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wonvaEnB2on rel ates generally to an object

WD 2004/ 032001 PCT/ S&002/ 000225 1 AN OBJECT
REPRESENTATI ON METHOD Field O Invention The present

representation nmethod and 5 specifically to an object
representation nmethod i nplenented by an obj ect
representation systemfor usel in constructing a

conput er nodeéiN OBIEATRERRESEREATTONMETHODEPS ar e
conventionally enployed as a format for representing
objects. Data from 10 the z-maps are readily
eRiﬁldd@Ehdelitilm use as coordi nates in nunerical control

- map st andard rldforrra
vv| T hp{EEé}ﬁl?ur aﬁ%h?n I?Z)I?’tesg %@I ﬁt &n LIPSt ISP esgﬁ%‘%f@dmﬁﬁlﬁiltand
spechﬁcaihya tovadrr IobJecGaﬁﬁié@lntadeS CRASRO® NinglerhcdRde By @R al)lf%ect

@p&} gnw%ound in the follow ng reference:

’% DEEMBHETCHEPTF B iRmBr ARy ter tradebefiagrobiegiog 1
pp. 360 361. 15 When using the z-nmaps, an increase in
%%i resglution for defining finer details translates
iR ncrease in the quantity of grid points

rB—ﬂﬂps’ £1d coRBfi@hy BmpbQ asRIESSREE ré}freéeﬁ‘tﬁrfgj c%fetn{"as Data from
V\t]ﬁatures on a_portion of a surface of the

7 A4S G Fead Y% CXIeh fofr 1 asespordinatesrin nuastipal oitrpl gNC)
SHABIBA t A Blmip \GELAS b JridG: ISMR%
requi.red bymtpnlfeé Z- map ni t0 St at egﬁll591 tg%%&)&s e(%uany
6Pasd apayg i) formng ﬁlaﬂé‘S cPersent discyssivnpf conentiored zewps can be
%ﬁﬁﬁﬁﬁm f QoW S LAl
o et QllobinE Bl SPPEL RS sulho R R B Caca
Josevigr, ri@&blppo%()a%lobj ect are ini t| aI |y constructed.
Subsequently, the z 25 map constructi on process is
used to integrate the z-maps to obtain a final z-map
oVhanhesingy ni}eez;mapSI'HnnlnﬁneaSBhﬁr grife saoluh@s f@ gufiateSsnd Qfetalls

atures._.on th j ect I|t of
ST O Sy ST P G g o egpbrfpre, he
@reﬁalcetocﬁ mtd@tﬁt fehtyred loﬁ 12 @bﬂhh of h @@fd¢E 85 the dbiebe whlkh 86duires a
convgntl on ps used jin Shin does not

e
Eg)ogeq%c{ ‘“1301“ Threddhin ?ﬁ@bsﬁgﬂ%‘i& uPEeassin (the nyppe of grid points
mmquhedlbythatzrrﬁ@& ng the grid resolution 30 for the
entire z-map. Furthernore, the standard grid format of
conventional z-maps requires the surface of the
Qlnjited Staked Haens Y/ 6,369, 8% Bynglﬁn abschisast z- B cef?é'tltlﬂ:t?cﬁllsprocess

f.or exan;;ial e a top face and
for use in an apparatus for generating tool paths. In Shin, z-maps of both a surface

mode] and a solid model of an object are initially constructed. Subsequently, the z-
map construction process is used to integrate the z-maps to obtain a final z-map of the
object. Shin further describes a process for identifying features on the object. A
plurality of planes is used for partitioning the final z-map in order to identify different
features on the object. However, the conventional z-maps used in Shin does not

adequately represent the features of the object without increasing the grid resolution

for the entire z-map.

Furthermore, the standard grid format of conventional z-maps requires the surface of

the object to be segregated into at least two portions, for example a top face and a

PCT/SG2002/000225



WD 2004/ 032001 PCT/ S&002/ 000225 2 bottom face, and

represented separately by nultiple z-maps resulting in
waigi/etjoect nmanagenent conpl exity. A conput ePCmSde602/000225

generated fromthe conventional z-maps further

requires a high 5 level of processing power for

rendering the conputer nodel Z2vhen the conputer node

i Rotionsfra cad refiresentad kapaiatelaby oniiipld nenapnIGsHlEAETRNRigh object

A%§%%mhggc [ gxhpvel of processing power results in a

| ong processing ‘ti me when a user changes the

orientation of the conputer nodel for view ng by the

u ' hi cal. .use i nterface. United States

PP e o ISGerERY S50 s VLR Fiswes dis rkitvop high

1EVQ§|)erII|_Ibp@ISSing' pg\;vhhﬁ)r \tétfdb]?h@é tidi c&m{piﬁfe@ I’fﬁ’clmel %gﬁ W& computer
- vVer.,. e .use of .conventional rendering

?‘e]g er11ilsq Sléé&,g"ego‘?m‘é%lhlﬁdﬁﬁecmﬂ?g Seywogments | flsoy the diighsleye] of

Surbetsing ipalver résiBs [iRG WABNprobBsiRE HHE SheCHGker! Shanges the

dlsggﬁ§$d to a user. ﬂﬁnce, this clearly affirnms a

e of, 1he, Boraretter, wpdel dem igyingnbyrdienbir fvéx a graphical user

adrfecsi Waited SthdEpHak 0G0 617363 qglvégﬁeﬂg@e%crﬁufes a. syste r
conventjonal z-maps_used for object representatlah.nkﬁg

F36% otrepEiL rowepoef 1R nedelar However, the use of
OB RhiBRIN trer@britd EcHnMEN d é&g} L QR i
3%$d on_ a z-naghgriﬁ'gﬂﬁ%ggﬂﬁagg [ §ﬁ@t§P§E§?§&%mﬂmmnnﬂ
¢ lag prmtha sompptermadeiadisplpysdtitorsseron the surface of
an object are 5 assigned sub-grids to inprove
representation of object features. A colour index is
déeapey Alig clearbeaffimsys nebdfor ant obgevt tdpeesantatiop mypthad fanstdressing
i ' ont ai ni n ells )
ol e B E L For bRl e e S Eppresgraton.
conputer nodel of the object s pre-rendered using
the reference list onto a plurality of display lists
corresponding to different portions of the conputer
nodel of the object. By recalling the required 10
display list for display when the conputer nodel is
virtually displaced, the time lag for displaying the
conputer nodel to a user is substantially reduced.
Therefore in accordance with a first aspect of the
invention, there is disclosed an object
representation nmethod for use in constructing a
conmput er nodel of an object, 15 the object
representation nmethod conprising the steps of.
provi di ng geonetric data of an object having a
surface, the object constituting
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one of a physical object and a virtual object, and the
geonetric data being indicative of the surface of the

wohpaas2oogenerati ng a reference pl ane havi ng aPeTa&2@?2/000225

bei ng substantially perpendicular 20, to the

reference plane; constructing a z-map grid, the z-map
grid being planar and substatially parallel to the
reference plane; constructing a first z-nmap of a first
POhinQR, Of the surface of the object, the first z-map
being dgenerated with reference to the z-map grid; and
2451 ewhetimenttof iy iaveatansgrezatosd lakt cde £8E OMNE 2R M9 kub-
t SIH.f of the object,. the second z-nmap being.

