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Construction Approach of Unified Attitude
Reference for Naval Vessels
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Abstract: Unified attitude reference is the fundament of cooperative detection, information fusion
and sharing for naval vessels. A unified attitude reference construction approach is proposed in this
paper based on the inertial vector matching method for flexure measurement. The inertial vector
matching method is introduced, and an organization structure for unified attitude reference is pro-
posed. The key technologies for unified attitude reference are analyzed and summarized. Finally,
combined with domestic development situation, some future development suggestions are given.

Key words: Unified attitude reference;local reference; Flexure measurement;Inertial vector matc-

Vol. 9 No. 3
May 2022

hing; Information fusion

0 35

R AE b 4 0T R kL6 BR R T AR O
2R AR P[RR I L 285 5 3L S R A A R R 2
1o A JRE R (1) 0 23 [ R R R Bt — I s R o
K 23 A1 T UL AE L Y e [] 45 2 R A A AT 18 A el
1 3 O 4% F I R A S Rl T R — R0 I I 7
MBS %, WiE TR T AR G e 1 oh
FR 2 3k 1O P 5 B ] R B 2 — R R A B A A i
P TR AR 7 Rz s R
JEARA A AR A B A e S A A R R A AR

if

W fs HE:2022-01-09; 11T H #3 . 2022-03-07

%, D. L. Day%[‘”?ﬁﬂﬂﬁ%%ﬁﬂ A AE— KN
T H BEG1R A A 2838 0. 9mrad, H 55 2 HL3h
AR MAIEAE AT IL 12, 3mrad, A SHILFEE B
KB Z IH] Y A bR RS — B, o DSBS I
gﬁ_

H HiAA P R AR 1 42 0T DL s R A A T AR 1) 5
o YA W =i 1 o 1 A VI [ 1 N =
sy 2Ry S R v SR e EORS B A AR M 8 1F  F AR
198 X ¥ T 3 8 A B o o o S A e o AR
AR B G B Az A R R Re . B S AL
M) ARSI AENTAT S5 R S5 52 A R, Ik b, )

YEZ B v . =6 (1985-) , B BIWEFE 51, 1 L, 32 3 DS Ol vl U 45 B R 05 T B BIF Y



50 TAUE £ 5 R

2022 4E 5 A

PR S A K AT, 25— b
W SRR R E L (58 B RS2 A% N
R, BE A N 25 2 R BRORS B OR B AN I B o DL &
FUE R 3G 22 3 5 AN U it R BT R A 1 P R R Y
Jorn ey i 6 o K i e DA K R OR . B AR I A
J5 W E qek R D R RURN B A R AR A b A AR
AR AR R IR B — B 25 E AR R T AL
S RN € SR VAN S 7RI | 2 VAP R 3
TR AR R RS R A% DT kY AR R AR
DB 75 ¥ JF R AT RO RY B8 AT 5T A SE 5 5k
Horp AR 5% 6 VT T 742 D S 42 DA 22 158 2 O 4
JG (Inertial Measurement Unit, IMU) ¢ £ 3 J& 1
L 77 5% 5 Ry W 4, 38 5 Kalman 8 3 £ 1115 2B
AR B H R TR AT E RS R S
BE TR,

ARSCHE T — P T E A B — A S
M5 . E AT R K VT ] AR I
BLTEBCE AL AR TS - AR T R I
XF g8 — YA B E Y K R 25 0 | D) R AR P AN OCBEHER
HEAT T B AR . R B Ok R DT C P AR I R O v
BURRPEFEAT T 20 AT AL L O X 8 — A W K
JEHEAT TR,

1 BRUEXECERTNEREE

W 1 s A b o) 22 2 A F A5 (Main In-
ertial Navigation Unit, MINU) FllF it 5 (Slave Iner-
tial Navigation Unit, SINU) , H-Ht MINU A& 45 & (m-
F) S5 A BR R — B, SINUG-F) 5 MINU Z [0 4
XA e FIH MINU ALSINU 43 500 2 A AE (19
15 B N2z 3, 15 SRR X5 PR 2R Y A R R L T .
RAIEPE IMU 2 [8] (45 [8] & £ 237 ) 3803 1L )
FE M 5 A bR FR 2R U A1 1 ) BRASE AR, R Kalman 1§ 3
i1 BB AR

v MINU I T

1 BEXELREETNERGTER

Fig. 1 Schematic diagram of inertial vector

SINT

matching system for flexure measurement

% MINU F1 SINU Z A fih . AR A
T 725 S ORI 300 AS IR0 93y W25 2 708 i 8 25 01 7

i RN
o=p—+0 (D

Kb, p HERETBAZM 0 HEBLAZM,

P % o DG I A 7 A 4 A B DR L L L )
DCHC | ff o B+ Lb g DC G A5 7 ikt o Y8 AR f i
RN BESE LA (o || << 1 B R DS T it
FERIR N

