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Abstract ;

Aiming at the influence of errors on three-dimensional fiber Bragg grating (FBG) accelerometers

used in precision measurement and long-term monitoring, an error analysis and consistency assessment method
based on Allan variance is proposed. An error model for the FBG accelerometer is established, and the Allan
variance noise characteristics along three orthogonal axes are analyzed. The consistency of the three-axis per-

formance is evaluated, and possible causes of inconsistency are investigated. By varying the correlation time ¢
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of the sample subsets in the Allan variance analysis, the characteristics of different random processes at differ-

ent time scales are further investigated. Based on experimental results, an error analysis of the three-dimen-

sional FBG accelerometer is conducted, and the main error sources are identified, providing an important theo-

retical basis for performance optimization and error compensation of this type of geophone.

Key words: fiber Bragg grating; three-dimensional; geophone; Allan variance; noise identification

0 5%

I B e AE T AR A A Ad R W RS
T R b o S R A i 2 i 2 G 2, FBG KL
PURRLRL TR WM. BRmAEIL . REE S
DL RGE FH AL I M 45 2 A B A e, Bk
hy I A AR B B AR . =4 FBG
oS G U # E A [) B JBR R 2 ] = AN IEAE T 1)
(RN A5 R, T b B B R 5 R v R RO 4
T M A . v IR — gk el e A
R 1 ] AT

BT 48 5 21— Folr ] Pl A s 2 43 A7 B
A FWI IR T X R A R AR T Y SR AE F
G HAT . EOF R E T N T AL
LY O 157 - e U G R E B T O U= A
38 A3 3BT BT AR T 22 Bt R O B[] 28 £ 7 RO 55
2. AT LUA B TR S A i o e P T
A RIZR B BEALE S . IR 1S B
5 5

PN IE S AR T — b as (] 4y 2 A5 4
) =4 FBG s B2, H X, Y. Z#iny T
BRI B4 9k 0~600 Hz, 0~700 Hz Fil 0~
600 Hz, —#hR#E 500 7.85 pm/G. 8.15
pm/G 1 6. 65 pm/G, JEBL% A4 T —Fp
=4 FBG bk 3t a2k 1F 38 HEA 4 S
10 £y B ER R SA VR AR = SR . L T AR AT
h 10~220 Hz, fz & R 8E 5% 335 pm/G,
I EBE N T M EER SRR
SR SEH ) = 4 FBG ¥k ah A% %A%, 8 i 1F 52
A B = A B 25 b S P = 2 = A SR .
SEAHIX R 0.1 ~20 Hz, SE349 R 8B 606. 2
pm/G, TE 0. 01 Hz # AR50 b 52 Wi I 77 17 ¢ W
MR EES. TESEARITT —-METE
PEBBE B — R 2 FBG = 2 i ok B R 0 4%, 52

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025

RN, HX, Y5 ZHEARIFMR
BRORE . = A>T Il % 4R 4 32 43 Sl O 550 Hez,
480 Hz F1 1210 Hz. AN 7= 8 4351~ 108. 7
pm/G. 144.2 pm/G #1 27.9 pm/G.

MAET, FXF =48 FBG hn i BT ag iEoT K
ZAET T REE . PRI 30 D LR
X R PEFZ O RE e bR . SR TE WAL
it G5 R PEAL S BB T A RE 5 T A 9F 5 R X
D T TE A2 52 e S B M e Y B 7 T
TESZBRR R, AR B AR N AT S A i 57 3] &2
T P A e . X e 2 PR G RS
SR EE .

e AR R R, AR SO T RS O 22
T =4k FBG i B 3T 2 R DR 2 A
BT o 82 SR A i 2 T 1 = Tl i 2 e O
TFRIE MBI T 22, % He =SBl 48 Oy 22 i 42
51, PPAE M RE — Btk JE At i BT A
ZEREARFEEMAIOCHT ], WS AS Rl AL 3 72 7
AN TR B[] RUBE I ) 2 390 22 S R JHLG) skt g 14
PRPERERIZ IR . % TAEAAUA BT 38 A B A 1
FENNE TR R ZEALH] . oy H S SRR 2 AME:
5iEHEPE SR A T B R SRR S e
Ferih .

