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ABSTRACT

RLG(Ring Laser Gyroscope) is a main device of LINS(Laser Inertial Navigation System). RLG has the lock-in
region in which there is no output signal. To alleviate the lock-in problem, a mechanical oscillation, the dither
motion, is applied on RLG. A LPF(Low Pass Filter) is usually used on the output of RLG and accelerometer to
remove the noise that is made by the dither motion. When the LINS is induced the disturbance during the initial

alignment, it takes more time on alignment due to the use of the LPF and a fixed gain controller. In this paper,
an initial alignment using UKF(Unscented Kalman Filter) is designed and analysed. Analysis include comparison

between conventional initial alignment loop using fixed gain type controller and proposed initial alignment using

UKF. Moreover, Disturbance inducing test results are demonstrated.
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Fig. 2. Body frame and navigation frame used for
disturbance inducing example
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Fig. 3. Simulation result of disturbance inducing test

fan(mis?)

fincs

ol

2

t,

ox

o

rE

o

i
%
= o
NN

ol =
TS
e o K
(EoMooE X

it
Lo

M el F AE
AFENA 55,
AR olgHER 94%% 217
g ooz Wim FAL FAHIE @
Hok webA Hojd SR ke 715

A Y el B4 0 A5 Mustes g,

il
[o5
[UE el
td
4
it
>
)
X
ox
ot
b o
foox

ﬁd
gL
rir
o
N

>, -
=
fo |
g

it
i
lo o

b

)

—(ﬁ 92, ol X

80 —— yawrate

fz(m/sec?)

o 80 pitchrate

ﬁ

fy(m/sec?)

<‘f 80 rolirate
0 W\I

2

= =2 Ty, '
D OO NDBEANONDDMBIBNONSD

*

fx(m/sec?)

340 341 342 343 344 345
Time(sec)

340 341 342 343 344 345
Time(sec)

Fig. 4. Induced disturbance on initial alignment loop
using LPF and a fixed gain controller

n4olS WAe BATEE GAT BAFH A
W & Ee) e SYAE Fig 49k 2oH A

S AL e8] 2] A7 Al45(2014'F 8Y) /541



to
N

Fig. 59} #o] Ueffjolith o] A% ojhs
u zpEEE A 322 Jehgdth AQE
oA 2.974x Z7}etga, ThA] 1.50]3HE ®ol
dl °F 105%9] AlZte] F7b2 L FAch

—AQ

AQ=1.5
755sec

AQ

N W OO = N W >

" ac

650sec

. |——Heading]

AHeading = 2.8 deg

— Pitch

© Heading(deg)

©
o

NS

87.5 APitch = 2.8 deg

Pitch(deg)

©
a
=)

—Raoll

= N

ARoll = 3.0 deg

i
_1F

640 660 680

Roll(deg)
o

700 720 740 760 780 800

Time(sec)

Fig. 5. Disturbance inducing test result of initial
alignment using LPF and a fixed gain controller

120
80
40

—~ 0

-40

o120

80

40

X o

D 40

£120

80

40

0 W

-40

645 646 647 648 649 650
Time(sec)

fz

=
=

645 646 647 648 649 650
Time(sec)

— yawrate

™

— pitchrate

o N B

'
N

fz(m/sec?)

'
N

e

ate(deg/sec
o N D

fy(m/sec?)
)

gl
A

rolirate

Al
N
D 0O N B

fx(m/sec?)

Fig. 6. Induced disturbance on initial alignment loop

using UKF
UKFE 243 JEF2E gAst 3G HZR] ¢
b ZA&ws) JfEE ZHAE Fig 67 2o A

542 / = A3 71588 A] A7 A45(2014d 8€Y)

AZAH?E Fig. 73 Zo] Uepf ot ¢17tE &
A7l A7 Wt Al 7552 1405 W
o] ARz Q7S Lo mig] o Z ooz
EPt oL UKFE o83 HERFZ o) AQe Audo=z
Hall A9 gle AoE Yesit

‘ ——AQ

3

a2

1

0 | —— Heading

6

AHeading = 5.3 deg

Heading(deg)
S

— Pitch

©
°
o

T

APitch = 5.4 deg

Pitch(deg)
%
(6]

