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OBJECT REPRESENTATICMﬂﬂ@ﬂm@ﬂM@ ‘d O Invention The

S [ nvention rel ly to an obj
ﬁéﬁﬁ@@éﬁk&tion met hod andié!&*specifically tolﬁﬁ%%%?%@wnu
representati on nethod inplenented by an obj ect
representati on systemfor use in constructing a
conput er nodelANOBACPREPRESENBAFIGN éphaps are
conventionally enployed as a format for representing
objects. Data from 10 the z-maps are readily
ex FiehCOEThvétionuse as coordi nates in nunerical contro
( machi.nes,. A z-map uses a standard grid format
W e 2R By e SR i €% it Tpresesiiien redodond
5t osfecifinally nmtan Jobjeéle Repicdintaion CrsHbD Nmpleme Ry et 128N Bhject

z- n be found.in the follow ng reference: B. 'K

B RSeeltPn B RS oSt B e g g prehbieot 001,

pp. 360-361. 15 Wen using the z-maps, an increase in

or Bleiofilgut i on for defining finer details translates

into gn Increase in the quantity of grid points
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whi ch requires a rid resolution, ‘res
suBahines. Az mapcpegstandasd gitformattyéth a pluraitsi of grd poitis equally

I esidbddepbald Yo FH ZmABR. Geld 3
6. 363 X %Pg%usm A ﬁégééiledgs“z%fsﬁgg’? soRbfilhal Minaps can be

ereis irefergiceaBp &y Sthois Stutfrce Morsting fonCARIGHM,
paERsvier) 199BppB603sAPSs of both a surface nodel and a
solid nodel of an object are initially constructed.
Subsequently, the z 25 map construction process is

USWilert @sing) tiRgz-Blass, af GnczealRRS ghd r@OhinNFoR dbi fife RRils

Ofu£$3 Sgﬁ&ect. Shin %urther escri bes a process for
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or 0 a1t | ifferent . features on the object.

ForiEl g Rl toulh v P insal BEE & it s epoint
20 acegiived by thezampesent the features of the object

wi t hout increasing the grid resolution 30 for the

entire z-n%p.
United States Patent No. 6,363,298 by Shin describes a z-map construction process
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for use in an apparatus for generating tool paths. In Shin, z-maps of both a surface

model and a solid model of an object are initially constructed. Subsequently, the z-
25 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
30 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
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Furthernore, the standard grid format of conventi onal
z-maps requires the surface of the object to be
segregated into at |east two portions, for exanple a
nda L LEr rrer reer reerr rrrtd |
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2004/ 032001 PCT/ SG2002/ 000 % 3 Summary An

enbodi nent of the invention segregates at |east one

gr Hehoe,rﬂmﬂ clbalﬂl&aifﬁﬁﬂid dinebd £od ai$ biJect SHphedshtatioh Héth% fo‘ij dddressipg
SCOE_IT ) to lntflcatefeatures on the surface IP

an oD é?t?fngg%s dvaptages of coRegticalepaRsased for qbipk TeRFesentation.
representati on of object features. A colour index is
assigned to each grid point on the z-map grid and
stored in a reference fist containing cells
corresponding to each grid point on the z-map. A
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
conput er "nodel to a user is substantially reduced.
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Therefore in accordance with a first aspect of the
invention, there is disclosed an object
representation nmethod for use in constructing a

nodel of an object, 15 the object
?’2’3%‘@"5%‘{0‘&“ on net hod conprising the steps off CT/5G2002/000225
provi di ng geonetric data of an object having a

surface, the object constitutyng one of a physical
object and a virtual object, and the geonetric data
bei.ng i ndicative of the surface of the object;

geﬁgﬁmg a reference plane having a z-axis being
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for use i.n constructing a Co

t hior disglaying the-¢omputst wedshoatuse is ssysantisiycedwped, si ng:  means
far providing geonetric data of an object having a
surface, .the object constituting one of a physical
ogﬁ’ Ore Y acgordance yyith & st egpect fi dhet inventjerg rtixdre iscdisbhis@l an

besbjigt repiasknttibn #ehed fof B i WodsAin rﬁﬁ{;e l&stq ;
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co(%gtowcﬁlsn%lt a.Zc mp v?rl ‘d .the z-map gri bel ng pT ana%’

