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Study on the Initial Alignment Algorithm Based on the Attitude Determination

FANG Xuan, GAO Jingdong, XUE Boyang
(Dept. of Navigation, Naval University of Engineering, Wuhan 430033, China)

Abstract; Due to the disturbance caused by wind and wave, the traditional alignment methods are no longer ap-
plicable to the strapdown inertial navigation system. The newly-derived attitude determination based alignment
(ADBA)has been widely approved as a promise alternative scheme due to its advantages in terms of alignment speed
and disturbance robustness. However, the ADBA is virtually a coarse alignment method, which can not compensate
the sensor errors. This drawback make the roll angle estimate by ADBA possess divergent error, which can much
degrade the alignment performance of ADBA. In order to overcome this drawback, this paper proposes to align the

roll angle using only very short outputs of inertial sensors while align the pitch and yaw angles using more data. The

simulation and experimental studies were carried out to validate the proposed method.

Key words: error model; attitude determination; initial alignment; suppress disturbance; roll angle

0 F%F

A0 4 ok VHE B BB 53 2R 8 A A IR 2 A
SR B B FPRHE R FORS RE R R BE R T R 4
R BEFR AT AR WM BL S aE - o (EAE S B is
s H T 32 B A KR A SN A K AL A SRR i
T CL AR 2 1) LB AR RS 32 A R TR X 7 v X 2 22 A
TN BE SR AT B L 3k — O TR B R
GME LR . R RN O A 2 3 R —
ob e 2 25 R ) 1B R 2R 00 46 0 9 D7 3 G AE 0
LR T AP IR DRV o S T S E N
PO RIS E WD e X T 9 0 A% O AE T KR R )
Uy A 220 P9 (L 28 A5 0 I 32 R I 1D SR Sk OB T B R
WU BT el T A E D 0 X v e R
HOR 2 BT 48 17 1% 22 1 AL TR L DR 0

Y fE HH#9:2015-12-01
EEWEB :EF AR ¥R E R H (61304241,61374206)

Y TS B SR A 2o A P 2 A BRBAR 25 . TEAR T
GO R I T YA 00 I % v 7 v L A A
A 15 22 A5 S [] 322 % 10 S5 o 0 R R X 3%058 2% i AT
I ] L £ S B 2 HE S R IRT . B,
AR SC AR R SR B U A 220 8 3 A s A e )
A2 B0 L L T T 00 0 A A A AR 2% ) B
VIR SR S VR AR A B B0 3 R R R
1 BEAFHEANG I EREAREHE

BEBCAR G — P UL L R RS
FIL ) GRS » AT AR A8 A SE B 353 J 88 R AT 336 44
KA. oA IR I R A B AN

Sy RREE N
Ci=Cwh, X (D)
0" =Cpf"— Cw! Ftawl) Xv'+ g (2)

EZ B 19865, 55 AL RO AR W A 32 M R SR O TR A BF 5 . E-mail : 282612053 @ qq. com. JAEVEH :
WIAR (1958-) & MRAEEE N, 8052, Al A U, 23 SR ABTPEBOR 5 I 1 2807 5058 T . E-mail: 982835290@qq. com,



776 E o5

Aot 2016 4F

pP=Ru" (3)
HT T A R R 7 £ AT e s At il B
(I GPS 85) — B 2AT . 1l 1 38 SCT W) 06 0 HE 2 45

ZEASKTUE S R B B A T S O E B Ay .
LA W 1 e =R ofe 1k T 45
Ci () =Cyi) =it Ciiy Cot) = Cot), Gy (0O Cpty)
4
s Co) g R A8 bR R TE W) I %o o I [) B 9 ) 28
AR Cit) S T T AL R 28 TE ) G X o 1 ) B o 1
PEISARAL . A4 B AT S O R SR A
Cy) =G wiy X (5
Ot =Gt il X (6)
s ol Ry RS A — ] fR R IS
1F3 s 0, R T FR B AR A A R A A6 Bk B
B AL IS B P ES 43— T i GPS fiy i B2 15 B
RARAGE] . [R]iF,0 TR Ao 5 R R SR A
R C =155 \Coo) = Loy, RVBAARC 0. UL
oo A Gy #8 TR 46 AH IO 1) i A 3 3 S R A A
1330, PR 38 34D 43 I 0 TR X HE Y 0% B
SEAL AU SR fR A M BE € (0) ., T 6(0) & A
n(0) Z BB ALFR R BB S HE C(0) & —
{ELRE B (28 AR A 1 o B FR O A IR
AR 5 R B E R R R e . B
SE 7 — AU S W WL 2R R R A B E — AL T
FATT SR 55 47 B 18T S 190 S R AR O AR B EL S O AR A
HH UL N R A R I
2 W &k E AR
W 2 ) R 28 3 5 W 1) 4 1 T A B R 0
Ji A%
=CiCOCH f1— Qawl Fawn) X o'+ g"
(D
LD W 5353 LL Ciiy) m
Ci0 " =Cp (0O CLY f*— SW&U+w>x
o'+ Cr) g" (8)
ﬁ<8>ﬁﬁlm$/§%ﬁw
C(OCY fr=Ci0 [0+ Qal ey X v —g" ]

