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/DATA The present invention relates to a nethod and apparatus 43AY 2004
“distributing and displaying digital inages. It is known to provide a

di strlbuted conputer network wherein a digital imge is transmtted, on

demand, fgam, i rst conputer to a second conputer. a hi gh
resolutlon |%§§gstored in a conventional format, the r%%ng&@&¥

transmt the data def'&hﬁﬂmﬁgﬁ &H%§$%§§@ often be unaccept abl y hlgh this
probl emis exacerbated Where an “&nl FRALMESHDE Y ee-  di mensi onal
object is to be provided, as a plurality of dlfferent | mages of the object
must be transnittied mﬁﬁedthenvaﬁt!\@zﬁ kre MércBave aanetdRyd sad appardtangenent

whi ch overc a d X|st|ng di stri buted
conput er ? vvor}ks I'n bq"{ Ye’y8t %ﬁsm%%‘%ﬂtng Swﬁi‘g%fay a8F=ai gital images.

“Accordi ng to one aspect of the present invention, there is provided a
di.stributed conpitets sm»&mmrmrdx&idw aadﬁbtsibu@mmﬂ@uwld i taeeqnd

conput er ang, tran n1tt romthe first
conputer to.t eéglgg%gdd{ corrp f !9} V|Satg%g§f‘%§té ncfréa cF’I iR s a
plurality oflEst erPmpHeaer |smqq>@d cAMPREEE- di nensi onal space, the
vertices. of a plurality of polygonal surface facets of the image, wherein

the second conpu&le é&éﬂf6y1 ?g@ﬁgasge Stoﬁ%éﬂndlfylng t he

i mage according to the ‘co- or es 0 very little
dat a need b%mE‘Y%Fh‘é%ﬁIﬁ]echrF‘@rﬁft I‘f@ef CAge télﬁ%u‘é@rt#@w §é’@oﬂétéorrputer

for the | atﬁeflmmmrmtdelnfagem@l& bEsehUbk Ofinal: gl b 16 ha_ghhrq-glgl rren5| onal

obj ect . Ly &b R&, o3t at_t I '
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mens1onal object is to be prov;ded, as a plurality of

different images of the object must be transmitted over the

network.

We have now devised an arrangement which overcomes the
drawbacks associated with existing distributed computer
networks in the transmission and display of digital images.

According to one aspect of the present invention, there
is provided a distributed computer system comprising a first
computer and a second computer and arranged for a digital
image to be transmitted from the first computer to the second
computer, via a telecommunications link, as a plurality of co-
ordinates defining, in three-dimensional space, theé vertices
of a plurality of polygonal surface facets of the image,
wherein the second computer is arranged to enhance‘the image
by modifying the image according to the co-ordinates of said
Vvertices. |

Thus, very little data need be transmitted from the first
computer to the second computer for the latter to provide a
high-resolution display of a three-dimensional object.

It will also be appreciated that the transmitted image
may be readily manipulated, by applying appropriate
transformation algorithms to the co~ordinates of the vertices,



transformation algorithns to the co-ordinates of the vertices, 4 MAY 2004
WO 01/ 33512 PCT/ GB00/ 94247 2 to display an object from vari ous MAY f2004nt
aspects. Thus, an animated di splay of an object may be generated by the
second conputer fromonly a very snmall anpbunt of transmtted data. Various
met hods have hitherto been proposed for enhancing the display of a -

mul ti-faceM™0I@BYRt al : i mage, by varying the co-ordinat eBCHEBME247ert i ces
of that image and by introducing new vertices between existing vertices to
subdi vide the polygonal facets of the impge. However, as will be described

i nt rm(r]I e det ai;%I dﬁ;ﬁiarrv;afaheb?je@%i@tdn?gawaggtﬁ%‘%l@?@a%p@&§.p%&ypaﬁaLl y
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effects are ?ﬁﬁ?ﬁﬁg .
surface i nt oCemRMEIRIUILEONf gULY s ivenyosmaddr aeeypth difn §rgnsmititad idegR; and
even nore so where different surface regions of the inage are to be

di splayed in different colours. According,to the present Lnvention. this
it avback i s pror s BRLPERRha 2iEhaPLe heeth PHBRERS HEY WeRREaS Y 11
each pol ygonthe etigplisyi nifng melfsitfaceted dbgitaledmand, byy vasalihgi ket he

i mage accor dé¢bdddnalt@sVakUese Oferithiesd o¥afhab! BRgePaffSp@bintrodieihgage is
modi fied by varying.the £o: ordlnat§§ of_Lté.eX|%%:ng8a.ve tlgps, the new
co- or di nat es™of Va8 '?H‘?@n VEre ngevﬁﬁjcféetser i :bY/].' § ’*€co- or di nat es
t he vertex iPpeskygonadndachtscot ot daeee. of vertices nei ghbouring the
vertex, according to the values of the variables associated with each of
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' existing image enhancement methods typically introduce
undesirable surface artefacts into the displayed image. Such
effects are particularly apparent where the division of a
- symmetrical surface into triangular facets is not

correspondingly symmetrical, and even more so where different
surface regions of the image are to be displayed in different
colours.

According to the present invention, this drawback is
preferably overcome by associating at least one variable with
each polygonal edge joining together two vertices and by
modifying the image according to the values of those

. variables.

Preferably the image is modified by varying the co-
ordinates of its existing vertices, the new co=ordinates of
each existing vertex being determined by:

the co-ordinates theAVertex itself; and

the co-ordinates of vertices neighbouring the vertex,

according to the values of the variables associated with
each of the polygon edges which join the vertex to those
neighbouring vertices. -

Preferably the image is modified by introducing new
vertices hetween existing vertices to subdivide the polygonal
facets of the image, the co-ordinates of each new vertex being
determined by:



vertices between existing vertices to subdivide the polygonal facets of
the image, the co-ordinates of each new vertex being determ ngAY 2004VAY
2004 WO 01133512 PCT/ GB00/ 04247 3 the co-ordinates of the existing
vertices; and the co-ordinates of vertices neighbouring said existing
vertices, according to: the value of a variable associated with the pol ygon
edge whi KOPHPIHE t oget her said existing vertices; and tRENERUNALIDF t he
vari abl es associated with the pol ygon edges which join said existing
vertices to neighbouring vertices thereof. Preferably a respective val ue
s assigned to athar cabbedimssncioft eHeWekhsesh weawiedge 4y ned, that val ue
bei ng determ ne b | : . r SO ; ]

exi sting edges L%h%¥ggv§€§$%€§§% %%e?g?gﬁﬁﬁggﬁﬁg?ﬁﬁkﬁ%ﬁég%%ﬁﬁ%§??§§ﬁ$3
det er mi ned BRPELAESSco- ordi nates of vertices neighbouring that vertex and by
the values of thecoadiayles: associated wth the pol ygon edges which join

the vertex to thgse hghbogr. L,C nj.Lial,:yal W L, gned
to the vari abl,es%?%sggglggt% AWI t r\_itsh%ép%%/%%lrrlytteééggé\égy&ﬁgsg%ggﬁdé%%%mut er'
‘or those vd&h Agynpetegelines FréE eXLRY N vErticetb@itter to the second
conputer. Accordithg talae$ wi tdre gapeabled ddwqisesdniitihvdiet pollygohere is
provi ded a QQ%E t ef s ra0ged b VAN lﬁﬁ%ﬁﬁﬂf. cagions link, a
plurality of o%o?ﬁ%ﬁgtes dg?%%i%g?gé?%§fﬁ¥ggpgﬁn%§5|o a g%gg , the
vertices of YRTSRGREI FR§%AT: pol ygonal surface facets of an i nage.
Preferably the conputer is arranged to establish whether a receiving

conput er s provb@%%e%@ﬁi&f%(¥EQE%E€5er6§HﬁHnis assigned to a variable
associated with each new edge formed, that value being
determined by the values of the same variable associated with
existing edges in its vicinity.

Preferably a normal to each vertex is determined by the
co-ordinates of vertices neighbouring that vertex and by the
values of the variables associated with the polygon edges
which jein the vertex to those neighbouring vertices. '

- Initial values may be assigned to the variables
associated with the polygon edges by the second computer or
those values may be transmitted from the first computer to the
second computer. '

. According te a further aspect of the present invention,
there is provided a computer arranged to transmit, via a
telecommunications link, a plurality of co-ordinates defining,
-in three~diménsional space, the vertices of a plurality of
polygonal surface facets of an image.

* Preferably the computer is arranged to establish whether
a receiving computer is provided with a computer program
adapted to modify said co-ordinates to enhance said image is
present on said receiving computer and, if not present,
transmitting such a program to said receiving computer.



adapted to nodify said co-ordinates to enhance said inmage is present on
said receiving conputer and, if not present, transmtting sucéhpAyr200aam
to said receiving conputer. 4 MAY 2004 WD 01/33512 PCT/ GB00/ 04247 4
According to a further aspect of the present invention, there is provided a
conput er E’Y gﬂamfor operating a conputer to transmt, via a

tel ecomuMR&¥I38Rs |ink, a plurality of co- ordinates dePFWFﬁ&W‘Pﬁ

t hr ee- di nensi onal space, the vertices of a plurality of polygonal surface
facets of an image. Preferably the conpuyer programis arranged for
operating said boppuiitigttew estfabkbheh abpédierofl dbhel prageraoipybatios,

provi ded w %ﬂ oo COEPYEG) i UL F' éHin&iié’%’E ?ﬂ- gﬁaﬂ{‘)@biyo a‘ti.zﬁ8an dééﬂl;?ﬂl[ee.ts to

enhance said image i's present on sai Vi n

present, tr é?ﬁsﬁf?’c‘f’%t'sdﬁﬁ & ’p*%@‘?%ﬁﬂ‘%‘b‘caﬁpﬁsr %b’é}f'vlangl%ﬁﬂbh@érf’f A®cor di ng
to a furtheordipetes odefire ng, esenthrewelitveasionshespndes phevialeticesconput er
arranged toggege LakLLan , I [ty of

co- ordi nat eg dgfii)%‘?ﬁ%i,/i& %f ESH'?%’(QHHP%& onlélslg ,SS;%%%% qtfﬁgﬂve éc'es of a
plurality of polygonal surface facets of an inage, and to enhance the

i mge by nodi f yPrgféhahliynade &ompuﬂémg:ﬁo@rhhe150am‘aiigmau €6r ofpamd ting
vertices Prehehabliphii: [¢3rageLs {0 \etely uBL Y10 LBApGOsy ofdli Nat s of

its existing verti t he new co-ordi nates o I Nng."vertex being
det er mi ned BYOVERE c“b“‘d'f@i FRERYTeR PRAGTERY 2flpBRERY ; thFPéfdf-ﬁké #5-brFAnat es of
verti ces nepgtbvaresgtd mhaertesaid ammgredn.agpresérkte onakaps ﬁefceatvﬂugast one

respect i ve csaihe@f%:ﬁf,sqqﬁ AbECoHeddh:cathabnt PEROl O8N class Ahiceh | 0f 1

the vertex to,those nei ghbouring vertices I'y 'the T mage 1s nDdlfled
by i ntroducffy n’é?Fer‘é’rnc C8EPREENeen exi sting vertices to subdivide the
pol ygonal

BAccording to a further aspéct of the present invention,
there is provided a computer arranged to receive, via a
telecommunications link, a plurality of Cd-ordinates defining,
in three-dimensional space, the vertices of a plurality of
polygonal surface facets of an image, and to enhance the image
by mod;fylng the image according to the co-ordinates of said
vertices.