1 Jm3f JE A W o 0y AR 7 2 32

4 FBG 3285 4 7 G0 19 5l R A AE 1,
FERGEWA S AAE T B T A
HA, RFERE Ts=1/f,, REMBUERFEA
KEHN N B M AL —H, BWl—4
BEA T, MH Mg M<<N/2. PR
TARBYEE] c=MTs, SRS T L i K=
N/M#H . FEXF R AR YA, A BT B B
ESAEE

http: //journal.sitp.ac.cn/hw



FaoE, F10H 4R

Hh 61

M

- 1 )

A (M) = M’EA(J b s j=1,2,K (1)
ek

i (D) = % <A (M — AT >

= M%DEEAJH (MD —/;11 (M T (2>

B I8 22 1A FBG hist B s A
BB I s R AT, RIERE T2 M
EX, R@FFRN

o @:%[AIEH () AL (D) — 20 A (D As (D) ]

(3
<A§&J>::%f“khf“<A<wA<f>Nh’(4)
T Jy t,
FL) e e FEAL AL AR 2SR A, T
HE M AEICREUH R LR R .

R(t,¢') = R(:' — ) = R(p) (5
HTMEENEEEE S, (HDESMEE
TEE B R (o) B— A E 2= |

R() — Jw S, (e edf (6)
LR (6T FE AN
— 1 =] t4 td—r P P
(AR()) = —zj 5, ¢ f)de dtJ il 0 gy
T o i L
N
T
e W semf G 2y 3.0 Sinz(rcfr)
J&::l dtJ:; ¢ df (T['f)z (8)
W5 (7Y AL
= e sin? (e fe)
(A% (D)) fjmsA(f> e fdar @
BN (A2 5 1, Tk, M
i [ sin® (nfz)
<Ak+1<r>>fjwsA<f> CPar av
MEERNHE RS EZARN
<Ak+1(l'>zik(l'>> — me SA (f) Sl?ﬁ;:{g)df
AaD

RIER (2>, L9, KA (AL,
WIAE T A AN

5 (2) = ZJWMSA(f> sin*(zfzr)

(mfz)?

df

http . //journal.sitp.ac.cn/hw

- sin (nfz)sin(2xfr)
j Sa(p e

HF A (DR—IEEHE, RAOVESEFNE
“IWAEE, B SO R-1TEER R
A2)a] PL#ErH

5 () = AfsA(f)

df (125

sin* (zfr

(K}T{Z)df
D ZHEMEBRATHEFER
2.1 MiEREITEWRE

FBG =4 N Bt X =iy s e ik, 1R
e, JEEMI ALK, HEMETEZER
FE T AR AT S0 R0 e By . 5] B R e
T H N ERBETS P A ARG . SRR B 25 iR
TTEERW TR RNIBIRENREE. &
R B SR S A DR B N AR S
FTABERMERZ,. SRBEREWREERBY
R AR RN AEE S EE, AW
R T ML, W T EERELE R .

T FBG = 4E ke aF L, WAR=HZE
BEA—F, WRSFHMELERE S M
MEERE, ZHmRsERS—3, A5
NSRS . W AER, E. KRS
MEARRE, FEEERNES S EE N
TN Ay, T A E R AR B . 3
P4 0 R T 0] DL AT M A IR AR AR B A
AR Sy, RS A e 2.

T FBG = 4 i B ok v, 4l A) & 4
52t Eiise. — Rk A Y
WA MR B R LIS RSB, R A e
FAEARREMNTE, FEGET R, AWIIA
BRAM RS S R M R L B T B A
BRI S R A3 e I A W N P AR S e, 2
& R = R O R —FE . & S 80nE E
B IR, AATITHE DA B ) BE AL
o3
2.2 FBGHERA