Aw =0, — 0! ~o, X@+0+A (2

K, Ao R AHEEZHE 0, o), 570 FKR

PE IMU W& M 3EE; Ae RARPE IMU ¢

W2 i 22 1
by PR oy B R
Af=fis—fin=fiXeo+ow;, Xo;, Xr!-+
o), Xr!' +2@), Xr!") +r! +An (3)

K, Af FoRWHZEME o, f ) A HRRH
£ IMU W &1 T RoORFFE ;A KRR E
IMU By fin 88 B2 112 i 25 14

WM R BTG & 5 FR R — 2R AR, W
UM S T AR RO AT AE . i TR 2%
FAAE 2%, JIT 32 11 I TR 28R of 2 B AL 1Y), 5 BBl O A
R BE ALY 38 R Ge R R S SR, &
09 3h 25 A8 B Sl B v - T R AT R g AR
RICE) ] R

0, +2a,0, +b%0, =2b.6, Ja, e (1) €D

X, i =a,y.250; NHJEREGH, JZH
Ko, NENBGAZNEEY TR e, (0O HEHMHEE
IS U B b LR F e B 3 s BN R R
SHRE AR . TR B A AR B AL Ol — A 57
Fa bt ALt R ) sl 25 98 28 D7 50 1 55 4504 o A5 7 2
B AT LR

TEBPE S 5 DT FC I 5t 7 vE L MR EE + Lk g DT
FC )y Al TR 2 B R O RE 2 H R I R B
AR T YA . A+ ) DU Kalman 38 3

D5 R B AR S ) i Ry
X =
TR L L CD LN D LN oD LR R
(5)
Kalman 3% & 0 J7 #2 Ry
Z=HX+v (6
Ao, v SRR 2 S R
Z=[Aeo" Af"]" (D
S B



5% 3

IR FBE 95— 45 35 i A A U 51

(w3, X)
Lo

s Tos RIR 3 X 3 BYHALLNS FRERF 50 s
N 3X3 HEH .

A5 9% dk D CHE A% 5 vk T A 23 A A L RE L
AR I o e A HEAT TR AR L RO e L A
B RE OR B S L (H WA AE 3 AT A R
RO A 7 R A AE T AR G DR 22T AR
I A 3 A i R0 e e A S DT TR A )
J7 538 A58 1) TR L 2 52 B A 8 — 45 25 ke
BLE T AL

2 G—REEENMEFZE

Ry v IR AR 8 1 5 el 4% (D TR 45 A S R
ARG ol Sy 2R A v R SR B R R A L
FW T — R P AR A B B A L OF L O i i
JE 2 U8 E B B A T B A R
25, P i ARG B R % ARG B 0 K e ) R R RE T
Je 8 I M ) R SR R BT S A R 32 RS L AR R R
TAERBE RG], RS A L RS MAL, X
i G VA AT SN I TS | W 2 e
5L 1 R B O B i R R Y B R 2, OF A Ok
WL FIRR S . R i e e ) B, 45 T — 3
MR B AR 1 B8 — B A SR R I i
THIYRe R IR R R A
2.1 G—REEEFRE

G — A FMEFE BN 2 Fros . R B0 S SR
MINU 5 £ 4l 37 Jay 3 B o SINU: (0 =1,2,+++.n)
G3N BEAT IR AR U o, PR 32 S R o Y S A b
TE AR Jei A% 38 B 45 A sy R R A e, TR AR R R
FH #3150 5 35 o 0 Ry 50 56 o 1 o BRI o R Y
JE oy IO 5 4 R S 5 R A Y A IR A L A
PR TR R ZR

(f:\ ><) O3><3

MINU
A E
S SIS D/
SN PRI SN T4y
WE® it 5L Ly
ifeflid
SINU1 SINU2 | SINUn
A A A2

2 G-REEERER

Fig. 2 Schematic diagram of unified attitude reference
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Fig. 3 Work flow diagram of local attitude reference
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Fig. 4 System architecture of unified attitude reference
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Tab. 1 Error parameters for gyroscope and accelerometer
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Fig. 8 Flexure measurement error
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