Preferably the image is modified by varying the co-
ordinates of its existing vertices, the néwrco—ordinates of
each existing vertex being determined by:

the co-ordinates the vertex itself; and

-the co-ordinates of vertices neighbouring the vertex,

aacbrding to the values of at least one respective
variable‘associated with each of,the'pqugon edgeS'whiéh join
the vertex to those neighbouring vertices.

Preferably the image is modified by introducing new
vertices between existing vertices to subdivide the polygonal
facets of the image, the co-ordinates of each new vertex Being
determined by:

the co-ordinates of the existing vertices; and

the co-ordinates of vertices neighbourihg said existing
verticaes,

according to:

-
N



facets of the inmage,, the co-ordinates of each new vertex being determ ned
by: the co-ordinates of the existing vertices; and the co-ordi #MAY¥ 2004
verti ces ‘nei ghbouring said existing vertices, according to: 4 MAY 2004 WO
01/ 33512 PCTI GBOO 04247 5 the value of.a variable associated with the

pol ygon edge which joins together said existing vertices; and the val ues of
variabl es %QOY3I5k ed with the pol ygon edges which join FETERIUELHT ng
vertices to neighbouring vertices thereof. Preferably a respective val ue
is. assigned to a variable associated wsth each new edge formed, that

val ue being det &ébrmi metudyof hee vaadiabde odssdvei adaave wihi tind oclygoni edesl with
exi sting edgﬁﬁchnjbiﬁsV& jdinior: sB18I &k BhlshA AGLABLs ] GaRfiCh vertex is
determ ned by- thg §§%es a Xertlces nel hbourl vertex and by
The’ Vel ves o | vEPeoRR bSs IR St et Brt 310l S5 GO MR LR SOt SRR ¢ he
vertex to thdﬂs'shnﬁoghbmnrd rexiséingcesrtiAkseortd ngigbbenringt vertasgect of the
present invepli-@gRs, there is provided a conputer programfor operating a
conputer to receive, via a teleconmunications link, a plurality of co-

ordi nates defining, in three-dinensional space, the vertices of a
plurality of pol Pyeheralslwrd aespeatéve wilan lismageigaed to a enkbasks t he

i mage by ”Dfﬂsfslébﬂﬂté@eaiﬁﬂi%cﬁcﬁ%dé&@e R Al CQhaQrﬂall%t B2 B sai d

vertices. erabl theﬁé)ng_g n1|s arran such t at the i mge
i s nmodifi ed %2 Pﬁ?n eofsaF”tesvé'ﬂ- Ihgsseeitted Withhe new
co- ordi nat e§xefsteaghedeQStmnngtﬁeviemm.ng determ ned by. the co-ordinates
the vertex itself; and .
Preferably a normal to each vertex is determined by the

co-ordinates of vertices neighbouring that vertex and by the

values of variables associated with the polygon edges which

join the vertex to those neighbouring vertices.

According to a further aspect of the present invention,
there is provided a computer program for operating a computer
to receive, wvia a telecomimunications link,‘a‘plurality of co-
ordinates defining, in three-dimensional space, the vertices
of a plurality of polygenal surface facets of an image, and to
enhance the image by modifying the image according to the co-
ordinates of said vertices.

Preferably the computer program is arranged such that the
image is modified by varying the co-ordinates of its existing
vertices, the new co-ordinates of each existing verteéx béihg
determined by: : | | |

the co—o:dinétes the vertex itself; and

the Cb—ordinates of vertices neighbouring the vertex,

according to the values of at least one respective
variable associated with each of the polygon edges which join
the vertex to those neighbouring vertices.

Preferably the computer program is arranged such that the
image is modified by introducing new vertices between existing
vertices to subdivide the polygonal facets of the image, the
co-ordinates of each new vertex being determined by:



the co--ordinates of vertices neighbouring the vertex, according to the
val ues of at |east one respective variable associated with eagmRY 2008
pol ygon edges which join the vertex to those neighbouring vertices.
Preferably the conmputer programis arranged such that the inmage is

nmodi fied by introducing new vertices between existing vertices to .-

subdi vi de Mf#F3Ygonal facets of the i mage, the co-ordi RET/EBMIE24Each new
vertex being determ ned by: 4 MAY 2004 WO 01/33512 PCT/ GB00/ 04247 6 the
co-ordinates of the existing vertices; and the co-ordinates of vertices

nei gh_bogrijng_ tsﬁi ?’:r@(ic%lt—b!ﬁ@liné{@ééi&ﬁ%heﬁ@ﬁ%@iﬂ? 4é3:"(tﬁk@§;v_§:{a&'e ofta variabl e
associated w he po n_edge ich,loins 1qgether said existin
vertices; and théHVhFﬁEégg%n3§§%eﬂﬁ%&?rﬁééﬁﬁi%ﬁ%éﬁhﬂ“Fﬁn?hﬁafﬁﬂ%ﬁf?ﬁlﬁgges

whi ch j oi n segxtigeissting vertices to nei ghbouring vertices thereof.

Preferably the comuraingr€gsamis arranged such that a respective value
is assigned to a . yariable agsociated . wth each new edge forned, that

val ue. being Qeté: H@gusyofhﬁlvﬁﬁﬂ dE BFSYHLA 1&&r?§5|¥9%¥¥?&c?3§%d with
exi sting edgésidinjoins tpaetiian sakdetrisbing Meetdorprtand programis
arranged such thahedvalQegebs t¥a 830 e¥ChLSdcist LEIALH PRE Y1 VRS edges

co- or di nat es ,qf ertices. nei, ouring fhat vertex and by the val ues o

vari abl es agggéFb 8anmf?ﬁdt?ﬁé%%ﬂ??g8ﬁgE&Eﬁﬁsgﬁh?@ﬁgf%??F%ﬁéave¥EF?%§ to those

nei ghbour i ngthasiepifees. According to a further aspect of the present

I nvention, there is provided a conputer arranged to enhance a digital

| mge stored in mory.thereof as.a plurality of co- ordinates defining,

in three-dinensi%ﬁgle§6§%¥ g#?u?Qﬂ?PFFEe%rogram'%s arranged such that a
respective value is assigned to a variable associated with

each new edge formed, that value being determined by the
values of the same variable associated with existing edges in
its vicinity.

Preferably the computer program is arranged such that a
normal to each vertex is determined by the co-ordinstes of
vertices neighbouring that vertex and by the values of
variables associated with the polygon edges which join the
vertex to those neighbouring vertices.

According to a further aspect of the present invention,
there is provided a computer arranged to enhance a digital
image stored in a memory thereéof as a plurality of co-
ordinates defining, in three-dimensional space, the vertices
of a plurality of polygonal surface fackts of the image, each
prolygon nge joining togethér two vertices having at least one
variable associated therewith, whérein the image is enhanced
by modifying the image according to the ¢o—ordinates of said
vertices and to the values of the variables associated with
said polygon edges. |

Preferably the image is modified by varying the co-
ordinates of its existing vertices, the new co-ordinates of
each existing vertex being determined by: .

the co-ordinates the vertex itself; and

the co-~ordinates of vertices neighbouring the vertex,



of a plurality of polygonal surface facets of the inmage, each polygon edge
joining together two vertices having at | east one variable as§afAYizeds
therewi th, wherein the image is enhanced by nodifying the inmage according
to the coordinates of said vertices and to the values of the variables
associated wth - said polygon edges. Preferably the inmage is nodified by
varyi ng t PO8Y3SHE di nates of its existing vertices, the REHERPOBFHT nat es of
each existing vertex being determ ned by: the co-ordinates the vertex
itself; and the co-ordinates of vertices mei ghbouring the vertex, 4 NAY
2004 WO 01133512 RLHr@d0g/ 0424he valassord fihet varinbles| aesociatdie widhi abl es

associ at ed Weddh QAChnef Béi??g&i)'é’&&é}, Qages YOishdoiRribg ¥erdmysd 0 those
eferably the image is nodified by introduci ng new

nei ghbouring vertices. Pr

vertices betmrﬁﬁgnﬁe’%}ﬁ‘ﬁ%‘es to subdivi de the polygonal facets of
the image, the co-ordinates of each new vertex being determ ned by: the
‘co-ordinates of the®R¢aBiNghYeitddeSis dd1ENEs 8y AntrBahesne nalertices

nei ghbouring_sai.d existin vertices, according to: .the value qf a variable
hesoci ated WTHIGRS PRLYSOR POLEEAmEn L aPRsT DK T Oe AR SAYEORGT
vertices; anfraets vl ttbs bfaghe thar icabbedinstesich edchi péw tvargexl pging
edges whi ch asidynSeds 8%t sting vertices to nei ghbouring vertices thereof.