HAET, JCEFEMin EE A EH AR G 28
EEA BRI S AR, ShsE AR
Al T e D ) A 2 R R K 50 s A R ) R

(13

INFRARED (MONTHLYY/ VOL.46, N0.10, OcT 2025



62 . Ab

2025 4F 10 H

Mo EEPrflE b, BRI TREL. B4k
LR AR )RS L3R 2 S BOME LA SE L 58
LRSS . WO A R, X AR
B 5 P28 B 51 FBG 7= A WA Mk v . B Ah
PRAR A B AR B I RORG R PE L e A
PSR B R LA R B AT AR E T . X T4
REAE BRI WA RN AR R LR 5 1A
BERLIEA R . AEB A& 5 22 70 #r 18] v J2 2R B
S BEALIE o

PP gt o 2 AN o ] Y6 £ P i - ' Al
Brgess . MARAS LR BR T BRI A 50 S 5
WA [R) R, SR, I 2 Y FBG G LR B A
TE S A B[R] 058 B2 45 4 s B oA IR
R CHANERIR SR IT FBG B [ A7 55 3 )
SRR, TP S0 A S i v
o RS T RE S R AR AR I R AR A . SR
o7 AR A 3o ARG E T 2 A1 DAy Jon e R 15 Y
PLIERS . & R FBG = 4k fin 2 J32 4 6 4% 19 =l
P10 S5 0 A Al 5 SR RG22 o TR R A 4
BT e By B[ 450 G R o AN Al g
ESEIWNE i IRIR S A VA RE 3 e - S W
PR 3h v] BE 5 80— 4 FBG 3 850% B J 2%
A RERAL AR N IR E (R 5. IF LIRS b
P R I8 20 R B S i v 28 B A ok € R L
i .
2.3 RKMBREBEES

DA gt U R R FBG i B AL R R 4o
(1 S 2 B 73 . HE MRS R L R R G
PRAG IR BE 5 7 B . M P BRI T
P R T oG M RO AR S AR B R X T
FBG I 25 sl S 5t . Hal B Rk
RS I B AL L T 0] P15 A - IR 2 (F-P)
B 1) 1 0 e R R TR MR 31 CCD #DlG
TR A IR A B B i R
PR v ] A I R A R . DG SR TR b 5 5
HAZ R B A TF O L e R {5 5 i R /. e
HLPR DN R AR5 S 5 Oy LS S i e b &
AR MR 75 FIE FL RS . OR g 2™ R e
e e 7 00 R 7 DAL e T IR O L

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025

5 RS L K A e £ 7 )

X L R R R e AL
I LG LR 2L LA 4 T DR A % 98 2 GE e fg . St
FRPEAR [P 24 1 1) T (B4 7 2% . AT LA IR
51343 B AR () 280 41 188 75 4
3 R E RS EFIRR R
3.1 CHREBRRAEREERD

¥ FBG h0gk B i [ 2 FARsh &, e 1
FTm . 5 2 58 (0 SRAE R ] 0. 2 ms. 3R
BERCHEAC B 60000, 541 S N 3 s, [F)
R X, Y. Z SRR, BT AT B4R 7 2% i
AN 2~ 4 FiR,

1 SLE 450 R 5 K

MR 2 A 1 n . X b A 32 B
N A AN E W G AR Ho, R
PR R GURL /N Al AN RE R 3 BRI
TR R G R AT MRS RO 2T AR R Y
R SPERON . 74 AR R B0h . X gl
BEPRERT Y 55 Z 8. X0 s nl
AE A% AR S A B B A X AR BT 2L, & 3 7
K4 pyBrfe s 2 ez DA, YiS Z
el Py R P 2R B Ak T B AR ST HL R A O 2
AT, FEIA X Pk LR S A A8l e
5 W I ] fiE
3.2 ZHKKBREEFSN

T JEE T A 2 AR BE AL, X L I
e AN i ) B e Bt AN [ gk o BT 48 T 223
L T8 RO R AR i 28 o oA T 22 55 AR DG I ] ) G
Z B A RS O3 ik R AN TR BE AL I A B ik