Risy SPUASS sorieaionlioh &2 nirialerfgaties g g uface of an object are
arsgignadasubegrids td) irApre e RPLkstdtio lof @bjebthRathY e bABur index is
there s disclosed arh‘?ob ect . representation system
161 SUEEC FHABIHOM: OF g HeR gifandstorsrbingl refsrenamliss opreaining
tdells cadfbspindigtio ERRMEIE PBIabA 88 ZSH SALGANRE Bidifor B AE)S:t

g a

f.or _pr Oé/i %lhn%@g onetric data of_ an ogll ect havin
SuPFERThE pt}?%aferer&s Mgk e Pliplignel dgplay ity eirsedonding
b jdefdrerd POrtdnY bf th %Bm?ﬁkﬁﬁ&dsl @pgletgpj%{:t% g@%gejtcél(h:lgg’ H%\;quuired

%ﬂag, .indicative of e surface

dsb iy tiley/ vdep s @ouee 3oddl inpatslly displgemde thattinkglag
For @k i&{gqﬁ B ARG RDEENG 2 s 385 ing .substantially
perpéﬁgiculgr to ghe rggg?g%gg%%ﬁgﬁg?yggﬁﬁg'for
constructing a z-map grid, the z-map grid being planar
aherefort DS Ladtdaabd Yihar octhe.reference plane;
rrearr?s for co_nsat réu%{,tlt?%gﬁllge glp?éstt()fzt -enﬁnﬁlelgfonaﬁﬁer gt(ﬂ“ﬁ’se‘?aﬂ
(98¢t igpregstatine methofl forusefin téstrucing @aiompties mol§1Sf a8 bR,
B 1 th.reference to the z-map grid;, and
rne*adr’il)gec?1 %P%%%&]agg}l\lﬁ%%}}oﬁ gcmgpré,séltgotﬁ%“‘?’-sr?g'p of a second

por t i previdingt dvemstic fdaleef af objedi bavihy ©6irfact,iRe §1969 Bbhstituting

= ' enerated. with.reference to the z-map .
5B Bt QSRTHALE bt abiped i aoampee o peipmandicative
iofithe strifagn of thhebjectt s di scl osed an obj ect
repregent a del for use in constructing

L1 on a
conmpu A& e%mgdﬂ% jhg,Y}{lg a gZ13gis 6:5]115 Substantially perpendicular
toethe ef@aicatplane; met hod conprising: geonetric data of an

obj ect havi.ng a surface, the object constituting one
of a ‘PRVAHRGI2 GBjRcEIda ke & APy grichbeiopjndarer and dubstatially
pesiEto ihe rdlatiop@ingg | ndi cative of the

constructing a first z-map of a first portion of the surface of the object, the first

z-map being generated with reference to the z-map grid; and

constructing a second z-map of a second portion of the surface of the object,

the second z-map being generated with reference to the Z-map grid.

In accordance with a second aspect of the invention, there is disclosed an object
representation system for use in constructing a computer model of an object, the
object representation system comprising:

means for providing geometric data of an object having a surface, the object

constituting one of a physical object and a virtual object, and the geometric data being
indicative of the surface of the object;
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15 surface of the object; a reference plane being
constructed froma three-di nensi onal coordi nate

weysi@aedoavi ng X, y and z axes; a z-nmap grid, PO®/SE2002000225

grid being planar and substantially parallel to the

reference plane, the z-map grid conprising: 20 an

array of first ruled and secohd rul ed I|ines, the first

rul ed M9apg ompginagtingarefetente pland having azaxisabingd) aibs@ntially
: -axis of the coordinate

Sys e%cﬁ?ﬁ@%%%ggég%céﬂﬁ%% lines being parallel to the

y- axi gneangl theicoptrspimg el z-raznargtid,gltlmnlg-ngablegﬂd d¥ing Slhnak hdd

C ' em and t he second rul e ines

|S‘r1gltB %ﬁ%@%?ﬁgﬂeﬁ%@? fe?%?ncF Bi%8% lines at a plurality of

j unct inomss famdndhicny £Xisendeth G ATt §OPBh 03 s fa6S bf the
corresponding to first

d z- s respecti vel
M AT Pon SRR E e o ebnE R oo t ho
first meandfos eﬁlmtﬁictﬁlgrﬁadé&ﬂda-ﬂ% geN8BhE Ol)fi’gﬁe B{; ‘Ichre S,Silﬁlrfaéf:ﬁdOf
0

f er. to t - rid and each S
o e e e Pl Geatepitharioronse o tsgmep gnd cach
of the plurality of junctions, each primary 30 grid
oi nt having a z-value, the z-value being a distance
ﬁ@t%‘gHaIFﬁe 1B Prtid aspset atf ghsi mvention, fiisee Sodisdeyed i olgect
Repredenfatie mbl? forsé ACBnPhuctde QRIHERE moddl o% grggl%j?c%gﬁe object

secondary grid point between each adj acen _
pPRTRERPtoymefodeamrisingt he at | east one secondary grid
oi nt ] 4/.032001.

T SE o oas oh Y aIAF BRI B8l the B8 {5y g one of
Physspl ebiegt angta yigpalbidch end dredgeometricofatat bingiindlca@®t of the

.grid point having an e-value, the _
3?13??3’39%3’?%“6\ di stance between the secondary grid

poi nt agitféranke pdave r lesyzo patistget@b fibinon thfectdiersichilacRrdigdte

' . n array of at |east one
it'S teer?ﬁ%‘gllgéa)f’gaagglzgx%bi nt on the z-map grid, each of
t he a# Zmegsgridnbke iznmapr grllbeit e plyharCand QuBstardi@ily garallel to_tlée
%f?@?&%angﬁh%-%gegﬁﬁ@?mp"’}g%ir%gem pai r of secondary gri

pol nt's an avin , the i-value being a
di stance betamgnof Gmeiulddnng 606 Al ek, thdRisPiul@N el Béng

igr r eSa{%Sﬁ‘e? iton1%e Q%gﬂtslagg be:il?éc sptalge% a?)grrt ];l%lcl:g th%fy-;xlgseofgd?ej: c%ct:)lt.rd.inate
system, the second ruled lines being parallel to the y-axis and being spaced
apart along the x-axis of the coordinate system and the second ruled lines
intersecting the first ruled lines at a plurality of junctions, and

an extendéd z-map comprising first and second z-maps respectively
corresponding to first and second portions of the surface of the object, the first
and second z-maps being generated with reference to the z-map grid and each
of the first and second z-maps comprising;

a primary grid point at each of the plurality of junctions, each primary
grid point having a z-value, the z-value being a distance between the primary
grid point and the corresponding portion of the surface of the object;

at least one secondary grid point between each adjacent pair of primary

grid points, the at least one secondary grid point being equally spaced apart
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woOheo4/08zdol owi ng dr awi ngs,

Brief Description O The Draw ngs Enbodi nents of the
i nvention are descri bed hereinafter with reference to

process flow di agram of an object representation

met hod according to an enbodi nent of the invention;
FIG 2 shows a front sectiondl view of an object

r epr e dgngecblingd dormet) be dhe ar2@ of Epst edehlins hod el SF €@ at least

usi ng 4yB &St Jehrasentation method of FIG. 1, FElIG
3a shomsesggb%id%g %{de]\%ﬁ lgf %g\tngé fap ‘ggj % M hdtug g‘gmg Gr digtpee
obj ectbebfeefr @ se@nday iggd phist ardithecdrresRpaag @6itidh 0@ the surface
nmet hod; I b shows an expl oded plan view of a
porti g’rgﬂ%?c’breﬁtga%‘fnap grid of FIG 3a; FIG 4 shows a

process f| emadiyagrakadbngienanetiie gri@pdntBiRhé Andp %fri@,p each
of thef%ﬁé\%gtl relfgrg@ent tion.d;ret_hod of FIG 1; 30
FIG 5 shows ‘9P 8Lemeiialy ghidgriinbeine glimesed: bastjeaaneach
ext endéicamnpait 6f Bcaiap ot pbih® and %@ﬁr% al PGS BRGALTE Being
met hod dof F|g':\ 1, V\&2004/p,32001 P SG2002f0002'25 6
FIG & UHBVR PV proreds tisrmedinta igkd peint o thirearpanonding portion
ext endeé thezuif@p of the 3bjeétep of the object representation
method of FIG 1; FIG 7 shows a process flow di agram
of generating an inmage on a display list in a step 5
of anal ysing the extended z-map of FIG 6; and FIG 8
hows a reference colour |ist generated for the object
rigfDescription; QfgTheddragingsct  represent ati on met hod of
Fr®odinen i3 i Sl ME ject .
repr esen?sgtf F)gtrl]@rlrl\lle‘{%ﬁ%@e? %: Idga)sg{ ?%s@%ﬁ%%%e&’f% (EigEnRg to the
dpldmriapdrapinggds whiched herei nafter. 15 An enbodi nent
of the invention, an object representation nethod 100
is described wth reference to FIG 1, which shows a
plGckswws IaOM\PCGi;Sa@I“adiﬁgrﬁnﬁaxﬁ am blj)jfecltreprésemﬁt&m&ﬂéﬂladd #Bording to
. s .ch shows a front sectional view o
gﬁgg]g?‘g%lt%ﬁt%t}%ﬁnygg{é%HOr dance with the object
representation nmethod 100 and FIG 3a. The object
rgs atio thod 100 of FIG 1, is inplenented
Eg(?-ng g%t\‘/gb Ja e@?anseeﬁ?(glg ﬁ'?egf jof ,an ObJJéCt represgl?[ed by an object
representation system using the object representation method of "FIG. 1;

