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Abstract

This paper proposes a reliable high—precision positioning system that converges a satellite navigation system and a
vision system in order to resolve position errors and outdoor shaded areas, two disadvantages of a satellite navigation
system. In kinematic point positioning, the number of available satellite navigation systems changes in accordance with a
moving object’s position. For location determination of the object, it should receive location data from at least four satellite
navigation systems. However, in urban areas, exact location determination is difficult due to factors like high buildings,
obstacles, and reflected waves. In order to deal with the above problem, a vision system was employed. First, determine
an exact position value of a specific building in urban areas whose environment is poor for a satellite navigation. Then,
identify such building by a vision system and its position error is corrected using such building. A moving object can
identify such specific building using a vision system while moving, make location data values, and revise location
calculations, thereby resulting in reliable high precision location determination.

Keywords : Satellite Navigation System, Vision System

I.M B & =R 2EEdY GPS(Global  Positioning

System)9] LA™ =9]7]% 0|t} GPSA|~H 717 0] A

A S8¥3 e FAFHA~ES HIA B A3, GPSY TLthstel GPSel H o] F7FE A
Ab A} B = 3 2 < gan
B D e e B A | A%, 8, 3E S r/]’o‘@ Lokoﬂ’i}\Hi : 58
(Daegu Gyeongbuk Institute of Science & o] Al=Har Stk I LES BAFHA -
Technology) (INS : International Navigation System)el| H]3}]
R 04:11—5 2011 W& A7) e oA AdetE of N AYEE g0 w A 1 o] O]F o
SR EA ARRFAA oo pAmy ) o ow BIASm G AN 3o

*wv‘r (BANE : 11-1T-02) AT AAS 0m AT 3 HYdA AAHRE A

HedA 201198949, A 4= 2011910€17¢

(730)



2011 108 MASe3|

x 11, "X A
Table 1-1.  Positioning Errors.
e 8l 22k W9 (m)
AAdA =" A1 2.4 1~5m
AT HAI 2" 912 @A) 0~15m
AgFe =4 0~30m
el 24 0~30m
FA7 A= 0~10m
= Z (Multipath) 0~1m
3ot 7)=olth
AP 2R A=Y AYEg "ojmE 2
25 A 2FEoRE e 5 . A 2 &
oz Arle eARE ANIWAAY AR, 9
APPA 29 A0, AeEH dREe 24, 7L,
4542 Sl Ak =4 ﬂ@%@liQA w245
of wW& 7]stey oAk T3k SA(Selective
Availability) 2 2H= 2000 5% 1952 A=A 9
Qa5 BT FAA 0w FAAA e & ex A

7} 2 AE=Y o]AS UERE(User Equivalent Range
Error)ghal 3t} 3 1-18 93k 2910 wtE oa} W9
= ‘/PE}L” o]t}

27] FAE BHoZ u
] kel A=A Z}
i‘ﬁ 2N IR S S s
b A e] 914

A

’E/\] jl]_?_ﬂ—
oh;} w
2289l GLONASSE H17ke] 74

ol

WEAA GS oefsiA 853 Qo Htd e
HAFY] Galileo, S=¢ Beiduo/Compass, 49|
QZSS 53 e F7HAQ YA FHA "] 80

CAzole oled by
, 71E Alz=ES Heksh A Al
tI(GNSS Global Navigation Satellite

Agsta Qi o) Axme) A4 2 7

xé:g}};_’ {E]H SES o470 /\}g/\q

+ Zlo|th. GNSS¢| &

Fa g

2000(WRC2000) 1l
= 122760MHz,

—

g S A

w
<

&
g
tlo

/H

flo 2 1o

o ol

>~
-

, FT

e N
i)
4

3} 3 2AE

e

lo,

A7
1575.421\AHZ,

)

[
rir

==X H 48 # TCH H 10 =

(731)

o
ol
iy

do

o,

r

4
o,

N

ot

= ofn

Uz w2 1o )

£ .

Ir

oxl
ol H

ol

N
fu

ox
&
lo

4r 4o o
o

o
+

B X
o & o
>

X

lo
ofN b

>
12

g2 ¢
T g

N
-~

ol
oL

s
o

it
_0|L
do0 9 riz

N
N\

ki
o>

O
ot

oX,
o on

b
o>
230

)
=

ol

0=
W ooz T
i
>

o

_0|L

ox, rr
oo

o
o

5

—_

[

o MY
o,

do

)

hun)

>

il
_‘L
[
fetl
=
o,
o,
o
Ho

.
flo ﬁ ol
=
o,

v
+r
27
ol
o
o

£ 4

o
oXx
o
it
>,
[
juiit)
i

o
U

o
rT,

£ond SR

19l
rot
o
oz
o,

=2
X
rlr
4o i
oX
ook
i)
>

ot A

g
Fig.

