ms. 1 min NZ&PERS
KR FTFH] oI RIRER 2 s, HHY TR T
P )R V5 IR ) | R T 45 806 H B 1 R B A A
BA; 2) 457 1 min WARRBEYLIR 20 (5 5
MR AR Apang R HL K 20 1) 38 B2 45 5 A A0 7
B £, T AR IR T8 Ay, HAAREUE S 2% 1 ik sh
W& 75 Ty 833 2% i (1) 3 e MR 75 A 8 (new high noise
model, NHNM)!"l, % 5 5% 55 H RSl L (5 5
U, () RIXEEAF S G 3) M (6) XitAZS%
BefRsh oI AW ESEANI MRS Ay, FRHIRE (4) 20
A1 (5) I ILAMAIB R Apoines A 0 BT HIERITE
WE Py, ZHER Py, BRI 7 H S0 S
5 PRI A, B N = 30, A1 4(a) FTR;
4) W HAIER R 7 = 5 ms, HLIH R REL
Ky = 0.9, WEHIE T RE K, A Sam v il
HH CMG-3 ESP BUHbE T R, MR8 (9) =L
S A H I b R R O ) iR B kB RN R
g YRR TR B DT B o (8) A UL(8), VERE UL(4) BIAR
AR JE I AT AR R A (s S, G
Bl 4(b) Jr7R; 5) X B A AR Py, FlHbRE
RS U(t) Rk

IC LA B0 B R AR 1 Rl I, 8 58 45 S 4
Bl 5 FIIEL 6 firs. AT LA ), A28 8 AR (7 i 7

I, TSR AT LIRS 4% 2% L BOE I SE R AL T =
5 ms FIH8 35 2B K = 0.9(An & v B i 2R TR,
T, IR AR AL Py (A @) PN T B
WAREL Py (A @) BIESRL Py (A @), Hrblt
Y46 TE A7 B A €0 B Bl A . R MEETIT R T 06 4%
G Py (A @) 347 4 7% 00 & B ) RMSE {8 4
13.1x10°3, Mi#MZJE B IE RS0 Py (A @) #47
RIZA I RMSE fH{XR 0.02x 1072, [FI %5
BT A2 IR 5 ) 1) 2 SO T3R8 47 8L

0.6 - (a) [ ] iﬁﬁ)\%ﬁpsim
—— ARSI A Hh 2R Py
(]

0.5 i
A
o
H
o=y

0.4

0.3 F

—15 —10 -5 0
AL /rad

HuE T DA Ui/ mV

1
0 10 20 30 40 50 60
s} 1E] /s

K4 (a) GFERTWHRL (b) I ERDES
Fig. 4. (a) The simulated fringe signal; (b) the simulated

output of seismometer.
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Fig. 5. The RMSE value of fringe fitting as a function of (a) time delay and (b) proportional element, without considering other

phase noises, calculated by simulation.
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Fig. 6. (a) The simulated fringe signals before and after vibration correction with the fitted curve as the reference (with the typical

corrected data marked by orange circles), and (b) the fitting residual of the simulated fringe signals, without considering other

phase noises.
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Fig. 7. The RMSE value of fringe fitting as a function of (a) time delay and (b) proportional element, with other phase noises con-

sidered, calculated by simulation.
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Fig. 8. (a) The simulated fringe signals before and after vibration correction with the fitted curve as the reference (with the typical
corrected data marked by orange circles and green square), and (b) the fitting residual of the simulated fringe signals, with other

phase noises considered.
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Table 2.  Simulated results.
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Fig. 9. Photograph of (a) NIM-AGRb-1 atomic-interferometry absolute gravimeter, and (b) the data acquisition device recording

the voltage signal of seismometer and trigger.
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Fig. 10. The power spectrum density of the ground vibra-

tion acceleration at the measurement site.
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Table 3. Measurement results obtained from 10 data sets.

W RN jm WS EHE,, j%éjc}uéRMSE{E — %ﬂﬁitﬁ(ﬁ?t _
HMERT/10° FME)E /1073 wMERT0, /107 *MEEe./10° Bt/ %

1 1.79 0.970 11.2 4.8 10.62 4.58 56.9
2 1.17 1.210 17.3 7.2 16.33 6.83 58.2
3 5.06 1.109 11.4 7.0 10.82 6.67 38.3
4 5.42 1.357 13.8 8.5 13.08 8.05 38.5
5 4.23 1.037 9.1 5.6 8.59 5.30 38.3
6 7.29 1.025 11.7 5.8 11.03 5.52 50.0
7 1.43 1.223 15.1 9.9 14.31 9.34 34.7
8 4.53 1.118 13.6 7.3 12.86 6.94 46.0
9 -0.62 1.057 14.0 8.0 13.19 7.54 42.8
10 5.25 1.079 10.9 6.5 10.31 6.14 40.4

