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Two-position initial alignment method for redundant

rotating inertial navigation system

Zou Tao, Wang Lifen’, Ren Yuan, Zhu Ting
(Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China)

Abstract: Redundant Rotating Inertial Navigation System (RRINS) can further improve the reliability of the
system on the basis of traditional rotating inertial navigation system. Aiming at the high-precision initial
alignment requirements of this type of system, A two-position initial alignment method was studied by taking the
regular tetrahedral redundant rotating inertial navigation system as an example. Firstly, every three gyroscopes
and three accelerometers constituted a combination. The zero bias correlation and redundancy configuration of the
inertial device under each combination were established. And the RRINS two-position stop scheme was designed
to estimate the zero bias of the corresponding inertial device. But in some special cases, the observation position
needs to be increased. Then, the results obtained by each inertial device under different combinations were
averaged, and the average value was used to compensate the measurement information of the corresponding
inertial device. Finally, based on the compensated inertial device output performs the initial alignment of the

RRINS. Mathematical simulation and experimental verification results show that the method can effectively
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estimate the zero bias of the inertial device under different two-position schemes. In the simulation, the bias

estimation error of the gyroscope is within 4%, and the bias estimation error of the accelerometer is basically

within 2%. Compared with the case without bias compensation, the initial alignment accuracy is improved by

more than 10 times. In the experiment, the initial alignment accuracy in both horizontal and azimuth directions

was improved, and the heading angle alignment error was reduced by about 100 times. At the same time, the

method can also be extended to redundant rotating inertial navigation systems with other configuration schemes,

which has certain reference significance for improving the initial alignment accuracy of such inertial navigation

systems.

Key words: redundant rotating inertial navigation system;
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Tab.1 Inertial device combination

IDG1 IDG2 IDG3 IDG4
Cl \ J J
c2 v v v
C3 y J y
C4 R \ v

Remark  Refers to select this Inertial Device Group (IDG)

THLAH S 1 R B BEATHE S RRINS BB 1F
9 2 i 5 U AR TE AR S B i pr ksl G 1 9T

ARTC A B H AT R A
0 0 -1
H, = sina 0 cosa } (13)
sinacosB; sinasinf; cosa

4 1T RRINS B £ BE 1 19 % i 287 4
it | = o T R 2
a' |’ RRINS i) 4 B 82 i)
e | = g 8

a'=]al a
rhe'=[a' a' a
FliFahe =[ & &
WER#E R De =] & & e | RRINS f45 4
AU HIE TP Tl I A Al &
IR R = A f ] RRINS
BB R e = | o @y oy |,
SRR R e = [ o e o |

o' =" - =(H,) (”l 8"1)
A= (12) i1
() (P -a)] [ED (7 -a)| = (19

[ (@ - ‘)] [H) (@ -&")|=wl  (16)

[ (F —a)] [ (@ ~")| = gwisinL (17)
WA (15) BRI A 15
(P -a) (E)) @\ (' -at)=g (9)
S((HY™) (HY) = KA 220 /g ]

:4_415

() &+ p|a = (7)) K =g (19)
[l #E, 232 (16) B IFAL T 3200 =i /Nag ] 75

[(wl) (K" + K)] &' =
oA (17) BIFAL I 220 — B/ N T 15

[@ﬂKV%ﬂfjf]

( ~ rl) Ko™ — w2 (20)

e

gl = ((’i)”) Kf" - gw,sinL

(21)
AR (19~21) B BJEM I, 715
Al a' &' 1"=B (22)
Hodr 4 F1 B 43 53 m

(7)) & +K) 0

A= 0 (afl)T(IgT +K) (23)
(d‘)rl )TK (frl) KT

(j-‘rl )TKj-‘rl _gz

B = (d)rl)TKé\)rl _wize (24)

(@) Kf" - gw,,sinL
3 (22) BUEA A 1 B RRINS 5 & 14 1 &
i 55 TOAR I B RH G A4 A ATy R 38 0, M4 Al T PAAS
BRI TR IA X AT LA B R IA AU 3 I
BEA 6 MARFE, FF AT Z ML & R 6 1
Tife. AFIBHP S EER I v] DL A 2 sl 2 2 A
[, BT LA 3E i i 7 R T A4S 21 RRINS A9 158 7 £ 14

202204144



s Gk A2

# 14 www.irla.cn % 52 %
18 i ARG A 1 A

i SRR T T R AR DAL R A E B 6 o
TC— 7 R 4 ) 28 B W e 20T 2 i ok, 5 D g 12 A1)
FAZT5 R AR R AR R B i o 28 IO [ AN T Bk Y
Fovh—Fbis B0 A PN B B 7 AR AR F 4 2%,
AR OL T FA R — WL v A n] DA e, B

