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Development of System Architecture and Method to Reprocess Data for Web
Service of Educational Power Flow Program

ZER -FRERA - ZHET-RER
(Kwang-Min Yang - Ki-Song Lee - Jong-Bae Park - Joong-Rin Shin)

Abstract - This paper discusses the development of an educational web-based power flow program for undergraduate
students. The interaction between lectures and users can be much enhanced via the web-based programs which result in
the student’s learning effectiveness on the power flow problem. However the difficulties for developing web-based
application programs are that there can be the numerous unspecified users to access the application programs. To
overcome the aforementioned multi-users problem and to develope the educational web-based power flow program, we
have revised the system architecture, the modeling of application programs, and database which efficiently and effectively
manages the complex data sets related to the power flow analysis program. The developed application program is
composed of the physical three tiers where the middle tier is logically divided into two kinds of application programs.
The divided application programs are interconnected by using the Web-service based on XML (Extended Markup
Technology) and HTTP (Hyper Text Transfer Protocol) which make it possible the distributed computing technology.
Also, this paper describes the method of database modeling to handle effectively when the numerous users change the
parameters of the power system to compare the results of the base case.
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Fig 1 System architecture for developing the web-based
application program
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Fig 2 Educational Web-Based Power Flow Simulator Architecture

FAT 2 o= § MEl2E T3 AFHEE ALERI} 3
A 4 Hulzd Fa2d AFsE gL AY Byt 24
& £z g aen dg dolEdolAd HIE 94
{In/Out Module] & AMg3}n], o] REdx AF doley
ol& Sl #d P AFH BOE AFHm o
ARERE HekeA e sEdA BT ohvE diE 49
ARE o} B £ gt 29¥ 204 [Fault Analysis
Module] <& @A 7H¢ Fof dovt ojv  [In/Out Module]
M nFHAA BAE § AM2E sa Y7 Wi e A
HAF 2oke) PN Bolo] B U= deAs 9 A
H2E o] &3 Adutel BEL TEo] Ao HFEE A
g P8 B 5 3Ue Aol

22 8 MY & T2y 993

B =R AL Z2ad AP N JdFH
uiel ol AR AlF, FX AF, woly AZxe B
ANzdoz AE £ gl B HoMe & =Fd44 7Ag
F EEZEOW FAA A9 AU AL dQsE F
T AZF IR § AHE FF Z2aPe) HA wEES
AASGA Foh B =8 Awd § Ny 7F zzo
de dA wAEL AN Y93te UML(Unified Mo-
deling Language)& ©]-§3lith UMLS AZEHIE MY
37] Aol AgAtel 2 FAMEe) disle] FEHoE YA
A i) did LA E Zo)u AZEGOE BY AA
i F&HoE wWE7l A 19909 Fuel Booch,
Jacobson, 18] Bumbaughol] 98] /NI ATEYS 2a
g Adojolri13] E3, UMLL EFsE AZEfo maddy
dolz A o8 AME(Things), ##(Relationships), theloj

326

#(Diagram)o.2 T35 k. mets UMLY 7+ 748
A9 RERALES o)E3ld AZEY ASEL A3
& gAgEe A= AHee & ok

B =RdAe ¢ Ay $EZ2aYe] mdIdS AAlE)
fgted 29 37 Zo] ATEJO FHLE FTL Z2o
FHU 92 Uehlied A8HE AF2EE FHoE §9
Egdeoz #Ed 34%F AoldM 3 AZxd 929 g
MY 75 Z23R9] 4L restuA & B ofy s
2y A48 FEZE2 PN 7% &0 AJEA o|FoRE
g AR o)

39 394 HAR e viel o] ¢ My 7T TzaPe
[9d Y=H(File Open)l , [3Y A (Edit Data)] , [87
A (Config)] , [d 8 (Run Power Flow)] , [Z3 & &
(View Result)] 22 o]Foix gle} & AIAz{FALS
TPtz e ALAEY] STAGS AR oj9A ¢
HOEA AT F glon AlEze 8 FAEd wat 7 &
£XZ2aWEY oA 3E2HE=AE 98 F Uk

221 a2 2(File Open)

