o] 2 Al Holg A do|Ae] CONCATENATED =& A] 2]

EgAa fb & fE* &8 # & k* E®A gt K ¥ EER K
Concatenated Code System For Mobile Fading Channel

Hyung Jin Park* Ho Young Jung* Dae Sik Hong* Chang Eon Kang* Regular Members

Ewm

B m=Rode g4E Holy o] el tAE o|FEA AdS MEL BHo R 2y i3t
o]o A 33} concatenated =& A3}

Concatenated 2 =9 R 3-8 BCH Z =8 AMg3n, Y3 2 S2FM 328
ol Yutzlo g 9B 3= & Reed Solomon ZE & 3t & concatenated Z o H]&) 7btsla, &
3] 9B FEE T o] & AEF ALEHO N o FEA Al H 9] B0 B A e Ariet R E
59 AME-§ HE ok

o] FEA QoA concatenated ZE9] FE I A, thE R Hold g W sh-A b
e "o] EAsle AdE N2 wHes E‘,ﬂia&ﬂq E3] #old &) 8 Hzet 12 Hz9l 9ol of
& ol F 5 AdY EA4E 2= I g AT

2y #Holy sdol 7} A 3 concatenated =2 3] 98, (7,4), (63,45), (63,57), (31,26)
o g o)f A5 MAstA A AYE FAsk] v A9 $o)

ABSTRACT

In this paper, a new digital mobile channel has been modeled. And concatenated code systems
have been proposed to transmit information reliably in the newly modeled mobile fading channels.

The BCH code has been used as the outer code and the convolutional code as the inner code.

We have modeled the channels which have multipath fading phenomena and additive white
Gaussian noise, As a result, the characteristics of the channels are identical to that of the mobile
fading channel.

To find the best code system, we have tested (7,4), (63,45), (63,57) and (31,26) BCH codes as
an outer code. Results show that the concatenated code with (7,4) outer code gives the best per-
formance. And if we use the soft decision, we can improve about 2 ~6 dB in the SNR

I.M 2
*EH KB BT TR i
Dept. of Electronics, Yonsei University olF Al #AdAM ] T AlAHE Aejrt] Al
WLES 03— 1 (1992, 1. 7) FHEL AT Uk 7 WA et S1A Sl

1
www.dbpia.co.kr



HELAESEH Lk '93—1 Vol.18 No.1

e ol FAH 7 FAYe e FuEE &Y &9
(Doppler effect), A AEZ Qe | &3 (sha-
dowing effect), Q1 A 1bol]l WAL= A Ald
2t & AH{cochannel interference) i} tt4d g 4+
o &2 93k Al 7F 2]l # H(time delay spread), Iz}
A AEr A FRES B8 MR U2 A AR
oF th AlZbef] g oz whAlEhs U E R A o)
J (multipath fading) 84 T+ #ldae] #Holy
(Rayleigh fading) &/4%e] ol B4l Al=wlel A
A zHgE AlgdEe] Har vt o 7] A cp AR #oly
e Ay oleie] Fagle] fp V)

oleigh wAES A 9l HAeiviA] WHE
olgstzdl, olE F Ald Id WA dolHE
AEo] FHol g SN §8H o R ofFo]
A 5 A e 223 Wylo] Hr@

2§ 3= /g2 1954 Eliasell ojs) g0
270822, 1965 Concatenated =7} Forney
of oja) A7% Art Concatenated T &9} NP
T L olde dHAY 7} 4"'3‘#_ @ﬁﬂ
of g A|2WE o] R Q= AJuE ejnjsic), 7
Eol dubx o2 Abg-5lo] 1= concatenated Tt
A 2Ee 98 F=E Reed Solomon HEE, Wi
=& BCHY Convolutional =& 2.1 )c}, &4

A A Z2EE H &A1) 7] ?5H*1' o] sH¥l
e o] Fojof ghrg, ol g Ve T WY&
Al 7EA7E ), 9els ol uHH*O‘ tEo] &
W, Aoz vhelubis Jide] S48 o] 838
o AT = g, el Al A A skl ‘-’x‘? Nd
£ 2 g sk whgdo] vk

