Development of geometric analysis technique for

volumetric calculation of composite entities
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Development of geometric analysis technique for

volumetric calculation of composite entities

Tae-Seon, Kang

Division of Naval Architecture and Ocean Systems Engineering
Graduate School of

Korea Maritime University

Abstract

As a preliminary step to figure out the mechanical characteristics of
complex geometric models, a method to compute the entire volume and

the center of gravity of closed compartments is introduced.

Prompt and efficient calculation of those entities is crucial in
controlling the autonomous underwater vehicles where th real-time
positioning process 1s essential for stable maneuvering. In most
commercial CAD systems, however, recalculation of such entities should
be carried out In a sequential manner whenever the geometric
characteristics of a model such as positions and shapes have changed.

An automated recalculation process is strongly desired.

To solve the current drawback, the topological relations of models
based on their positions are identified. the volume and the center of
gravity are computed using various techniques such as surface

representation and geometric operation functions. A user friendly
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interface that computes the geometric entities and visualizes the
operating steps 1s implemented using the general-purposed graphic

library and MFC functions.
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A2 F F2 7l dE o]

I oAFdA AFgE T8 e digk Aotk FAxd <l NURBS9:
H FYQl IGES#Y, ACIS gholrggle] dHlolg %, 7]stAibA g g,

ag)a HE g ee]l B2l (OpenGL)7F Aol &8 Flon o] tidt 7]

o2y A B 7le dth 2% T2 VeES AYTgozEN olF A

At A g1 == st} NURBS9F IGESHY 9, ACIS 2holH el &=

T8 Al By 28 HAar, 3FolA AHEE MFCe OpenGL L#f=) 2 2}
H g2 s oA s AystesE S

o

2.2. NURBS

NURBS+ Non-uniform rational B-spline®] ¢Fzl= 3x¢ =4 2 A S
FeHor ®d e WS Tl 7 2RE w2 oltt. NURBS+ Fig.l
I o] A (Control point Ei= Control Vertex)olgtal E@+= AHS
o] gate] A Ee FWS Ao stk @A ®we A& CAD ZEII(3D
MAX, Rhino 3D, Maya)#} %2 AZESJojA FEHoz AMEE I 9l

® NURBS¢ E#

NURBS+= =44 (Start)¥} vA| 2 H(End)2 HF=A] A vy Skl Q&
ZARES HAeke 34 2 FHo] A HEY, ek ZAFER o] Fox Z

A e g48S 24928 (Control polygon, Fig. 1)olgF 3lH, Aozt
o7 o]FofR= FS EE A (Convex hul)olg sl Ao <Js)A
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Fig. 2 Local modification

NURBS+ A&ty Auke] hullyt 22 2 4, 92 o, 23 33
e Fare E_e}ﬂé} SRS a &4 basisE Ale @k o5 o] &%

Gazrel 7 e %

Fig. 3 Intersection point

NURBSe| ojgt ®Ht} 2AIgE Algre 83 (Piegl and Tiller, 1997;
Rogers, 2001)& Farsgtc},



2.3. IGES

2.3.1. /&

IGES(Initial Graphics Exchange Specification):= 1980t w|= A
=7} (NBS, National Bureau of Standards)ellA "ozl 1]
o kS g w=o FFE AR AEFY Ao HeolH Y #A% xd
WS F AR EE AFele e BHo® st vk IGESOlA Ed st
= dolge 7|E W= JdEE(entity)gtal =4, AEEE geometry,
annotation ¥ structure MEE]S] 371#] JHo= vt} geometry NE E
+ curve, surface % solidE X &3}, annotation AEE= A AJA, X,
A, diE Fo =W ARE Ustlit. 283 structure AEEE A
7], lined #7], M2 Ao grouping @A, FEM(Finite Element Model)
o] 84 FT5 UEYY neutral LS o83 o]7|F1F A Hloly o wsk
= 93 FHoE, & oW 3 FARGRE dg AREHIL flo] HAEFQ

AAZEClZ & 3

o,
1o

_l
o,
fz

NE

0

2.3.2. IGES format® <&

IGES 3¢ format ASC|| format¥} Binary format 7 7HAZ FA &
=™, ASCI|| formate 3% Zo] ¥ 9(fixed line length format)¥} S+
" (compressed format)2. 2 WXt} Binary format< ASC|| format<
A REdR FH3 o) HolEs AHEAY] HE ZRES Y o
% wOe IGES e A7)7) Bl

z 9 km u

i}

Ed doly dHz AFE & Advh 45

m olE Fasky] fld i FHem, o] EWE Directory Entry A4 ¥}
Parameter Data AMAo] Ad = o] ©d AHS o] FiL e Ao SHo|t}. il
Aol UL 80EHORE o|FoX & TR HolHE 7|Fe=t, 3d