and. *sUBSFEALIPKCT 879 3aire] Qbject gnd the spasretricalatacheisl dndécatis

med the seuface obthsoljertt i ng a first z-map of a first

portio . urface aof the object, the first z-nmap

bei ng eé‘%‘fé‘Pﬁa%] g’c?%e‘%&%%qf@%%é‘ai“éjbf%&@stﬁ'ﬁﬁlhgpqwdlaﬁ@r

me@ e reference phse;r uct i ng a second z-map of a second

por ti ogyneduck y of . .the object, the second |

z- map bei ng eﬁz#%{lng&\im %71 o e?%ng%n& Blapas cangd _sybsiantially

grPPH.leli%thFWf%@@QPMCe with a third aspect of the

| nvent éoaBtruckbled frst z%néﬂ oHGlER? S&ﬁ(ﬁpof th%l sgg‘at.ce 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;



representation nodel for use in constructing a
conput er nodel of an object the object representation
nmet hod conprising: geonetric data of an object having

sur f the object constituting one of a '
grﬁzled@{o%goﬁ& a virtual object and the geonetri gegégg&%looozzs
being indicative of the 15 surface of the object; a
ref erence plane being constructed froma
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t he sedensss oy bendtrictings secomt 2msect d segoridiy@rtion fof thelsutfRe of
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z- map,J conpri si ngﬂl #@%gé U@&gg@t@?‘e erencrerté)ztg CrRaE i vel y
corresponding to first and second portions of the
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bei ng generated with feference o osedoan ?S;Ddect

e aleRresegiatiptmoded fog psehepnatmstingch @Hmn@bhqfran san:g, therobject

prtepmfemagdsnﬂetﬂ&idah pAdingeach of the plurality of

unctions, ea 30 grid point having a

Jz val ué® l?qji‘é ‘gat‘i/%raﬂn%ﬁ%tl}ﬁ n&gd‘i@Pgﬁ@é’%t m@%utma@ne ofa

prphyacgl obgcu ahd povirial abjebt,t dae ﬂ@%ebﬁ@tﬁ@ gt BBin® Hdicdaid @ the
?T%ebof the object; at [east one secondary grid

pol n1 SR ach adj acent pair of primary grid
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50§thﬁéagp%?§%5‘gg?x§f”ned by the array of first ruled

lines arrdmamgi, dlie z-tiep gtid being plananad SERRAEAY pa@lléldo the
p%ﬁien&aﬁf %@ngpgf?dcldﬁlpn%nrhg e-val ue being a di stance

bet ween 't he second oi nt and the correspondi ng
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of at bﬂﬁ‘lﬁaﬁ tootﬂoex-hﬂ;. ﬁ{drﬁgﬂb Qﬂa@edgighrgalgtg%tﬂé ﬁ%f othtﬁe ?oaﬂia Bite

grid, ‘'each of the at |east

poi nt  B¥EIeHY thei sprnd aeled,linepbeing paraliel to the y-axis and bemg spaced

apart along the x-axis of the coordinate system and the second ruled lines
intersecting the ﬁ;st 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



adj acent pair of secondary grid points and having an
i -value, the i-value being a distance between each
internmediate grid point and the correspondi ng portion
face of the object. 10 Brief Descri
gl%”to%‘?g\?\ndﬁ%gs Enbodi ments of the invention ar 5%&8%9009(000225
descri bed hereinafter with reference to the follow ng
drawi ngs, in which: 15 FIG 15shows a process flow

di agr analeig aPlnedfoRséd ByORs B9 OF &kt %dnagmq Qﬁ%‘%&&' o Bast
to an enmbodi pent ,of the}}il nvention;

front sE&FERGTY ST RPID ﬁméﬁ]‘“é’c‘taluleeﬁ'ﬁ és"éh‘? ging\a digtance
obj ect beBken tpsasahiegldpomns el BNdonss éﬁﬂdlﬁé’}ﬁ)rﬁ&] oF e sprface
repr esec;}tﬂ%tolbcctpngt hod of FIG 1; 3a shows a pla

view of a z- rid generated for t he obj ect of FIG

52 using theanartqyeﬁatlwaetmneﬁmmaﬁat@mdmﬂaeﬁime%%aﬁlgﬁd &déh

shows of a tio
Shous M Fl 96 hoR. ARl Bl BURORGAOReted Hefe e,
of gen eﬂﬂmqnhgauaofzeqmpm mdeposltseqnd béviigm 101b]ué‘,(ﬂie i-value being

repres earﬂlﬁ&dct%\ehgﬁh gl ; gmlF Yo &fxd Sk 2l Fe c%%eé%%l\%gowﬂn

process flow di agram o gener an ext
a st ep fhespéace pifhebiect epr esent at| on nethod of FIG 1;

