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Abstract The AC-common bus microgrid system can overcome several weaknesses of the DC microgrid system
by interconnecting the DC/AC inverters used for renewable energy with an AC network. Nevertheless, the unbalanced
loads inherent in the electric power systems of island and small communities can deteriorate the performance of the
AC microgrid system. This is because of the limited voltage regulation capability and mixed power flow in the voltage
source inverter. In order to overcome the unbalanced load condition, this paper proposes a voltage and current control
algorithm for the 4-leg inverter based on the single phase d-q control method, as well as the modeling of the voltage
controller using Matlab/Simulink S/W. From the S/W simulation and experiment of the 250KW proto-type inverter,
it is confirmed that the proposed algorithm is a useful tool for the design and operation of the AC microgrid system.
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1. M2 o141 phtolut HellA gl et
Felojgit}, vlo| AT /]2
%

B u7), F9 U 49 5w

=]
© 2 ESS, PV(H1

S
A
1Y wlolaz s HYAToRRY He ¥ 229} -8 A Ao

E 7 2014920179 % ol U X]7]%H 7109 A7H(No20141020402450)0 ©]5te] 30212
*Corresponding Author : Daeseok Rho(Koreatech)

Tel: +82-41-560-1167 email: dsrho@koreatech.ac.kr

Received September 18, 2017 Revised (Ist October 10, 2017, 2nd October 20, 2017)

Accepted November 3, 2017 Published November 30, 2017

817



FFAVE & =B A8 A1LS, 2017

A 2 og] B |2 R AlAgel i, 2],
AWHAQl DC mlo|A 2] AXLRE T80 )
o, AEge] WA B Fekes S ol AR &

o

[e]
g EAIS 22 S AL T3, 4]. SHAIYE AC W
olZRIFEE ts DC/AC SIHEHE ACK Y HE
39| dAZA3}ar EMS(Energy Management System)S
Ag3te] DC wlolaAZ 1= Al2=Ele] S 55 &
I o
PIA .

o] the] AHEIR AAE AC WA AJxEe A
A

o A" PAE =Y F AUTHIL. 1R E &
TokAL, AR AFHHFTFA| =Tl A vg- dukA o
2 e AAe Het B9 @442 AC HlolaR
Y= A|2"le] 5s ofsA Sl o] 5 F
Fol2 Qg A YA 559 B3wE 2 A Ay
z24 7o) A7) wiito|th ot Rt Tt
Hatolm mgh By AR AvE i AN, o&w
PV, 53 4 ESS%& PCS(Power Conditioning System)
£ dubow 349 Alador AAHa ) wet
A Y et Qg B JErk AdEiAlE A 3
PV E¥o] dA g0l o]2RS w ESSe dHs
ol ow A2 WA(Suppling), oJH A2 A
|

(Sinking) A7} &= Adste] dAlE = glon, o2
Qlste] PCSe] Atz =84S g 7540l
ATHS5]. olEe B HAATAE sdsh] flste] 3
4 4-LEG 49

(o,
=
o,
AN
N
2
12
i
o
o,
>
=
(OS]
ox

4-LEG 49 QMEE HgH oz £8% 5 dE A
ojdare] o] vk Aol

upehA] 2 =0l AE AC whelA R TR = Al 2E 9
s A 8 ¢ e FRE/ P 4-LEG ?
e ] 18 2 AR Ao} A FE Ak o714
PCSS] AE RE(RF Ao 57

N,
o|f

& o

T S-S ofuletth ek e 7152 PCSTF HHE
A R agsef A88 ¥ (Grid Forming)dh= 4
glo A FAlo] 1 ERNEH JAdEs F5E 5 de
& oJujshe, o]z mlo]AR I =o)X nRAE|(CVCF)
o1 El 7} 7141 4 A(Grid Forming) 9&-& shHA Al
AR JoldE s T F e 7T o2A vlo]a
2= gl ol F23 22} ) E

ol ©

3
& B =Fol A 2al Bl oa walehs oI

- )

Bl [t BEHY FAE sldsta b o Aof5]
9Jste] 7] W Alo] WS skl s
AHoJ3H= 4-LEG QIHE]9] 2 2 =
Aratg o, oj#g dagFol tis] Algeld ¢
stedlo] Alztel| <3 AJElS Bl 1 f8AE F93)

