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Abstract

An Electro-Optical Tracking System (EOTS) is an electric optical system with EO/IR cameras, laser sensors, and an
IMU. The EOTS calculates coordinates of targets, using attitude and acceleration measured by the IMU. In particular for
an armed aircraft, the performance of the weapon system depends on how quickly and accurately it acquires the target
coordinates. The IMU should be operated after alignment is complete, to meet the coordinate accuracy required by the
weapon system so the initial stabilization time of the IMU should be reduced, by quickly measuring the attitude and
acceleration. Alignment is the process of determining the initial attitude by resolving the attitude error of the IMU, and
the IMU of mission equipment such as an airborne EOTS, uses velocity matching based on the velocity from GPS/INS
for aircraft navigation. In this paper, a method is presented to improve the transfer alignment performance of the airborne
EOTS, by maneuvering aircraft and the mission equipment. First, the performance factor of the alignment was identified,
as a heading error through the velocity matching model and simulation results. Then acceleration maneuvers and attitude
changes were necessary, to correct the error. As a result of flight tests applied to an EOTS on a OOO aircraft system, the
transfer alignment performance was improved as the duration time was decreased, by more than five times when the
aircraft accelerated by more than 0.2g and the EOTS was moving until 6.7deg/s.

2 =

o

ARl &3 7] 9] A A}F 854 4] (Electro-Optical Tracking System, EOTS)= EO/IR, #@|o]#] A4 52
TAFCE FAEY 17 F5 A 9TFHe 24 #HAxe Y FAAED B S0 (Inertial
Measurement Unit, IMU)YI A S EH = A9 71E5E S-S ol 43t 59 53] A AHS
+&ste FEU1Y B, FE BAE A 24 #HREE dvid ASstn gt A d5s=Tkel wet
FRAA AL Feo] #HfAn FAAATHAA sk #Au JIEE TH8] A= IMUZE A
d g5 Aol 8Hojof st AEHSHA AA G THEEE S48t IMU 27] /bE 3 ARRe &
Setojol ek MU FH MU AHAl @AFE dl4dte] 27] AAE dAske AolH, &5 &
EOTSS} & 5418 IMUE W& GPS/INSS £& ARE 7[EOo® st £EAF Add4s
TR =ZolMe ole RS A2HE AR @52 S8 FeTIeh AR 24 Wt
= 9449 Ae JHAEe AAsSlY 1A dadd Eda AlEgeld d3E A
EOTS® e do] AAds= a7k B9z eads Adsginh. 1elar BOTSS 912 eaf a4
= flal &7 7R Vs 2 EOTSS] A4l WsrE e e gelsigith. HFA 0% 000 F7]
A AE3 vBAE A3}, F37] 7HERE oF 02g o] EAASHA EOTS7F 6.7deg/s ZHH 2= 1L
ZF & A 2EA ¢S wEY sl o] mhEA JHo] dRFHol dagd Aol AAH A

Key Words : Inertial Measurement Unit(¥+/3d =7 %d1]), Transfer Alignment(:d 27 &), Velocity Matching(5 %7
21, Electro-Optical Tracking System (% &} 3-8}3=2] %1] )

Received: May 12,2022 Revised: Jun. 23, 2022 Accepted: Jun. 26,2022
T Corresponding Author

Tel: +82-42-821-4210, E-mail: mskim1014@add.re.kr
© The Society for Aerospace System Engineering




ook
ol
oo
2
>
ofd
Lo

9449 A A 61

.M &

gukzlo® EQ/IR ZhdEl, @lolx ANz AW

EOTSE #dxk, 34, &a7] sol gasol x4 4

T Aol g gt Aesti BAHS F
T

¥Rk olyet IMUZF

Y
2 b
Sl VT R

)
L
b

[>
o
o
4o
ofo
o
I
oot K
ol
N
o

==

_iN

Y

=5

il

o

By

(<0

rlr

L

=2

o
o
oX,
olf
o
»
o
i,

x
S
_>|~I~
xS
fetl

[>

o HI
[kl
T
Jr
o

N

=
_}I_‘
AP

IMUE &3l ALt
A f1A et AAE A
IMU7} 7149 4
4 A7t F 83t
A EA

EEE

4o K
)

>,
(e & o
o =

it
o
5
oX,
ot
e
2
>
ot
)
LY
=5
o)