10 VWO 2004/ 032001 PCT/ SG2002/ 000225 6 FIG 6 shows a
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process fl ow di agram of anal ysing an extended z-map in
a step of the object representation nmethod of FIG 1;

FI miefmabmnmfm@mmnéd ow di agram of generating an

[ n display list in a ste 5 of anal ysing the
e@‘gﬁ@o&a‘“’% ﬂgrﬁl?eo prtien ac dgsepbed) breipafien gith reforence rte rthe
c ofotlewing dmatvinge mewkitled for the object of FIG 2 using
the object representation nmethod of FIG 1. 10

Det ai | ed Description An object representati on nethod

f OFIGadl dhows sipnagess low dbgagoifag ol kdpek@tdtisn Sieth6d hde&ding to

hee[nee'nﬁ@fiﬁn% of&n%l;ﬁ,nu%gbom ment of the invention, an

obj ect representation method 100 is descri bed

FIG. 2 shows a front sectional view of an object represented 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 g;rid 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;



with reference to FIG 1, which shows a process flow
di agram of an object representation nethod, FIG 2,
whi ch shows a front sectional view of an object 22 in

C with the object representation matgg: %6%
g&dﬂbﬂ@g&ga. The object representation neth 1 902@’00225
FIG 1, is inplenented using an object representation
20 system (not shown). The obgect representation

Sy @ shswe & piateseflowd 38 Gem @R shalyeing aflBtdHI&d ﬂinQ]% in% step of the

virtual representation. of the object 22 as shown in
FI &BJC%.ICPA??Q%%OE&eg’ﬁ‘iog%ﬁs{’i tutes a physical object.
Geonetric data of the object 22, for exanple a

pl [ - or.dinates, is obtained hy o

di 3 i 133?‘%"5508[ ‘?{g'”egsxﬁ%gvt | ?%“%%ﬁgggé?a%‘ﬁ an Baagp pn hgla@w lishig agtep

Spr of ealysidg tho pxsertdedve-tap of BIGv6; mhdial envi ronment . The
geonetric data is indicative of a surface 26 of the
obj ect 22 and typically being used for tessellating

t h&1G. $isheversarefeBnesicolohtlis pinerated B2 therbiactwi FIGI alusing the object
eNYdpkREHROh methhEof@8@MEL ri ¢ data of the object 22 is
prefperably stored in an XG format on the object
representation systemfor facilitating extraction and

10datpetfirea DAOYPLHEE t he geonetric data. 30 The obj ect
representati on system constructs a three-di nensi onal
cogrdinate system having x, y and z-axes (all not
SRS SERTRE 08 Tt oy addieasng the foragpiag prdTSfis Rs@ibed
1, hérbieafieh| ect representati on system defines a
reference plane (not shown) bei ng WO 2004/ 032001
PCUSG002/ 000225 7 parallel to both the x and y-axes.

15 Thénzmbpdime8 3f il igeentiom ah Yhipe réndieitsioh fettod 1008 described

re [ an The |ect 22 has a_first portion 34
angﬁgqgfg‘%gér%d%pgﬁi gn‘”@& SP9YSa® JYYEss1 oW fiagrane of jan ehjec
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f og Fi ril 4 and, t eco ortjon 36

r escsgrgﬁcg_ 371{}/1 %?to%)%‘g %éfrg 5%%01]2%‘3 3 ??qi%nd F’g:f E’Fe nee object

p| presentpfien mpthed 109-qfdilG.38 i§ mnplpebiedbding anobject cbpresentiibh
20 t NgsERCANIshEw B PTHR Ok . i rst z-map 38 and

t hgs,s e,(c:(gnd z%pprﬁeowﬁeacg?@&é%%}jl Ié{g gyos%a{ %gco?}’%{sbaé?q %P% a5

asMeRBRmEaYIrpelaepregntationof the abipct g2 pokhow@indiGIbt h t he

first and second z-maps 38/40 are planar and

ge erﬁ{ |y, parallel to the reference plane. 10 To

ob&éP SGtiid OnSHlHesyt Papsiesl objest Gispracitic datp 08 $enetyect 8 for

syesxtaple g eelinl &3 - Booddikiad, 9 bbtaihid lﬁldiéiﬁgl'rfgdthé‘é}gs]ﬁflg?ﬂ%g or

ra 0

ruled |ines, the first ruled |ines beling pa |
25 ¢ Ry Sode NG preife b vaiictirags S ieommenbg Thgsoyotihidei o
t hiedicative off etface2y of MEobjed1 @2 SRIGHIEIY WbiBg udell A Sessellating the
surface 26 of the objec?t 22 in a virtual environment. The geometric data of the object

