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BACK Field of the Invention The invention relates to a novel neans and

nmet hod of extracting and editing three-dinensional objects from vol une

| mageswwoud2ios21zi ng mul tinedia interfaces. The, neans aPdl/sGevdieer i s

particularly suited to the extraction of objects from volune inmages

produced, by. Magnetic Resonance |mpging (MR), Conputed 1o Tonography

{CT) or ultrasound equi pnment. Background of-the Invention The extraction of

t hr ee-di nensi onal images from vol une data consisting of a 15 stack of

two-di nensional inmages is attracting significant, attention in |ight of the

general .recogni tj ¢mrefL JurREriy deetrm wroaaokcr EbBAPUt er i ntegrated surgi cal

systens and technology will have in the future.. Conputer assisted

surgi cal planning and conputer assisted surgical execution 20 systens

accurately performoptim sed patient specific treatnment plans: The input

data to these types of systens =are volune data usually' obtained-- from

t onog Figitiiof thentnyiention echni ques The obj ects and structures enbedded in the

voéune data represent physical structures. In many instances, the nedic a

practitionéer is required to feel the patient in the diagnosis process. 25

. Anex3pal ifvehiaie reifdse B8 adneve) Iagaii ant haethtid 6L bidpactinigd apdi éditisgof three-
di mensi onal objects fromvolunme inmages is interventional angi ography which

has . Yueerdimedsionghpbiact from yelines iniages dittishenmiitiraedianiaterfaces.
t hr eesgi mensional, - onst (UGEL a0 0f ard er bal S & LAMARL gnar radi ol ogy
ot o N0k TeanE Ry BT R paflclRii Corld 4l e¥Facibreof REBAR Wi 177"

_ thr eevelumigniages prodged bychMiagnetic Resoaafcarimaming (BRI RCorpwedt i onal |y
the trajectory of . the:.source and defectors systemis characterized and the
pi% el Tempgraphy{Sridardiiraspnd eSS UBST) TUTE SHEET (RULE 26) 07 JAN 2005
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. . Batk 'roﬁg_nd.ioﬁ:the--imtén ion
The extraéﬁoﬁ:of three-dimensional images from volume data consisting ‘of a
15  stack of two-dimensional images is attracting significant attention in light of the -
 general recognition of the-likely impact that computer integrated surgical systems
. and'techn wology will have in the future. . ' S

. Computer asspsted surgical planning and computer: assisted surgical extecution

20, systemaccurately perform apﬁmi‘séd:apétien’qf,s]éegiﬁﬁ:treatnent.-plans-;'--Tﬁei'inpﬁ‘t

) data.to these:lypes ‘of sysiems. are:volume ‘data’ usually* obtained" ffor

 volume data represent physical ‘structures.iin many instances, the medical
practmonensrequrredtofeel the patient in the diagnosis process.

25 : L _ _
An example wher.é systems are used for the extraction and editing of three-
_ "dimensionai_l objects from-volume images is interventional angiography which has
~ generated significant research and- development on .the three-dimens{onal
reconstruction of arterial vessels from planar radiology obtained at several

30 angles around the subject. In order to obtain a three-dimensional reconstiuction
from a C-arm mounted- XRIl traditionally the trajectory of the source and
detectors system is characterized and the pixel size is computed. Various

SUBSTITUTE SHEET (RULE 26).



PCT/ SG00/ 00101 met hods have been proposed in the past to conpute dj 7f dANnti

sets

proposed for vascul ar shape segnentation
mat hengylol ggaka1ior phol ogy,

characterization paraneters. D fferent approaches have al so been
5 and structure extraction using
regi on growi ng schenes and shppeséeadouwies i n

IS

addition to greyscale information. In one particular nethod to extract a
t hree-di nensi onal structure of blood yessels in the |ung region from chest

X-ray CT inmages, the proposal includé$ a recursive search nethod of.

cross section 'of tree structure objects. The reconstruction 10 of a
t hr ee- di nensi onal vol une of the vessel structure has been denobnstrated in
| ess t hamelibdsi maves bebhepropasel goi the i pastofo ecomputei diffSrentragts bf this
particular instance, the volume rendered-three-dinmensional inmage offers

hi gh quahargciprization PiaMRtErs-wi t h results of other three-di mensi onal
| magi ng nDdaIities when applied-to high contrast vessel data. 15 In
previous studies;: an interactive vessel tracing nethod has been used to

obt ai n Differsnt
allow automatic network segnmentation for_ blood vessels,

t he

bppboarmtéel havesalyolbeen pstopeseics vabtwlar sisie sbgnmentatioi i on o’
t.hi s approach

pr ovPde&ng S‘fﬂ@ﬁ!ﬂ'@r mxtmgueneuamawmgtma@mahwowmy@hrmﬂangpwm)t ion is

or ovi deqcnynes. ofidrEARRE Eankel 0SB, « oRscasg) BRihen. S I TP 27

reality paﬁﬁd(sﬁmemmmm avthrbsdinhigresiontilsbrasiupe of bmmmelanmﬁ@ of
I1Sj.ng.. & copput er -

| asses at d t
P4 9%ch§:§;t gb-'e!ﬂ'@%e%n %@;&P&Sgﬁgﬁ § @nRSHSMeanst or ns

stereosg? ic
gr aphic

di.sp) ays r.en

}Fﬁéfiptexp?&?."q"% R o ngﬁg’%"?&?%ﬁ?@%‘*ﬂ&?ﬂ?ﬁ joak! e fhesgiAphin T°

Vor kmenoﬁa:mttbeaim;ansmral arohmle of Biivessal shviciure had beea c@nenﬁrabd iof three

di nensi
real -ti

human bgidhdes tm:-seduirw rérhle%d)mréé&ﬁméimat inidde offerddigls

cerebral vessels have been i dentified and regi stered baseg on the
connectmpam With, degritsafy o cmra?@r@ewo ale IMaging @qcimﬂs n‘é(h@nDat a.

(VHD) .
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- displays rendered usinga computer grapﬁles workstaiion

Jﬁﬂne)ﬁ@ %&Mﬁé@éﬁ&a@Uﬁ 26).

