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Abstract

VR (Virtual reality) technolog ies have given engineers the ability to design, test, and evaluate engineering
systems in a virtual environment. The virtual plant is the highlight of the application of the VR technology to
plant engineering. Plant design, maintenance, control, management, operation are integrated in the virtual
plant. The VR monitoring system including the concept of the virtual plant is developed to replace a curre nt
control room that has number of gages and waming lamps in two-dimensional panels which shows the
operating status of a plant. The operating status of the plant is displayed in the VR monitoring system through
the realistic computer graphics. Sophisticated, realistic and prompt control becomes possible. The VR
monitoring system consists of advanced visualization, walk -through simulation and navigation. In the virtual
environment, a user can navigate and interact with each component of a plant. In additio n, the user can access
the information by just clicking interesting component. The VR monitoring system is operated with various
modules, such as (1) virtual plant constructed with Graphic Management System (GMS), (2) Touch & Tell
System, and (3) Equipment DB System of Part. In order to confirm the usefulness of the VR monitoring
system, a pilot gas plant which is currently being used for plant operator training is taken as application. The
end of the paper gives an outlook on the future work and a brief conclusion.

2l 1980 AW "= IR} HIRFFTSFS
1. M B (National Aeronautics and Space administration /NASA)
AN HFH Y A2de wE7] AFEd

7138 A (Virwal Reality)o) @ AHFH 2P} A 7HERALS 2A3HAT 1989, olm Sy

BYAE S Ed AHRAR T AFTH 3 x
SO 2 B R e B A R S i R
A

ube-sHA e v1Eg duigoh JpgEA

Ag agZ 2 AEF AHEIT GEAH 3
of AlEAE B9 AUTE® JHAEA vee v
o 1960 o] H &Y} 2FAbA A FH A2 3
WAAXE velo] A & vgr] 2% FHE 7}
2x4 zo uldy F@ FAqA AztEdc} 2

P uoaa, ge, grada AE ey
E-mail : suhmw@yurim.skku.ac.kr
TEL : (031)290-7447 FAX :(031)290-5849
*

adsta dsty

= TAF 8450 4E A AHAAL F4 A
2" A AFERASE FHAT F UARF HFE,
Aol AZHFHE 7122 3 AP yEYA
A Yl(Simnet: simulator network)S 73l AU
1991 3 #H2Alolqt HA wf v|Fo] Az A3}
s EHL 3= o AgEATG

Ledde M3 EAE NEE deolg HAg v
AR ALE3E 71EE0] eET o AR
BE EAMY miAY Age 2 9 FolA
o]Folz $ttn = TAo| old Aolth 2y
L, 7R vlee dee Hyslu ¢k o)
Adg WHE 3 AdHeln 435 e He



A8 A S o] 838 7LAZ W E Q] VR Monitoring System 7% 789

Z vlto] g3 gtk F, RS AR AAE
A1 FASHA el AFE BEd £ Soi7}
AN Bz FZba 2 RAES o|REd 1 &
oA gold AAE APstn 45 ayHoE A
EE FIUPEF k= Wyorh

P Ae] SEHAE HuEd 1 HYE F
gtk & 4 Aok A okl M st el
714 F28HA A" R olF R Aol H
317) ojE e FEI wjs & FZREA g 31y
o] & Zlojt}t. ¥Ry Uid EWHE F At
AGHoR Z]d877E A& Eolv F&EE
Hol &8 FUE TN eHoln d8A &
R Aol s &4E Ao E A E M
Aol & Fag 7lgo] 8 AHolth

2 dFeAe 7EA 71 TMEERE
Hastel 7)E9 HWAFY HAFW P29 pa&ID
(Piping and Instrument Diagram) 43 #& #7140
E 7} VR(Virtual Reality) Monitoring System <
AEat At

2. 7HMEA HME A

A ol MY EAE Abd Fokel H &t
T =82 AA I Al=HIL glon 19
G Az vyeldzn k. 2 F EHE o9
g e g AHEH ohgn Zrh