http: //journal.sitp.ac.cn/hw



%46 £, 10 a b 63
0.15 . - . . . ] : : ; ; ;
(b)
0.01 A i
-
Hy
R
&
= 0.001 - ]
_015 1 T T T T T { IE_4 T T T T T T
0 2000 4000 6000 8000 10000 12000 10° 100 10> 108 10*  10°
i8] /ms fs} 1] /ms
K 2 () ZEEFASMNT X HE HES: (D2
0008 T T T T T 3 T T T T
0_ -
@ 006 (b)l
0.004
< 9o
ﬁw 0.002 bt
4 0.000 R
= 21041
& 0002 Z
~0.004
-0.006
008 T T T T T T 1 10_5 T T T T
0 2000 4000 6000 8000 10000 12000 10° 10! 10° 10° 10*
fif 8] /ms I [8]/ms
K 3 () REFHFAZMT Y #irfhES: (g 224k
T T T T T 10_3 i T T T T i
0.004
@ o
o
H
+§ 10744 E
S
=
~0.004
~0.006 -+ T T T T T ! 107° T T T T
0 2000 4000 6000 8000 10000  1200( 10° 10 10 10° 104
A (6] /ms i 18] /ms
El 4 () REFMAZMET 2 BES: (WBEr 2k
A1 iR AR AR
Hhn) Q(m/s) N(G/h"?) B(G/h) K(G/H"*) R(G/h*)
X g 6.4X107° 8.5X107" 1.6X107° 9.1x107" 2.5X107"
Y 9Xx10* 4X10°° 3X10° 4X10°° 1X10°°
7 5X10°* 2X10°° 3X10° 2X10° 1X10°°

http://journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025



64 . Ab

2025 4F 10 H

MIZ A AN 4 L 5 53 00 A RS B W 7 o 1
AANTRVEER e 6 T B R 00 . SR AR N ]
W, FEA TR BRI D, B OGN il
AL 7 0 J3E ARSI i B B2 W 5 i R
AL 2 A 0 B A AR E . B
HHE T ARG 2 KN BB 5 7= A B IR 1R
22, XL ARG E AR BT

i 1 ARSI ] 0 BT 48 5 22 4 70 B 45
ST % A TN ] BE P T M AR g IR R

RY B AR B R R AR TR R A [R] ) 08 U
oAk R R AL E P Y (E DE O R R
SR AR BN A A s S 0 e AN B
A BB 2 R FH L B D S e it

B Xl B EEAR R o 4 4. 641, 8
AN 10 41, XN B AH SCEF B 23 30 R 3 sy 2 s
L5 sl 1.2 s, dEak il B 48 J7 26 WO 4 th 26
SRR BENLE R . A5 E 5 AR 2 BT s i i
7 22 i 2 g s R0 .

@ ®)
107 A 107 1
9 o
H #
R R
g E
2107 | < 107 T
107 <= ; : : ; : 107 . . . . .
10° 100 102 100 10" 10° 107 10° 10" 102 10° 10°
F+f 18] /ms i 18] /ms
() @
10721 107+
9 <
Ha H
I R
: EN
2107 1 < 107
10_4 T T T T 10_4 T T T T
100 10! 102 10° 10* 10° 10! 10 10° 10*
fF [8]/ms i [8]/ms
K5 AREAEHTIG s, 2s, L5 s 5 L2 s)F XAk iy 22 ihk
A2 RRBRRET Xtk R4
B 1) (s) Q(m/s) N(G/h"*) B(G/h) K(G/h"*) R(G/h*)
3 6.4x107° 8.5X107" 1.6X107° 9.1x107" 2.5X107"
2 5.8X10°°? 8.4x107" 1.3X10°° 1.2X10°"* 3.6X10°"
1.5 5.4X107° 8.4X107" 1.3X10°° 1.3X10°° 4.6Xx10""
1.2 5.1X107° 8.4Xx107" 1.4X107° 1.5X107° 5.3X107*