21 I:AIQ"A—IO| _<|>_|A-|3I-H4A|AE+| AA| Mil-
2-1. Receive Situation of Satellite Navigation System
in a City.



22 AESHA AR D HIMAAE S8 Tl 78
5 =
2
(X3.Y3.73
(X3.Y2.25) d.d e
s * ‘ S,
(XY .Z). o (Xa.¥4.Z4)
02Xt =X
Ko Yo, 20) T GPS 2=p1J19) AN 2 Atyol

@ o5l WS JEl @3 CAty

O3 2-2 ANSHA|AS] MZIEMH
Fig. 2-2. Triangle Measurement Method of Satellite
Navigation System.

< Aty

A

Atp

- At;

- Aty

S

N
w
40
z
o
(ng
L
>
>
i
lo

ad

Fig. 2-3. Arrival Time of Triangle Measurement Method

on Satellite Navigation System.

AR AR o E 7} 3

=l M AR AT o viAlE
A=ie] ]

A AEA S

Il
—~—— —

I
S
V)

CAt, — CAt,)?
CAt,— CAt,)?
CAty— CAt,)?
CAt, — CAt,)?

(2.1)

I
£&
+ + + +
SN
|
|

I
S
]

(732)

2. PlISHAAE N HIWAIAR S 8 L1E[E

% 2-4v BAAY AselA fERAI LR
RE SARUHOEE S Ae 2R 2
Ae e,

IF 2-49F o] fIAS FATolgtd 4 22)¢ 2
o 27 e A 4 Ao

\/(x]*xu)Z-!—(y] yu)Q-i-(z1 *zu) =p, +CB

\/(xQ_xu)2+(y2 yu)2+(’22_zu) :p2+CB

(2.2)
\/($3_xu)2+(y3 yu)2+(23 Zu) 7p3+OB
\/(xl_‘ru)2+(y1 yu)2+(z1_zu) —p4+CB

A71AM, pE GAAE, (z,,y,2,)E T A,
CB(Clock Bias)©= A AL &S

SAINE W2 A oA A 470
2H 0w FE AAFEUHE FARY
gA FH AT Al A=
A =R 0 2 HE A E o]
= Ag Aol ZEase oxkn
A (Map Matching)7]4S o]-&3}9]
T Tk dAlE ol gt

nAsFE Ha9 Py

o o
rﬁ:]ﬁoi
;L

rlr
o
oE
>,

0,

O:
"

r

2 8

&
R

o

N

iy

r'O

=
[T i
2 o
o

St
H
et

)

o
oX
¥0 oxl

N
Doy o
>

)
[
)
o
N
i)
0,
e
fo
o
POy
o
>~
>
>
o
ul

o
2

o%
RO o RO e

do o 8

=
R R E R PP E

=
n

24 2
oA g Holn A EE
o Z

2]

Satellite 3
(Xa,ya,Za)

Satellite 2
(X2,¥2,23)

Satellite 1
(%X1,¥1,21)

Satellite 4!
(X, ¥e.24)

=
Fig.

2-4.
2-4.

5y Wy 2y

Measurement Equation Result.



23
el

L

.

7

o

-

Al

P2

z

(]