Cadcentre A}$}  Imperial College %  Silicon
Graphics A= ‘Virtual Plantt T EHEE FFOoF
F33712 1997 3 ACHEMAY7 ol A &8}tk
'Virtual Plant ZEHENE FAE F4 k]
g 3 3k BH AlEyelde d¥sn AN
A 3 2Y HEE Fal AR ofYe gt
VeAE FUESY BE 9 d4 FRE 1w
24 ol F JIEF v AL FAoz I
At oo HEsta AE ‘Virtual Plant’= 3 2}
4 Vg Il EWEE Adsta olF ZHE o
olg] Wlojxel FAHde Mt HHE Fa 7
Hio dig ARE 3 Yoz WA st
w3k dE9 Okayma W&o A|2F] B4 dA74
2 7 EA Veg o83 FHE dA H A
A A Y A2EgE AT Foltt® EHE &9
A o] HAA Ul-S AAL THAA E ¥
ol =i ok wekA Z7)e] 2 4AE FAI
o giAE vtAStn AR Fhulao] o) AL
7 FoiEle A& $AE7] AA Viral
Reality 7158 S83% Plant 44 2 2Hx =7
AY A2=ge AEstn dh vhA e R 1999

ASME Design Engineering Technical Conference o %
¥ 3k Advanced Design Review Process(ADRP)E 4
B EH ojn] JHIEA 7Y E HAe FRE HA
o Hgd AL o F Ut® F, 5Y9 Heinz
Nixdorf FHohatelldE= 1999 3 European
Pressurized Water Reactor LS AEE -3 51H A
7HEEAd 71EE ol 83l XFE3E  Advanced
Design Review Process(tADRP)E 72313t} 71€9]
CAD AHgAtE HUEY 9REE B3 728
7He] S MY dEe] 2o EFdtm
o] go| AARI FF AYE & de Fx2E
vel S vl EX ¥o9 A Fo 7t
A BEY £AHE A8 B2 F7t vEol Eo%
At ol EAE FES: HAAN HA F T
ZE2S Navigation & 3HHEA AYs] #ZsH o
& AdAlol wdAIZ17] 9l 71E9 CAx 7]E0]
ofd  ZIAEA  VIYE  ol83d HESE
Advanced Design Review Process(ADRP)E 7]'23}%]
o},

o)9k Fo] A TXE Wig HFEA 7Y
Hgo] s AFHE AE & 5 oy go
2 He ¢ B2 A77 38 AL A4 +
=

3. VR Monitoring System 7H2

1986 4 d H%xF ING 728 T3 olgz
ASEAN AL Z71E 1998 dell= 1 A 60 T
Eol EIHATY dAl 9z Heo] Pakr|x
7t glon] AAVINEEE Aa Ao wjgg %
M ING & TFs . 712 ZHEE B4
4 s o] Abs dhAlA] shoet A A &4 A

9 o

o HAE AT F Q7] AR FAERUYE &
A F 7171 A4 4B A48 9 F& 45 F

AlZF 7RG 2 #AY didbe] Ha gl @Al A
AR dAjEo] gl BHY AFE 39
P&ID(Piping and Instrument Diagram) 33#& 7zt
7}71¢] P&ID(Piping and Instrument Diagram)& 4 &
AGeE T = 3k )8 ¥ P&ID(Piping and
Instrument Diagram)e 7]7]9] ewE b 7]
gzl 71719 $1x], Av] & ofg HeolHE ¥R
7] falAe R7HEQ FA]de] "Hadit & @
4 89¢ 3239 7]71¢ ID(Identification)& &
A%t F 1D & delgHlo]| g B HAStol
Tk fAe] Hu] E oY dlojHE R 4 ),
£33 A 2 BFE % 71718 A o F
Fdo Ao A7, F 7719 94X, A 71719



790 A =

TH, EEGA, AA 717 BS e, 37 Ay
giole] ¥ o[ dlolg T Fre] B A3 ¥
Aol 2aHT Yok o] wEo HAH §X
By Al Fado B2 o gol Ao w3t
SR A ZAA EH ez wje P
syl B aEel 4 9 FAE AsA
Hod 23 Hejo) Bz Alxwlo) FEE|ojof
Rb gty olegk atd mal B dPelAE VR
monitoring system £ Nd3te] 7)E9) HAy A
¥ ¥ 29 P&ID(Piping and Instrument Diagram) *%
23} B]atal VR monitoring system & 7FAE W
Eo| H&sto 12 84S AESnA Y.