Preferably a respgctive Value is assigned.to.a variable associated with
each new edge for’ﬁ%ed,cot REELHAFER ﬁiﬁ% eﬁé?g??r?‘nvee&tﬁfe%e | ues of the
same vari abl e assédw aocgrdinatesxiSivarficdgeneighbougingcsaid yexisting
vertices, '
according to:
the value of a variable associated with the polygon edge
which joins together said existing vertices; and
the values of the variables associated with the polygon
edges which join said existing vertices to neighbouring
vertices thereof.

Preferably a respective value is assighed to a variable
associated with each new edgeffbrmed, that value being
determined by the values of the same variable associated with
existing edges in its vicinity.

Preferably a normal to each vertex is determined by the
co-ordinates ¢f vertices neighbouring that vertex and by the
values of the variables associated with the polygon edges
which join the vertex to those neighbouring vertices.

According to a further aspect of the present invention,
there is provided a computer program for operating a computer
to enhance a digital image stored in a memory thereof as a
plurality of co-ordinates defining, in three-dimensional
space, the vertices of a plurality of polygonal surface facets
of the image, each polygon edge joining together two vertices
having at least oné variable associated therewith, wherein the
image is enhanced by modifying the image according to the co-
ordinatgs of said vertices and to the values of the variables
assocliated with said polygon edges.‘



Preferably a normal to each vertex is determ ned by the co-ordinates of
vertices neighbouring that vertex and by the values of the vagingRye904
associated with the polygon edges which join the vertex to those

nei ghbouring vertices. According to a further aspect of the present

i nvention, there is provided a conputer programfor operating a conputer
t o enhancewaodisgsit al i nage stored in a nenory thereof as pCriphosradsrty of
co-ordinates defining, in three-dinensional space, the vertices of a
plurality of polygonal surface facets of the inmage, each pol ygon edge
joining together two vertices having at PBeast one variable associated -
therewith, wherein the image is enhanced by nodifying the image according
to the co- ordi naPesfafabdy domputer gsreagent dst Arrargdade such that vidrd abl es

Brorerabl y Comt o B A o e Bech LAr the Crue | o ea Pl ed by
varyi ng the. ¥6* BJrcc'ﬁ'SHa B‘le?‘%'%?ﬁ?ié’tg"f %e??&bt%“st%ﬁé‘gnggf'&%‘ SEdPHat es of
each exi sti ndevexntimedobyng deterni ned by t he co-ordinates the vertex
itself; and the C&@F&j%ﬁg§aeéSVﬁgéI‘Fé?xq:e&eb_gggpflrId}githe vertex,

accord| ng to the val ues t he var| abl e soct ted with each of the
pol ygon edges whi Bhe J‘Eﬂ"ﬁrf‘{ﬁﬁa‘?%?t %(‘f?ftt %F‘t@ﬁw ﬁg
Preferably the conqamzehngr bgrahelsahreaar@edthsm:tdﬂtes aﬁagelasedmdrthl ed by

i ntroduci ng 85¥h V&t tﬂr&eﬁo;b.fééi&?eélicfé%l Snid 38@1&%1*?@%&%:?“@6“&&{&% t he
pol ygonal facetsli‘Féo he |mag co-ordinates of each new vertex being
det erm ned by IMHPEILGr YPh Jt‘g%s'of the existing vertices; and the

co-ordi nates of vertices neighbouring said existing vertices accordi ng
to: the value of sramniahlhetasseshAies: ‘ﬁrb@r&xﬂelé)cﬂﬂﬁﬁﬂeﬁdg\@ch that
1mage is modified by introducing new vértices between existing
vertices to subdivide the polygonal facets of the image, the
co-ordinates of each new veftex being determined by:
the co-ordinates of the existing vertices:; and
the co-ordinates of vertices neighbouring said existing
vertices, '
according to:
the value of a variable associated with the polygon edge
which jdins together said existing vertices; and
the values of the variables associated with the polygon
edges which join said existing vertices to neighbouring
vertices thereof.

. Preferably the computer program is arranged such that a
respective ‘value is assigned to a variable associated with
each new edge formed, that value being determined by the
values of the same variable associgted with existing edges in
its vicinity.

Preferably the computer program is arranged such that a
normal to each vertex is determined by the co~ordinates of
vertices neighbouring that vertex and by the values of the
variables associated with the polygon edges which join the
vertex to those neighbouring vertices.



whi ch joins together said existing vertices; and the val ues of the

vari abl es associated with the pol ygon edges which join said eXiNsAY 2004
vertices to nei ghbouring vertices thereof. Preferably the conputer program
is arranged such that a respective value is assigned to a variable
associated with each new edge fornmed, that value being determ ned by the
val ues of WRBIESHe variabl e associated with existi ng edg®ETIGRO0P447 -
vicinity. Preferably the conmputer program is arranged such that a normal,
to each vertex is determ ned by the co-orglinates of vertices nei ghbouring

that vertex and byréferabalyueRe Oprédream \bpeirabéestias soapatet o tdbtidie pol ygon
edges whi ch t hbouri ng vertices. 4 NMAY 2004 WO
01133512 PCI#%%nﬂ%gﬁiii%g 8L ér?era y tﬁggprogran1operates the conputer to
obtain the inmage froma renote conputer. Preferably the program operates

t he corrputer to ppmfmbl&othéep&ogﬁainmm&atwlﬂté @&mpﬁter t¢ asrdvdldeon and
rotation, JRIS engi C rther
aspect of the %regtnt |ﬁb@%§¥§§?%é¥; ér% S ﬁ?OVIg&%OQ‘ggﬁ éﬁ%n %gn0|ng

a digital inble iRAgH & tHreeTdHRRSAOPARNBPCas a plurality of co ordi nat es
defjnlng, I n three-di nensional space, the vertices of a plurality of

pol ygonal surfaceyf aﬁﬁﬁégg th ﬁpﬁgﬁfaggggt &Phﬁﬁpgaggﬁgtjfﬂigé%l oget her

two vertices haV|n one € assocl at éreln
the i mage i sthexR f%%@roaééeﬁioﬁl MRethec Kercenkingingt 8sdbyitad duageti ces and
to the val ussondd tine avevinphtes mereyi ased pilurdaldtivdopoty-gnriiecges.

Preferably ther]; 1% Eﬂﬁéé-cﬁguﬁ% 36%!' el‘e t%% v Jf’—w‘i'ié‘éé%sf Qf its
eX|st|ng vertlce he new co- or-di nat 1 ng vert ex belng
det er mi ned b? urallty of polygonal surface facets of the image, each

polygon edge joining together two vertices having at least one
variable associated therewith, wherein the image is modified
according to the co-ordinates of said vertices and to the
values of the variables associated with said polygon'edges.

Preferably the image is modified by varying the co-
ordinates of its existing vertices, the new co-ordinates of
each existing vertex being determined by:

the co—ordlnates the vertex itself; and

the co~ord1nate$ of vertices neighbouring the vertex,

_ according to the values of the variables associated with
each of the polygon edges which jOln the vertex to those
neighbouring vertices.

The image may also or otherwise be modified by
1ntroduc1ng new vertlces between exlst;ng vertices to
subd;v;de the polydonal facets of the image, the co-ordinates
of each new vertex being determined by: .

the co-ordinates of the existing vertices:; and

the co-ordinates of vertices neighbouring said existing
vertices,

according to:

the value of a variable associated with the polygon edge
which joins together said existing vertices; and



the co-ordinates the vertex itself; and the co-ordinates of vertices

nei ghbouring the vertex, according to the values of the vari aplegy 2004
associated with each of the polygon edges which join the vertex to those
nei ghbouring vertices. The inmage nmay al so or otherw se be nodified by

I ntroduci ng new vertices between existing vertices to subdivide the :
pol ygonal Wo@#B8si2of the i nage, the co-ordinates of eachPEERBI¥MEEX being
determ ned by: the co-ordinates of the existing vertices; and the
co-ordinates of vertices neighbouring sgjd existing vertices, according

to; the val ue ofyip aniRbl raeROGiALa81W5! Bsdd18 Ay $98h e9e potligeh | Oi ns
toget her said eX|ighgg,vert|g§§; ang,4,wﬁY 2004 WO 01/33512 .PCT/ (GB00/ 04247
10 the val¥HEesy JaiP oL eXISHIPG: B WIS (RePFOPVITH *®dges whi ch

j oin sai d exarstiiceg ¥betreocfs to nei ghbouring vertices thereof. Preferably a
respective value is assigned to a variable associated with each new edge

formed, that value bei determned b he val ues of the sane .variable
associ at ed mﬁtrlpﬁﬁéaﬁ%%%g 8d5%§9?4¥HVF3¥9#3?n+§y?ssﬁﬁ?eﬂegﬂd%'Wﬁﬁﬂag%ﬁs be
reappl i ed tassdvdaved Witl eaclyadaw edghaficenede ibmgwasee heinurther. A
normal to %ﬁgﬁh@%bﬁt{?&%ﬂ@@ brdeher Fhe dradt ablie affsiladieal esn Of

ti ' t nd. b h I f..the I abl
hesoci at ed WA EHe SBIPTGR LLhosREEh ToF MRS, BAYets Hhose

nei ghbour i meapgrltiedeso- Abe onetlify «do imafer thentaswecthef indge mtéddnt
invention, gihefR-.iS provided a conputer arranged to iteratively nodify
data defining a digital inmge stored in a nenory thereof, by

A normal to each vertex is preferably determined by the
co-ordinates of vertices neighbouring that vertex and by the
- values of the variables associated with the polygon edges
which join the wvértex to those neighbouring vertices.

According to a further aspect of the present invention,
there is provided a computer arranged to iteratively modify
data defining a digital image stored in a memory thereof, by
comparing, at each iteration, an enhanced form of the image
with a target image, also stored in a memory of the computer,
to reduce the difference between the enhanced form of the
image the target image, to thereby obtain data defining an
image which, when enphanced, will approximate the target image.

According to a further aspect of the present invention,
there is provided a computer program for 6perating_a‘computer
to iteratively modify data defining a digital image stored in
"a memory thereof, by comparing, at each iteration, an enhanced
form of the image with a target image, also stored in a memory
of the computer, to reduce the difference between the enhanced
form of the image the target image, to thereby obtain data
defining an image which, when enhanced, will approximate the
target image.

