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Temperature error compensation for digital closed-loop
fiber optic gyroscope based on RBF neural network
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(School of Instrument Science and Opto-electronics Engineering ,

Beihang University , Beijing 100083, China)

Abstract: A scheme based on Radial Basis Function (RBF) neural networks was designed for tempera-
ture error compensation and the scale factor error model and the bias error model were investigated.
Based on the temperature error distribution of Fiber Optic Gyroscope (FOG), a scheme combined
scale factor error compensation with bias error compensation was designed for temperature error com-
pensation. A separate algorithm based on multiscale analysis was used in the preprocess of modeling
data for higher modeling accuracy. Then, the two RBF neural network models were developed and
their learning algorithms were improved to avoid over-fitting. Finally, the effects of the models” input
vectors on the models’ scale were discussed as well. The simulation results indicate that Residual
Mean Square (RMS) of the scale factor error model is 0. 73 (bit/((*)/s))? and the RMS of the bias er-
ror model is 0. 051 (bit/((*)/s))*. The error models can satisfy the requirements of real-time temper-
ature compensation for mid and high precision FOGs.
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Fig. 1 Scheme of temperature compensation
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Fig. 3 Testing results of temperature error for bias

4 HT RBF B2 o0 2% i il BE 152 25 B B

Fig.4 Temperature error model based on RBF neu-

ral network

i 2 R 2 TR, g L R 2 TR R [
BORZERRL 500 BLK JEAT Al R I )
AP NI N S R R PPy it DR AN
AL AL RAOCE AR B AR AT ¢ 1
ZEorfEAN T, P Z H TR R

E = EuyBl‘f‘(XB;CBi,GBI‘) -
i=1

Ew&exp(—M) , (7)
i=1

3
2ok
m
m . -
K = Ewmf (Xk3Cxiroxi) =
i=1

m X _ j ) 2
> wriexp(— X =Cu %y (g
i—1

20%;
b, £ o B2 A% ) 3k oR B 3 Bk R T R
AR Xg=[At,t, Pl Xk =[t,Plim.n K
J2 BB G C S % A ) 25 [B] () RBE Hty 5
VIS on o I RBE B 98 B 5w w2 4
HEAUE .

PS80 35 SR T 1E A8 e/ 3 (OLS) 1 1 37
112¢ 20 OLS #2417 H F o s B R 58 07 ik
BE MRS T RBF M2 /) RLAL, & 4% RBF W 4%
FEAERANR B )3

M
vG) = D (Dw; +e(G) (9
i=1



238 P o

K% T

516 &

A y(DG=1,2,  ND R B s e () R 5R
28 5q: () I M3 7, R BaUZE 1 SU7E A W) g A
TN f(X;5C 0.
K (DG A
Y=QW-+E . Q)]
KA 10D 14 S B2 [T U B3 7 g e 4%, A 2R
W T IAHERE Q. 5t ol F 2k 1 e/ — 3 vk R 3K
fAE A W, R Gram-Schmidt 1F 32 {75 &
¥ 0 ot
Q=UA , an
K. UMXME E=MAKE, AN NXMHPIE
AR B 2
ATA=H , 12)
A H g xf R A AW=g, 5 (10) AT 5
H

Y=Ug+E . (13)
(L3 A e/ N e i h
g=H 'U'Y , (14)

% 2 (13) 43 1 BT AN AR 56, A5
M
Y'Y = > glulu, +E'E . (15)
KXrbou HUMH . g AR g PRILER.
FE SCIRZE I NF N -
e=gulu, /YY) , (16)
N

1— Es = E'E/(Y'Y) . an

Rt C17) AT S, e, 80K AH X iR 22 ETE/

Y'Y/, FbE R e, KAEIEE T

qio R EBFEERERITE T g, HE L F
FIAE B2 19 5 Bl = (18) BT -

1— Ze, <p> (18)
SRV SN Sl &2 vt il IS I = A g A R 1 3
RBE [ 08 H 50 p= 1 2 i 6 19 745 VF (.
B, anfef 6 £ RBE HoCs (14 [n) 80t AR B T 464 10 15
F Q] DA A 225 R H 1R R OC B (R H - 4 A n

