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ABSTRACT

A new channel equalization algorithm that accomplishes blind equalization and carrier phase recovery
simultaneously is proposed. In constant modulus algorithm (CMA), equalizer convergence does not require
carrier recovery, at convergence the output constellation will have a phase error. With the modification of
CMA, the proposed algorithm can solve the problem that CMA converges to rotated version of the

transmitted data constellation. Furthermore, the new scheme leads to performance enhancement of
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convergence speed and residual ISI than those of CMA. In addition, the proposed algrithm accomplishes

performance as same as that of joint CMA and DD phase recovery scheme with reduction in computational

complexity, Simulation results confirm the proposed algorithm results in removing ISI and correcting car-

rier phase error at the same time, so it achieves the original data constellation at equalizer output.
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Fig. 1. Equivalent baseband model of blind channel

equalization system

g3 EAHoR EYolztl ATk 4k & IF
o #3514 g4l (carrier frequency offset) o 93+ 9
4 oA2M (k) =2zkdf /RE EASWB Re
A% &% (symbol rate) 2 vebdic) o9 @& 9
3E QAM # e 23 B4l Alz="dA e 4
# dlolgl o H5 AR 5 JEI| cross-
coupling &g ok7)AZIch 2] whabyy 41zt 7b4
I 94 2xe] T A#E AAE7] Hae SEe
FA A4 Bele] o] Fojxolrt g

1. Constant Modulus Algorithm (CMA)

Godard 4] Treichler % [3)16] o} o9& 29 o=
g 54 Al2"g 53yl 9 CMAS] 277 A4
gEilon, ol QAMAIE Fsld 7Hd del AMg
Sz Jdu ANHE F3 dnadF Fo dvelnh
CMA & M-ary PSK (phase shift keying) A]Z:%e]
Aol A71HS Farle] F3ol Yu PR <l
slod A& ZE (constant modulus) & A B of,
ol U ol HxE oM g H5& F3t
A goke el A v EFHAH

gyl Sariel dB8E He Wk e -
53719 29 y(b) &,

y(k) =XT(k)W(k) (2)
7} "ok A7 Wk)=[wolk), wi(k), we(k), -
- wn-1R)1Te S3719 9 A5 HEH, Xk) =[x

(B), x(k—1), x(k=2), , x(k—N+D1T= 53
719] 98 dolgl WE, N& F31v)9 ¢ ZHololc},

90

fAA Te Hele] IAXE ujgdo

CMAGIA AHgRlE R2E @5 o8e duE
7pA L)
J(k) = EL|y(k)|? — Rp)?] (3)

E[-1& 243 71dx& vebdch F3t719 9 ¥H
o ot ALE F4E HASIE7] 8 stochastic
gradient descent (SGD) ¥ielFE& AHE3tH 87
o] & HE g 42,

W(k+1)=W(k) — u- Wk
=W(k) — uly(k) | y(k)|272
(1y(k)|? = Rp)} X* (k) (4

7 B8], gt 29 Alolz stelulEl, ¥ rE
A5 EASC

o714 Ree AN HelE nelstd ARHE 2F
24, ol Ado] ¢H3| AL W P HE
e AAE el B gradinetrt 0ol HEE 3
sk 0 =2 Faged s 57 28 $4€ o
ole} A% alk) o] H}A HER SV AL y
(B)~alk)2 ¥& % Utk 2elnz F4 el
AW AN ge oea gol & 4 itk

a(k) la(k) 1P 2|alk)1P—Rp) X* (k) =0

A7 alk) & 45 AR} 35 AR MR =9
ol ii.d. ¥WsE 714stn x(k) =h(k) ¥a(k) B W
Uste, Rpt= TheF o] Fojwuh 4]

- Ella(k)|2r
ro=FHiERT (5)

A7l pe 13 22 AEH, p=2A H<L7F CMA
2 4#A deu, o Eie dnFE CMAZ &
A zlo] YukF ot

Godard ¢l olstd FAE F4=(3) & IukEQ 2%
2 NEux], = rectangular QAM ¥ #& ¥|YF A
Z (non-constant modulus) Al& 9] ALz &
€ ez A Yonl!