According to a further aspect of the present invention,
there is provided a method for deriving data defining an image
which, when enhanced, will approximate a target image, wherein




conparing, at each iteration, an enhanced formof the image wth a target
I mge, also stored in a nmenory of the conputer, to reduce theqfiAY¥eppace
bet ween the enhanced formof the image the target imge, to thereby obtain
data defining an inmage which,, when enhanced, wl| approximte the target

I mge. According to a further aspect of the present invention, there is
provi ded WVOOHPHer program for operating a conputer to ROT&GRNMM424Ty nodify
. data defining a digital image stored in a nenory thereof, by conparing, at
each iteration, an enhanced formof the j;nmage with a target inage, also

st ﬁr ed ij n ?m;déﬁ@ﬁnt;hancmgh als, ﬂ:@ré@ﬂiﬂ@ﬁy tditﬁhcﬁltaaerleﬁc(ﬁndmtrmgn t he
enhance orm of .t e the tar t er, i

defining an igtf’raeae‘:hmﬁ%eﬁn%g eh alennheance edn?%-ma Pr%h% na%‘gé ‘72 t% t ar | mage.
Accor di ng tollaag%r tﬂ%ﬁeﬁlﬁﬁécﬁh%fd%ﬂf@rﬁﬂégeh?t‘r?%rﬁheoﬁnhaltim éQr@ Bﬁow ded
a met hod for¢igeringdgeg tthat aaf@dt ninidgean i mage whi ch, when enhanced, will
approxi mate a target image, wherein 4 NMAY 2004 WO 01/ 33512 PCT/ GBOO’ 04247

11 data defining an image is iteratively nodified, by conparing, at each
iteration, an enHFREEINGr fpor fhatherngerairthof the geesenfpijprentdopeduce
the differ entige e tive @ oiGe@ N anefitber Axrvéngddierd rAgOW! &€ dpiraebri sBge.

According to.a f r ve r.ovi ded
o conputer afs ST SRt a“é%g oeErhing ¥ kiattar LS SRy "t o
defining a digia d‘!en}oﬁf’é’gt‘%'hgt%?%cﬁn ﬁilépﬂréﬁﬁﬁyth%téﬁbﬂnaﬁ@l enhasicededorher eby

in an enhances distain da®aobéfinirdpba dRbyei Vigic) WiRgCetldtdad, Waghl

enhanced, vm%#p |g&£g 1;a_.m%t i mge. According to a further aspect
of the prese |nve ther e provi ded a computer program for

operating a conputer to al l ow an operator to interactively nodify data
defining a digitrRtcdragy $b604 efinithed BBPBEY bhetiaopragenti ipleditednt her eby

there is provided a computer program for cperating a computer
to allow an operator to interactively modify data defining a
digital image stored in a memory thereof and displayed thereby
in an enhanced form, to obtain data defining an image which,
when enhanced, will approximate a target image.

According to a further aspect of the present invention,
there is prdvided a method for deriving déta defining an image
which, when enhanced; will approximate a target image, wherein

- an operator of a computer interactively modifies data defining
a digital image stored in a meémory thereof, to obtain an
enhanced display of said image which approxj_matés said target
image.

According to a further aspect of the present lnventlon,
there is provided a computer arranged fto transmit to a second
computer a computer program for operating said second computer
to enhance a digital image stored in a memory thereof as a
plurality of co-ordinates defining, in three-dimensional
space, the vertices of a plurality of polygonal surface facets
of the image, wherein the image is enhanced by modifying the
image according to the co-ordinates of said vertices.

According to a further aspect of the present inVention,
there is provided a computer program for operating a cbmputer



In an enhanced form to obtain data defining an image which, when
enhanced, will approximate a target image. According to a furtiheiA¥dpeqt of
the present invention, there is provided a nethod for deriving data
defining an i mage which, when enhanced, wil| approximte a target imge,
wherein an operator of a conputer interactively nodifies data defining a
digital irgerasBed in a menory thereof, to obtain an &EH&HRIME24T spl ay of
said i mage which approxi mates said target image. According to a further
aspect of the present invention, there i provided a conputer arranged to

transmt to to $9eaBflitCEOPMtRicohdC epRptbsr [ GPmpittor peppfad ifeg sai d second
conputer taq L Ol ' r |1 : t.her s a
i ural ity ofiRgegig, ged Hddind FRABLELY) G JrhRTHTRY GOl Hh0d? 2
vertices of 93egr api aymenpomp|bhgaral a%rad fldmddeysof fotarslinghge, wherein
the image i sdeibdngedihytisi-faimefstibral | st acher defgidey bifeaco- ordi nat es
of said vertd 4 18GC L f_Qf e se ' ntion,
there is pr oéll ge& lﬁgcg%%&o%raggr&g%?gé %%%%%t P%gtégcjbnﬁg%t'ej@hikﬁi 2004 WO
01133512 PCTHeBdoRgg24y anhanced PYn3AfifYBg $h¢edBade RRfddRIate oMt er
program f or cefeexidhbbgssef bSerdedtaesputer to enhance a digital imge
stored in a nenory thereof as a plurality of co-ordinates defining, in
.three-di nensi onal, space, the vertices of a plurality of polygonal surface -
facets of the i mMGEOrAhBE kP 2 tfierthexgasPeck mibridied PEpSaREi RNy iPRe | mage
accordi ng totHdre, iscproviliethteesonpusar damgiridedcto Hocairifgnt a sedotid her
aspect of theggprgsent | d herg LQvLdeds 2 eamputer , ed to
obtain fromhg':ja{n@’élc%(r%d‘t;l %oﬁu_%égf%og%%uf%fr% r_ggl\r%q f%?l%pera:ti‘ﬁaﬁé%‘?%gfi rst
conputer t FRAFRARES2® HIFARL AFage SERLY In aaMERRY \LherePEoRS & a
plurality ofplauaditiynaf eso-eefdinangs defirirgs- dnnehséonbinensional

space, the vertices of a plurality of polygonal surface facets

of the image, wherein the image is enhanced by modifying the

image according to the co~ordinates of said vertices.

According to a further aspect of the present invention,
there is provided a computer program for operating a computer
to obtain from a second computer a computer program for
operating said first computer to enhance a digital image
Stored in a memory thereof as a plurality of co-ordinates
defining; in three-dimensional space, the vertices of a
plurality of polygonal surface facets of the image, wherein
the image is enhanced by modifying the image according to the
co—ordinates of said vertices.

According to a further. aspect of the present invention,
there is provided a method for'transmittihg an image in a
distributed computer system comprising, at a first computer:

receiving a request from a second computer for data
defining said image;

establishing whether said second computer is provided
with a computer program adapted to enhance said image; and
| if no such program is provided, transmitting such a
program to said second computer. '



space, the vertices of a plurality of polygonal surface facets of the

I mage, wherein the inmage is enhanced by nodifying the inage agopadi2pg4t o
the.co-ordinates of said vertices. According to a further aspect of the
present invention, there is provided.a conputer programfor operating a
conputer to obtain froma second conputer a conputer program for operating
said firstWe@Hp%r to enhance a digital inage stored i PCI/GRMBIZT t her eof
as a plurality of co--ordinates defining, in three-dinensional space, the
vertices of a plurality of polygonal sqgface facets of the inmge, wherein

the image is enhpneediRy AU f#iAthdN@sHEBECOACRY HrdGeh® ihfentdonyr di nates
of said vertices. According to a further as ectt ﬁ% t he Present i nvention, .
there i s protAfodSabREY hITH o RPRhER: STFHPSSh PrEGenrM b AR SR oY ed
conput er systamviogpai seqegstatfraon ar secontpudmputerefer viaigp glefégimgta from a
second conpifLye,f %tgﬁli‘shﬂ'ﬁj Hthesak sl d "BSnaeebABhESHI NP eihes said
second com:)uj:téﬁ{rj I S Brow ded \Mthgﬁﬁco uteredlglég%ram a%] ted to enh)gnce

sai d i mage; "Wt @ FPRRBLET SFIHGHT ng%'r'fﬁli nee, SAL%i 19495y 28te nt

progr am t o rsaishchepondrannjs trerovideNA Yt 20tshiO108/ 888U 22 RET/oEBA0L®4247 13
Accordi ng 19,y fdEbiar caspecdy Of the present invention, there is provided a
conputer arranged to transmt an inmage by receiving a request froma

second conputer for data defining a image, establishing whether said
second conput er Asopdangded a viuwdtler aspeceropridyy presdapt tuverdionhance

- said i mge @ihe ik pPOVIULH P QpEAFeE PRSPy bpaPstidd i ¢oRpEfed
programto _said second conputer. Accorgding to a further aspect of the
present i nv%%&rwmghﬁ?euﬁg%%v' 8881‘51%%%)5158?“9#0 I GEBP8rating a
conput er tecmdesniforadataedpf iningescimigry &stehlibshing ovhedhercomit
second computer is provided with a computer program adapted to
- enhance said image and, if no such program is provided,

transmitting such a program to said second computer.

According to a further aspect of the present invention,
there is provided a method for obtaining an imagé in a
distributed computer systemlcomprising, at a first computer:

transmitting a request to a second computer for data
defining said image;

responding to an interrogation by said second computer to
establish whether said first computer is provided with a
computer program adapted to enhance said image; and
' if no such program is provided, receiving such a program
from said second computer. ' '

According to a further aspect of the present invention,
there is provided a computer arranged to obtain an image by
transmitting a réquest to a second computer for data defining
said image, responding to an interrogation by said second
computer to establish whether said first computer is provided
with a computer program adapted to enhance said image and, if
‘no such program is provided, receiving such a program from
said second computer.

