%51 5% 70 NGt TR 2022 % 7 A
Vol.51 No.7 Infrared and Laser Engineering Jul. 2022

BERRESEEERFRESHEREERRER X
IF#4, bemw, #AF, F K, TaR
(BGHBEXRF TEXAXFHAFR, Hd Ky 410073)

o B TEMRERRFAARL LR ERAGE S, R T~ b ik it AATE AR
JEiR £ RE RARBATE T ik WA AT 45 R R ZIRIE B ATiR 2 AR AT HEIRAE T, SRR
BRI R AR S AR PR T, 5 AR AR ke E e AR T IR e A ik
o) R A RGRE R IRE AR B WA AR AR iR 2 A FMEREREAM,
SEAR R ARHAT $ 92 £ RAMEZ G, 10 h FALE I KPR K F 4242 £ 4 0.6 n mile (1 n mile=1.852 km),
BT RELAME, FAUFERITT 37.5%,

KA BB T AR, AXREAN, AABKE; FRIZER

FEISES: V249.322; U666.1 NHERFRERRD: A DOI: 10.3788/IRLA20210499

System-level calibration method for complex error coefficients of

strapdown inertial navigation system
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(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: The establishment of a complex error model of strapdown inertial navigation system is researched,
and a new system-level calibration method isproposed, which includes the inner level arm parameters of the
accelerometer and temperature error coefficients. The method is based on the 45-dimensional Kalman filter to
identify and estimate the error parameters, and the temperature change in the calibration process is controlled by a
temperature control test chamber. Simulation experiments show that this method can simultaneously calibrate the
constant drift, scale factor error, installation error of the laser gyroscope and accelerometer, as well as the inner
level arm parameters and temperature coefficients of the accelerometer. The results of the navigation experiment
show that when using the calibration parameters compensated for multiple error sources, the maximum
positioning error of the navigation for 10 h is 0.6 n miles. The navigation accuracy is improved by 37.5%
compared to that without compensation.
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Fig.1 Diagramof 18-sequence calibration path
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Tab.2 Preset values and estimation values of error coefficients in simulation experiment

Error coefficients Preset Estimation Residual
oy p-l
Bex/C)-h 0.003 0.0034 0.000 4
Bgy/(")-h‘l 0.003 0.003 1 0.000 1
on Lo 0.003 0.0029 0.000 1
Bg/(°)-h!

Error coefficients Preset Estimation Residual
6Kgx/ppm 20 20.17 0.17
0Ky, /ppm 40 40.02 0.02
6K,z /ppm 60 60.01 0.01

Error coefficients Preset Estimation Residual
Mgy /(") -61.88 -62.02 0.14
Mg /(") 41.25 41.09 0.16
Mg /(") -20.63 -20.54 0.09

Error coefficients Preset Estimation Residual

Bax/ng 10 10.02 0.02
Bay/ug 10 10.01 0.01
Bu:/ng 10 -10.06 0.06

Error coefficients Preset Estimation Residual
Kax/ppm 10 10.06 0.06
0Kqy/ppm 30 30.08 0.08
6Kz /ppm 50 50.06 0.06

Error coefficients Preset Estimation Residual
My /(") —41.25 —41.20 0.05
My /() 20.62 20.59 0.03
My /(") 61.88 61.79 0.09
OMezy /(") —61.88 -61.90 0.02
My /() -20.62 -20.69 0.07
My /(") 41.25 41.28 0.03

Error coefficients Preset Estimation Residual

o1
TBax/ng-"C 0.2 0.198 0.002
TBgy/ug-°C™" 1 0.999 0.001
o 2 1.997 0.003
TBa:/ng-"C
Error coefficients Preset Estimation Residual
o1

TKax/ppm-"C 1 1.001 0.001

TKgy/ppm-°C™! 2 2.002 0.002

TK,./ppm->C"! 3 2.999 0.001

Error coefficients Preset Estimation Residual

T My /(") -°C7! —0.1 -0.102 0.002

TM,./(")-°C™! 0.2 0.202 0.002

T Mgy /(") -°C™! 0.3 0.304 0.004

TMezy /(") oc! 0.4 0.402 0.002

TM,,../(")-°C! 0.5 0.504 0.004

T My /(") ol —-0.6 —-0.607 0.007

Error coefficients Preset Estimation Residual

r/m 0.01 0.0102 0.000 2
ry/m 0.02 0.0199 0.000 1
r,/m 0.005 0.0051 0.000 1
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Fig.2 (al)-(a4) Kalman filtering estimation curves of temperature error coefficients and inner level arm parameters in simulation experiment; (b1)-(b6)

Kalman filtering estimation curves of bias, scale factor error and installation error in simulation experiment
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Fig.5 Temperature curves of accelerometer calibration experiment
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Fig.6 (al)-(a4) Kalman filtering estimation curves of temperature error coefficients and inner level arm parameters in calibration experiment;

(b1)-(b6) Kalman filtering estimation curves of bias, scale factor error and installation error in calibration experiment

R 3 IRESHMIREE

Tab.3 Calibration value of error parameters

Error parameters Calibration value
Gyro drifts/(°)-h™ —0.098/—0.061/0.12
Gyro scale factor/rad-pulse ™ 2.2609e-06/-2.2612e-06/-2.2611e-06
Gyro installation/(") 842.70/-246.03/~1056.05/105.09/357.41/-309.24
Accelerometer biases/pg 368.6/—62.42/-126.5
Accelerometer scale factor/m-s ™' -pulse —2.8084e-04/2.7803e-04/2.7028e-04
Accelerometer installation/(”) 590.53/—244.94/-507.83/67.01/345.59/—148.38
Temperature coefficients of biases/ug-°C™" —1.133/1.572/-31.68
Temperature coefficients of scale factor errors/ppm-°C"' 11.23/8.238/28.29
Temperature coefficients of installation/(")-°C™" —0.211/-0.089/-0141/0.121/0.325/-0.368
Inner level arm parameters/m 0.027/-0.017/0.011
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Fig.7 (al)-(a4) Output curves of angular increment of laser gyros in
navigation experiment; (b1)-(b6) Output curves of specific force

increment of accelerometers in navigation experiment
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