A717F At wAol AR 7Y wel 2elal 9l EYlolth. NURBSe &
A% vl gs AR eR 47 s el xS o] &Sttt

2.3.3. aLgdo]l e 14

mgel ERE TPl ui wbs go] vl Ao AMoE FHH Qi
O 1Z9NE 72294 AaEE 4% o) 1550 9 73297
AR 2E Aot 12 93 73%RE 4 ARS TRY F
2AKS, G, D, P, TI7b 148k 742108 802dAAE A9 EuEst
SEEE

(1) Start AA

start AHS AR 9 ol FAL 71 Fae PRl BUY, 2y
A5 Bag Nee dAE /ST & gon, ALF shte) dmsst £
shok weh

(2) Global A4

Global AAH-& HAH e 7](Pre-processor)?t #& $A 2 7](Post-processor)
of Bag Ax® g3 FARE JBate LRow seuEE AH FHow
7UH%E‘r. o] MAL utdw, st HAFUA, Az, A5 A5 zEIS D
AR5, Hf AF IGES WA 5 F o] weluE 2 LA HET)

47

(3) Directory Entry A4

gdo 7155 = e AEEECd et AQls AlEstal o5 dEE el
gt SAREE Uebdn 8Z2d o= H 20709 o+ <Yy W3, PDA

~



(4) Parameter Data A4

ll

DE4 M| 7158 e S st AHE wWE, 339 HAug, AEHE

H45 Fxsks AJYH ol 7IHHM, o dHEEe] 4o =EHes 4

-

O
r

stE)o] Qe ASole ABRdAA e vEAY FXAERE el E dEHEES F
Z3te EQH7F 7|5 E 7| = S

(5) Terminate A4

| Start section e R ———— -
— =4

1H,,1H; ,4Hseon, G |

! 31he s and Setti 4 2

26HRhinoceros ( Feb 6 2087 ), 31.I|Trnut Lake IGES 612 Feb & 2007, G )

392,38,6,308,15, E 4

= | Glkobofa, G 5

Global section 1.608,2,2HHM, 1, 025500, 13H1103 09 875945, ¢ 5

8.61080, 4 7

2908, B 2

8Htae seon, G 9

3Hmns, G 18

19,8,13H118309 . 075945; G 1

128 43 ] ] 1 [} [ 8008AAAAGD 3

- 128 ] -1 40 ] [ 8 Trinsrf 1] 32|

Dlrectory Entry 1 116 83 8 0 1 8 8 0008008060 33 |

: 116 ] -1 1 ] [} 83d Point ] au |

section 116 £ ] ] 1 [} [} 0000600000 35

116 ] -1 1 ] (] 83d Point 1] 36 |

@ 128,5,5,3,3,0,6,1,0,0,0.000,0.000,0.006,0.009,1.000,2.000,3_600, 0000831P 43

3.800,3.000,3.609,0.008,6.000,0.000,8.600,1.808,2. 000, 3. 608, 990063 1P 4y

3.600,3.000,3.600,1.000,1.000,1.000,1.600,1.800,1.000,1.600, 0000631P 1

1.808,1.000,1.608,1.000,1.000,1.800,1.608,1.800,1.000,1.60A, 880083 1P 3

Parameter Data 1.600,1.000,1.600,1.006,1.000,1.000,1.600,1.600,1.000,1.600, 0900631P w7

; 1.600,1.000,1.600,1.000,1.000,1.000,1.600,1.800,1.000, 0000631P u8

section -17 . 454naaLANNED 0, 13 . 3333333333333300, 0. 000, 9000831P w9

-9_hubshhhLLLLLLLGD D, 15 . 3333333333333300,0. 000, 0000631P 1]