® A 10

Al 2"l o] S AoiAY T0melvalA 54 A&

| ==X H 48 & TC

20111 108 XABES

F7F Wty O ol {2

—
o G o —~
-~
frou . o D¢ 0o Y S — 4
A o T ol % T UTE RER KXWBETEER
r T - & T — 0 T g o0 —
w9 i A S oprEE BT I (I a4
iy (ATMH n & & EAT R K o s@ﬂ @imﬂ“.m.mﬂ @ Br
yﬁ O#E E.E Ot o) ‘mﬂ_ o it Eo PaN Et ~ o) I
< G2 o + + 4+ RO ol T *PSEp g <5 N
2 g & < RSt ~ o ° T oz < 5 N
e ) T = S m N 7Mcﬂ W o S ﬂuﬂa%/ﬂA R
= = A R IS < T o#uﬂm.mﬂeﬁ F P ox O + =3
T o xr % oo s T O - W o g o o v T
™ R T o AN N 5 Ny 5 Q) o s ‘w o o K| &5 X © A AH ZJ MK nw —_ ‘_nﬁmw_ ‘,Lml H Sy my
LR N o 7R _ , _ X w® o oo = o = By = o TR X | ~
= BT R R R A LoE o ﬁ%ﬂ#@%ﬂ@mogzﬂ S o
e — Tl g™ g omow HlOmmIE L P
ﬁmﬂwﬂo_é% S S N Foedn W%@&%%ﬂ%ﬂ%@l I
P —_ ~ — T 2 O =~
N F o L _uMuw S P g \W_mﬂﬁg mﬂ%éﬁwuﬂn%_@?mﬂ&ﬂg 3 s 0
eﬁaxo_EQﬂEo I A W B K | Nidlild.%i]ﬂ%ﬂzﬁ}1% b e s
R AR 238 427 m@ﬁ%%%wﬂﬂﬂmjgﬂzrmm% L.
E%AOQWQM FlF ol ExED (+\@mﬁﬂ%uc%ﬂmu@o_%lﬂaﬂuq il
0BG od 2 e e e - S LR T Do W R R v + 7
o e oo O % 3 oF o] P ) N o mo T K] ol - ~
Tad & ST T T T AR I A T PR o o 2w T )
— — 7 - [ — 0 | !
NpgeT g &8 [E < B L IHESw pe CT BT eme I |s Re
ﬂ:%lﬂ@@“ﬂﬂ N oo BT (x\@%ﬂﬂnuoﬂhilﬂ% zﬁwn@ﬂﬂomo < A
=y To o o T w wm = x e :.L %o ‘.Mo e < O op 1y | < %! 0 7o Nr I T
o W M o R E R R D o oW % o T = X
S ) W o<om oy o B
o~ F ool W o m
B R OO Ho 4r <
~ Ho &r = ® o Mo m W W - =
FEg o "R pgTo FERERTOLDDT OB LA
B o W C TR PR g HED pdTE R
o = o o R W ooy ° = oo " = K o
oo W E T OB FR VR oo ° o NI e wjr B G
T o= A = B R A e TR oo = B Bl
‘Aluﬂ _/H‘wﬂo‘l.lr\_yAE < ﬂ] aLyAllOEIGILA‘I 3
ST T o W E o o o= B o o <+
s Ak s W o= 5 7 o 2, or m K M i . c
< dv T < N R A L < mﬁ <! ™ o o ' X g - 7ol S
l%EﬂMﬁr]ﬂﬂﬂmﬁ&?%ﬁﬁl]nﬂrxﬂéé oS
— fllE E:.A e — J|\_| o ©° O];o 3
4 REITIIYEgEeraitsit w55
ﬂu.ovo%oﬁs S Lo oo 2 %tﬂ_mﬁoEmuﬂ b ot
ﬂﬂﬁvmao,i_ﬁ}a%qaia_tﬂﬂ e RIN— g
]JAJiaomu.u =W ox oo D do 4r © M T B T ©° &
5 mﬂﬂoﬂdr%z Aﬁiuu_xﬁ%ﬂﬂﬂr%mﬂﬂ 32
Ho%%iﬁ%a_ﬁ.Hmmﬂa%?%.,lﬁ o T .9
R 5w DA g T REH T S 7 o5
]Eomw N = Eﬂ@ﬂA%dlqﬂqorATzo% - S 2
ey = — S Al e = o Wi = o =S
o 5 B G — T R i, WP DU F{S N
o oo PT E g P B W E g R RIR-
aﬂqﬂ_@.%%w%lﬂ@%ﬂei_\@oa; q 28
o ¥ W oo XO ° o F T jutis o o A~ Hoer < Wa [}
Of o T .Q — X T oA o iy woo~ o <X 100 = =
IR KW g aﬁo_E]JﬂFﬂVL%ﬂﬂwﬂﬂﬁ% w8 g
xiumﬂlaﬂgoﬁaéwuqsﬂiﬂﬁ%ﬂuﬁ = FaEH
i ﬂmxiﬁzﬁm%m;ﬁ&m%a% FOC D
w° o) TR o — ) — e = ) 5
RoERag By "z ' CREIR® CRES & &
ISP T A ~ow
X ] T ot o ma .
nog

