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Research on FOG Scale Factor Hysteresis Error Compensation Based on
GSA-LSTM
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Abstract: Fiber Optic Gyroscope (FOG) is the core component of the fiber optic strapdown inertial navigation system, which
has been widely used in aviation, aerospace, navigation and other fields. The scale factor is the main factor affecting the dynamic
performance of FOG. Because the photoelectric devices inside FOG are highly sensitive to temperature vaviations, the scale factor
error will be produced under the influence of temperature, which will affect the precision of FOG. In the variable temperature envi-
ronment, each photoelectric device is heated unevenly, which leads to the hysteresis of the scale factor error. In this paper, the scale
factor hysteresis error of FOG is studied, and a multi-temperature sensor measuring system is built. The source and characteristics of
the scale factor hysteresis error are determined by the experimental results. Based on the above analysis, an error compensation algo-
rithm based on gravitational search algorithm (GSA) and long short-term memory (LSTM) network is proposed. The parameters of
LSTM network are optimized by GSA, and the LSTM model is used to compensate the scale factor hysteresis error. The experimen-
tal results show that the peak-to-peak value of scale factor error in the whole temperature range is reduced from 835.1x10°° to 38.02x
10 by the proposed algorithm. By comparing with the compensation results of multilayer perceptron (MLP) and traditional LSTM
algorithm, the effectiveness of the proposed algorithm in scale factor hysteresis error compensation is further verified.

Keywords: Fiber optic gyroscope; Scale factor; Hysteresis error; GSA-LSTM

Citation: WANG Fei, WANG Yihua, ZHOU Yuan, et al. Research on FOG Scale Factor Hysteresis Error Compensation Based
on GSA-LSTM[J]. Journal of Telemetry, Tracking and Command, 2025, 46(3): 98—104.

HEEWE . Py EOA IR (2024GX-YBXM-199)
WS HER: 2024-11-29; 1&EIHEA: 2025-01-22



2025 45 H

E N OE F <99 -

0 5l

Fe£F g2 (Fiber Optic Gyroscope, FOG) &
— Fh L F Sagnac K0 (B2 W 580 ) R4 [ 25
AR A, BATH) M H TS L ALK
Wk . JTC NG JELT PE IR RS
M SECLFHEIR I T R FAURE B2 T, SR
F G 27 HE IR T 2R G0 X DG £F B B Y TR IR Vi
DL K N6 05 B A A AR R B EESR o X Bl A N A 45
B, bR EE PR 25 WA T 20 G 2R B BRI kS
B EZ R,

JEEFBEIRAE  mokS B e R e, HNT
FEUE . SGEFI LY U A A R IR T A
B, YR AR AT, 2 RBEOLL RE IR AR B B
BAL, AR REORZEY, BT AR R 2=
W R R B 2%, 5 2 A g 4 00 e B R
A, 26 e 1 W) A P ad mle i) s 52 PR B8R
ZHEAAELME . BAh, Y T ARRE & A AR
N BRSO HL A 1 A i B AR AR AR S A 1, BB
JEE PR RS ik B e 18 B — S B S e, AR T AR
FEREOR AR 25, dE— 2D HE I 1 A B PR AR 22 b
PR MERED

AT, 152530 51 X0 A B2 PRI B 52 22 1 411
HHEAT TAFSE . 2R, MOt as Rl T2 -
PEAT OB AL DT T B IR A s e M BE R . AR 15 o
MRS, PAAMER Iy XRe e LS ks B L K
BAS 1 7 2052 BUAR B PR R 25 A, s AT e
W BE e . SCHk[6]4: 57 T SLD  (Superlumi-
nescent Diode, #HRFT &G TMAE) SR I Pl A
SO B AR A AR AL, IR R DAGE R AR A R
R AR A A i A BE DR BB 25 AT A
SCHR[717% J& T I 32 70 A 0 2306 A B2 DR 50 1) 5
PR T — OB A (B P A MRS, X R B
LR PR MR AR B I BIOR 2 TSR A, e T A
T T PN s B R BSOS B2 . SCHR [ 1R AT J Wit
LG AAME R 7, BRI T B2 DR B A it
WA LA M AR 2t iR 2% . SCHR[91R A T BP (Back
Propagation, S [If&4E) #2848 X hr B D iR 22
PEAT TAM2:, F17% B3 BP #2428 7E )1 4t 72
255 W A Jmy 3B fe e i In) 8, SR R 3t A% B 1 X i 48
W24 B S EGHEAT T 00k, 1207 TR A B DR R 22
W/ T 95%. SCHER[10]38 28 W 5 GLF 36 24 1Y
AL, T 2RISR AMERLR ) T

T

AR PR T ST BR 52 AR 1 &) S BN R IS 2K
LTI 7 AR AR R 2, (H R T I O H A R
JEE Tl Fe BB R S

BE T ARG SCHR R T 20 B, B 0158 25 4
T RZREG F &2 ML a L R ] 51
AbR R B R JE e iR 22, DL AR IR IR EE 51 1)
P B DB R IR A PR 22 0 AR SCE BB K IHIE 12
(Long Short Term Memory, LSTM) 4% X}f4E4k P
BE AP 9B E 2= S e 0, MAS TR et
2%, LSTM [ 4574k BRI Fr 81 A 6] P 51 43l
B B . LSTM W 2% RE A% Xof S A 11 1Y) LS U T
HEATTIUI 53 U R AR AL (R S, B R b
PRIEGR W R 22 ARG B . oAb, Tl 5] I REA
7% (Gravitational Search Algorithm, GSA) X
LSTM M2 i) S5k A7 500, vl LASE = P 48 19 4 sy
FRTRACALRE Ty o P, ASCHR Y T — Rk T
GSA-LSTM FY#h 25 1 X L 27 B 8R4 B PR H0R i
REPATAME , BT T AR I BOR R R 2 Y
VR, HIRAA T GSA-LSTMFi ik, RIGHIT T
PRE I IT AT T IR AR, B JE R TR 25 R
TR AR o

1 EEFPeiB iR I HUR i iR & K iR

1.1 AP RIE R AR E B IR E SRR

BT R IR CAF BE IR B a5 an il 1 PR, AR R
PR MOE AR RS . HHOR A E A T A
2 Sagnac T, HGIE . YELIF. MIGA. Y
P P F TR A . SR R A R, AT
TS e NGBS A RT3 B AT A7 i ) PR SR R AR AR A 25
A5 W RO AR T 95 e m B R AR ARk . L H B
SPAS T —AOGHAE S T, OGRS
[ETINE 05N SN (= B LSS e A oL
Sagnac AL 5 | B 1 T W Ot B2 (1 284k, i A LD A%

()

SELTBLIRRT

{5 T4 i

INEVION T

A/DFEAAR

A1l HFMIILL R EMTER
Fig. 1 The digital closed-loop FOG schematic diagram
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Fig. 2 The temperature measurement system of FOG
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Fig. 3 The temperature field measurement results
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