FIG. 3a shows a plan view of a z-map grid generated for the object of FIG. 2 using the
object representation method;

FIG. 3b shows an exploded plan view of a portion of the z-map gﬁd of FIG. 3a;

FIG. 4 shows a process flow diagram of generating a z-map in a step of the object
representation method of FIG. 1;

FIG. 5 shows a process flow diagram of generating an extended map in a step of the

object representation method of FIG. 1;

in which: 15 FIG 1 sO0862@2/000225
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20 system (not shown). The object representation
systemis conputer-based and for maintaining a

WOi20041082000 epr esent ati on of the object 22 as sheemw/sSGR002/000225

FIG 2. An object 22 constitutes a physical object.
Geonetric data of the object 22, for exanple a
plurality of 3-D coordinates,6is obtained by

dF i i shpigya pieecse fpwtdiagepno bf @elysiog an 2Getsled momigl ihiangpaf the
P5ESR e Ghe a%%bﬂ}q.virtual envi ronment. The
geonetric data Is I1ndicative of a surface 26 of the
object 22 and typically being used for tessellating

t object 22 in.a virtual -
o 7 Ao R e B g P festshyfBias st g s
pelehelysiby the sxtomded zinmpanf FXE6; bt mat on t he obj ect

representation systemfor facilitating extraction and
dat a exchange of the geonetric data. 30 The object

rEIpr. 8 skowsat teferensy Sl @TiSQRAdAE f i oS TIGMERGHORE bbject

coordi nate syste having x, y and z-axes (all not
sli%r\ﬁ/lsﬁe)n?a%egfnﬁ 0{13@19' Z‘nd y-axes in a step 102 of FIG

1, the object representation systemdefines a

reference plane (not shown) being WD 2004/ 032001

P@?ﬁ§@§§6§§5ﬁ9925 7 parallel to both the x and

y-axes. The z-axis 33 is generally perpendicular to

t A obje@ireeRa@tid AbBod FHQIARIEH e E%ﬁa hiek ; i
ortign 34 and a second porti%ﬁ?36.rl fﬁ%§§%§5ﬁwk§?“Wd
MR hoth a first z-map 38 and a second z-map 40

Care generated for 5 the first portion 34 and the

second portion 36 respectively of the surface 26 for
t/Mb empediment pf dheingension, Taneolfi¢at sepresemtutipon3Bethed $PMis ddsdriped
GRi gérdede W Figt he 0 - 40. -~ Each of the .
first z-map 38h%nE’F%§%s§%8§dggg%§% Eﬁwhéggﬁm'opan object
denpesisberiineiyod FiGp2, grhiich shd@s adroatwetivnahyibw Gf ad abjedki22 in

- [ th the. firs se - S .
S 0,8 SR Dt T T, o s
reifresentatien phthod 10016 HiG. dbisaipleiteated usBp af lobfctprebeifition

ect representati pn syste enerates an array of
APHEf oG EE G B DB RPN S B it endcend fo
Inpaisining iarvirtua brepdebetatib® of the obje@2D Ss sHaGn iPEICNG. spaced
apart along the y-axis of the coordinate system the
second ruled lines being parallel to the y-axis and
bei oigjecs PRCEAstAMES b pRl AR dbftBt. X GRG0 fdalahG ﬁg%fyfpﬁ,efor
15 s steﬁ) The sscond,ruled | ines intersect the first
PETRE° P PRIADRST 3D seerdineteg.ys elttaingrhiot disitising dhe esistugobjert or
By Guod3ing Eedjectfd MRt fvithinta AAFHI RRARA theft: "ARSeREAD dhi is

copstructed by firstly generating
mdicative of a surface 26 of the object 22 and typically being used for tessellating the

surface 26 of the object 22 in a virtual environment. The geometric data of the object
22 ibs preferably stored in an XGL format on the object representation system for

facilitating extraction and data exchange of the geometric data.

The object representation system constructs a three-dimensional coordinate system
having x, y and z-axes (all not shown). Using the x and y-axes in a step 102 of FIG.

1, the object representation system defines a reference plane (not shown) being
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plurality of primary grid points 44 at each of the
plurality of junctions on the 20 corresponding z-map

flow diagramrelating to the step 104 for generating
each of the first and second z-maps 38/40. Wth
reference to FIG 3a, the prihary grid points 44 are
aP#ralivd dol bpth thfb Wsnd rysaxes o rl"hmzaxmrﬁﬁ i @enﬂ'alﬂﬁﬁﬁpﬂdﬂldﬂ@r to the

re‘f@&h&g gia hav ngelat iﬂ%s L %\%\% p 1on gé? anl'cl:irmsl?{;(fng %g) ei%h

space grid T esdl
primary grid resolutlon 25 48 is the distance between

eac aj.r, of. rows ourm for d by the
pﬁll Jnl%ﬁadﬂ%%? ng gf h?th a Aiist Z3 rﬂapg:'ré &“gﬂ Sﬁ“fﬁ are4gengrated for
zthe afirsje)ort&ng’iérvad ahee@bcasIQrpceaﬁm@fespdaevelp bﬂﬂ@lshﬁyceoz% for the

p nts 44, The z-val ue is a di st ance
CLshTRe o, B it 3 Py Pl e sRend e 40,
cExrcheﬁ? en@isnNgmp B8 aadthd4écdhd efmdph®) 1Bl @E8speRdiRd z—'ir{?i grid

ect 22. The rface 26 of the object 22 usually
%@Waﬁnﬁﬁrgac iﬁ § &mag\&gids §¢ %lhO’fha@é firgteanel ispeond zfrogps

W@replﬁﬁ@faﬁd@dn@ﬁﬂy pRaldI &5 M8 refGié ik es and the like
surface features having a certain size. Usually, the

primary grid resolution 48 is determ ned by the WO
Zﬁﬂéﬁtﬁlﬁm%nﬁg%g@o%/ o@%@@%ﬁresé%ta%bﬁ% s?ém %QI%?&GSS r%] y of

atures. However, where only certaln regrons
sfgrﬁtf r&[?é apg secgpd yuled listss, dog ﬁngruﬂpdémesbeeag Baldh:l gthe aeis and
fiealoUupe®d abhie fo. reso
48 results bl nagﬁg r}%c}? ée)%igp‘%hlﬁ ctﬁgﬂ%{é?ﬁ%&? of ecﬁn(% ﬁ*ﬁ"r‘f/]ﬁms
deing naellat to thery-pxig and being specqjempert atoeg tHvex-fiiis of tha l@brdmate

Ss;ef’ﬁgtﬁd The KPR l%ﬁ/dt ﬁ 8%6%&%& E}SF ruieéiﬁl&g‘s aﬁ&}ﬂ@a ob) ? Bmctlons

representation me uses ex

resdeyer ipFlGeday grid point 44 redundancies. The z-rmap
grids 42 are di nmensioned to accomopdate the object 22
of FIG 2. The primary grid resolution 48 is

grach @éttler fitshand lsscond e-mdgjsex40 fse@ma&ef&daﬁy ﬂﬂsﬂs}yg%h&%ng a

d f t
IRty AR e R A 1 osEh R A e it hmigions e the
fcmrapondmg mp I”gﬂ1d242niapﬁstﬁﬁllltﬂoﬂ FIGR ﬁ%&h%@@wgﬁ prcE:L:g‘ flow
d1a e?% 3 %ie %0 is used for gl ons of
TLEDBE 8¢ rﬁéepol&] T SISEALBE chh ¢f they st ﬁ@bﬁ%@@bz-maps

681491 VéithckefhmtetotHie, 34) tHeipeiadady érﬁpﬂdﬁ{@% 9% gﬂ!n{g%dﬂl rows and
]i%her resol ution than that provided by the primary

PTHETF Q80181 PEFPARing Z-mape cradk 1 nwidy th?aﬁ)“ﬁoanﬁomimmwebemg
}Ehlwllfgﬂspdc)éd eid B ERNRYard &8l 1 RS 49 ZTﬁeoﬂrm%%l 'g'Hh Polution

48 is the distance between each adjacent pair of rows and columns formed by the
primary grid points 44. In a step 122 of FIG. 4, a z-value is generated for each of the
plurality of primary grid points 44. The z-value is a distance between each of the

primary grid points 44 and the corresponding portion 34/36 of the surface 26 of the
object 22,