(D)
SNOIESS 27
B.=Ci(0a, 10
e
0. =Cl3 /' an

B.=C [0+ Qo Fai) X o' —g" ] (12)

Fh T I Ak 2 T ) R R AR o R Ok A 2 L
SRR S DRIl A 3 5 i S oy T ik . SR
S* BRI AE B R R A A 2L o W]
Hi GPS i i 73 21 b, 7Tt GPS Hay i 19 2 2 45 83T

BRI, SR i 2 o, — Mt GPS
FEUSCHIL AN A% o 5 0 1) D) e . X HE AT SR R
JE 22 43 (T8 2R 15 I B 15 8, B

o vkt —v (k—1)

V" (k)= AT (13)
Ko AT Sl GPS Hip R FE R B . 25 50 3 % i B A5

B B R RS A RV R L R B s Y e
AR TP RO, 8 a0 s A G U
RESABRRKIEZE. EMESENWESHENKEE.,
TR B A T A 2T — A S A X
ﬂ%ﬁﬁ*ﬂﬁj\%%ﬁﬂfﬁﬁFﬁﬁ”ﬁéfﬂ
3 X3 2 (8) P 31 43 ) 347 B4y ] 45
Jcbym qmﬁcmﬂm—
J’ Cr9 el + wl) X v"de +
Jc@gm (14)
KD L By vl 43 R
ﬁGMW&:cmwu—fawmxww:

Ciyvt — v (0) *J Ol X ptde

(15)
B QO E R EEE N
C(0)a, =B, (16)
Hrp
a, = j Cyy ftde amn
0
B = CiQu" — o <o>+J O ot 5y dr —
[cxpgra (18)

e 220G ORI £ T 0= ke, {8
FEXFUE SR E] = MAz, 2 (17) L (18) Hh 45 37
FLOR A 7 2

a (o) = [ O fde = kaj”fmfw

0 £=0
Mol

Zamf (1 ([ hde)x) rar

19



5 )

T 4 < T S S DD I 4 5 -

St (18) 1 j Ci0 ol X v de
0

. ML
J Ciiy) g de = EJ Ciiyg'dt =
0 k=01
M—1 ,
() | BT )
(/n(wJ Cu’ g"dt (20)
k=0 o

A 200 o]k — 2 I, B
t M Lt
[ewga~ Yo" ava—uw-

k=0 k
M-1
Wl X g"dt = ;O,:é?;) .
TZ
(T1+ Gt X) g 21
A A C v — v (O FRIF A 15
+ M—1 .
L Citd) it X v'de = > c;;z?;)j“ Oy wl X o' dt
r=0 4
(22)

R A

V() = v (1) Ll

T [U7l(tk+l) *'U”(t;,):l

(23)
@2t — o it o

+ M—1
w(0)  n 0 w(0)
J Gty wip X v'dt =~ § :Cn(wJ
0
k=0

Wl X {v”m) +

A Gl X .
4
l‘*t/\,

T [V () —

M—1
v ()]} de = 0, -

k=0

[(%H%Zw;:, ><)wz-: Ku' () +

(%I+T§w}; ><)w;; X 'U”(tk.l)]
24
3 WEMMNEE ERH#*

R U RS A ROV L e AT R R SRR
MO B SE g, (i E LI o W 3 AW G 2 A A B
Sk 05 PRI X o ) 235 SR BRI RT DA A R 6 o R 25 . [ B
Shy Y 15 A2 2 T ) v B I R ), 1 M
i R 25 43 B R B SRR (E RS e, = [0. 015
0.01;0. 01 ] (*)/h, fin 3 J& i+ F Ml e. = [50; 503
507 pg. BEALR 243 BB & K 0. 03 [(D//Hz]1/h
500 [pg/vHz J/hy S 7843 m Xt 45 1 3 ATl
K Fl Monte Carlo fjj H. X #E 100 .3 MMM

XPHEL R B 1~3 fros . diE el & T %
AW E B0 06 X U 3 R RE AR 4 1) 52 w0 s X HL
Xt VA JRE A R o I HEL UG VG TR A s 2 DAL RS o 19 £
JEE H o DR DAy i T 2 A S 114400 B X 9 9 5 R 15
P& R R 228 BEAT AL T PRl Il e 43 o —Fb
HLXFHEY . 100 K1 Monte Carlo fij H 525,
T 250 R 1) A X v R R B — W B 15 O
X U5 P 2 T 22 0 A A ) 0 o o 3k T A PR B
I T 52 B A G R i TR T A E 1Y
1ty R A 2 — T AR AT 9 o AR T B D A X o ek
L B B IR S R (H R ESS R T R B
BT RS E W IR R EE T RR A TR R E A
W IF (1) 55 A% PR IO 3 S R DAy 2 T 48 285 1) 0 s %o
YT AN B 1 0% 22 AT IR B AG 3T 3 B A
PR BB AL R . e AT & .2 4K
S 1 AR AR S I [ A AT UL SRR B v RS BE . PRt T
Xof T 5 R B0 i X o 1 AR S B b R AT 2
i BRI OGS T A6 AR J — B Ik 1] 1A AR 7 A 0 25
SR o T 7] £ F1ARE AV 2k 25 (7 T X6 9 245 SR b 2 14 41
A T R G VR AR A IR AT R AN M ST