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025

http: //journal.sitp.ac.cn/hw



546 45, 55 10 1 e Ab 65
10—3 10—3_
(@) (b)
Q <
e e
N EN
g10™ £ 1071
= 2
1073 r , . ; 1075 T T T T T
10° 10! 102 103 104 107 10° 10! 10? 10° 10*
B[] /ms B [8)/ms
1071 1 1071 1
© @
9 9
e Hd
R R
E 107 1 E 1074 .
< <
107 T T T T T 107 T T T T T
107! 10° 10! 102 103 10* 107! 10° 10! 10? 10° 10*
B [8]/ms i} 18] /ms
B 6 ANFEAEHHE (3 s, 2s. 1.5s 5 1.2 9)F Y B kIe iy 24
A3 ARBERET Y $hag=k & R
B TE] () Q(m/s) N(G/h"") B(G/h) K(G/h¥*) R (G/h*)
3 9X107" 4X107° 3X107° 4X107° 1X107°
2 5.3X107" 4X107° 1.2X107° 1.6X107° 1.9X107°
1.5 5.3X107" 4X107° 1.6X107° 2.4X107° 2.2X107°
1.2 5.3X107" 4X107° 2.4X107° 3.8X107° 2.6X107°
K S ME 2 ATLIE . HEFEAM g3 1ES

I ] P 4, REARIRAS 0. 0064G & M8/ 2
0.0051G. iy BR & |t Al M 5 28 X000 A i 5[]
AL, IR AT REIR T LA R . AN [R] R 75
o3 B BN S BOR AL S iU A R HOF AR AR 1
SE 5l 58 BRI BCRAE SR AR R T B4 5 22
AR THAR . T B R ML T A A O 1 s PN R B
PLIEFS B AR 4528 . HBUE R B R 4 A I 8]
FREME . F i AN AR E PR IS b AN Bl s (] 722
b, b Bl B N B T REE R G Y 2

http: //journal.sitp.ac.cn/hw

T B BE AL S () A8 A RT RE VR T B R A5 4
FIANTRRE Mk F X Y £F it T isf A8 25 4 PIr 2
TS R 3R 1% A5 A D0 T R R P Ay e s ) R -
ISV IEECE IR S

WY BREARE R sy A H, 64, 84
110 4, XF R A A SE B[R] 23 50k 3 sy 2 s,
1.5 s Ml 1.2 s, FrisPalfe Jr 2= ph 28 Fmg s R 4K
FWE 6 FE 3 Fin.

B & A OGRS B) « 946 0, bl R A0(Q

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025



66 a b 2025 4F 10 H
107 ' ' ' e 107 1
(a) (b) J
o O i
: £
Jr;10“‘- . = 107
2 2 1
10_5 T T T T 10_5 T T T T T
10° 10! 102 103 10 10 10° 10 10? 10° 10*
i 18] /ms i [8)/ms
10_3_ T T T T 10,3_ T T T T
© ] @ i
< © i
i T W
JI'Q —4 | +Q 10—4_
P 10 E i
< 1 =
107 T T T T T 107° T T T T T
10 10° 10! 10 10° 104 107! 10° 10! 102 10° 10*
i [8)/ms Bt 8] /ms
B 7 RNEFERE3 s, 2s, 1.5 s 5 1.2 9)F Z #liib ey 22 ih 2k
A4 RREBRIRET Z 4ok p 25
A 8] (s) Q(m/s) N(G/h"?*) B(G/h) K(G/h¥*) R(G/h*)
3 5X107" 2X107° 3X107° 2X107° 1X107°
2 2.1X107" 2X107° 3.1X107° 2.4X107° 9x107°
1.5 2.3X107* 2X107° 3.8X107° 3.9X107° 1.5X107°
1.2 2.5X107* 2X107° 4.2X107° 5X107° 2.1X107°

EDZ W/, fE 1.2~2 s i B R KRR E
X — R R A RS R RO B IR — 8 3
s Kb Q B Y S A2 Ak T RE J2 52 1) LA R 75 1 7>
T, I BEPLIFE R BN ED) A R 5 A
AR AF A FLRE I A AR A ST B R AR BT R
JEREALE R B EN: . TR AT EVE R A
(BAED Bl 108 /s A7 P 3l (A B ) ik 1
BARIKF Bt 2 i ) R4 AR 1k o i
AL 38 2 28 80 (KD 0 s 2 R 3 R B0 (R {ED
T8 1. 2~3 s Z [l BLBE S . n] AE 1 T4k i 1]

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025

REEFFE K M5 5 R WA R £ 2 X8, $os
FaE Mg 2 .