The surface 26 of the object 22 usually possess an appreciable level of surface
features, for example protrusions, patterns, curvatures and the like surface features

having a certain size. Usually, the primary grid resolution 48 is determined by the
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woeaisumwzwiare identified by the object

and being representative of regions of the surface 26
having the intricate features. Wen intricate

system the plurality of secondary grid points 52 are
generated, in a step 124 of FIG 5, and di sposed

spaced apart between each adj&cent pair of the array
o¥iz§ pfrthese pupfasd fdaiuress . Hdvte@er, Hheh (ombr c2faia r@im&;‘sﬂl@fshﬂwe 26
dj ep..10 r rating t

e ?g}d&ﬁ%?tpg%gssgsrﬁ‘m “ﬁfl'f“’a‘ﬁ fef]m § 4% gér smaly Prbmary grid
pssaletipnsis rawdts o ammm;eas{gnn tﬂmepmaﬂi’tttﬁ ofipriii® ofid PRl ﬂ%&lﬁred

I h h of
o eAr e et ap e Bl R R ARR S 2ds  one of 1 he
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[ ﬁEK{ﬁgfﬁg on the surface 26 of the %

ha ‘?Chzf P g, giid, peslutiop s mdetennmed by the obJect
repeearibadyseh st Hsh ARRhSHA St Be Dns! t
@% Pﬁ ality I%?h c usterléggorgg&? Q? ﬁpgﬁg“hdnmP
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;}P‘Flﬁ%ri* fﬁaalﬁs&Xﬁbawt%hewhmawfmremeqﬁm a hﬂgmdaﬁlutlon than
GRATREIvRIed b Hﬁﬁﬁl g}%ﬁggﬁ) data, geonetrical data
e or

inported froma dat amendnents nade to the
object 22 and thereby to the primary grid points 44
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H? ﬁei ct, 22. The extended further conprises

CBiT é‘?y fyseesndany ez rPBHlFSa%Zeané ﬂ)rlalafyogrrdt Roigs 4bpre gt@pedintp

afphtriii&y of ctaflerd (ol Shdv) IR HSAMNGF o Elka%'ty §p<3u The. ntaining at
er medi. at id points 54 are genera e % fhe

Z ? ggg'm/ &f psandaps grichpaings 42 sndpt leay aneocﬁf thé Burafity

af]ﬂ'ﬂﬁﬁ? gﬂﬂj bsirRagd Tﬁ@ﬁt\’l@cﬁﬂ)n% %‘P ﬁe@ﬂlrﬁﬁ? Bf se@@ﬂdﬁ rg(ﬂd éaalnF §2

Se00ﬂd$ é grld poi nts 52. ue’ 1's gen
US¥eh ell'ﬂ&tf@}f?ﬁéwfa‘te@fg@r pattigpdaregion 4nithe surfitepes b2 e

ebjedt bShaving Wk idridaREeathrey @l U€ being a di stance between
each of the intermediate grid points 54 and the

U

The model representation system contains a history database having a plurality of
cluster records (all not shown). Each cluster record corresponds to one of the
plurality of clusters. Preferably, each cluster record comprises of information
indicating how the primary grid points 44 were created, for example, computer
numerical code (CNC) data, geometrical data imported from a data file or
amendments made to the object 22 and thereby to the primary grid points 44 and

r epr eseRCaSGRI2/000225
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15 correspondi ng portion 34/ 36 of the surface 26 of
the object 22. Data generated fromthe generation of

correspondi ng extended maps 50 is extracted by the

obj ect representation systemfor generating an
extended z-map (not shown) i a step 108 of FIG 1. 20
THreowslaveid peipiseerntaitied rin et doodsb@ding sluaepl | Braktdly Gach
f . I ' of ld for ding.a
PR Bl BARIHT s hodsilo IR it S eeofi rm
pfGandithe goamesponilimg ektendsetl nppnsl. at ed usi ng a

‘three-di mensional (3-D) nodelling software, the

representation being the aforenentioned geonetric

dah &-vahietie goatdtedefoy cadh Wb@idbiysdridgpdieb2 ¢an sRe 1v8ed 128, 5.
tfheqe_ga{léage Lhe represent titog o[ the object 22. The

pl AT i ¢ Hira diFnee s cagh oinbe PRty pbrecrrhy giid peiBis 2
pordtthexoriesponding Petitivh 84136 btheraAeshdyr etk by a

parting line on the object 22. The parting |ine
defines the periphery of a parting surface for

SEig @gatitd@ap 50 Qb @fdprided dfBh Arrby\or RRMhIANS gt &(lﬂntts h& on
partl)g%gsurfac_e form ng an_interface between™ the two

pGFk PHifie zaRap Fids 4B jag showpsin FIG.dbr elherintpnedistiegrid mwints 54 are
cabefealyy e f QbpredOnthiAll §AHN PasL, i urf ace,
The og' egt rz(ggeecse(%ratg?%t;&net odgll (r)g%ipsf:lzgf‘?)p‘ﬁrigFeI 'tso%f%ﬁ%re
o‘Bi“’Pé?éft‘jl beiwees esh Adjecen aisaf eieewdary- grithpeists 52. An i-value is
REBITE RS i N . fory F ._.Ih
e et nkofodhh PR e SO in i sl Bt g i
cloraiuedreingneydistange betefo pacireofuthe ditenmiedigtet frid poihd. 5AWRd the

2004 93R00AEETLOPANRL 000225 4R, Jhe, g ended z- map

enabl'es a”user to visually insp ut er nodel
(not shown) constructed fromthe extended z-nap.

Bssal j readi |l y usabhl an NC system _the
A RGeS R’ B8 derekadt D o, B PR otfold o sifignacibe
tdegrespbiding e@ddhded hepob) acixtrictdPbybme BEjet OEprekABRbEe sfshf for
.to_be phical |y constructed fromthe extended
PRt R P np By eb s bR 1
wor kstation (not shown), which is a conputer-based
st is used for analysing the extended z-map

Z%ﬂ%@ﬁl'&%tefaprsvnfaﬂan B‘B}haétl‘)% BPtisable & iferrexagBlecthe produstion of
tregld $@8ndMding 4 BlabticPartl A Eh8seREiKS bAths OG99t R phal§
gonput er ({mdel glf the object 22 from ?ﬂ% ext eﬁgstgg patL s

IHhefREYrd Bing 4 Gres-dipensionald3-D) mnslelling keftvears, dire representation
QoG U Embivone® BRlcRc dHRE At AT NEEXLRAAR o WIARea
The workstation further generates a viéw point for
V0 BSUETRE the ToPFRsgHation of s obisFted® The plastiapart is segregated into two
portions for each portion to be individually molded by defining a parting line on the
object 22. The parting line defines the periphery of a parting surface for segregating
the object 22 into two portions with the parting surface forming an interface between
the two portions of the object 22. A wire-frame model is preferably used for-
indicating the parting surface. The object representation method 100 is applied to the
object 22 to obtain the extended z-map as aforementioned in the steps 124 to 128 of
FIG. 5. The extended z-map can then be readily used by a numerical control (NC)

system for manufacturing the mold.

PCT/SG2002/000225
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15 step 130 of FIG 6, the view point being a virtual
representation of a point fromwhich a user views the

fl ow di agram of anal ysing the extended z-map
according to the step 106. The workstation receives a
plurality of inputs fromthellser in a step 132 of
FIG 6. The plurality of inputs recei ved by the

[ cal i ctor, .an
coror LR pE RSN, BB RER ] Qehefe bR sFovn
f enpsiouctediefiam meme@ndddez—mm tBmides lbmtgnemalytdsaaﬂe/i);em NOGy$Km,

t her eb et.er m ni t sj.ze of.
?‘El eﬁtjar?degt%léﬁap en lglFs a comy nEek glag%lgpqst s{x%wx{i Hg%ﬁ g&%pt 22 fhe o{)]ect
cb?nbemg lforrnxdmblecthe &mdatd b gelphiedyi doasiricha fini @Rt idnadd z-
€ i %ﬁ? % goﬂ@l as viewed by the user. 25 The
If(S(ing BELOLPHHE $He vi ew point at an orientation
and a distance fromthe conputer nodel in a step 134
of Fl ﬁs‘&t E‘Wg 8 Lent ation and the di stance being
}oargn%cs P Bhigh & 2 f%;nwfterﬁqﬁgtsgstenrﬂé used for analysing
V\me lésfeﬁdddozﬁmﬁﬁl@t:ﬁ&a&éﬂ 134 meldmmereefeséﬁﬂﬁmfs9§faﬂt§r SIBIRIS of
'Hgﬁllty of display |1sts by generating
p]ED)IF{?l ilon L R5F WPIE! aﬁ%@@stzﬂm e gompprmadel 19h dhel Obmt @adtpnpthe
t B@erbdir-Blab tor @iy di 6P @¥r | I Sts in a step 136 of FIG