According to a further aspect of the present invention,
there is provided a computer program for operating a



conputer for data defining a inmage, establishing whether said second
conputer is provided with a conputer program adapted to enhang@AYi2eo4nage
and, if no such programis provided, transmtting such a programto said
second computer. According to a further aspect of the present invention,
there is provided a nethod for obtaining an image in a distributed
conmput er WRIEIFonprising; at a first conputer: transm PCTABYIREquest to
a second conputer for data defining said inage; responding to an
interrogation by said second conputer toy4 establish whether said first

conput er Ls;@mmi:@hedtcwi ditain GONMage byogransmilapims 4 aepanceosai df
said Seco Ut er. %Corﬁfynldsatgr a\élffgrﬁ?ﬁ%;§ <5.\/:,J:Egge'fs %&&cﬁ_gﬁ a{-:Q-, o

sai d second co aspect resen
i nvention, @ hé’i“éeJt”%O?ﬂ"b\RrﬁétY é%@‘nﬁ@?@?‘daﬁ??%‘g%ﬁ@ cﬁﬁta?hilléﬁ i mage by
transm tti nghatheruesid tHimsts eonpiiteeMet protddediatititef idgumptesai d | mage,

respondi ng £9?€Pst coﬁ%ﬁgﬁq&?gn&%ngglga§8CE£%gegﬂﬁPUt ef 4o q&%@bllsh

whet her said uter rovid er progran1adapted to
enhance sai BFPFRYR Jaf'ncPIQ‘fldeqworWHVbPSgF‘é‘ﬁﬁll% %?Qﬂﬁ%cfr%@@l@l ng such a
program f r osecend decgaoret.conput er. According to a further aspect of the
present invention, there is provided a conputer programfor operating a 4
MAY 2004 WD 01/ 33512 PCT/ GBOQ/ 04247 14 conputer to obtain an inage by
transnitting a ratRREEmepssa0f ke RFeEsRbuiRYeR o i ldBeY PRy sai d i mage;
respondi ng describednbgr wagabf ofxdmplesi dnbecontl vdehpre eerénce Hoakhhesh

whet her sajggédﬁﬁghyg9§p3§§w1ﬂésp iQviged,W th a conputer program adapted to

enhance said inage an no  such programis provided, receiving such a
program from said second conputer.
Figure 1 is a schematic diagram of a distributed computer

system in accordance with the present invention;

Figure 2 is a reduced complexity image made up of a
plurality of surface polygons:

Figure 3 is a modified image derived from that of Figuré
1:

Figure 4 is a sequence of images of increasing surface
definition;

Figu:e S is a second reduced complexity image made up of
a plurality of rectangular polygons:

Figure 6 is the image of Figure 5 shown divided into a
plurality of triangular surface facets; '

Figure 7 is a modified image derived from that of Figure
6 according to a prior art method;

Figure 8 is a modified image derived from that of Figure
6 according to the present invention;

Figure 9 is a schematic showing the polygon edges which
join an existing vertex to its neighbouring vertices:



Enbodi ments of the present invention will now be described by way of
exanples only and with reference to the acconpanying draw ngs4 MAY wobgh: .
Figure |:is a schematic diagramof a distributed conputer systemin
accordance with. the present invention; Figure 2 is a reduced conplexity

I mage made up of a plurality of surface polygons; Figure 3 is a nodified

i mage der weealsBsiam t hat of Figure 1; Figure 4 is a sequerCEGBbodRdIges of

i ncreasing. surface definition.; Figure 5 is a second reduced conplexity

i mage made up of. a plurality of rectangylar pol ygons; Figure 6 is the

I mage.of Figure 5 shown divided into a "plurality of triangular surface
facets; Figure 7. is a nmodified inage derived fromthat of Figure 6
according to a prPBFeaty %?etahéﬁ,co‘llgg%‘?%el%ati@ ShABHRY it Pﬁ&g&oaeﬂ% from
t hat of Fi ghieh BHoiwecor dixigtingtherpsesent tisnuebdhlenriBggueetecdss a
schemati c showi ng the pol ygon edges which join an existing vertex to its
nei ghbouri ng ve%tices; 4 MAY 2004 W01/ 33312 g&g{GBOO/O4247_15 Figure 10 is
a second schenaft8ERol G hERHBER yIRFTEIgEs SERRIRE §h6 RoANIeR| 9987y vert ex
to its nei ghibchrioin viengethes; to geniestihg yeatitds rahd ehdont jairs kaaihng t he

pol ygon edgestndted) dilistihgOebRef cddVa L£XkE! LB MBI Hed ARG LN Join
each of the tg@ exi sting vertices to its remaining neig Bouring - vertices:
Figure 12 V§*5*¥8% th schenatic showing a first exanple of how new pol ygon

edges may be forned in accordance with the present invention;
Figure 12 is a fourth schematic showing a first example
of how new polygon edges may be formed in accordance with the
presént invention:

Figure 13 is a corresponding first look up table for
determining at'least one characteristic to be associated with
a new polygon edge;

7 Figure 14 is a fifth schematic showing a second example
of how new polygon edges may be formed in ac¢cordance with the
- present invention; and

Figure 15 is a correspohding second look up'téble-for
determining at least one characteristic to be associated with
a new polygon edge.

Referring to Figure 1 of the drawings, a distributed
computer network is shown comprising two interconnected ,
computers 1,3, Actording to the'present invention, the second
computer 3 might transmit a request to the first 1 computer
for an image stored in a memory thereof, for three dimensional
manipulation of an enhanced form of the image on a display
screen the second computer. Prior to, or subsequent to,
transmitting the requested image, the first computer 1 would
preferably interrogate the second computer 3 to deterﬁine”
whether the latter 3 was provided with software suitable for
receiving and enhancing the requested image and if it was not,-
would transmit such software to the second computer together
with the reguested image. |



Figure 13 is a corresponding first | ook up table for determning at |east
one characteristic to be associated wwth a new polygon edge; FMAY@0b4 i S
a firfth schematic showi ng a second exanple of how new pol ygon edges nay be
formed in accordance with the present invention; and Figure 15 is a
correspondi n% second | ook up table for determning at |east one -

char act er i ¥P{¥B32 e associated with a new pol ygon edge. PGEEBNOAT o
Figure | of the drawings, a distributed conmputer network is shown
conprising two interconnected conputersta, 3. According to the present

I nvention, the second conputer 3 mght transmt a request to the first 1
conput Fr for anFigmge $ts<hbﬁfd &R BndPedompriel 8fa ﬁl@ffa}]ﬁk@eoﬂi mensi ﬁnal
mani pul ati o : he.i mage_on a. di spla .creen the
second _conpﬁ?’géga&??g%%?%,gg%rEé%%%'ed'{?re}trﬁh’t 8,% a??%%dsa%%cte{)?fﬁéht ﬁlée request ed

i mage, the PFe3entdfygnEion. ivight ha drenspiytedifmomogheefinst second
corrpu.L Fr f tompleter 1 e - tubesdesnd ft@:nlpﬁr’]cb@r 33ayap ;ﬁ.ﬁ@&lﬁ!eﬁ M\% tt!f}]aczfé_éf—t war e
sui tabl e fogs I,ng..a [ t eqguest.ed i e,and if it was
not, woul d&ﬁ%rﬁsgfnént\éls%ghgg%ﬁmre r%'ht ﬁgr%g%%%r%ﬁl?gng& r 2t HHTHET "Swi t h

the request ¥&Ft¥aRE theniyageo4 WO 01/ 33512 PCT/ GBOO) 04247 16 Figure 2
shows an i mage conprising a plurality of triangular surface facets which,
i n accordance widyh, t pLesent i nventy might be transmtted fromthe
first conputer ‘Jiljpe% o%%%%ggoﬁ %yfpyutjg%glgsgghaﬁﬁﬁ. Pt 787t Hee
di mensi onal dﬁp]cﬁﬁdih}(af"éﬂéa% hhracesreianags wE (exd stésgevet Vicesyantdex of
the i mage-h Hheinm;éﬁtiﬁiﬁg ﬁwlﬂﬁ&s\ﬂmltdg@ﬁr@fmihbevbﬂﬁﬂ%f Qfo display by
varying t heggpeour,di ve i ntroduci ng new
vertices bet‘\gfveen Q)ﬁ@?ﬁ%‘%éﬁ% ¢es %’i'g\é 5‘.’;&8@ Aok 1A' FERIY B BGY
- 'each triangular facet in the original image, e.g. facet 2 in
Figure 2, four new triangular facets 4,6,8 and 10 are formed
by joining together three new vertices 12,14 and 16, which are

introduced along respective edges of the original facet.

By repeatedly subdividing the surface of the image, as
shown in Figure 4, the surface definition of the image may be
" increased to the point where the image surface appears
substantially tontinuous, the so-called "limit surface".

It will be appreciated that by transmitting and then
enhancing the display of a reduced compiekity image, a
considerable amount of time tan be saved over that which would
be required to transmit an equivalent high complexity image
stored in a krown format, for ei:ample' as a bit-map iﬁxage" Once

- received, the image may also be readily manipulated', for |
example by translation or rotation thereof in real time.

However, we have found that enhancement techniques, which
modify an image according to vertex co~ordinates alone, are
limited in that their application tends to.result in
undesirable surface artefacts in the displayed image.

