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Multi-position systematic calibration method for RLG-SINS

Shi Wenfeng', Wang Xingshu', Zheng Jiaxing', Zhan Dejun', Wang Yizhong®

(1. College of Opto-electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Unit 71345 of PLA, Changsha 410073, China)

Abstract: The accuracy of strapdown inertial navigation system (SINS) is affected by many error
parameters. So it should be calibrated and compensated before put into service. For calibrating error
parameters more efficiently, a ten-position systematic calibration method was designed. Firstly, through a
simplified error parameter model and the equation of velocity error gradient, linear relationships between
navigation errors and all error parameters were established. Secondly, because of the velocity error
through designed ten-position consecutive rotation plan, the data of gyros and accelerometers were used to
calculate all twenty-four error parameters using Kalman filtering method. In addition, this method was
simple and feasible. Through the simulation, gyro bias errors are lower than 0.000 75 (°)/h; accelerometer
bias errors are within 5 pg; installation angle errors of gyros and accelerometers are better than 1.5",
scale errors are better than 2 ppm, accelerometer quadratic term is better than 0.15%107° s*/m. Through
three groups of experiments, the repeatability of the method is verified, and the method is proved useful.
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Fig.1 Error of nonorthogonal installation
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Fig.2 Ten-position rotation method
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Tab.1 Comparison of true parameters and

simulation results

Parameters Simulation Estimation
Error parameters .
settmgs results errors
Gvro bias error 0.049 43/ -0.000 57/
y /%) -h 0.05/0.05/0.05  0.050 03/ 0.000 03/
0.049 36 —0.000 74
Gvro scale 501.32/ 1.32/
ezmr - 500/500/500 499.68/ -0.32/
PP 498.27 ~1.73
Gyro 198.98/ -1.02/
installation 200/200/200 200.74/ 0.75/
error/(") 199.52 —-0.48
Accel . 196.16/ -3.84/
CCCITOmEIET 50/200/200 196.58/ ~3.42/
bias error/pg .
195.23 -4.77
Accelerometer 499.84/ —0.16/
scale error/omm 500/500/500 499.67/ -0.33/
PP 499.44 ~0.56
Accelerometer  200/200/200/ 201.36/199.25/ 1.36/-0.75/
installation error  200/200/200 199.89/200.68/  —-0.11/0.68/
%) 200.42/199.36  0.42/-0.64
Accelerometer
quadratic term 50.14/50.15 0.14/0.15/
0/50/5(
error S0/50750 149.88 ~0.12
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Fig.3 Kalman fliter convergence graphs of error-parameters
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Tab.2 Analysis of repeatability

Error parameter  First group Second group Third group

Gvro bias erro/ 0.0151/ 0.0155/ 0.0158/
Y °)+h" 0.003 1/ 0.003 4/ 0.003 2/
-0.033 1 -0.0335 -0.0333
Gyro scale 422.6/593.7/ 422.7/594.7/ 422.7/593.1/
error/ppm 650.3 649.5 650.4
Gyro . and ¢ . . ok o) a0
. . -35.8/-384.3/ -35.2/-383.1/ —35.3/-383.1/
installation
” -5.5 -5.1 -4.8
error/(")
Accelerometer —925.7/238.8/ -920.1/242.9/ -921.9/242.5/

bias error/pg -340.2 -341.9 -342.8

659.9/500.7/
-265.8

651.9/503.4/
-263.5

651.9/502.7/
-263.8

Accelerometer
scale error/ppm

Accelerometer —198.0/236.7/  —198.1/236.5/ -197.9/235.8/
installation error  —9.4/43.3— -9.3/43.1/ -9.4/43.1/
" 617.4/-2.2 -617.2/-1.9 -617.6/-2.1
Accelerometer
quadratic term  —4.629/-6.422 -4.539/-6.480 -4.218/-6.553
error /-3.691 /-3.545 /-3.255
/107°- s>+ m™

MR 1,3 A g PR IR IR 2 S M E L
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I Z A 1R 2ZE T 5 wg, FEIRFNMNE T4 %
BMIRZMNT 157, 45 B N E0R 28 T 2 ppm, i
JETF R IWRZEAE LN, il 3 A SR I UE T %07
Y R RBP4 22 7E 0.000 3(°)/h
DL, BE S8R BE AR 25 7F 2 ppm DL DY, BE BB 42 236 152
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PR 2276 1 ppm LAY, IR L REER 2246 LA, il
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