Implementation and Analysis of Graphic User Interface Systems

for Shipbuilding Modeling & Simulation Environment
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Abstract

This paper describes the development of graphic user interface (GUI) systems
for the wvisualization of graphical results of engineering analyses or
performance.

Three representative computer graphic libraries, OpenGL, OpenCASCADE, and
OpenGL Performer, are selected based on their performance and functionalities.
Those libraries are integrated to Microsoft Foundation Class (MFC) to form a
graphic window frame. Advantages and disadvantages of each GUI system are
discussed to suggest a way to choose an appropriate graphic library suitable to
a specific visualization purpose.

The performance of the constructed GUI systems are analyzed with respect to
their rendering capability. A complicated geometric model and its sub models
are adopted for rendering with the standard data formats such as IGES, STEP,
as well as other formats used in popular CAD systems. The results of

rendering performance verifies the known capability of the graphic libraries.
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Fig.2.1 OpenGL rendering pipeline [2]



2.1.2 OpenGL API
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Fig.2.2 Effect of hidden-surface removal
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2.2 OpenCASCADE
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Fig.2.8 Modular structure of OpenCASCADE



2.2.2 OpenCASCADE API
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Fig.2.9 Object library modules and their contents
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2.3 OpenGL Performer
OpenGL Performert A A7t 3D Graphics, 2 A7t B|F Y A EHolAS Y3t 2
2 ol B g g olth. OpenGL Performere ta3 22 §8& FEofo &1 9t}
- HFd A Byl Ay ptEA
s AL S aEE AFY ady Rof
NEFEEE 282 e AN Al g oA
= =

W EL OpenGL PerformerE A&

ﬂ?L'

o= ol g

Table 2.1 OpenGL Performer® & #olB# g 5L YEW . Dynamic Shared
Object(DSO)+= IRIX(Silicon GraphicsAt® UNIX B )9} gl 52 A28l FQa o
Bygoly 1 FA2E soth. Dynamic link Library(DLL)E mlo]Z2AZE &9
=9 Fa dolBegoly 1 G2 dloltt [4].

Table 2.1 OpenGL Performer libraries

DSO/DLL Name Header File Description
libpf.=so pf.h Main OpenGL Performer library. Contains libpf, which
libpf.dll handles multiprocessed database traversal and rendering,

and libpr, which performs the optimized rendering, state
contrel, and other functions fundamental to real-time
graphies.

libpfdu.=so pfdu.h Library of scene and geometry building tools that greatly
facilitate the construction of database loaders and
converters. Tools include a sophisticated triangle mesher
and state sharing for high-performance databases.

libpfutil.=o pfutil.h Utility functions library. Note that 1ibpfdu-util.dllis
libpfdu-util.dll a combination of libpfduand libpfutil.
libpfui.so pfui.h User interface library.

libpfui.dll

libpfv.so pfv.h A graphical viewer library that provides for the easy
libpfv.dll construction of applications.

libpfmpk.=so pfmpk.h  Library for importing display-configuration information
libpfmplk.dll from files using the OpenGL Multipipe SDK configuration

file format.

libpfdb pfdb.h Collection of libraries containing the load, convert, and
store routines for numerous file formats.

_11_



Fig.2.14¥= OpenGL Performer #tolB glgl ¢} A AAZIY # Aot EE OpenGL
Performer= ¥ o] AL 28 golEegge AFo= FAHA Ut
[4].