2 =idAe Ad 29y wag o] &3t olF
A AEGE N2 Baez vdystyg oy, of A
ol A concatenated =2 A%5E tateich ol
F A wdY WAS B8 AR dojd "4
A ZEQAIQE Fg @Adol vER e AldE vE
FAck o] aldel o]y concatenated
BCH Z=£ 2]% I =(outer code) 2, 24 FA 5
& WE F=(inner code) & AFR&ha] 2231t
o] Wl 9 I ELE%°] E2 48 2ng dAs

tlo

13

h‘ rio o

o
g

il

e

i

ﬁ
Al

&o)1/2R) EuFEM A8

I.48 294 74

e *]"‘E‘J °1 qes Ny ’”*7
& HA o) EAl Held g
S ol At AT 7] Ee 2
£ concatenated AlAEle 91*‘?* F=ZE Reed
Solomon©. & &t Zol Hlsj, A|2H 9] y—ﬁig HAa
3lA1717] A Zego] B2

=g ALgasich

21 Mg =24
-}": il AgalA ol Fiat 71A|ar Atole] =t
oL} ol ,‘L}_g; A].o] 2 olE o] &2 o=
B-E Aztste] AWM zldo] ALSE L=, o o]
wol HAoaM wE AN Qs HAsh=
ol &(fade rate)o] 8 Hz ¢+ 12 Hz ¢} A& A
sttt o Jreo] dHold &S HF £4 Ade} #
J&2 0.5~2 Hz o vius} 2u % gotd 4

o
O
e =
ﬂ.“"

o °“ o3t g B4 ¥stE HE ALy of
E]'i— 7hate] st A] e lRsd A
olef doll stz VAR VLo FA F
72 tﬁ?ﬁ)h} o 5& #0458 7hxe d9En 2
HolA7)aL o] A& thAl 2719 o) 714

et Aol sFste $4 FaA9E Hol b B
Z A &R sl e $4 FasE

of W A
o] A17) = Fa-g shrhil wol, E adaAMe AR
off o3k dlo)y B2 AWGNo 93 dy #H&&
Weg 543 F agloz angsiych
ha(t)
hi(t) ha(t)
t

O LATE Adol sk dE A g
Fig. 1. Impulse response of the time variant channel

291 e gAsHos vUHH Aol Ael
Wee vea vk o] YE ke Tew ol
AL 5 Ak,

WA Feg WANAM lEEA Aol A

www.dbpia.co.kr



B /ol5 %4 Aolg Aldel A o] CONCATENATED ZE A]A¢

&= =82 Fob4(Doppler frequency)& ¢ &
H(cut-off frequency) @ 3t A QYLE o] £33} Al7)
o A BHYE HH e W gl obd o=
= Hoddd B¥E dehled, o] ¥l e s
| A ko g

hi(t), ha(t), ha(t) 7} 2tz} 2t YL M2 SA4 5
LB AAHAERT EYFH EAE e 1Y
1olA  he(t) & 0|84 52 71X Fo AE NE 7}
SHER WA glo] AW mHste 2 AU e
2 hi(t), ha(t) & ol&x 3t 7]x15 Aold
F HAMEEZ Q) A3 B0 wAlEo B
< AR AEEE Ve,

Holdgol 8§ Hz 2 12 Hz ¢l sid-& 24zt 5d 1
A xhd 22 AvIR skak Mg 13 2 2y 2 9
22 22 FAEHJeH, Ade] e eE g(x)
= 24 (1) 9} g}

g(x)=h1(t)+ha(t)Z 14ha(t)Z3 (1)

FAAA 2EHEHE dolHER Hol dA2HE
A o] v £ oo} A Ao 8 ASFE hi(t),
hz(t), ha(t) 2 FRA 1 o159 §lo] v Feo]
7habsfo] =Althe]] o] &l oluf wi A Fg-o] 7}AE]
7] A7tA 9] BALE Held Ade B 5

g E34 AdEo] o g dole B s
As FAFEL] G2 Azl wet Wale 540 9
of, A} o2 Al a)'d(time variant channel)g
o] & A "k

F——{

() hat) bo(1)

|
\e-

@
[}

AWGN
a2 A Ad 2
Fig. 2. Time variant channel model

22 35 AMAH oY

g HES BN 77 & dgd 28718 o
St =, o] HAIY A var f(x)2 (2)2
o gt

f(x)=1-+x+x1* (2)

f(x)oll o3 [0,1] o]x dgel Ao A=Y
doz Fojzith 19 3 & APE 2A4VIE vehy
ik

|

O 3 ol A WA

Fig. 3. Binary random number generator

23TH HE 2T

a8 4 = A4 4 2d s vehiz dd, 9y
ST A GG delHE S BCH 2= g §
& Az ey 3PS A Holl ZEaH
FArjel] Eolzirt, ¢tollA dlyE A gL 461 #
F HolHEL ATl A Fxtaty e Hl 3wl
e 2dda, A 33 B9 g ddz 3
AT F2EE deolHEL EEFEM dAUE B
s taEgsn OlHe $Y S A dolHE
< wpRlee 2 BCH vl 29 ¥l o}

