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Research on temperature drift compensation of laser
gyroscope with improved radial basis function

ZHANG Meng,PENG Chong-chong, RAN Ying-li
(Zhengzhou University of Industrial Technology ,Zhengzhou 451100, China)

Abstract : The current method mostly adopts a single sensing temperature parameter for compensation , without distin-
guishing the different temperature parameters of each sensor,resulting in a poor compensation effect. In this regard, a
temperature drift compensation method for laser gyroscopes with improved radial basis functions is proposed. Firstly,
wavelet decomposition is used to decompose the drift signal of the laser gyroscope containing noise, and the wavelet co-
efficients of each scale are calculated and corrected to obtain the reconstructed non-interference temperature sensing
signal. Then,by using values such as pulse vector and assembly error matrix, the laser gyroscope accelerometer is
measured to distinguish the temperature parameters of each sensor. The self-organized feature mapping network is used
to classify the laser gyro output parameters,and the radial basis function neural network transformation function is se-
lected to calculate the error reduction rate of each temperature sensor parameter. Finally, the radial basis function neu-
ral network is trained with the orthogonal least squares algorithm to complete the temperature drift compensation of the
laser gyroscope. Through experiments, it is proved that the proposed method for temperature drift compensation of laser
gyroscopes has good performance , stable output,and can enhance the performance of high-precision navigation , positio-
ning , orientation and other equipment.
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E SR - o 8 FORA T TS5 H (No. 222400410149) BB o
EEE ok # (1988 —) 2 Bk, YHIm, 058y A e S S AL , Ber R o E-mail : yyhhiy@ 163. com
I #5 B 87 :2024-05-09



Wot 5 45 Nool 2025 o FAF PICHEAR 1A eR RSO G R R B TR AR 5T 47

T -

WO A A B e e e
T P TR 2R 8 (R K 3 B 28 06 TR
Wi R AEE Ze 2 R AR R O i
AT B LT TR IR A0 A A 00 3 55 0 T i o2 5]
AR GOS0 B , S EOhR I R AR 2
Tl B o B PEREE B R R B, 76K [ B
R, BEMAR BE BB LT B0 MO, T A2 TR R S 14
EE R RIR AR, 3OK R B FR S RS g
TRABIFTE MO R U B U3 5, SRR TR 5 %
] F4 AL TE S 28, ST T 2t — A A F L P M
e, DAV /N B R 3R S A O B M A Y
S

Bkes3c e A L IELRE R BE RS B O [ I R, B
BEMR (RS | 52 SR A o E% TR, R
PERSTIVEA T4 % B B RS DR 22 5 M R 5
TE I 57 24 22705 1 8 R 58 i 780 1 P SR 2 2
BN, SER G B RE TR, IR 4 AR
T TR DR JORL TR BP i 2 I 45 [ [ 42
VL FE R J7 1, X 190 4 2 B A7 IR A , 52 B 3 b
% % A R A T 2 T X R
PEATHUAD AN AE e 5, AR, 703X — B PR b R %
VB )45 AT S B S T YL B2 28, R I i A o 22 190 2
AR R RE 7053 I W45 A1 TR I SRR PE RE, S50
P2 P AR Zad Bt oL 2 ) B4 I R
5 7S A 7 SO T 0 R 0 Y R
Chen Yanjun'® 475 1 75 HLFH | % B Shupe 45 3
AR BT e 02 A By 3R (37 Mg 75 % 3L 25
FHEGEN . T WM B0, SR T i B
S SRR M . BRI, %07 EEAE R A
PRSI fR R 1 i T 2 T 45 s ) S [ L
SR, T T M A T v YR A 2 W 4 £ e
TERIFIREE T i B8 Ak , 5 BORM B 380U R HEH
Niu Y 45 ] FFT 't 2 2 V874 1B 50 0 38 A F) 2
Frik. TR 100 s J5 , HoB 16T 2R g AR Xt
Allan 152223/ , K 391 58 Pk AR A5 21 e 36 , AT 52
TR A o BRI, 1% 07 1 7 R AR o R X 4 454
LIRS B AN TR S8, T 7 #9103 5 5 3R
5 P RS TR T VA 2 A2 e o R ) YL
WA R o SR TR R L, TC W A A S
SRR M

IR A A A 1 TR AU R 2 X 2% A I
AR SR X, TR S EMEERTREAN 2 |
RCRAE LA LA A XE L 3 0 25 8 s o X 1, ASBF 5T
SR T AR 1) 5 pR R ) SO IR P PR AT
%, BRI A X 25 MG A R ES AL
2 M B R PR AR o
2 HMAREEBRERECRESER