Atk

2. Oo|lz2aelEL 2

00
Jm
0x

7129] DC nlolaz I = Al2do] us] AC T}
Arag= Al="e gestd A7, ASAA 2 =59
Yor s Y, dEe 39 & GolAd B
e Al2" AEA 59 olis Itk AC mlelaR
a2]= A|2=®loA] Grid-forming 7]%2 Ao} 24 o] A
m]$- 23k @20tk Grid-forminge &5 2 Al
ool A FEHY FaHdye] #3& st o] AlzE A
G ForE A o fAlske A

AC wlolazag|=elA b7
PV ZEdso] fAIgle] Hsh B &£ Alej7lel o)
RESIIE = R

i H il
2y ARH7)-pY AlAsFloR P4 vho]lAR e

< 9% fA 2 py, 183 ESSE A sto|BEE
Alz=El 2 7] 13 2ol YERE 4= vk of 7|4 v A
718 AL e oA Y9S PCSE T3l AC-35
B0 A9 o] 3% Grid-forming FX]+& A

Q7] B ESSE DO/AC QIHE7} 1 9J8ke Sapstr),

A uto
Synchronizer —

é

nwCw_n>

Battery
Bank

AC/DC/AC

DcCc/AC

Fig. 1. AC-Common bus micro-grid system with three
phase inverter

o714, 34 QI El= ARl A} FakeE Alojshe



ulo]|Z 23T =R 4-Leg W4 PCSQ ZHAF 7A

Ao g o A

Foll

3 A= B9
Ho}. wEbA Grid-forming$ W

o)7)& EAHAAAY E3tE o] JAMETL
7]
4

N
<> o

2 2 2

o

rr

el 2 g ol

S HE7|HEAS] d-qH3
b 1ER oz A9

HIEEREL

REs

4
b4

gl

N

3] %

=

N
Mr A o
N

F

XN
=

iy
L)
P
o
=
N

5 I
Ju

HU [:113

o
(o

2

[
o
07
o

=2
I o

rr _11)14

=2

> oo
2 oox R

N

Lo

Mo
2
il

N
i
=

N
o
1o

i 2 Mg o o 19 mx
o

2
(o
fru
=
i N
—_>'4-a
2

i

= 100%, 0%, 0% 52 2ol Az B3 oA,
AL e, B Aol BAste] A|2glo]
A T3 o] Mt A SHAA EA o] W
% % ek
Snp| Sap| Sbp  Scp)
A e, | @) Linear/Non linear
Vde=—— N B T Bzllzmced/Unbalunced
C— Lo
Snn[ Sar Sbﬁgs Svﬁ% LC filter
Ln
Four leg VSC et iR

Fig. 2. Stand-alone 3phase 4wire 4-Leg inverter

819

Eu )

LN )&m ©

T eontoller| ] Yyt )

EZ o { R Switching Pulses
o PI F S Vg | FLUX

o ntroller| \u; o MODULATOR

wf
fﬂ\ T'—‘“"-
LT conoller b

Fig. 3. Stand-alone four-LEG sinewave output inverter
system

%4

712 373444 QAWE ] 4-Leg
(Offset Space Vector)= 19 49} 7Lo]
A A WE)S ek
Aske] 71 gro® sk

SR

Uge, Uoe
Vars I/Ijﬁ VCf*7} 3, Max, Min
A (1)3h o] AR 4 Sk, w4,

A gV gge)ol AFEIL o] Gk 2t o) dbIEAE

THs = QlTh o714,

Ude, abc

*

Al

J

>
foi
i

Fiakste] 471€] PWM 71
4HA o] PWM 7|5A%

Cmi ¢!
Vv, 5 '
* B *
vV, E =y
byl Z = |
w Z =
. S 5|,
Yeap| ¢ ¥
o)
L[ Offset
. R —> Voltage
Vean | Yeen > Generator | "% A Va2
Ve, %
Chbn ,
[ -V, /2

Fig. 4. Offset control of 4-Leg Inverter

* *

* *

Vnax Zmax(vaf, Vpps vcf) 21 (D
* . * * *
Upin :mln(vaf, Vypr vnf)

v

min *

Ty Vmax <0

* ’U*
o = |- e >0 A0

* *

Uma.x Umin

elsewhere

2



A Eerel=EA] Asd AUE, 2017

3.2 ZHg JHEHNIo €EE

3.2.1 A HMA Q| Energy Sinking HIZ{LIE

©4 Half Bridge IMIEICIA ol#] &<%(Energy
Sinking) E41¢] HAUZS thehdl 19 59} 2t of
714 QluElE Aol RER e o, 2¥ wo
FefP2)7h 7kEw BYE AHPHES FHEEEA
(P1=P2), PWM &2l elato] Z7i%ro] AAabA
A &S Qle] HAEE Alojsta, ofw {IME:= DC

FAo] diate] 3EBuck) AWEIZ T2 ek g
A Q2 Q17 WW(Toggle) 0.2 E2tslH, Qlo] Off:
&3t Q27F One] H¥ W& Qlo] Ono] ¥ Q2&
offrgit.