W 2R o 4 H, 64, 84
10 41, XF R B H LI R 43 R 3 s, 2 s,
1.5 s M 1.2 s, FrAgRfe s 22 i 4 Ak A 5 4L
FANE 7RISR A PR,

SO T 53 ARIHL RS R RO 0 46
R, AR RBCL S, HE K AT RRTE T
AN [ W 7 B4 1) 2 0 A 75 it A IR 75 1 4L R 4K
IR TE A . R BEALIEE R B A S

http: //journal.sitp.ac.cn/hw



5546 £, 55 10 )

. A

67

etk R RAFA R E A S B AR
PR AFFE W B, (R B AR A A F AR K
- e R R A R Ak
BLUEAE 228505 B AR R AUAE 1. 2~3 s X ]
WA DS, HIREFEAEFZE RS, Ik K
MR 5 R MRS Y S X

IR AT AR R AR R
R G R, TERK I B oy LA 4
K7y Z W R E RECEA
BEANARREPE 2R B v BE AR 1k 5 AT 0
K B84k 0] R R T 4% JER 45 15 Ny ) sl 25 4 1% 1t
U B INNER 75 5 T o 3 AR e R 00 A £ )
A g DR A B RO O R i M 7 2 S X T
., X T FBG =4k hn i ok vl —HAY FBG
B M A TS0 =l i e AR s e, A
b, 7E A ) RUBE A AR S I o v, 5 T G
T TS IR S X ARG U A 14 5
4 & FiE

ARSCHE T BAE T 22 J7 8, X =4k FBG i
PR TR 22 R HEAT T A A BT S — BT
ffr. RGEWF5 T FBG B2 7. LR 45 4
S 2R X B AR 7 25 05, 38 2k X L A3 B =
BTfe Ty 22 i Ze i S 1), R L — Al M pe R
RAF 1 —20rE s 5 AR A B ] . IR AIFSY
TSR] B[] B P 4% S B AL I 75 1) DT ke .
o AT AR R B R RO T MRS 22 5%,
JE SR EAME . PR SR E ML 2 e T
WSS R . AT H T — B B A SR
BLER A7 2k B AME RN AL, 32 DR e
T X A o A R A ke 5 B T A

PP T TH T AR 5C AR .
% Sk

[1] Shen H, Zhu Z, Lu H, et al. Development of a
Sandwiched Piezoelectric Accelerometer for Low-
Frequency and Wide-Band Seismic Exploration
[J]. Sensors, 2023, 23(22): 9168.

[2] LiJ, Shen B, Zhao D, et al. A High-sensitivity
FBG Accelerometer Based on a Bearing [ J].

http: //journal.sitp.ac.cn/hw

[3]

[4]

[5]

[6]

[7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

Journal of Lightwave Technology » 2022, 40(1) ;
228-236.

s BRIE. B/NK, S G R R R
mECE R (] a5 #sk TR, 2025, 54
(4):146-166.

Teng Y, Wang Y, Tang Y, et al. A new L-
shaped rigid beam FBG acceleration sensor [ J].
Scienti fic Reports, 2022, 12(1); 12511.

Ko, 250K, D, AR T HERBOL A AR hi A%
JCH PR B AL RS it [T B (R 3%
3. 2024, 17(6) : 1450-1457.

Xiong L, Guo Y, Zhou W, et al. Fiber Bragg
Grating-Based Three-Axis Vibration Sensor [ ] ].
IEEE Sensors Journal » 2021, 21, 25749-25757.
El-Sheimy N, Hou H, Niu X. Analysis and Mod-
eling of Inertial Sensors Using Allan Variance [ ] ].
IEEE Transactions on Instrumentation and Meas-
urement , 2008, 57(1) . 140-149.

Cheng W, Nie G, Zhu ]J. Characterizing Periodic
Variations of Atomic Frequency Standards via
Their Frequency Stability Estimates [ J]. Sensors,
2023, 23(11): 5356.

Ishizaki T, Ichimura T, Kawaguchi T, et al.
Higher-order Allan variance for atomic clocks of
arbitrary order: mathematical foundation [ ] ].
Metrologia. 2024, 61(1): 015003.