22 i's preferably stored in an XGL format on the object representation system for
facilitating extraction and data exchange of the geometric data.
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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



being parallel to the y-axis and bei ng spaced apart
al ong the x-axis of the coordinate 15 system The
second ruled lines intersect the first ruled |ines at

t (giow/@slzéotly of junctions as shown in FIG 3 11,;?%%%2%0225

'St "and second z-maps 38/40 is const r uct
firstly generating a plurality of primary grid points
44 at each of the plurality of junctions on the 20
corﬂaﬁﬂaaa GofAGhe x P y&késd AR F-dis?335% YenelAl) ﬁ%t'pegcll&ar"to the
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Sc olteenfirst fvetiond4 andtiw! segons pantient 3ampecﬁ&w SEth@ sufabd B4 tor the
gri [ g R | res lL.uti on 25 48
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| s 354 P@Ph‘ﬁ@én%éqﬂm@np%ﬁbm@fe r@ﬂ:renceplanﬂar y grid points
1044 and the correspondi ng portion 34/36 of the surface

26 of the object 22. 30 The surface 26 of the object
22 Toahigim e 66‘1§§§§§ 4gurihe, phiecs sqpaasendation yystenpgengrates aw erray of

f e dirdt h&d anfl @écoﬁ%ﬁlﬂﬂ'lﬁesp Bty 19 MPhes DM SLAMRY o the x—axls and
ivatures and the |'ike surface features aving a

ping fpagydapart Elg%ﬂw axisipk thsrcoprdingte gystam, hssspandieled Hgss
| S bdiﬂg pdratieh fbdhtby atif) ﬁ1d %Q%écpﬁﬁﬁ @fbng’ ﬁ}e@%%%/ﬂ%%&%ﬁlate

eat ures Wher e on
c ert S%emh Of;‘hg 5?"8?1{“%# hPTfémgrlﬁT"F £ grs%‘ledélﬁleﬁt 7 a PEAlisCeL 11212'510118
poss@sw&sﬂﬁedh surface features, the use of a snal
primary grid resolution 48 results in an increase in
the quantity of primary grid points 44 required to
ge efethe Hist fand second d-nppe 68140 is msmc&a/wu@w gérefiting a
rese t 100 uses
 ox Ery pnd gL AR, o SERRTOL B WPy apons 483
Op eéméliﬂég-m@mdﬂnap stengBQI sf EK} eﬂ; ehith wBoves Dprecksd flow

ac %FEB@@B@; tH Qhe oa l%gtfo n&l:ltmgle%;ch %r‘thc;r R %t Qnd S4ond z%mps

resol utjon pre-d
r ep¥a% eWtﬂéfeifeé‘ﬁw% Vﬁ@rﬁabﬁg BiEmarp end Bﬁllltfeﬁﬁsar@ m’rmged ih@ows and

Z- BEEmEH bifl theAcdrresPBncagt SRS Grid B with AR Jowst grbolumns being
genera t ed for%ﬁgch of the first and second z-nma

38 ?% Y ypaced apd havinga primary grid resolution 48, The primary gri resolutlon
25 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
primeary grid points 44 and the corresponding portion 34/36 of the surface 26 of the
object 22,

30
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



FIG 1. The extended map 50 is used for regions of the
surface 26 of the object where intricate features
exi st and where the intricate features require a

' olution than that provided by the [
gjr‘?%&{/‘?é@ ution 48. 15 The extended map 50 Covg:ﬁps:ég@émgozzs
plurality of secondary grid points 52 for defining
and being representative of rggions of the surface 26
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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
30 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
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StER % gor §#ch portion ividually molded by defining a parting lme 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:

30  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.
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25The sel ecti ve use

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

30  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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20 x, y and z axes; and defining the reference plane,
the x and y axes of the coordi nate system being
paraIIeI to the reference plane. 3. The object

tion nethod as in claim2, the ste
cons ‘?‘E% ?ng a z- 25 map grid conprising the‘i’gﬁ/smooz@oozzs
generating an array of first ruled and second ruIed
lines, the first ruled |I|inegsbeing parallel to the
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ruled |ines
being parallel to the reference plane.

