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A joint rotation modulation of two rotating inertial navigation
systems based on sensor-level fusion

Zha Feng,Xiao Liangfen,Tong Yude,Lin Hongyi, Bu Haoyu

(College of Electrical Engineering, Naval university of engineering, Wuhan 430033, China)

Abstract ; Large surface and underwater vehicles are typically equipped with two sets of Rotational Inertial Navigation Systems ( RINS) ,
which operate independently following the same rotation modulation strategy. The systems only serve as mutual backups, lacking effective
information fusion. To improve RINS accuracy, a joint rotation modulation scheme based on sensors information fusion is proposed under
the configuration of two RINSs. The classic single axis rotation scheme is optimized at first without changing the structure and
arrangement of any single RINS. The rotational strategies and start-stop sequences of the Inertial Measurement Units (IMUs) of both
systems are jointly designed to ensure that at any given moment, one RINS is in a stationary state. The output information (from the
gyroscopes and accelerometers) of the IMUs during the stationary phases is fused in sequence to reduce the coupling effect between IMU
rotation, scale factor errors, and installation errors. Theoretical analysis of error characteristics verifies the advantages of the proposed
modulation scheme. Simulation results show that the position error of the system using the joint rotational modulation scheme has
decreased from 2.3 n mile/72 h of a single normal RINS to 0. 7 n mile/72 h under the typical sensor level.

Keywords :inertial navigation system; rotation modulation; information fusion; rotation scheme

ﬁiﬂlﬁ’ﬂﬁl\iﬁ%ﬁ,‘J\‘Egﬁﬂﬁﬁiﬁ?iﬁﬁ’]ﬁﬁﬂﬁ? B, %
TAREIRA R A5 R G o R 22 B[] AR S 4R
I RGRG R X5 4 BT (inertial measurement unit
B SHVE N —Fh A £ TR SPEBARTZRHE  IMU) e LU 6 2 50 1R 22 1 e 55 1S R R 05T
T HUORAATEESR, X FR T8k, P LSRR BRI T E . HE T OREDK AR R

0 5

T

S H 9. 2024-01-29 Received Date; 2024-01-29
* JEA T FF HRBF 4 (42176195) T H ¥ BY



198 f# £ ¥

a5k

R EA B R G R U T RS, LR
R YL FRUE S Al Rt

TAFR , JEA A1 ) SR e B Ay JE e 15 3 Y BT S A
— 3 SCHR[ 10 FRGE ST 1 LI B R XUl % 1
] SR DR 25 P, 4R R T — A e ) U 9 ) SR
SCHRL UL AEIE RS, $2 11 06l /I o J3E 1R 22 72 355 14 LAl
P TS, SR 12-13 18HRS SCHR[ 1-2] Y 2R 22 15 e i
1B SRR, BN T — R BNV IR 22 P O %6, A
WAR T RERE

Zi b, HATERE A T R GE R B I E AT A T e 4% 5
St L KRR B R R B R2E 2 RBOR 2/ %
IREFNZX G RERERL, MARELZ AR
GE R G R, — Loz A X 5 R G 5 30
SEBC U S B0 5 B RS HEAT T AR AR R TR
GORE R RS LAABE S 2R G R WL A T B
it R B ARG R

TE ISR S B S5, UnAa) 58 23 8 i 1% 22 1Y
(7] R /N i 3 5 5 i A7 0% 2 A 15 Ok 1) B0 T 52 ), 52
MNERGAHHE B TR R &, O 5 28 R
Jr I, AR SCHET W 65 PRI e LAY = R S I B 5t ( F T
— ORI R AT ) TR T S R (5 SR Rl
B IIRG BEH IR T RIS T . AL s R G LEH F 2
HERTSE T, DAL Bt P R ST AR P i BT e % S
RS TR 65 15 S R G R AR i T (PR RR ORI EE ) | A
R LN At R T VAR S R U= PSSR i
ST P ESEY S 2 IR A A ) AN A R A 5
B, BB/ NI e B T 2l 15 %0 B A RO 28 22 R
ZERIR AR, E— P T RS

1 HesgiEA S R E A REE

1.1 BRRSREEX

S SO R AR FR . B AR AR AR @, Ji i of
FHER O, 2 AR AU, Sl T R 38 - 1, AR = f5 1]
y 5 2 BlORD o« SR A T EH A RIRR

i b [ AB R FR e o SRS A T HUBR s | 2 Bl S5 0 A
FRFR 2 SARTRD xSl 1 A8 MR 1B 42,y SlAG B
HFEMEIRR,

SUABER R n BEBON Y b P AR AR ZR | BRSA T 3K
e, 3 Blar e m AR A R

HARABRR Ty b JFATCR AR L 3 B4 S 2 Ak
A i

WEFEAEFRZR R p o SRS AT IMU Hruty 3 %l 43 5145 1)
IMU (A Fgu -, FERE SR 1 R G, IMU 28 4%
PRARAR ZR b I HEAN Bl E S | 1% A b 2R A2 W0 0 B 220 5 3k
BFRRER

FEFEIRAT S R G, AR S5 B I i PR e [ B 1
AT H B BB SO S 0 2 AR X AR 0 A R
JERN LG T, B3R B 0 A S N e, (R R 852 A
FREA b, FhRdmn b RMXTT i AR, 5 82 3R 2 A
W)tk f, T RE BRSO E BE  AE iR 25 , 8
MR Se!, F16f" AT AT RN

de!, = (6K, +8A,)w;, + &' +n' (1)
' =(8K, +8A)f" +V+r (2)
Hrr,
k, O a, 0
K, =0 k, O|8K =0 a, 0Kk
0 0 &k, 0 0 ay