In previous studies; an interactive vessel tracing method has been used to obtain
a cerebral model. As volume data sets often luck the resolition to’ allow.

automatic network: segmentéﬁdn-' for blood vessels, this approach prevides a
. free-form: curve drawing technigue’ by ‘which haman: pereeption s’ quantitatively

passed-to the computer, using-a-’*'ré-aéh-"in"’-'envi'rdnmem as ‘;‘sravidaa&*ﬁyé "Virttial

' Werkbench" “Fhe- "V'!tual Workbench"= |s -a virtual réality: workstatnon that

provides: thre&dimensmnat vlawng by Hse: of* stereoseap:c g!asses and- tmie spht

This precise and dexierous environment transforms perception io -allow fhé
relatively easy identification of vessels. The tools exploit the reach-in hand-
immersion abilities of the Virtual Workbench and allow sustained productive work
and the generation of three dimensional texture sub-volumes to aliow interactive
vessel tracing in real-time. A set of magnetic _réson‘aﬁce angiograph (MRA) data
of the human brain is used for this purpose and a total of 251 segmenis of the
cerebral vessels-have been identified and registered based on the' connection
with the primary vasculature of the Visible Human male Data (VHD)".‘-Thé VHD

SUBSTITUTE SHEET (RULE 26)

B8 e 3 e B I et Y A RS ine FOBR.paf G

At he

‘JﬁW\ﬁeﬁfs t he



1) 7 JAN 3 represents the effort™ of the National Institute of He%ITtH‘IAii\‘InAB
the United States to produce a conplete, anatom cally detailed

t'hr ee- di nensi onal representation of normal nale, and female bodies. 5
CGeneral ly, the traditional Human Conputer Interaction (HCl) nethodol ogy is
consi dered to be cunbersone. For many intricate or conplex functions there

~are too many buttons to be depressed on the keyboard nouse or other

interfacing devices. These interfaces are not natural for hunman
interaction particularly in the fiel d of medi cal applications: since
surgeons do not have the ability to use their 10 hands- to ogerate a
conput er feptessnisertheonfioni efatke viNationah Inshitules of Healthiia ths, Ppiteth State® tor ocess
of changi I . I gpr oved
human rracﬁﬁ’r‘n’le’_&?n er ceetg’ﬂtB ﬁ%@%"ﬁg{egég@asﬁ?ﬁ rﬂteg'ﬂta Feg)récfym%ﬁﬁuﬁ";ns and
i n parti cobranal frale, eadfemalediodies: t hose 15 perfornmed by surgeons. The above
di scussi on of docunments, acts, materials, devices, articles or the like is
i ncluded in, this specification; solely for the purpose of providing a

“cont exs fGenetrhliy thee tradiffonal v BnmaonCompudes  interaction g 4Gk dnethodelegesisnt ed t hat

o

any or -all _of, 0 r a or were
conmon ge‘f%’? 'ﬁ%e”%é%'ﬁomﬁ FfPP é"gﬁ 9 %atsgagrﬁt&p' g"étg‘ #UR&'rog'ééﬁ?'% %%ent ion as
it exi st ddomeiny buttdns for be)rdep;esded endhedmbomﬂamnuse)br tpmeif inlepfacingt i on.
Sunmmary I nve rovi des a
nmet hod ofm Qi‘?g%a"?‘%"#s ?tﬁ%? r!'('aué}' %F'rrr'g%@?%%aﬁé m%\ﬁ%}ytﬁqhghe met hod
i ncl udi ngiet:hef sedieal abplkhbonsdsumefsummsrdmﬁott havecthei a'hﬂmmiGnab thbjrect s from
vol u S S i.fi ed

obj egﬁ S Eﬁ% bor%%eer?fe %gg‘“%‘e?%@ ?ﬁéﬁh@ﬁ*m&‘i R@f’ tsmﬁeg'lsay&%gmg%%lgé ';Br operties
of the |Mm&esacbf@bpﬂgmstoalmcorporatl ng said identified objects and . -
associ at ed physical properties into a systemincluding at |east one visual

i nterface device and at | east one hgfptlc i nterface device thus, enabling
‘the syst Ear manyiapplicationy itherelis arnpeddpr AR lmpt;p@#thwmmaghmmgo‘ece :

_ that is beiter su:ted o the needs of humans and i in particular for tasks such at those
15 perfor_med by surgeons.

The above discussion: of documents, acls, materials, devices, articles or the like is

included: in:this: specrﬁcatton solely for the purpose of” provmlmg a context for the
present. mvenﬁon It:isnot: suggested or represented-that any or all of these matters_
20 formed part of the: prior art base or were common general knowledge in the: i eld
relevant to the present invention: as it emsted before the: priority date of each claim-

of thls applncatzon

Summény.of Invention
% - | -
In a first aspect, the: present invention provides a methcfd of interacting wrth
simulated three-dimensional objects, the-method including the steps of
the identification of three-dimensional -objects froim volume images;
the association af--physicatprépeﬂieé with identified objects said properties
30 including. at least visual and-‘haptié.propeﬂies'of'the identified objebts; .
incorporating said identified objects and associated physical properties into
a system including at least one visual interface device and at least one haptic

interface device thus, enabling the system to simulate visual and haptic properties



4 of the identified objects, or any part thereof, to a human useg T JAN 200
interacting with the sinulated three-dinensional objects, or any part
thereof, said interaction including the generation of signals by the
system for transm ssion to the at | east one visual interface device in
accordance w.th the physical properties associated with 5 the objects and
the reception- of signals fromthe | east one haptic interface device in
accordance with user requests; and editing the representation of a

simul ated object in order to refing the representation of the simulated

obj ect etﬁl VEdH»{&frf?%lTé’e%% hdml BRPCSart HerddTelotd Aty uder integadting avitict i on

bet wee® t he” si nul at ed obj ec ncill al

i nf or Mgd. QEmilStenr tsestimbnsionah ebigsts; or| gy Papy i!}eé?"g'bls@dvﬁg%raﬁ%y met hod

| ncludes the associaklon F irhifsimivdibrtto thelahleaét e obj ect's, or
parts NGt gﬁﬂefﬁﬁ%"gﬁﬁﬁ &L&F%Hggﬁgt@ l'east one audi o & nt er f ace
devi ce e ltut’rte'i'la@e dBvibe anca!ﬂanm withithe physicat REOPEHIEs ESEOCIRT | B’ i nteraction

bet ween t human .user .and % infeffatd devicealndi o
i nf 6r nﬂ!ﬂ@ﬂe@%aqu&ﬁ@ﬁgﬁz@ﬁ%&%%% I c||s preferabl e that -at

| east gpe&  Baleivith ek fddquestspand ce includes the facility to receive signals

from t%e system sai d sign . bejn o] & th Wrddr fohpefinestieci-at ed
hapti c prop@ﬁ'ﬁ'!‘%s‘hﬁ w ‘#e% é(') ?%{(::Q'tgs& J%?lcany part thereof, that the

user iPéﬁé%ﬁ:iﬁoWloeéﬁhﬂfa&‘cb&ﬂmldemva%!@WdWaﬁ%ﬁ ween the various
interface devices of the systemis co-ordinated such that the correct
regl stratl on of physical properties with the i dentlfluf?g qc;gtaec S is

Fp% Srabfy! dify: Interactivn betweer dueburan jusgr ARY dhe,BiMHRIe t he
\ Si r%ul a Obj

ects andtheh dgls preferred that the step of.
editi ngn@m%ﬁ?’é%fgﬁ?%opdﬁp%ggﬁ[eg?ﬁu atse{i obj ect includes the use of the

at |l east one haptic and at |east one visual interface device by the user.

