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Calibration method for the laser gyro strapdown inertial navigation
system based on norm-observation

Dong Chunmei, Ren Shunqing, Chen Xijun, Wang Changhong
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Abstract: In order to reduce the influence of turntable’s errors on the calibration accuracy of SIMU, the
position and the rate test plans of the regular icosahedrons —12 points were designed by using norm
observation of the specific force and the angular velocity vectors. Firstly, the twelve static positions were
utilized to calibrate the accelerometers’ biases, scale factors and mounting errors in the gravity field.
Secondly, using single—axis rate and double—axis position mode, namely the outer axis of the three—axis
turntable was working in angular rate mode, both the inner and the middle axes were in the twelve
positions, the RLGs’ biases, scale factors and mounting errors were calibrated. At the same time,
unification of the accelerometer and the gyro parameter coordinate systems was realized by using the
SIMU frame coordinate system. Finally, simulation analysis shows that this method can effectively
suppress the influence of turntable’s errors on the calibration results of SIMU, the relative calibration
errors of the scale factors of the accelerometers’ and the gyros’, and the calibration errors of the
installation error matrix are less than 107, the calibration errors of accelerometer biases are less than 10 pg,

the calibration errors of gyro biases are less than 0.01 (°)/h which are in the same order of magnitude of
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the measurement noises, in the situation that perpendicularities between the turntable’s adjacent axis lines

are at the arc second level and that angular position errors are less than 1'.

Key words: norm observation; laser gyro;
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Tab.1 Position arrangement of parameter calibration

No. 1 2 4 5 6
al(®) 0 0 0 58.282 5 121.7175
B/(°) -31.7175 211.7175 148.282 31.717 0 0
YI(°) 30 60 120 150 180

7 8 10 11 12
al(®) -58.282 5 238.282 5 148.282 5 211.717 5 31.7175 -31.7175
BI(°) 0 0 90 90 90
YI(°) 210 240 300 330 0
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Tab.2 Position arrangement of calibrating

attitude matrix

No. 1 2 3 4
al(°) 0 90 0 90
v/(°) 0 0 180 180

e 2 (00 E g HE b A% 7 B A% 0 Ry
D NY(L) N“(2) JN“(3) JN“(4), A 2 KAL) 7 5
KA

N.(1)+N.(3)
x4 = ] 2 ’ _b_y

Aey4=w+bx (25)

N @)+N,(4) o

A024-= 2 x

pg, =M D-N, (3);1% (4)-N' (2)

AO_vo:NX (3)—Nx(1);rNx (H)-N,(2)

4% SIMU EI’H‘TE?FE TR, TR A B
BYAEE A6, A0 HEAT AR E R, WA R 2 A2 E 1A
frE 2, RGN (17) R AT AR 28 25 40 B 1 4 3
WS A0, A0, AD,,, B FEEC A

(26)

0917007-6



bk T2

% 9 M

www.irla.cn

% 47 %

b 5 AR AR BR R oz, 5 B B S B R R
otz 2 ETEBHE Co a4 5 4 ER 8 A fir
oo BAE T 00 90°, AR L R w, 5 85—
JE, SRRl T EBE R A 43 3 N (D) NV (2),
WAL QDE S kG

A, 217 ZNg(l) b T-w,cosL-T

A)\yf;—lZ N ()+b' T 27)

sz—ZMuydT
78 5 10 2 MEAT 2 00 26— I X0

JH C S Cl R B 48 SRR, M R (25) A
QDA LLE AR E J7 £ 2 HEI AR EE G A 8Bk

FAG £ B A b A 2, 3R T A e R A
H(24) AR M bR IR, il TR 2%
T i HE T B, 5 s M I 3 7 1 A A
BT,

4 HEDH

D5 B AR BCE AT 2 A R O e 4 45°, i

B 143 B 15 T4 51 K. =10 800 Plg K. =10 400 P/g |

K.=10 600 P/g , k12 (1 b5 B [H 74 K. =1.186 6 P/(")
(i= xyz) SRl % B R 10°/s, SIMU g B2
I 155 W A5 R 0.01(°)/h, Jin 3 B 3 I & e S Ol 107°g,
%HZISLM%E‘% SIMU HE 42 A b5 58 2Z [] 1) 42 3 1% 22 )
Gk A6,=12" A6 ,=2" A6, =-5", % & 15
AR PO E O P P S A
FALREY N 5" BRI AL-L VA EiRZE,

S 05 %S R AL Gt 2 o 1 bR o O i 5 RS
W 75 3 3647 % bl o A% B8 22 6 B bR o i B3 R R
A (5) 1 R IR AR AU (9) 7E & A A B Y
I B R UL S R T B /S e U B A O R A K
75 B AL TR [ 45 T 1R 25 ZR K00 000 9 LA 0 O R
mr . HAMASEE T EE SR IMU K
AR B A (D) A1) A5 B i 2R R T S 50 B
LR S e S R P S @ L AN SN U T S
=22, A A X(25)~(27) 15 3 BE IR 1Y & 3% 5% 25
28

15 55 22 50 B R 7 1k 5 AU T v AR E I L 45
RN 3 Fron, S T kG DY A R AR B L M fE
T X bR 45 R B Z BT B A .

®ISIMUKRERELER

Tab.3 SIMU calibration simulation results

Gyro Real values  Norm observation Previous method Acc Real values Norm observation Previous method
AKf 0.002 0.002 00 0.001 95 AK;l 0.002 0.001 94 0.001 92
AK{ —-0.0015 —-0.001 494 -0.001 463 AK[:_ 0.008 0.008 02 0.008 05
AKj -0.0015 —-0.001 492 —-0.001 484 AKj 0.006 0.006 01 0.006 00
bf/(")-h" —-0.34 -0.336 3 -0.2912 h:/g 0.000 8 0.000 795 0.000 797
b/(°)+h! 0.17 0.166 4 0.2527 b,/g -0.001 -0.001 01 -0.000 93
b1y -h! -0.02 ~0.0509 0.0770 bl /g —0.003 2 ~0.003 182 —0.003 275
mfz/rad 0.000 1 0.000 094 -0.001 320 A6, /rad 0.000 1 0.000 099 0.001 538
mfg/rad 0.0001 0.000 082 —-0.000 414 A6, /rad 0.000 1 0.000 062 0.000 670
mz \/rad 0.000 2 0.000 211 0.001 626 A6, /rad 0.000 1 0.000 161 0.003 689
m,, Irad 0.000 1 0.000 003 ~0.003 502 - - - _
m,, Irad ~0.000 6 -0.000 585 ~0.000 017 - - - -
m,,/rad 0.000 5 0.000 597 0.004 044 - - - _
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Tab.4 Calibration errors comparison between AKZ and bf

Parameter Calibration method Angular position Angular position . 'Angular ' {\ngular . Angu]ar
errors 1” errors 1’ position errors 10’ position errors 1° position errors 10°
. Norm observation 5.72x107 5.72x107 5.72x107 5.72x107 5.53x107°
A Previous method 2.86x107° 8.27x107 5.736x107" 3.429 3x107° 0.047 857 1
R Norm observation 3.594.8x107° 3.580 5x107° 3.449 7x107° 3.727 2x107° —-4.239 3x107°
Previous method -0.039 223 3 —-0.082 700 4 —-0.093 248 0 —3.597 427 4 —-1.802 309 3
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