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Systematic calibration method based on 36—dimension Kalman

filter for laser gyro SINS

Jiang Qiyuan, Tang Jianxun, Han Songlai, Yuan Baolun
(College of Opto-Electrical Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: The research status of systematic calibration was analyzed, and an inertial navigation system
error model was established. Additionally considering the influences of quadratic term error coefficient of
the accelerometer triad and the inner lever arm parameters to the system, a systematic calibration method
was proposed based on 36—dimension Kalman filter. An appropriate calibration path was designed and a
Kalman filtering model was established. Simulation and experiment results indicate that the accuracy of
the estimated biases is better than 0.001(°)/h and 9 pwg for the laser gyroscopes and the accelerometers
respectively, the accuracy of estimated scale factor errors is better than 3 ppm and 2 ppm respectively, the
accuracy of estimated installation error angle is better than 1” and 3" respectively, the accuracy of
estimated quadratic term error coefficient is better than 4x107'° s*m, and the accuracy of estimated inner
lever arm parameters is better than 3 mm. Therefore, this method satisfies the demands of high precision
inertial navigation system calibration.
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Tab.1 25—position calibration procedure

arrangement
Rotation Posture before rotation
Rote}tion degree and
ordinal .
axis X—axis Y—axis Z—axis
1 +90Y North East Down
2 +180Y Up East North
3 +180Y Down East South
4 +90Z Up East North
5 +180Z East Down North
6 +180Z West Up North
7 +90X East Down North
3 +180X East North Up
9 +180X East South Down
10 +90X East North Up
11 +90X East Up South
12 +90X East South Down
13 +90Z East Down North
14 +90Z Down West North
15 +90Z West Up North
16 +90Y Up East North
17 +90Y South East Up
18 +90Y Down East South
19 +180Z North East Down
20 +180X South West Down
21 +180Y South East Up
22 +180Y North East Down
23 +180X South East Up
24 +180Z South West Down
25 0 North East Down
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Position and its rank Position sequence and rank value

Position(r) 0 1 2 3 4
Rank(Q(r)) 12 18 23 26 30
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Rank(Q,(r)) 33 33 33 33 33
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Rank(Q(r)) 33 33 33 33 33
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Tab.4 Calibration results
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Tab.3 Parameters set and simulation estimated

results

Error parameters

Parameters truth-
value

Estimated results

Gyro biases
/() -1

Gyro scale factor
errors/ppm

Gyro installation

0.05/0.05/0.05

500/500/500

206.26/206.26/

0.04996/0.05001/
0.04923

500.34/502.41/
501.69

206.29/206.74/

Date

2014.01.21

2014.03.04

Gyro biases
/(%)-h

Gyro scale factor
errors/ppm

Gyro installation
error angles/(")

Accelerometer
biases/ g

Accelerometer scale
factor

Accelerometer
installation error

0.0017/-0.0103/
-0.0362

442403.3/442264.4/
442275.9

197.12/131.08/0/
-117.52/0/0

1243.56/-517.83/
8.69

1673.84/1669.62/
1715.26

—-638.33/333.87/
953.39/-156.20/
115.38/84..01

0.0016/-0.0101/
-0.0361

442403.4/442264.3/

442275.5

194.86/131.65/0/
-118.59/0/0

1240.21/-527.02/
38.14

1673.84/1669.54/
1715.23

—637.78/333.46/
956.80/-157.13/
114.65/84.40

error angles/(") 206.26 207.07
Accel 205.29/199.
cc.e erometer 200/200/200 05.29/199.06/
biases/pug 191.24
Accelerometer scale 501.18/498.95/
500/500/500

factor errors/ppm 499.63
206.26/206.26
206.26/206.26
206.26/206.26

206.86/206.88
208.84/206.24
207.04/209.00

Accelerometer
installation error
angles/(")

Accelerometer 90 706/30.083/

30/30/30 30,354

quadratic term error
coefficients(10~s%m)

0.01007/0.01865/
0.02715

Inner lever arm .
0.01/0.02/0.03
parameters/m
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2.2385

3.1055/3.0762/

quadratic term error )
2.2309

coefficients(10~s%m)