6, 30 wherein the inage of the conputer nodel |s
generated with reference to the view point.
20044833000 BERSRN2LH00525 e t
|rmrge of the conputer ¢ |r§o%%nﬂedr?%%%d }gt&%gdjzs‘?lap hﬁw
piafion fughes geprated oviewipoinh forogvang airage obﬁe object 22 in a
) int.in 2
%pi%%ﬁ?gll(g 6t gme vg@cﬁ&%%ﬁlg% vtlljﬂleal ye Ceé%nga? of a 8012\ %&Bph
g’fE\*ﬁ@F devh theamagenfges @mpuive mopdzlu IFM} i & shods a mhﬁ;ysslﬂo&t &agram

SRR LREE BbARLER Sinere B SP Lo Th ok et

daeplgradftyne%inauts dobi thatubedrin afstepriy32aff HIGE6 PrTh&luyalit@ bf fhputs

pQI r rid points i ntermedi ate

IR st FEASRAR huris L Giratlieg e e gL e

cwivptatier. b displaisbalig tih@ocQndivhas it disfn@betwdent 18 Vlew-
nts 4 econdar grid ints 52 and

pri mar rid 0
.Hﬁ’ﬂ‘ﬁ?ﬁ%ﬂﬁaﬂb&cgﬂ FpdfhsTRys %erimméng 120 @fﬁ@‘é CeBPHef mpded s it
7@pd§h@$/10ﬂ@e @ef | THeadohipMteOfoded blidntaon dBSrmHil&Re bﬁanaltgh ofthe
eneraéﬁd 10 in a step 154 of FIG 7. FIG shows
toﬂgl Figr wPdF @e viewrdbi the p¥f. 70 generated for the obj ect
22. Each of the plurality of cells 72 corresponds to
each of the copbination of the primary, secondary and
i HeeyrEdiftionePagitions Pisi vivspeiny amserientatiors e distankd Gom3the
Q)on@ﬁter InB@el@ﬂ‘E SRA ¢y &r TP Wy “l{'thé %B@r[]ﬁ{%‘ﬁ%n& Bheld¥ance being a

[ urali tfy I nput S recel Ve romthe user
functlon of the plurality of inputs. The workstation captures the image of the

ot

computer model on a plurality of display lists by generating a portion of the image of
the computer model on each of the plurality of display lists in a step 136 of FIG. 6,

wherein the image of the computer model is generated with reference to the view-

point.

FIG 6 shows a pPOTAE2002/000225
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Next, a colour index is assigned to each of the
plurality of cells 72, the col our index 15 74 being

of the conputer nodel corresponding to one of the
primary grid points 44 and the secondary grid points

52 in a step 156. The col ourllof each corresponding

pbi Tﬁ? S'@h 18 ﬁdhguwa‘gaoéﬂw@fcomp@elcmn@nh tisegenemaed dly firg determining a

(] an a surface
Jg !3 @%gﬁ 293{ g{}@eﬁ%%l% ge%%epcr:eetégge e 60 ng stfa)n150
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each of Lhe ea 0 y li
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Dependi ny on the plurality of inputs received fromthe
ary &% it Setordary &Hﬁwpomé%éi’gﬁnd teemediale gHA g 54, a

Oﬂ:feréifce b&lﬁulﬂtst V@Haﬁztng(hrlﬂulghl? Rk 815170 545 sﬁ&m R fGNg 1§generated
correspondllﬁg_ ortion of the i mage of the object
r

i 2 asipn Reef diF &P ghots thehr@fes@@@ colqyrdish 39 gmmtedoﬁor the
S LIRSS O e 12 SO hondsdd el of ARLE Bl or
ofe priwate facerdsmmdigerediateemid noings 45 He apshowalin FIG. Gk, of
cb |e§teZd7ed Tllﬂgp w‘itﬁ ndeifd Hohd %lﬂﬁhﬁi of! gél\}:é ggg?ed om the user.

di spl ayed to the user via a
shextm COl‘f’llTrm@Xaﬁ‘gﬂS@ne(htO@@dpQﬂ ’rhc phmilllt}t off gells A2,ahs t@dpuriddx
4 OO [ 0002

PR nfhealhE o MR PR phl ol 0820 S0ty R e moc

mouﬁaimdlylg tf oriervf ite plrmaa{ gtetboﬁrrmm artdh?e mﬁ@fdaryt did ﬁfoiﬂn@sz in
' d t he portion of the jmage for

F 850 155 oY ST ch o oB g P Py HecHURE P e ot

cmnciré rsqme-tadcmmwme wnﬂ:btamramascﬁﬁa dubfate HoeMElRNS a HiBht angle
ire inm an .co

73 rcé’ TeRe P‘gﬁ%%omtt%éheong #%J‘Ef“t %6 OggtfeeCQE‘ﬁPtﬁ’f madlnet hod 100

utlllses the extended maps 50 for represegtlng 2.

f f the object
R o T o o B G e A at
r @R lof SR plirflgy bhexllk Nt bf B8 t&ertRRCYIBSInABV RS 'ﬁié@)‘l'urgﬁrg aF cells
C nventlonah}gfactlces of using z-maps with

§5qerts) fiat leasbene diry list saarespndetochapdrden qﬁthawge

%eﬁeﬁﬂe@h&%e%@fé@éﬂbﬁé&%a}ﬂﬁf asitic. Furthernore, the
ext ended maps

Depending on the plurality of inputs received from the user, for example the zoom
factor, a corresponding one of the at least one display list containing a corresponding
portion of the image of the object 22 is selected for display to the user. The portion
of the image on the selected display list is rendered, in a step 138 of FIG. 6, based on
the colour index 74 of the corresponding at least one of the plurality of cells 72. The
rendered portion of the image is displayed to the user via a display device (not

shown), for example, a computer monitor, in a step 139 of FIG. 6.
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50 enabl es sel ective use of grid points for generating
an image of the object 22, thereby leading to

performance. In the foregoi ng manner, an obj ect
representation nmethod inplenented by an object 15
representation systemis desd?i bed according to an
eRb derdaring omsf portin ofrtheimago hafedon thadplneiityi ofgngvh esceived from
f pLegq ' ant yentiopal .object ..
, B ag 8 PhSRUNAD ALRRaR e ROKEIN A P sk b dipipu g e
ofiset issubstangially wduded wilersaingwed, to tdnventionalpeocesppmprsidetsan
one: skij inthe art .in view of this disclosure that
n%ﬁ%?%%%ggﬁ%Hﬁg?ugéﬁﬁﬁ%T nodi fi cati on can be nade
wi t hout departing fromthe scope and spirit of the 20
i pveption.. 004/ 032001 PCT/ S&G2002/ 000225 13
A REeTetiagsdy e QBiect TEp R P EBR Y HBker e srteadgdmaps
CHM Bk kapedseritfhganteiCaiPtebidtes BRUR] sufhce Aheje@€2. ThE Selective use
oq;gft re gsent tion nmethod conprising the steps of 5
< PHigg JHER Y THESHBE bR BBoFE fopuipF goves away from
S¢nvatRnaltig:tiedy SFking GOk iviithtd Righ %ﬂ& r&bluBo® NYRIsE Bleh grid
object and a virtual object, and the geonetric data
PG TrmERe 47 BigBly copputation paessitist Furtberoiojce dre; extonded maps
S0 hidlds NBledtivels8 B NER. Ridd ?mhge\%fﬁgng gl? i escéibﬁta ;5%%3_0’{ 22,

substantially perpendicular to t erenhce p

16etebniopding o sabstantigl imppovgments intimegezrendeping péréoriveiasg

pl anar and substantially parallel to the reference

pl ane; constructing a first z-map of a first portion

ol the, €oregeirgamannet, an lebjeciojepresentatiomeethiod $mplzmentpd by e gbject
i ) . Z- rid: .and .