(g 48] 2 AR Fdoltt AAE HYS dHolE
oj£2 &¥Ee FELE A A WYoR ALY £ Ut
¥4 IEEEA AL e BFE AT dol8E E5e)R
AN AFEY 4 Fdel g 71z AAo] P& ALEAe}
q 4 oEE ATE A8 238 + dg. adn
AHEAZE T4E HolHE AHWr] st oA AY o
A & g A%, AME 98 + de 2 A 498
F =S de AH8E3 e PTIALS] PSS/ES AEd ol
A9 Fd(xraw FU)E ALEE 5 A AT a3



Trans. KIEE. Vol. 53A, No. 6, JUN, 2004

. Web Server Application Server

H
i
1
4
[ ! { 7 2 |
!} InModule : Unit Module | ; Power Flow Module . | QutModule |
i
H

H
P
f 1
i 3 :
i i R RO N A :
] 1 ¥ ' H i
[ ; Database Server:
H i } A ———— | |
¢ § [ [ H 1
i i { !
¢ i % [ i )
File Opan \ i : , § H H Ty { i
Get Data [ s i
* i i § i o { i
Creste Object : b |
3 i H i
Set Déda i b : ;
p ! t : 1
i 3 H H
Twits |n'|;_am : L b i :
R : I l write InDada 3 P H )
N : § f ! i 3
Edit Data . : ; j B 1 ] i
o] ; i H [ I
b Eait |noata * P i
. i 2 ] ¢ !
Wt |n§>a1n ¥ : 8 Co !
r -~ . t H i
i K Write InD ate 1 [ i
¢ : t —l l bl % H Il
i B H :
:Conﬂg ‘ ; § | : ‘
; Create Csonflg ; ; i 2 3
- [ i
Write GonfjgDats L] H [ ‘ ; ;
. : . 3 ; ;
i o I | Write ConfigData i T i
; i 1
Run Power Flow i g i g : 1 N
e - H i
: t 3 Run Power Flow 5 b :
T » g ; ; ‘
H § Get Object . i ; i
i
) Set Object i : i
I L sttt — H N ;
t § %_ i [ :
§ § ;% . Powsr Fiow b !
; B3 : H i
¢ Return Resutt . ; H 1
o — — — — —_——— o — e e e — & H i
- 4 Write Ou'Data £ P ;
d 3 toy :
i ; § i ] Writé OUt Date :
Mew Flesult\ H ‘ g § § ; i : 3
! Resd OutDat ) ; v :
1 E b
; R Read OuiData H
i g ‘f Relufn CutData
5 : e —— = = —— —
: H Return Result ; i
e

oy
. s, |

O 3 U8 =FRAM Z2OE /st AlFA clojlolOy
Fig 3 Sequence Diagram for Educational Power Flow Program

g o PG dojEe HolEMolzd Holglonw AAE Utk ¥ ZAF REE T FM AT o B4y 49
2o wo oA B} AHRE £ UES TAHH AT € A FUE F= 3o
(23 3%t 89) dMe dAE 7uke] “2M {7, “A
222 #4 43 (Config) ¥ ug H(Edit Data) 2 2879} HE 7uke] “2H ZB(Chart)” £ A AR
TAHANS. 53] RE Ho)A 9 A &AM WAEE diolH
of W& ZAF}E ¢ Fdd BAFE HFY 75E Agsn
A

[ 4A] Hlolxe 48 & HAE 5+ Qe ¢
© 2 “Newton-Raphson”, "Fast-Decoupled”, "Gauss-Seidel”,
'DC'e] Mg ARPEE AIT £ glov, 4L Tt
e © 8 “Gauss-Elimination”, "L/U Factorization”, "Classic
(24 olgste 493 FaE WP F HUE A4

At 2 sl NgeAs REAR AL xdHE wd ot o .
g W 5 e A A9 BAE ARG 4+ Ag.  _ Soo o @ e S dRT 9 e el 3413

_ 2dggdA 27+ AZMiddle Tier)S o]F 1 Ak & M4
(07 441 %o (42 474] & & 4 oo [
%] ANE 71@11 Gr AL delHs @e sgse o © AR AuAIzE Duss AsAe axd de
Ge AnE L waFe (87 441 % [y syl & BEO ¥ ERAN 23 s2a9d 44 $sz2a

