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Development of a Web-Based Virtual Laboratory System for Chemical
Processes Using an Object-Oriented Technology
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(Kyung Yong Lee, Dongil Shin, Euy Soo Lee)

Abstract : The Internet technology has been recognized not only as a tool for communication in the 21st century but also as an

environment for enabling changes in the paradigm of teaching and learning. This paper describes a web-based system development for

chemical engineering education. Simulation and visualization of dynamic systems in the environment of a standard web-browser is

made possible by extending its capabilities. ActiveX control is used to simulate the system tool for online representation of Virtual Lab.

System that is developed using visual basic. The courseware is classified into tutorial, exercises, and virtual experiments.

Keywords : virtual education, batch distillation, internet, activeX control
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Fig. 1. Architecture of the Virtual Lab. Sub-system.
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Table l. List of selectable component.
n-Butane Ethyl Benzene Hydrindene
n-Pentane Styrene Indene
n-Hexane Phenol Acenaphthene
n-Heptane o0-Cresol Carbozole
n-Octane m-Cresol Chrysene
n-Nonane p-Cresol Fluoranthene
n-Decane Naphthalene N-et Carbazole
Benzene Al-Methyl Naph Pyrene
Toluene Be-Methyl Naph Triphenylene
o-Xylene Fluorene Benzpyrene
m-Xylene Phenanthrene Perylene
p-Xylene Antracene Coronene

Login
HoME

Lab, Tome

Dongguk Ly,

a9 4. 3R 219 49
Fig. 4. Selection of a lab setting : operating conditions.

ol Atk ol o3 Abg
2bat7] %ﬁﬁfﬂ“ Askst izt
Pc, MW, -

l
£

mE
fo
_?L
=
A
r
o

o o
o

> i
=
i
oot
to,
O njﬂ,
o
N
>
>
N
£}
fr
T
£
H‘]ri_l
Juox
>
:I:‘41>‘ Job
rO
o g
o i e @
AL ox [0 fo o e

| FHEA THELS o| Bt HPT

Atk oz g o] 8ol 712 E F FEH LA
=

J

>,

i

-of,

(i

i

TR s

o
2

_L‘N_’
off
ob
s
>
b
el
Y
17
i
i
i
i
i
S
o
NV
oxl
1IN i o
iuj
=

=

Jﬁ o> o

2 User Interfaces} 25 o] & =l
E F3}7] 9 38 numerical method”
el 7|55 e 49 dataE S

>

¢ WBHERC EU2 amo WA GBI AN wDE
 nam S5 gutacin o SaECUA

§ Moue IREEE BAGH HR0TE EAED T
[ty

oy s e | £l

2GR AR

29 5. e Feje HiE E
Fig. 5. various test forms.

slxel A5EA 279 ekl Brhslso] L2 e
A5 EABA 2 97 Zeado] 1 4¥E & Aok A
e A9t B4 A LAY SolH o N8 we o
Ao off @R gel T2 B AR

W

2ol 377} o
ﬂHEﬂﬁa%%ﬂiﬂﬂﬂﬂﬂﬂ%ﬂﬂ

_/_\_
5 A8 paEl 25
A E s B AA A e FEHE 2T T
TE A9 AEg-g FeteE
S IURE L RN I
tutoringe] o] 3to) E
1}2] 2, user profileo] #
3t JE].L A 1A A

J
nsL' g
rJ
L
Mot
o
|
&
Il
3
H

01[‘ E

£ Bl A 7}

ol Gof ALgA}
IDS&} passwordg Ao 98 gt

2. 49 % gle 49 At de Ay ARty dwe
wt Ago] AAE A o Z JHHC]

AR E T EA A WeEe]l 44 ETh

4. VRMLZ 7@ g A@FA7t Bo|a AbRApe AHEA
AEIF o) 2E A FAE F2E F T

549 @ R Y Ho]AR FoR A I Eo) wE
help message7} 3} o] E A €T}

6. ARV E 2R WS ke WA 7 ] A3
S5ha 78] Aol 9 oW R T2

o X

g
2 o
o o

Z I‘-\.i IUZ: nQ

299 29t}

3 9] simulation-2 animationo] 1} plot. 2 A},
@3 H = o] Azl APEAE gojd v Foixth
LAES X E Ao Ao gy, wol wEtAE
dojd gt a g et S-S s H2E F, logoutdtr}.
ol-& el AbEAtE AR 284 B9t AQMALEHS #

7
8.