Output C V. Control
(DC-AC )

Output Volt
Sensing

Load

Fig. 5. Constant voltage operation of single phase Half
Bridge inverter

10

(P3-P2=P4)+=
(=
% Q19 DlodeE 473 i
=4 gernw o7t DC
131‘% Q27]. /\_ﬂi] Exlo ol
oH S5l dotEg DC %
go] QIHE ] AC Zol4 DC %—
o] oA .

3

R

Output CV. Control

Output Volt
Sensing

Voltage Rising

P3

Load

Fig. 6. Energy sink operation of single phase Half
Bridge inverter

820

9, A9 9 3ol ol@ Jelael Ay
F% SgeIA QABEIS) AC FoIA Thae] Aol
WA, AW Aols) 2t FEAge] APHET
PWM A°|E FHEE Qlo] BAEL Fole Yo
2 Aol7} ol ol A, wit)z Q2e] BAE e Frhehe

WO R FA3te] Boost AHES] 4L Sfel, et

Q2= A4 ° B2 AdUAE Fst €t og 22
Energy Sinking A& dWtA o2 AdAo] REZ &
A¥E DC-AC IHHNA YJoIdE s 558 + Ae
szto] 7heEs ofnlgitt. AAR HE9] oA F5
o digk Aloj7)50] gl AYAARE QJIHE AL o]

da WA F5 7150l 7hsate, SVM Qe Ejol 4
AgtAlo} 719} AFAo}7]19] P-Gain¥} I-Gain 59] e}
vElo] tgk Tuning®] 8-S W=t}

L

3.2.2 d—qH[0f 7|8t
2 AFelA = 37444
Aoyt ste], d-gAl
e 7H*ﬁi Aoyt &

k=X
7 e 7Hw zﬂowow zﬂ<>1 5
Ik

4-Leg UWE]E PWM 7|92 Carrier-based PWM
WAS Agsty, o]e 3.1l AR 7} A [y
(Van, Vbn, Ven)¥ 341 AN (Vio)S ©]-835te] 4249]
291 4] 7<ﬂ°1 Elasl! mo];} 714 dqo WL T
e Ag & BE A9FI4LHAPF)E A
gato] 9 g Xi‘ﬂ’oi HEslglon, ol%
—’F AUTHS]. aBE dgo
HEIAH Aod

} ol
2110101] g &= o}

=

=

R

e, 1A



mto] T2 =g 4-Leg B4 PCSY 24 AdAo] dTeFo A AF
R S 4.2 2k JHERI0] FLHI017| 2

e et B tmpoln Ao B Ao 3E ol gatel 3
. oictedl Y A A¥S Alsks 2H4 A AdAol S Lk
’—»7 o L e a7 99} 2o} ZF A4Edel Van, Vbn, Vendll thajA

R ﬁ SRR s gl o] §ajo] of AR oR ML, of
PR 7F 2 Agke] 914 N1EAN o o] dgo MAE 5
M ot o = Aekel, 24 gl viste] dg MG Agtel )% d=
pa i e T R W NS ARG Aol 2 ol ofstel
. T ontroller _T_ — 7_]]—7_]1— d___%_, q_;z 4%1*101 7]E /Kég].%ouq 71— ] C’t}xﬂ
Fig. 7. Block diagram of voltage controller by single ol7)o) A AFRARL 514 ekotr}. ZHte] HMkA|o] 7]
phase control methode E92l Vdx*, Vax*(©1714 x& a, b, ¢)E abc HEAZ
Awgsto] Va*, Vb*, VcrE T-8l1, 54l PWM &5

4. Matlab0f| 2|st MLH 7| R

i

WA AR 2 A0 dare]Ee] Aol
517] $18}od, Matlab S/WE 0]-§5}o] 4-Leg
o} AstAlo)r] mdgs S8atgch

