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Online estimation for scale factor of north-finder
based on rate biased ring laser gyroscope

ZHANG Yan, WU Wen-qi, Wu Mei-ping

(College of Mechatronics Engineering and Automation ,

National University of Defense Technology .Changsha 410073 ,China)

Abstract: To satisfy the engineering requirement of high precision north-finding, the north-finder
based on a Rate Biased Ring Laser Gyroscope (RBRLG) and its measurement error come {rom the
scale factor of RBRLG were studied to solve the problem on the scale factor slow change resulted from
the inner temperature change and the instability of lock-in region of the RBRLG. Firstly, the change
rule of scale factor was researched by a scale factor test. Then, the influence of the scale factor change
on the north-finding precision was analyzed by a simulation. Finally, an online first order recursive al-
gorithm was established to estimate the scale factor change according to the periodicity of RBRLG
measurement. By introducing the platform angle measurement, the scale factor changes could be ob-
tained. Simulated results indicate that the estimation error for the scale factor of RBRLG is less than 1
X 107° by the proposed algorithm, and the standard deviations of north-finding results caused by the
scale factor change decrease to about 2”. The experiment on the north-finder results shows that this al-

gorithm can effectively restrain the north-finding error caused by scale factor change,and the standard
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deviation is about 24" for 5 min, which can basically satisfy the requirement of high precision north-

finding.

Key words: Rate Biased Ring Laser Gyroscope (RBRLG); north-finder; scale factor; recursive algo-

rithm; online estimation
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Fig. 1 North-finder based on rate biased RLG
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Tab.1 Results of RBRLG’s scale factor test
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Fig. 2 Change of RBRLG’s scale factor
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Fig. 3 Relative change of RBRLG’s scale factor
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Fig. 4 Change of RBRLG’s inner temperature
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Tab. 2 Influence of scale factor change

on north-finding precision
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Fig. 5 Change and estimation error of scale factor
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Fig. 6 Compensation results of scale factor by experiment
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Tab. 3 North-finding precision using scale factor estimation
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D5 FA R W R L A T OE FE B AR
JEE DRI R A 88 R AR 1 A T W 38 s 38 TR 028 1 o ik

S & k-

[1] KIM SJ.LEE SS.KWON Y S, et al..

Dynamic

9 B LB 73 A o g 5 T A i SO FE IR

A TT 24 F- A0 5258 30O b MR i £ M
0.005 (") /h, F-JbiF[A] & 5 min, SEH L5 R 40k 4

JiR .

x4 FAXBER

Tab. 4 Results of north-finding experiments

AAG R BE P4 il 14 B R 4%
1 226°32'59" 226°31'52"
2 226°32'27" 226°32'24"
3 226°31'2" 226°32'31"
4 226°31'50" 226°32'4"
5 226°32'23" 226°31'33"
6 226°30'46" 226°31'39"
- 52" 24"

H e 4 AT LA 38 1 ) 3 5 i 450 Ot g R
b B PRE A A8 AL SE 77 A7 1 78 T A0 S8 (B J A — 3
MG S bR 22 B 5245 /N EI 24" (1o, FE
K AR LA I 4

6 % #
AR SO AR A A R B T e I R

DT I 3Rl A5 RO R ) e e )y I A A
AN 4R — MR DRI e M AR i FE 2R —
I 326 A TR L M) P B 5 A R D0 B0 A B2 PR 0
Rt AT S Al it 5 B - A AR WL AR AR B R A
PEFIRIAE /D T 100 X107 ° I o 322 330 3% A A 3 R 22
o T 1100 d 5 1 Ft bR 2224 0 27,

PR JEE TR 22 e A2 S 6 o o JEE TR 73 A i
KIBF] 20 X107, 425 b5 BE B 2246 T 0. 2
X10°°, SEERA R R W A8 L — i HE Al Ak
T DA S T 3R i O FE R AR R R AT AE 1Y
ZAB BB L . 5 min FALLE RV R X
BJa AR e 22 i 52" i /NE 24", ALK BE AR LA
IR G

north-finding scheme based on a fiber optic gyro-
scope [J]. SPIE,1997,3087:126-136.