=

23 28x==z21Y M (Application Server) 22

oo b

MRAo T st 1 ARE SAM AT & g} ¥ Avle]  [In/Out Module]l , [UnitClass Module] =%
2 [Flow Module] € 7FA 32 Utk [In/Out Module] &

223 A% (Run) ¥ Z Zt &el(View Result) o] ] o] 28] ‘?J%“?i g€ Eob ¥& EEH. 2dx
[UnitClass Module] & HE AZolA ALg3ste My 84

(28] & AS7A 4AT AL EF 2aF5s Ay F 52 FH22 2498 & Fojvh & T2agds B2

o F 3 AT F oY &F RN gE HA¥ £ ZHAD FE YHEN FHES /I An ol Py

NEE NAZFAL Z20H o ¥ Mul2E S ALY T4 L dols MItB YHE MY 327



REPFIAE 53A% 64 20045 68

AC ZEIS

Y dAatrix 8101

External

.{ DC R M0

- Internal

¥ Maltrix P87

l Gauss Seidel l l Newton Rapshson l
1

l fast Decoupled ’ l

Do mmAN ]

¥

I Causs Eiimination I l

I

38 4 RS =RAMN Z20YE 93 =ME
Fig 4 Flow Chart for Educational Power Flow Program

£2 [Power Flow Module] oA F3Eo Qith. [Power
Flow Module] & FZ& I3 4943 1FF $A=E=E
UERY B gttt
=EdME 2FAAL Z2aY9E ALsEs gE A%
NG Z2agoze FFYE A8 B ¢4 dolyE
e UEE HY AT dujerES 2YY ¥y =
T ESE ZT2aYe) 4N B2 doly F£4, 53] Mol
v =z aAle) ke dAlHez sMsder gt aEn
ZFAAA 3RA B 2dge 98 dA 2AS 49
gt ZRANE FHEE Jdon, doz FIIE a9
Ae 1% 99X g FHog ANal®g 4+ JA stodot st}
olgigt WMHEL AE IV Y3 YAHoE AFES FA
e Aoz ot HA ASH ot YomZ o] AA
AE AR 2d2 HELPSE B olF dE zeaYsy
AAZ W EFE AL F Utk )8 98 B =AM
AL T2 P “‘Result’"de SHAE AFR8Hd A3
£33 A gl 2HFALS 8% HoHW 2o & F
AEF shglon, ALEzIe] £=Fe)} Y48 dolgolq HAH
THHA g ZAoY A2 59 AR $& AdElq 2F
AME 38 £ JA 39 TEadL i BHE F
ARt
39 4% o3 AAE ¢HEZE T8 H9F 1 U o
g tolHe 2F/ALES =837 Ao “Result” AAZ A

328

Stack P,Q #a1y

MR XH DA

B S0 P31

CHOIES i & [y

350 o] AAE AR ZFAAE S5l ZFANY
2oe A dEHolHE 7Fer HE T AFHE o7
A H@ss BEL 407 AA AFY dHioHE 7MAx
A [Externall] &3 24 ZFALEE 93 [Internal)
FEoZ vy HA dojg g dAl HejElg el o] W
FIHAAAN TEH AHAAE /X1 HA4 HEo] 7H53H
e L=

24 dojg 2AY

dlole] 232 9o AFe EH Alad FEU 3
A& (Three Tier)olA wlol&] A%(Data Tier)ol i@l &
Foz of REAAM HoHE aFAHo) L AAHoz st
E 9Hye Adstuz o APAETE oFe ZraYge
A% "oly 232 ZFAL A i A3 gt =2

4 oF9 3] § yu z2ade A o SA4 o
O ARERZE F 48t AMEE ] wlZo] wold dlolH g
AAHQA ALES 37] gaiM e wolEHolAY AL &L W
B2 RAojr},

E =FdME § 79 Z2F5AA S8z 2adA 71 EE
o2 gast dojy fex A&7 5 Atele AHAE
o] WiMAFES WAY = FHE AFslo Z+ WAF o
MAgel we AHAE FeUFE FH4E viad £ ¢