(733)



24 AGYHALE Y HPAN LY BY 78

PF 521719} 9129Akel 9] LI C/AZI=S] oA )
22 gkm)
ph 718k g4 Abel el A A8kt Al (m)

TF 5% AD 23Hm)

[k

— L1 CAZE A8 A
1

c 8o £k(m/s)

A A 2 2Hm)

dt, © F217] AA A (sec)

dt* 914 A7 9 AH(sec)

bffg © interchannel bias(m)

ef, Ll C/AZE oApAE #3 A9 o4

ofN o
NN
T (T

9 ZH(Multipath) = A4 3}H4]
interchannel bias¥= ZH&
(3.1)9 #A=wAgAS A A
¥ 4 ok

Vi
Tf— <+ cdt" = pf +cdt; + e,

Pi]fl_
Pl = Yepya

7] W&o A33lele], Gauss-Markov Model(GMMM]
g5k 4 (33)7 2} olw 9o A= I W

M AE WAl

AAE o] g3t A9 HAE ZAAI o, v 5
= FA719] 33 1A A7) AlA Aol
y=A¢+e, e~ (0 oo P~ ) (3.3)
7 FEL g 2o, pe A7l 271914
(@, y; 5 2,)2 o At Rolth
Pfofp‘f
l |
y= i70: & |
PT:?U_P;]

Jlgtel MElgoUE AR F/of ot AT BX s 9
E_ ko ko
T —x; Yy z =z
- 0 - 0 - 0 c
k k k
Pi Pi Pi
1 1 1
T &y YUY T
- O - O - O C
A= I ! ! . 3
Pi Pi Pi AAARE
fq_xi yq_yz‘ Zq_zi
B " v q ¢
Pi Pi Pi
n x4
,Axi
_ Ayz . >~ a3
5_ . U]X]T ge
Az,
dt,
k
€;
SERCICE
ML

nx1

n 2] g=e] MET Aol B 4 9] AFE 4o0]4de]

ojof al=z 4 4] ol4ke] $4o] BEHolo} 4l
el QA 9 7] AAeAE 1 5 Aek A (33)
oA P HE mAFE 2719 i3k duolE
7)ol
E=(ATPA) ' ATPy (34)
— — )
2 (Bl A T3 77 Fxe HHolE AVE
271 2719 A e gate] #2171 27194 4 35)F t
Al AAste] fHlo|E A7|7F dAgolstrt w7k wt
B Atk $A17) XS AA A
T, x; Az,
Yi =Y + | Ay; (35)
Zi updated Zi inital Azl
o], variance componentt 24 (3.6)% #al, FAHE
nA 52 EA-FEA gEe 2 (37)3 2o}
"]—, ~
5 e Pe
e e (36)

~

A7A, e = y— AE, ne B=H



25
(3.10)

kel
T

jasp

4 olojo}

>

z

LK)

EEEE

A

H 10

H

b
Ax;
Ayi
Az,
dt;
Gauss-Markov Model with Stochatic Constrints X

g:

Zr} ) rk([A

==X H 48 & TC

]

A
hl
PN

T

|

(3.7

o}e)o]

N

Au
fY

o
=

bl 2

0]

stalom, ofd 7ol #

2011 108 MASH3

o]t} A 2]
o) )43} o] Aol )

Zgro] Folzvka 7H4

Diél=o2N"!

&

F2} =
variance

Pz
L

&

:lL

|

—_—
o

O

to] Z+ Al Z+(epoch) vt

163

[¢]

L

(3.11)
(3.12)

st

9

Q

st 914

BRZED

estimated

=

=

s
gl

-1
-

]

(312)sF 2t

rom,
2 (313 2

s

q
R B F RPN

20 Al
f=S
2

&
o2(N+ K7PyK)

L

i

H]AA 280 2

Dp{¢}
Sl 914

SN
47) wRke]ol =, B A]

component

(3.8)

AA

914

2

5

]

-~

o] 37

LR

G217] Aol @] A A7 2l (m)

a L.
Y 52

a

LisYir %

o]

=

5

A

EEREREIEE

(3.9)

)

0

P,

2
0

K+ey, e ~<

2

OP WaE Z4ssch

A

ER

=

2 Aol A 9

3}
HDOP(Horizontal Dilution of Precision) 7k}

31 =4 Aol 914

=

4 DOP<]

o u}
PDOP(Position Dilution of Precision)#t 3}

a9k

)