5 RBF A2 W% EHRAMEL R
g T B b S o BB R 4 U

AN UEFEAS  YIZRFEAS FR T3 R 25 250, ik
FEAS R A6 0 265 2 A6 1k RE » 36 UEAF A 30 2o ) 4%

FEA B 22 S O AR R IR IE IR 22 . BRI — B
B AL EHIE MG T B IE iR 22 S E R
ZETE T UGN IS AS Uk /) J2 T 3G s )1 25 ) 2%
25,
XA R R 22 AR S R E 5 prow . il
Gim2Z LK 6 rn., MBS 5 NRJZT
B LER2Z 5 (SSE) K 11, 7 (bit/((°)/s))?,
RMS 3 0. 73 (bit/((*)/s))?, HHE X RMS=
SSE/(N—M) ,N Hfg A &8 H . M R W 45 2
EEEE . AR AR R A L T
AR JE T S A IR R ) SSE L RMS 43 1] ik )
12.1 (bit/((°)/s))? F1 0. 86 (bit/((*)/s))?,

19265
19260+
19255+
19250+
19245+
19240+

19235}
19230+

Scale factor/(bit/((°)/s))

0 3 6 9 12 15 18 21 24

Calibriting spot
Bl 5 B DR RO B AR 2 A 4G R
Fig. 5 Result of temperature error model for scale

factor

450
360F
270+

180F

SSE/(bit/((° )/s))?

90F

35 40 45 50

20 25 30
Epochs

6 bR B DS B0 B 1 25 M A 2 o] il 4%
Fig. 6 Learning curve of temperature error model

for scale factor

Xof i 1% 25 T A5 S B 7 TR I SRR
ZL K 8 fran. M4 & 30 AN 2 A,
SSE 3} 273.22((°)/h)? \RMS 0. 051((*)/h)?;
A HUH e A R R R A A 1) o ) 240 AN BR
2T A e TR AL iy SSE L RMS 4> B3k 5 265. 1
(/2 10,05 ()/h)?,



52 B VLA T RBEF M R 45 0 80 P PR O 2 B MR 2 1R 25w 239

21 A T R IE R AME T SR 4 B IR 1R 22
205k B SO 10 £F B BRI AT T 3L 8825
ser T 2 3 Fe L SCHE B 000 38 4 P T8 7 AT T 0
Azl(i 900 1800 2700 3600 4300 5400 AMEHT S AR EE PR B 22 A O B AR E R D &
st RFE 1R,
&1
26000 8002900 3600 500" 5400 Rl BEREIMIER
= 6 Tab.1 Results of temperature error compensation
; ?)-, ety O S ~ F B TR i 22 it B A2 E P CCD /D)
2 i 3 . . 1 . . . FMEHT 9.97x10" 3.25
0 900 1800 2700 3600 4500 5400 IS 7.23% 10 0.31
#10's
702 B R 6 »
Fig. 7 Results of temperature error model for out- - ¥
put bias
R JUAS SCHE H A 3 T RBE 28 9 2% 119 il B2
12000 DR 22 HER 5 v L A B DR H0IR 22 AL 1 RMS 3k 3
| oo 0.73 (bit/(()/s)*, ffi B % 22 B ) RMS 3% £
=00 0051 (bit/((*)/s)* B EL 8 ] LAIE 1T F o . # A
= ool FERGCETREIR T L 3 2R A L | A 8]
Z ool TR PRI 25 10 0 T 5 L i A I 6 2 A0S T L
of o B PR R 15 2 A Rl 5 15 22 55 R %) B ASE 5 ] Dk
050 A5 T30 35 T30/ 30Y0M 254 3k 5T B SN IR HE AR B0 T A
Fpoch L e o I 5% 22 2 1 0 45 8 % < A £
B8 i UL E 1 2 1 0 2 it 2k e BRI JBE PR 3R 22 Al 5 A P 249 B b o T e 1
Fig. 8 Learning curve of temperature error model 2510 1%,
for output bias

SE K

[1] BURNS W K. Optical Fiber Rotation Sensing [ M]. San Diego: Academic Press Inc, 1993.