-b_hubshh 500,14 ,0.008, 880083 1P 51

3.5555555555555500 8,15 .3333333333333306, 0. 009, 0900631P 52

7.55555555555555408,13 . 308,0.008, 880063 1P 53

Terminate section $090600160000611D0000036PA0G00SH T 1ﬂ

Fig. 4 Structure of IGES file format




2.3.4. 78 ¥4 <EE

IGES WA A¢ H= 4
volumeS ZAAS =Y FQd 9 3

areal}
o2

(1) Rational B-spline curve entity(Type 126)

k
Z Ny ()W) PG)
R(t)= =0

2 M=Degree of basis function
ZNM+1/W(Z)b/(t)
i=0



-4 Hlol¥

(2) Rational B-spline surface entity(Type 128)

K1l K2

E 2 Nop+1.i (U)N]M2+ 1,5 (v) W(iaj)P(iaj)

Gls,t)= =00

K1l K2

2 2 Ny o+ 1,4 (U)N]MQJr 1, (U) W(iaj)

i=0j=0

10

=4 o8 | 49 2w v
1 E | &<+ | Upper index of sum DOIFAY Iz
2 M | A4 | Degree of basis function Oy F=
PROP1| A< | 0: Non—Planar,
1: Planar
4 PROPZ| 734 | 0: Open Curve,
1: Closed Curve
5 PROP3| A< | 0: Rational Curve
1: polynomial
& PROP4| 34 | 0 Non-Periodic
1: periodic
i T(-W) | 4% | Knot Sequence N=K-M+1
A [T(NHD A=NH2ZM
(K++2) 71
BtA | W(0) | U | Weights (E+1)70
SHAHK | W(K) OF4a4 J=
9HAK V; | 2« | Control Points 3(K+1)70
11+AH4K OFd4 Z=
124A+K | V(0) | A< | Starting Parameter Value
13+AHK | V(1) Ending Parameter Value
14+A+4K | XNORM | 21 | Unit Normal (X value) PROP1 = 1 & gt
15¢A+K | TNORH | A% | Unit Normal(Y value) #34
16+A+4K | ZNORM | <= | Unit Normal(Z value)
Fig. 5 B-spline Curve entity

M=Degree of basis function




~4 dlole]

A o)g | &= 2] n) Hl T
1 K1 Z = | Upper index of first sum DAY F=
2 K2 = | Upper index of second sum DA 2z
3 M1 %= | Degree of first set of basis function DI 3=
4 M2 A= | Degree of second set of basis function DIEA J=
. | 0% Not Closed
s FROPL 3 1: Closed in first
parametric variable direction
PROP2 0: Mot Closed
& G 1: Closed in second parametric
variable direction
0: Rational
7 PROP3 ;g# 1. nelvnomial
PROP 0: Mon—Periodic in first parametric
& 4 | B variable direction
1: periodic in first parametric
wvariable direction
PROP 0! Non—-Periodic in second parametric
8 5| 2% variable direction
1: pericdic in second parametric
variable direction
First Knot Sequence N1=K1-M1+1
10 S(-u1) | A
A=N1+2M1
1048 | SO0+NH1) (K1+M1+2) 71
Second Knot Sequence N2=K2-M2+1
11+A Tuz) | HF
B=N2+2M2
11+A4B | TN2HI2) (K2+2+2) 7]
12+A+B | W{0,0) P Weights C=(K1+1) x
13+4+B | W(1,0} {K2+1) 7
MaPE]
11+A+B4C | WK1, E2)
Control Points 3CA
. A
12aadBeC | Vi | A @EdA Gz
11+A+B+4C
Starting Value for first parametric
12+4A4BHCT UCO) | A4 | Do T
Ending Value for first parametric
13+A+BH4C| UC1) A5 At i
Starting Value for second
LtAtBHC) V(O 45 narametric direstion
Ending Value for second
IHABHC] V1) | A5 | o etric dirertion

Fig. 6 Rational B-spline surface entity
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2.4 ACIS

2.4.1. 18

ACIS= AYEBEZ A g BUILDS #HW<l Allen Grayer, Charles Lang, lan
Braidol] & 7§ ¥ o] Spatial TechnologyAtS FAlo 2 A3t | 4 &
dy AY=ZA, A BEdE Fofo HirtEe] st A7HS Aaste] s
g Ao 19894 A AN ﬂ‘i}]\‘ﬂr

24 2dlge] da3 e olp e Fej= AlFstH & ZmIaA
o

ogh

HqEd £ JrE e API(Apphcatlon representation) E&

ACIS:= 329 B-rep(boundary representation) E@elo]t}, o] = =4
= 7t

(Surface Model)o]8}al &H=d], S 2wWe] A} AR 2w LA Q A7k
Az FdsE 29 2 F, BAC FWS o|F W(Face), EAME
(Edge), AHd(Vertex) 59 2d|* FZ&E EA|S 3¢ 3t}

