= FE 1 # g A 53 Vol, 12, No, 2, P, 19~25

AdER 249 3g¥ LOD AHF 71y

it
ARy BFY 9uE El% s34,
IHEH?F‘I’L AL zea,
T Az gstm Qe el oo} 383}
T junlee@konkuk.ac.kr, T sjpark@office.hoseo.ac.kr, | T inkm@konkuk.ac kr

0] 20T wpy =TT 7120

Adaptive LOD Rendering for Large—-Scale Molecular Models

Jun Lee®" Sungjun Park’ T Jee-In Kim 777

T Computer Science & Engineering, Konkuk University,
T Game Engineering, Hoseo University,
T Internet & Multimedia, Konkuk University

o_’r
YRS Bobo] ol ¥4 F2E 34002 N HAFE AL S T2 2ol

th 53] 2Ae) B ARe A 334 7x B4 Fo T ARdET 23y BA 2
W ddge P A E B g FeTo] BastA ot td vpele 29 L A
ol B Avl BAZ AA2A A1 3] s 2 el vt 2y AL Fas
go) g Abgaof Bt & %E—EOHH“ PCH *]*E%ﬂ/‘i 71ﬂ4 EAE 78 glo] AUP &+
de BEH GRHFES AL act Adshs dnYF2 AREA] A A HA 9 AT A
AN 714 E & F 91% 14—%63 A oA AHE S -rE gt Altd 2SS RS
Ad) Bap 2o ASHA gt Tl Eolde A Pde Holn, £ AAHorE £
A Zdo] 747 Fad 73HeHARl B4 4 & F Ut
1. 48 gt Ad 7Ee Ao
B =RedA AdstE WyE AAZE H3H A
221 29 @8 (Molecular Surface Rendering)[1]1& GA A 71 (Real Time Adaptive Level of
Bzlo] wix S AR o]gate] Bx} Fxel AA 33 Detail Rendering)ojt}. o] 32 PCHFolA Al £
Q&L ghso) Y e W) o]e ¥ XY A 2 Rdg AuYE A9 dahA g 58 1A
Mo Bap Txo A thuA 7ie] ASAE B4 A =5 AA FHol Aok WArIFE e A2="He
o BA A7 Tof] 2adtA ALEEHE B nagdY @ o FPS(Frame Per Second) 7} 9% 7159 g =4
T Bofot}. J =Rt =god, 2 2l A S g3t &
29 d9¥ |3t Ex 25 Lo R 5 s} o ARG 53 &) 0}‘” Level of Detail A8 &
o] 1:]/\331]0] %} 49 Rzlgpo] 27184 E 7t Balg 7 A @} ol & H3te Ex Bl s A 2d
A3ln QlE F(Pol ygon),} A7t FA3 o) 5 Aoy AgatA goh BE 23 o2&
W*Oﬂ 7R Tz} T2E AN #Ese AL ¢ 2dg &2 729 A4EH o 78 xqg =70 =
o] gt} oletdt ]7@.& A3ty oo, o WeE Aoy FaA degE 3 stA ﬂﬁ} ol& Fa}o] A}%—X}
A A}b aAseH mrte] Y AE Yas €t gestd fAE AHEste @aa% 1 #E5E
dolde FYsted 4RE 30 vk ® o Pgoze Sl dEY o4 T SE8 B wE F gle
2Ag A3 B2 28 FolA, S FAw g P AR AN T o) L GE v A
A For B Rde AUY s bEs AgsE ¢ JhEsth 2 dasFaAE gty Zdq o
tH12]. &5 1A, *}*‘LZ} ANRT LA AR FAE 9
¥ =N E PCE AM-FTh 2283, GPU(Graphic & Gt e H8sto] Az AP A gahgint
Processin g Unit)& Z&3 99 288 7l=8 A&35t E = dAe Aekste dueEy 2848 AF
W e 4o B2 S8 FAS $d 5 Ae dualT a7l dlal 2 dvdela AR spdEa lute] 2
o Fotsln, A 22 W Aoy sp=d oA HA A B3 Al2~E¥<l VRMMS (Virtual Reality Molec

- 19 -



ular Management System) [2,3]1¢} 7]& AEy B2 s
AVt A28 AEY S22 8o B vk A9 o
olel = & vlo]l#l A, ATPase 5 AA Al&Edeold 4
ol A1g e Al gl AES AEST

B =Rty o] FARG. WA 2 dHdT
e A B2 2] AA7 A S 98 A A
dgd g3 478 GE 3FME A gu
ek AnbAl du e thEvh 4%l AAT ¢
o] A% HIE sglod, 5o dE 2 FF

e,

o,

EY ANYE s Y TEL[
27t 452 #AE TR Y

AE fasdo| Mol N G PULSS o 88 AHY %
Ak STk, Ao Agat Hadeol B
Ao] e B5A§E 2717 AsAE 6FPSel ol o
ofo} 5im, o} 15FPS ol 4e] 8 A%l olF 42 Ay
Goletm & = QUEHTI. AT L Abeke] e sh=
oA olel @ Yol e etk
Avl 24 2ol AdgA Eaze AAE 207 4
@ gont B2 muel WA wed sl AHYe
2 g sp aal @A AE=HoD) PEel Atks, 91. o
g3 4 A0 YnFEL FHo BA v g
ASE AR AT AR Aol e A X
o) olakel A% RS hm A Bapol, £ G
$7 Fol wap BY Fxe) T)ekerH FHE FA47} o
At
2 wEol e old@ BAT @] Asl A 24
2e] AA A A A AT e A o4
4e
sl