TEFOCRR IR, 225 2 B i e o0 I
T RRBEHLME R o S T U B I R O
FEIRNERE A RZ IR , R F /N o0 i %) 25 A5 R s O 0
PESREERG L {5 5 HEA T Ab B

T 5Eis F/ NP AR BRSSP B THOERE R
ERAR SAT Z R o 5T R, BOE — N
B RO /N R B T TR (EL . RSB /N Tk ]
BRAK /N R KR B B O, ABEBR MRS o 7EDE BR
WA R AR TR T A HUER S B , HL BRI R

7 ) 5o di ‘
%Fﬁ%%ﬁ¢o¢ﬁﬁ%m0k:%%%giﬁ

SR o, o AT E-median [ TR HIHOL
FARERS S AL ALY

Bt TR NI A R
UESAE

S ORI NI SR AR
JEH) E-median ['JFR;
o, v2logh

P
A By = exp() b R NBAMIE R s LT

NP EREE s N AR (AN T
F = FET E-median [TFR ¢, , >R A ETT
%8,/ (x) = sgn(w) (|| = T) X EH/N R BOHAT
FIE. Ferf, 8 (o) i34 A2 BB o 3R (Y2
fF9.
SR DU MRS NI BOAS e U S ELE
3 HMARRBSIERFRENSHS YW
WOCFEIRIEE A VEREM: &) 52 2R AR AL 5
Wil ol FEAR A2 T | R FE IR I TR RS B, T IR
FOERERE o PR, S T MR R R S B I
MRz, IS AL AR I E SRR B R EH
WOLFEIR R GL 7 A & = AN IEASHOEREIR 5 m
HEETE . HEMEOLREIRER I S e it TR T
FESRALAEAN[RELIE 25 1F T PERE R HER Kt . =

tl,k - k:192a'“5l (1)



48 5 RS AN

55 %

I BOCREIR IR IR B (S B Bk PR i
TAC 1% 2 R I A5 5 A DU, 7 YO P M e AR

N, =1,,K,(E,0, +D,) (2)
A, N, SRR = EOERR IR R AR - Ny
s kb ok i 5 B, R R I O PR IR T 1R 22 4
M5 K, iR 2 =N BOCREIRER EE 46 s o, ff
T2 = Al R 5 D, SR R R O RE R
TR o A O e MRS B {5 S A R A
JF A AR R R 355 A 368 5 Jk S e T 2 T 15 2 ) i
PR3 P A s i (. 38 A LI o (AR HEAE,
AT LADE A % SRRt 1 B i 1 32 722 Ak 1) 9, DT B o
Tty PR L A AL SRR A TR BE S

I I R =R

N, = NgKu(EuAu +D,) (3)
A, N, SRR = BT R AEE] - Y
s kb O i s K, AR A 0 R AR B PR
M5 E, FiR B ROIR 2250 5 A, iR AR =
DS 5 D, Rl i 2 s P T2 AR R

TE I P Pkt 9 2 R 25 TG 15 26 1 R A 0 6 Py ok
P T 22 SRR R O RE IR s B R A
T E R, B, 275 E R BOGRR IR IR
JEE T, BB T 2 8 RENAFE 7, RGER
ik

{Ng =K (T)(E,w, + D (T))

N, =K (T)(EA, +D,(T))

Arp, K (T) D, (T) R0 Fe 485 s B b
JER TR AU A B K, (T) D, (T) fik a2
B A T SR T 1 2 Bl 1 AUA 5 [l A AR R

A EOC R IR IR IR 5 5 TR IR B S
] 3 A P R O B AR o 8 R X el R A T
Gt oA, AT LR 5 b B PR 1 A0 2 Al A5 3R =2 TA) Y
4 HiHEZEEmERY TIRRBEREZBIME

TEROCPEIR R G, t TR AR 284k, 1212k
W SHAEE SR B R 2B R Ak, AT
VEFE 1A% 1) K oK BOM 28 W 2% (RBF W 2% ) 4y B 46
BRI, ) HE J 0 8 3 8 ) % iy A 2 () 1% Jag 38 X Ja
TGRS .

BoT BTG B A RE IR 5 R 0 % il 4
A NARE R, SR SO AR ] ik R 508 28 R0 2% 3647 B
W BE AL A . AL IR IR S U A 233

(4)

Mo, A, 2. WA (4) T o, A, BRIX
AN
{wg = Egl [K;'(T)N, - D,(T)] (5)
A, = ELK'(T)N, -D,(T)]

W e SEEAIAME 0 SR EE , A [l A A 1
BAE e TREIR s B THAR B A K K
T D, D, A (S) sl A (2) .
(3) W, BRBEARAT B BRI B TR MERLE e IR
MR .