EZ LS. Az dEATS &8s 3loiA A
ol et A& oz Wgste Ho8EL Filo dYAE
FHE FotR7] AF T AEEAM AFD FEY A
7 A3 EY, B&E T2 S et Wy me
Hlagtgoly 4 ulolE e Xojo wg HAYHAFT s
TS WAtE AFE BAFY) AsNE BE dolHs A
Fd 87t ok AT )& £y AHE ¥ d
ol g ARE & gle Fzhol BasA = AAYY R
7t HolUA @ Beede e A dF 3Y Azt
L8 ddoges 9ol ok waA B =RdM4E AHgAL
54 AYATY wARFES ¥AF dolEHe ¢ o
ZFAN 24 F, AT 2HES AFY & A= Y4B
4 A3 Zg&Holn AAHA doly mddL g I1¥H
Zo| AAFAG

EmER N T
[ 4BUS_P_ERROR .-}
7] UNE_P_ERROR

J8 5 W8 ZR/AM =20 s diojlg] 2@y
Fig 5 Data modeling for educational power flow program

El
#
o0
2
3
M
B
)
z
|4

EOYe 8 Mula® H8 A2y T doly Y3

Trans. KIEE. Vol. 53A, No. 6, JUN, 2004
2.4.1 7|& dolg =d(Basic)

Aoz ZRAME A% dolHuolxe FL 39 5
Axet FZol [J1E "ol Zd(Basic)] & o] FAHAYE F
Ack. AG Fzhe] BulE w7 s HolEE AHA TN
ol&EE HuER =Eo A LT AZEYoldA o] g
He 4% el JdsA Uirol il oj2fF HeolBe
AA MLV BE2FALLE £Y57] 98 ddegr)
Z7] dgulolHAX HA(F, ALgAbol oa] WAHR &)
&+ 71& ©lo|E(MEMBER, FILE, FILE_SUB o} &)3 A}
|27 AHZRFANE 937 g x7) 4Y deldHE
A48t Hlo]E(BUS, LOAD, GENERATOR, BRANCH,
TRANSFORMER, SHUNT, AREA Hlo]&)2 uUHolx gle
B o]EL FAo WA @AE Pxu U} doly X #A
EL @AY doly AL A& 79 g7 Foz
olf|g BAE HYYOo R HolH FEL WA3tm AEH
F2E AAe AT £ U oy BAY Hoy =
2L 259 48 deoly Az $8zzaddy 1 go
2ol glom GetdME vl$ RFEP EFFL sAx
A oH14l

242 &%&H dlolg 249 (Extended)

2 Z2OPq: dGAEY HoF dlolEe G832 o)
I AAE] AE Hal AF=FAL A doly HolE
T Apgatel o wsty viws 48 ARE AFEE A
olEE A [71¥ dolg Rd] o F7lste] tlelEuol A
€& Ed3de S o Jy AGAZHY Zaaddas
itk AbEAR7E o] 83t Hlo|Ei st wlEly] mEe [AE
tolg] 2] g o] &3t Algale] & Wd 2E
g Ay g 7zt Feo iy A bolgE ANFsie
a2 HE8 ¢ AFHo ok sl dolHE 2)8F+H
2 FouA At wEy B 2ol 19 544 A
Al Z3 go] [F4d doly =U(Extended)] & o] &3}
o AHZFAAL Agdolgisg} ALgAe] &) HWHE o)
g w2 AR AR T Fu g dolEuo]la Ay
A F& 52¢ 24 4 + JA 9. (839 dely
2d] & A&xe) o ®waE 4 HolywE Aga:
g o] £(CHANGEBUS, CHANGELOAD, CHANGEGENERA
TOR, CHANGEBRANCH, CHANGETRANSFORMER, CHA
NGESHUNT, CHANGEAREA t®loj&)3 ZHu dlolg 2 §
A& AAste H o) (OPTION, RESULTBUS, RESULTLIN
E, RESULT_COMMON H¢|8)2 Y& $ Utk °]E Ho]
E £ #AY dojg 2dz dAstHd.