B ATE A7IE A dEd 928 =t
2FA AFNEY RAHHVIAE vty o s S
HAth F WAL Simx 40m o1™ 5 9] Fa Al
A 1Y dF Foz FAH ke dE
7IAE Ao AFE Y3 o)jfE B AF
71X 7F Aek vk FEVIR Y AYEL w8

sl U AA FFVNANA AEHR Qe

oz} £5el REES F Yesin ] Aolnh

5o AF 71AE 7h BB ¥(Gas Filter Area), 7}
2 BlE1¥(Gas Heater Arca), UlE) ¥ (Metering
Area), 7FH U2 (Governor Room) L ¥l E A Eh(Vent
Stack) 2.2 FA=o] gt Zztel ofFk AR WA
S Table } 3 Z},

Fig. 1 & Fig. 2 & HW3¥ p&ID 4w VR
monitoring system & H|Wate] Leld Zolth =)
AF7|A o] HR e v FHE AFP J4&
7t 71719l PaID 22X SRS WY & ok
o]g] g P&ID TFOZ 7]7]9] AHE wasiE
e g Az AL ALEA Alu 778
THE £ dvks el A Alm 7)7)9) A
23 A, =9, gag Y] gx ¢ - 9
o} 3%t VR monitoring system & & 271 A
Aol e JLABWES Navigation & Fatd 7)

Fig. 1 P&ID monitoring system

719 AAE EA setat & gl Bww ohe A
FREFE 3 A Aol g JhsEn] o5 o
olglulol2g A&aA AMT & Ut

4. VR (Virtual Reality) Monitoring System
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Table 1 Area of the pilot plant
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Fig. 2 Virtual Reality monitoring system



7 A& o] 83 7F=2EWE 2] VR Monitoring System 72 791

07 FAII olE TRE AloldA] AlE =9
2428 uH) A o) d(Navigation)o] 7}Hstofol &

e

Y volHE AAsE B4 Fig 4 9 #
th w4 2p WS ntgo g Al DB & AA
I olE nigo g AAHe] a1y diolHE A
Astgih E=3 9884 aHHE Hgstr) fE
o] Clone, LOD(Level of DetailE2] 7]Ho] A& &

ok

£

42.1 Design DB 74

B fARl dHeolHe E&3 #o JHEY
#AdA we volg 29 H HAMo] 7 --6}E§
t]2}9) Ho)E}E zone, boundary, drawing ¥ ground
model 2 o] £l site & 4 AFoE £aHo
2 AEgsrt. zone o=
restraint pipe track %

structure, pipe
9l.o.m]
Equipment = nozzle, filter, heater ¥ governor & ©]
Fojx ™ Z} equipments v Z47te] AR A4 84
g /1A Fig. 5 AAHY oA DB AF T
ZE YehlE 2ol Table 2 & Ho|ZE 743}
T T4 84E Ve Aotk E AN E
29l DB E HlEOZ Filter Area, Heater Area,
Metering Area, Governing Area ¥ Structure 2 T4
&t A 22 Pilot Gas Plant & T %3} ch.

equipment 7}

hel

4.2.2 Clone technique

VRML A 2d& 743 BE
wele] Hejsh Fzo| Gy 1§
B % Atk gebd $bd geje) mag ¢

Walk-through b
Simulation

Fig. 3 System configuration of VR monitoring system

3l7] Y8 FEE xEE9 D}%- FE o] AlL5
= A$7 A0 VRML 9 4 ==& 7] 88HH
3l AR oxn zw_i TS =Y Tk VRML
AAZE 3 7hY x=2& 4F FEELE ALE3H
2dE FH4E AL, VRML Tr°1 7t Hx ol &
298t M3 taFde] & of FUg
MY =Zo digt Z=7} AL HtEE w9 &
ol Axm wEHow EPYQ3I ALS 33
o 32E9 WERgE dFFgozN VRML 7Y
9o 29 £EE A 7le dde] Ak AT