(735)

. y

1x4

2

p,




26 ESHALR—L ALY B J|s
25
20
g s I
=
i—t 10 -
o — gl
5
— HDOP
0
SSEscomBsgns s ooREes A7
a3 3-1. ZAX| tiZeoAM el DOP
Fig. 3-1. DOP of Main Street on a City.
70
60
% 50
_% 40
<k 2 ., n =
2 L ud
o 20 i — i
el e [FLLLL Ty
10 —HDOP
0
ST o Dot o oot e o JTIE
EBo NS sEoNgEBoNgEEs
SEEEREEAsSssCansad
a8 320 EAX F2 T=2olAe] DOP
Fig. 3-2. DOP of Side Street on a City.
3. BN XY
Table 3-1. Main Street.
Hee | 945
HDOP(m) PDOP
Al ZE (7]=41)
11(0) 08~1 15~18
10(0) 08~1 15~18
oA
! 9(1) 08~1.2 15~20
°F
8(2) 1~17 15~29
7(3) 12~22 1.8~3.1
X 32 £ =2 YAstHAAE 4 WHE

o] w2 HDOP# ¥} PDOP# ¥dE yehfar 9k
BEAA Aojd FAa4 S MATLABS ©]-83}to]
AEHIAGAE 2 AlEd oA TEAYATL
GPS715d AujzdlA 20119 69 30Y AEASAE
71202 3 GPS Navigation Data(SOUL1810.11n)2}

Observation Data (SOULI810.110)E thERE 3l

rir
(¢}

i
ar

T O

32 &2
Table 3-2. Side Street.

314

(<

HDOP(m) PDOP

=

)

7(3) 1.2~22 1.8~3.1

6(4) 14~24 2.1~48

2

o

5(5) 1.5~43 2.7~5.0

o
o

4(6) 2.8~45 36~7.0

3.5~6.9 40~9.1

3(7)

o, of Satellites
— HDOP
— PDOP

Wyithout vision and output values

L
1200

. . .
500 1000 1400
Time [sec]

L L L
200 400 600 1600

ol
LS =

=l 3-8 DOP #t
3-3. DOP Values without Vision System.

HIHAI AR S X ESHK

Hl=g 21101

RINEX v2.119l| wel GPS94¢] $1A& ?ﬂEo
of o&l 3t7] flek 1671 zetule] 2 AlA
g shebvlE, 71E C/AUIOlH %%
1 /\41"53914 zsgo GPSHH
GPS$A o] &4k 2714 {PTH 2% 30&77}11 30
Z 992 #5H volHE AREEIGl o, AlEH oA
ol A W3lsh= GPS$IA 5ol weh mf 30zmhet
3NFH 9N7EA] QJolo] 2 AREHEE skth

% 332 HIHAAES AEsA] &al AMEE
A= AP A g0l 57l 971 - Algtel] )
2t AHsHA A sHHA 1gaﬂ<>l g Avfoltt,

a3 345 AFRE
Nebal 7pAskar, vz Al

_I

P,
T

I~



2011 108 MASe3|

0. of Satellites
—— HDOR
— PDOF

With vision and output values
T

DD QDID 460 EéD 860 1DIDD 12IDD 1:1IDD 1600
Tirme [sec]
O3 3-4. 4742 HMSHAAHD HMAIAR S HE
5t DOP 2t
Fig. 3-4. DOP Values with Four Satellite Navigation
Systems and Vision Systems.
m— hln. of Satellites
——HDOP
—— PDOP
With vision less than 5 satellites and output values
=
! a QDID 460 EéD 860 1DIDD 12IDD 1:1IDD 1600
Tirme [sec]
O3 3-5. 57 ojgtel o EHAIAR D HIMA| AR S
&5t DOP gt
Fig. 3-5. DOP Values with Vision Systems less than
Five Satellite Navigation Systems.
AlEgol g AFdoltt AMEE ¢ gl fAREAI~
o] 5%E 9I7AA A, YA A}
g3k 9042 2Haach 2w AL F de
A2 %l5ﬂﬂﬁhl%%ﬁé%ﬁ}%ﬂi%
o] 370} 47l A% 2 149 BlRA 28 S X 45
o Z 5709 %’4*3%“&*]&%% AR dE A
& RkEo] AlEdoldgt Zito|th
V.2 8
E 313 F 3-29] Al g~ o
AR el e ARPATL 9le Aol Aol a1