3. A A A

& =AM Aed Z2aPE o) 4sle [EEE 1424
AEE JZIgezg AHIFE  FI¥sPT. AHdFe
Newton-Raphson, Gauss—-Seidel, Fast-Decoupled, DC %%
ALE B = oA AL T23YL o)Ll zHz 53
& F AR 22y A AAGHE @4 wHeEd B
Ad ERF, Ag=Z7], 444 AT AFRE A

HE g 329



BAPWAEE 53A% 6% 2004%F 68

WEY QAR YAVl g AE ARG 9
g AT B AALTE FAsy) Ao B =ToA
Aed 2ZEdols FGES A2y A5 e ol
$aitel AAE dolEE o]8Y ZFAL ABE gezz
299 PSS/ES) ATsh vl matich

3.1 WY=RALS AKX HS

EEAA AEE § Ve AEZFALN TP F
g AFE7] A% 2003dx HFREEAU et
AAE AHATE FPsieh oln, Hul g2 AUMgAdn]
& A3 of 56GWoln F EAMAFE 303527000t} ol F
TARAL 2367001 Mg7) dv g A3 £ $442
£ 15267001t $19] AAF dolgd tald B =EolA
A TP o|f3le E&F A FET2aYY
PSS/EE ©}838ld vlag Axes od 3y 2o o,
Y95 He 2ANEI) 301519 AHXE Q3] AHZF
ALE F£P3HT. 28 62 Ve AAFE A8 =FHA
Aol An Fojd mAE MAYAZE JFEeE o BlwE
A}

YetgPUi o

——ANS| 209

00025%

0.0020%

00015%
g00t0% i
00005% l

00000%

Hud Mol(

_
139 77 115 153 191 228 267 305 343 381 419 457 495 533 571 609 647 685 723 761 799 837 875
24 (ndex)

33 6 PSIESl Web Poner Fowe] =FAA Hxl & Mt 2t vju
Fia 6 The comparison with PSS/E

f aelM & F ARl 2 AN ALY TP
ZEZTE2IHLE o) 8et AUt AAF AHITE 53
F}HE o 7B E 237 0002%0]7] AZd B AN
Mg Z2ae] we FRY e =2¢de Ae @
o F gld

32 IEEE 14 24 HE AlAAHR

A2 7} http://rciemt.konkuk.ac kr/powerflowweb/o) 3
&38ted AMEAL ID9 HAWEE YA B =8l A
o 7w AHZFAY Z2aRE o)L F o AE
A7l A3 AHAAES HYsln B Z2aP94 AFde
A YYEL AYF F ZFANEL FP8E 29 79 2
< ARg AgAe AFEL & ok olw, “Newton-
Raphson”& H]43Y $3249) g e WHPE F 3l
Newton-Raphson W E<& |83 ZF AL $HE05]& Y
Eh™ “Gauss-Seidel” Gauss-Seidel HFEE-E o] &3 =

[«}
&

[+
23S
FAX v 2015), “Fast-Decoupled” HEAEI 24 A

G99, FEAYR BA A2 BAE o435 A
ZFA%E F9sE PEENS)E vy sAges
'DCE HEAYH B A4 n4Y BAE AF AY
3 AR AYBAZ A6 FYZFAL BHE =
F3e Wl

Gauss-Seidat
Fast-Deoupied |
o [ {

o o oo

O 7 /AL o g =2o g of Hal
Fia. 7 Result Summary of Power Flow for Each Methods

rhv

I% 8% B3l A9 471K wgP e Aolg B3| & F 3
o 4 BEZRgA ‘DC’E o) 2 s FEe WE
“Newton-Raphson”, “Fast-Decoupled”, “Gauss-Seidel” &2
2 3 357 BelRE ¢ F dvh 2, B =Ed4 A
2P 99 ATGE H2E YYR ALXENA A
Ag B olysl Eo 4A ¥ HHEDY AolE HAgF
F UAEE AE HYZ o 2YT Zo] BAFE

g0 g

R A

O 8 /AN Wl wE XolE LEkls 29 2al XIE(HS)
Fig 8 Result Summary Chart of Power Fiow for Each

