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Design of master-slave filter and its application to transfer alignment
LIN Jie, FU Meng-yin, DENG Zhi-hong, ZHANG Ji-wei
(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A master-slave adaptive filter is designed and its application to shipboard transfer alignment is studied.
Although the velocity and angular rate matching scheme offers a rapid transfer-alignment for shipboard inertial navigation
systems, it is sensitive to ship flexure. The flexure is modeled as a time-varying noise, of which the stochastic properties are
estimated by an adaptive filter. Two Kalman filters are designed, one is the master filter for estimating the dynamic states,
the other is for estimating the measurement noise statistics based on the master filter residuals. These two filters exchange
information and run simultaneously. Simulation results show that the misalignment angles of slave navigation system can
be estimated rapidly and accurately by the proposed filter.
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2 (Transfer alignment
state dynamics)
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Table 1 Filter states

1–3 δV n 1 0.04 m/s

4–6 ψ 1 0.01 (◦)

7–9 ε 1 0.001 (◦)/ h

10–12 ∇ 10−4g 0.001 m/s2

2.1 (The system equations)
1 ,

δV̇ n
s =fn×ψ−(2ωn

ie+ωn
en)×δV n

s +Cn′
s ∇, (1)

: fn , ωn
ie = [ωE ωN ωU]

, ωn
en =

[ρE ρN ρU]
, Cn′

s

.

ψ̇ = −ωn
in × ψ − Cn′

s ε + δωn
in, (2)

: ωn
in , δωn

in =
ωn′

in′ − ωn
in ωn

in .

,

ε̇ = 0, (3)

∇̇ = 0. (4)

(1)∼(4), (1)(2)
:

˙X(t) = F (t)X(t) + w(t), (5)

: w(t) (
1 ).

F (t)=

⎡
⎢⎣−(ωn

ie+ωn
in) fn 03×3 Cn′

s

F21 F22 − Cn′
s 03×3

06×3 06×3 06×3 06×3

⎤
⎥⎦ , (6)

:

F21 =

⎡
⎢⎢⎢⎢⎢⎣

0 − 1
Rm + h

0
1

Rt + h
0 0

tanL

Rt + h
0 0

⎤
⎥⎥⎥⎥⎥⎦ ,

F22 =

⎡
⎢⎣ 0 ωU + ρU − ωN − ρN

−ωU − ρU 0 ρE

ωN + ρN − ρE 0

⎤
⎥⎦ ,

L h , Rm Rt

.

2.2 (Measurement equations)

ω̃n′
is − ωn

im = Cn′
s ω̃s

is − Cn
mωm

im =

(I − ψ×)Cn
s (ωs

is + ε) − Cn
mωm

im =

Cn′
s ε + Ωn

imψ + Cn′
s Cs

mωm
ms, (7)

: Ωn
im ωn

im ,
Cn′

s Cs
mωm

ms .

zk =

[
V n′

s

ω̃n′
is

]
−

[
V n

m

ωn
im

]
=

[
I3×3 03×3 03×3 03×3

03×3 Ωn
im Cn′

s 03×3

]
Xk + Vk =

HkXk + Vk, (8)

Vk .

F (t)
(5) , [7].

3 – (Design of
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xk+1 = Fk−1xk−1 + wk, (9)

zk = Hkxk + Rk, (10)

: xk, Fk, zk Hk k

, wk

0, Qk , Rk

. Rk

.

,
[5]

xR
k+1 =

[
I 0
0 I

]
xR

k + wR
k , (11)

: xR
k =

[
MR

k

diag{CR
k }

]
, MR

k CR
k

, wR
k 0, QR

, diag{·} · , I

.

(11)

zR
k =

[
zk − Hkx̂

−
k

diag{Ck − HkP
−
k HT

k }

]
, (12)

: zR
k =

[
M̃R

k

diag{C̃R
k }

]
, M̃R

k C̃R
k

, zk Hk

(8) , x̂−
k P−

k

, Ck

Ck = (M̃R
k − M̂R(k))(M̃R

k − M̂R(k))T, (13)

(13)

zR
k =

[
I 0
0 I

][
MR

k

diag{CR
k }

]
+ vR

k , (14)

vR
k 0 RR .

(11) (14),

x̂R−
k = x̂R

k−1, (15)

P R−
k = P R

k−1 + QR, (16)

KR
k = P R−

k (P R−
k + RR)−1, (17)

x̂R
k = x̂R−

k + KR
k (zR

k − x̂R−
k ), (18)

P R
k = P R−

k − KR
k P R−

k . (19)

Rk , (9)(10)

x̂−
k = Fk−1x̂k−1, (20)

P−
k = Fk−1Pk−1F

T
k−1 + Qk, (21)

Kk = P−
k HT

k (HkP
−
k HT

k + M̂R
k )−1, (22)

x̂k = x̂−
k + Kk(zk − Fk−1x̂

−
k − ĈR

k ), (23)

Pk = P−
k − KkHkP

−
k . (24)

, (20)∼
(24) (15)∼(19)

.
1 .

1

Fig. 1 Scheme of the adaptive Kalman filter

4 (Simulation)
–

.
, ,

.

:

: 1 ◦/h;

: 0.01 ◦/h;

: 1×10−4 g;

: 1×10−5 g.

,
:⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

ϕ = 45◦ + 0.8◦cos(
π

10
t +

π

3
),

θ = 0.6◦cos(
π

10
t +

π

4
),

γ = 5◦cos(
π

10
t +

π

6
).

(25)

ωs
ms Gauss-Morkov [8],

ωs
ms(k)=−0.2ωs

ms(k−1)−0.5ωs
ms(k−2)+η(k),

E[η2(k)] = 0.04.
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,
,

.
, 2∼4

.



1450 28

2

Fig. 2 Errors of the pitch estimation

3

Fig. 3 Errors of the roll estimation

4

Fig. 4 Errors of the yaw estimation

2∼4 –
, 10 s
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5 (Conclusions)
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