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Gyro bias estimation for rotating inertial gyroscope
using rotational angle increments observation
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Abstract: To accelerate the convergence of vertical gyroscope bias estimation during the initial alignment
of a single-axis rotational inertial navigation system (SRINS), a method incorporating angular increment
measurements from the indexing mechanism is proposed. High-precision angular increments are incorpo-
rated into a Kalman filtering framework to construct a novel observation model. The effects of gyroscope
scale factor errors, misalignment errors, and indexing mechanism output errors on bias convergence are
systematically analyzed. Based on this analysis, an appropriate indexing strategy and a corresponding filter
model are designed to mitigate these error sources and improve robustness in practical applications. Experi-
mental results demonstrate that a vertical gyroscope bias estimation accuracy better than 6.2 X 107* (°)/h
is achieved within 15 min. Compared with the conventional method using velocity errors as observations,

the maximum position error is reduced from 1. 23 to 0. 15 nautical miles in a 12-hour static navigation test
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and from 1. 27 to 0. 76 nautical miles in a vehicle-mounted navigation test. These results confirm the effec-

tiveness of the proposed method in estimating vertical gyroscope bias and improving SRINS navigation ac-

curacy.

Key words: single-axis rotational inertial navigation system; gyro bias estimation; initial alignment; in-

dexing mechanism angle increment
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Fig.1 Schematic diagram of filtering process
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Tab.3 Alignment results using different methods

Different methods Pitch angle y/(°)

Roll angle ¢/(°)

Heading angle ¢/(°)  Heading error 8¢/ (%)

Method 1 (15 min) 0

Method 2 (15 min) 0.000 1

0.000 1

—89.996 7 0.003 3

0 —89.9991 0.000 9
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Tab.4 Alignment re

sults using different methods

Different method Pitch angle y/(°) Roll angle ¢/(%) Heading angle ¢/(°)  Heading error 6¢/(°)
Method 1 (10 hour) 0.039 3 —0.006 127. 318 2 —
Method 1 (15 min) 0.0397 —0.0055 127.314 4 —0.003 8
Method 2 (15 min) 0.0397 —0.0055 127.316 7 —0.0015
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Tab.5 Alignment results using different methods

Different method Pitch angle y/(°) Roll angle ¢/(°) Heading angle ¢/(°)  Heading error 8¢/ (")
Method 1 (10 h) 0.8139 —0.108 6 —95.4116 —
Method 1 (15 min) 0.814 5 —0.108 8 —95.408 8 0.002 8
Method 2 (15 min) 0.814 5 —0.108 8 —95.409 9 0.0017
0.2 T . ;
0 2831
o 02 1 28.25¢
‘s 04l — ALat(Metod 1) | >
g™ — ALat(Metod 2) E 282k
506 ]
28.15¢ —— Trajectory |
08¢ ® Start point
-1 . i i y ;i 2811t ® End point |
0 . : o i S 128 1129 113 13.1
t/h Lon/(°)
BI16 12 hfdds S A0 26 13 v i 2 F19 iZshihik
Fig. 16 12 h static navigation latitude error Fig.19 Motion trajectory
0.2 T r ><10'3
0 -2
0.05 oy ]
o -0.2¢ 1 3
§ 04l —ALon(Metod 1) = 9 95 10 T~
S —ALon(Metod 2) >
5 0.6 ] 5
-0.81 | -0.05 1 1
—¢&.(Method 1)
o ) 4 6 8 0 12 0 2 4 6 8 10
th th
B17 12 hif 2 A2 iR 2% F20 10 h oK fm BE WA i e S5 ith 2%
Fig. 17 12 h static navigation longitude error Fig. 20 Vertical gyro zero bias convergence at 10 h

0.04 - x10° ‘ R
-1
2
~ 0.02 3 1
= 700 800 9
I 0
— ¢ (Method 1)
-0.02 — g2(Method 2)f
300 600 900
t/s

21 15 min K[ B2 88 2 i i St £k

Fig. 21 Vertical gyro zero bias convergence at 15 min

12 b 4 S U 52 6 45 2R 4n P 22 Fn P 23 B
F18  HEHFMLRIE TR0 SR FHOT I 2 R AT WA X8 v T A K 1] PR AR
Fig. 18 Vehicle navigation experimental setup IR J5 , 226 B 7 0] B9 S i 22 2 0 /N, &k -,



3088 e R TR 34 %
12 h 5 A0 B9 B K E O 22 A 1. 27 n mile [ = = —
0. 76 n mile, /N 40. 2% . 2837 o Start point]|

* End point
282571 ]
1 § 282f

_ 0.5 28.15+

)

E 81L : . .

§ 112.8 112.9 113 113.1

205 Lon/(°)

|—ALat(Metod 1)
— ALat(Metod 2) ‘ ) )
0 2 4 6 8 10 12

'
—

22 12 bl 42 52 0 45 3 5 0 b 22

Fig. 22 12 h road test latitude error of sports car experiment

)
E
&
E
—
<
—ALon(Metod 1)
1 — ALon(Metod 2) ‘ ‘
0 2 4 6 8 10 12

&123 12 hiifg 42 50 96 28 5 o iR 25

Fig. 23 12 hroad test longitude error of sports car experiment

by it — 25 B 7 1k AR B KR )R i S
50 B HE T, 8 0 B X o B ) 2E K = 60 min, JF:
FROOT R ML B 5000, S R AR AN R IS B
TR0 8] 24 B R

6 ] h et M A R, K 1] i R g AT S
2R 4N & 25 F R 26 fif R o DL 10 hox ofE g SR ok 5
WE AR SCO5 ¥R AE 60 min N RS TAE S8 7 19 £A
BRZEWR /N 1. 2 X 1077, K 1) B W i A7 115 2
F2X 10 ("),

B 27 FE 28 4 T 12 W R 45 31, 4 ik 2

K24 mah#ik
Fig. 24 Motion trajectory

=
< e ——
=
9.5 10
— & (Method 1)
-03 - , : :
0 2 4 6 8 10
t/h
P25 10 h 2K o) B B8 22 Ml Wi S5t £k
Fig. 25 Vertical gyro zero bias convergence at 10 h
0.2 ‘ 3
15 x10
2
0.1 25
= . 2500 3000
© 01 1
— & (Method 1)
- — &*(Method 2)
0 1 000 2 000 3000 4000
t/s

P26 60 min K [ B2 B8 2 fi i 4 it £

Fig. 26 Vertical gyro zero bias convergence at 60 min

W) iy R B K ] P MR e AN S, 12 h R K
E LR 2Z M 1.19 n mile f& % 0.3 n mile, 38 /)
74.8%,

R6 FRFEXNEER
Tab.6 Alignment results using different methods

Different method Pitch angle y/(°)

Roll angle ¢/(°)

Heading angle ¢/(°)  Heading error 8¢/ (°)

Method 1 (10 h) 0.1161
Method 1 (60 min) 0.116 0
Method 2 (60 min) 0.116 0

—1.9232 5.666 7 —
—1.9227 5.668 3 0.001 6
—1.9227 5.6671 0.000 4
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