Methods(Cont.)
E3 AERE B =84 ARy T2adE o83
Al Al EC] dF AFZFALL 4HE OY 98 T A"=
Qs & 4 ok

=
FAY 2R $47

BNE BIE WNY SANAA S SARD N
OWR = & - RS AN SRR A0 8 e R

3

Y 9 =FAHM QM wHREo w2 2MY MejHs ZD
Fig 9 Nodal Parameter Result of Power Flow for Each Methods



om, AHgAE 1Y 99 98% 4uY ‘YrE A=
2 olgstel 7 A4 YHEW AAATY FUus AdE
A% & gk B oha AgAE B BRI Aud
=Yg olgstel 19 103 19 119 AES T4 49
ZHAN Q4 Y] Be Zad 5. PRI A

x -
FEs Aol 2elg AA &U¥ + U

O [ P.O{Chart) o vat v

gt Bl

a8 10 =FAHAF ghHol g @MY HIE LIEl = RIEPQ
Fig 10 Nodal Results of Power Flow for Each Methods(P/Q)

"M V Chart G4 P.0 Chan

Trans. KIEE. Vol. 53A, No. 6, JUN, 2004

e g¥Eg T Wieldt 2 vHA ‘L/U 237
9} “Gauss-Elimination”2 g8 dE& T3t 7|2 PR
o]t}

Q174243347378 1, IZA0R 1652

@ 24243047301 777 1), 32O IR TR 2, MRATEEMTIR A -

(EEA]

a8 12 98y Fots wiol whE MEAIZE 8l
Fig 12 Comparison of Elasped Time for Each Inverse Method

33 2aiel Zvlol me Hale| st

Sl A AFF ups} o] B E=RA ALY Z2aPL
AR E3 2RAAEHAMY AHzFALE F3T F A
AT sevEE HAsA HE /1€ dHvelEs 4
stelel®, 2 WHE wiAAF sHolEHG T wE dol
HE ag&¥elx MAHo= Aty AT WHES A
Aok o 29 135 29 4E 48 FERE fFEHAHE 5

------- e s 10M2 27 ZANRE AS RHZFAN B F
T ' g 7ol £B% HY ZFRAUNNY ARE BFH
e gl
P PP e 8 8 8 £ R4 P,Q Chan 2avensn (3% 2 D2 20
"L‘E—l ::: : TEWREEW l
e : frivampnsion "
N N e e I S e T
5,_*_' B I S — e T * - e
I8 11 TRAM Wl wiE oMY HIHE UERIE XE(\V) —
Fig 11 Nodal Results of Power Flow for Each Methods(V) EE
= bt
AERE B R gY@ A% ARzFAN z2 g‘:: AN N o
WL ol gate] ALY A E1°ﬂ B4 2TEq|g X | T e ® w T E g w5 % o«
gte] glo] AHZFAA G4t " £ %, Newton-Raphson,
Gauss-Seidel, Fast-Decoupled, DC ZRAAL 2o ga 19 13 U3 el H30l W XolS HEE M 23 REPFQ
R RS AP SYRMAe] §F - REAAY A » Fig 13 Detail Result Chart(P/Q) of Power Flow for Different Inputs
W oobvzt B FHES Ass SR - FEAY AWERS
£ZHENE PHh HE P A T 5 Yk mep e
A AHgAE HHEZAAN g Ped WY Aode 4 e e
A BeE & e Aol R ) s
P9 okt AHZFANY WHe Fo4 P Agad E
€ 7 davt e WHEse EAged A% R Ho oo w g v v
ARNH AdSE Q93 P AR AVEEE AA B -
a7 Bk med B mReq ARe Tzade o 4 me~
P Tt PUEW AARE ASATol vmA B F 9l P o e | o
©% of 293 ol AFen Uk A7N 129 129 A R S e T T | e
e AYZFAMN WY E 5 Newton-Raphson HHEE o) e e S St I R T T S S
25t e o dHd Tt wPEW AT ANV od, -
“Sparcity™= FE Aade dPUAL Er e @ I 14 2 el HSo| mE Xjol& LiEkhE Al Zh XEEW)