ZE(Clone) 7P & AE3td =g FHH o
HE FAE @24 F Uvh FEHE w25
VRML 97 oA} 2 Y3}l DEF/USE B& AMR3}o
A5 2aAE w2E 98 o) 7)Ea g
AR-AX 9 AL A9} HFA HHE FTF3I

A Hok® Fig. 6 & F2 7HE Al gstd QR

=2 Tl

Fig. 4 A process of visualization

SIE

f T 1
ZONC BOUNDAHY ORAWING  GROUND Modet
1

;

Poml POINT '
| INVISBLE POINT INVISIBLE PONT  POLYGON
| TANGENT POINT TANGENT POINT
‘ POINT
J \ INVISIBLE POINT
L
SIRUCTURE PIPE  HESTRAINT  PIPL  EQUIPMENI

" TRACK

\ | T

Contil  BRANCH HANGER NOZZLE FILTER HEATER  GOVERNOAR
Buiiding ; i

Piping SLANMP Nozzie Filler Healer Governor
componenls  PCLAMP ¢
HELEM

Fig. 5 The design DB hierarchy



7.92 )\1 cg

Filter] & A8t Filter2 & Y=+ VRML &2
7} FEHIA U Fig. 7 e Fig. 6 o A9
olgix WEOIR]E= Fiter & 22 7|3} B} v
Hel A$-2 ro]l eI Fig. 6 o 6 HA
v, Joll A OriginFilter 2H+ ©] 8 ¢ 2 DEF 9-2 45
= QB WA DEF Fog 1H{E ol8L 7}
A3 glojob B P transform =29 A9 BE
AR} S A USE B8 ALE8le] BAjso] Af
2 transform :E0] & gojA& £ ¢+ A
Bal wp el 9= OriginFilter 8] &8 3T/} 2
2 A 729 Holdol st H22 APl o
3 drx gz g9 9 "o 2A BAl
(Copy)E AlE3le FEH g FIHs= Sy
o E& 7IHE AMEE9 Z¥3T o] VRML
ddel 29 £xg Wz 3o dAg g8
Wyt HAl whi oz BA3 Filter tlelE]o &3
2 77} 621KB, 1299KB & @73 xpols} wir
B A7 A Filter, Heater, Silencer, MOV %
Valve 5o T35 AH&57] Wi wWE deojy 2
99 g g Hgs Azt TdT T gl
B zhzte] 88 thEo] A&t

£
Ea

4.2.3 LOD (Level of Detail) Technique

LOD(Level of Detail)©= View Point £+ A&l w
2k 3 kel mERdol o Z2]7d(Polygon) Wit
gde 2EstE Zojch'Y 3 g By dlo
HE A o] 238 Ar7te =2 dnyg S 3
7} H3l M+ YnbE<Q Computer Graphics 89

olH Bt 493 HAH37h o] Folx Ylojof

Filer & 714 #4802 2dY¢ Sohd wig
Rere W gel AMeFE ERL oF1 Yt
%7t

A o] 2(face)d] MF7E F7HE Aolnt. olw o]

#VRML V2 0 utf8
#Cosan Vorlds VI 0

Transform {
chiidren OEF OriginFilter Transfors {
children
DEF filter_set05 Transtorm {
idren

Shape {
appearance Appearance {
material Material {
ambientintensity 0 1233
or 0 3882 0 5294 0 1922
0 045 0045 0 045
02875

textuzre  ImageTexture {
url * maps-valve 1pg”
3

i

geometry DEF filter_set05_0-FACES IndexsdFaceSet {
coord DEF f1lter_set0S_0-COORD Cocrdinats {
point [ 100 0 O
93 97 & -34 2

}
Transtors {
chaldren USE OriginFalter

translation 6303 €8 -1942 21 -535 36
Totation 001 0 0549979

Fig. 6 Embodiment of clone
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