www.dbpia.co.kr



# 3 /Constant Modulus Algorithm& W3 $ 27133 sid 53 ¢ng &

2 HIST YA B8 ¥

CMAGA Atgg R2AE g4 (3) o4 & + e
v} go] CMAE w499 $lgd g3olr] gg
of ZAse FHAA 4 Bdne dAglel £EY
# gk, o]AE CMAS FHY WA, oz s
CMAdINE 5317] o] Jole] 94 A A&
wxlo) FHste 2AE ®A Ho, ok F4 &
Aol sl HAstE ABuE 49 ] o
AgolM S317) 28¢ dael 4 golet AauA
2 24497 e vt o] R0l Fof Wz
vl 23 fTE Abgsjoprt ghrh

/ cstimalcs

k k #(k a(k
x® w(k) y&) (%) 0 Decision 2o
exp(-jdk))
f . -
Carricr e(k)
| BEA u:g:icng
azi2 73S S3ket AP A En A BdE
283 =3
Fig. 2. Joint blind equalization and DD carrier phase
recovery

olof #§ ApoME HE Fsioh g BUg
A 2701(13], [14] M, A71Hg E3te} w4
o 298 Ags 27ge] [4],[7] ~[12]FH, @2
wEHAS. 1320 A7EE F3er AFA g
o wga Y4 298 49S 72E Jehlds F
B wEs 33 REAME T8 2¥H 1
Z237r2] & A&, A4 AN He oed g
o] Fojzith.[8]

O(k+1) =0(k) — ppImlz(k)e* (k)] (6)
A71A e &8 A2 HetEl, e(k) & 8 2
H2A elk) =z(k) —ak) 2 0, z(k) =y(k)e™?
® = g4rgd 53719 29, ke z(k) o o
3 A% Bz 3L Jehdd, ol ge A F
H 2ME 94 ot UT £3 k) =4k +
go=2xkdf /R+do& EAAIIE F, BE Fus
gAlol o8 91 22 g(k) o Adol <% 4% 9

4 3 doo] AYE A A9 FFE AFTEd
(11]

. cMAE HEE XPIXE Md S8 ¢2|E

¥ oERdA AYHTA e, 942U AL 5
se SAd 2AsE N2 ANHS YudFe
CMAGIN ALEE 4 (3) ) T2E #58 thedt 2

o] A4 7 4 IFAE 4ol Uz WY, N2
Hejo] ZAE 48 wYFoss FrE)
J (k) =dJr(k) +J1(k) (7)

a8 Jrlk) ¥ JuB)E 24 537 &9 y(k)=
R(B)=jyr(k) & A4 B 3HF AP dg 2L
geroln, ofeish gol Feojgrt

Jr(k)=E[(|yr(k)|? — Rp.R)2) (8)
JU(k) = E[(1y1(k)|? — Rp,1)2] (9)

714 Rpr 2 Rpiv Ad 4F dlolet alk) =ar
(k) +jar(k) &) A% 2 s+ 4EE M2 FHUY 1L

d 92 e, alk) o A% B 85 Aol e
et st gol RelBch

20 .
Ro.n=-Et{aBk) (10)
2p
Ro.1=E et} (11)

A2E B

AR skat7) Sls) CMACI M ohat

A& SGD 71M& H&sd, | ASF Baye
Wk+1) =W(k) — s - W (k)
=W(k) — se(k) X* (k) (12)

7 H9, oA71x o} #4 e(k) =er(k) + jer(k) =
ggoz Fojur.

er(k) =yp(k) |yp(R)1P72(|yr(R) |? — Rp.R)  (13)
er(k) =y (k) |y (k) |?~2(|31(k}|? — Rp.1) (14)

91

www.dbpia.co.kr



B (SR 3 95— 1 Vol.20 No.

A AE yplk) st y ()& y(k) & k) o] Fo

gds
Yalk) =y + y*(k)} (15)
(k) =—2-17{y(k) — (k) (16)

olef e} e EAF gradient WME]Y th3 Brand-
wood 161 o} #7AI41g Atgeid fEEh

J(k) =2Vwitk (J(k)) 17

2(100~(19) & & A At Wd" CMA#
gich ole AF Adelr= el CMAS 5

AmE olgh ol MY CMAS A5 % Hadk 2.