&=
o] o]&He Ay WyEoln “Classic”e LA L ol §

IR MAEFAN 220 ¥ MU|AE 9T Al

28 74 % dojE XMItZ Wy

Fig 14 Detail Result Chart(V) of Power Fow for Different Inputs

& e 331



RWALWIANEE 53A% 6% 20044 68

o] 2HYZE FH AMEAE 43 R FEHEF] FUis)
' %HE €9 =AY fFEadFe] Ik AL UG F
o8 439 BHS FHLE AYY A7 el AFE
4A & F Aok ole ALAEAA AA AHAFAN B
Zhole W7ol dE ASAFS HA4Y £ Y=E 3 3
o olE AMEAENA B =RdA AEE Z2aPe) AY
ZFALA A EHA g J4g 5 U=EF 2 A
o #9d + gtk

r

4.4 E

2 =FdHs AERE) 5 AZEYE HAXFo] gl
o] AYZFALE 48 & e ¥ 7|9 ZHFAN =22
dL MLt BE5A dids AERE] EA3e ¢ 7
b x2ode E47 W dolHE AT Yt FEA
29 EA4E 1Yyd B =RodME o 7 4z
re) AAER FFo] e XML 71dke] 9 MuAE o
£3l9 FEHEAN2RE IA 3452 FRIY B T2y
€ Mo =T ARV 5F e A¥=x
FANE FAF F AYAZTY AU EAS HoYg +
UA=E A&7 AGA S diABFE WA 1o dd
ZFAMN A72 #8Q¥ F Yk olE H3d B E=FdA
A Z2aRe J|&d FPF ZFANY A - E2Zdo]
Egl $73% ARz g3 =HFA4e o - 2FdoEHE
AgFHoR A A% FHEL AL

2ok ohel B =EAA4 AR T2aPe LA W
Aee RE ARE AAFHoZ ARAslY 1 AAE oY=
E 53 BAgFozm Aol W HAFux :=Fago
ol d AL Be AF FHE AvEtE Bl YA W
7t HOoHES 2 Lo AMERe g =&E
Z 5 Y& Aoe2 dAddy E3) AYAF Y JAFAE
o] Elve AAZe dF ATE ¥ T2aRE o83
FY o Az3to) wel Wsl= AT AHE H4A sosie

3 15 REXel EXL Zte] HA
Fig 15 The interactions between a lecturer and students

a9 159414 AAE A3 o] B =FM ALY 22
g ol&st] AHAT BY F9A HE&s7] AsAe 2
A REFAE W] AFE BHEo] § HolAd TEAAK &
ok oold § HolA A o] TwE YHuEOHE FTH A
71d gEzte FHE AT dHolHE Eed& 5 JA €
18 £ dielele ¥ 1594 RE RAY EALE

33

olelg Fod wet AFS WRAAVY 4y ANAR g
AbER A FEE FAA Fed o WEez A4
oM Aol Zelokste T2 HX Fo WARE &
& A Rax o e FAd 2L ATE THH
e & Aok B 4 Az o= FEAES AA
A an o] dFE £ AQAMEA A Fxd
A& Folrt

oty & =gelA AL g 7 w&g dEZFAL
Z2aYe U ALERe WoE volHE xste dA
Ha AEHAY] Qi vty ALGRENA AHATA o
& 2YHY E4E A4E 5 A& B ohv AHAT
TS E TP ASFAEANAR F0 4A qEAEA
A #38 WEE 42T F 30e Aot = & TraYPe
U AAF 2FAMNC] 7Hest7] WEd dHEAE AF
AEdA Eot AHer Syt AHAF 5A4E #9Y
F AEg Aol Ayt 4 RE AYAT ¥k 7&S 9
oA £yt e Yy AE B =AM ATd
SZES ol A AUy JdYried Qg 7l A9
o FAREL RAFE 7 Jdotn ATt

4

ZAle 2
o] EEL AAALRAN YT AFAY
F7EAY Ao F99 wEYUT

Az

m

2 2 8

[1] F. L. Alvarado, R. J. Thomas, "A brief history of the
power flow”, [EEE Spectrum, p.57, Feb. 2001.