As an example, an image of a car windscreen is shown in
Figure 5. In order to enhance the image, the four-sided



further subdivide the surface facets as shown in Figure 3. For each
triangul ar facet in the original inmage, e.g. facet 2 in FigurgpMayPoog new
triangular facets 4,6,8 and 10 are forned by joining together three new
vertices 12,14 and 16, which are introduced along respective edges of the
original facet . repeatedly subdividing the surface of th
shown in F?@U&@35g the surface definition of the inmage na 'ﬁﬁh&ﬁﬁ%qeased to
t he point where the inage surface appears substantially continuous, the
- so-called "lipmit surface". |t will be aéPWeC|ated that by transmtting and
then enhanBPAYIPRR Hhich apkerur. thesvedaceond! g traogagee @@k onsi der abl e
amount of tiddeided, bes sheed OxeFidiiad .6,WAnecb vl kidheuiagufdeskd.0 transmt
an equi val ent high conplexity imge stored in a known format., for exanple
as a bit-mp inage. Once received, the imge may al so be readlly
mani pul at ed, foritestihbike E‘?tf’iiahlﬁtatﬁﬁﬁ?roFﬂé@‘é‘ﬂ%ﬁﬁquheﬂ%éf vexteReds tine.
However, wehhavenIpuntk todlygenheduee mniratitsbithg uRsmwalttightromdid,y an i mage
accordi ng  anYeEke o AebBabaSA WEred! 52 il WU DB I

appllcatlonﬁ% to resu esira Ie surface acts in

di spl ayed i AR Se FYRPPRIYEAD iafeges 8f- 26 ﬁ?t%dﬁagcﬁwa@%ﬁam in

- Figure 5. Imtorder to enhance the inmage, the four-sided 4 MAY 2004 WO

- 01/33512 PCT/ GB00/ 04247 17 polygons which make up the surface of the inmage
are each divided, as shown in ure 6, into two_triangular facets. It

will be noted th eEﬁtﬁB’eFPP&ﬁﬁ%?éh|§%9°rﬂﬁﬁmv%#§Q9<°P8V3H§§XdﬁTy one pol ygon
edge 20 radbatdimgtanwivaedss f aophidd, towhhéea&néﬂymlaaédesmﬁgﬁvIﬂhevertex 22

on the opposhideifle f skbhecdd™aRIass! Mool 00T RGeS, 24,26 ext ending
gorlﬁ ase

~downwar ds fro %yl gg en ancement . a on vertex co-

ordi nat es aPbh eﬁrse ﬁﬁ'ﬂi"é b FERCTIPLY BRI S e P FRGeOtheR hand, when
applled to the image of Figure 6, will produce the correct
image shown in Fiquire 8.

According to the present invention, uﬁdesirable
distortion of an image is preferably avoided by associating;
with each polygon edge, a characteristic which determines how
the co-ordinates of its neighbouring vertices will be
modified.

In more detail, the preferred method enhances the display
of an image by varylng the co-ordinates of EXlStlng vertices
and introducing new vertices as follows -

Each edge in the image has two variables associated with.
it. The first variable can take one of two values according to
whether the edge is sharp or smooth. The second variable can
also take one of two values according to whether the edge is
visible or invisible, sharp edges being always also visible.

In the present example, the polygon edges shown in Figure
5 would be designated as being visible, whereas the
triangulation lines introduced in Figure 6 would be designated
as being invisible. |



result is to skew the inage as shown in Figure 7. The preferred algorithm
descri bed bel ow, en the other hand, when applied to the inmageq4pfAYiogene 6,
wi Il produce the correct rage shown in Figure 8. According to the present

i nvention, undesirable distortion of an inage is preferably avoi ded by
associ at i h each pol ygon edge, a characterlstlc nes how
the co- orgﬁﬁ%geéhgf its nei ghbouring vertices wll ﬁg%%ggggnikglnnre
detail, the preferred method enhances the display of an i mage by varying
the co-ordinates of existing vertices. mnd introducing new vertices as

foll ows Each eddeth refmrenergto hBsgumwes \Barndbles tdesaewatedoxdirtateist. The

first vari aekepaam é;@.@l@x@evéfté%z\@ﬁé%%xﬁiﬁ\%%%%Teovlﬂ‘l?{ﬂ%y bhg edge is
sharp or snp e_one of two Val ues

._The s variabl e can__al.so
according tB 89\35@3?‘@ Oﬁg"%&dﬁgff}’%on \RIgEs) BrBPe?W%lﬁJPE‘ ifharp edges being
al ways al so visible. In the present exanple, the polygon edges shown in

Figure 5 woul d iago dpsd 81489 s beldidndes! BlreenthedRds shigueddd anqul ation

i nes |ntrod§§§d i r b desi gnat ed I nvi sible, 4 MAY
2004 W0 01 SEESS: HEAR6) SIooP ARt AR Ph S or e TEEEEh T BAEe n AP0, { Do
new co- or di Fae esf Iicteddlaterhstconpndinpersave detverafl nbe byrtimesiati bility

and shar pngss Sfpddit P eh}g0dr efgas 1 ek ggglﬂgdﬂamgl Erod Nt $LBLELLY and
shar pness of _t he edg%% i nfl uence th%@@ ect-that the co- oréinates vo of
t

the vertex '8! h REHCO TR ofhihe t YRF LS oPEFRER Y P, theypn of
‘the vertice§0k&0W1nﬁanﬂm@ssrte ends of visible edges radiating fron1that
vertex have, on the new co-ordinates of the vertex, according to the

fol lowing rules g1, gy 899 SULLRYNY 0B 0S: P! M, %18.50°00: SRS

~in Figure 9, it is a smooth vertex. To obtain the new co-
ordinates of a vertex, all of the neighbouring vertices v, to

vn to which the vertex is joined by visible polygon lines

are averaged with weight 1 each, and the vertex itself, wo,

is added with weight ¢({n), where n is the number of visible
rieighbours:

a(n)vu+v,+v2+v3+ -+,
T n4a(n)

Voew =

The factor g{n) is defined as:

n(1~-a(m)

==

Where a{n) is defined as:

; 2
a{ﬂ)=§_.~ (3+20::4(2::In})

For a vertex that has a single sharp edge, the same
weighting is used.

- For a vertex having exactly two sharp edges in its
neighborhood, as shown in Figure 10, the vertex v, itself is



in Figure 9, it is a smooth vertex. To obtain the new co- ordinates of a
vertex, all of the neighbouring vertices v, to vn to which thgpmRyt2en4 S
joined by visible polygon Iines are averaged with weight 1 each, and the
vertex itself, vo, is added with weight [err](n), where n is the nunber of
vi si bl e neighbours: a(n)va +vl +v2 #y3 +.-.+v,, The factor cc (n) is

defi ned aswogyﬁam z a(n)) d(n) Wiere a (n) is defined RET/GBONA4247
(3+2c*2jr/n))2 ,(,)=5 $ 64 For a vertex that has a single sharp edge, the
same weighting is used. For a vertex having exactly two sharp edges in its

nei ghbor hoo In Figpre 1 thgw\/erte vo itself is.4 MAY 2004 k
WO 01/ 33.5123%%7(@%’8%2@7 afgy t&%%ﬁ% §hP 8??1(9%%@%4 R EFarlf-9-
nei ghbor hoo#? pbi Fese (B0 g. vertigqesgm e2ud, vyeririec@d ven wailhil)1 arlhegi ven
wei ght 1. ThehePtPInPPiiH SH HelgnBEL-8RRr R HQVEsf ffect. bva + vj +
y4 Vv' M8 The cgﬁgrdinates oanegiices hav?ng nor e fﬁ%ﬁgtwo sharp edges
in their neighborhood are unchanged. [err] Simlarly, and with reference to
Fi.gure 11, the co- ordinates of a new we{igx%yj ntroduced al ong an edge are
deternined by the co-ordinates of the~ertgces in its nei ghbourhood
according to whether the edge is sharp or not.

The co—-ordinates of vertices having more than two sharp

edges in their neighborhood are unchanged.

Similarly, and with reference to Figure 11, the co-
ordinates of a new vertex introduced along an edge are
determined by the co-~ordinates of the vertices in its
neighbourhood according to whether the edge is sharp or not.

The co-ordinates of the new vertex are determined by
those of the existing vertices at each end of the edge (v,
and v;), and those of the vertices on the nearest visible
edges to the left and right at each end (v, vy, v, and v,). .
In some cases, these edges will connect to the same vertex -
in a triangular mesh, for instance, v; is vy, and vy, is Vs- In
this case, each doubly connected vetrtex is counted twice,
orice for each role it plays. '

For a visible smooth edge, the position of the new
vertex is a weighted average of all the vertices, with the
original edge vertices v, and v, weighted with a value of 6
each, and the remaining vertices weighted ds 1 each,

_ 6V, 6V v, vy v Vs
mew = 6

For an invisible smooth edge, these nearest visible
neighbour vertices are weighted in the same way, but the
original edge vertices are only given weight 2 each.



The co-ordinates of the new vertex are determ ned by those of the existing
vertices at each end of the edge (vO and vl), and those of thgpmgYtdoegs on
the nearest visible edges to the left and right at each end (v2, v3, v4

-and v5) . - In sonme cases, these edQes will connect to the sane vertex S i

a triangul - for instance, v2 is v3, and v4 is v5_ ase,
each doubl?bgg%‘%%ct ed vertex is counted twice, once for ﬂc&é‘ﬁéﬂp{g@ﬁ

plays. For a visible smooth edge, the position of the new vertex is a
wei ghted average of all the vertices, wiaoh the original edge vertices vo
and v, weighted with a value of 6 _ %ﬁth@+gﬁdrﬂhev ¢ ermai ni ng vertices

wei ghted is 1 each. = Eva t6vl ¥ +v3+va+&5 16 For an invisible snooth
edge, these nearest visible neighbour vertices are weighted in the sane

way, but the or tic are o v n mel t 2 each. 4 MAY
2004 4 VO 01/ 33595 g%ﬁ% 47 S 558 ?‘2%3 g"’?/f +v5 8 Fora sharp
edge, only Fﬂ%séﬁﬁée@er‘ﬂ@bsu@ﬂéf ‘@Gﬁ@ﬂ'—éeﬂ@ﬁermnw thiélﬁhalxéiogilﬁtls det er m ned

by the tot ahumberber wisiblsd dyeedgeand angn Mhék# heidpdaSRRCt i ve
nei'ghbor hoogg, ﬁg Mg ntmIn order to performoperations such as

lighting on & “surface, it is necessary to deternmne the normal to that

surface at each vertex.. This is the direction at right angles to the

limt surface at t hat p0|nt I n order tgﬁggéfin this, it is necessary first
Vv =

to _ - nem

In order to perform operations such as lighting on a
surface, it is necessary to determine the normal to that
surface at each vertex. This is the direction at right
angles to the limit surface at that point.