doll M8 & sldh

p=29 A%, CMAS RZE T (3)L A4
BolA  e(k)xo 7S 18 3(a) ol A8t ol
37 88 wHol VRl fF el lelel Hol
FOIEE T8 & 4 AV 2 5rE @d5E 5
7] Z¥eo] modulusell¥t 712351 7] wWEo) sl
of ofF <lefjo] 4 HA doo} wrHu FubF FA
4f/R3= FastA T3E BA4s=E divh o=
Q& Fobg FAle] givtn 7HAY A$, B3] &9
= 2 Aol fs] Aol 4 HH Azl
FRAsHA s, Bed Fas Aol v AT, F
3g 2o 24 A s slxatA o 0]
weki o]E BAsHY] M F3 F Hred] wE
o Ho] Hasirh

a8y Z2E F43) & A 8), (99 o] HEFst
W CMAoIMel:= g8 37 2388 H+ ¢ 8f
Hroz R, Al webs] 27 3(b) A9 ol
5371 2o Ay
+VR2R ¥~ /Rar Foll FolA 9, upzbri®
5371 289 &4 AEE o] od, sHF Fe
+VR2 1 E= -

3}7] 2o} modulus ¥ oldEl 91 A¥E weshAl sln= gate

In .
AR flo] ofyd A4 ZHatol

Rz.1 ol golA @) ol ZAE @37} 5
A A4 HRE QUSIEE 3, ols) (e WYoE FH7) FHE W
3 2o gool g A9 Adel 23 qlolel gy HANE TR

e, wES 25 S0 Qe AelE oh: Fwel Ty §AS

92

im
'w/"—l; Rau Re
(@) (b)
33 Z2E o A detoldel AlF (a) CMA

(b) #<tst &
Fig. 3. Trajectory of cost function in steady-state
(a) CMA and (b) Proposed algorithm

=1 dn =) =

FHe 5 oA "ok Bx ol F3Y) 3o f 4 delete A4 He

ol siedety: 2 E $1d Mol Ny AIwAE YAsheg i,

SEE AYEHA ) dlolel Ai Folel Mk A ooz mold @
chooleh ¢k wEoR Qlated, CMASh: wel WEd CMACIME 9t
Fagtat FAlof
sto} 9l BHg Ade

i Helol Mol gy 23 sbyglel HET YHE
ool AmHen ¥ YuelFe Ad F
g Folet & £ Atk ot WHHE CMAdME 8% til# ¢
4 eakE FAlol MAsEE B R ol e s, whaby

CMAd sl 1ot Ao BF ARG 4 v Y S5 98 5

Uk
V. AlgeiiojM « T3
B =R At waE CMAS 94 29 59
2} fhar Auz ] 92 Y £E5S HUME 98
Fatch AlEY

HHEH Algdolde T3 4%
olell M AbgE AL P
o8] ol guxt ahde vl 2ot 914 gt
A dsEH Q! Adelnh B8vI2e A7t 89 trans-
erse HE 7xe Hig 5308 Fgsgdon, H
Elo] 4 9e 12 34 98 AS mE 9L 02
2 z7|1gsAnh AEHoldE 16-QAM AEE A
oz stgen, §5v] AN wE Fas &4
%R S meEtglch

HA AbE dueFel Ad 5 THE Hoiskv
13 CMA = CMA % AA oA e A4 598

www.dbpia.co.kr



# X /Constant Modulus Algorithm& H¥ % 714 ¢ Ad §3} ¢4nad

854

.520

273

009 049 030 020

! 11 I T ¥ 1 [rome] !
005 24 T 016 004 l T I
104 074

218 T: symbol duration
(a) (b)
O34 Ad 9B S (a) 2 AR (b) 35 AR
Fig. 4. A channel impulse response (a) Real and

(b) Imaginary part

A%F 273 vasdrt, AgdeldelMe 181
7 #2 nde oA, dHolg & Ao, B
7] @ diga 234 2= @29 22 ¥YE v}
A, CMAE 4 (4), 2F A vtda A3 29
< 4 (6) 28l MEE CMA<= 4 (12) o wakr},
A Algdol oM e wrdd Fo5 4ol ¢l
= A% (4f/R=0)& %8}t SNR=30dB=&
sien, 1 Axde ays59 o agelMe 10,
0009 38 o]F<9] 3,0000¢]e} ZLIJAEE JehUT)
)E 3 Mo Adzwjxelw, f5(b) &
CMARe] ZE &, A4 BAHE 32 ¥ F oy,
a¥5(c) = CMASH AAoA pi$n F:3 £z g
AMgEle) Z3let A4 BES AFS HSolx, 11Y5
(d) & At duFel Feolch o4 v 2
o] CMATre] AL Ade] s Yoo 4 I
® Adzuixol +=Yst= 9dH, CMAE A AA %
£ 33 S A A8 A9 MG gz
&9 Aol o8 YT AEuAE ¥Agstn ot
FHA AgHolMd e dhgu Fa5 FAlo] )
B A% 4f/R=10"9°] haf At gmalFe
#1d BY H45e naAAY. SNR=30dB 9] =7
A1 10,000 3 o]% 2] 3,000 HelelE 1869
eEhlilel. 2@ 6(b) 2l CMAR AL whdn =
g FAlol] ojs] 3Adte AIWAE FAste w0
W, 2™-6(c)e CMAS AFAA g 33 £
E ¥ A3 AS 2 ad6(d) 9 At duy
F9 Aede ol BEHF Aaux F=Hsle RS