F

o



416

YA A Bl 5 Ut
2 XsEeE=E

Al LEA =S ‘1}%3}51 ATE 91101 7H”‘94 A
oA st ALE A Al A
7t st Aoltt. BE AT }%Z} °] M] 01 A,
A 71A AFolgtE Aol vtE o] Ab&A A -Z-(user-adaptive-
ness)o|th. Btatabqd o] ol AFA Al Al LA FAH o o
F AFANC R olFsta YRl AZEY ol EFEsE
A& WFAANA ALEAI} wlmd B A7 e gEEolnt
Zhok 1 Ao A Blojip AZE o] AA 7} A& A A

SotHA 2 7 %g S A7 dEger dAd it
UTHIY4]. ©1¥ 7159 FHo| JlesteE st Wl
student modeling(&-2 A2} @& : user modeling) 0. 2 4],
718 e 71EY FAA AN ALREE AA 2"
e 2k AojdA 27t & 45 Jet §) F
Aol et 2y & sl I REE 7|9 Z Aof A 2dS
AASHA ¥ =1, MPC(model predictive control)2] 2-$ =1
ndo detulg E& AACR A E wEste 7hd
7NE AN L2E A StEA Bt S e Alaq 2E g 9
glo] T53) UrhA "t 2o A A | AFS A
ole] SEwE Aol A2 WA Aol A7} 2 AEH o] 7}
A g+= Aot} o] de]E ¥ student modeling®] A%
Al-& black box 2 3 8|7} L && 3 AHERtet F 1
BE doIHARER Gdez, ool Hal A8 o
W wheESoutput &2 Fal AL Al Y RS wHE

2 do
s
O
offt |
o
Fll‘
s
g
tlo

)

£ ol

o 7be Rol,

dwd] A3 S APA T = BEEHA S ARgARe] 1L
40 ahg ol7] Ad Ae3l A g5t Asog 2

B2 student model S ©]-&3te] ¥ AU E Jatow
adaptlve interactive ¥ =18 A F3 AFo] EulH A|E
S EN AN F5 AEE APBUH10] 53] LA A
FHE Guie] ol ol ol npeh AL o= YU E &
Safof shiA] Aelshed) Be AZE SHlaA Hed A
$24 29U PO ol sl5] £k Qi el gt of
230 045 FHH0E AT Aok A5 B
50 435S 35t Faehe ARE, AT LD AL
A7 AE HANA AW 2E 2¥2A 4D, 49 29
EA Folo] o9l 4Y H7t FEA AP AHeA 37
9 ALgA A Sol o] oj T

1. ActiveX control

ActiveX= nfo| A2 A X EV) Aekd] MR T2 1
B Ule R TR ) Bl o] Felth 1 8 Ve
COM(component Object Model)o|t}. Tl el @) & 7|g} 27}
ol A A7 A M EY Yol A ALEHE COM2Z DCOM
(Distributed Component Object Model)o] ®t}. ActiveX &7
o4 e T2aAe Aue W A4S A 29
ZAol AXAENY], o] A2 ActiveX VEH ] oj= 7 i
A Qe ol 222 289 ste) TRl @
o}t o] AL HEE ActiveX control o] 2} Bt} &%

Ao 4> Iy

N0t - AiSat - AEisst ==2A1 Kl 8 A Kl 5 2 2002 5

QA A7t AR E PCol A 7 o] bAte] “OCX 2L B2
e dfodEo] YwAHE=H, OCXE “Object Linking and
Embedding Custom Control”¢] ¢kzjolt}. 7AAldZd 2 4¢]
(OLE ; Object Linking and Embedding)& 91 =% o A2 %3}
#& BHEAME A H35 velazAnES 22T
g J]&ol2l o1, o] 4] COMo] OLEE #Acta 7idel d3
2 F5o9. A vlo|laz2ATeEE HIVE A E 9§
3 OCX )Xol “ActiveX control”o] 8= &0 & A}&-3lc),
AXVEL F8 B3 T shvte, B2 &8 T2 aH0A
A AFg-E = gth= Aot} ActiveX control2 C++, H|F Y
Ho] &, o9l t] = VBScripte} S AFHE T F 5
23 A8 7] oA AT ETE AFEA THE 5 qdth
2. Hlolg] #olA~ My 2 HESZ