¥if 3.56 1.119 — — — — 44.4
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Fig. 11. The RMSE value of fringe fitting as a function of (a) time delay and (b) proportional element, calculated from the 1% data-

set of measurement.
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Fig. 12. (a) The fringe signals before and after vibration correction with the fitted curve as the reference (with the typical corrected

data marked by orange circles), and (b) the fitting residual of the fringe signals, calculated from the 1** dataset of measurement.
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Fig. 13. (a) The standard deviations of the fitting residuals of 60 sets of fringe signals with and without the vibration correction,

and (b) the reducing factor between them.
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Fig. 14. The variation of the measured ¢ value deduced
from 60 sets of fringe signals with and without the vibra-

tion correction.
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Table 4.  Simulated results with the correlation value Cy as the objective of the algorithm.
¥ BB U SIS 7 s LESS
Te/MS IRMSE(E AL AfE L G e s Cr9BORME
1 [Apyp| < 400 mrad, Aggpes = 0, N = 30 5.0 5.0 0.999
2 |Apyp] < 400 mrad, Apgpes < 10 mrad, N = 30 2.7 2.7 0.892
5
3 [Agy,| < 4000 mrad, Apypes < 10 mrad, N = 30 4.1 4.2 0.972
4 Ay < 400 mrad, Apyies < 10 mrad, N = 60 6.8 8.6 0.896
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Table 5.  Measurement results obtained from

10 data sets with the correlation value Cy as the ob-

jective of the algorithm.

ﬁ%ﬁ'fopt /ms

ig LIRMSE( W VL Cruft *Hagtﬁ”fj?ﬁ%
Pt Bz GASEZ
1 1.79 1.84 0.902
9 1.17 4.38 0.909
3 5.06 5.05 0.785
4 5.42 5.27 0.785
5 4.23 4.24 0.787
6 7.29 7.29 0.866
7 1.43 1.42 0.757
8 4.53 4.70 0.841
9 0.62 -0.83 0.821
10 5.25 5.25 0.802
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Table 6.  Simulated and measurement results with the standard deviation of the fitting residuals as the objective of the algorithm.
YT, /ms TRAEK,

%ﬂ iﬁ%{ETset /ms Iit / N — &%{EKset . " N —
VIRMSEfE Atk Bbs Lo Aiifk Box VIRMSEfE Atk Bbs Lo Aifk Box

15 FAHR A 3R L 5 4.1 4.2 0 0.919 0.918
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SENEAE A 9 — -0.62 1.32 — 1.057 1.033

40.012
Lok (2) 0.90 |

0.9

RpHl Ry AR RELCr
o
0

0.7

0.008

0.004

A LI RMSEfY

20

40

60 80 100

o
o)
&

0.80

0.75

RpHIRVINAHRE RECR

0.70

20

40

60

0.012

0.010

LA B RMSEAE

SR REL 7/ms SRS REL 7/ms

0.90

0.85

0.80

RpMI Ry A R B COR
°
e
ot

& 15

10

15 20
HEHTREL 7/ms

25

1A EHR; () 7 ER 95 4 R A0

Fig. 15. The RMSE value of fringe fitting and the correlation value Cyr between the fitting residual of fringes before and after the vi-
bration correction as a function of time delay of (a) 1% simulated dataset, (b) 2™ simulated dataset, (c) 1 measured dataset and

(d) 4" simulated dataset.
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Fig. 16. The correlation value Cr between the fitting residual of fringes before and after the vibration correction, and the corres-

ponding reducing factor of the standard deviation of the fitting residuals of fringe signals after the vibration correction.
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A coefficient searching based vibration correction method”
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Abstract

Absolute gravimeter has played an important role in geophysics, metrology, geological exploration, etc. It is
an instrument applying laser interferometry or atom interferometry to the measurement of gravitational
acceleration ¢ (approximately 9.8 m/s?). To achieve a high accuracy, a vibration correction method is often
employed to reduce the influence of the vibration of the reference object (a retro-reflector or a mirror) on the
measurement result of absolute gravimeter. Specifically, in an atomic-interferometry absolute gravimeter, the
phase noise caused by the vibration of the reference mirror, namely the vibration phase, can be calculated from
the output signal of a sensor, either a seismometer or an accelerometer, placed below or next to the mirror.
Considering this vibration phase, the fringe signal of the atomic interferometer as a function of the phase shift
set by the control system of the gravimeter can be corrected to approach to an ideal sinusoidal curve, thus
reducing the fitting residual. Currently, the parameters in the algorithm of most vibration correction methods
used in atomic-interferometry absolute gravimeters are set to be constant. As a result, the performances of these
methods may be limited when the practical transfer function between the real vibration of the reference mirror
and the signal of the sensor has a variation due to the change of measurement environments. In this paper,
based on a simplified model of the practical transfer function previously proposed in an algorithm used in laser-
interferometry absolute gravimeter, a new vibration correction method for atomic-interferometry absolute
gravimeter is presented. Firstly, a detailed description of its principle is introduced. With a searching algorithm,
the time delay and the proportional element in the simplified model can be obtained from the fringe signal of
the atomic interferometer and the output of the vibration sensor. In this way, the parameters used to calculate
the vibration phase can be adjusted to approach to their true values in different environments, causing the
fitting residual of the corrected fringe to decrease as much as possible. Then the measurement results of the
homemade NIM-AGRb-1 atomic-interferometry absolute gravimeters using this method is analyzed. It is
indicated that with the vibration correction algorithm, the standard deviation of the fitting residual of the
measured fringe signal can be reduced by 58% at the best level in a quiet environment. In the future, the
performance of this vibration correction algorithm will be further improved in other atomic-interferometry

absolute gravimeters during their measurements in hostile environments.

Keywords: absolute gravimeter, vertical correction, seismometer, atomic interferometry
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