HEFHoR e dolHES Aduaa B o
HE delel &3 vlinsjo} ¥ Al2gle] o2 go] A

bt

Ald 1 2 2 o g3l 4 7}*] ok Concatenated A
2¥1E A EAHT A7) AL FEin e Ed o
&S # 1o vehd

www.dbpia.co.kr



HHEAERAR L '93—1 Vol.18 No.1

1. 22] A& A A3 Concatenated A =¥l o 3+ H A}
Table 1. Description of the concatenated code system sued in the simulation
BCH CODE (,ONVOLUTION CODE
aczg | zeg 98 [ Log CErRE AEre
ey i a4
(7,4) 0.5714 1
(63,45) 0.71428 3 ! 1/2 VITERRI algorithm 100
(63,57) 0.90476 | soft and hard
(31,26) 0.83871 1| decision
o, AF AHES FRA I = Hold FHES &
e wian st wze) | welaw ] zura wad 8 2 o)), Mold ol 12 Hzol Ay EAE Ho]cl
& 8Hz Q) aAid 54 Nl v gobst dEdEs B

"ol Ay

so el [ e —] 2yra ciag

e cloley

a2 4 AN FHE A 2HY HA THE
Fig. 4. Block diagram of the whole simulation

l. A|Eaiol4 % Azt st
3.1 A8 =y A3

¢l 5 3 Alzbel whet WAl ¥ Al hu(t), he
(t), ha(t)ol chah W2 385 LA AHAM 2 F4
A7) By Eolth

helt) &= o1& 'o1 yvu A Z7p ob g whAL glo]
AY w9t 495 vepdch 1dd *atﬂ h
(t), ha(t), hal t)/} e AE AW etk ok
2 HAoly gakvt ol ¢ AA Hug o YE

& z2aH BAd Aok 1Y 5 = B W Alg
£9] A8 & el e, ‘:8 7he-dl o 4}64
S RS = R AR v °L}EML-
=dl, 58] 7hed § e B *J%l Atz oA
e el via) g ae] waE J.J_rf:}f,z? -
et

ol# 3t BEA & Ealed W-Hz Bl AR g
o] =Y Al=®lE *—‘1%*}%1 = AU 1YW 6 2 A
g 1,2 o s h(t), he(t), ha(t)oll s HAE
Ade 2284 EAS velda Aok dwrHgl ol
4 Ade A B4 e BEAS #A#3Y F

[<]
, 2 5dB °A] 20 dB Aol 9|

=l e Holil g}

4

olil qlom Axtz sl A4 el el ol
Tk | 2o et 19 7 & Al 1.2 ol A
e sleldow Qlal SaE A4 o Heg
ol Qlrk Aoy gl Wire Ad 2 oM A 1
woh A olegol o WaHo] ehbs AL w3
g 4 Qlek Al Qe Fatg o] Algkel wel
Mol 5AE e 198 & AW 12 9 Fus
Sado] Algkol whe} Wiakiz B4 S nol: AUtk

S
1

% .0€ +00

1 20000

EHEE DR EREEEE
Fig. 5. Tap waveforms of the fading channel

SE A 29S HEAT] A MY mYPS
A Q1220 DA K51 W gL
*~ AUE e B+ A

A 2 oA W A oege Ad 1Y %
Al et 59l ool g 2 AbE ol g4 A
ol m At Qw4 2He FeL m A Bk

[~}

::

www.dbpia.co.kr



B /0| 554 Mol9 s'dol A2} CONCATENATED 2= A 29

H2 29 A 7dz Agd =Y
Table 2. Specification of the Channel models

Adl adz
Held & fp 8 Hz 12 Hz
T Hold ade . - : -
=3x1073 | =1.8x1072
o3 o] &
g B4 Al g A A
...... TADE PATE « B He
(o)
T IJ\M\A a

\‘Wmmvv 4 "

FADE BATE = 12 Ma

Aol
M Ty\{

T8 6. HolF &0} (a) 8 Hz (b) 12 Hz 1 %9 aid 9

g4

Fig. 6. Channel’s signal envelops with when the fade

{®)

rate is (a) 8Hz and (b) 12Hz

12} 7. Hlo|dgo] (a) 8 Hz (b) 12 Hz ¢ 259 43

o8] el
Fig. 7. Burst error pattern when the fade rate is (a)