Fig.2.14 Hierarchy of OpenGL Performer library
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- UEHUE o] &3 of Aol A eV Al S Al

3.2 OpenGL 7%+ GUI A 2= %
3.2.1 OpepGL 719+ GUI AN 2"9 FA

Fig.3.1& OpenGL 714t GUI Al 2=®lo] A& FAEE veld Aolth o GUI A
282 MFCe| OpenGL¥ VRML 3}A] (parser), 3ds 297} 235 9]

VRML

Parser

Fig.3.1 OpenGL and MFC based GUI System

OpenGL& GLUTE Atgste] =g 7jvto= dAds & 4 vk, 29 GLUT

AbgE o 24 7] o)l E(key event), P2 o] Hl E (mouse event)5 ¢ FWMiFE 1k
l

(2

3 78 & g v 2R AR GLUTHS o] &ote] GUI Al="S 7367+ v
Hoh oA 2 =EdAe GUI Al2"S Fedskr]l f18id MFCE o] &35k 3

2

3.2.2 WGL(windows GL)

OpenGL¥} MFCE co]&sto] GUI Al=dls Fdst7] faids 3 7kA 271 gk A4
< dFolok @tk WA OpenGLY MFCE 237 HslAs vwho] A2 A X E AL A
A FsE wgl(Window GL)olgtE Wie] d=2 o] &3t} = wgld OpenGLY Y%

2= APIE AZAA MFColA OpenGLE A&etA st= golth. ths2 Ao +
a9 wgl s gig Aol [6].
- wglCreateContext();
- GDI A=) gk OpenGL #AH & &9 &
T},
- wglDeleteContext();
- dHE Fo dggs AAss T

2

E3 19 " AES EHE

- wglMakeCurrent();
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3.2.3 PIXELFORMATEDSCRIPTOR

A IR A 2d AAY dY, 5 A= v Ef did de] vES - xo
£A48 AAGY JAI=E AAHSGE TFERAE PIXELFORMATDESCRIPTOROID]’.
of FEA= vlolARAZEALANA AlFetH 7], Bl HH, 2, A vE
=, o5 & @ o] H (accumulator), Z o]¥ 3, 2l (stencil), Ez‘ﬂﬂ S99 A, WA =
(layen)E}Yd 59 ARE AAET 4 v}, Fig.3.2& PIXELFORATEDSCRIPTOR<®
25 BT [6]

typedef struct tag PIXELFORMATDESCRIPTOR {
WORD nSize;

WORD nVersion;
DWORD dwFlags;

BYTE iPixelType;
BYTE cColorBits;
BYTE cRedBits;

BYTE cRedShift;

BYTE cGreenBits;
BYTE cGreenShift;
BYTE cBlueBits;

BYTE cBlueShift;
BYTE cAlphaBits;
BYTE cAlphaShift;
BYTE cAccumbBits;
BYTE cAccumRedBits;
BYTE cAccumGreenBits;
BYTE cAccumBlueBits;
BYTE cAccumAlphaBits;
BYTE cDepthBits;
BYTE cStencilBits;
BYTE cAuxBuffers;
BYTE ilLayerType;
BYTE bReserved;
DWORD dwLayerMask;
DWORD dwVisibleMask;
DWORD dwDamageMask;
PIXELFORMATDESCRIPTOR;

—

Fig.3.2 PIXELFORMATDESCRITOR

Fig.3.3%¥ COpenGLView?] Zg £ tholojidlojtt. o 7]o = OpenGL¥ MFCe %7]|
AR FFE5o] Aol 9t} CreateViewGLContext() s o= OpenGLY 9=¢=
AAA 7= API wgle]l Aeoxo 9t} SetWindowPixelFormat() #<ol A =
=% M7A3sh= PIXELFORMATDESCRIPTOR %A1 7F A 9w o] 9lom OnCreate()

_15_



gtroll= OpenGLY =W, "2, wj @ M5 e o] Z7]3ts o] 3t}
class Model -
COpenGLView

- m_hGLContext: HGLRC

CreateViewGLContext(HDC) : boolean
SetWindowPixelFormat(HDC) : boolean
InitGeometry() : void
OnCreate(LPCREATESTRUCT) : void

+ o+ + o+

Fig.3.3 COpenGLView class diagram

3.2.4 3t A (Parser)

VRML 34g ¥ E(mport)st7] Y&l = VRML 347} Fastc} o] A= F
HHol A FAs = GUL Al=gled BtAl A5 F£AE Fa7t gvh. & dFdA s
OpenGL 719k Al ="leo] gtFo] stx & FdsH3r. Fig.34= VRML 349 F48 S
2 tholo 1) o] t},
T