B
=
_>|4_|4
o
i
o
o,
ol
ol
£
o
e
o
4
R
=2
M o
=

B
o,
o
vl
ot
e
g
- N
~N
SN
k)
i to ok
o 12 o
ol
o

X

mﬁ, o
—
_,m
=

o>“

o

it

o

N

et

2

o

i
2

ofN

fo

o

SO}
Y = o o

o ©
do 1 P

ot
>
!
Lo
)
o
i)
o
o
i)
~
>,
>,
[>
et}
=2
ool N L] ol oX o

i r2 ol O oxf ot
o |d o @ o
4

EEEO?&

44 g

el ALY dEdgds R A4 A4
IMU ©@5o= <
wrlolt), whebA] JhEmAl 2 o] R AlA
PE 2 AAFEe] apoln® AHETt HS
o] AA7E 8= gmpA O] AR G
d e 5 v whd AgAdde gHo] dQ
IMUAR 9] AIA 7} obd, o3 Au|2RE 53
HE 7|Fo2 AYdrt waha Aoidoz AlA
27 AAE THAE W A7 AEe] =gd
4 duh T3 AEAg™L ol Folk HHo] sbe
317wl ols & dH(In-Motion Alignment)=

ERANE S G2, @4 B B, Al

ox to 1r
off v
e 2k

>
)
fo ox ot O K

f
g
o

ot
By
i

[r
ol
ad

=

Aggde on gu 2y
A%, SRR, AAAG

H
2 Uda, BAe £% 5

Lo

J
a2 Z N R ook o Ix o IH

N
B
e

)

ox
o

o &

2=
a
o

B
op

ko I o
ol
4N ol oo off 2
o%

o of
o
o
2
X,
119
I,
s S e
r%
oo
ol fo
)
)
w o, T
o
o off Iy

o
fo, 2

R
B
o
e
o
2
oo
£
Y}
!
w
o
}‘N' o, :‘—]‘ oo
ol
2

~N
L)
A=)
o2l
2

It
o
i)
ol
%2,
o
L=
fil
)
I
ki
Ho
offt
s
)

[4].
B omRolM g7 EOTSS £E4% A

94
Qwgule] A W

i

AR S 5SSl e
T dedd Ae AAEts Arsled, Hg
e

2. O|2X uj&4

2 R Adsta 7]FEe] HE IMUE
Fo] (Master INS, MINS)2} atar g & thato]
v IMUE # #4334 E (SlaveINS,SINS)&}
5], AgAHFL MINSE 7]|£0 =2 SINSO| 9
B
H

oX o

At SAHEA I AA 2ol B AAteE HE
. &A% WA MINSS SINSOlA 225
&5 zpolE £ QAR SAs Yo dash
ZHA 2ol & A4t W ot MINSZE ofw] A s}
A A" o= A7k Al §lal, MINSeE SINS7F
22 FRAFANA AHoHo] £rrt ok 7H4gst
W, 7 INSY £Exte] 9xk= SINS| AlAextzs
] BASA Hok6]. olE FE7] AAd HEstd
7l FHAEE GPS/INSY ¥4 R7F ¥ EOTS
o] IMU~7} SINS7} €t} 3-8 INS7F MINSE4 A}
ABdE mkA 1 GPSS §3ste A, AAl, &=,
e 58 HYalng 9} did 7|E fo=
714E 4= ok EOTSe HAl"E IMUA SHE &
Lo} A @} THEEAY AolRAFEY] QAE

¥3sta 9t

o]

o} e &S gy wd=z Ued £ glEd,
g 2do JAsE AT FH IAHA o]Fste
A9 % H3tSS FHAEA(Local Geographic

Navigation Frame)¢! NED HZAZ verd 5 ).
webA] FAel FE IMUS SAHMUSE HSEWshE
< NED #zZAZ Yehd¥ ofd Eq. 13 2o[7][8].
7hEEACA ZAE 8 oA AT HY 5A4 &
T w2 ZE e a9 9 FAVEEE w3 e
AAeNA o] FH7MEEE Ye A 2

Eq. 1 V= f"—Qw! +wl) XV™ + gt

Equation 1258 &%= A A As}

UERlE obgel 2t}

rir

R

Eq. 2 6V" = f*x ¢ + CISfP — Qol + wl) X V™
—(28w? + wk) X V™ — &g

Equation 29 yp+&= dde] Qs A 2 a6,y
Z Fig. 1 3 Zo] Yepd = dx, oo uig zA
S & = Eq. 33 o)



62 150 g A

WGse4
ellipsoid X
True North 4

Down
(Local vertical)

Fig. 1 Misalignment Angle

Eq.3 & = -l X+l — Cléw?