{N; = KUK (T)N, - D - D,(T)17 )

N, = AK,LK;'(T)N, - D. - D,(T)17

U, Ny N R A2 BRI T A ik v e 2%

=)

H o
% 1 3 5 K 2 B 2 25 ) ot TP
B3 A SRR D I — 8, L B
R . B A T e R R 5 0 2 5 vk R
[ LR E S5 0 X B M o 0 2 AT 4
S, RS I REA S L T R AR S AR R 1 K
FREACHE L G A 1SS B/ TR T v PR U RE A o
L G P B8 16 4 R b 28 R % 1 AR R R
(0975 25 2 TR 2 ) 5 B KM 28 0 24 1 Lk
SR PP

Bt e T O R R G T R
A% , A RRE S

55 A U LS G WS R 2 4 S A B R
BRSO, 3604 375 19 25 S AR 1T, UM 192 ) 7 At
TDIR

(1) 20 i A2 147 1) 5 56 502 1 BT o,
SETHENLI G 1L, VR 2 R a(0) . Jih,
i= 1ensj = 1 mosn HRAO R AR
H s m R R 1 S U2 1 AR

(2)% x(0) HEABIRL T, x (1) kA TE ¢
B n AEO4A AR

(35 x (1) HABIAR (7) , 0 4t 5 4
RIHEES d, -

4= 3 (D) —wy ()N +N) (D)
SR, w0, (1) TR AR ¢ BRI x, ik A R
PR B R

(4) 45 BB B/ R (BT A AR 14 2

(5) SRR Bt



ot 5 4 s

No.1 2025 W T AR I R B OGRS R B SRS R AR S 49

w(t+1) =w,;(t)d; +a(t) (x(i) (1) —w,; (1))

(8)

A, a(e) HERAZAE ¢ NS ) B A I JE] ¢

IR R B WA, 0, (0 + 1) FEIERRYRRAE ¢ + 1 I
HI AR £

(6) 45w, AL i 0 BRI, M SE 7]
Rz, EFEPER(2) .

O =0 AR E A S 0 OGRS IR I i A% %
155 2B A% 1] Bk o BAOR 28 ) 2% 9 90 R I 2R 5
A G RS I/ ST B e U Bl . BRI
BN

(1) E5G, RFEAR 1) e ok F00H 25 00 2% 110 2 48 R0

B d(x) = exp( ‘Uf ) 5 R K R, o, B

1 _ 2
BN GEE T M, RFBH N p = a—"

B o SRR (T, o) R TUMA S %
e, EH A AHURFAE RS 28 Y w x o ASICRAE N
G, v REE R RIEH , w R IIGRREAR
KO o )P B e R Bk A 5 )2 i A 2 1
P(P C ) JHilr, 0 BRSZEE

(2) i 1E A fie /N Bk e B 2R o, B
PRI -

D) e mochitiRaE k=1, 1 <
< QBB — 2 e Hn 1 B 2 B 3 )
b hy:

bi” = Paw;(t+1) (9)
55 i O RIRZEIR DR [err] (V) Fik N
RNk
(i) 1 d
errly bi""b" x yly, (10)
ﬁq:‘s Ya ﬁﬁﬁﬂ/ﬂ%%}j%o
W3 Lerr]) = max{[err]!" 1 <i<Q}o

WHL: by = P, [err]) o

R BB L e = ¢ o

kYA k=2H1<i<Q,i#i,i, i, ,HH
IIIE U= W

al’ = b, Z_T]b)i",lsjsk-l (11)
Ko, af) R EARRIE AL BB b, TR 5
J AT RS RS 2 e )

k-1
R blil) =P - Z a;k”bj LAY
iz

0"y,

(i)
[err]k = TOrLG) T
b, b X vy,

(12)

W2 [err] =max{[err]\” 1 <i<Q,i#i,,
Iy, sl % o

B by, = b [Lerr]f o

X H e, = ¢, o

k+1 )0 B k), ik 1 —ka} Lerr]; <
p B4 IRETFE N, £k,

SVUAD AR B b I AR ) S ) 2%
FHARAF R L Y 27 2D RIOCR . TEBOGRE IR B2 A b
b, DI A2 s AR 3 0 o U
1M, TS A i) RS 2 DO 5 Y5O o MR L 8 T M
BRI, B S IBORFE BN M A [R] R e A
19 19 AR S R 25, I LA ) B b, R RS
R R A ), RS S RS i N IR R A
¢ F O I RAR 1) BE pR RO 22 R0 25, DT AR A5 B0 A
722 o) 5 R KR 22 IO 28 SR, SR kM
5 MNP BIEEEBRAMEL
5.1 LI