SeanaGraphs 0

- m_arEy0blectd: ©AmEyid-Cob|e s
- M_ArEyTexmre: CATEy3d-CTeXn e
- m_arEylat fal: ComyId-Clak rak

+ qDEwdn ueld

i

Ay o

+ FreEt@Q:uald

Trture
onjacts 0 matanal
- m_pDam: wsigeedciar
+ gli s lidListii :uok - m Wkt veelged it + Setambk o tfloat, Moat, foat, foad tuald
+ QID@eg:uoid - m_Helht wisigred it + SetDmis (KAt T, ThaT, Tay | uak
+ GefTyped:ht - m_Depti:oaesigeed it + SetSpect lanfioat, toat, that, thay tuokd
+ SetEm ksl foat, That That, thap juok
+ GetDa@i: veslqued ciar + SetShinhesgoay tuok
4 Gelldthiz vesigeed It
+ Getelght) consigeed bt
+ Geteptii:tesgied it
+ ReadFlk (eeigued It nisigued Wt it chary st

Fig.3.4 VRML parser class diagram

)

@,

Fig.3.5+= OpenGL 714t GUI Al2~#l3 VRML3AE o] &3] VRML =
A o]},

i
o
b
ol
£
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B o2E BEE 20 T EsST(H)
[ = |

o VrmIGUI = [1111wrl] [ [=1 X
B

Fig.3.5 An image loaded by VRML parser

3ds7 U= AutodeskAte] s 7Hd Hd FHlolt} 3dsy Ao X+ HA(chuck) H
For FA4H0] v sy F= ID, tu A WA IDel st dHoly o
2 gdo] FAEM, H3 IDE 2volE Y= FHEH ol 3dsHUS He FAE A2
ID > tF A2 F4& > HA g &A= FRE o=th

3ds#d 2dE s7] A FAHAS ALE et T E = GUL Al =gl BHAl
FA 5 3ds2HE thAl FEE A Fig.3.6 3dse] F#l2 thelofr@o]t},

class 20%

ClLoadzDS

m_CurmentChudk: S hunks
m_TempChunk: tCRURc

+ ImponErSHECMaedel™, char) @ boolean
ReadChunktChunk =) - void
FrocesshesdtChunba : woid
ProcessHestObjectChunkd : woid
FrocessHesthd aterialChunkb : woid
ReadColorChunb : woid
Readwertices : void
Readwertesindices] : woid
ReadUwCoordinates : waid
ReadObjecthdaterialg : waid

Fig.3.6 3ds class diagram

Fig.3.7¢ OpenGL 71§+ GUI A 293 3dsZE & o]&3to] 3ds RE2S& 293 Ao
c},
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[ﬁl,VrmIGLII - [VrmIGUIZ]
D oedE BB 270 =W sa2i)
=== ® 30

BET=]

ZHl

Fig.3.7 An image loaded by 3ds parser

F#¥ OpenGL 7I¥ GUI Al=®lo]Ai= VRML, 3ds%d 2tlg Zolueie)sd &
MFCel %347t

3.3 OpenCASCADE 71% GUI N &%

3.3.1 OpenCASCADE 7%t GUI A =" F74

Fig.3.72 OpenCASCADE 7]8 GUI Al2=®9 AAHQA F+A4& vEeEW FHolt}, of
GUI A 22 MFCe| OpenCASCADE¥ IGES®} STEM 34, A~¥ 94 =(Custom
Wizard) 2 +d35F 4.