[21 J. Yang, M. D. Anderson, "Teaching tool shows
results  through  visualization [power  systems
education)’, IEEE Computer Applications in Power,
Vol. 11, pp. 37-42, Jan. 1998.

{31 J. R. Shin, W. H. Lee, D.- H. Im "A windows-based
interactive and graphic package for the education and
training of power system analysis and operation
power systems”, IEEE Trans. on Power Systems, Vol
14, pp. 1193-1199, Nov. 1999.

[41 S. Islam, N. Chowdhury, "A case-based Windows
graphic package for the education and training of
power system restoration”, IEEE Trans. on Power
Systems, Vol. 16, pp. 181-187, May 2001.

[51 T. J. Overbye, P. W. Sauer, C. M. Marzinzik, G.
Gross, “A user-friendly
teaching power system operations”, IEEE Trans. on
Power Systems, Vol. 10, pp. 1725~1733, Nov. 1995.

[6] T. J. Overbye, R. P. Klump, ]. D. Weber,

"Development and application of a power system

simulation program for



simulation environment”, IEEE Symposium Circuits
and Systems, Vol. 3, pp. 1097-1100, 18-21 Aug. 1996.

{71 T. J. Overbye, ]J. D. Weber, "New methods for the
visualization of electric power system information”,
IEEE Symposium InfoVis, pp. 131-160, 9-10 Oct.
2000.

[8] =2 w2l 9o 1090 FAH/49Y 9/238 A4S,
Professional ASP.NET Web Service, X ¥ 8lA}, 2003.

(9] &4&, 47AF "XML Web ServiceE o]4& ZFAA
Zzade PAH, ddAsgs AAGSe=EA,
A52ARA, Vol. 4, pp. 207-212, Apr. 2003.

[10] Y. S. Ong, H. B. Gooi, "A web-based power flow
simulator for power engineering education”, IEEE
Power Engineering Society Summer Meeting, pp.
1002-1007, 18-22 July 1999.

(11] C. Schaffner, ”“An Internet-based load flow
visualization software for education in power
engineering”, JEEE Power Engineering Society Winter
Meeting, pp. 1415-1420, 27-31 Jan. 2002.

(121 F. Li, “Web tool opens up power system
visualization”, IEEE Power and Energy Magazine, pp.
37-41, Jul/Aug. 2003.

(13} AAZ, Ct AAAF o2 ¥ UAS] HE, FR
&34 DEVPIA, 2002.

[14] A. Silberschatz, H. F. Korth, S. Sudarshan, Database
System Concepts, McGraw-Hill, 2003.

{151 O. L Elgerd, Electric Energy Systems Theory-An
Introduction, Second Edition, McGrow-Hill, 1982.

[16] A. ]. Wood, B. F. Wollenberg, Power Generation,
Operation, and Control, Second Edition, JOHN WILEY
& SONS, INC. 1984.

NRE HAZFAM =2l ¥ Mul2f HE A" 14 2 ool QY3 YHE JiE

Trans. KIEE. Vol. 53A, No. 6, JUN, 2004

A & A

¢ T UR E R)
19761 449 23944, 20023 A=Zd FHA
71583 24, @A T AEY HAFA.
Tel : 02-450-4179
E-mail : puksin@konkuk.ac kr

o721 & (x & &)
19743 84Y 4dUA. 2000 A=of ¥W A
7138 4. 200249 F WY H7FE
I EQGAAL. EA 5 e wHALEA,
Tel : 02-458-4778
E-mail : ssong7@konkuk.ac.kr

ok

gt ol (# R K)
1963 11¢€ 2494, 198734 A& ¥
A7t 4. 1989d §F diF Y 47 F
s} Z2A(MAD. 1998 & digd dArE
g3 £(FEh). A AFdEz T
3 drlgetad zas,
Tel : 02-450-3483
E-mail : jbaepark@konkuk.ac.kr

MAFAMMEER
1949 99 22948, 19773 A&u FU A
71Esty 24 19849 B WSt A7FE
A E4(AA). 19893 T i) A7 FE
3 ZQEF). "4 AZAg FHAE
A7 38w,
Tel : 02-450-3487
E-mail : jrshin@konkuk.ac.kr