2 ATFNAN FET A2 e TIAAT =S
NTo[m #HEYF PCE ol &3tsith 7i2e] o[ &H Zetol
AEE f9x9AIEe] gAE PColH AWA A2mEE
T YT F U UEYAR 4" MY B L ALEst

o § w9l Aol hsal STk £ E FH FekololE
ARBAAA AW HZUESS] SA4E AN HAT 5

JEZE stk o] Z2lAel A ] wiAlo] gloj e =S NT
AW e} vpo]ARALTE [IS7} of E&Ao|do] WA R 3t
EAEE ATstA At old sk Bl A dHelEw o] 27t
Ze 75 AR o ZHEsA doh £ Al&ddME
MS-SQLAH & o] &3] th<po] ALE-A7F AL E 4 U=
45 A& Al A S A dtA o2 A A ou]e
Al FetolAE/AH dloE W o] 2 F AL8-&F = A 33t
3. ASP(Active Server Page)

718 HTMLREe. 2 ) s o] x| & ZHAfst=d dAR <l
&ted CGI, ISAP] Z2 188 o] &3] 2z Database J B.Z
AT 4 de AZEHA AL MEaigtch 1 F ASPE
*131 719k 7] 2 WWWU IE 2hdle] AHE-d &= 9l ti &

g HTML #o| A& A2+ ¢ A b= At 2pnp 22
%Eb} v A wold 2AHETL ] BebsAdA d3
= WA ASP= Aol Al H = ol ThE AT HE Ao
9 T2 Hojr}. matA EolAEANNE 228 E F 3l
v Zo] FAe, §§ HpeAeo| FF(Explorer -2
Netscape )l A|gh& ¥4 gh=vh g ASPE B+ W
oA AFHEU Al 2 HE HH-G a2 AP 5 gl
t} o] 9ol = ASPE asp.dlld o] &-35le] Felo|dE 23
(In Process) 3= EA & 7121, o]l T2 A A4

o] oir]z} 22 =(thread) & o] &3] A AH&=1e] 2%
ol 5ol B2 CGIN | Mo 2318 4] &+ EAS

21

o}
B

L

hoy
=)

Moo % do

R

A]

re
-
o
v
_\‘g
fr
iz,
2
r
79 MY
o
o)
9
>

1o
T
ol g
)
B
2
&2
o
fr
[40
_O|L
2
i)
!
=

o
R
]
T
2

ol
i1t
o

B ox
2 2
Mr X %
5
O
ol
o
N

tlo

)

o.
fo
1 2
i, >
_04
M o e

o

o R xo
il
o3
©
o
o U oox pin
e

2
2
2
Lo,
A
2,
it
2
=
2
R
o
i
o
L
e
N
N



Journal of Control, Automation and Systems Engineering, Vol. 8, No. 5, May, 2002 417

4
Ol
o

n+
ol
on
g o
_>f’_,r.lg
2 M o

olr 1
2L
H1
R
_O‘L
> R oo

HAA L7 &g o] &3 ActlveX control 7|
< 7%, Internet& 7 /‘23401 7P S %

R

r\‘ o %
2 [0 |o
N

2 b
2 g

£3

oot o,
>,
)
1o
é
[o3
sand
o
1
3
R
52
i
it
tlo n9L o
_H
N
rg o
i)
r°*‘

%
9—"
yo, A*
9,
z i
R Y
ol
L)

¥ % o
s mo ot

2

(e}
o,
o T

2.
o i

= e

oft o
‘h’ 1o, N Nlo

o} g AP oA o) wa} horst
= bseng el 4HE
JE e
o4 AHEEE The
A g asie

_>'.

=)

2

o

fob

2 g
Ho
Hlr
e

2
O =
oo

o S
o 2
N
W

o]
==

s
=

o2
fo ot
M g
o jo @ fo
o

©,

>
e
ov ki w0 2

>,

8o
s
22
T <
= x
z o
o
o
\.mrh‘
N
Y

1>L
0
HU
m\g
oo
wok

ro 3y ﬂkf

24 %0, o

&

¢

>

2,

>,

el

o

v}

k!