1> 8 Mo ok oft
2
o
)
ot
].ﬂ
-
ofy
-3
>
e
A
>
oo
L)
rr
<
=
o
o
:
[
&

tjo

B

[SEN ]
oA GAEE B 29Il RN 5
14e 5

gl

!
o J

SAGM WA GEEE Fad oy
BRI} BAZr] Aol YoluA He
Sites} 2& 2% $¥e) sjshAl
SEch we westE 24 mdse A
Sajo] A% B wel HgetA dee
34 zaq olge] 258 0% A gk,

el Active
=

[hs
B

o %
Mr M

A
3 oX,

r,
O}t
i, o, tlo

N

‘

ol

Y

i

3. Adaptive LOD Rendering of Molecular Models
3.1. Process Overview
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3.2. Preprocessing

3.2.1. Mesh Simplification
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3.2.2. Boundary Protection for Molecular Modeling

o] dmalFE YA A47E HAo] H o] o] F
o]t ZeEly B 22L isosurface® T4 o]
Atk o]k Ex} 2] A wA] whed) 1A o]
o]Fo] A ufj, YFMHEe] 2 B E /7Y A A =
™ hole ¥ t-junction 59 @Ao] BAsA o A}
&2}l Al g‘ﬂ}‘z ARE AF37] oHA Hrl o)
3 o] E3) 2z naly A £ oy AlBd oA
I e oyR A g Aol Active Sites) 7
S B 2l 75t A ] AR %é}b"] Ll

Qg o] o]Fo]z)7] wjidl whesl T faale
2eg E]EHEL fA 8k Al viS- F 8.3t —5] s
9 A& TS AANES HolA P e
2 Edge Contractions TEcH 3 AL A A= HH 9
HAo] Auxog H7l wjio 7}5} WA Edge
ContractionO] dojuiA ot webA olelsk AAXA

& 2353 —r°1°]t 3= % AduEFolME o5 9
Kﬂ’ﬂ EAYES P APE uB FE 3o
7}E A 74]*}01]/\1 HYEE Z* 8-ghtt,

Agshi Qe das 22 B Bohel 48

k. WA AAA HE(v], v2)o| 3 Az o] 435
AL ), o] MRS A Azt dig B HE
n & T3} o3 o] MEe i WE A(v2 -
vDSE HA WE n 3 A digh & HEHZ 5d
g 5= Qi) (3). ol H 3 Fholl AR NEAE Tt A
Ztg 5o Bt vES ALE i HEE vt as=
2 YFAHE] HUl v go] Zolx A Hof B/ AHE]
4 A Edge Contraction®] ¥o] Uz ¥E=E =}
[8]. ©t&9 =¥ 32 °]2lgt Adaptive Mesh
SimplificationS A 8-3}e} HIV vle] A2 dujd g
ZEo|th
» nx(v,-v) 3
nnx(v2 —vl)“
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29 3. Mesh simplification with maintaining
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89,036 polygons, (b) The 80% simplified version
has 62,061 polygons, (c) The 15% simplified
version is composed of 11,655 polygons.



3.3 Real-Time Rendering
3.3.1 Cost Function
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E 1. Selected molecular models.

PDB CODE Name Atom Num Polygons
1A0D Ballicus 14,165 533,774
1CX2 Musculus 22,228 801,601
1YCE Na+ ATPase 27,147 970,187
1MT5 Hydrolyase 64,155 2,656,246
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dimensional interactions using molecular models,
when the proposed algorithm is applied. A=Ballicus,
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2. Comparing the average FPS values of real-time
rendering the three dimensional molecular models

using VMD and VRMMS.
PDB CODE | VMD VRMMS

1A0D 12.8 55.64

1CX2 5 38.05

1YCE 64 31.94

1MTS 2.6 17.85
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29 7. Ballicus : The 100% version with 533,774 aY 9. Nat+ATPase : The 100% version with
polygons, the 60% simplified version with 314,696 970,187 polygons, the 60% simplified version with
polygons, the 20% version with 100,104 polygons. 571,680 polygons, the 20% version with 181,978
polygons,

4%, 20%
39 8. Musculus : The 100% version with 801,601 2% 10. Hydrolyase : The 100% version with
polygons, the 60% simplified version with 473,407 2,656,246 polygons, the 60% simplified version
polygons, the 20% version with 149,711 polygons. with 1,565,592 polygons, the 20% version with
496,340 polygons.
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