4.1 7|1E=2| 34 U=FO MAXO7| ZHY
H AFA AREEE 2 AolA ) 7)Ee] Ao
Hlwaty] fjste] 71Ee] A& dqoRE WA
715 19 89} 74o] Matlab SimulinkE ©]-8-3}
S stk 7159 4 dgoWd WA 3
| 571 FEAZ WMES Vde, Vae, Voe 3
v o2 247 AgAE s, 1 &
de*, Vge*, Voe*E dqo-to-abc A2 3k
RS Offset PWMS 4-8310] 4-Leg?l =93

2 Alojeh= Wrolth

e

[e]

=

o%
e >

2
2

N
[ A o)

tlo o
oy Mo

2
t

=

&0k B o[ oox 2 X
<

R
10‘

Voltage Controller-DQO

Fig. 8. Voltage controller of conventional three phase
control

821

oA 47) Leg«] 2913 FElo =z Alg3sh}
A, 34444 QIWEd A At o] BAH

dda7] flskel, Ak kAot PWMAle] &
FEER | 4Leg HpA olBE o] Agsas 1

=
2l
=

El

Voltage Controller-ABC

AU

\en \n Mn
linva linzb linz.c linzn

Ogitd Gortrdler

Fig. 10. Three phase four leg inverter circuit for simulation



, 3% PV 2B E]7} MPPT ¥

vhol 2 1e| =] B3¢ wEolA Ag

o

.

a9 11

M
ral

=

—

0]
M

=20

Ao} 488 BA) A18H ALLE, 2017
5. Al

5.1 Al

gl

k]

& ) ﬂ%ﬁﬁm&ﬂr %M%%wmmﬁmﬂﬁ Eﬁwﬂcnmmo#om k
= K ~ T N R X o T T RO M OMFE R OOR &
Ty Row BRI TN BT Tony, we 3
<0 X - N o = =y i = | 9 o o = - N s 2 o =y H -
o T Jo - B HlmW = NoRr = N on | .m W o5 7 W £
Joonr © = T 5 B X oLBum«mo%Mo ey o S e AR 5
E R T g ® o B S o= 5 o at B3 . B A 3
= Lo o RN o oo 23 R g
s M T a8m B gw T XN B oo e &R R R M -k
o) T B o, o S = T < m B = - mo L o 2% 7 ol 3
N ol E - oju T 5 X B g - X =~ =
o . - o I - o BT R
E = [=] G S il HE o T o W ~ = © oW HE T X ol <X
Mo @G T x T wﬂ ﬂ TR RN P S J-L,M MM Gy Wzrw 3
o X 0 g
THEx o B g _o%wwﬂjmoﬂ%iﬂro_zvﬂhuruum%} 3
ﬂngLl . O dﬁoi m = X <" 7 —x 0] mo W N o N B
ey ],Ull W O# i} J-H,uAIEﬁ7OL..A,LIE <Y N =
ol T o o HT.E . HT.E ‘.: | X=X _ﬁ R 2 X J o#a ~ N
% o qanuj._%m_u o ¥ ,Jl;oq,mﬂ%olmﬂﬁ ME B Np & o &
R IR o TP s P gl R A RET SR j
el (o Ok om BN 2 o Nr o R o= oy X 3
e S - S RN B S S
oo 9 SN X e TG CIE U B o
T B = T~ e o = B ‘o =
sl T B 2R X 20T B g o T R e Pjo
o X+ anz%Hm%kmﬂoWﬂOQAm%na%aﬁanﬂlﬂ% 0 E
- vy o) —_ —
iﬁwﬂmﬁl,wmiﬁo.w.Qlu.z?auotnoWA_,wMﬂ%%J,Hﬂ%ﬂﬁmwﬂor
ﬂ No <O iy B > ol o W B o M 2o H S %o oo o) S E WK 70 oy
<0 JlﬂrL]ﬂAq loas ‘IJI‘_IIyI 3OHL ,ﬂAllEMLJﬂ.OImL AT
Joge T T Con- BB oo XU oE . i H o
PUHERE BFFIMBET OTEFRRTEEN LT T S
R Nl N R BE
T bk h T~ TXRE . -
T oo B AR T g oo o B o £ 8
P I gt £ < & & i g
I R - g wmER IR <3
TEE s ST wmEC Sl |E 2T B £Z
~ OL1__/lﬂ N Ro &8 = T 2 g of ) = M o ) | =
R CHE e O gl 2 S I R B N PRI, y 2
a8 "L T s SR =~ kT ur s L2 8
<0 o o DS oo o gl g |&lg|> N e 2 23
R gl £ A ariw W3 £ B
T S o 2 TR S 9T ol S i1 BE
%Vﬂmﬂﬂl%Dﬂ =} z cEERe s o E TR
I O y z gl w5 E S % e
X0 o) of e > i3] = A .m‘.rcléaﬂwml ~ & 22t 8 =
o oo % ol B S w = L c v 2591 &E
Y wr ug_.mo# £ S 2% gk = pos s28 0 o B
A & o< < it 5 E o . o i) 2 Vg v\ﬁ =
] L JBR & A o B o M E _ S
L I B e | g |2 G o L £
gﬂvupdu._&oo#,wgwo 3 mdﬁMr ME%OIE o o) ! |1 B o>
TEL TS T z 212238 Es=w’ & 25
ﬂlmm. =~ > |&& 35 |E & E S 2 . = ‘ g
S AR o T oRT i .15l w E| 2| 8|8 = AR © ! s | ! )
S AT NT G . [REEEsE] T E YT 2 S
o> N ey sl o ) w (] . 5|Z|F ~ = 0 0 Nl ! o
Ho2 v%ﬂm & N N re] 5 | z|™ R : ' '
57 T oo g a & | = T w o K| oy ) “ .
S v A T = oF M X =P bemmmmme e i