CEPEHAEEn Wich A0 A0E SedBaib ' & BB aRhorb bt Bimusprion g

sagidfeaging othe t foeegdtgobjsadvhntagdse of emandhtianalapbjei fresentation

te i reference .to the.z-map .grid,. 2. The .
OBRELE PR chfY TRt 8E o ey disilied oF it be
odpperentetoadnie rsgillad in dleearieinCdewlofiids RIS thagnih&@osd &Rfiges
of ;.,constructing.a coprdi.nate system bei ng o
CARPLo8 TSRO, B B AP RYIoRt Sepating fogn b Goope and apira afthe
dieténtibmg t he reference plane, the x and y axes of the
coordi nate system being parallel to the reference
pl ane.
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3. The object representation nethod as in claim2, the
step of constructing a z- 25 map grid conprising the

second ruled lines, the first ruled |Iines being
paral l el to the x-axis and bei ng spaced apart al ong

the y-axis of the coordinatd3system the second ruled
lines being parallel to the y-axis and being spaced
aﬁﬁfiﬁlsal ong the x-axis of the coordinate system and

the second ruled 30 lines intersecting the first

r il ed An ngsctatpresegphtionahethyd fof ujaincbhonstings coraftdrndigl of

a primary.ari,d point at ch o he urality o

2 pet 1B obicd e s Bsa i A el GRS s 8. The
obj ﬁct f r epmﬁﬁﬁ@ig&facﬁﬁbtnimﬂht@d)f&ﬁl bbje(ﬁ#h_ﬁi/iﬁg&, sdﬁﬁeé,ethﬂ object
each of the.ste canstruct i a first z-map an )
Che s raap g e of g SOLEL TG St Phiceh By Rasogbogetri
st ep ofata @aRGHdEAtREoBthE surfakelsr thosbij@ach primary
grid-point fromthe onetric 5 data, the z-value
being a di §P%’é‘gb%tr%§%0‘? s r haviiey @ gf-rgs JRsing subsintially

the cRig-aspandb M BRFhiONaRf the surface of the
object. 5. The object representation nmethod as in

claim 4, fGPISHBFINEoApZimaingrid, shepzarp gddnkairgcilengy and

an ext@pdatiaMPpardiR t088CRQInct Phind:! rSt z-map and the
10 second z-map of the corresponding one of the at

| east one retsEpdinge fpbtaraap ¢f 2 fMivepslineafithe surface of the object,
' ePr eSROKAL LBl H&L%g&ea%ed'vﬂth%@e%ém tﬁetg.ﬁlgﬁg% and.
. r e I rst

conprising a step extracting data
z-map, secaepituctmgp wpehdtZmmap obz sespbpaiingoktht emdied of the

maps; A ating. X -map. fromt he .
ot r acTR 42200 - B R SRR B PRR o O ot i
in claim6, the step of constructing an extended map
conpri-sing.the steps.of: generating a east aqne .
s%cond@ireygoé?ﬁt dRSGT tfltl%iemiglgﬁ BB hCI%Iaj gc’i‘ﬁtS%eBa?$gen§@t‘B$ a
t he armfayenod plinercemprisihgthelsiepest; t he at | east one
secondary qgri oi nt bej.n equal |. aced apar | ong
a pl aned fg?rf‘?gﬂ‘ﬁ’r% at‘f?é’rdél?e&ea?' S%Waéqlg%ﬁ‘??eiﬁe‘%ﬁns?qnﬁt?‘% having
and genenad  gsamde- val ue for each of the at |east one
secondary qgrid int, the e-value being a distance

bet ween thgeé‘%%gﬁa EigreRfei Ripnsohe K anthy 2¥9§f the coordinate system

being parallel to the reference plane.

3. The object representation method as in claim 2, the step of constructing a z-
map grid comprising the steps of:
generating an array of first ruled and second ruled lines, the first ruled
lines being parallel to the x-axis and being spaced apart along the y-axis of the
coordinate system, the second ruled lines being parallel to the y-axis and being
spaced apart along the x-axis of the coordinate system and the second ruled
lines intersecting the first ruled lines at a plurality of junctions; and

defining a primary grid point at each of the plurality of junctions.
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woher@3ot he st ep of

25 correspondi ng portion of the surface of the object.
8. The object representation nethod as in claim?7,

further conprising the steps of: generating at |east
one internediate grid point on the z-map grid, each

30 of the at least one interrfédiate grid point being
disposE Perchepresenigion refiacasnin o3, ofhemaCRERI YheWtdpdor
poi nt s; ; 2804/,0320 [.SG2Q002/ 000225 15

gener atoin%[gq_gg#)ia-@% Sgg%ofgr}degglgs% OF & MEHUCHRE, & segpped Z-map
i nt er rASEIPESSS agtep@df: poi nt, the i-val ue being a distance

bet ween each.,i 0t Lol rid_point d. the _
cor r espondi 3&%{6’% %ng’hlg% %?r%eéwl% B’H’Flglé'egrgip P fTopp thecgeomtric
9. Thelatijtlect-valepbeingnt ditthmmn Wdaﬁdhagﬁmargcm Byifts and the
furth Jsing a.te f nal ysi ng the conhput er
nodel %%Fg@ﬁg&h oe @heaﬁffg‘éerqf%mbﬁ?he obj ect

representation nmethod as in claim9, wherein the step
an N the conputer mdel of the object by a
e " Ak b S ENEE T Eo4 7 gl furten v i ngstop of

conput er nodstudting rint deenddd aRgedr 2adRBE Rl Y Ji d the
n. i mage of the conputer el

vievv-%oin for(%ievvinga . g
the vi %"\}321%81“}?? the Serresponding pRe of tie eblsest preg tefprenoé plane.,
point fromwhich a user views the inage of the
crggrrputr(gr del ; capturing the inmage of the conputer

del 3R CYECtrepsesentafing mepthg| agyn ¢lpigy 3, furllr ¢dveprisimggestepfof:
t he obj ect gk Bt wWosd d& o >y e oint, and th
di splay |ist_ tlib}%i ng repr esentgﬂtsf \t}:m%‘%’ ié%cgn%aﬁmpean& the
i mage COFesPedingsHsodedmapscatl:  and di spl ayi ng t he i mage
of the conpitlin®h &SPl vice 11, The object
representa ionngfé;t hoqugegpgl I%X% gllnr%%lﬁfra‘f]tﬁdeg@rep of
capturing an 20 image of the conputer nodel on at
l7east TROEHEL I ri sing. the steps . of ,
fecei vi ng -at erg%{“!a{é%%m%ﬁ‘%ta? T Elgmb?’ e SEP Aifenstrsting an
bei nge¥ersled map cemprierfgitheederand recei ved from the user;

posi ti oni view point at an.ori.entation and a _
di st ance f S%Qﬁgeat ?eﬁ‘gt RO mnt bepieen pach Aigeanbpair
and t dlethdiagtpnt éirdd euled lises tecdtilart e {bshdaRPatid poififBking

equally spaced apart along a planed formed by the array of first ruled lines;
and

generating an e-value for each of the at least one secondary grid point,
the e-value being a distance between the secondary grid point and the

corresponding portion of the surface of the object.

8. The object representation method as in claim 7, wherein the step of
constructing an extended map further comprising the steps of:

generating at least one intermediate grid point on the z-map grid, each

of the at least one intermediate grid point being disposed between each

adjacent pair of secondary grid points; and

constructing an ext endedPa®SG2002/000225
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waounaalo3tei ng generated with reference to the

generating the image of the conputer nodel on the at
| east one display Ilist, the inmage of the conputer

view point. 30 12. The object representation nmethod as
in claim1l1l, wherein the at |east one input
conprising a display scalind5factor and a conputer
nodel ori eehadtingnan WRATRODE /A2 60 the RETESCIND 2O FRD grid
16 13, .The aobject representation nethod as.in ¢lai.m
ool e g peRERLTTAG. Bhiveh FbeSEriiing ef fuibbsme
model the bortdipordinglpeivh obthe sulifsp bihe bbjsét. conpri si ng t he
steps of. generating a reference colour list having a
plurality of cells, each of 5 the plurality of cells
.01 I EBfROSIGCE Geplele@aioh Mifthddn® iR fclaiRIBY furher eRishgdNdep of
i nter meIi.ate grid poi ‘%}? ot{l the extended z- nap;
assocParrng thexempyer meds! of the ehjeqt bYAESHi splay |ist with
at least one of the plurality of cells; assigning a
col our index based on the at |east one input to each
&4t hEhe obgechrepresgntation grethod jap & claiped, vdiersin the e of pealysing
i ndi c@t | i .face of
e e P e orBte cMepB e 2P
poi nt and congacixngd teg priodie] fvinnithe exferiled emuipr i ng t he
i mge of : 6 [~ mnd .
di spl ay as (ledcjf\q%g %eﬁlrep ogﬁgl g){r“?z %Pv#](i]é;% 0 ag&é\t‘8 P‘ﬁ{ggs{ills%tﬁremg?el’
t he pheram-pointofeinges virtuall Bpledentaiion aifj aepeint from which a user
repr [ .in constructing a
corrpﬁ‘?%?st%%gg%eg)?&%gﬁﬂléﬁ]&@g%d?l’t he obj ect
r epr esent abptomgstis ingape ©6 thercospuge moded os af least preodispdaynist,