[2] ZHANG ZH J,SUN]J Y, WU K Y. Error analysis
and test study of fiber optic gyroscope north-finder



152

Pl

K% T

%19 &

(3]

(4]

(5]

[6]

7]

[J]. SPIE,2005,5634; 611-618.

ZHANG Y,WU W Q,CAO J L. The study of north-
finder based on rate biased RLG[ C]. The 3rd Interna-
tional Symposium on System and Control in Aeronau-
tics and Astronautics, 2010.

R TRBE A, B F . BB LT PR IR S LAY
(). F B A SR, 2010, 18(2): 165-169.
JIANG Q X, CHEN X B, MA X H. North seeker u-
sing single axis FOG[J]. Journal of Chinese Inertial
Technology » 2010,18(2):165-169. (in Chinese)
K. EEL, A, F. BPMGMEEZAE
FERR T ARG R L] B 4 & 242, 2009,
17(8):1890-1895.

SHEN CH W, WANG ZH Q. LIU CH, et al..
Application of BP neural network to multi-position
strap-down north seeking system[J]. Opt. Precision
Eng. . 2009,17(8):1890-1895. (in Chinese)
R, 3R AL — i S e B O o R R S e AR
MBI, & = 4 41,2010,31(5):616-619.

XU H G, GUO Z B. Design of a practical rotation-
modulation gyro north-finder[J]. Acta Armamenta-
rii, 2010,31(5):616-619. (in Chinese)

B, 5F. B REXB R RENIFER
B 2B J]. B E K F R, 2010,18
(2):160-164.

YUAN BL, RAOG Y, LIAO D. Scale factor error
analysis for rotating inertial navigation system/[]].
Journal of Chinese Inertial Technology, 2010,18
(2):160-164. (in Chinese)

EER N

WhFE Ak » TS HO BT SR E S AL R
GERL B B LA T ERE 45 07 T A 4F

2o

5%, E-mail: zhangyan_nudt@126. com

SImE I

KEXRB 967 =), B, E T A H
Bt ASIm, EENESHEA S
[i) 32 J8% 3 ) B R 45 O T B BF R . E-

mail: wenqiwu_lit@ sina. com. cn

(8]

[9]

[10]

[11]

[12]

WiEE, Aaf, THH, F. R MTEOLEEZ
FrBE RO RS BE DN &y L) . Bk, 2010,37

(5):1327-1331
ZHAN D J, QIN SH Q, WANG X SH, et al..
Precise measurement of rate biased laser gyro scale
factor[J]. Chinese Journal of Lasers,37(5):1327-
1331. (in Chinese)
QIN SH Q,HUANG Z SH,WANG X SH. Feature
analysis of the scale factor variation on a constant
rate biased ring laser gyro [J]. Chinese Optics Let-
ters, 2007,5(3):138-141.
kR AR R TR [D] K.
= B Bk K2, 2007.
HUANG Z SH. Research on rotary north finder
based on ring laser gyro[D]. Changsha: National
University of Defense Technology,2007. (in Chi-
nese)
XIA J H,QIN Y Y,RUI L.. Modeling temperature
data of RLG’s scale factor using LS-SVM [ C].
IEEE International Symposium on Knowledge
Acquisition and Modeling Workshop, 2008510~
513.
bR, EF L, HEW . F. MEHEOR IR 2R E A
SRR BEEAME T RO T ] & T F3R.2010,31
(5):562-566.
ZHANG P F, WANG Y, TANG ] X, etal.. Re-
search on methods for compensating temperature of
mechanically dithered RLG [J]. Acta Armamenta-
rii, 2010,31(5):562-566. (in Chinese)

RETF 970 ). F wd B AL #
BoELAESIN, FENFESAHEA S
Vi) 328 J 0 U A L T6AT Iy 2 R 4 O T
FIBF5E . E-mail: meipingwu@263. net