In order to obtain this, it is necessary first to
obtain two tangent vectors, t1 and t+2, which are directions
that lie along the surface rathér than at right angles to

it. Given these, a vector cross product will result in the
desired normal-

n:’.tlxtz

) For a smooth vertex, with no sharp édges, or one with a
single sharp edge, the tangents are weighted averages of the
rositions of the neighb.Ou_fhood vertices. Referring again to
Figure 9, each of the n neighbourhood vertices vy {vir Vo up
to wvn), is given a corresponding weight c¢i (¢, ¢, up to
cn). The weights are calculated using:

c; =00s(2m I'n)
The two tangent vectorsiare then:

t1 = C1V1 + C2V2 + C3V3 + ... * chn

;= 6wy Y GV, vt ...+ gvp




obtain two tangent vectors, tj and t2, which are directions that lie along
the surface rather than at right angles to it.. Gven these, AMERZRO04

cross product will result in the desired normal: n =tl1 x t2 For a snpoth
vertex, with no sharp edges, or one with a single sharp edge, the tangents

are wei ghtgg ¢gygipges of the positions of the nei ghbourhﬂgﬁ %ﬁfdi&‘?es
00

Referring again to Figure 9, each of the n - neighbourh Tt Ees i

(v.,, v2, up to vn), is given a correspondi ng wei ght ci The wei ghts
are cal cuI ated using: (cl, c2 up to c; =zlbs(2.Vin) The tvvo tangent vectors
are then: ti '"dvi + c2v2 + c3v3 + ... +CnVf t2C2 VI + C3 V2 + C4 V3 + ...

+CL Vn 4 MAY 200Eom0&éﬂeé»a2~m¢/@9wr&4@46daésF0tha yRaEEXedddsh two sharp
edges, the Egﬁggsglq%e% E te&%géerﬁ:rﬁae %eﬁ:‘v@eﬂg I EQSlQﬁtﬁﬁ’thah{ §gion on the.

left, whic as a region“on 't ‘whi ch has a
separate nolRaFR PEdra Aebimtks odyd: ane af reEh@%eoﬁie‘@lF%n%qugi:m ssi ng
conpl etely. whlaefbaslmgs@gﬁanté ormgur §Fot0a bbentefy &&geOromORE Sts of

vertices vl th¥§e ilé 3 G J[E.ff mﬂ%hr{egl Egg)gnlpg%@glwgeﬁg %‘?Pfégﬁogls%var“ ces v4,

vs, v6 and_yl. ener a edge,
there are |F|‘19\é1"?|% Ehe olgit %ﬁg%c@ﬁéléﬁtﬁﬁ EpBkEpCe®rease;, iy order

through v2, aua vat The Qﬁgh"ﬂ;eh%ﬁ&- $8gion 86ESSst IdMAdpEiRdnd, L o, f 1 m whi ch
is at the other end of the sharp crease. The tangent vector *t, Al ohg the

sharp edge 8 gT’Ven by

In general, in the region to the left of the sharp
edge, there are m vertices, from v; at one end of the sharp

Credase, in order through Va, vs, etc. for thé non-sharp
edges; finally round to wvp wh:Lch is at the other end of the
sharp crease.

The tangent vector t, along the sharp edge is given by
the difference between the start and end points of the sharp
edge, i.g.:

The tangent t, across the sharp edge on one side is
determined by yet another weighed average of the vertices on

. the side of interest.
For m=2 t, = ~2vy, + 7, + v, |
For pF3 t, = v, - v,

For ne4 L, = ~2vy, ~ v + 2v, + 2v, -~ v,

If m is more than 4, each vertex vj is weighted with a
weight wj such that the sharp edge w, and wp are:

Wy = Wy = 500

The other points v, to wy-1 are weighted as



the difference between the start and end points of the sharp edge, i.e.:
ti=.v1l-vm The tangent t2 across the sharp edge on one side is 4§n¥rop4ed
by yet another Wi ghed average of the vertices on the side of interest.
For k2 t2 - ~* 2 vp + V1 .+ v2 For m3 t2 = v2 - va For nF4 t2=-'2v0
-.vI+2vz+2¥§;I¥4ﬂ£f mis nore than 4, eadh vertex vi is weighted with a
wei ght wi YOS AL the sharp edge w, and wmare: w = WERGIEBOOMYZTot her
points v2 to vmi are weighted as 4 MAY 2004 WO 01/ 33512 PCT/ GB00/ 04247 22
w, = (zoos 9 - 2)sin((i -1)0) Were The d2angent t2 is then: tz = W V1 W

V2 + WB P3 + ... + WivVm Once agaiw=(2dee? rmei(@l-1¢)s obt ai ned as the cross
product of these two tangents. The visibility of the new edges needs to be
determned, if the enhancenent nethod is to be re-applied. In the exanple

shown in Figure YBerehe introducti on of a new vertex creates new edges.
The visibility of each of these edges is determ ned according to
visibility of other edges inits wvicinity. Two edges will be the two

hal ves of the original edge E, which 3s keep the visibility. of the
original edge. O the remaining four ne éﬂges, two edges will be to the
right hand side of the original edge, and two nore to its left. These new
edges, |abell ed Thoctamgmtas,, 85, tigeh: €3

e = WiV F wvy fowvy ¢ ool upvm

Once again, the normal is obtained as the cross product
of these two tangents. '

The wisibility of the new edges needs to be détermined,
if the enhancement hethod is to be re-applied. In thé
‘example shown in Figure 12, the introduction of a new vertex
Ccreates new edges. The visibility of each'of these edges is
‘determined according to visibility of other edges in its
vicinity. '

Two edges will be the two halves of the original edge
E, which edges keep the visibility of the original edge.

Of the remaining four new edges, two edges will be to
the right hand side of the original edge, aﬁ_d two more to
its left. These new edges, labelled clpckwiSé as,el,rez, €;
and e,, connect to other new points created by dividing the
‘original edges labelled E,;, &, E, and E,. The visibility of
each new edge is found by looking up which combination of E,
Ey» E,, E; and E, are visible ﬁsing the lookup table in Figure
13,

In the alternative exXample shown in Figure 14, the
introduction of a new vertex again creates new edges, and
the visibility of each of these edges is again determined
according to visibility of other edges in its vicinity.



- reduce the

and e4, connect to other new points created by dividing the original edges
| abel l ed -El, E2, E3 and E4. The visibility of each new edge i4 MAVR2904y
| ooki ng up which conmbination of E, Eli. E2, S. and E4 are visible using
the | ookup table in Figure 13. In the alternative exanple shown in Figure

14, the iwogadsqsi on of a new vertex again creates new eggR&pocashy the
visibility of each of these edges is again deternm ned according to

visibility of other edges in its vicinit 4 I\/AY 2004 WO 01/33912

PCT/ GBOO/ 04247 2 this_cas edqﬁ% haIv s, ,of the
ori gi nal. edge E, 31L\f\?m ?:‘ﬁsa(r:%s?ébg‘f? e%g%eas Jel?e eb%—fmr%\l\gg? t?\ th&mi ni ng
four new ed@Ed ginpd edgesE. vilhiclheare ahelleaghteahaind @&i.de of the original
edge, and two nore to its left. These new edges, |abelled clockw se as el,

e2, e3 and e4, c o] new oints ¢ eated b di vidin
_original edges | a e?’%EBE% é’gz he TORRTERY T P %F‘??’F‘y g‘l’ g%é:??%ew edge
i's now foundild PRI $oekhapriohy handigivde i txhlel eligondl nedgen aid EwdEE,

E2, 93 ari dmoiré abeitsvierbl eThissdthdhedqakunabablieqdi sibtanise 18 d N each
case, in order to obfain an a%) ropriate digital imge for transms | on,

that will prfetute 3%&ar r8nelr J&t Athsde e ROERRANEERRERD ¥ ecei vi ng

conput er aceﬂamdldﬂgg theaopiginkel addgared HaReereNty 3l Gordddng, (swrh as the
preferred al %3 des ri bed above a,set of dat a deflnlng ‘t he i mage to
‘be transnitt e?%? VY ‘?‘Fiﬁﬁ SOy ToupApiR i Hyt s aexample by

iteration, tlﬁ@kem!anpedhmhgeommatmm off mymEaNn BpplEi ceid oty etet he
al gorit hm tqlts?% edﬂEi‘n ’Eltﬁetﬂ?olﬂ%?rt%%tle' rmg%igﬁgg ggdl f‘yl ng the data to
e I mages. € da

rence tvveen t ta may be nodified
manual |y, for exanple by the operator of a conputer, who conpares a
di splay of the In each case, in order to obtain an appropriate

digital image_for transmission, that will produce a desired
target image when enhanced at a receiving computer according
to a pre-determined enhancément algorithm (such as the
preferred algorithm described above), a set of data defining
the image to be¢ transmitted may be iteratively modified by
comparing, at each iteration, the enhanced image resulting
from an application of the algorithm to that data with the
target image, and modlfylng the data to reduce the
difference between the two 1mages.

The data may be modified manually, for example by the
operator of a computer, who compares a display of the
enhanced image with a display of the target image and
adjusts the data by means of an interface device such as a
mouse.

Alternatively, the data may b‘e modified automatically
using an error minimisation algorithm, such as a gradient-
descent error minimisation algorithm or a genetic algorithm.