8Hz and (b) 12Hz

Ay

ALy

- NN NN NN

CoNOLAP T NBL D e Nwsrd~

VAV

Amplitude

LAV

Ampintude,

T2 8 AlZtel @& A Ald (a) 1, (b) 2 9o o4 B
4

Fig. 8. Spectral characteristics of the time variant
channel when the fade rate is (a) 8Hz and (b)

12Hz
5

www.dbpia.co.kr



SBUR AP o L '93—1 Vol.18 No.1

3.2 Concatenated 2= A|AH X2 Z1}

oto 4] M 3 concatenated LT Al AEEG
1 (fo=8 Hz)# g 2 (fp=12 Hz)oll ¥ %’\]?4
Hokrh 2H diolEs= 10" g ol olaf A
AE AP G dolelFolth o] dlolEES ool "1 A
A3k W7} A concatenated Al Ag]o] 28] x4l <)
W92 gad 348 F2sA ®Hrl o) g XH“ 3k
A g 2dy fPoA 99 setugEg 7}
A wdlEstg =, SNRe w9z 0 oA 14 dB
7t 2 ko)

a8 9 & Ad 1, Agd 2 o (7.4) 2 (63,45)
concatenated T = A| 2} E(pF&A 2 ]/} 52 ul)
£ A 8AAEW velte BER 458 Kol 3l
th (7,4) = A2 49 Ay 13 wd 2 9
BER 41 Alele] o]z} oF 10—-1 Pre & vhepyict
gk olelgo] 10-3 Q) Rl M Al Aol oF 4
dB A x o] ztolz} viebtir ek %, A 200 M A
G 1Y olleE (=107 o) 7] 98l 4 dBe] 4l
T d¥o] i ¥l gl Ayl e oju] o]},

(63,45) concatenated X Al2elel WS- (7,4)
concatenated &%= Al ¥ ul vl 9F 4 dB A
o] zeolg el vt (63,57) (31‘26)
concatenated A& Al AE|Ql A 1(° 3"I off ¢} & of
A Al 1 2 Afelo = ¢oF 6 dB %9 gNR"]
e}, (7,4) concatenated T A 228 9= o) &
o2 detat Ad 8o o388 ] Axe A o°
Holn 9l

28 10 & A 1,2904 (63,57) % (31.26) con-
catenated T = Al AH] %2 B8 A Su o] BER &t
MES Bolu Ut olF & 7% Fiigo] ko
(63,57) concatenated IZE AlZ:Elo] A9 glotsh
A S A2 ol A ol oFdt A8 )
t},

ole] o] 713 wal 7HAske: == (7.4) con-
catenated A *L’:E‘J °r} o5 vl (63,45)
concatenated 5= Al =Rl ol ] A o] (7.4)
BErh v ot dobst apd ol g i)
B35k AEg woli Y, Ay 22 A9 SNRel
4 dB du, ey &2 zol7} oF 6x1079) ARG
7k ald 874 d wli= SNR zlol7} ¢F 4 dB A2
LFERG T}

A 1 A (63,57), (31,26) concatenated =
A 2" Sl 8] (7,4) concatenated T = A AE| &

,
yolar gl

o

6

°F 5 dBe] A& o]5& Hola omn, (6345)
concatenated X Al AE)& 2k 2 dBQ] A% o]E5&
Holi glv}, Anz o g o7 mel dge virta
concatenated . Al2EL: Fo) (7,4) conca-
tenated 1% Al Z:¥lo] V14 £ M-S Kol 9l
S& 4 U

Qo M w o] d¥%k Wl 7HA] concatenated A Al
2] 8 Mg Holiy (7.4), (83.45) concaten-
ated i AlZ=fjo] A, w5 of FREH Yy
gholl 4] 8 el 22 oF ksl A M r) 2y 3t -0l 4
goll A dw ek uie} o] AR Al AL Ao Ao
4 AHE 4ol oF 2dB A9 SNR zfo] 7} ¢lof
vt Hi s, 2o ddola Algdoae
s W oA (74

1o
o
A

) 3% o} &3 concatenated
o A Ajzlo *J}yq ek 2 dB 44

I k]_}~E<]Jo] ;3?
el A ol5el /lyg sl e &
SLgl 11 2 AN 1elAM A e e A AR e

e (7.4) Zr Al28lel BER A%< veElga ¢l
. (63,45) =& o] &3 concatenated TE Al 4~
ol A ofel g 1077 ol A oF 4 dB o] A o)
5ol olal Huf 6 dBY R 9] AF o] o] Vebyul,
g JiH o R ¥S SNR o A Al A= (36,
45) F12H o] 83k L Al AElo] (74) AEE o] &