07 ANI ZIé)grSeierable when the method includes the association ‘of audible properties with

identified objects; or’ parts thereof, and the’ system includes at least one’ audio

15 inte‘rfa‘ce-device.'- :

with the inclusion of an audio mten‘ace device, during interaction between' the

human' user and:the simulated objects, ancillary. audio information is presented to

the user.
20 | - . L e ."t
It is. preferable that at least one haptic interface device includes the’ facility to
ve sngna!s from: the system said signals bemg in accordance with the
part thereof that the -

recel
assoctated haptlc properties -of the simulated ‘objects, or any

user mlzeracts with.

Preferably, the: mteractwn between the vanous interface devices of the system is
co-ordinated such: that the- ‘correct registration of physical properties with. the
| identified objects is maintained for the various interfaces during interaction between
the simutated objects and the human user.
30 ‘
It is preferred that the step of editing the representatten of a s;mu!ated object
includes the use of the-at Jeast one haptic and at least one visual mterface device

by the user.



Preferably, the step of editing the representation of a sinulat edgopjﬁw ZU
includes the wuse of at |east one audio interface device by the user

preferabl e that a discrete nodel of identified objects is derived
images. In a preferred enbodi ment, the nmethod includes the step of

vol une

editing the representation of a sinulated object in order to ref

representation of the 1o object derived fromvol une inmages,

i ncluding the application of an interpolative schene to produce
conti nuous nodel fromthe discrete noddel derived fromvolune inmages.
Preferably the step of editing the- representation of a simulate
I ncl udes the use of the at |east one hgﬁtlc and st Qngl

g3 i o

i nt er f acdPraterakly the siepef gdiling the represgp

O 15 Simped iRt Y

from

i ne the

the net hod al so

a

d obj ect

editing mg&aﬁgﬁrﬁé%a%t,h@ﬁaggd@,@lww& obj ect includes the use of at

| east one audio Interface device by the' user. Preferably, the nethod

I ncl udes an iterative process whereby an-edited Version of

an object is

compag ed yi e rdbie® e 4> oierBR RloBel@dBentfbd 'obfochiscadrived fré 9Bk L e 20

di fference vveen

e

version and the previous discrete Mdel of

t he obj eunagasd whet her, the difference is within an acceptable imt; wth
the edited version being converted |nto- a discrete nodel for th

determ

ning the difference with the "previous discrete nodel. 25

€ purpose
In

anot her Ix;smcnrﬁferrlsd embodimerit.n st melhod | nslugesy hee Step s%fs?é'm'g othe:

I nt eract
represen

Wit { ® ncl udi n
Clinicion Y sl Utfe: ¢ BRI 18186 B Rfescition/ail 48 | NG LC 10

nme i mages,

i d.repr m&m%m&wﬁ@Wsi“@&ﬂetb?%ﬁ’éwﬂ%d"&ﬁ@(ﬁpﬂ'@!'%q ANeach of

ythe obj egiS ARl bikknte 18 LprbiRe! aVécrtiAtiodn thod@P o m&mw*etére&nbdi@
at Least one .vIsual |nterface devi ce and. at- | east one g’h@'%e
) device  darivedifon volume images. Rreferatly U ROL PN I feprPREiation Bhe

reof; 30
rface »
i onal

?bJ etct S@inghatdd S fat.ﬁsﬁues;tne Iuséhorlmet :th&@Bﬁé Hapfie a?ci aﬁlegﬁadrié Wisudihe system
or transmssion’tfo the a 0 vis VI

with t hnterfaem depics st #Feeé*sﬁfsg é@&d"ﬂﬁﬁ#ﬁ?ﬁb {3?'39 8‘6
the fseCQ@éh@éntﬁﬁorﬁbﬁ]ﬁhﬁnéw@abbmnmdéseasus@rmahlapen melawmf*hmrecdew ce in
accordance vvlbth uts.seer requests and

20

- 25

30

' Preferab!y, ihe method lncludes an ﬂerat;ve process whereby arn edlted versmn of

accor dance
j ects and

an ebjec! is compared wrth a prewous drscrete model of the: object to determme the |
drﬂerence between the eﬁlted versnon and the. prewous dlscrete model of the object '

and whether the drfference is wuthm an acceptable !Imlt w:th the edlted version
bemg converted mto a dlscrete model for the purpose deterrhlmng the dnfference

| with ihe prewous dlscrete model

- another aspect the present mventlon also prowdes a system for mterachng with
ssmulaied threefdlmensmnal ob;ects, the system mciudmg

representahons of ihree-d:mensnonal ob]ects identii ed from volume images :
said representatnons including physical propemes associated: with each of the
objects relatingto at least visual and haptic properties thereot;

at least-one visual interface device and at least one haptic mterface device
enabling a user to interact with avsnmulated-three—dlmenmpnal object said interaction

including the generation of signals by the system-for transimission to the at least one

visual interface device in accordance with the visual properties associated with the



a voice recognition facility capable of receiving and interpretibhg thg 2585
spoken requests of a user thus enabling the user to issue conmands to the
'system wi t hout necessitating the use of one or both of the user's hands.
Preferably, the systemincludes the provision of ancillary visual
information to- a user. 10 it is also preferred that the physi cal
properties associated with each of the objects, or any part thereof,

i ncl udes audi bl e properties and the systemal so i ncludes.at |east one
audio interface device and the generagion of signals by the systemfor

transm ssi.on.to e at least one, audi o | nt.erf V] Ln_agcordance with
the aud; Pt Bt HieBoenRr sRERHh tos &' tst 367 LB AerH e EFRE AT o

Pr ef er ablascordanceswitii aser re@stedlandt he provision of ancillary audio
information to a user. | Igacﬁ eferagﬁl ‘that. the hrggt%%.i erface device is
capabl e of re@eY%?cgﬂ‘U{:‘%ﬂ oFPAPIREC G @B iriem, H‘ig%etsB"'E% _
associ at pénfelsfidfizuder SRR dnaBling M udBYtoSksiel cdhAtlandallb eé systémMithbut her eof ,
said signals g:onveté‘i ng a haptic sensati orn to the user as a 2a result of

i nt er aict pRepsttatingithe usp plone onboth e the Usershandsr ed that the systemincl udes
the capability to co-ordinate the interaction between the various