geonel. [ i a of. an _obj ect Vi a surface, .the .
obj ecti16 %:ngar%g £ |% ?’5 toﬁjﬁé bsia c%ﬁ%urgg ﬁﬂ?ggec%?w'é’ Bﬁng &pd s glsglay list
Vi r t uslingobpreshiatieand theaptuRd inegodtiid ongatAmbadl gd

i ndicative.of the surface of the object; nmeans for
gener at i nglsﬁfaylé‘g 3*}%1%‘&%6 ?ﬁ%ﬁq@%@r %J‘l glslil?)é%"écebei ng
substantial ly perpendicular to the reference plane;

ans_for .constructing a z-nma id, the z-ma rid
i ng I‘gﬂ%{’? r%m‘?fentauongmethod as FlJn %{a%m 10, the step o ca%turing an

image of the computer model on at least one display list comprising the steps
of:

receiving at least one input, the at least one input being one of pre-
defined and received from the user;

positioning the view-point at an orientation and a distance from the
computer model, the orientation and the distance being a function of the input;
and

generating the image of the computer model on the at least one display
list, the image of the computer model being generated with reference to the

view-point.

12, The object representation method as in claim 11, wherein the at least one input

comprising a display scaling factor and a computer model orientation.

PCT/SG2002/000225
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substantially parallel to the reference plane; 25 .
means for constructing a first z-map of a first

bei ng generated with reference to the z-map grid; and
means for constructing a second z-map of a second
portion of the surface of tHé object, the second .
z13rap Bi ohjecy esressantaibnvinthod &f iar daimel 1, ahd Step oB BeriérafiBp the
grid. 4 obj ect f tation systemas in claim
T, e SN otBiee bR BRI 187 05 i, 5 pomorisne e
conpr iskipagf: WO 2004/ 032001 PCT/ SGR002/ 000225 17 neans
for constructing a cqordi nate .., ..hensional and
havi ng. x,  yeuratse s FgbAc Walofe ik diay i i ipeg cele cach of
r ef er ghe plupdlinef ctiecorrespodldinig 3% @8ctObf tHRSrintRRr LHALE and
' the reference plane. 5 16.

system bei aral l.el

The objeg?&$%£$%€%ﬁfﬁ?$ﬁﬁe Spde #48 in claim 15, the
nmeans for asosikiingCdaber e at ledst BRPOIiG1hHSE NHR A ?e'a%gj'ne of the
means EorwgePeraylng an array of first ruled an

second Vi@t tslles, the first ruled Iines bei ng

paral | el t assightnoXe @idus iied Hieh BY aRPAGES:

the y- 10, axis of the coordinate systenfﬂgﬁé&%g%%%gOfﬂw
rul ed PIYREE opeslisgthp selawr indexibsing Hedigatisx pftha ndlotreifragpoint on
spacedhafiifate 8f ORGOHRE cdre@dnTing’ rgLnat e system
and the second yuﬂ%d fiﬁ%%hﬁﬁ@é?ggi?fﬁgpgﬁb f%%g omit and
rul ed s s5endawy sdppisbandty of junctions; and means

for defini pgagidRrdhd B | | ach of .the .
plurality of f% jpné%?gﬁggcggba%%@B%%f%?Faikmgonedwphy
r epr edased anithsrroloyis inden efsit least ohadfithd Sipralityaifeélls. each of
the nmeans for constructing a first z-map and the

means for constructing a second z-map conprising: 20
néans Anoebjege repreatritatipn aysteny dbruse fir0 tore@Edting fal BBpter model of

i d- poi f . tric data, .the z- bei
A S R o

means for providing geometric data of an object having a surface, the

object constituting one of a physical object and a virtual object, and the
geometric data being indicative of the surface of the object;

means for generating a reference plane having a z-axis being
substantially perpendicular to the reference plane;

means for constructing a z-map grid, the z-map grid being planar and
substantially parallel to the reference plane;

- means for constructing a first z-map of a first portion of the surface of
the object, the first z-map being generated with reference to the z-map grid,
and

means for constructing a second z-map of a second portion of the

surface of the object, the second z-map being generated with reference to the

Z-map grid.

15. The object representation system as in claim 14, the means for generating a

reference plane comprising:
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and the corresponding portion of the surface of the
object. 18. The object representation systemas in

constructing an extended nmap for each of the first
z-map and the second z-map of the correspondi ng one
of the at |east one referencd7plane. 19. The object

r epr esent atmaans ﬁystoemuating' A cobdinateldys further  nensional
conpri Sig%vin angrc,ndz d;actl ng data fromthe first
z-map, secon 30 correspondi ng extended

maps; and mnss f(ﬁrodefgmrgeﬂret tefegenad Iﬁhbeﬂﬂeﬁl ahd "PRxéS 0Mthe
t he exctradc t % @%% %2001 PCT/ SG002/ 000225
18° 20, CohRENE S8 Sring pad el i BBty rlitbas 1 cf ai m

19, the nmeans for constructing an extended map

C%m“];}e Feans for generatjng . at |east one )
setond f%bq‘: HPEEftiop aysieue s @ 1adfhs ausans f95conspeting a
t he ars@yp gfid édnfpskingul ed lines, the at |east one
secondary glﬁeéd 5 point being e ualr@% spaced apart

al ong a pl fop BRETIIRG 21 prEaygf st refed prd sppondrmled dines, the
|| nes: e BaeehipaRNAE Ho XA BoltB hifed HarSRER & ;-

the at | east one _secondary grid point

bei ng S dheproadipaie westerm, tthﬂaseﬁ@@owwdrlyleg béidg porlil tatie y-
the cokises

obj ect o gee SpheRp et e nd WS RS Cordale Uiy apg e
cl ai msoepnd ipled &ings mﬂq@eq’f@aﬁbe ﬁmt rulegldires puc p]umj;lt}aﬁlf Junctlons
extendggd map further conprising: nmeans for generating
at least one internediate grid point on the z-nap

gr i d, eachmshnst foe dafinihgasringame gridtpeimred ieatheofythic hlyalittof
bei ng ;digpased between 15 each adjacent pair of
secondary grid points; and neans for generating an

i -value for each of the at | east one internediate

4d [ the i | ue bein di st apce between each
|gnt er % Obiect feprese%taﬁdﬁ Wftelgﬁag}cﬁ%‘mclér?’ LHB ety thsopsans fr
of t h@omnnéimgea fitst tzharo bjde te. mekls 26 cobbucliRg @Cdecond z-map
represent atl on systemas in claim?2l, further
conpr i Si ”116 ans for analysing the conputer nodel of
t he obj ect nhéﬁnﬁfdﬂi’g%ﬁeratﬂlé a Z08uORr @6dh FiBRS %ﬁﬁlp%ﬁl't #dm the

system as .i.n claim 22, wherein the nmeans
geometric data, the z-value being a distance between the prlmary grid point

and the corresponding portion of the surface of the object.

18.  The object representation system as in claim 17, further comprising:
means for constructing an extended map for each of the first z-map and

the second z-map of the corresponding one of the at least one reference plane.

19.  The object representation system as in claim 18, further comprising:

means for extracting data from the first z-map, second z-map and the

corresponding extended maps; and

means for generating an extended z-map from the extracted data.