¢ Eq.1 ~ Eq.3°] &% SINSo| thsh z} W=
ol e} .

V' =[vy vg vp]": NED FHFE7A A9 <=

Cr: FAFHEA > NEDFE 7 WYY

for EAFFE AN A T}

"= Iy fe fol" : NEDFA A T}

g: sEHI)FE

w=[a B y]": SNS 4 7

W =[6a 68 Sy]T:SNS S X4 23

wf : NEDFZ AN |7 37 &=

ol 2 N FLFYFEA ] ]t NEDFFZ A 7 <&
wp = o} + ok

8fP =[6fc 8f, 6f; 1"
swb =[Swy Sw, Sw,]"

ThEE A QA
Xfo] 2 ATE QX

o o of

o (0 o & o [ 0%
K o (R
O
=
L o,
I
H
il
e
o
_O|L
92
2
Z
wm
o
fo 1
2l
it
o
ol
PL

Freit X}*ﬂOXP A LAz A= aL

)

92 ok Eq. 494 2tk

Eq 4 ZtZVSNS —VMN5=th+et, e ~ N(l,O)
H =[Iax3s) O@xs) Oexsy Ocxs]
x=[6V" & Swp 6f°]T

A28 rao Bq 59 o] FAEN, AE A~
gHolth o= AT W £, LS A%, Ree Al
E]_]_'X]%, hl‘_:: f%L%7] EEO]Eq Wy ,Wg ’le‘f— Z}—Z}—

N,E,D = 3]d Hrojt}

Eq 5 Xty1 = Axt + W

A1y Oaxsy Oaxsy  Cp

A1 Opxsy CF  Oaxs
Oaxs)y Oaxsy  Cp  Oaxs
Oaxs)y Opxs)y Oapxzy Cp

0 o —f& 0 Wp  —Wg
Ay =|-fp 0 fn | Az =|—wp 0 Wy

fe —fx O wg —wy 0
wy = Qod + R:ih

— __U
WE = TR
wp = —QsinL — %
0

9 WeS veto g 3F7] Embedded GPS/INSE
NEow sNse| w4 duddel H4e 29
3l Fig. 29} £t}

Reference System Virrnri

(Embedded GPS/INS) ", K?F’I'lft";”

| Gps | [ s Vsins

Slave INS (EOTS IMU)
Psins: g™
il
’ | Navigation
A | Computer 8V, 89,6, 5f
‘ n i
fP =
‘ Accelerometer ‘ ~} Spchsgllztfgrfe
o
‘ wb Attitude
Gyroscope Computer
|
Initial Estimates | | Initial estimates of
of Attitude Position and Velocity

Fig. 2 Flow chart of Velocity Matching Alignment

Eq.29) %% 939 Bq 49 A9 29 4dn
W, 7t guEe] S5 oAt MG e g
2w, A4 oAE FARE F W] S0t
Bege & 5 AT Fig 39 2ol 7] £E W
of wE 7 o] A e AEdld ANE W,

EOTS7} 7e=™ AA7E Wt o) @27t has)
ARk o] % &£ Wyt B of ez e A7E 7t
d =A Gastel ddol ghads & 5 Stk W9
7y e 2= 4E 4% Heading(W97h) 2471 24
s AL AT o, Wt oA faE 9
dAME N, E BT S5 st a(B), g (FA) 7
WB7E Agstelof Soh(8](11]

webd EOTSH #& 7] d¥dne ddAd
Aee M Sl SRR d89 RS

7tz 244 ®islyr sty &8 EOTSE &
7] 7o MU de 7ERE a
EOTSe 7} w9zt %8 E3) IMUS ApA] A3

E 2AANA A 5 Sl



oo
ol
oo

=
iy

[

9xd 7HAd 63

#8371 71%
-
<@BI| 45> ground speed i
H H T
) - S SRt R R e Pl [y -%—.—4
i
. L s
timefsec]
<X}d %> Transfer Alignment Attitude Error
07| : : :
3 :
g
w
Sol—r :
Z i i i i i i
i =
H timefsec] I
EOTS 78 og = IMU
71§ ME BE s