I nterface devices such that the correct registration of physical

proper t i Beeferrbly, theosysdemineliudas the; eiovisiop of anciipey; Waveliigiormatien i a j ous
system 2ggdent erl aces during interaction:- between the sinulated objects and
the human user. In yet another aspect, the present invention provides a.
~method of interacting with sinulated three-dinmensional objects, the nethod

i ncl jdi Ngist RS0 preddifedihat the- pHySRaI propértie®assotiatddr with BhdrBEiheniectd) ects from
')vol une i mages; - .30 the -devel opment of ﬁ node] 't o rsgar e?ent _hose. obj ect s;
.~ the assd¥i¥HM _B?ﬂ'é‘?erﬁ?fym%s "@&-Pr@s' {730, thesystans Pt netidesiat t he
D devel opngst-rz%pﬁe%]umgﬂeﬁc?m%ﬁde&md_mz:l-'g@iemioﬂtofl sifsdls By Ihélsystepm fvppt i C f
properties of the identified ohiects -0 1.JAN 20 5 7 the_association o
Pyt ColiapsEsSIan i 4 P Ihest GBR ACAlod e Tppoeeviss i readva B o Abie: sai d
proper t ippeperited askovigteak witle g5t objestsabr anyopanbihisrenf. pPreferably ctheadysteintie A
identified pbjects: . and_ i ncor. e e P and associ at ed physi cal
pror}értil i egmgﬁope%apﬁ@{rﬁ%hﬁ% '%W%%b?ogﬁlg%i sual interface device and
at | east ‘ : ' R
It is preferable that the haptic interface device is capable of receiving signals from-
the system corresponding to the associated flaptic properties for any simulated |
object; or part thereof, said signals conveying a haptic sensation to the user as a
20 result ofinteracting with the object. ‘ ' '

it is also preferred that the system: ir-icludés the capability to co-_ordina_te the

) * interaction btweei the various interface dévices such that the correct registration

3 of physical properiies with the:identified objetts is maintained for the:various system
25 intétfaceS‘ 'duﬁﬁgl*iméré&iow Bfeiween- the simulated ‘objects arp'& the human user.

In yet another aspect; the. present invention provides a method of interacting with
simulated three—di:ﬁensipnal objecfs, the method including the- éteps- of
the identification of three-dimensional objects from volume image;s;
30 the development of a model fo represent those objects;
the association of physical properties with identi_ﬁed' objects in the developed
model"said properties including at least visual and haptic properties of the identified
bbjects; '



)
O

5 one haptic interface device thus enabling the systemto siml dd JANuAIH

and haptic

properties of the identified objects or any part thereof,

.human user interacting wth the sinulated three-dinensional objects, or
any part thereof, said interaction including the generation of signals by
the systemfor transmssion to the at | east one visual interface device in

accordance with the physical
the reception of signals fromthe -at

accor.dance with user requests and the interaction between the various

interface deviges cgssba ion y%}eﬂlﬁ%p?wﬁgﬁggq@eve Iﬁeg]cmlgpﬁgt t{h% correct

regi stration of physical proper
mai nt ai nede\fednpeﬂtmodetrsawpropattes fincdadingl at- leagﬁ visitad raadthaphc bmmdces ofl5

bt noen t0E. RERIED obietin A IErRRRAIRE foigt L 3Ry aslpIall URarco "

anci | | ar yprepenties intofaosysten mtludmgoate!aasttwe \lismal imeerfmerdevice anid atdegstef err ed

to a

properties associated with 1o the objects and
| east one haptic. interface device

in

t hat the rret hod. i.ncl.udes t.he.assoc n of, audi bl e ert| with -
' dent % i Riertee eyt iR enabiind R SateRuatitiale, WOGH AnGafn | e udes
at Ieast meeibpuenaeﬂireaebjéete mnyFbaetmeebf Yo achummgusertumremamgn bet ween

fﬂ?o?ﬁa”?%%sﬁee Ui e fhersipBelbipess ol bt JreReSi sad MErmctinyy ¢

interfac emtmmgme guvlersion of signala by lthd system foe tranemlsstbg rretre atlezebohde system

sai d signal s

the si nuMskal

30 i tigi S ¥ Gjects apditiatect pionndd isiypels fronly thibeat: lédséo:se napticfintedfaté devicdhe nodel
of a simulated ob: nﬁ in order to.refine the nodel of the sinulated obj'ect

derived FHRFROHR
editing the nodel

|“r§ﬁ '? qu! SﬂNB It is preferred that the step of
e mtemcMnaheMeerbjlmVanons linteldacet devicassaf thé systlennt | east

o et o b8 M A het B the WBped PLALIAGE 1B A8 Bodt B e e

t he use deveﬂdrredanodimesmamWMr thei varicus mtmfadewdwmgmtetrmous:etwedrt is

prefe;r ﬁ’;e

is a  disc

20

30

Preferably, during interaction between the human user and the snmulated objects or
any part thereof ancillary wsual mformatlon is presented to the user.

it is preferred .that"-the method includes the association of audible properties with
identified objects, or parts thereof, in the model, and the system includee at: least
one audio interface device. Preferably, diiring'int‘eraction‘between the human user
and simulated: objects, or parts: thereof ancillary: audio. information is presented o

the user.

‘ Preferabty at Ieast one haptic interface device mcludee the facility to receive sngnals

froms the: system said signals belng m accordance with the assoclated haptic
properties of the simulated objects, or any part thereof, that the user interacts with.

It is preferred that the method inclti&ee the step of editing the model of a simulated
object in order to refine the model of the simulated object derived from volume

images.

%ﬁﬁﬁa@?ﬁﬂ:ﬁ@w@enﬂm'rﬂxﬁ%tﬁs’eﬁd obj ect s derived: from vol une i nages

e BB % e aneS bl S pRRL AR B Pl S8



10 I n yet another aspect, the present invention provides a nmethod ﬂn@lm@Nnﬁ
the step of editing the nodel of a sinulated object in order to refine the
nmodel of the simulated object derived fromthe vol ume images, the method
al so including the application of an interpolative scheme to produce a
continuous nmodel fromthe discrete nodel derived fromvolune imges. 15
Preferably, the step of editing the representation of a sinulated object

i ncludes- the use of the at |east one haptic and at |east one visual
interface device by the user. It is prgeferable that the step of editing the

con o 2 2Bl R T SepbrABURS e Aol o SFRutey o Benbe dhpod mont.

the net hoal:senf:thethtl‘a;shme hapticaint\alepsiosrrodsuabineirRiy defice B iRfusegr si on of a

O,

nodel is conpared with a previous discrete nodel- of the-"object to
determ ne the difference between the edited version and the 25 previous

di screte H’mia‘ablyf thehstep lof eaxm@mt- Wﬁ&élflﬁra $iflfed bGean ﬁudlés el oD
accept abl ?n sai d.edi t ver sion being converted- 1nto, a discrete
nmodel f\‘org'ﬂ?e aﬁtﬁ’ Qudio %ﬁ'ﬁ’?ﬁ’?ﬁ’ Préheserer ence with the previous

di screte nodel. Preferably the rmdel is a potential field nodel

represent tlon of ifie ects 30 It is preferable that the
pot ent i aI ff"ﬁﬂdg?l% eﬂﬁ?ﬁl%qdeémV@!um imagesiis are for

the repr Qﬁmtatmm;of Obj ects der| ved from vol unme i nages and the
associ ation of physical properties therewith. 11 7 JAN 2,D In yet- anot her
aspect, the present invention-provi des a system for |nteract| ng vmth

si nuliat edh WrMWQhélpréﬁéhﬁi%&moh%ﬁd@tsﬁmem&&' IMQI!JJ’IQ% e?ggg
t hr ee- d| nal S%Jr"%m ) nt ified.-fromvolune.lma ~ rmdel
i ncl udi n %aP Bé‘TP da%@% inQragr th refinesthermenel of thectiniteles r el at i ng