24.2. 7%

B-repellA+ EA7F "ol JAFe=z, Hol £ (Loop - A2 AAF S a1
FHE 7He EAYEY A "HAom YA, FI= vl BA
Ml 7 e AHeE Yo A s dAE dEth
A, S5 AR oEA AAHIJ=AE HEUE
A A ](Adjacency Relationship)7} AH&¥ o
ACIS+= ¢folo] ZHd(Wire frame)RAH, =
o= HolE FE27F o] FolA AL, ACISoﬂ
" FHE 7Hd F oM, o5 LT

2 1A (Non—manifold) 531 & ACISOIA = A o Qdth

rﬂ Hj
ko
> 2
ko

my 1o
ot
Ll
L
i)
>
H oo
30,
v
-0,
o ofy

12



1 10 10 10 11

Fig. 7 Structure of ACIS

2.4.3. ACIS 291 7|5

o= 2Elgrt 3 2l gfojojZ Q] mdlyel RS 4 e AL
st ol A Ho] YFo A=A fFel A=A, B I AAle JA=AE Z2H
s 4 A= TEHolt. o)ld /NdS A4 ¥d(Boundary Representation)©

J, |
3 sk, 4 Geometry) FHAE AAstE 7)Eo] Hr). o]gld xd
574 gt A dioly =49 54 = P dste] 2AHT + U=F
=

ACIS= Al A dojQl C++ = Ag=glon Cr+ - AAYTS ©f
&3to] dlolE Fxo] AR HLE Aok JiEAQD ACIS 292 Fig. 8%
2ol C++ 2~ ATTERE FEATH

13



ENTITY
Class

Topology
| | | |
BODY SUBSHELL COEDGE WIRE
LUMP FACE EDGE
SHELL LOOP VERTEX
— Geometry
| |
‘ CURVE ‘ SURFACE ‘

TRANSFORM ‘ PCURVE ‘ POINT

| | |
‘ ELLIPSE ‘ SPHERE | CONE ‘ SPLINE
STRAIGHT  INTCURVE PLANE TORUS

— Attributes —————
A'l'|[RIB

System attributes User attributes

——HSER CLASS

Fig. 8 Structure of ACIS Class
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ACIS+= £3=¢9} sheet bodyE o8] 719 Y22 5o HHIG. o

5L A

Ed &t RAYE A% dolH} PHES

=29} sheet body+= Fig.9¢} o] +&d & 4 At}

TRANSFORM |« BoDyY [==xfurdl ...

transform(]

3 wire()
lum p[] body()

1
LUMP —— bound(]

shety| $iumpn)

shell] v I—P baund()

_

g g, &

face listy) | SHELL

wire_list()

bound
subshell] , Y | ¥ | ]

_subshell)
chitd[>] SUBSHELL [parent

face_lisk] sibling[]LI wire_list[)
F r

SURFACE

2
subshel([] 'Sh;E."U.--_--_-. S 1

owner(]

geometry(] L ¥ Yy

3 —3 bound()
FACE = next_in_list() WIRE

] next_in_list])

—» bound()

F
qup[]l Tface[]

L owner(]
nest() = LOOP [ setsaandl]

start(] partner() coedge()
¥ v |4
*—

geamehry[]
—bound(]
next(] COEDGE [ previous()

ref_curve() edge(] Tcnedge[]
¥ ¥

CURVE |« geam etry(] EDGE s bound()
el Tedgen
Y

APOINT | «2%emel| «/ERTEX

PCURVE

Fig. 9 Relation of ACIS entities
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2.4.4. &7 (Geometry)

Table. 5 Type of Geometry

W &

Pointi= Aol thstol Ao Aok 23t @ 714,

Curve

Curver =AM tsle] 4% RAge M&E
7| Fetal, =4, Bd® =
21X (Interpolated Curve)
R

s}h), Spline
FolA SlEd T A=

Pcurve

Pcurve — Pcurve= FA02 R = T F
22 (Coedge)E 24 fol w7 W3} shof YeRA
Zlolth, 3k PeurveE w7l ¥ <4=(Parameter)

Fzpadel Faolu, 2w ul) Wy TAolgak 3.