Fig. 3 Simulation results of Velocity matching

3. HIYAIY &t

o

frtl

I

ki

W

N
@ E
1ok 9

il

2 7+ Ag A¥E Az wEr el

Alg A= Table 13 Zo] oAl 714 A2
E=t}l, Table 1914 ‘Acceleration maneuver+ 2z}
Case H2 W7 Ad A2 A9 7M&=e) Ad &
g A9 JM&EE WstE YeRdt ‘EOTS motion’&
EOTSS 37} vebd Aol
Alignment'~= 912t Ad AIFREH g5 A7 9
ANz7HE (), %(s) &9 &2 ekl Aot

Caseld} Case2¥ &% A W7 2% 24

o LEIE=A
€& =

‘Total

3k 792 Fig. 4, Fig. 69} #t}. Case3, Cased= &
7] 71%5& HA3ske] EOTS #AHA W3Rt e 2 Fig.
8, Fig. 107} #o] H4E AHd5S &I8th. Casebe
S5 9 A WHel 25 dY Aes Mdeed 9
F2 A4 2@ A9 Fig. 123 2ok
Table 1. Flight Test Cases
Test . EOTS | Total Alignment
Acceleration . .
Cases motion Time
Casel | 0.07g—0.17¢g 0O 1m 14s
Case2 | 0.10g—0.256g O 1m 4s
Case3 | 0.10g—0.20g O 2m 28s
Cased | 0.14g—0.14¢ 0O 4m 24s
Caseb | 0.08g—0.80g X 6m 30s

Casel~Caseb?] Al¥Z3}+= Fig. 4, Fig. 6, Fig. 8,
Fig. 10, Fig. 129]4 ‘Alignment Quality’'S %3
EOTSY #Ad oF& &% + de=d, Fv i
240 wet 449 FeEE 3vAR . s gt
o] 121 el EOTSe 1] 29 ON ¥ HHo| Al
ZE = wAlol A% ghol 27 HW sEwd 49
o] gkuxo] B}t FHS JAdste AEolth Als
Fkol 3ol HojoF w7zt BHE7A ¢dnd HF 4=
2 ddeth 00037 A A AL A} o] F A& Al
g gdo] g8y wid EOTS dEeAdd H&

= Az
, 7
Y= g7 AA 7lss vEd e
= 7tEE 7|2 FAsigleon W &
2 Flskolvh EOTSe) AAli st EOTS
3z tete 4 At L) 3zof A
~50°~+20° 33 4%

P

ROH RO b o

—
2=

=3

o} Fig. 49] ‘Align Quality’E &3l 72 44 A|d& 2
g 4= gl=d, EOTS A4 ON % ¢F 8m 51s
A7 Aol AAREHATY. FE7] 7hE
aRzE FI X WErt 7bg A
s A A7l 9m 40s0lA4 EOTS a7}
ZhE el 18] 26sec ©] %% 10m 650l A g5
AT

Align Quality 1m145
3

M|

2 - !
1 | i+ 26s

0 100 200 300 400 500 b 700

Time{sec) :

Acceleration 1

T

9
o oo
o N

0 100 200 300 400
Time(sec)

Speed

8
3

sol
2

m s
8 3 N
8 8 o W
— R e
1 mpmp P PSRN I SN SR | S P A,
s g e I SRS

0 100 200 300 400
Time{sec)
Altitude

8
3
3
8

0 100 200 300 400
Time{sec)

EOTS Elevation

38
3
3
8

&

0 100 200 300 400 500

Time(sec)
Start EOTS
Moving Finish

700

Fig. 4 Casel : Alignment result from acceleration and

attitude changes of EOTS



64 ARG o] et

a7ZF gF AR ARl 7HEE A7]= oF 0.1gols)

izt A ¢hm AR o 0.17g2 Aed A

At ‘Align Quality’ ol A A1Z Zko] 25 veh= W

A7 BE A Z 1m ldsolA vk, 1% A% 7|5

o] EYr] Mo ddo] gdxd HS %“H £ 9z
1

Al B3t B A8E W Ao] gdsEHE & F
ATt
Fig. 5% NED #FHxAA 9] 37 £ A7]E Y
el golth. §B7] HE VE W, Vb BAsE 2
RESOEEE ﬂa A2 6002049 HolE S
o N bR eS W sl selxn
Start Finish
—
o1 __ |
I
,,,,, I
30 I
I
Cd I
€20 i
|
10 I
I
0. .....