L 0 ?t | elajea:t demaafromﬂe Ivahtneqmag@ﬂahé mé?md:hﬁf iaeshdmatthé ﬁéﬁfcaﬂ&? & 't Sga' and
a ic i evi a use 0 a- Sl nulate
aPLLC o B b ARBNE Kn 18 o e % Bafihe |“?ﬂﬁeLHPWgthFh@3“g’§Wemﬂ¢lon of

signal s @nved&osymlmneimagetsc ansmssion to at |east the at |east one visual
I nteyface to device.in.accordance with the, visual properties associated
with the objects and the reception of signals fromthe at |east one haptic

interf adreteaahiy dhe stepcof @ditingdhe mmﬁsemahon ofa simulated. object includes the
use of the at least one haptic and at least one visual mterface device by the user.

iis preferable that the step of edltlng the representat:on of a srmulate.-d ob;ect :
20~ includes the use of at least one audio interface device by the user |

Ina pamcularly preferred embodlment the method: mcludmg an :teratwe proeess '
whereby an. edrted versnon ofa model IS compared. wnth a: prewous d:screte mode}
of- the object’ to determme the drfference between the edlted versron and the |

25 pre\noua discrete model of the object and: wheiher the dlfference is \mthm an
accepiab!e hmit, said edtted version bemg converted into-a: dlscrete model for the
purpose detenmnmg the: difference with the previous discrete model.

Preferably the modet is a potential field model representation of identified objects.
30 .
it is preferable that the potential field model includes a physically oriented data
structure for the representation of objects derived from volume images and the
association of physical properties therewith.



user requests; and a voice recognition facility capabl e of receivﬂnﬁ Hid 200

interpreting the spoken requests of a user thus enabling the user to issue
- commands to the systemwithout 15 necessitating the use of one or both of
the user's hands. Preferably, the systemincludes the provision of
ancillary visual information to a user. 20 Preferably, the physical
‘properties associated with each of the objects, or any part thereof,

i ncl udes audi bl e properties and the system al so i ncludes at |east one audio

interface device and the generationgpf signals by the system for

transm ssion to the at |east one audio interface device in . accordance -wth
the audio properties associated-with the objects, or any part thereof. 25

It is pnafyet ansther dspect, Ithe presemtrinvention peyidesca systern doiintasactingowith ar y audi o

information t us e haptic interface device is
capabl e Spu '?‘?g'ég\?ﬁ'\’eg" @bj%‘{g‘nﬁég@t%ﬂe sysrid;m corresponding to the
assgci at edI h@#ﬂoﬂelpéfolhﬁet-dlmnélonaiamjeam ehtifiecdfrorhj vobitme énages, tsaicher e](c)f :

sai d signa s convey Lc sens t t o

"t ef ac e ERATG R enperieRssbae Bin eBsh PEPHRBlectRDG IELL | 1) e
-t he cap%{y.gyanaﬁdﬁgpw&bpahes thereofnt er acti on between the vari ous :

I nterface devices such t car t n

properties wet leasth ene Nisup ?’5} H@W‘ft' {eﬁétae ngcéﬁég@g? |%%epw%§r§ces during
[ Rt er ag;,lhgq, s,mmmré@?mmgﬂtagbmspmmmm uﬁd;.ldmmthef gmmraﬂdﬁ(rj ef gr abl y,
the nodel is a potentja nodel obj ect s.
It is pelsignaiely Mys{%f%gpgw\sglpn fo af'gaﬁéﬁ‘g%% %IrblP evs'étgﬁp é'ié‘%al ly

or i gt edevi@l i actbidanteiwih iy visted prapestieseassatiated with tbisjobjects: ah;t theed from

| h.
)\Igr)e? grra a@n;gem%g‘rﬁ‘f’%&'ef O%t %tgé gg?l ne%l;%ﬁé ﬁg\h u(r)r%%gﬁd or %@ﬁ\rlg\(l:mt 1é)r s

that hayRrfequeettlangy of noving from val ues of h| gh to low potential. 15 It
i's preferredth.at the @g} ﬂg\& or the -
. establ i shner®V 8?’?‘5?95' %’3&'@?8’"'&%"% %ﬁlng% f assomaa(telp'on for the

gener atrb@ﬂeslé oﬁa nserrtyus enabling'the user to lssue commands to'the sysiem without
15 necessntatmg the use of one or both of the user’s hands

Preférably; the system inchides the provision of ancillary visualjnfbnnatibr_; toa

user.

20 Preferably the physical: propert;es assomated with each of the objects or any parl
ﬁ':eneof mctudes audible properhes and the systern also includes at least one: audio
mterl‘ace device and the generatlon of s;ghals by the- system for transmissron to the5

) | at least one aud:o mterface devnce in accerdance with' the’ audio- properhes-

assoetatedwrth the objects oF any ‘part thereof

, n:is-i-p'_réfg;erred-:thhtﬂihe' systemr induﬂes"- the provision.dff ancillary audio information to-

auser.

it is preferable: that the haptic interface device is capable of receiving signals:from -
30 the system corresponding to the associated haptic properties- for any simulated
‘object, or part thereof, said signals conveying a haptic sensation to the user as a

result of interacting with the object. .



feedback. 20 JAN 2091, WO 02/ 05217 PCT/ SGD0/ 00101 Description of UtheJAN 2005
Preferred Enbodi ment The present invention will now be described, in .
relation to a preferred enbodinment. In particular, a preferred enbodi ment
of the- present invention relating to the spec field of nedical imging and
subsequent extraction and editing of the vascular systemof a patient wll
be described to highlight the best method of performng the invention
known to the applicant: However, it-i-to be,appreciated t0 that the

fol owing description is not'to limtg the generality of the above

r

descripti dRS.CI Rl ON; =y odi t,relates.to an {,
hor enont SreieieB, {FRCThBie? (nelabs ing) ShEIIRE 1 KGR ek frBRuare 1o ¢ he
ag co npanybelgle_dz ahe Wk_itslnnmﬁ' aech devigss dtich mn? .ther1 ch’é(ﬂ stgistration, oprHy'bﬁBl y

tract [ chi t, 4. epr atii.on.of t S; Fiqure 2 sl
ot coont AePEEeE WA e Rlodk B PRk Rl «pled Vel tiSsares futhg interadionyer vi ew
O . the bsdweenthesimekatet objeuts madithd hoimag usbe 20 i npl ement ation of the

met hog of I CEES; Figures- 4a, and .4b show , di agrammatic representations
of a suggested inplenentation of an | OEES where a user is seated at a

wor kst at i Rreferalily) themiotelis ai potentiblfiet] mdestirgsreseriiin GHidentified Bbjekiem f or
interacting with sinulated three- 25 di nensional objects; Figure 5
illustrates a stack of two di nensional inages as obtained froma scan of a

pati ent; 3@ prefsiredStHan thie pofentiall fiels thedet iRchsdedDA h};éiéﬂ@f BfidMbd Qe Uncti on
used in the .deyel opnent of & P9 eglti al_ fi elg node[ ; SUBSTI TUTE éHEET (RULE
26) 0 7 Y& \}%g dgprsgﬂa) lori of objects derived from: volume images and the

10 association of physical properties therewith.