& s Al A ®) Od,‘LLH e st A

il & 1

12 vz gl 1 o H Add @ ARR e
uwj o (63 45) concatenated =X Al A&le] BER A
e VHERLL Qv

101 749 HlOlH—“ HEsohd (74) ZEE ol &
ghary Azl A9 Adg Fal ddss vol|
537 3.5X100 7N ol (63,45) R o] gE @
A2 vbe QIR ARE 10002 8-S
37x100 7h7t W R g oz (7.4) ﬂE% o}
¢t Al 2Elo] ;g8 oF 0.28570) ¥, (63,45)
v o] &g *] el Frige of ().2645601 #o}.
E UMY FFE 10022 51 Sl g2 wlo
Mup ol Al 011*1 9] BER A-gell A (7,4) 35 A
22¥)o] concatenated A]Z:E9] 9N I gM o} &
R RN IR =

Hod

www.dbpia.co.kr



W /o) EEA Hold Adolael CONCATENATED 312 A ~%)

BER
0.1
0.01
1.000E-03 &
F
1.000E-04 . . ,
0 5 10 15 20
SNR[dB]

—&- (83,45)code
%~ {63,45)code

—&- (7, 4)code :ch2

—*~ (7, 4)code :chl

T2l 9. (7,4) 2 (63.45) concatenated = A% 9
BER

Fig. 9. The Ber of concatenated code with (7,4) and
(63,45) as outer code

0.01

1.000E-03

T T T

1.000E-04 x S
0 5 10 15 20

SNRIdBI]

~8— (31,26)code
—%~ (31,26)code

—& (63,57)code :ch2
-~ (83,57)code :chi

232 10. (63,57) 2 (31,26) concatenated 3 A] =% ¢]
BER

Fig. 10. The BER of concatenated code with (63,57)
and (31,26) as outer code

BER

0.1

0.01¢

\

1.000E-03 = ‘
’F |
SN
[ \ |
1.000E-04 ; L . - < . .
0 2 4 6 8 10 12 14

SNRIdBI

-~ (7, 4)code:H —® (7, 4)code:S

22 1. (74) 2= AAde] A8 € FBA A BER
ekl

Fig. 11. The BER of concatenated code with (7,4) as
outer code when the soft and hard decision are
used

0.01

1.000E-03

T

-

N

4 ; 8 10 1‘2 14
SNRIdB}

1.000E-04 A—
0 2

—- (83,45)code:H % (63,45)code:S

212 (63,45) 2= Al4de] 93 2 Z3A A BER
el
Fig. 12. The BER of concatenated code with (63,45) as
otuer code when the soft and hard decision are
used

www.dbpia.co.kr



BELSESAR L '93—1 Vol.18 No.1

N& &

B =RoME olEE4Al ald #7%A Conca-
tenated =9 A% Faict deoly AE 4
A me Axd H5g 8 FHE Ad 2
el gajol ohal. Hlold&e] 8 Hz 71 499, 12

Hz ¢ 7%l sldst Ad d¥2 3] §f Al
5g F3togm Alggoldel 7tedt AdE wHE
o & ‘Qi'i} Cocatenated F 9] 9% IT- &=

N
BCH Z= &, Wi Ik F2ad 308 o3

feh, 2w sy A Ajolo] 2% 2= Al
AuE et A gelelol g + A A,

Qe A,E 100 o2 2PN AN me|Heg 5t
et
Aoid g wd P At Hojdgol 8 Hz 9

12 Hz 9 A& zb2) sid 1 3% A4d 2 = Y,
Ad 2 7k Ad 1 ol Wisl Feotd e E weld. £
A 2 M Aol | Akl e, Aol
A aAEE A ol HEE Ad 2 7Y U s of
vebes 2 5 dew, 2 el gk Al 54
& HFT AUk

dl 7}x ¢} BCH =& #43A }“1 ZWE;? 1 ¥ 29
HEAA B Ay, oy 3] Frgol & FF
oflgfgol tl ol g Wi 5 %“L‘}. el H3S