Surface

Surface:= W] tsle] W] NG4S 7|28 I,

dE(HE 2 23, +, Tori, Splinez ol A

Transform

TRANSFORM Z#|2%= EE Bodye 24 &3t
W3S X35t Y} Transform= affine_part,
translation_part, scaling_part, rotate_flag,
reflect_part, shear_flag® A oAt}

16




o= ACIS Ede A3t Ie /MdHo= i3 & zlot
point
curve analytic curves ellipse
straight
intersection curve§ ————  intcurve
pcurve
sphere
surface analytic surface ——-———  CORE
plane
torus
L——— spline surface —~———— spline

Fig. 10 Division of Geometry

ACIS<]

=
T

Fde AEstrlel=s Ferh 7]l wiel =del 28

1
Pcurveol] W3] A™slar #AgE 82 (Jonathan Corney, 2001) Frar gty
(1) Pcurve
ACIS+= 43 =d delo] ¥d& s8] 3719 SFaxE A&

- bs3_surface™= Spline WA =3k

hEs

i

HoZ g} old
NURBS(Non Uniform Rational B-Splines) HEjo|t}. A2 FHE
S ol fFeste] AAFSoH, HAS A ¥ bs3_surfaceE AlAF T 5
A= WS AFsor grh. o] om& bs3_surfaced® ACISAIA A od

17



P

Spline =fH o =2

=2

@shiz Aol AueA B & gdoks Aol

p

- bs3_curvet IntcurveF oA fid FHo= ZHHT
- bs2_curves= 22k olgt= ANt Al9] kW, bs3_curvedt & A5t

PCURVE &2+ ENTITYSHA=25E 24 fFx=¥dth. PCURVE: Hel
9l TE EAMF(Coedge)d B4 ARE 7|23t} Spline 4 $]o ¥l ¥
+ PCURVEE #=xdlokgt sty PCURVEE Wizl W43} she=
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2.4.5. Y4 (Topology)

U %2 ACIS B2d9ls FAste s 7IdAe= yekdl Zlelth Body

= 9}oloj(Wire) Body$} &8]= X HE(Sheet)BodyZ T8 & 4 Qth
A2 v G AAEntity) S Akelel E3HQl #AE BT, body,
wire, lump, shell, subshell, face, loop, coedge, edge L83l vertex X~
= Fde

BODY
I 1
LUMPs WIREs
l |
SHELLSs
|
SUBSHELLs
l
FACEs
l
LOOPs
|
T
COEDGEs
|
EDGEs
|
VERTEXes

Fig. 11 Relation of Topology

19



(1) Wire

Wiret= EAEle} AHEE A4

Ao =AM 5SS vtk 23 WireE E35t11 99E BodyES Wire Body
g2}ar sk,

(2) Lump

Lumps dAZ2% 339 (Solid)olv 2x+Y (Sheet) oz ZEHTE Body

E st ol LumpE EFEAY 1S F& Atk 4 Lumpe Bz HE
of Agew xAddH. e Lumpe U E8E Lump? Blojdl= &3t Wl
Fo &+A3] xstujojof s}, e 7 Lumpe HAS sty Shells 7FA o
Eigicig=
(3) Shell

(4) Subshell

ACISE Shell& Subshell?] AlE7-%9 "Heoew 153} st} Subshell 27
Q1g) #H o] ~(Direct Interface)d] olajA EEE tF+= 8wt H-85 3, API
£ 53 nde gE 4 gt

(5) Face

Facet™ Body®} FAFSHAl 22 &3Pl A shupe] 34 2tdS s, |
ol A9 Loope ©38 A &S % At st Loops 3 719 A4 ®2A

ol
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Fig. 12 Loop

(7) Coedge

Coedge+= W9 Loop Wol £Ast+= EAEE vepdt). thokA(Manifold)
£¢]= Body Shelldll A, z} EAglol= A&s] 5 7He] o] sl 3l
w2t F 719 Coedge’} ATt H]TFA (Non-manifold)Body Shell®] -3,
RAe= 270 o]ke] WISt
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(8) Edge
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(9) Vertex

o}, Vertex+= 24 A

&
A
g

ol
=

Holut gfoloj(Wire) o] F&ol&

ol A 2]

Vertex
7t

EXAAS ZR

0] =
IAT

olut, BAZF

]
“

/g—

3L
[e)

Fig. 13 Vertex
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2.4.6. ACISY 7=
2.46.1. &