3. The object representation method as in claim 2, the step of constructing a z-
25 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
30 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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i mge of the corrputer nodel ; and di spl ayi ng the i nage

f7.th d 1. The obj ect
o RO S R LT, AT, o e

capt ur P’ﬁg}lda‘hmammpnawth@éteﬁshé conput er nodel on at

| east one q%eﬁ af bt or I

receivi n% cFea  one ) (rgt&g%daryﬁgpgw Pez‘ﬁ ewé'd"a%man

bei ng &hibe gfraypplefirsigaied rllecb, drecht l@steine sebohdadyTgiid poittSiRing
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
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positioning the viewpoint at an orientation and a
di stance fromthe 25 conputer nodel, the orientation
and the distance being a function of the input; and

Ygggg{&giogp the i mage of the conputer nodel OBC‘@‘Eéz(ﬁimoozzs

ne display Ilist the inmage of the co
nodel being generated with reference to the
view point. 30 12. The objegs representation nethod as

in clai m 1}eneniiag %ﬁ @-vilﬁ@fc@teadheﬁsﬁle Qflfeadt DAY intermediate grid
conpri si, ng a.disp al i ng factor and a_conputer

nodel RSFbethe af?heﬁqben\m i8ENeF GOt capsapetiss gtidpoint and g

13. Thie Edfespohdih @pUrRmAD tha birtide 6Rhd\MecAS i n clai m 11,
the step of generating the image of the conputer
nodel on the at | east one display list conprising the

sVeps THe dhoetepleiciBtich methal £ 1€ elaO B,0Mfther b&hiprizaygiangepaof
plurality .of cel lurality of cells
corres S&W%aef?fnpé%éﬁm‘ges ﬁ\%"bﬁ?" ﬁbﬁr\% *secondary and
internmediate grid points of the extended z-map;

associ [ di.s a |IStV\Ath
SI§| eaﬂ{ 0%%0@1%?1@%&%1‘1091?}? lijl';ﬁ'glals c§a PTrem l1Q.he fuﬁl sm
col ourthe mtebmgdﬁﬂom thmausmmpm thﬂmps of o) each

of the gr% (ﬁlhﬁ{h)éc u@e? oﬁelftroglqhec&geﬁwdzlmgx bei ng

i ndi cati ve t he™ col ol nt rface
of t he ob p@dtdmg@r\ﬁ%p@mdfqﬁ gletwmg@nemage of Ithe qomipwtbramgdel,

grid pRi RHewdidtht vbile asﬁ‘ﬁﬁp e feNentHiibfl of gngﬁfnt £y 1ch a user

rendering the i magé of the conputer on t
| east VifHEs the R thfb"&@@ﬁewdﬁhe col our index of at

| east one Qiprirh@ thdl kb dftné cBfap@&! thotiel choat Tedst oﬁ@dlglmyelﬁ

repr esent at i on syst emfor use in constructi ngj
comput Bf Tge et e pbieckipingisprtpred from ghe siwepamt, and the display list

r epr espitigatpresentsins beiie CHMRIiRhRGE m@’eaﬂ@téra{odar@w di ng
geonetric gtata of .an ob&sﬁt havi n fdace t he
obj ect conSEPPYIPE T MR O1dhe SPmBRIL s 9% and a
virtual object, and the 20 geometric data being
! I’fgl Ca’fﬂevoenje%t repregen%lt%rfl Afod ff;us tinh glm'?nbjl(?,ctﬁé step of capturing 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.
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means for generating a reference plane having a z-axis

bei ng substantially perpendicular to the reference

pl ane; neans for construcLing a_z[rap grlﬁi the z-nmap
| anar and substantia aralle