Although the embodiments of the inventicn described
with reference to the accompanying drawings comprise
computer apparatus and pro'celsses pérformed in aﬁd by
computer apparatus, the invention also extends to computer
programs, particularly computer programs on or in a carrier,



enhanced image with a display of the target inmage and adjusts the data by
means of .an. interface device such as a .nmouse. Alternatively, 4M&Y@a0d may
be nodified automatically using an error nininisation al gorithm such as a
gradi ent- descent error mnimsation algorithmor a genetic algorithm

Al t hough twe ogadesli nents-of the invention described wthyigbpiance to the.
acconpanyi ng draw ngs conpri se conputer apparatus and processes perforned
in and by conputer appar atus, the invrenrslzt“:)on al so extends to conputer
prograns, particula uter a n in a carrier, 4 MAY 2004 WO
01133512 PCIPeR % 0‘5&%7?% %FS‘P'C&BH tR§Ot Reachiesit ihe inRagran
practice. méYpbegllarfthfvra@om'aﬁw stdmecleocnﬂei sbject codke, aobr;c&let code; a
code i nter TREE ARSI BOLS CEnARS %@ioﬁ%];ee@eceaecfasﬁéh'&%[ A lasb1200M) | ed

form or in_a er formsuitable r ein tation of the
processes Eg%ghféw% #%n{‘)hemi r'?\?’eﬁﬁyoﬁt?‘e?h OF By FP@F% %‘ P dit ith¢ o

devi ce capabrelemertatiomeps e progeasesFeccexdipd eto tites darvengiomay
conprise a $héra&er @ indy beSWely antdtFOM Ee{rleé

semi conductQIEl RO\%%ror a ‘magnetic storage medi um a‘?%&elxé;‘r?ﬁ)é%ﬁogpy
TRy

di sc, or #urther, the carrier may be a transmissible carrier
such as an electrical or optlcal signal, which may be conveyed Vi a

el ectrical or opmﬁaéxaa@hee %eb r2dke ALy Qb ogram
i s enbodi ed . a S|aggh?&{ iéa gﬁ! c§ny & %%ér@eeaiflssf gll%

ot her devic® Hed *h fL ngy“Be® n%fﬁt‘ﬁ%‘&%%l%ﬁrcﬁ@“e or

ot her devi cer o? nEgmaisic /attoenagr&t medliyin, t fer caxamele rmf loppan distegrat ed
circuit innawd eiddie MO ikhecpRedded. niPend N a9A5d LiihGHi T
' carrier such_as an electrical or optical signal, which may
be conveyed via electrical or ocptical cable or by radio or
other means,

‘When the program is émbodied in a signal, which may be
conveyed di;:ectly by a cable or other device or means, the

carrier may be constituted by such cable or other device or
neans.

‘Alternatively, the carrier may be an integrafed circuit
in which the program is embedded, the‘inteérated circuit
being adapted for performing, or for use in the performance
of, the relevant processes.

The processes, apparatué and'computer'prorgra_tms thus
described provide effective means for rapidly distributing
and displaying digital images.



bei ng adapted for performing, or for use in the performance of, the

rel evant processes. The processes, apparajus and conmputer progf;m]iwizboa
descri-bed provide effective neans for faprdly distributing and displaying
di'gital images. |. 25 Claims 4 MAY 2004 1 A distributed conputer system
conprising a first conputer and a second conputer and arranged for a
digital inage to be transmtted fromthe first conputer to the second
conput er, Gaigs a  tel ecomunications link, as a plurality of co-ordinates

defining, in thr ee-di mensi onal space, the vertices of a plurality of
pol ygongl _surf faFﬁts of the inmage, wherein: the second conputer is
arranged fo en ‘éjnipﬁtﬁ’gsés%’y"%&iﬂi%ﬁ%CQWtGFMQeecmgnmten@dt o the

co- or di naswesgdiforsaligtalindge iode &ansmwa@frﬁh the st doﬁaiii&r tPBE eVl l:cﬁ:%lué ., b associ at ed

w th eag¢h slely| ) ther rtices, I'mage bei ng
nodi fie g(%g%r di ngtkon?ﬂﬂh Jag K gf Srordns & F’i“é e&ﬁ”ﬁ?‘ﬂ”ﬂﬁ?%ﬁﬁ‘éi ng new

vertices BE¥Edir “E‘Jéb@f Pabgonaburfpqe dasets of thipaiesvideint ihesep@uy@@a&i isfacets of
Lhe | magesmapd aiied fe fuig o9 ol iRlifte:aboRE b BN ol Sofigter i ned

by the ¢ e exi st | ces e Co-ordi nates of
vertices$ W%(rgegug ouf"iu’n“"'magJ ISP ‘h"‘ﬂif &é’ﬂyﬁ‘ﬁ’é"fd%é%%if’gﬂﬂw’f @omtricey fleue of a
vari abl ¢ %sﬂwinamdiﬁvd aedprditigdo tholahgoof thoechgeiabids be ftrjdubinsncvaglbdd 8wsal d

exi sting mf,ﬁg&mswﬁb&h& Méﬂoﬂ%&aﬂi‘ceis'aﬁmé/ﬂalgeamd%ﬁ%s%PC' at ed wi.th the

pol ygon! edges  whi ai d "éxisting verttées to nelg ée”%rti ces
t her eof 9, %exﬁ‘feieBJﬂ‘Pegﬁy ﬁ‘b‘?ffhé?t“sﬁg‘ﬁ @ﬁ%@é@%%@l@w@mﬁmf fettissher ei n t he

i mage i lmséli’qimaildyxwtag yertivgs dcbrdingo the Kalievalh e5iad askdcﬁte@%i@tﬁaé&@y yertices,
t he newcga@&m agsq e} et er m y the
3 hr} efibr sﬁ@gﬂstﬁé be?tﬁchpﬂﬁ We Lh&X otaﬁ A aé)g&s 8?0(:{?39 8‘5

co-ordi pat ex 1tself; e co-or
nei ghbolir ﬁ'ﬁ‘mt %es\‘?’ {oip said existing ysifiges to neighbougiag vegtisesshergofie var i abl es
associ af ed with each of the polygon edges which join the vertex to those

nel nbobrs NGBSl SLELRNS aqOTRULSE, SYSLEmAR G alied,In G aim

1 or clpim?2, wherein a respectiv ue’ s HesTgIdy™me
associ af SFHRiS it Ff“sr‘ié%\i’e&lﬁ@eﬂlf ermaWa@fwleaémbmmgbwdemmay by the
val ues | diie colonlim@smbe watei iahlE &c&ﬁ&@%ﬁﬁa&doﬂ%ﬁ&sﬁ&ﬁhﬁ&&ﬁﬁtb@d&&? inits

vicinity 4A,¢10 o el leSySte cl.ai of Claims 1 to
3, wherfin a ng(!rrﬁriiair{gupllﬂé‘?agl iﬁ&%% élx i%s tr% ?h ﬁ%ﬁc’lﬁ?@e@&‘%‘?ﬂ’ﬂ%t es of

vertic s“ii”é’F‘@‘?ﬂS‘b‘ﬂ?sPﬁ‘ijghPi’i‘&PgWsex and by the values of the variables
associ ated with the pol ygon edges V\/m ch 10| n the vertex to those

nei ghbougi ng V& di stri uter stemas claimed in any of
Claims |Ifo erbgﬂ%?imi ilftai t'E"n\llaéisl ues Wgs"éf @‘Pi‘gy Whegrin 41Espgesive valyp s

associ dt é?ii‘gi‘i\‘idtt?ia Yaﬁé’lwoﬁg%wﬁt?g@@eﬁydgp iﬁemg?edletwdlu@lam détermined by the values

of the same variable associated with existing edges in its vicinity.

4 A distributed computer system as claimed in any of Claims 1 to 3, wherein a normal to each
vertex is determined by the co-ordinates of vertices neighbouring that vertex and by the values of the

variables associated with the polygon edges which join the vertex to those neighbouring vertices.

5 A distributed computer system as claimed in any of Claims 1 to 4, wherein initial values are

assigned to the variables associated with the polygon edges by the second computer.

6 A distributed computer system as claimed in any of Claims 1 to 5, wherein initial values for

the variables associated with the polygon edges are transmitted from the first computer to the second
computer.

7 A distributed computer system comprising a first computer and a second computer and
arranged for a digital image to be transmitted from the first computer to the second computer, via a
telecommunications link, as a plurality of co-ordinates defining, in three-dimensional space, the




6 A distributed conputer systemas clained in any of .Clains 1 to 5, wherei n
initial values for the variables associated with the polygon ¢¢|M‘$2@Dﬂ
transnitted fromthe first conputer to #he second conputer. 7 A :

di stributed conputer system conprising a first conputer and a second

conput e agghoeggfr e.to be transmtted fromthe first
computer] to the s ofﬁ%?aqs%a%eﬁ‘age% CBEEOWIATR thefesopfheompptpds as a

pluralitly #Fened- t?)?"&?“ﬁ%ﬁh%ﬂa&e'ﬁf mridifigng theimpgrragmrditigiethedoatdihated PRGE vertit® 26 0 4

MAY 2004 vehdriit ft3eagt avaaimg@&sdcﬁ @GitPQLY, s of. the i mage:
. t d’g) %ajglnéa E’%ﬁ?ﬁ%’%ﬁ?&m verE)y i fying

wherein|the S£69 o mo&@g)ut er. ar ran
the i mage according to THe ES‘FH*}‘PF&? S?)Yanébé‘isd“ﬂl/@ﬁ%fégﬂﬂagqmm@ﬁqd bat | east
one vari ab‘}'aém@hmmaas eftits\ekisting eatidas, ﬂﬁhyg@nﬁdma&dgﬁmmmﬂggegegggﬁéner t wo
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12 A computer as claimed in Claim 11 wherein the image is modified by varying the co-ordinates of
its existing vertices, the new co-ordinates of each existing vertex being determined by the co-ordinates
the vertex itself and the co-ordinates of vertices neighbouring the vertex, according to the values of the

variables associated with each of the polygon edges which join the vertex to those neighbouring
vertices.

13 A computer as claimed in Claim 11, wherein a respective value is assigned to a variable
associated with each new edge formed, that value being determined by the values of the same variable
associated with existing edges in its vicinity.
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18 A computer program, according to claim 17, wherein the image is modified by varying the co-
ordinates of its existing vertices, the new co-ordinates of each existing vertex being determined by the
co-ordinates the vertex itself; and the co-ordinates of vertices neighbouring the vertex according to the
values of at least one respective variable associated with each of the polygon edges which join the

vertex to those neighbouring vertices.

19 A computer program as claimed in Claim 17, wherein a respective value is assigned to a

variable associated with each new edge formed, that value being determined by the values of the same
variable associated with existing edges in its vicinity.
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24 A method as claimed in Claim 23, wherein the image is modified by introducing new vertices
between existing vertices to subdivide the polygonal facets of the image, the co-ordinates of each new
vertex being determined by the co-ordinates of the existing vertices and the co-ordinates of vertices
neighbouring said existing vertices, according to - the value of a variable associated with ﬁe
polygon edge which joins together said existing vertices and the values of the variables associated with
the polygon edges which join said existing vertices to neighbouring vertices thereof,

25  Amethod as claimed in Claim 23, wherein a respective value is assigned to a variable
associated with each new edge formed, that value being determined by the values of the same variable
associated with existing edges in its vicinity.
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