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Abstracts Often an INS has to be aligned in navigation. In these cases it is necessary to obtain some reference
information on the state of the aligned INS(Slave) such as its position, its velecity of its angular rate. Usually the
reference information is velocity which is supplied by another reference INS. In the alignment state the velocity
computed by the reference INS(Master) is compared with that computed by the slave INS and the difference
which is indicative of the slave misalignment with respect to the master, is processed by a Kalman filter which
estimates misalignment as well as the slave gyro and accelerometer error states.

The operation of aligning a slave INS with a master INS comparing quantities computed by both INS is known
as transfer alignment. The delivery vehicle performs error. these maneuvers enable the TA Kalman filter to
separate between the tilt errors and the accelerometer biases which otherwise are unobservable. The basic
objective this paper is to study the observability enhancement by ship’s maneuvering and matching methods

during transfer alignment at sea.

Keywords Navigation, Observability, Gyro,

1. q&

Hggdolal & F INS(Inertial Navigation System)e] =t
AE 71E BER 8o F INSY AME F INSY AA) gX
Al7IE #3E 23t olald AaAY Z1He APl wg
o2 FH2 FRYY 4 5 Jdeon e AY Uy AL
sioifte #Yd $2 FF Fo ¥ THA g FE 59
of B o7k qith A FAMelAE wi Mol va) 2wzt
7} &olgtx R&r] wiol 2P el =AY wste] HYEA
d FY5Yol JuHer S av AR YwHEe 3F
HRE oAt EAEe o2 Azt AAea FAo] F¥E W
erE gl Atk dHA SEAY GAN AR P =
3 ERAY PHor AL YT 2343 A%
of g4& JldE F itk Y FY5He 2 By 2xg A
BAs2 gt g WElg FAS F, Aady o 24 A%
o AHHA BAE /AT s AAAFE AuEHLE A
e BEAe FAFolE Uotrm o] AFE HAA FEA A
BHold dAust dxsteR vugons B4 sl

B =FdAE F INS7F €A € A7 sddyAg A
Hxu AR vstad FAL T e NdHe Y
e e Hested AEFY Alade #ut WEE FAT
o Aade stEEy B4 Z29E EUE 4 "e e 23
AE L dZF8 Bk aeln A FEA MBS i
TraFEAe] FFEE AHAAM A3 A5 E uln B4 g
ot 23 Y 2L £5A4EY AFYPNE FHEEo 99
A7et vustgen] vy Ax ERFAYY FPAd5 5§54
Folvt ZtA g wgel vldte] v&ted o & HAE A2
w2 gelatwio

867

2. 2 ¥4

214 % A4 27 4Hy
EAREAZ BHEE ZINSY £ YUAEAZ B
£2AMANT FHATAZYE SHAEAZ A= A7
Hgsge nEAQzRE £xoatsl AHLAANAS BE
t}.
Vi=cCl P - Qi+ el )xV i+ g’ (1)

Cl=Crnk (2)

Sxg AAALL N 2oz AL A e A A A S o)

¥3td %, A% 7] (perturbation method)& o] &3l M3 8
g 4(3), 4), (5), (BE =t

0" = - +@,)x V" + [" x¢" +C; B’ (3)
"= v - xg"+Cre’ 4)
B'=0 )
&=0 6)

E¥ PAsE ZAGan HRETHE FINSSE FINSAtolel &

CGa Glof 4 742 BENS WPo] &8 F INS2
2 AgHE % INSY 27 AH LAE RBESE $HL o
S8 £E9} A ANL S £% FHH TP F INS
of HEAY F INSe| SMAEAAolY HEAY P F3
HAY o] Hnl, ol A(7)e BAE FeTh

Vi= GV
V’”: C,,"‘V"= C”m C,,”V‘b= Cmeb @)
Chm: C”m Cbn



ANl FAE vlZatd dojz A3 wAL g $3 o
A e H@)o] &xn, F INSS F INS7F Aol ¥ (mount) s
Aot 7Hs e F INSol digh £ INS AdAHd 2t
£ F(Zero)ol™ 4Hu|FE LAk (PR AT

Cbm: Cbm Q,,.bl (8)

67=0 ©)
F INS AitEE A& 237 gidn JREE F
INSell A AMEE 4o £z 7[Eo] HE 5 INSY A&
To AE FHGE AL SAY FAYA Y T 4
(100& ¢+
V' e —
=Hx +
g7 HE d&2 2o
H=[1000] 11)
7RG Aol g oz HE/IYE ol &Etd ot
of HU2)2¥ € Z INSe FyHATAAIelY nAE AALA
(misalignment angle)® 3%+ $A4E A=Y 4 o5l
z= 2, " el -1 12
A12)o] E£3H5o] o= ARG PP L 1y o] EHY
F Art

z= Viastr=0" + v

(10
v

C.=U-v"nC

a3
== 6m) ¢y (14)
C.)= Cyr+om) (15)

F INSS aHaEAMole A4 LAE FAY + Avd
del A1), (14), (15F Aol WAsd A(16)e] FREA
48 $E £ Ao

2145" _ Cmngm
=Hx + v (16)

o714 HE &3 2o,
H=[{0oI0OO -C," ] (17

oA H1OH (NE BYE HEFHA TURY FH &
PHPNE A

22 v ¥e 74

eAFRE AW UY WeE #o LAYHAL o g8
I53te] AR E #E A(8), 19)2 FASAW 2 A

FE& H20), 2Dela ® LelA 2zt 22 Ee T s
& ®A| gt

x=Frx + u (18)
z=Hx + v 19
x=[ 0T ¢TBT T 677 20)
z:[h] @n
Zy
o714 F ¥ HE 4(22), 23)3 Zth
Fe Fp G O O
F21 F‘ZZ O C; o
F=l0o 0 0 0 o0
O O 0 0 o
o 0 0 0 0 (22)
TRy

Azg Y (22)0ll A g o] B Z3H(sub-matrices)e o

868

&3 2.

0 g, -4 0 -fo S

B = _% 0 f),, Fu: fD o "/;/

L% -5 0 S £ O

o L o

1 R 0 o, -o,

Fp=1- R 0 0 Fp=|-a, 0 wm,

0 - tanL 0 o, -m, 0

R

Ca-Cy Ca-Sp-Sy—-Sa-CB Ca-CB-Sy+Sa-Sp
G =|Sa-Cy Sa-SB-Sy+Ca-C Sa-CB-Sy—Ca-Sp

-8y 58-Cr CB-Cy
4714
.()N:(2!2+i)cosL, aJN:(.()+}:)cosL
Q[:—L.' o, =-L

QD:—(2!2+/i)sinL, mD:~(.Q+}:)sinL

olt}.
H LA Uy ey
Table 1. The state values of Kalman filter
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Table 2. Observable state values in cruise
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Table 3. Observable state values of linear acceleration step
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Fig. 1. North velocity error
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