IGES & STEP

iCustom Wizard

OpenCASCADE

Fig.3.8 OpenCASCADE and MFC based on GUI System

CAD Alz=dox mdgd dHelHE dxES7] HAsid TdxL P49 IGESS

STEPS o] &3&tth IGES®H STEP 39 X2 OpenCASCADECIA 7] &2 02 =4



skl 9tk OpenCASCADEOI A &8 Z=Id /s w71 98 Fol 71 of =7
o], OCAF(OpenCASCADE Application Framework) 7]®F ofZ g Aol e MFC
WizardE A& aeh [7]. & AFoA = ol 7IRke] AxE HA=E AFEAA o o
A AR Fdste] 7EAHA Ty ds FAsAT Fig3.9s A" JA=E A5t
718 Y dE A Aol

il OPENLASCALEYYIZAr] - [UpenCASCADEIZard11]
T e BaEE 2000 W) SsZH) — =]
D= HE

e = == =)

= U

Fig.3.9 Base frame of GUI system

=

=
OpenCASCADEE= MFC¢ d4dste] A48 £ AEE #oluvgg s AT 3
Fig.3.102 MFC9 CASCADES d4dst= 2 Zg2 tolojadoln 27|44

ol A
5ol 2ol T o 27] 44 WHEEL CASCADEA A 7240w A% 6
itk IGES$H STEP g QEE7] S8lA A2 xegdol vivbsh Eulel 27

N

obol@g Frhstarh. e a AGAH LA BLF Fuksh WiuiE 7ol

F Zage AR

occ
-Handle_Graphic3d_WNT GraphicsDevice
+GetGraphicDevice ()

T

ocCView OC(;Doc MainFrm
+Handle_V3d_Viewer
——"[+Handle_AIS_InteractiveContext
+GetDocument() : OCCDoc +GetViewer()
+Handle_V3d_View() +GetAISContext()

Fig.3.10 Class diagram of OpenCASCADE and MFC
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Fig.3.112 Argx7F 222 st& St vyulE GFdste HFH o2 GUI System
S Hot}, o] Enle y|Fog Y|E A Curvedt Surface HolEE 7IA & 4 glo
2AE g AddA B e 75 V1S 2AE  dd.

#& MnSGUI - [MnSGUIT]
(23 THUCE)  Genmetr (G)  DNata FxrhangetD)  Diagnnse: D I B ESEH)
O~ A-3|cr 5 & |1e5stp| ~ ~ [@F FL Fz F5 F4 F5 |D1 DR DS Da DS

5 8 s =]
2580 |g 800 a8 8| | =z |

=Hl [

Fig.3.11 OpenCADCADE and MFC based GUI System

3.4 OpenGL Performer 718t GUI Al =€l
3.4.1 OpenGL Performer 718 GUI A 2=4¥ T4
Fig.3.12¥ OpenGL Performer 7]WF GUI Al 2®le] A Aol FAS veld Aolt}.

o] GUI Al2¥l& MFCE 7]Hke 2 OpenGL Performer, 3ds ZU], OpenFlight ¥ %
AA FdH A

o

3DS

Loader

OpenGL

Performer OpenFlight

N '~

Fig.3.12 OpenGL Performer and MFC based on GUI System

3.4.2 OpenGL Performer? #Atvg T4
OpenGL Performert =29 X 1#)=Z(scene graph), RS HoF

A4 (channel), =22 g

o,

ot dholZ(pipe), HTH o2 RIS UxEe st
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AEgE FAH gk

Fig.3.132 OpenGL Performer’} @& #drsy 3o HFHom gxaZeos 3
}A4e veges agolt Aag=

=4
o] 2YEN, BaA WY F 0 &3 /%S LRSI Atk pfChannel& 7
o

K
or
[l

T =
=49 dolB & pfPipeWindowol| #tjegS vk 22 Addd FUS HAFAHo=

pfPipeWindowol A t] ~Z# o]l & st} [4].