Ho 1o, glo ¢
W
n\l
o
offt
i,
Y
Ir e
XN
ue)
>
09(:
o

£y
\J

i
t‘,o‘l
=
N

o -
v
=l
4

| _1}
0,
L v
o,
i

Sond 8ot X ok lo

o

fo 2 e x>
g ST oo

ol
-

e U plo g -

S
>
_O'L
>
bt
L

W
)

<
Mok S
ol o2

[
=~

[
Rl
£

fe > g0 o (I
[

°1° i e
0,
rﬂo o
_ﬂ

N
N
o
o

,,
2,
N ol
>

2

rlo
¢
O‘;M:",
i)
X
i -
to <
4
09:,"
=
[e 3N e:
2
o
B
o
Ir oz

=]

—

7191 PR /\]i‘%ﬂiﬂ TEolth tia W

oo
N,

¢

oo T
TobE oot o N ob

Dol S S o N

4, 7}, mixing %2
H= Eyg o A& Jdte] 8
s 33 A, 792, tank-flow, & w3 A28 2o GojFA
1) =

&
3
o
L
L
N
X
&

Jg W ol RlOHE
) n;‘ o
e
@ 1 o
> 2
[
T
i =
fo &

(o3
O'U =
L
o &7
o
N
ind
>

2 e
S

QL

ol
o, Ho i)
[*3

I o)
i
i)
offt
¢
N
L ©
o @
e
L
o
L
é oxl
i)
rt
it
o

ooy St
o, &
o 19 fm rip o

1 X o
K
ol

oz =

19763 06¥ 16 Y. 19993 kA )}
6Lﬁ g}al—lah,]_ (—161-/\].). 20014
SRt w shetg et (T,
2001 3~E A AAARFTAE AT
4. BAHFE AFE o] §AlofA
2d, SFHARALE, FAA .

—

49 &8, % % AHHE 99 194 FHoz o
89 4 92 Helth
e

[1] W. J. Staats and T. Blum, “Enhancing an object-oriented
curriculum : Metacognitive assessment and training,”
ASEE/IEEE Frontiers in Education Conference, Session
13b7, pp. 13-19, November, 1999.

[2] C. Schmid and A. Ali, “A web-based system for control
engineering education,” American Control Conference, pp.
3463-3467, June, 2000.

[3] H. S. Rzepa and A. P. Tonge, “VchemLab : A virtual
chemistry laboratory. The storage, retrieval, and display of
chemical information using standard internet tools,” .J.
Chem. Inf. Comput. Sci, vol. 33, pp. 1048-1053,
September, 1998.

[4] o138, AB, o]l “B %4 2HFA 47w 7}
A AE A" S 3 ek
no. 2, pp. 3037-3040, 2000.

[5] B. Nicholas, “A virtual world for operator training,” Chem.
Eng. Prog., vol. 102, no. 5, pp. 135-140, 1995.

[6] J. T. Bell and H. S. Fogler, “Vicher : A virtual reality based
educational module for chemical reaction en- gineering,”
Computer Applications in Engineering Education, vol. 4,
no. 4, pp. 285-290, 1996.

[7]1 Maria de los Angeles Constantino-Gonzalez, “A coached
collaborative learning environment for entiny-relationship
modeling,” 1752000, pp. 325-333, 2000.

[8] o915, 8% 2FFYe] $ga e A4 B
vl w A TEFAAL=E =2k, 1998.

[9] AFY, o178, ol&=p, “A7nt gatek o TA THFA
GA|2d A" g At ) o] 3h4 3] o] = 5] (KACC
-2000), pp. 313-316, 2000.

[10] D. Shin, E. S. Yoon, S. J. Park, and E. S. Lee, “Web-based
interactive virtual laboratory system for unit operations and
PSE education,” Computers & Chemical Engineering, vol.
24, no. 2-7, pp. 1381-1385, 2000.

1997 Purdue Univ. (—5—5}‘1}/\]-)_
2002~ A Aot gEE e
I} E’_—’F {P/}j] Boki TARA A X

-— W

TAI L, A A A o Al 2 7L




418

ol o 5

19553 03Y 30 A44. 19783 A &)
gt satEeta (F3HAh. 1980
sdxastrled FHstFEd (38
2] A}P). 1988xd Purdue Univ. (& 3ta}
Ab). 1978'3~1994 @A B gt AT
A7 19943~8 A FHsta 33t
ot @5 wARoks 34T
Ao}, 2 2A &3, IR AFF.

Mot - Kisat - AE

—=
25t

=

==Al K8 A KNS5z 2025