[2] TIAN H T, ZHANG CH X, JINJ, etal.. Effect of modulation frequency jitter on coherent detection and its elimi-
nation algorithm [J]. Opt. Precision Eng. , 2007, 15(4) :604-610.

[3] PAVLATH G A. Challenges in the development of the IFOG [C]. AIAA Guidance, Navigation, and Control
Con ference , Austin, Texas: AIAA, 2003. 11-14.

(4] Z#HB.FEL2.F0L.F. JCLFFEIRIR L AR R BEE LR 2 e (1], & %4y & F R, 2007, 19(9):
1922-1924.

WANG X G, L1J L, XU H L, etal.. Research of FOG’s error modeling based on temperature and scale factor
nonlinearity[ J]. Journal of System Simulation, 2007, 19(9):1922-1924. (in Chinese)

(5] akoms &, A oe X ML ER O e 4R 2 O 1Y 1 32 AR5 P 1 3 20 [ IR A e . SR 5 0K . 2006, 32(5) 1 738-740.
ZHANG P F, LONG X W. Analysis on temperature characteristic of mechanically dithered RLG’s bias with a
method of stepwise regression[J]. Optical Technique, 2006, 32(5) :738-740. (in Chinese)

[6] BIAN H W, JIN ZH H, TIAN W F. A projection pursuit learning network for modeling temperature drift of FOG

7]

[C]. Neural Networks & Signal Processing Conference, Nanjing, P.R China . IEEE, 2003 87-90.
CHEN X Y. Modeling random gyro drift by time series neural networks and by traditional method [C]. Neural



240 e K TR %16 %

Networks & Signal Processing Con ference s Nanjing, P.R China: IEEE, 2003 810-813.

(8] Zebef, LapJF, BRMAALE, . LI KIS RBF 28 0 2 AR rp M 78 iy 40 L7 9 [T ], 6 5 4% % £ 42, 2005, 13
(Supp. ) :227-231.
LI M M, GONG ZH B, OU-YANG H K, etal.. Strategies to the noise contained in experimental data in RBF neu-
ral network model[J]. Opt. Precision Eng. , 2005, 13(Supp. ):227-231. (in Chinese)

[9] HAMF M, KOSTANIC 1. Principles of Neurocomputing for Science & Engineering[ M]. USA: McGraw-Hill

Companies, Inc, 2001: 71-106.

[10] B4, kA RES.F. LT/ ORIRER BB T+ BR R AR FR, 1999, 7(4):58-60.
ZHOU ZH, ZHUANG L J, XIONG ZH N, etal.. Trend extraction of gyro’s drift based on wavelet analysis[J].
Journal of Chinese Inertial Technology, 1999, 7(4):58-60. (in Chinese)

(111 #E|. ks ARk o8 AIM] JE50 AU Tk iH: . 2005.:107-125,

YANG J G. Wawvelet Analysis and Its Engineering Applications [M]. Beijing: China Machine Press, 2005:107-
125. (in Chinese)

[12] &K&. B FF AL LML dbar B4 W Mt , 2006 1-123.

ZHU CH Q. Numerical Calculation Method and Its Applications| M]. Beijing: Science Press, 2006: 1-123. (in
Chinese)

EEE M4 WA B AF AL A PRI S L R ENFOLA LA M E S R ST m . E-
mail: jinjing@ buaa. edu. cn

KB (1968, R A 1 B T A U TR AT A I AE S A S T R B OE

@ THmE
LED 3tiR St Z 8 F 1T 8038 B o 5l

FEW BT LEEARR
CPEM#R SHEIA A SEFF AT L4 4 230031)

TR G R R A I PR RE L v e BT RO AR D IR R Y i R B T — B ek T
TR . L Mie MR D J5UHE L I GoRE T~ AOREAR 5 LRG58 BE 5 L R OB IR 51 LED Jy ot . B 5T
IO A 6 IR T3k 38 3 114 fek P 73 i 1 A0 i Rz i 8 0030 25 (10 o -5 ok B2 00 5 2R 0 L 3 B - A A 110
MR 2206 1500 AP I i 45 R 5 3. o T2 A A SC IR ) A i 2 1 R KT 19 60 3%, T LA 40 75 22 X )
TR AT R 18 BT RIAZ AN R T T 0 AU TR 13 3 A