Scene graph Display system

Fig. 3.13 Path of rendering

&2 OpenGL Performers o] §3te] of ZE|AlolAS Adgste 7|24 FA4 ot}
OpenGL Performer *7]3}
dho] . A4

rO
H

N
=

it o Ho
e
H
o
=2
2
i

Aol A doly &

© NS O e W
rJ
T o 11

Ao md 9 A
2dg =29d3t7] YA pfFrame(d4 &
AEol sy & 6 HAHS wkE
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act GLPerformeLState/

Initialize OpenGL

Acquire a Pipe

l

Create a Channel and a
Window

Associate thg
with a Window j

Update the AppearanceShape, and Location
of the Object in the Scene
Load or Create a Scene
Graph and Associate it
with the Channel

Update the position and orientation o
the camera in the Scene

Position the Channel and
Update the Scene

Call Frame to draw the] Redial the Scene )
Scene ;(

Exit

Fig.3.14 Activity diagram of OpenGL Performer application

3.4.3 OpenGL Performer 714t GUI A% Zd Y4 +A4

MFCE 7]¥ GUI ZHd& A7 Al A&%A 3, OpenGL Performer APIS
o] &35lo] mdS 7lA 33t OpenGL Performer 2499 3#2+= Performer LY
gholB g7} 7|8 o2 A F5t= OpenFlight &3¢l fItE AFE3FA T}

Fig.3.15= MFCY 712 Zdd& FAsE FdH2=E9 #Aot. CWinApp 35l

CDocument, CView, CFramec] &% o] glon CWinAPP7l FHFZH oz Zyds

ol
4z
o
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4
off
e
o

CWinAPP

CDoccumnet CView CFrame

Fig.3.15 Class Diagram of MFC

rot

r

Fig.3.16= MFC9¢ CViewol| OpenGL Performer 52 APIS ¥ 3% Al

pfPipeWindow

CView S B BB S pfChannel

pfScene

pfWindow

Fig.3.16 MFC and OpenGL Performer API

Fig.3.172 MFC$% OpenGL PerformerZ o]&3to] GUI =ZH YL F+dI
)

25 JEES] A9 2E V2 Adel gud ZH ol
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|' i, MFC — [MFC11 M=)

Powered By sgi
OpenGL Periformer

Fig.3.17 MFC and OpenGL Performer based on GUI system

35 GUI X129 9 nu 2 BA

A
U Fig3.182 7@ d Al 7k# GUI Al vaZAsto] Fad& vebd Aol

OpenGL

(@) GL
pen Performer

OpenCASCADE

MECeLo| gl A] H
ol gtoj=gg| g

MFC2} [ 2}

OpenGL 7]®F GUI A" A= MFCS} 47 I
Q&g 9= A x A E

Foll Al zH o] ‘ 1= 7] 5 E o)

r_a{_:
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Ao, A ZHYE stofof k= dalo] st

OpenGL Performer 7]8F GUIo| A& OpenGL Performer® T4 & 3}o}alo]of MFC9
o A4S & F A7 Wil @2 oEgo] A FHOoEE= v Holy Y
IS HYyeA 29T F dv= Aol

OpenCASCADE+ MFC¢e] 445 & of HA 357 5Ho]dtth. OpenCASCADE 7] RE
GUI Al 2=l ZA el MFCO 7|22 dS FAANAF= Al A= o]
GUI Al =gl F+do] Hystadeh, 2eal Abga 88 3t 7]s B AlgEo] ALE
b7l Aol UARE A MEHE Folgkbe A witel A=RAATE EbA sl o
2l olg] @S Fste Aol b E o= sobE

ARAHoz FdH GUI A" ES vadAst 23 MFCE AM43t9 GUI Al =¥ S
T4ty "Hale 99 gle]lB e glE OpenCASCADEl a1, 71 F+ds7] & 13
T #olv# ¥ OpenGL Performertt.
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4. GUI A28 A% HX2E

ARE 1 o] ske] AIZFS FA s vl A skA et

B oERdAE B %2 AZEE FHslr] 9ste Win32 APIA Al F ke
QueryPerformanceFrequency® QueryPerformanceCounters | &#slHtt. Eq4d.le =
Aol A AR CPU AIF ZA4 4ol T},