500 S25 S50 575 600 625 650 675 700
Time(sec)

Fig. 5 Velocity of test case 1

Case29 A8 ZA+= Fig. 6, Fig. 73 #o] YEr%

Align Quality 1m4s
3
2 (N
X - 245
0 0 100 150 200 Ao ! 300 350
Time(sec) : :
Acceleration (L
03 T T
02 1 g« 4. La B!
o
01
00
0 50 100 150 0 20 | 300 350
Time(sec) | '
Speed I LI
e 1 |
£ 1 1
E 1 (]
0 4
0 50 100 150 200 20 1 300 350
Time(sec) | (]
Altitude : : :
0 ] (L
1 )
€ 600 1 1
T o
) 100 200 o 300
Time(sec) : : :
EOTS Elevatign [
T T
0 T
g I i
| |
-50 - - N - v -
0 50 100 150 %o %o 300 350
Time(seg) /

Start EOTS Finish
Moving

Fig. 6 Case2 : Alignment result from acceleration and

attitude changes of EOTS
Fig. 694+ EOTS #4 ON ¥

3m 20s°l &9zt

AHo] AN&H Q). Caseld} o] 337 £% WHE

%9 ¢F dmin AJH¥E EOTS 17 <
o] AlZt®Et}. 183l 24sec 9l 4m 24s°l
AT 27 F A A TSR A
0.2g o]AFo]At}. Align QualitysS E3f 4

il

4 fo

He F 1m 4s°]al, Case2 94 &2 H
A W7l sAld He8E w Hdo] dRES &

o
=

B/ SE A% e Ao zﬂ &% A
AR 25 Vool 9

200 220 240 260 280 300 320 340
Time(sec)

Fig. 7 Velocity of test case 2

Case39 Z3+ Fig. 8, Fig. 99 Ay ¢} 2o},

Align Quality 2m28s
3
2 I~
. > 1m46s
0 200 400 600 800 10'00 12000 | 1400
Time(sec) I : :
[
Acceleration N 1
[l 1
03
02 (]
01
00
0 200 400 600 800 1000 1200: | oo
Time(sec)
1 1
Speed 1 1
T T
" 20 11
£ 1
|
0 umi t
0 200 400 600 800 1000 1200 | 1§00
Time(sec) 1 1
(N 1
Altitude 1 x
1 [
€ 150 i
100 1.1
0 100 200 300 400 500 €00 700 800 900 1000 1100 12001 1300 1800 1500
Time(sec) |25 I
EOTS Elevation S
[N |
g 0 0
it 1
-50 1h 1
0 200 400 600 800 1000 0l 4 00
Time(sec) -
Start EOTS
Moving
Finish

Fig. 8 Case3 : Alignment result from attitude changes of

EOTS
Case32 EOTS9 7t 55 AAs & 7585 =
Agtstol EOTSS] AARsintow 4d dos &<



d3& HAAFeFH Agdd s A 65
gt Algoelt) Fig. 88 HW¥ IE7F 21m 18s Al A HH A4 J5S s Agolrt} 11m 5s Al HHFEH oF
’2}%5}71 A&y W97 A-Eo] AFE =Y, Y 0.15g 7I&E7r WA &7t AF53str] A28t
o] &xHY] ANAE FHEETVE F 0.2g WO R 3 97 FEo] AlZET 11m 44so] EOTS 17t
Casel Case2¢ &8 &% W37 42 AS & G Tl AZE Fo oF 13m 20s7HA 7HEEE
T ATk ESE EOTS7E 17t 945 @58 Algs= oAl O0.1gelst=2 "oz, dd g5 Alddl 0.2g7F
Casel, Case2A ¥ 44 = o A=A @ oF 2 AP E  Cased3d " HAELRE AHIA=
1m 46s°] 28% A} ¢k 23m 3s A H 7[&E 2 0.2g "] 7t&w I7)|E FASHAE 15m 28sH-
717} 0.2g o]’ SAHHA HHo] 45Tt B gHo] mHdrt. EOTSY 17t °E”P2E 3m
Fig. 9% NED FHaAdA 9 &3V % A7]& v 455 ol Aol grHo fEET FRSA &
Bl Fojt, Ad g5 Fto] oF 23min AlFol AL Fuje] FERtoR Aol } shS &9l
Aste 7HEEs R N As & 7 ATk a9tttk Fig. 11 NED #xAlA e Fg7] &= 3