WRIT e, hE . AR . S5, J5l b iy U R AR
WAL T [T, SMEMFER, 2024, 12
(4): 18-24.

Liu M, Fan Q, Zhou Y, et al. A System Phase
Noise Model for Frequency-Modulated MEMS Gy-
roscopes | J . IEEE Sensors Journal, 2021, 21
(14): 16124-16133.

ARRM . AR, X, AE. BT BP 2 ) 45 R
RIBIOL LR B B8 4wl SO AN R [T, Mk
238, 2025, 54(6): 1021-1030.

Wang C, Cui Y, Liu Y, et al. High-G MEMS
Accelerometer  Calibration Denoising Method
Based on EMD and Time-Frequency Peak Filtering
[J]. Micromachines, 2023, 14(5): 970

Liu Q, Liu B, Yan C, et al. A Broadband and
Highly Sensitive Fiber Optic F-P Geophone With
Low Crosstalk [ J]. IEEE Sensors

Journal ,

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025



68

. A

2025 4F 10 H

2025, 25(8): 12703-12710.

[15] Lu K, Wang X, Wang B, et al. A high-precision

online compensation method for random errors of
optical gyroscope [[J . Measurement, 2023, 222
113616.

[16] Bai Y, Wang X, Jin X, et al. Adaptive filtering

for MEMS gyroscope with dynamic noise model
[J]. ISA Transactions » 2020, 101 430—441.

[17] SunS, Wu Y, Pang K, et al. A High-Precision 3-

D Vibration Acceleration Sensor Based on FBGs
[J]. IEEE Sensors Journal, 2025, 25 (2).
2321-2330.

[18] Zhou R, Chen F, Li S, et al. Three-Dimensional

Vector Accelerometer Using a Multicore Fiber In-

[19]

[20]

[21]

scribed With Three FBGs [J]. Journal of Light-
wave Technology , 2021, 39(10) : 3244-3250.
Qiu Z, Zhang Y. Three-Dimensional Low-Fre-
quency Earthquake Monitoring Vibration Sensor
Based on FBG [J]. IEEE Transactions on Instru-
mentation and Measurement , 2024, 73. 1-9.
Wang H, Yan B, Liang L. A 3D FBG Acceler-
ometer Based on Two Pairs of Flexible Hinges
L] ]. IEEE Sensors Jowrnal, 2021, 21 (19):
21586—-21593.

XUERIH . #HSE, Froft, 4%, FBG ik B 14 &
RGREHLIR 2B 2 SL g E e [T, SereF -3
3. 2016, 27(5) . 468-472.

(L% 22 70

[92] Dai Y, Li X, Zhou F, et al. One-stage cascade re-

finement networks for infrared small target detec-
tion [ J . IEEE Transactions on Geoscience and

Remote Sensing , 2023, 61. 1-17.

[93] Sun H, BaiJ, Yang F, et al. Receptive-field and

direction induced attention network for infrared
dim small target detection with a large-scale data-
set IRDST [J]. IEEE Transactions on Geoscience
and Remote Sensing , 2023, 61. 1-13.

[94] Zhu H, Liu S, Deng L, et al. Infrared small tar-

get detection via low-rank tensor completion with
top-hat regularization [J]. IEEE Transactions on
Geoscience and Remote Sensing, 2019, 58 (2):
1004-1016.

INFRARED (MONTHLY)/VOL.46, N0.10, OcT 2025

[95]

[96]

[97]

Lu R, Yang X, Li W, et al. Robust infrared
small target detection via multidirectional deriva-
tive-based weighted contrast measure [J]. IEEE
Geoscience and Remote Sensing Letters, 2020,
19. 1-5.

Zhao B, Wang C, Fu Q, et al. A novel pattern for
infrared small target detection with generative ad-
versarial network [J]. IEEE Transactions on Ge-
oscience and Remote Sensing, 2020, 59 (5):
4481-4492.

Kim J] H, Hwang Y. GAN-based synthetic data
augmentation for infrared small target detection

[J1. IEEE Transactions on Geoscience and Re-
mote Sensing , 2022, 60. 1-12.

http: //journal.sitp.ac.cn/hw