CPU Clock(ms) = (vFA| 2 AJZF - A& AIZE) / S 9t

2 AR E 3 7 GUI Al2Hd EA 2d dolHE d&dse 1 2YALS
o =

QueryPerformanceFrequency 9 = QueryPerformanceCounter 5~
al

A48 Edz 2 GUL A-90) SIER A A5e wastg
Table 41& 4% H2E2 A9 % 29 Holgd $9 9 34t

Table 4.1 File formats available in each GUI system

OpenGL OpenGL Performer
VRML (*.wrl) OpenFlight (= fIt)
3DS(*.3ds) 3DS(*.3ds)

OpenGL 7]%F GUI Al=wle] A5 st 2olo] JREESE o] 2XES Aojshe #hol B
de7h e 29EA g7 wiel 70w del VRML 34 3 3ds 29 S Ab8-sho]

wrl & 3ds THE A A AT OpenGL Performer 718 GUI Al =82 o] B 2 g o] A
Aoz thekdt vd ¥HS A FE A 1 F OpenGL Performer? ¥+ 3Y ¥
Woz AGoxof 9= OpenFlight(flt) XM F53 HwE 3o OpenGLolA A

gl¥ 3ds WS Agete] WY JeS vl 2 B4 OpenCASCADE 7] 4k
GUL Al =gl A= dlo] g Faibe] wgho] ¥ ol AHy H5 H2ES APt~
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4.1 29 Z94F A"

B odto e 72 GUI Aladle] A% 248 93] nVidia AF2] Intel 775A H Al 7]
HES F ASUSHIHREE 7]Fo2 dd #HEd D L2 A A, 2GB RAM, nVidia’lh2
QuadroFX 4500 1@l ¥ 7t=5 235 th(Table 4.2). HAEE $3 &9 AAZE v
olARAELEAS YES XP Z2FHME WA 2002 Au]x W 28 AR, 1
MB-A 2" =gtol = nVidia?l =2 288 =2holw 110382 A =359

Table 4.2 Specifications for test platform

Mother Board ASUS Intel 775A Chipset
CPU Intel Pentium D Processor
RAM DDR 1024MB = 2
Operation Microsoft Windows XP Professional Version2002 Service Pack 2
System
Graphic Card nVidia QuadroFX 4500 Chipset
Device Driver nVidia Quadro Graphic Driver Version 110.38

4.2 GUI A12=9 468 A5 HZE

OpenGL3¥} OpenGL Performer 718t GUI systemoll A #A = A5 HE2EES HAATA

o H2EY rde ¥y W, g wAZ ZE3E 130008 sA Aot B AL

z7] 2232 Rhino3Dol A [8] AAlstH 1 B3 F 2 42 B2 3dm XHWo=

QA2 E 3 T AutodeskAle] 3D MAX 8.03 MultiGen Creator 255 [9] o] &3}

2 747 d@sgh 2l dyP 8 aAHH g 2720 E dAA
3 T

B
)
2
K2
e,
53]
p=)
o

N
A

O
=)
A
e
fd
[

(standard mode)ol A A E WS W3 W3 F Z+ ¥y Yo

AARE QAT Fosd. ® AdFoNE mdgo] 9ol A Fad HH W
AR 98 s AAPT.

7 GUI A 28As gaes B9 77 A8 2de gaom AAFA, 72179
b qBRde u8s Ad7 @ A5EE A1 Q1 vt Table 4.3 BA 9 zH A
B oRdd A4 8 Ao $5 g2Esta v
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Table 4.3 Complexity of data model

Number of vertices Number of faces
Deck shell 47 865 99,054
Deck house 144,182 289,278
AA R T 198,427 305,186
AAWAF I 218,497 338,168
A AW I 223,458 347,162
A A 6,279 5,596
B A 463,591 823,038
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Fig.4.1 Wireframe model of hull

Fig.4.2 Wireframe model of internal structure I
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Fig.4.3 Wireframe model of internal structure II

Fig.4.4 Wireframe model of internal structure III
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Fig.45 Wireframe model of deck shell

Fig.4.6 Wireframe model of deck house
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Fig.4.7 Wireframe model of integrated 13K tanker