==X H 48 # TCH H 10 =

(737)

HDOP%E®H PDOP#EO]
79] ]
7} 57155 8149 ol HDOP#:= PDOP%ALO]
2 52
U]—O
F7F 474
Aol 912 ALt WolA= As &
oL ARg-E

Zle] g)x] et *c} Si | kg #o

(1]

[2]

[3]

(4]

(5]

27

)
io 4
r\r
Q1
=
I
v

=
HA T

AR Asholch 94

A
Adel el stelt, el 93

o]} ¥= HDOP#:3 PDOPgko] 2

Akekz]e e FH| =&

gl 9ol 871 o

O
=

=
rr
oy
o
o
¥
3

o
ox
odt

E, 0:10 [‘lr il
ot
=

o SR T e

o

Ho
oX
o
it
>,
[
o 19 qp

i
[ 5o =

o
fordh o o2 &k ) 1 o

ro
do
X
N
do
iin)
B odo
(T

Mo
2
o
tlo
=
2
>
[>
o
B
ofo
o oot

Elliott D. Kaplan, Understanding GPS
Principles and Applications, Artech House, 1996
Bradford W. Parkinson, James J. Spiker ]Jr., et
al., Global Positioning System Theory and
Applications, Volume I and Volume II, American
Institute of Aeronautics and Astronautics. 1996.
Pratap Mistra, Per Enge, Global Positioning
System Signals, Measurements and
Performance, Ganga—Jamuna Press, 2001.

James Bao-yen Tsui, Fundamentals of Blobal
System Receivers A Software Approach, John
Wiley & Sons, Inc. 2000.

Kai Borre, Dennis M. Akos, Nicolaj Bertelsen,



28 AGSHA AR Y HFMAAE 88 7|5
Peter Rinder, Soren Holdt Jensen, A
Software-defined GPS and Galileo Receiver,
Birkhauser, 2000.

[6] Ramjee Prasad, Marina Ruggieri, Applied
Satellite Navigation Using GPS, Galileo, and
Augmentation Systems, Artech House, 2005.

[7] BHofmann-Wellenhof, H.Lichtenegger, J.Collins,
ME&H &4, GPS o] &3} §&, Alavry s~

[8] Grenjner-Brzeinska, 1995.

[O] E. Kaplan, “Understanding GPS Principles and
Applications”, Artech House, 1996.

[10] ARINC Engineering Services LLC,
IGS-GPS-200, Revision D, Navstar GPS Space
Segment/Navigation User Interface, Tth

December 2004.

[111 Y-C. Lim, Mh Lee, C.-H. Lee, S. Kwon and
J-H. Lee, “Improvement of Stereo Vision-Based
Position and Velocity Estimation and Tracking
Using a Stripe-Based Disparity Estimation and
Inverse  Perspective  Map-Based  Extended
Kalman Filter,” Opt. Lasers Eng. 48(9), 859-868
(2010).

ot X S(339)
1998 A& jsti 4 R E A
g’ T3t kAt £,
_C']—E’_]:HSI—"I x%x}E/‘\_]
J*%’ﬂzﬁ ﬁx}%ﬁ
R A ]
dzﬂ QAR S AT A7 e
FHARE 1 ~H L BHA, 2HIS

HW o} 7] &l = >

O

\.

2001

o

o)

2008

0!

.

ol
|

w3,

of & sl(d3<«)

1996\ d 4 Efstn A x}-gska
sh £4.
199841 7 Evisti 7)ot}
A} 291,
19981 ~2005 LG =}
A o]oﬂ?ol
20053 ~ & A YFAELE =Y HAdATY
<FHAEF L 2EE e HA, FelEA HE>

HRYAE AR S0 2ot AP 9x s g
7H
A =3I
2003 el e al d&pggk )
sta} £41.
| 20068 A&fstal oAb skt

A #41.
: 200513 ~ & A o)A Bt
! ) 71eqd HAddg
<FHRAECE - 2L HH, 2HHL
HW o}7] &) x>

o,

IR T )

198411 A o 8t
SLA} Zo%

19861 KAIST 9'4 FHEZ
M/\]_ Zo%

1991d KAIST 741‘ HE4l
upA £,

A QT AERE Y AFELF

AIE, Ao A >

71838t

2004 ~
<F Aok 1 FAL