718 YEeld Ao =2 Cased? A= Vi, V0] H
Start 23 Ao g WeE S o 4 ok
—v
J==w
5 . Start
..... w
204
10
w15
E 8
10 1
L6
5 1 £
01 J_— .;‘-." ” 4
1200 1225 1250 1275 1300 1325 1350 1375 1400 5
Time(sec)
Fig. 9 Velocity of test case 3 0
600 650 700 750 800 80 90 950 1000
Case4® A3+ Fig. 10, Fig. 119 Axe} o). Time(sec)
Fig. 11 Velocity of test case 4
s Align Quality 4m24s
. Caseb: EOTS7} Ao 2 -50° o]Fst= 13 9
————>'3m45s

02

@01

00

Fig. 10 Case4 : Alignment result from attitude changes of

Case4+ Case3¥ o] EOTS9
#Ha3kste] EOTSS

3

gud

200

400

Time{sec)

Acceleration

Time{sec)

Speed

—MM
0 200 400 600 800 1000

200

400

Time(sec)
Altitude

0

100

200

300

400

EOTS Elevation

500
Time(sec)

EOTS

kel
T

715E

200

400

Time(sec)

4+ w0

Start EOTS
Moving

T 1000

Finish

a7t FEE A%
e

of &% 9o 33 Y& LT FYFA FopA
EOTSe] A4 ®is7h Aol gl AeHE 7He 2lo]
t}h Fig. 128 ®W 2917t o] 5m 55s Al -] oF
0.08g ZFejellA] Al =L % A Tl °F 0.2g7
2 A3t aga 23 6m 40s5-E 8m 20s
Atolo A ok 0.1gHFE FA8t= Foll 8m 14s°lA]
7F 0.3g o2 =A% & 9m 40s°14 10m 8s7}+A]
0.55~0.6g7}4] 53 o Casel~Cased9} &2
Ho| &ku=A ottt 7% A7|7F oF 0.8g7HA
ol 12m 21s o] ol AHo] gkrw Ut W
4d AlF AEEH 98 AZMAE 9 6m 30s
7F A ¥k EOTS] ApAl W3} glo] 7w 7]s
wroZ w2 A AgAde] 45 EY] A= AAW
7 S wrg dAx & &l 293 o

w
FN'

_l}l ox o [[f

7 Q&S 9
4 9t} Fig. 13 NED FH iz A A9 ?‘%%171 &=

3718 YEd Ao = Cased AFAME V,, V,9 4
g W= S 5 Utk



66 ARG o] et

144 3]

Align Quality 6m30s
3 i i
2 1 |
l 1
1 1
0 200 1 400 600 1 800
: Time(sec) :
| Acceleration |
08 1 1
06 1 || ||
04 i
02
00 _ ett——————/ ARl |
0 200 ! 400 €00 T a0
: Time(sec) :
| Speed 1
T T
., 50 1
£ [ 1
|
0 T T
0 200 | 400 600 | 800
1 Time(sec) 1
! Atitude 4
750 ;
g 500 /w/\_:__,—
250 1 '
s
0 100 200 300 1 400 500 600 700 | 800
1 Time(sec) I
\EOTS Elevation L
o 1 T
2 1 1
8 l 1
50 | 1
0 200 4 w0 600 4 w0
Time(sec)
Start Finish

Fig. 12 Case5 : Alignment result from acceleration

Start Finish
70 == V L] L]
—= Vn
8 v
w ..... vd
40
€ 30
20
10 !
ol N

0 200

Time(sec)

Fig. 13 Velocity of test case 5

Casel ~ CasebE F¢Hs] m LA AZF EOTS7}F
ok 6.7m/s L7 FEO0F A W3} wAEHE A,
°F 0.2g o9 7t&E=r7E BT W 25sec ool
W91zt o] gREw JHE wE dTEs HAF
oh oF 0.1g9 7HEER ddder A2 £HxEmst
AEjol A 2 &0l EOTS T-5S AAH3tE

B

WA ol oF 43 oluje] Fo] uEL. 7}
SEv g 9ol 0.8g7h BAskoior Fom,
oF 63 olgo] 2asWA o 5u] o] Pl ol
7 agiet.
4.4 E