% % Uk CMAS A% 537 &¥o] Mg =
g 2Yg 48z fded, olv Fi3e HAoY §
A 38 EH3iA EYSE 9uistn Aok F,
CMAE ¢4 o3¢ FHstA 587 289 £ =
¥e dPdA & F doy, 3 Fol 9 Beol H
f3theE AE ¢ F Ak o)Ay F AEHA A
3 Agre dnAFL 53 F A4 B A E AR
) GIE Af/R7F 1074 oldtel A T3l 8 W
o Fa4 4 R Ade] A% el ¢4 HHE
2estm, CMASE DD 914 248 A Fxof ¥
& sl=dole BFAHE FoldM FYdT = 4%
£ 24ste Aog Hrtg + Uk

o-golle Agtd dxFY +3 5L 497
3 CMAE B8, 3 484 e & A3+ ¢
18] Z (reduced constellation algorithm : RCA)[21[3]
9 Stop-and-Go A7 @uel&dl 53 4 %
£ R AF HED ¢HE vnstdr Al )Mo
N ogr go] AHowxe Az itle 4%
H7b ARE AHEEA T

_ T k() % w(@) 12— 1hG) % w(i)

Is1 T2 X000 1o

ol AelM ¥ B2EIEUE ovisin, 99 ISTH2 &MY F3d
oj2w [SI=00°] "t}

2@ 7o) 16-QAM 15 tha) 10082 Monte Carlo 8¢ F# <
& BF NEBT T4 dolehd P4e Fitsd 1 AHE dBE g
Wt wEn a4 &4 4 /RS 1002 Yo, SNR
€ 300dBE den, n3e stsdd wme £E &
Zo} 2L MBI BHE Bole AL dFsd )
At

AgHeld ZAnE nFs By, $£4 RCAE
CMA vl ¢ &x7l "ol 27 483 3t
Aol tha & Rez etk oRE (919 FAuig)
E dREe Aoz, vign Fas G4l e 4%
o RCAx 23 49 272 sl 53179 o
Ag 2Ho] FEH7] W Rez ez Ukl

Stop-and-Go LI ZL L3 FH] AlgHo] @
, 289A 2 F33} RCAd 9% oA
F-37b dREA g A 319
As ANg o2 | AS 23] JENE

93

www.dbpia.co.kr



REEE AR ik "95—1 Vol.20 No.1

www.dbpia.co.kr

(a) (b)
10 \ 5
>
5 5 :* ‘ ‘
> P il .
g < ik [
£ £ o s
& O S ol Y. .
0] © *. ¢ “-.
E E ' o
-5» ‘. # ”
L3
-10 ' -5
10 -5 0 5 10 -5 0
Real Real
() (d)
5 T 5
« % % B - 8 & w
5 | W g
S k. We W% W 8 n»n @ W w
20 S 0
P . . .
= » % & % £ - % w W
W % W W w W w W
-5 " -5 -
-5 0 5 -5 0
Real Real
a8 s v Fa5 4ol gl A% 16-QAMl tig MEHiA =
(a) 534 (b) CMA (c) CMASH Z2A oA wtgut 9 4
(d) A<rst 4l F
Fig. 5. Constellations of a 16-QAM without carrier frequency offset
(a) Unequalized output (b) CMA
(c) Joint CMA and DD carrier phase recovery, and
(d) Proposed algorithm
94




# X /Constant Modulus Algorithm& W& % 27)8¢ Ad S8 dugE

Imaginary

Imaginary

10

'
19}
ot
(&}

10

(=]