200 400 600 800 1000

i Al/s
1 AR AR X o 45 AR

0 200 400 600 800 1000
i al/s

B2 R A N

600 800 1000
N TE] /s

B3 L 1) f 6 HESSE R



778 E o5

Aot 2016 4F

4 FH G EEE L RIR

Ryt 2L B B T AN G ) A6 0 Uk I AE B
HE AT T A RO AT T RNE A 4 2 0 A X o
S, SRR B A — T RN RO B
AU GPS K NARATHIIG X i 19 2 5 % 245 0k
M B AT RER T R G0/ GPS A L BB )5
10 S S B ATt A A Dy R A o SRR AR T R —
Br 100 s 1 8 dh Bt A5 AR S X HE SR A B Ik

P 4~6 535 S P Fof 5 8 A RS E LS 2R ol AT AT
L B B R T 5 A R AR AR A A AR T
J7 TR T2 S8 T5 S 1 I TTIE ] 1 7 42 7 56 /9
AR

EAp £ )

et RS
0 10 20 30 40 50 60 70 80 90 100
i [A)/s

B4 IR fhIH iR 2

0 10 20 30 40 50 60 70 80 90 100
I 1) /s

Bl5 BRI R 2

Sk Ik

0" 10 20 30 40 50 60 70 80 90 100
A /s

6 R AR R 2
5 #RiE

RS ARG A LR, ETRESH
FE 1)) 16 % U 3% AT A A ] A6 AT B I AE X R
PR A BRI . A ATy ik PR AT
R 25 T AT Bl I ()R ARS A 30, AE SE PR s SR U
X T 0 AR o — B2 s B] P B R R AR R o 45 SR S T A
1] 1 FIVIREAVD A 20k 8 1 P ok o &% o) s 20 10 {1 3 R 3R

R A TR R TR BT A ) AN RS . S

UEWLIZ 7 v e A AL

5% Uk -

[1] ZsKkTe. B S At LML b5t Bb2F i it , 2006.

[2] TITTERTON D,WESTON J. Strapdown inertial navi-
gation technology[ M ]. London: The Institution of E-
lectrical Engineers,2004.

[3] frEAMG, EREE. RS THREBME S A X MR L]
JEHL 5/ 5%,2015,37(4) :566-569
HE Kunpeng, WANG Xiaoxue. Aligorithm design of
self-alignment in ship-based SINS[]]. Piezoelectrics &-
Acoustooptics,2015,37(4) :566-569.

[4] 380 8 H Kk, 55, 26 T o H iy SINS # Jik J3

RGP AEfRZ L] EH 5 56.2014,36(5)
805-809.
WANG Jie, GUO Xiaosong, ZHOU Zhaofa, et al. Es-
tablishment of errors model for SINS on a stationary
base with large azimuth misalignment angle based on
quaternion[ J ]. Piezoelectrics & Acoustooptics, 2014,
36(5) :805-809.

(5] 488 5% . a5, % ST RIES % R 00 ol 5L w0 s

MHESE M ML) R TR S B FH A, 2011,33
(3):618-621.
YAN Gongmin, WENG Jun,BAI Liang,et al. Initial in-
movement alignment and position determination base
on inertial reference frame[ J]. Systems Engineering
and Electronics,2011,33 (3):618-621.

[6] WUMP,WUY X,HU X P,et al. Optimization-based
alignment for Inertial navigation systems: Theory and
algorithm [ J]. Aerospace Science and Technology.,
2011,15(1):1-17.

[7] WUY X,ZHANG H L,WU M P,et al. Observability
of SINS alignment; A global perspective [ J]. IEEE
Transactions on Aerospace and Electronic Systems,
2012,48(1).78-102.

[8] SILSON P M G. Coarse alignment of a ship’s strap-
down inertial attitude reference system using velocity
loci [J]. IEEE Transactions on Instrumentation and
Measurement,2011,60(6):1930-1941.

[9] KANG T Z,FANG J C,WANG W. Quaternion-optimi-
zation-based In-flight alignment approach for airborne
POS [J]. IEEE Transactions on Instrumentation and
Measurement,2012,61(11) :1916-2923.

[10] KANG T Z,FANG J C, WANG W. In-flight calibra-
tion approach based on quaternion optimization for
POS used in airborne remote sensing [ J]. IEEE Trans-
actions on Instrumentation and Measurement,2013,62

(11):2882-2889.