B RNt R4S et T4 EOTS
IMUS £54% 9949 4% A e s o
Tl WA A

st IMUS £ wstel 24 ®s e85 4
Hateleh A AAE T3 dgAde des gelst
7] 98 EOTS7F ©AlE 000&FF 7| AAES 283
o AE A8 AE FE A gRle 49, 9
719] 7t&EEE HASEla EOTSY Al wslrp
%! Y m7A 6% ool AL,
] 2g ©]4 wrAEdA EOTSe #
sp7b SAlel B w= of 1o Q8% 7}
A Roz Jehutoh
S Hgste 7] AAY A4S,
star AgsA 24 ARE g5sh7] s
EOTS IMU® deE4d4d Aol F83itt uwehA

2] S

1

X

g

ale
-
o}
I
g,
—d
o3l
>
[
W)
(e}

o> offl o
ot

O+

S
o
e
oo
e,
>
0,
R
.
[yt
g
Ry
oxl
o
w17 oo -
L o
2
o ;ﬁ 2 19 o
o
1>

=
i
E)
)
p
‘?_{1‘
oL
)
=
fo
o,
2 o
o3l
=

o
Ho |
o
>
s

r—_>‘-"4
—_
Lo
ol
s
k1
N
)
B
il
N
2
ol
W
oX
=

o

2

rlo

oo e RO o R iz orlr P

o %
>

[*]
O~
ol
N

g

N

X

o,
.‘E ?‘E r.{g

B
-

o

X0 ot
o 2

(=
»
x il
>
. > H
ox X2
tarlr
=) ri&
fooHn <3
ol
z
lo,
o 2
oft
Jm
oX,
o
TN
o2
ol
ol

4
ol

References

[1] J. E. Kain and J. R. Cloutier, “RAPID TRANSFER
ALIGNMENT FOR TACTICAL WEAPON
APPLICATION” | Proc. of Guidance, Navigation and
Control Conference, pp.1290-1300, 1989

[2] C. Yang, K. Park, H. Kim and D. Shim, “ Transfer
Alignment Using Velocity Matching/Parameter Tuning
and Its Performance and Observability Analysis ”
Journal of Advanced Navigation Technology, Vol.19, No.
5, pp.389-394, 2015

[3] Y. Lim, K. Ma, M. Kim, and J. Lee, “ A Transfer
Alignment Algorithm Study for an Aircraft” , Proc. of the
2010 KSAS Fall Conference, pp. 726-729, 2010

[4] C.Kin, L Lee, J. Oh, H. Yu and H. Park, “A Study on
Specification and Design of In-Flight Transfer
Alignment” , Proc. of the Korea Institute of Military
Science and Technology Conference, pp. 159-160, 2019.

[5] K.Song, C.Bae, and J. Lyou, “A Transfer Alignment
Algorithm Using Velocity and Quaternion Partial
Matching Methods”, Journal of Control, Automation and
Systems Engineering, Vol. 3, No.3, pp. 238-243, 1997

[6] Z. Shiler and S. Dubowski, “Time optimal paths and
acceleration lines of robotic manipulators” , Proc. of the

26th Conf. Decision and Control, pp. 98-99, 1987.

[71 J. Farrell, M. Barth, The Global Positioning System and
Inertial Navigation, McGraw-hill, New York, 1998

[8] D. Titterton and J. Weston, Strapdown Inertial Navigation
System, 2™ Ed., IET, London, 2004



o
of{
oo
2
>
ot
o

FHn e deddd de i 67

[9] W.Chen, Z. Yang, S. Gu, Y. Wang, and Y. Tang, “Adaptive

transfer alignment method based on the observability
analysis for airborne pod strapdown inertial navigation

system”, Scientific Reports, Vol. 12, No. 1, pp. 1-14, 2022
[10]J. Son, W. Choi, S. Kim, S. Oh, S.Lee and D. Hwang,
“Measurement Time-Delay Compensation and Initial
Attitude Determination of Electro-Optical Tracking
System Using Augmented Kalman Filter”, Journal of

Korea Multimedia Society, Vol. 24, No. 12, pp. 1589-1597,
2021

[11]P. Groves, “Navigation Using Inertial Sensors”, IEEE

Aerospace and Electronic Systems Magazine, Vol. 30, No.
2, pp- 42-69, 2014