Fig.4.8 Shaded model of 13K tanker
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4.2.1 OpenGL 7|8t GUI A 2=H9 Yy A5 HZE
OpenGL 718k GUI Al2=sl9] A= A5 HAEd A= VRML 2%
AL A 8h o o
Fig.4.92 7t o] thste] 7t qumde Ay AxE =2 Yehla g 7}
252 ZA7te Y mdg Yz 3 WA e #3359 Ve AAH, Fe W
ez Az2&e 77 nd o digk A9y A8 A iF(frames/ms)S YEFH I ¢}
= onkel ol AHIY W] U BEFE A At ¥ o #d
= A% 4 ¢ ok =% OpenGL 7]8F GUISI A= VRMLE U 3ds o] whg] &
| 7 dxde Aole 1 A FouE AL 4 F Ak

EH

tlo
=

w

a

142}
Kl

tle

VRML Vs 3DS On OpenGL

25

20

15 [

10

a
Deck Shell Deck House MHUE MAUE M LI M (v:6279) 13K Tanker
[\;:;;32? “;:;;;;?;] (V-198427) (v-218487) (V:223458) (F:5596) [\;_';g:g:;]
s ! IF: ! (F:305186) (F:338168) (F:347162) IF: )
oyl 1.54 7.79 B2 808 83 015 718
H3ds 016 178 5.58 6.09 6.3 0.03 1988

Fig.4.9 Comparison between VRML vs 3ds on OpenGL based GUI system

4.2.2 OpenGL Performer 71¥t GUI A 2¥e9 Ay AT HIE
OpenGL Performer 71¥F GUI Al2=€9] A3 AT HREAE fIlt XN} 3ds £
GRS A S i e =

Fig.4102 flt W3} 3ds £He HAE ZA¥3E a2d=z=2 yeda k. OpenGL

Performer 7|%t GUI Al 2=¥lol = HAF W 71 &5 Ay A A gte] &
g A AT OpenGL 71HF GUI Al&"d] H]ste] 2 JETV E dude & ¢ F
Atk I flt TWR TS 3ds FWA Y535 wEA dgy HE AL 9 5 Qo



flt Vs 3ds On OpenGL Performer

08

06

ms

04 |7

0z [~

a
DeckShell DeckHouse ME L MELE MFLHE MH (v6279) 13K Tanker
[;fgss 22; ngzl;;zlf;]] (V:188427) (V:218487) (V:223458) {F:5596) Eg;g:g:;]}
i ; [F:305186) (F:338168) |F:347162) :
HFlt 06 085 097 0.8 0.gs 0.08 112
M 3ds 0.08 011 013 0.14 015 0.01 0.33

Fig.4.10 Comparison between flt vs 3ds on OpenGL Performer based GUI system

4.2.3 OpenGL 71Wt GUI A 293} OpenGL Performer 719t GUI A
24 gy As vl

OpenGL 7]¥F GUI AlZ2=¥3} OpenGL Performer 7]WF GUI Al=¥lzhe] A s AT
HE2Exs A4 Aevus 9 9 39 IA 3ds £ o] &3t
Figd1l& ¥l HAE Aas EAsta glvy, 2o Hol= wkek o] OpenGL
Performer 7]¥F GUI A]2=®l¢] OpenGL 7]¥ GUI Al2®¥lnt dyy £E7F Y539

S 4 = ). OpenGL #olE 8 2]+ OpenGL Performer Ht} & ¥
9] gtolugigoltt. AW E OpenGL Performer’} OpenGLETH @) & A]zko] wh=Z T}
%S OpenGL Performer 2holH gl g7} Ay s &ko 9lo] A3 Hofql

o]
g AL U@t oL E HaEF Fao 1 Ao AFHA.
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Fig.4.11 Comparison between OpenGL vs OpenGL Performer based GUI systems
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Ak e APIE 7@ w ofwW ey SejH el vd xuls g A
de 24 GUI #d Z2HAES Fa3te] glojA vl¢ Fad a4z AEodr. &
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