0.0286/0.0241/
-0.0108

0.0272/0.0222/
-0.0107

Inner lever arm
parameters/m

AT DLE BARE 5 R EE WL R R ., BT
IS UESE IS5 A PSR, [RIRE X 2R G i B 2 A2
PEAT IS K 2014-03-04 B @13 8 AR 22 S HUCA
1.3 1 B v S AR 25 B AME R G AR 2
N T AT, AR T RME R 22 A 5 AiEl T
Fos BT T HMER SRR 2Z K 6 FE 8 FiR,

cn (=2

5000 10000 15000
Northern velocity error/m-s™

Velocity/m-s™

Velocity/m-s™
(=}

0 5000 10000
Eastern velocity error/m-s™

15000

-1

(©

0 5000 10000
Downwards velocity error/m-s™

P 5 SRRMa: it 3 B R 22 1t 2

Fig.5 Curves of velocity errors without compensation

15000

Velocity/m-s
e



% 54 LA M 36 4 Kalman JE K 098 b R BH BN F A ABAFT H %k 1585
£os .
Y 8 & it
3 : : (a)
E_O'( i i
T> ° Nortsh(ell(')l? velocity L?r?)?’?m-s’l 15000 X ':F' j% i éﬁ%ﬁ5l\%f§ﬂﬂ iﬁfﬁuﬁ‘:ﬁ'\lﬁ 2
g“ ZES NE SN 36 4K /RS I RERIrE
= 0| . ) N N Fe VI AN N
B o : : (b) ik ST TR R G IR 2E AN | DL A R 2
§ 0 5000 10000 15000 N - = . . e
5 Eastern velocity error/m's’ LI, AR YRS IR AR R R T A bR
= 0.1 T T P WAL vAl A— > N
EO%#Qﬁﬁmwméﬂyww BEARXT 2 S RT3 5 . B SR A R R
§% oo i g@ B, 25 17 B b5 AR RE LA Wi T A 27 M RES:

Downwards velocity error/m-s™

P 6 HMEE T A 38 R 22 1 2

Fig.6 Curves of velocity errors with compensation

Length/nm
(=21

0 5000 10000
Northern position error m/s

g
£
=]
%0_40 ] i
= 0 5000 10000 15000
Eastern position error m/s
E 100 ;
£ R S
a )| G .
g ; : ©
o _ 1 1
= 1000 5000 10000 15000

Downwards position error m/s

P 7 R AMEE B o7 B R 22 1 2

Fig.7 Curves of position errors without compensation

g 2x10° ;

ﬁ Ow 1

5 H (a)

Qo _ -3 N i

= 2107 5000 10000 15000
Northern position error m/s

g 2x107

s 3

= 0'—““‘“‘“1/‘-"/\\/' :

8 10 | ] (b)

= 0 5000 10000 15000
Eastern position error m/s

E s5x10°

|

E - ©

Qo _ -3| i 2 c

= 51075 5000 10000 15000

Downwards position error m/s
& 8 M JE I o B i3 22 1 £

Fig.8 Curves of position errors with compensation

M 5 FHE 6 AT LU Y, #MEET 3 iR 22 R K,
MR R R AT 0.5 m/s, NE 7 FNIE 8 il L
B AMERTA B IR 2ZEWAR K #ME S O B IR 2T
0.005nm, A I, A 15 2] 9158 25 S E I R MR &
RGPy, Wit —500E T SCHh RGEHhs & Ik H
B

B, ZITNEARTOTNG e 5 00 25 AF T RE ks BE Hu b
TE HHOEFERSEIRAB 3 2 58 R HOLRE R A K T
(02 i A B2 DR B 22 | 2R 22 A LA s JEE 3 —
IR 22 R A AT SR, Wl L R S R 4L
AR E 2K, T IERRZESROHEAT TR T RE AT
% I&, 5E 3% TR FR 2T 12, (A i TNATE 2
WAL I8 T A h03d BT Uk o7 1) B r i, Ok
ATy AT E— 2P Bt

SE

[1] Guo Pengfei, Wang Mei, Ren Zhang, et al. The new
calibration algorithm for the low-cost fiber-optics gyroscope
[C]//Proceedings of the 2006 IEEE/ION Position, Location
and Navigation Symposium, 2006: 739-743.