T AR R OT R R AMERCR , e TR B
JCREMRAE S SR XS 42, T PG MR A i A 8 AP e
PR AL, TN T R

K1 BotrE
Fig. 1 Laser gyroscope

FESCR AR SR T IR P O 3, 1
PRAENELE R B B AR v AR A0 [, X
WiR SR ANAE B REHEAT TR ARAL (9 454, LU £/
FY SR AMESIVER AT B . XA RRR R 1n
BT AR E DR 5 (LR AT %) L, ) L& SR A ]
2.3 PR

TEP 2 H, o B A 1 B A B P s i 38 44
R, 3R] BE S H T il B AL A T B AR TR AR R
Pk AR AR, BT MR T A RO . i el 3 0] &



50 ot 5 a sk %55 &%
TR T AR R (A AR L, T DA 1, W2 80
T+, TR e T S RS i T S T
LR R 2 PR 8 ) s P 17 4 i A5 .5 -

[0 SRS B 1 B0 R ) A S il £t
E

B AIRAMN 1 i A AR TEAN [ IELEE A5 4F T A PERE
P JE IR L ) o AT, R LS A e R
IR AEAN TR T A 0% 22 Y B AN A A BLAE , AT
MRS A TR A BRI =

-6.50

C
R/ °C
B2 ANl BT 2 i
Fig. 2 Zero bias values at different temperatures

1.2

0.8 |

T

7

0.6

IR

0'_240(: .2Ioc 0:’c 2°C 4I°C 6°C
ik i /°C
P3RBT B B i B A 1

Fig. 3 Scale factors of accelerometers at different temperatures
5.2 ZBaAf

LR — RS O RE IR A R G, #5
TR RGE TG N, Tl R S5
IEE AT 1 C/min, PEAT T — U BEAL L RE 22 1 5
% B SE, MR RS M 16 C R E - 21 C ARl
8 h,SRJ5TH3 32 CARIS8 him K& % 0 CIRIS h, 4%
JETEE 10 CHRH8 h, T2 48 CRIES h, 43,
IR E] - 6 °C, 462 RIS h, FE T ] 50 C,
[FIAEDRANL 8 b, T RS 28 CfRild, B 56 AT il
L HESF A SRR

TEBEHLIR BEAS AT, B iR eyt 55 3 3 2 [ 9 5%
ZUTNE 4(a) AR TR 4(b) .

x
ES
A
=)
193
N

-6.58} WOGRE R %

1 1 1 1 1
0 400 800 1200 1600 2000 24000
M TH]/s

(a) WOLFE A AL AL A

-6.50 30
boyiS
-6.52
60
£-654 o
2 40 5
B -6.56 =

HMESE O
R 22 Al 120

-6.60 L 1 "
0 400 800 1200

I I /s
(b) W PR IR BT A5
K4 AL AR A S0

Fig. 4 Random temperature variation conditions

MG 4 Fr s B SEBR A5 R , AMa2a RIROERE IR
FAWMAEREHLIELE AL 26 AF T BAR R BESE 2 BR, (2
LR 980/, IX FE AR ] T i 4 07 15 0 O BE R L R
KM AR o

SCEG T ARSI I R R, BEE P AR EE AR
AN R GE R OGBS A RN A Y AR
WTE, il HEAT AARTHRBI SR . B R E
T, lE O 10 C AL ARTHE R &
P i K, B S DA BEAR A M i HE AR AR AL
P 6 SO BRI BE AR

1 1 0
1600 2000 2400

-5.960 50
L e I T
5.965 | /
N .
=-5.970

<
~

Z2
-5.975

W
(=)
L /°C

-5.980 20

WOREIR

-5.985 L ' L 10
0 100 200 300 400 500 600

I i)/
K5 A SRTHE OGRS Rt B2 A8 Al

Fig. 5 Output and temperature changes of laser

gyroscope during natural heating



A A 16 3 R R A PO G RE BRI PRAS AMEIT T 51

ot 5 4rsh No.l 2025 W) s

-5.960 50

o S —
soesk N

; 40
Eg 430 1
Br-5.975 ‘ ; e

HEEFEOL
980l BB 120
-5.985 I L L L 1 L 10
0 100 200 300 400 500 600

i a)/s
16 EOATHRR LRSI bRt
Fig. 6 Temperature compensation results of laser

gyroscope during natural heating

MBS FEzi , AR e B8R 00 i i B it

BB R BT B BRI . Mg AT
H PR BE IR R A T VR AL B, OGRS IR 1 4
SR TR R T T

6

% it
ARSI [ B R T O CRE IR B TS

M BT, FUFINB O AR o S AT IR A
JEPEIREAAS ST B, HER A ki R
DR VAR A HEO R IRIN H HEAT TS I
I F VR B 28 O GRE R Hh S B0 T 7y