1.3 EFiREMEHREHTIERT &

T SRR BUE () RRINS B HE 250 9 2 g %457
PERS A 0 A7 B AT M SR 5 R P A F A
5 B E47T RRINS PR o i J R ORLG IE vT iR A
K (25) R BB IEEC:

[ SGCL(M —_—— SGCL(ws —wlg) SGCL(wS - wg) ]
-1 ¢ iez8y — Wieydz iex0z ~ WiezSx ieydx ~ WiexSy
@' @' g\ 0] gy [\ T ) g ek T i
; w, g, iey : ez
C = ()" ()" =| & tanL + —<secL —tanL+ —secL & tanL+ —secL (25)
w * 8 Wie 8 Wie 8 Wie
(g xa)" I 1 (gxw)) & & _&
8 8 8

g5 o i AT S I g IR B e £ 8
Wi AE LR B o3 (X LU B AR R 2R O T AR AR
2o

gS = C;g"’ wfe = Ctszwtr"e (26)
8x 0 Wiy, 0
g'=| & l= 0 |, of =[ Wiy, ‘z{ w;, cosL
8: -g Wl W sinL
(27

a5, BAR R R B Bk ) s R
ﬁg‘f[g; g g ]%Hﬂﬁ}ﬂ?ﬁ%ﬁlﬁfﬁ%i@f
| wn @i, . |PTLLH RRINS HO 1R 25 0 09 i i
SMFI SRR m =] £ f | e =
[ @ @) o | AmEBRE . 5540 2 o h s 30
o7 8 AT LIRS i bR 78 S AT A Bs 3R T A 24 b 5 g
W g MM Ik F 7 A U oo

2 BEMRE

2.1 RRINS ERMAEIHAIE

15 B — 2 B R B U R A RO, =4
BB E T S RIS T AN — A
B B BEVLX N T a0 3% 2 AT Groupl, X A~BEMLAY
7 5 BN = G ok S R O
A DUTE XU 5% 57 LR b S8, 07 8 1 O 2% 2 iy
Group2; = JeFE 2 i) £ BE B FE 5 FLIY 90°, HE Iy 137 &
W 2 4 Group3. # 2 W1, v, 6y B FRE
k(k = 1,200 B Ak AR TR Sy | ARFAD 6 RO [0 61

PiE AR RSB -

2=9.8m/s>, w,=15.041(°)/h, L=40°

[ a a; a; 1"=[1 2 3 4]1"'x107g

[&1 & &

€1'=[0.01 0.02 0.03 0.041'()/h

[ 0-a| O-az 0’(43 0-(14 ]T:[ 5 5 5 5 ]TX
10°g[ 0oy 0oy 0oy 0o I"=[5 5 5 5]"x
10°(°)/h

PiESH0h, gFRon T SN L, w, Rm Bk A 5%
R, LRANGE, a et =1,2,3,4)Y50 53R hnidk
FE TR BE SR AL B A, o o 2 ) 208 i 3 B S T R
HEASC A I S o MR

A E A A A WA B AR B
1 min A EE SR 5 OGP, 7 B H345 2 19 RRINS #Y
PR 0 A 3 FTR

i e U =2 A B R B R SR AT LA
RRINS FYBEPE AR 09 % 0 7] AR A ok, 2
AL FRAE 2 min Z PEERTDASE K. (R R A AEAE T
2t W P R 220 B/ NI 7 AR TR 22, PR MR ALY
TAwAG TR 2ETE 4% LA, s BE T 09 A Ak 1115 22
FARTE 2% LAN .

x2 ZAMEBAESE

Tab.2 Three position combinations

Positionl Position2
[71 61 lﬁl] [72 ) l//z]
Groupl [30° 75° 90°] [20° 295° 90°]
Group2 [0°0°0°] [0° 5°90°]
Group3 [0°0°0°] [90° 0° 90°]
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Tab.3 Zero bias simulation results of inertial devices of RRINS
Zero bias of gyro/(°)-h™! Zero bias of accelerometer/10™*g
Value of calculation Value of calculation
Theoretical value Theoretical value
Groupl Group2 Group3 Groupl Group2 Group3
Gyrol 0.01 0.0100 0.0100 0.0099  Accelerometerl 1 1.0196 1.0010 1.0005
Gyro2 0.02 0.0202 0.0202 0.0201 Accelerometer2 2 2.0019 2.0061 2.0029
Gyro3 0.03 0.0299 0.0297 0.0296 Accelerometer3 3 2.9995 3.0023 2.8358
Gyro4 0.04 0.0399 0.0401 0.0404 Accelerometer4 4 3.9970 3.9937 4.1755
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Tab.4 Simulation position of initial alignment

Position Roll/(°) Pitch/(°) Heading/(°)
Positionl 30 75 90
Position2 20 —65 80
Position3 0 0 0
Position4 160 20 80
Position5 0 5 90
Position6 90 0 90
Position7 20 80 80
Position8 0 0 90
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