ACIS kernel2 3z &4 dHlo|HE #Elste= 74 ( Topology) EEI} o] 9]
ALxs FYe FHGeometry) EE, AMEA AYE&E AEIE
API(Application Procedural Interface)®E= TFA%o It YA =&
Non-manifold& #9 sh= 3xdl £A1¢] £dE 7hsstA s, ofo g
ooy dAXE Syt A RES w7 WE(Parametric) A3 59
¥3 o9 Intersection AAHS 423y 3ic},
)

ACISS] 715 walgst By 7159 Bae weshs 75|t mdws)

rlo 0

#4dd 7F d A H8 AXx(Boolean Operation), Blending, Sweep,

1
Intersection &9 7|55 Zely, 24 #A7 7|5 FE Ay 5, ARy
#e 715 ol A =welAe TR ARES BdY 75 disiAnt Ayt
=3

2.4.6.2. 2% 7|5

(1) Edge

- api_mk_ed_line : A& &4 Afolo] S whET

- api_mk_bs3_curve : 32} NURBS =49 2l&] AH2]¥ wxH(Intersection)
48 et

- api_mk_ed_ellipse : E}YS "whE=T)
* 1 ZH(interpolated) A& =& og] 71#] w9y

- api_edge : °o|V] &4} df= BAE HARE
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- api_mk_ed_int_ctrlpts : Ao @7} knote} 7} (weight)ol] 93] A ol=
A5+ NURBS =41

(2) Wire

- api_make_wire : & &S &3 tHE wire

(3) Face

- api_make_plface : HH 99| Parallelgram 2. =412

- api_mk_fa_spl_ctrlpts : A H 3} knot} 7FE X (weight)oll 28] A%
NURBS spline 2242 &

(4) & ¢%FBoolean Operation)

WA (Intersect), AHH & (Subtract)= -8,
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o] FA4 2 84S =ol7] Sl 483t @ CAD && TS o]&3}
of RAFS sk, IGESY e A3y IGESuoAM gl da3h
=& et gE ¢lo], MFC OpenGL 2 glo]B g Z o] &3lo] 713}
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Al 3% GUI 283 Al=d 74

3.1. e

2gA AFEO] ACIS Holnelels BEF JAANAI G BEE

cher )l elvt sbs et vk ApA @ 4 itk $Aw el 9
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3N = T 28 golB g el OpenGLS &
el dlel A@Th M W8S Fn FAGAE Adel, 2006
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3.2. OpenGL Z2#I £ o]lB &g

OpenGL 1992 A& 2=l whE 22k 2 33k L
API(Application programmer's Interface) TFA° =AM 13 3JF=9 o]
AT Eo] HIFAo]AE Asta vk tiF-iEe] g gelr gt
ol AlES 29 st=dol9] Frame Buffer2 W99 3= S
Aow gth. webd OpenGLS 7[E4<¢ 2eg = 753 SAl a2y
adE s Vs EY 54 Az g =
ek 22k olm A =] HEe 3 F

OpenGLS ¢F 2509 7}#]9] st &

ek 3xkY S AT 4 Ak 712 Primitive2+ 7]8F A9 Ao
13+ A (Point), A(Line, Segment), t2t¥ (Polygon) s°l AL, 22 oJu]x|
o] Ae]E 91§ Bitmap 52 Pixelo] Ut} 2xd 2 32k A4 FHEY
HAR= olH @ Primitive S5 &34 st Z47he] dlyd s 91k &4

s
Al A A "ek OpenGLS HARE FRle] Aodt dvye @ddsia =,
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g st=gojel] #Agle] 22 AIE
WA o} 230 =8 33 AW ELS o2 %t Primitive 52 BAF ¥, 1
9]o] Fojup o w o]Folxl EAEL OpenGLO Primitive® 427} =
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Fig. 14 Rendering process of OpenGL

OpenGLo| M= EE &=
2, AR O F EHE =
ofxitt. 3zt S o] T WEE YA E=d o]= OpenGLoIA=
glBegin(GL_POLYGON)3# glEnd() Abolel glVertex(OZ F3gtoz s ey
A "k YEhgol A= Wel A AFske dHeolHe Wl et
GL_POLYGON->  GL_TRIANGLES, GL_QUADS, GL_TRIANGLE_STRIP,
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Fig. 15 GUI configuration
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4.3. IGES %Y ¥9 EX
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1l K2

i=0j=0

‘— A 3hE
A 8% Y gs AR ote dadEs
wollA A ghutel o] NURBS 4ol &
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Y Y NManar i WNypsy )WL) PG )