Fig. 12. With proposed single phase control method

822



R EA =t

=& 4-Leg 4] PCSY ZHd Ao EaeiFel vt

5.3 250KWZ A|&Zt
T2 2 ¥ 149} o), 2 2
Tl AgS sl e Algdold 2

=
=
ol

#4319

Balanced Unbalanced

Balanced

250KW+=

Table 2. System parameter

Unbalanced Sink

Input voltage 3 phase 4 wire system
380/220Vrms, 60Hz
IGBT 1200V 450A
Input inductor 0.5mH
Input filter Cap. 30uF
Rated output Cap. 250kW
DC-link voltage 550~850V DC
DC-link Cap. 2*4700uF/String*5 parallel
Switching freq. 4kHz

Fig. 14, Prototype of 250KW 4-Leg inverter with
proposed single phase control methode

a9 155 PCS7F AgAle] REZ
Ago| A $312 34 100KW 017}6‘}
7} MPPT &322 34 [00KWE
o] RS AAIZ] 321 S UrEHH Zlo|t}.
17-& R7go1A 333KWE] Qo o] uhaato],
oJRE QI E < 249 ARFE 00] H1, LA
I WHZ Y=+ Energy Sinking
Ao M a9 167} A EHYES

Inverter '\ 4

Grid Forming

KEb o

¥ W W (33.3KW/Phase)

(33KW / Phase) PV

Cut-off
Phase-R

Fig. 15. Circuit diagram for unbalanced energy sink
during output constant voltage operation

MaTh INST. CIRCUTITI =1 gTEETEE
2] TEEE
U1 38237 W I1 A, 1531 kA > i.|eo
Lz ZEE. 05 W Iz B BZ31kA I 50,
Uz S0 43 W Iz A, D262k 0 N
Uawe 38EA. 965 W Tawve ©.EATERA
WIEING,
Pl — ZZ.58KN Q) 8. S8k var
Pz - Soki S 44, 6zkve  [CIRCULT
P3 — @ 58k PF @A, 777l
P - ST . 59,9381 H= Ll aaH2
WP+ E'I @@@kWh = BIE - B TNTWL..
Irin
SCREEMN AVERAGE HOLD

Fig. 16. Power flow at inverter output of Fig. 15

Fig. 17. Voltage and current waveform of Fig. 15.
X: 100V/Div(Ch 1, 4) 100A/Div.(Ch 2, 3) Y:
100mS/Div.



A Eerel=EA] Asd AUE, 2017

6. 22

ks

43 vlo]aZ 18| =4 4-Leg
wajell lsto] walshe Wt
9leted, 4-Leg IHEIS] 2174 N
J shoinh gk Agket dargEo
}Oil Matlab/ SimulinkE ©]-&3}
] 2dgs 7]
3 F-stol| st
= 719

i

avE

ru{u:
O.u..