'&@F@V@ﬁ%@gpfane . nmeans for congtfuctingkgigﬁ?ﬂﬁmmzu

z-map of a first portlon of the surface of the

object, the first z-map beingggenerated with reference

t 013.he PhrelghRcOfchidsentaBOmbBA S &leﬁqmsﬁ:é %ﬁ ?gen%ratl.?g the

second .z- f a second porti on of ‘the
the objEege gf}tﬁ%°‘§@%‘ﬁ?ﬁ@°§° r?ﬁﬁh%aél §95t Qne ésplay digt apimptising the
referemtpsd®d the 30 z-map grid. 15 The obj ect

represent at| on S) ste in cl % t he nmeans for
generating & ?ﬁﬂrgmﬁwg}qgr @% Yng 3 H)éu‘ahmf cellsd each oj
secon ary an

const “*iﬁtteﬁ&gla%&n o&g1 n%ee)%%l?‘? sl:qonal and r%aw ng x

and z axes Pt he reference
pl ane, the »ssepiafing ea:keﬁtheﬁt ledseoneatisplaglilistabich & Ykt of the
bei ng Hﬁ’t[ré’ﬁ §tceh® the reference plane. 5 16. The
obj ect ‘repr esent étl on systemas in claim15, the neans
f or const r ugssignigs a colpurripdsx dased ox theet least mag: inpre améhc]ﬁ Ofthe

rogener atﬁltﬁﬂltf‘ﬂf &M %36 cgf u{ ﬁl&eitbe%g lfatta ARG %}%Ccﬁﬁdr &4 taﬂ)gmt on
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lines, the " first I nes i ng paral
x- axi s BfWriae ofd he ﬁ@é@&owmrﬂmaltmm aftilee prithatygrickpaintahd

t he coardlestati $ anfihe second rul ed Iines being
parallel to tﬁégﬁ }glcgllms and bei ng spaced apart al ong

the x-axis B ?ﬁé@d@?&?loﬁg’t@é"@ rapadglan thie leagteaome digplay

rul ed Ivage@sn tisicelomandek Bt idaf ohd dfdile pitthifflof defieS at a
pI urality of junctions; and neans for defining a

prlrrary grid point at each of the plurality of 15

j ubet | Gsobjett reprkbﬁtaﬁhj @@tﬁmrf&pfseﬁﬁé&lﬁiu'ctﬂ{k SHpRd Addd] Bf
claim t he means for constructing

a fi rs]agbbj\é\g %l%b cfli?%resr?ﬁtﬁtﬁ?sy%?‘n&w*“%ctl ng a second

Z- map 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:



conprising: 20 nmeans for generating a z-value for each
primary grid-point fromthe geonetric data, the
z-val ue being a distance between the prinmary grid

PRAbBIT "15 “The obj act representation sy OSCERBl

claim 17, further conprising: 25 neans for
constructing an extended map jyor each of the first

z-map and  th@nsSRE QiR BbrdinlE s§OT r espondi ngn&ﬁfcmal

of the at |east one reference plane. 19. The objec
r epr esefiadeTiBec.gyrad aptesd n ¢l ai m 18, furt her

conpri si ng: nigamNfor faefinifX theafeldréiBe Jahd hé XMuld"§ hibd F
z-map, second z- maF .and gf 30 correspondi ng” ext endeg
maps; aRgd HEETLsHD °“§fe‘i‘?EEI 1o thg referenes Pletfded z-nap from

St he extracted data. WO 2004/ 032001 PCT/ SG2002/ 000225

18 ,20. Fhe.object representatjon,.systemas in claim
10187 he ekl Btson SR D Ay S | b e gporuorg o
conpr i si-mgp gnrbmmprifing: generating at | east one
secondary gt ' en e dj agent pair, .of
the array o?ﬂ egﬁlsﬁgljtééﬁ‘a%g FNE s&%ﬁ%éﬂe}%‘ianﬁ&fg{‘gﬂ#@ lines, the
secondafifyt rygled Hnes beipppanallebioithegk-axipeall bsingspaced dpapidrig the y-

| | : f. fi |.ed
108l ONQG A &'rlﬁ‘éjcofo@r{gﬁdsggé{m,t Iﬂ(? Ise%gr[dglﬁleg _ll\l}éasi b[?éltg fp(%{aﬂeélgtg the g

l'i nes; and neans ener a

the at #5284 bejpgspeed speitirlong the x-¢xip of the gootdimmtesywternad the
bei NG aselind trBf Rnel HhdRBEh! HE FRER! rd | nd..
the correspondi ng porti ongt o? tﬁe%gﬂl?%%%gﬂggalﬁggpﬁn&wm’
obj ect .2andg 21, The obj ect representation systemas in

claim 20, WaRaRIfor BRINFBAPIMAP 'erid GBRS b Lh&h 0B MePBlurality of
extended map further conprising: means for generatihg