85.0
5
3 Roll
> 3
-\%i % ARoll = 7.5 deg
S o
x -1
-2

340 360 380 400 420 440 460 480
Time(sec)

Fig. 7. Disturbance inducing test result of initial
alignment using UKF

@
b
o
>
ol

rSL'

Lo
oo I
I
b
olN

o Mo

,d
ol 1o
o

N
= ol

ot

¥ o
o

a

ue oft

ﬂllﬂl ﬂJlO i
i1
>
of
O

g

S

o O,

207
oZi_,

)

N
m
o
lo, o g
o,
2
ol
ok
2
o O

o,
ot
rt
o)
B
i)
o

Xy
02(;5
o,

g‘L
Mo 2
i)
rg
2

o

2

o [0
Ho Hu

,,
1>
12 o
e
1=
o,
o

O}i om
i)

N
N
kv
E
=
X
I

oft
" o
2 T o o g

o Mo 1o 2 ooz X

82 ox
39
(o
+
i)

o
:(g
;
o e} oo il

O
>
=2
B3
E)
o
)
o
N

of
ofk
o
oo ol o

oX
H
L
o
i)
o

9
L_Qr

=
ol

o
oy o

o m
LU
o M
ET g

fu)
Y



UKFE Z-83

il

o|Tg G0l UKFE HE3 HHEFZo AQE AY
WA e ASE VT

18 — AQUAL

-

< 12

3

g s
— 0
()]
8 179.40 | —— HEADING
a
2 179.27
Q 179.14
5 9 — ]
£ 179.01
6 0.0456 ——PITCH
T 0.0432
I
O 0.0408
=
0 0.0384
D -0.33 ROLL
3
= -0.34
3 035
m =J.

0 100 200 300 400 500
time(sec)

Fig. 8. Disturbance inducing test result based on the
CFT(Captivative Flight Test)

2 =FodAE UKFE 283 AE72s g
ol A BAFWEA| ] 2Tl o
E A8kt UKFE 283
oI5 A7) 3 44 R
£ A AEE
shed, ejgto] ThelA e Aol FEATO] F7I8HA]
B AoE YEhkth

N

FoElo] A BRI ool i 2718 E e

References

[11 H Kim, C. Kim, and T. Lee, “Performance
Analysis on the Initial Alignment of Laser Inertial
Navigation System,” Journal of the Korea Institute
of Military Science and Technology, Vol. 12, No.
S, pp. 622-635, 2009.

[2] Kenneth R. Britting, “Inertial Navigation Systems
Analysis,” John Wiley & Sons, Inc., 1971.

[3] D. H. Titterton and J. L. Weston, “Strapdown
Inertial Navigation Technology,” IEE Radar, Sonar,
Navigation and Avionics Series, 1977.

[4] G. M. Siouris, “Aerospace Avionics Systems,”
Academic Press, Inc., 1993.

[5] Oleg S. Salychev, “Inertial Systems in Navigation
and Geophysics,” Bauman MSTU Press, Moscow,
1998.

[6] G. M. Siouirs, “Aerospace Avionics Systems, A
Modern Synthesis,” Academic Press, 1993.

[7]1 Y. F. Jiang, Y. P. Lin, “Error Estimation of Ground
Alignment to Arbitrary Azimuth,” AIAA, 1993.

[8] K. R. Britting, T.
Techniques  for

Palsson, “Self-Alignment

Strapdown Inertial Navigation
Systems with Aircraft Application,” J. Aircraft, Vol.
7, No. 4, pp. 302-307, 1968.

[9] H. Yu, et. al., “Study on In-Flight Alignment Using
a Tightly-Coupled INS/GPS Integration,” KIMST
Annual Conference Proceedings, 2007. 8. 16.

[10] H. Yu, et. al.,
Unscented Kalman Filter for In-Flight Alignment,”

KIMST Annual Conference Proceedings, 2012. 6. 7.

“Comparison of Extended and

St A8 71483 A Al178 A5 (20149 8€Y) /543