=]

it

oft
ofr
o
f
of
o
oy 2
2

o

ofr
—_

Atk %31 A%

el Bg

ot
¥0, ox I o Ho

PNCHo o gt

&5

2

In

% THD¥ 0.99%, dgHs
THDI%= 2.92%% A5l QIHE] 7} 4

= apel AR
x%g_i EZ_]—’(S]—O §]-o] o}oﬂ;}

References

[1] T. K. Panigrahi, S. Chowdhury, S. P. Chowdhury, N
Chakraborty, Y. H. Song, “Control & reliability issue of
efficient microgrid operation using hybrid distributed
energy resources”, [EEE PES Power Systems Conference
and Exposition(PSCE 2006) proceedings, pp. 797-802,
October 29 - November 1, 2006.

DOI: https://doi.org/10.1109/PSCE.2006.296417

M. A. Pedrasa, T. Spooner, “A Survey of Techniques
Used to Control Microgrid Generation and Storage
during Island Operation”, AUPEC 2006.

Guerrero J. M., Vasquez J. C., Matas J. et al,
“Hierarchical control of droop-controlled AC and DC
microgrids - A general  approach  toward
standardization”, IEEE Trans on Ind. Electronics, vol.
58, no. 1, pp. 158-172, 2011.

DOI: https://doi.org/10.1109/T1E.2010.2066534

G. DING, F. GAO, S. ZHANG, P. C. LOH, F.
BLAABIJERG, “Control of hybrid AC/DC microgrid
under islanding operational conditions”, Journal of
Modern Power Systems and Clean Energy, vol. 2, pp.
223-232, September 2014.

DOI: https://doi.org/10.1007/s40565-014-0065-z

Reekers, Jirgen, “AC coupled Hybrid systems and Mini

(2]

(3]

(4]

(5]

824

Grids - key components & Applications”, CIGRE:
International Conference on Large High Voltage Electric
Systems, May 2007.

Dhaval C. Patel R. R. Sawant, M. C. Chandorkar,
“Control of Four-Leg Sinewave Output Inverter using
Flux Vector Modulation”, IEEE 2008.

DOI: https://doi.org/10.1109/IECON.2008.4758027

EYYUP DEMI.RKUTLU, “Output voltage of control of
a four-leg inverter based three-phase UPS by means of
stationary frame resonant filter banks”, A thesis
submitted to the graduate school of natural and applied
sciences of middle east technical university, December 2006.

(6]

[7]

[8] S. Poopathi, “A Simple Structure and Fast Dynamic
Response for Single-Phase  Grid-Connected DG
Systems”, International Journal of Innovative Science,

Engineering & Technology, vol. 1, no. 3, May 2014.

Jae-Min Kwon, Kyung-Jung Lee, Hyun-Sik Ahn,
“Controller Scheduling and Performance Analysis for
Multi-Motor Control”, The Journal of The Institute of
Internet, Broadcasting and Communication (IIBC), Vol.
15, No. 6, pp.71-77, Dec. 31, 2015.

DOI: http://dx.doi.org/10.7236/JIIBC.2015.15.6.71

9

A

o

pd|

& [Sil=l

o

S(Seung-Ho Kim) ]

01986 29 : AAFdE L 7]
T8t} (F3lstah

02013 8¢Y : AM&Ys|edgn
sk A71E 8t a(E e AD

02014 3¢ ~ &A . =V |En
Soista sty A71Esta Wb
jq.x4
19811 69 ~ 1989 29 : o]3}
A7]1894(F) UPS 7l

¢ 1989y 39 ~ @A . AAYNF) AT

e

ESS, PCS. vlo|m g, AntEag|=, A Az}

Z| 4 Al(Sung-Sik Choi) EEE

©2010d 59¥ : S=v]EuSoia
AREAF (T EAD

2014\ 8¢ : &
(F34Ah

020151 3¢ ~ &4 : &
7188t e} Wb Ak

WAAE &8, AAZAIA, vlo]aR 2=, ESS



ulo| 22 18| =4 4-Leg W] PCSQ] ZHY /N EA|o] e Ze]

-3+

quiydl

a7

=

ISl
o>

Z(Seong-Jong Kim) (M3l

©2001d 2€ : T FIoyet
W ARSI} (FEAD

02005 2€ : AeAddista 33}
et At (=8)

020079 7€ ~ AA| . AEHY] F
A3 ATta AAF

WdAE &8, AR, ~vtEDE, £ 84

L CH Ad(Dae-Seok Rho) [H3| ]

019854 24 : uHUgw A7|Fst

I(F3HAh
01987 2¢ : Fuighd A7|Esty)
(&844h

01997\ 39 : A& EIEdgha)

825




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