Bat | eadt™ RS i nternediate grid point on the z-map

grid, each of the at |l east one internediate grid point

being di,sppsed between 15 each ,adjacent pair _ of _
ot Bl SBRBSRTEN suith #assia s, isasie ek P mppms for
i - val ueofituctegohfint z-4riap aad theedsdns dieconétilb@ig® sdedid z-map
grid qug%ﬁﬁ&ye i -val ue being a distance between each

internediate ~'grid point and the correspondi ng portion

200f the surf asensofor géveratig & evalue for each primary grid-point from the

geometric data, the z-value being a distance between the primary grid point
and the corresponding portion of the surface of the object.

18.  The object representation system as in claim 17, further comprising;

25 means for constructing an extended map for each of the first z-map and

30

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.



20 22. The object representation systemas in claim?2

1, further conprising neans for analysing the

comput er nodel of the object by a user. 23. The object
repr tion systemas in claim22, wherei

W@%ﬂ@%‘fgg@? anal ysing the conputer nodel of t crr}ggzoé%/{mozzs
by a user conprising: 25 neans for constructing the
comput er nodel fromthe extenged z-map; neans for

pr aej di Tig oajew rEpteseRthitn sdm ¥ lﬁwaﬁg1gaaw'n€%efop{on£&ﬁ‘éﬁng an
conput er eg? t he vi ew point being a virt

represe’ﬂ‘f SPAPSPMBOSAE nt from which a user views the

i mage o]t t Emem&rmﬂgﬁéraiﬁgdﬁheasm@écoﬁ&iy Eﬁ@f)&ﬁt‘ lfbgveteﬁ‘ €ach
i mage of .t

t one
di spl ay ¥4 %pa'f EPH‘ F AEYe° %ﬁs‘trﬁgd g‘B‘Tseg‘F aplensh Q““c%?ﬁ?ﬂ?ﬁ’é‘cg“d
Sfromt hleonmbamg e@ially spagetcapait lengl b phaly folthedll byolé Bay of first
repr eseﬂfcgtldméé .af the captured inage of the conputer
nodel means for displaying the i mage of the
conput er onmgangiferdensratihg\an cevalud\®r 2&B4F €320 Bdst one secondary
e R

systemas in clalm 23 nmeans for cap
i mge o@e?qvéswmmomﬁédmsur&qeaﬁthd abjest. one d| spl ay
1oI i st conprising: neans for receiving at | east one
ut, the at |east one input being one 5 of
pr L qef Theeohiesh aepreseniation sy ivm 1#s til @laiis £0; wherginsthé gneans for

posi ti Od%hﬂﬂcﬁﬂ@%n%kt&\ﬂe&ﬂhﬁ‘f’uﬂﬁérc@fﬁ?rﬁfﬂ gentation and a
di st ance fromthe conmput er the orientation and

the di st ancB B8 TEeRerstng &t leashonsrintermediate grid poinperithere-man
f or ger@rdatehdhg)fttlibeit udaa@ﬁe iferhétate PG %eﬂ? dﬁ%os&f‘bett\p&n
15at | east one d?{s %@Iflst thelmageo

conput € baéfn BT HGogndae: eidngingy reference to the
v: ew- poi nt . m@ans iﬂnegeﬁapmt aﬁap;msem éHalerbeﬁi§t£n]ea;$ dnB
claim ast one risin

i apl g Bl a0 Rl S dngrh bt Ve ek momediis
ori ent agridpnint 4nd tlz:e:prra'shmdmgjpenbn pEthe esfac ol tie@bjesty St em
as in claim24, the nean for generating the inmage of

the conputer nodel on the at |east one display list:
0nedhs e obiestarraeseriafion systiessan clainc2)l, Guther dosipridizg/inenys for

pl ur al i dniiy&g B€dntuter 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 a user comprising:
25 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 2 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
30 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.