BRSO RE T 14 20 B A MR 22, DA% R8s i o 135 L e

5 R R 38R AN S I AR R BR 22l TR IR

e T [ S 1 g AP G 220 B R O 5 IR TR i 221

JE F B2 T LA R R DR 25 MR R R 22 . 0

BRI FRAER 22 RE SO TE 1) 200 B 28 0H B 1) 220 B2 22 8K

Z M AT S5 A M A IE A 6,
BEBRAN 2 8 R BOR2E AT LI RIR A

oK, =
K+ X)) 0 0
0 Kotk X (@) 0
0 0 Kotk (o)

(3)
Rk Lk ki Rk, R,k A3 3 AN BRI 1 %) BE
FEOGFRIERAEXT BRI R 22, f(w),) IFFS A%, HOE
TR TR AEE o), BIIE G, D208 R B0R
ZERE L5 AL,

0 k12 k13 0 Ay Ay
SA, = |ky 0 ky| 84, =]ay 0 ay| K
k31 k32 0 asz s 0

MESCRIANEE B G 22 B 1R 22 | RIVER T 3 /il i) g 42U
TN AN TE 38 226 5 R Al i iR 22

e" Fl n R PEIRAY B R MR LIERS 1222 VA r
AN B T ) (A M BE A LIS 158 25
1.2 REEBEEST

(1) F(2) FRAFE T e SR AR 2 B i e I 2%
AR SRR B RSO  EE A 4 B A
AFR R TR LI R 22 Seo!, TN SF " AE MU A A A A 1R
ZH

E' =C)dw, (4)

I =cpf’ (5)

Hi € b RZF n R ARARAE BRAEFG

FEREFEAR S R G0 IR I i B e SR AR R G , N



9

AW SF T R RO A Y RURERE 15 5 2R G 1R 22 1A i S 199

I8 40 1R 2 HE B A AR RN R
Sw! = (8K, +5A,)w! + €& +n’ (6)
8f" = (6K, + 8A,)f" +V'+ F (7)
Horh, 8K, ,0A, &" ,n" G35 BRI B R HR 2% |
LRRE HHIREMPENLIRZE , 6K, 64,V 1" 535
IR 20 B R AR 2| AR 22 R (E IR 25 R BE AL
W2,
R e A b R G AR AR R LR A
o, = Clw;, + o), (8)
Hrfr, €y 2 b R3] p RIAAR IR
BEFEAST R G0 b, g SEASORT N S B T B I 2 5% 25 A
AT AR A
E' =C,Cow) =C,C)[ (8K +8A) ! +&" +n"]
(9)
I'" =C,C!5f " =C,C)(SK +8A)f" + C,C'V' + C,C'r’
(10)
THEILLIMU %8 Z el R ), i b X o BB 484X
HAHR2E I FE RBOR2E LA 22 AR
M IMU LU 28 Z BEL I 75 ¢ 20 A8 A8 4
HiRE C) AT LFR N

coswt —sinwt 0
Cﬁ =|sinwt coswi O (11)
0 0 1
G i, IMU A X F 2R R 0 R e, =
[0 0 w]',

R AR L B R R S AR E S, B C) R
(DAl

1) BRIRASUR (B IR TR 2E IR

BCIMU 9 3 A Jl ) 19 BE SR (BRSO & =
e. 1", TEFERRI S rh 2R R A BE IR0 (B
¥ e (EFMANIEARIERXS Ce, HET I, FATE
FeT A — DR RN SR 2251822, TR A -

& =FEj;dz - {31 2w 2“} (12)
0 w w w
TERERARN T R G TR IR 2T AN C)Cle, HHTFE IR
ISR EER T — e NS EBERE2ET DIE
N

[e. e,

eg’coswt — g’sinwt 0
2m 2m ’ 0
¢=wa’;dt=J'w glsinwt + glcoswt | dr =
0 0 , 27T
g’ &
: w
(13)

FeaaC (12) F(13) nl %0, S heds e sC /) X fFn Y
A1) %) (Lo VR R A 9 o B I X AR — e
JEIA P, BE AR (IR AN 25 [ S iR 22 B,

2) A9 PR 7158 2 A e 1 22 M

B (8)RAK(9) 1T, BUAAIZF) 0, S2IEF
R 2 L RAREM B T AR ZE N -

E, = CiC,(5K +8A) Ciw}, (14)

RS FERRAR T D AR, T IMU £77E
gz s, S AL S il ¥ o), 5 %) 7R 22
PR E W EIMAZE N «

E, =C;C/(5K + 8A) w), (15)

IZIR ZZTE SR TP ANAE A, O IMU Jieh iz 3l 43
RGUH R TUTH I

AL TR S b B T IMU R BT 2 3, el
A RE C) MU TR IR R T, AL (9) A
A (10) WTRAE A FEHERE 75 C) ANIR), 205 R AR
P2 EAERZE P MBASCRIIN R 3t ) (008 2 A 0 i e
WA,

B TR TR T 58 I A i AR R 4T o 2 AL o i 32
TR EIRZZ AR /N IMU 32 80145 %0 B8 2 500 2 81%
ZEHIREG RN, I/ N e 5 AR MR 22

2 BHERERIEANRE ST

2.1 BB KL SRR
I T A Ay ML F18y BBl e 2 R o) SR A 1 B R

B 1 S 4 {7 B e T R

Fig. 1 The traditional 4-position rotation scheme
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