[2] Bekkeng J K. Calibration of a novel MEMES inertial
reference unit [J]. IEEE Transactions on Instrumentation
and Measurement, 2009, 58(6): 1967-1974.

[3]  Goshen-Meskin D, Bar-Itzhack I Y. A unified approach to
inertial navigation system error modeling [J]. Journal of
Guidance Control and Dynamics, 1992, 15(3): 472-480.

[4] Chai Weihua, Du Yadong, Zhang Shuxia. The Study of
Observability of Strapdown Inertial Navigation System [J].
Journal of Harbin Engineering University, 2000, 21(2):
10-14. (in Chinese)

SeAE, FENEAR, sl P, BEIRBTS A g8 nT WL A AT Y
[J]. WAJRIE TR 2441, 2000, 21(2): 10-14.

[5]  Yang Xiaoxia, Huang Yi. Systematic calibration method for
laser gyro SINS[J]. Journal of Chinese Inertial Technology,
2008, 16(1): 1-7. (in Chinese)

e, W—. BOLIERBER IS REH — M R LR E
g (7). ER MR R4, 2008, 16(1): 1-7.

[6] Liu Feng, Xu Dan, Shang Kejun, et al. Analysis on timing

preferences of calibration based on navigation datum [J].

Journal of Chinese Inertial Technology, 2009, 17(6): 643—-647.



1586

o5k A

% 44 %

(8]

(9]

[10]

(in Chinese)

XN, B PY, W, S KT AR 2E B R GRS E Ty i
rh i TA) S B OB 43 A (3], o B RR A, 2009,
17(6): 643-647.

Yu Hailong. Research on the methods for improving the
accuracy of Laser Gyro SINS in vibration environment [D].
Changsha: National University of Defense Technology, 2012.
(in Chinese)

Tl Je. BRI Sh PRI T WOLRE SRR S R SR 1Y
JIEWEFE D] Kb [WB R HOAR K%, 2012.

Zhang Hongliang. Research on the methods for error parameter
estimation of the land high-precision RLG strapdown inertial
navigation system [D]. Changsha: National University of
Defense Technology, 2010. (in Chinese)

KL L. Bl P v G B O B SR BRI 15 5 R e 1 22 2 MUl i
BN ID]. Kb W Rk HAR K%, 2010.

Grewal M S, Henderson V D, Miyasako R S. Application of
Kalman filtering to the calibration and alignment of inertial
navigation systems [J]. IEEE Transactions on Automatic
Control, 1991, 36(1): 4-13.

Wu Saicheng, Qin Shigiao, Wang Xingshu, et al. Systematic

[11]

[12]

[13]

[14]

calibration method for RLG inertial measurement unit [J].
Journal of Chinese Inertial Technology, 2011, 19 (2): 185-—
189. (in Chinese)

RIEW, BAOT, EAB, F. BOCFEBR LN i BT R 5
FbrsE Jr k], B EBEROR 4, 2011, 19(2): 185-189.
Yan Gongmin, Zhou Qi, Weng Jun, et al. Inner Lever Arm
Compensation and Its Test Verification for SINS[J]. Journal
of Astronautics, 2012, 33(1): 62-67.

Camberlein L, Mazzananti F. Calibration technology for laser
gyro strapdown inertial navigation systems [C]//Symposium
Gyro Technology, Stuttgart, Germany, 1985.

Goshen-Meskin D, Bar-Itzhack 1 Y. Observability analysis of
piece-wise constant systems-part 2: Application to inertial
navigation in-flight alignment [J]. IEEE Transactions on
Aerospace and Electronic Systems, 1992, 28(4): 1068-1075.
Cheng Xianghong, Wan Dejun, Zhong Xun. Study on
observability and its degree of strapdown inertial navigation
system [J]. Journal of Southeast University, 1997, 27 (6): 6—
11. (in Chinese)

FEIA L, JTAERY, M. FE I 5T 28 48 Ay AT UL 1 0 AT 0
DT FELI]. AP K22 244R, 1997, 27(6): 6-11.