each of the plurality of cells corresponding to each
of the primary, secondary 20 and internediate grid
poi nts of the extended z-map; means for associating

h of e at |east one display list with a
\gﬁéo%af%s%ohg plurality of cells; neans for ass%ﬁhﬁﬁ%’l&’%{ooons
col our index based on the at |east one input to each
of the plurality of cells, the col our index being
i ndicative of the colour of 25 a point on the surface
of % he&o%ect corresponding to one of the primary
gr P& poiePIegtapressataticn e 2§ MyFleim 3o thetmeannfor napaning an
for rerigagd ofthetcBbRplEraaReh ot B&t 6 i i the
at | east one di srgl ay  based on t hg%g%?g‘ﬁ‘?&?ﬁ%é@' of at
| east one of ¥R IPesHineiat {pash preiapytathe gdeastrone fyputisingome
5r epr es erfpatdefitedrmnd fbeivedrrodSie dser; CONSt ructing a
conput er rmglgalms%é an.. abject, the object _
represent at I 6n° et g P VeV Ryt iomoersneigpadp distance
PCUSG2 (821 e 0Buter 2ddejstheraiieniationlaidahedistaite 88hES function of
havi ng t?eiﬁ 1 f.36€, the object constituting one of a
Physi cal object and a virtual object, and the
geomet ri ¢ deans i gegprating tedmbgeves tigef commpatesmboded 6:0the fat ek

100bj ect ;opd disBEE 1R EH]%Q | nstr ed from .
t hr ee- ginrrerfgiagnaf]f?tﬁ% C o?oéiqﬁ%?%nélgesrt%?ﬁéﬁhf’)f‘%&el}?,rat‘% ity
z axes Tefgrencedathe yieweboint.he z- map, grid being pl anar and
substantially parallel to the reference plane, the

z-g;ap gl_rlhi d conprising: an array of first ruled and
setbnd PEPRIEFt FPFRERIAtion gyseiyag in qlaindd, whereie the belbastjone input
par al | ebmﬁﬂiﬂgh@is?taﬁﬁdaﬁngaﬁéioﬁ% B GorRas &@a&%ﬁ&&a@hong
the y- 10 axis of the coordinate system the second
ruled Iines being parallel to the y-axis and being
sp#c ed Tapabject adprs3entition systoaasSin Claink DE (ROMEM! B eRerating the
systemirfal\nd I, e sec%d EL“ egFI i.nes intersecting tﬁe
first ropssd 1°F REwpuly medel op fhe a1 legst ongdisplan bists ons, and an

ext ended z- memsdargpnerating @ rdféréist colowd HSIHRGIAE 2 BB O cells,
.to first and second

respect] b5 .correspondin
porti o%éscsﬂg’k X}e ﬁ’im (3 ?é\cc?ggwefpﬁgd’%ﬁ"éé‘fh, ofithrprimars secondagy
20 second and intepyeediats gnid pgintsef it extended Hmagyf er ence to the
é ;)gfi g |r Ind _ﬁé}Qs R ngciaﬁffng teycﬁ off khresé{ le3kY gnesggp?ar)]rdlistz v_srln’r.‘r11al Etsleast
one o%the plurality of cells;

15

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

25 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,

30 27.  Anobject representation model for use in constructing a computer model of an

object, the object representation method comprising:



a primary grid point at each of the plurality of
junctions, each prinmary grid point having a z-val ue,
the z-value being a distance 20 between the primary

rid point and the correspondi ng portion of E
¥ epud
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&%¥ the object; at least one secondaryggﬁ‘ﬁﬂmmoons

poi nt between each adjacent pair of prinmary grid
points, the at |east one secgpdary grl_d pohn}) belhng
equally sp pal.t ed i ar the .
array of fi stﬁg F@I‘% ?f%%g)gg gﬂlé%gqesgﬁfHcgbﬁqgtohlg%aﬁonﬁ%glggg
one secdBf@h e whypidali objesit and mairiuplgebiact, and dieugeomettie .dga being
val ue i j gn the secondary gri

poi nt gﬁdé&?%?ﬁ%%%lﬁge%ggﬁg?% ‘portion of the surface of
t he obj ect ; 2 af¢érenge plingy bejng ongtweted o @ nthrserdbeknsionsl

grid pQbétiing8 systen HavidBR, y @i bGxeseach of the at |east
one i nterrrltleldi zsa%se ar ivglquo}i nt ,beei?ng di sposed 30 between

each adj acehf™RigFddhe EreR FbPReglanar gisphsantially raalelig
an i vahdreferebbtpline M yﬁapgidr@mﬁﬁmgst ance between each

i i i i ng t correspondi n ortion
Io? t te Lgegluﬂ chr I&g ﬁmogh{sg qd an<ei second rulgd lines, g‘le r%irst 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 apatt along a planed formed by the array of first ruled lines and
each 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.