o
23] sz A A mego] thE =B vls) A
oz ve (74) 9 (63,45) cocatenated H - A|
AE o] &S u) 4dB oA 1073 o] 3] &S ¥
A 4 dm, ¥hE I=Fo] ¥ (31,26) ‘;‘l
(63,57) cocatenated = A A= 2T 1 x|
dB ¢4 107¢~1073 Ale]o] A5& Kol 01‘?4

o deobst Adepgl A 2 ol Al 1072 o] 4] ok A
g Bl

Oﬁ o3 El Qe g, (7,4) cocatenated I

A Aol 49, A #Aol Hsl SNR o] 2dB A=

2 7H’:i51"4, 63,45) cocatenated F= A AQ) 7

_CT)_' SNR ©] 6 dB y].;q 7HA13QQ_ ﬂo]ay 4 qlo
ol21gst H& wFo] B, (63,45) = AAE T4
& u AR A= Ho] upg A sira et
Axtdog, olFEEA Hold aAdelr (7,4)
concatenated & A A7} 71 £ A TS Holy,
concatenated Z= M AN AVFAHE e A
52 AARANAHE wol vl&] 2~6 dB =] SNR

o} 7RNE Heo g eyl

oo zeo] HAlE BREM QEHU L £35S
Aol AR IR &) X EE R 9o A
w ooy dyow e AYdlelg EgHoe
‘o‘é} gle Viterbi t]EY WAl S Fol i I
2 AMEgogA Aoy Adel ¥ conca-
tenated 29 Al AE)1S T3 sl Yot}

1.

[

. Elwyn R. Berlekamp,

. A. ]. Viterbi,

. Bernard Sklar,

] &}i=

2 02 E
K. Otani, K. Daikoku and H. Omori, “Burst er-
ror performance encountered in digital land mo-
bile raido channel,” IEEE Transactions on Ve-
hicular Technology, vol. VT-30, No.4,pp.156-160,
November 1981.
“The technology of error
orrecting code,” Proceeding of the IEEE, vol. 68,
No.5, pp.564-579, May 1980.

. A. M. Michelson and A. H. Levesque, Error

Control Technique for Digital Communications.,

John Wiley & Sons, 1985.

. W. W. Peterson and E. ]J. Weldon, Error Control

Codes., Cambridge, MA : M.1.T. Press, 1972.

“Convolutional codes and their
" IEEE
Transactions on Communication Technology, vol.

com-19, No.5,pp.751-772, October 1971.

performance in communication systems,

Digital communications: Funda-
mentals and Applications, Prentice Hall Inter-

national Editions, 1988.

. John G. Proakis, Digital communications, Mc-

Graw Hill International Edition, 1979.

A. J. Viterbi, Omura, Principle of digital
Communciation and coding, McGraw-Hill Inter-
national Edition, 1979.

. C. Lin, A. ]. Costello, Error Control Coding:

Prentice Hall,

Fundamentals and applictions,

1983,

www.dbpia.co.kr



W /01F 4] Hold aldol Nl CONCATENATED Ze A 228

#+ ¥ $K(Hyung Jin Park) E®R
19909 24 : M & T HA-Z 8 F¢]

1992d 29 . AN &t w A 2pF sk} A}

19929~ A RSN 74 A7

R k(Ho Young Jung) Fr B
19624 7H 680 4%

19864 2H : Sdh g A =pgst
W58t £

19894 8H : AMhata sty A
2}-3 &2l (A A})

A AM N o) sk M =}E-st
3 wpal kg 7 &

# X W(Dae Sik Hong) IF®R
19614 1B 484%
19834 2R : AMddigtn A=z

® B 7(Chang Eon Kang) F& H
19384 8H 260 4%
19604 : AL A BE THRH(T

# £YG(F8A}) £+)

19854 21 : AMci gt herg A 19659 : 4E - F S APy BRT
Agetat EA(FEA SR L% R
*H) 1969 : KBV A T A R

1990% 8A :Purdue University B TSR THEE L)

E(Ph.D) 19735 * FEVI A (HF RS RBIE MR TP TR
1990 9 ~1991% 78 :Purdue University Post-Doc- 1)
toral Resear Associate 19674 ~ 1973 : HEv) A7) kb THMERT SLiF
19914 88 ~ WA : AN R W2 o} 2w ¢ W7 R
HERAEOH: ARAZY % Fu e 59 19734 ~1981% : RExH A2 ol kB BIRTHH 5
IR, BIBR

19824 ~H 4 1 KR B T8 3R
19874 ~ 19884 : 4 B& AiE R
19894 ~1990% . A B& #ri

www.dbpia.co.kr