T2y

Real

Imaginary
o

Imaginary
o

g6 BEs Fog gl Qe A 16—QAM) HE NIWAE

(a) 587 (b) CMA

(c) CMASH ZH A w3} 914 29

(@) ML dualF

Fig. 6. Constellations of a 16-QAM with carrier frequency offset
(b) CMA
(c) Joint CMA and DD carrier phase recovery, and

(a) Unequalized output

(d) Proposed algorithm

www.dbpia.co.kr

95




WEHE SRR '95—1 Vol.20 No.1

2f a: RCA
b: CMA
¢: Proposed sigorithm
d: Stop-and-Go slgorithm |

Ensemble-averaged ISI [dB}
3

d

20 " " . " N Ju—
4000 5000 6000 7000 8000 9000 10000
Number of iterations

1000 2000 3000

TOEl7. B e AR Y el

Fig. 7. Comparison of ensemble averaged ISI.

ﬂohz} steh vk A shEol AF Aol
oa 2o 9FE st BHadd HE AFE
oz 27 £9€ 571 thh =dA =HY, o
@ 5 myol dev] A 53 Sxe wUo.
wi AYeA o3 2AL AgFoRH FHUF IF
o8 Al AP

e A4 2y =gyes 588 FYsie
Sx7t wan 2§ AR PHE vaH g
Ak qleel 914k FHY A& whAol FHEsA Avk
o 9 94 e Ao Aze ¥Ae of
Uik, cw;% B3 Ada e AW Aol A
shzo] CMA S A5g 498 AaAyle Row &
A k9] ofg el CMAE 14 »9g 43k 7t

o 01@

a Esiste ‘*‘7Hi sy} wEel] A Aol N
ohE 715 g el vlsl £% &eoh Astd o
npAjgto 2 xﬂ]%%& gduelEe CMA 23 e

ot

HE 2thE fRIsEA @A 4R P se A
g3l FH3EE HAFoaM, £ FAL
CMAE wawAs Fsket FAld S1ge Heste
st ek B & 232 o] vhsdt
o ZF A7 kel CMA wrt}l #g b ohyel,
+8 £x5 F4sEE Aoz vebunh

R

o B
a’\_"

e

96

v.dg E

CMAdME R2E 570 Al2de 9
s ebv] wEel $14 BU TS 53E @
sht, ol olal 587 FHe £ A4 oA
e AsAAE g4sE, 94 298 Ase

o
no o
H
uSL

ox

nE

wo] waw 2 37l dastg B =RoMe
CMA S ZAE #48 W¥stel w53 93 %YL
AsA FnE 53 BYFl 94 2ol FAol

ololAEE MMstHrt AlgH ol An Atd &
el Ee Auzt g A3 L3t EAse A
A QAM Aol dhal F3tet FAlOl 4 eaE A
Agezn 48 dHolerst FUdT VEMAE Lo
& Qlgg #elsiy, & dnaFe MM WA,
A5 st A §aket §Ald AGE Bes
T & stgen, ok-gd CMA vls THF He3t 2
A 5d Sxoa A% F4E olF3ATh
CMASH 4327 e 94 2dg 288 27
vah sledlolel BFAE FoldA FYI F£EA A

& sk

=

L3,

Xt 7

[~}

'.
Ho
o

(1] J.G. Proakis, Digital Communications, 2nd Ed.,
New York, NY, McGraw-Hill, 1989.

[2] Y. Sato, “A Method of Self-Recovering Equalization
for Multilevel Amplitude-Modulation Systems,”
IEEE Trans. Commun., vol. COM-23, pp. 679-
682, June 1975.

[3] D.N. Godard and P.E. Thirion, “Method and
Device for Training an Adaptive Equalizer by
Means of an Unknown Data Signal in a
QAM Transmission System,” U.S.Paetent 4
227 152, Oct. 7, 1980.

[4] D.N. Godard,

and Carrier

“Self-Recovering Equalization
in Two-Dimensional
Data Communication Systems,” IEEE Trans.
COM-28, pp. 1867-1875, Nov.

Tracking

Commun., vol,
1980.

www.dbpia.co.kr



#% X /Constant Modulus Algorithm& H¥ % x71H - Al 53 ¢nal&

(5]

(6]

(7]

(8]

(9]

(10]

[11]

(12]

J.R Theichler and B.G. Agee, “A New Ap-
proach to Multipath Correction of Constant
Modulus Signals,” IEEE Trans. Acoust., Speech,
Signal Processing, vol. ASSP-31, pp. 459-472,
Apr. 1983.