Pieféfab_ly; the potential field is defined as a volume of force vectors that have a
tendency of moving from values of high to-low potential: '

15 K igfpmféned' that the potential field model provides the basis for the establishment

of force relationships and audio signal association -for the generation of sensory
feedback.

20



)

PCT/ SGD0/ 00101 figure 7 illustrates the creation process of a pot@ntiN 200!
field; Figures 8a, 8b, 8c, 8d and 8e show various shapes and confi gurations
that may be used for probes; 5 Figure 9 illustrates a suggested

i mpl enEpbAgseen of an obj ect nmani pul ator for use in anptOBEGFIIQUr es 10a,
10b and 10c illustrate a suggested inplenentation of a force 10 feedback
gl ove for use in an | CEES; Figure 11acjc| | ustrates a possible 'scenario

i nvolving the use of two force feedbactk gloves, a probe and a spheri cal
object; 15 Figure 12 illustrates a. highly abstracted architectural
representation of the Interaction Manager of the {GEES; Figure .13 shows a
hi er ar c Degatiptictpofthe Rrefereal Biabblinéntnct ions involved in the transmn ssion
and reception of commands in the | OEES;, 20 Figure 14 shows the .preferred
process for the calculation of resi stance based upon a potential' old

del I 5 b_il th
(r)rge(raat | ﬁﬁgopgscém g}ﬁ%fermgﬁog}np [ ng &Mégsﬁv@%%%a%éafl Ih d&%ﬁﬁel i s'? of
poi Nt s; efbedingenk6 il lustrates the primary functions involved in the

refinement of a continuous nodel of three-dinensional objects obtained:
froM vol ume images and a first discrete rmdel thereof and 30 Figure 17

I 11 ustrgt J S Kﬂﬂ: Sin

ext. ractl?‘ngérgkggéd%ﬁﬁﬁgé aI { Er ee- dgﬂneﬁpnsf)énaf j ec G%Hrﬂ;ﬁrh \%’?ﬁ'ﬁ técﬂﬁlé

SUBSTI 'Eiﬁaérﬂ‘élﬁil‘ deHbEICSB}magtﬁgJM Blbsequent ektrachd)mwldaemhngmf the

archltectural res ntat j.o he, | t] ua I o and

hapt i c Vasculef P?l'%'i't ‘é{" ‘Ptq‘?ﬁ%dgﬂ '@?‘? ﬁ#ﬁ "F%tﬁggr@f ing the

user. B%ﬁ Stk zﬁﬂ?f &ﬁé\% 5 ntrolled

by  t'’he At elgzctlon ana g%e %Mﬁt@?ﬂ.%n nﬁagefﬁf ﬁ?gﬁgg&tczatve\nath t he

Editoor thaid the following descnphon is not 1o limit: the generallty ‘of - thé above
descnphon The descnptton of the preferred embodlmen‘t relates to' an -

,._sgeiii,,::.lncremernal Object Exﬁ'aenan and: Edstmg System (ICEES) #and refers to the

accompanying: drawings in which: -

45 Figure 1.ilystrates. afhigmyahs,tramed;%amﬁiﬁeaturar representation of the 10EES;

R

Figure‘z sho_ws a represerrtaiii‘re imp!émenfaﬁon of an IGEES;

. F‘gure 3 represents an overview: of. the baslc camponents involved- durmg the |
20 wnptementatlon of the- meihod of I0EES; .z

F '9“’33 43 and z'4bi%?;' Shﬁ' z:adlagsammahc reﬂresehtattens-,:fof @ sﬁggested"

.unplementaﬁon ofan IGEES where: a user is seated ata workstatlnn with various
,__,.,-..-.;mierface -device . ava;labte Ao them for mteraeting wrth samulated three-'
25 ' dimensional objects; e

Figure 5 illustrates a stack of two dimensional images as obtained from'a scan of
a patient; | : e

30 Figures 6a and 6b illusirate a simple transformation function used m the
development of a potential field model; L '

~SUBSTITUTE SHEET (RULE 26)



Extractor nodules to provide a continuous flow of haptic, 'visu%L-aDﬂ 200°
audio feedback to the user; during the object extraction: and- J' Ng- .
processes.. The main source of data used in this systemis "sets of vol une
i mgeswidaseyar, 2D and 3D atlas or other geonetric orpphgebmaiodat a coul d
be used to enhance the -11 10 extraction and editing processes. Figure 2
shows an | nplenentation of | OEES. where the user wears -a . headset and
holds a pair of haptic tools, in thist®nstance a force feedback probe and
an object mani pul ator: The conputer system di splays a rendered volune in
plain or 15 stereo 3D. 20 . WD (12/05217 PCT/ SGOO' 00101 Figure 3 is an.
over vi evFigird P illushiabeoiheseatioh pch%sh%é%otammw em pol I s-data inputs
from both haptic and audi o neans,.,. These inputs will generally, represent
t he vol une object bei ng edited or a sel ected region of an obj ect being

extract u y r on esfro uter, to the -
cser  nicarSi Y 6 on e cRof VRIS Sibes Y pouiiii e maln | Oees
workstagg sed fof tation in an | CEES |ncludes ] 25 a conputer system

t hat - has SUffiCi nt graphlc capabilities to render a set of volunetric.
imag8s in plain or stereo 3D. The " workstation in Figure 4a al so includes

3D i t K f d f
Feadbac Fgieb Msirgledch sibdebted JEBIem SRR o1 ah oRedTTenBuRpiordisan,
obj ect Waﬁl[@gggvspace of the set:-of volunetric imges displayed on the

conputer monitor. Figure 4a also includes a hand held device, referred to
as an-obj ect* mani pul ator that, ehables a user to- perforn1zoon1ng 3D

sopsr! TOM -E‘é%"(k%k‘ ) "8‘7*‘%?@?059&9@%53%9%%@aéo%%'?&m%“e e

"ySUBSTI T UM
10 feedback glove for use m an IQEES

: Figure tHillustrates a'possible'scenatio invol\ﬂng the use: of iwo fOrce féedback
gloves, a probe: and a spherical object R L

15 Figure 12 -illustrates a--highily- abstraciéd: architectural representation .of the
Interaction Manager of the IOEES‘; '
Figure 13 shows a hierarchical representation of the flJl’!ctanS mvoived in the
- transmission and reception of. commands in the t@EES' | '
2 AT Do
,7) - Figure 14 shows the preferred process for the calculation of res:stance based
~Hpona potenha!f field: mndel fora foree feedback controﬂer R

Fsgures 15a° and: 15D illustrate the operatron ‘of the Explorer aﬁemptmg o
25 develop a path along a !lst of points;

 Figure 16 illustrates the primary functions involved in the refinement of a
continuous model of three-dimensional objects obtained from volime images
and a first discrete model thereof; and '

30 ‘
Figure 17 illustrates the steps involved in an example operation of the IOEES in
extracting and editing- a three-dimensional object from volume data.