-,

Ve 1 AR ) HE RSO 22 W 28 A e A R K, O3

THEHMNRELRSSBIRZER R, &G, 458
St/ N AR XA 1) R R 22 R 2 A T I 2, S5
BT XHBOE PR IR IR B TR A R kM. i SR
HIE, ABFFEHR A HMETT IR A BERS A RO HOLRE
BRI EE TR AN, e S 4 e 1 A O RSE 1, BB
5 J ARG U K S A F R SCfr

S 30k

(1]

(2]

Zhai Erjiang, Guo Wenge, Xu Xuedong, et al. Research
progress of large laser gyroscope [ J]. Laser & Infrared,
2021,51(6) :705 —=709. (in Chinese)
BT FROCH AR AR A R RO B R WF 5T
SR, 54040 ,2021,51(6) 705 —709.

Huang Yueruihan, Ma Jiajun, Zhang Zipeng, et al. Scale
factor compensation technology of laser gyro with total re-
flection prism [ J]. Journal of Applied Optics, 2023, 44
(2):444 - 449. (in Chinese)

BHBUR, DR kT, 5. R BEHOLRE IR bR
JEPNEAMEEOAR [T ] RIADE,2023 ,44/(2) 1444 - 449.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Liang Xiujuan, Ji Haixu. Mechanical vibration suppression
technology of laser gyroscope based on variance analysis
[J]. Machinery Design & Manufacture, 2022, (5) :88 —
91,98. (in Chinese)

RFUR KRR, J5 2250005 R ORI LIRSl ]
HORLT] HURBE Sl 2022, (5) -8 ~91,98.

Wang Xiaozhang, Jiang Junbiao,Niu Zhen,et al. Effect of
unsteady temperature field on the performance of large-
length optical fiber ring at start-up[ J ]. Journal of Projec-
tiles, Rockets , Missiles and Guidance,2022,42(3) :32 -
36,41. (in Chinese)

FEE AN, A, S R S AR AR 0 R
KRG P PERERY M [T ). 50T 5 = 2 4, 2022,
42(3) .32 -36,41.

Sun Ning, Xia Yan, Cheng Xingqing. Optimal design of
high-precision temperature control system for FOG detec-
tion[ J]. Acta Armamentarii,2022,43(4) :910 -918. (in
Chinese)

VT B BT BT OGET BE MR AU I Y KG % ThL 4
BBt )], 4R ,2022,43(4) 910 - 918.
Zhang Wen, Wang Tingjun, Wang Lei, et al. Temperature
compensation method of laser gyroscope based on PSO-BP
neural network[ J ]. Journal of Chinese Inertial Technolo-
gy,2022,30(5) :652 —657. (in Chinese)

K3, ERESE, 7R, 5F. JE T PSO-BP i 28 9 2% HY IO
PEBRR BE AN TT 35 [T ] Hp B B B 2 41, 2022, 30
(5):652 -657.

Zhao Shen,He Wei, Xin Jingtao, et al. Research on tem-
perature compensation of fiber optic gyroscope based on
CSAPSO-BP neural network [ J ]. Piezoelectrics & Acous-
tooptics ,2023,45(4) :589 —594. (in Chinese)
BRI 8, Bt A7, 45, Bk T CSAPSO-BP 122 |6 2% 1
JCEFRE MR AT S [T ] L 5 A0k, 2023, 45
(4):589 —594.

Chen Yanjun,Cao Yuwen,Zhu Lanxin, et al. Suppression
of effects of temperature variation by high-order frequency
modulation in large fiber-optic gyroscopes [ J]. Applied
Physics Letters,2023,122(14) ;141102-1-141102-6.

Niu Y, Duan L, Zhang J, et al. Suppression of ambient
temperature-caused drift in a laser power stabilization sys-
tem with a liquid crystal variable retarder in atomic gyro-
scopes| J]. The Review of Scientific Instruments,2022,93
(4) :043002.

Mao Ning, Xu Jiangning, He Hongyang, et al. Real-time
compensation of fiber optic gyroscope zero-drift based on
Online-SVR model[ J]. Laser & Optoelectronics Progress,
2022,59(1) :118 - 124. (in Chinese)

BT, WILT, i, 55, Z5 T Online-SVR KL AU ) Sl
LPPIRE TR A2 [T ] WOt 5t i 72 R,
2022,59(1) 118 - 124.