JR Theichler and M.G Larimore, "New Processing
Techniques Based on the Constant Modulus
Algorithm,” IEEE Trans. Acoust., Speech, Sig-
nal Processing, vol. ASSP-33, pp. 420-431,
Apr. 1985,

A. Benveniste and M. Goursat, “Blind Equalizers,”
IEEE Trans. Commun., vol. COM-32, pp.

883, Aug. 1984.

G. Picchi and G. Prati, “Blind Equalization
and Carrier Recovery Using a “Stop-and-Go”

Decision-Directed Algorithm,” IEEE Trans.

Commun., vol. COM-35, pp. 877-887, Sep.
1987,
N.K. Jablon, “Joint Blind Equalization, Car-

rier Recovery, and Timing Recovery for 64-
QAM and 128-QAM Signal Constellations,”
Proc. 1989 IEEE Int. Conf. Commun., Boston,
MA, pp. 1043-1049, June 1989.

M.J. Ready and RP. Gooch, “Blind Equalization
Based on Radius Directed Adaptation,” Proc.
1990 IEEE Int. Conf. Acoust., Speechm Signal
Processing, Albquerque, NM, pp. 1699-1702,
Apr. 1990.

D. Hatzinakos,
in Polyspectra-Based Equalizers” Proc. 1991
IEEE Int. Conf. Acoust., Speech, Signal Processing,
Toronto, Canada, pp. 1537-1540, May. 1991.
Z. Ding, “Joint Blind Equalization and Carrier
Recovery of QAM Systems,” Proc. 24th Conf.
Inform. Sci. Syst., Baltimore, MD, pp. 786~
791, Mar. 1991.

“Carrier Phase Recovery Issues

www.dbpia.co.kr

[13]

(14]

(15]

[16]

(17]

[18]

[19]

[20]

D.D. Falconer, “Jointly Adaptive Equalization

and Carrier Recovery in Two-Dimensional

Digital Communication Systems,” Bell Syst.

Tech. J., vol. 55, no. 3, pp. 317-334, Mar.
1976.
R.W. Chang and R. Srinivasagopalan, “cattier

Recovery for Data Communication systems
IEEE Trans.
Commun., vol. COM-28, pp. 1142-1153, Aug.
1980.

J.R. Treichler, V. Wolff and C.R. Johnson, Jr.,
“Observed Misconvergence in the Constant
Modulus Adaptive Algorithm,” 25th
Asilomar Conf. signals, Syst., Computers, Pacific
Grove, CA, pp. 663-667, Nov. 1991.

D.H., Brandwood, “A Complex Gradient Oper-

with Adaptive Equalization,”

Proc.

ator and Its Application in Adaptive Array
Theory,” IEE Proc., vol. 130, pts. F and H,
pp. 11-16, Feb, 1983.

V. Weerackody, “Now Algorithms and Analy-
sis for Blind Adaptive Equalization,” Ph.D,
Dissertation, Univ. of Pennsylvania, 1989.

O. Shalvi and E, Weinstein,

for

“New Criteria
of Nonminmium
Phase Systems (Channels),” IEEE Trans. In-
form. Theory, vol. 1T-36, pp. 312-321. Mar.
1990.

J. Karaoguz, “A Generalized Decision-Directed
Blind Equalization Algorithm Applied to
Equalization of Multipath Rayleigh Fading
Mobile Communication Channels,” Ph.D. Dis-
sertation, North Carolina State University,
1992.

S. Bellini, “Bussgang Techniques for Blind
FEqualization,” in Proc. 1986 IEEE Globecom,
Houston, Tex., pp. 1634-1640, 1986,

Blind Deconvolution

g7



BEAE%Min it '95—1 Vol.20 No.1

KREE (Kl Nam Oh) iF&H PE =X (Yong Ohk Chin) IE@& H

1958 5 H 26 6 % N )

1982 42 F : BERRKHL EF T T REEARE T TR
BE)(41) i

1984 4 2 1 : BEE KL KBiE
T4 (Bt

1984 3 H ~ BAr  ERE -
BIEfr flEmRkR

1992 4 3H ~ A @ BEER KA
KB E LR
(LR

FI9H B B8R

98

www.dbpia.co.kr