SUBSTITUTE SHEET {RULE 26)



_12 30 workstation also includes a speaker and a microphone, possibl yJAN ?ﬂﬂ'
the formo headset to provide audio interaction between user and the
conput er. nore conventional m crophone and speaker arrangenent. hol oscope
in pl ageedbszitie .stereo emtter and glasses', 'and tIRETRE®0IW th a An
al ternative workstation conflguratlon I's depicted in Figure 4b where the
wor kstation- . replaces the= :force fﬁedback probe of Figure 4a" with a
pair of instrurnented gloves. Figure 4b al so depicts ‘a workstation that

i ncludes a Vol unme images are generally provided: in the form of a stack of
two-di nensional inmages in the axial direction of : ' an object that is to
be considered. A diagrammtic represent ation “is' shown in™* Figure 5-

oo Figirec] plisgatenden a 5@%@%&%’ S iseaAton 4 the (OFER ASictag VR vw,
pati ent . Mol UnRY, ?bﬁciﬂf?ﬂ? stﬁgbxngtoﬁagnapﬁ;ed.é%ﬁ&&émmgtfsté&wée e

scanner 80Ut ce 0 I npu the present can produ
axi al . i yegesTheregishation and dcomrdinabon di dheseriijedacdwiis cantralles] by the

Cot Y Sny Telatarton Mroabet, the BromEupBYRbES wechi-wfih Bhedilor fales .
et hotl KRR SyaBaR IS B! 8 GMIAUBS TR OrUSgSld CigRBAd uct) e

i mages ering te ni ques - suc as ray ca |ng ani prOJectlon
t echni qfexsibackyvie - iheadsen dmmg yheamgemmmonmwmum ﬁwaeeaes)fThel une

i mges. Advances i er hard re.a e hav reat | roved
the speBtPinSAUIREfdRig u 'Qﬁgﬁ I'? §§& ‘?)"&‘v‘é\%g BgEﬁgﬁgg?y(wE 26)
0 JAN 3653 Qﬁé’é—%r'?ﬁférj EGHhERiEdr physn:al data eould be used to enhance the

10 extracnon and editing processes R

B F%gur,e 2 shows: an’ ufnplemantation -of- IOEES where the user wears a headset
s | nd-holds a pair of’ haphe tools, in. this. mstance a force feedback prebe and an
object lﬁanlpulatﬂr The computer system drsplays a rendered volume |n p!am or
5 stereoam et T e ey RS et e

' Frgure 3 is-an-overview of the method used i m thns IOEES The system polls data

e a4 'mp . en We
25 a computer system that"h‘; i
volumetric images in plaih or stereo 3D.

graphic capabilities o render @ set of

. The workstation in Figure -4a also includes a 3D-interaction :tool “with force
. feedback, referred fo as a force feedback probe; that enables a user to pick and
30 move a boint or an object in the 3D space of the set of volumetric images
displayed on the computer monitor. Figure 4a also includes a hand held device,
referred to as an object manipulator that enables a user to perform-zooming, 3D
rotation and translation of the volumetric object in the virtual space. The

SUBSTITUTE SHEET (RULE 26)



-13 In a preferred enbodi nent of the invention, a potential fiel dlnbdN i280
used as the data source for force conputation and audi o generation. The
potential field is defined as a volunme of force vectors. 5 For exanple,
the i ngidtosfosriyhe process for creating a potential fielecTegedoosmul d be the
out put of two-di nensional inmages froma CTA scanner. In this instance, the

data. will contain both vascul ar and hone structures and to differentiate
between these: two types of structuréI T he process includes an anal ysis of
the intensity of the pixels form ng the two-dinensional- -inmages. This

enabl es the 10 derivation of outlines in the two-di nmensional inmages

corres pqmﬂkaﬁat'bﬁ élb@ invlades! baspeakdr Anden siictophones posiibly incthei fdani ol a
vol une of ingtg the different structures are determ ned by an analysis

of the ihaads WPWIC&%WIOMWCWBPWHH%eraﬂﬂtﬁl@ecqmﬁ@f@f For each pl ané-
of the. volune inmages, the method preferably first: derives force 15 -
vectors for that plane, the force vectors on each plane bei ng i ndependent

of the Hf\GteRtatRRS wolksthBor Gonfiguraion ob! depicra &f -Figare dhotwhess apevect or's
contributes to the establishment of- a potential fiel.d. The construction

of a&pomsnkstations replaves:the foiseufaedbaek nrghewﬁjfﬂgla‘eeéa Witlr gupale afa and

6b. 20 For i1l S o Si-0 pl ane of
bl ack affP %B %@V%Ehg‘l#ﬁg gﬁd?'ﬁénglé%'@&g % Bﬁaﬁ%g ilngﬁ'rdﬁggﬂre 6a. A
rel ati Vﬁb}bsgé% sdngiateroiahe. ﬁemsémﬁtm’camhghsaal andfthy deseemﬂxoa .
associ ate_ - | ack pixel .value" of "1 f a white pixel; that is not'
border:i: W@Wﬂwmﬁimﬁ"ﬁa& J SLATFARIAMEAL{ ¥ pi xel - That is
_ border| ng.a, bl ack pl xel WIIh .a:vector, @:f agni-tude: 0.5 25 and direction
)gl vg(g Yol ) - 831Gk, [9915 in an anbi guous case. OF course, it
Ss

etres t hat i fivol ve the -physi cal

propertles of the obj ects in the vol unme, and operate on pl xels with a w der
R0 Db Paces oo SR ISR R 4k sk S AIR 3521
-,---:magesf in: idhie: axial . direction: ofan, ebject tha‘t isto be consndered A
- daagramma'bc representahnms shown in F:gure 5 where a stack of 1rn‘ages are
15 generated ‘correlating with two dimensional shces taken gene:'a!ly along the
| .Ioﬁgitudlnai axus of a patlent. ' I

Volume rendering te'dhniq:ues such‘ as féy casting and projection techniques
have traditionally besn used in the visualization 6f volume images. Advances in
computer hardware and software have greaﬂy improved the speed and- acc:uracy
of suchvisualization. - :

30
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-14 The force vectors resulting fromthis step of the nethod is rgférJ%M %@
as a potential field since the force vectors define the tendency of noving
fromvalues of lowto high potential simlar to an electrostatic potenti al
fieldywgosdgr 7 provides a nore detailed illustrationpaff/ssopoeier red
~process of creating a potential field nodel. The input to the --creation
process is nmulti-nodality volunme datg, which- refers, to data that

consi sts, of one or nore groups of végane data with different inmaging.,
nodalities. This IS likely as a' patient nmay be -subjected to MRA scanning
in addition: to CT scanning 10 In order to use nore than one set. of:

vol une gphdreferreadsinboginment of tad inventior) espatentisltiield puidehis lased/aslﬁheof each
set of volume datais required t6 der

single potential | d.. The
| i br ar ydategouRteckor afercepﬁ@ﬁﬁﬂwoafandragﬂlﬁggma"m i tRe potential fé'éj d$nt hesi s.
process ,s lising > :different 5 nodalities. A
voxel i ﬁﬁ%&ggﬁyq%%%ior%gcmf a volune: and an inter-voxel simlarity

conparison is used to determne whether' a voxel belongs to a particular

obj ect Local detection deternines the boundary area of .the regions
and &heFOQ@mes%hﬁé’éﬁlﬂdﬁ the pregess fyareating.a @Ela)‘ @!ﬂemﬂd elgoiid each.