PCT/SG2002/000225
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anal ysing the conputer nodel of the object by a user
conprising: 25 nmeans for constructing the conputer

view point for view ng an i mage of the conputer

nodel , the view point being a virtual representation

of a point from which a userl8views the innage of the
c8%rput Ele qhisgtteprepantation Systent @it elaim g9, tthembam der @hstilbtng an

conput g4 . | east one 30 display list, the
enaaﬂﬁ%pbj&glcpg%%g

i mage of the ing captured fromthe

vi ew poi nt meangifor tgheeraiingpit doastl drwtselimiling gridnioas Setwieh \b&ch
of the I [ e of e uter del ; and )
means FRA A ARy DY ol 3EO TReR fle 4 diatierommdary i
di spl aypiddeingequallp) POR4/2paPA0A: PGTMEGZRRR4 B) Ql?@éragéo% first

24. Thx%legl? e%‘?%ndr epresentation systemas in claim
the neans T0r capturing an image of the conputer

nmodel on ameheafst gapfatity SPLANIb FSileadOSMhd 3 1881 ofBRPShdary
for receivin t. one. input, the at |east one

at | ea
i nput i%&t’gth"ee'vslusgelﬁg & diserrs befwegndthe secendaesd gfi¢ peint and

t he uské corldBRASInE P61tiBR 6T thé Qﬁfa@@oﬁtﬂ@oﬁﬂée@.\’v‘ point at an
orientation and a distance fromthe conputer nodel,

the orientation and the distance being a function of
tIie i Nt objN deptBRMatid0 SysBa 8§ 3k IRt I tﬁg{ el for
conputer nodel on the at” | east 10 one display ISt

t he i FAGEEMERSxEadadurapriuthe edmprisingy generated with
reference hRalshsr YnEWsRP) ¥ | ect .

represent at i on syés/t emngggéfiq%asﬁ:%gi I%Ig%,d%\%w%r %&el? Hoty g he,pmap
| east e saditthe atdenst ousi inigrneedifites gridapoistdmirigntjspbedttetween

and a .59"R Lgﬁpgpgpgecoq{dggi%ﬁ?f)glgh% 5 26. The obj ect

representation system as 4, the nmean for
gener at i ngmedns  farnpeperatihg t dve i-wolop ufoereatdsr 12N at NeéisAtone

| east . J : i St ans. for..generating a . .
ref er gﬁ%@e@gﬁé% rﬁ)ﬁf)inét% ﬁ%lé%’ﬁﬁgj CRE F1UaeT {’?W‘Eﬁn <@g} jngermediate
each @fid pbiet sl direadoirbyponding pdrtion 6fihé QBRGNS tRdotj&t each

of the primary, secondary 20 and internediate grid

poi nts of the extended z-map; means for associating

gach Ghe tlject adprdsedsionasyetendias il @yind 115 Furiet ébnﬂlnsing &sthns for

analysing the computer model of the object by a user.

23.  The object representation system as in claim 22, wherein the means for

analysing the computer model of the object by é user comprising:

means for constructing the computer model from the extended Z-map;

means for providing a view-point for viewing an image of the
computer model, the view-point being a virtual representation of a point from
which a user views the image of the computer model;

means for capturing the image of the computer model on at least one
display list, the image of the object being captured from the view-point, and
the display list being representative of the captured image of the computer

model; and

means for displaying the image of the computer on a display device.

means for proPCdiSsgoa/000225
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one of the plurality of cells; nmeans for assigning a
col our index based on the at |east one input to each

i ndicative of the colour of 25 a point on the surface
of t he object corresponding to one of the primary

grid point and the secondaryi9grid point; and neans

for rendering the inage of the conputer nodel on the
abgl e ISRl based on_the | our index of at
ot Pl o etk A Mon HEN o1 ktn S5 B¢ Snpantor s an
r epr esgngaed thacomyebedr nfodel ansielebst osOMSHLALIG botHpriking:

comput er n%%s%f an. . obj Ctt’ t he %ec i )
representati on néfef%lam&?]ﬁ%?? PR YPHNECHS (PaFYPTO PNt being one
PCT/ SGEpO2d0eP 2k rectived €0MEHE ier:dat a of an obj ect

havi ng a surfacte, the object constituting one of a
physi cal oB]@t CARESEONRE g Jleviorgivicat an grigntetign and a distance
geonetitine thdabmptiet Mgdel, thel bigchtdt¥E afdf the IR L B?ﬁgea ﬁfncﬁctheof
obj ect; a reference plane being constructed froma

t hr ee-'tf WBHs#Wnal 5 coordinate system having x, y and

Z axes; a ZreH@Pfof Eédrath e | | a
Substant ial Ly parari e 4 gjezl?’%?%’ée?%‘ﬁ@é&g?ﬁdﬁg?@@ﬁé@ij“'a“
z- map %G iﬁsp@anlgw Hieninaga pf dhe ggmpiter imodel baihe germonaed with
seconefeih@o idgsw-pbile first ruled lines being
parallel to the x-axis and bei ng spaced apart al ong

the y- 10 axis of the coordinate system the second
r18 ed i ' -axi s.and heing .
space <;IIIh g g@?‘{tqg‘fgﬁﬁﬁﬁ‘?{g&i@%&% gn (EJIF 1%} %4é W@S@Pﬁgﬁ gtﬁgast She input
syst efPEpdRgedispeodinguthad dnil nesmputtansdet biighgitiohe

first ruled lines at a plurality of junctions, and an
extended z-map conprising first and second z-naps

%8s pedit ebjest repirBseotatiore sysendisnig cladm i) St nasafl f5:168088kng the

Cecond it eGPl G6fLPa v AT i dimbdite (o the
z-nmap gri dnwags oagdneratihg i Referbrice $bloaiht ﬁ@&ﬁﬂ%“Q{)lﬁfaﬁ%}Qﬁf cells,
conprising., a.priary grl d point at each of the
pl ur aflcih v ot ?lﬁfﬁk&?’(g G&lls qoesponding fryeagh F the npigian, secondary
havi nendinermialiate grid pentd oVt BeddBl B-gna?; di stance 20

e

between the primary grid point and t cor respondi ng
portion ofm?zﬁlé for assoctating each of the at least one display list with at least

one of the plurality of cells;

means for assigning a colour index based on the at least one input to
each of the plurality of cells, the colour index being indicative of the colour of
a point on the surface of t he object corresponding to one of the primary grid
point and the secondary grid point; and

means for rendering the image of the computer model on the at least

one display based on the colour index of at least one of the plurality of cells.

27.  An object representation model for use in constructing a computer model of an

object, the object representation method comprising:

t he col our i ndex beCmgG2002/000225
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surface of the object; at |east one secondary grid
poi nt between each adjacent pair of primary grid

equal ly spaced apart along a planed forned by the
array of first ruled Iines and 25 each of the at | east
one secondary grid point havi2ag an e-value, the e-

val ue bei ngeaneitis dan &E ahebjechavidges 51660 AAE ¥bidét @nstituting

I nt d.the correspongdin rtion of the surface of
Ito glenob‘i%g &2 alcaaanbé?CF a’gzdd va%gﬁf’ Pl anghibe jggeraetrie dptatbeing

grid pindicdtivobf thb GurfcBBPthe Bjedl;, each of the at | east
one internediate grid point being disposed 30 between

each adj ac@nfeiFanse @lansebehdiatopsiicied Fomta thred-dimasnsional

an i vabidmatelshGeth i AhSIE PR RAx&; di stance between each
internmediate grid point and the correspondi ng portion

of the surf&Baerid, fe HpR gid being planar and substantially parallel to
the reference plane, the z-map grid comprising;

an array of first ruled and second ruled lines, the first ruled
lines being parallel to the x-axis and being spaced apart along the y-
axis of the coordinate system, the second ruled lines being parallel to
the y-axis and being spaced apart along the x-axis of the coordinate
system and the second ruled lines intersecting the first ruled lines at a
plurality of junctions, and |
an extended z-map comprising first and second z-maps respectively

corresponding to first and second portions of the surface of the object, the first
and second z-maps being generated with reference to the z-map grid and each
of the first and second z-maps comprising:

a primary grid point at each of the plurality of junctions, each
primary grid point having a z-value, the z-value being a distance
between the primary grid point and the corresponding portion of the
surface of the object;

at least one secondary grid point between each adjacent pair of
primary grid points, the at least one secondary grid point being equally
spaced apart along a planed formed by the array of first ruled lines and
cach of the at least one secondary grid point having an e-value, the e-
value being a distance between the secondary grid point and the
corresponding portion of the surface of the object; and

an array of at least one intermediate grid point on the z-map
grid, each of the at least one intermediate grid point being disposed
between each adjacent pair of secondary grid points and having an i-
value, the i-value being a distance between each intermediate grid

point and the corresponding portion of the surface of the object.

| east one secondary grid poi nt PO®iSBg002/000225