Gls.t)= — M=Degree of basis function
) 20 Mg+ 1.4 @ N4 4, 0) WG §)
=0j=0
TR
Fig. 20 Formula of NURBS
o]5 HHT= IGES 3o A] parameter data section®] #7d% o] 3o o}z
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o
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— |

| Start secion | s
1H, ,1H; ,4Hseon, 4 1
31HC :#Documents and Settingstkobod, & 2
26HRhinoceros { Feb & 2867 ),31HTrout Lake IGES 812 Feb 6 2007, 4 3
32,38,6,308,15, (4 4
= 6Hkobofa, G 5
Global section 1.000,2,2HHH, 1, 0.25500, 13H118309 . 075945, 3 6
80108, 3 7
2900, (4 8
gHtae seon, 4 9
3Hmns , 4 18
10,0,13H110389. 075945 ; (3 1
[ 128 43 [} ] 1 [] [} 8000000000 |
- 128 8 -1 50 ] [} 8 TrinSre () 32 |
Directory Entry | 116 83 ] ] 1 o (] 000DDOROED 33|
; 116 8 -1 1 ] [} 83d Point () 34|
section 116 84 [} ] 1 [] [} 8AABARAGAD 35 |
| 116 8 -1 1 [] ] 83d Point () 36 |
G 128,5,5,3,3,0,0,1,0,0,0.000,0.000,0.000,0.000,1.000,2.000,3.600, 000O031P 43
3.000,3.000,3.000,0.000,0.600,0.000,0.600,1.600,2.000,3.0D0, 0OABE31P 4
3.000,3.000,3.600,1.008,1.600,1.600,1.600,1.606,1.0600,1.6D0, 0088B31P 45
1.600,1.000,1.600,1.008,1.600,1.600,1.600,1.608,1.0600,1.0D0, 0088631P 46
Parameter Data 1.600,1.000,1.600,1.008,1.600,1.600,1.600,1.606,1.0600,1.6D0, 0088631P 47
: 1.606,1.000,1.600,1.000,1.600,1.600,1.600,1.600,1.000, 00ABB31P 48
section -17 . 4LLLLELLLLNLL5D 0, 13 9333333333333300, 0000, 8088031P u9
-0 By LY6D 0,15 .3333333333333300, 0.6D0, 0088631P 58
-4 4Ly 600,14 300,0.600, 0088631P 51
3.555555555555554D0,15. 300, 0.600, 0088631P 52
7.55555555555555400,13.3333333333333300, 0. 600, 0088631P 53
Terminate section $000006160DAAG11D0000036PBOARNEY T 1i|
Fig. 21 Data format of IGES
Table. 6 Parameter data of IGES surface
poraecer 8| R 4
21 form number 128 AT
Al A ) 6(0~5) 71 BT
Aol Ae(viEd) 6(0~5)71 BT
2k (u ek 32t AT
2k (v k) 32t AT
) 0.0, 0.0, 0.0, 0.0, 1.0, 2.0, 3.0, 3.0, _
Knot vector(u "3k ATy
3.0, 3.0
) 0.0, 0.0, 0.0, 0.0, 1.0, 2.0, 3.0, 3.0, _
Knot vector(v 3F) Ay
3.0, 3.0
weight 1.0, 1.0, 1.0, 1.0 ~ 1.0, 1.0, 1.0 AT
AoAHd Fi(x, vy, 2) -17.444, 13.333, 0.000 ~~ A3
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No. A H A4 A
1 Wit Qe .
Fig. 25 Case 1 of 3D
2 A I
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Fig. 26 Case 2 of 3D
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Fig. 28 Case 4 of 3D
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Aol UF FF fX e wE dA Foer RA] fxE 4 sl
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Fig. 31 Result case 1 of 2D
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o} Volumetric Calculation System
File(F) Wiew 2D Helpd

B® i o

= 2_surlace_cose_U.igs
Surface_&1
Surface_RZ
Property
n 0
Total Aren 45798 Total volume [0.00
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Fig. 32 Result case 2 of 2D
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o

Total Aren 37787 Total valume 00

) : : f F :
Centroid ~ [0.42 1558 [0.00 Center of volume  |0-00 |00 0.00

Fig. 33 Result case 3 of 2D
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Fig. 34 Result case 1 of 3D
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Fig. 38 Result AUV 1 of 3D
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