Struct UL e or , ‘ nt ai ni ng
the- o B £ UL BRRRACIOnRL iiEhes RLE, ‘f’ﬂ‘ Sz, 1 o iAstanca]

i Nt ensihe, daize wilhtoohtain Ybotbr vasatiar bed viemne ptruelusssiahd bd afifferisintiatd rom t he'
material 25 propertles | i brar terial . rties rar ncl udes

i nf or retwge F‘e@&ﬁﬁ itWg Wﬁ% %’F’H%&ef [‘Fﬁf’[%?sﬁf "§ﬁ§§$ [ aB?@ﬁ r based
upon vqm'a E’ TR Wwo-ineriBRndk HrtbboN This' bhhﬁle@ame of the
)rret hod, struct re or o ecft enbedded in the volune data is |abeled as

beitdg aiemapant ot uhdllinesy jre wgc hwedlimeasienalr insages taorraspondingatot ther
P 0eS et e b SenRek. PG efaig B i MBS e o, °
SR d]fferent structures are determined by an analysm of the mtensnty of. each voxel
--'.;farmmgme volume:image: - R I S U S R
" FoOr. each plane-of the: volime lmages the method- prEferany Hirst: derwes force -
15 vectors for that: p!ane the force vectors on each plane being mdependent of the
- other planes in the volume: A collection of planes of force vectors contributes to
SIRRIS (- esiabhshment of-a potential-fi f' eld:- The construction:of a: petentlal field from
', volume:data ;snlmstlaiedm anures Baand Gb ‘ S
20 For lﬂustraﬁon purposes itis appropnate to consider a plane ef black and white
) pnxels having a drmensron 8 x 8 as detailed in Figure 6a. A reiahvely
e stranghtfnmard h'ansfmnahon function: may: be used: to: assoc:ate a blaek pixel
e Withg ralue; of 1; & white pixel that is riot! bordering’ any ‘black pter?Wfth a value
o of O a whﬁe ipixel that is-bordering-a- ‘black: pl)’cel with-a: veetor of- magmmde 0.5
25 - and=fc§|rectwn--gwen.-,mFrgure- 6b, and a value of 0.5 in‘an ambiguous case.

- Of coufse it is possible to have more complex schemes that involve the physical
* properties of the objects in the volume, and operate on pixels with a wider range
of colours. |
30
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region of interest and hence nore accurately |abel object regi ons0 7 JAN 20
SUBSTI TUTE SHEET (RULE 26) D WO 02/ 05217 -15- PCT/ SG0/ 00101 After an

obj ect has been identified and | abel ed, the physical properties of the

regi ORGosEs2apSi gned. In the preferred process , the ourysaopsiodler ati ons
with Trespect to physical properties are Young's Mdul us and Mde of
Rigidity. The object-shortest-distance is defined as the .shortest

di stance between a voxel and the réaﬁd‘ns defining the object: I't is
determ ned for each voxel in the volume and the potential value is then
det er m ned based upon a pol ynom al conbination of intensity, physical

propect mha fige QRictsis- AdsRiltingsTrof diianstep ofOthenmetitbddischefered trizedinent ,

the relationship determ ning the potential value for each voxel is as

fol | ows pom(ntrayﬁeldesmg:e 1@&:@ VECth& ylefing the-tengeney ofwnaving-from valugsct i on i n

the thre Q a I stance in the ith-
directi i %hﬂcﬁﬁnﬁ sﬁﬁﬂ?&oﬁ?egﬁ%ﬁ?ﬁ%pg%@%ﬁeﬁerence point. A of the
structure. The point A in many cases can be considered as the nearest
point at a sEemfled structure. Hence d, can be expressed as Function f(e)

r epris eFigure Heprovidesra maregetrilsd;illesirationof ssprefarmdhpracess of geeating a ¢ he

nbod negtentialfeld] fiEARY TheShilh e el Brdcess I bl Todddind leher
f or ce: . ghiap WG Palerd o Yat£ iatstormisis iof lohel ONATLED: RSUPL Bf Yokinhe dmsre a and
0 are stress and strain vectors, and S' IS a constitutive natr.iXx.

| i near i wigh: ﬂtff&l‘@% irpagingmedaliies; This is dikelyas aatiest “@bb@&?bm 't%n The

equat i as Hooke's.generali-zed law. In a

)hormgeﬁ@M caseﬁé%@#m@l—@nﬁ%LE 26) Q7 N 2_U Ql ,.' _\{\D 02] 05217
“n order to use more than-one set- of -volume  data: an’ addéd process of
synthes:smg the potenhal value of each set-of volume data'is Tequtred‘- to-derive a
single potentual ﬁeld The llbrary idenfified as "Property ‘of ir‘nagmg Meﬂalmes
used::in: ihls synthes:s pracess ‘stores parameters for” etmal‘smg “different

45 modalities. - " - S L SR R '

A voxel is the: smallest“ unit ctibe of 'a volume: and. an- intef-voxel' ‘similarity
companson is used to determmef whiether a voxel: belongs foa partfcular object.
Local edge detection determines the boundary area of the reglons and the
520 classification pmcess Iabelsmeob}ect regmns R TR
o FOr each structul:e AOF ¢ e)bject embeddéd ‘in the” velume data che regmns :
. centammg the: ab;ect are: laheled based upon lnfbnnatlon 'cludmg the image
- intensity; the intensity grad:ent between pixels and *ﬂfonnatmn from: the aterial
25 properties library. The material propérties library iheludes information. regardmg

the mapping function of physical properties based upon vexel intensities. As a
result of the execution of this part of the method, each structure or object
embedded in the volume data is labeled as being:of a particular iype such as
bone or sofi tissue. .

30 Another process, referred to as “Mode Guidance’, is optional and makes use of
a reference model or atlas and can be used to guide the three-dimensional

region of interest and hence more accurately label object regions.
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-16_ PCT/ SGOO 00101 only two el astic parameters, Young's nodulus § angian 2066
- Poisson's ration v, are present. The mass density is also a conponent part
in this function. Function g represents the imge intensity or the gray

val ue gio@Rasaty P. It is also related to the scanni ng poEsbawosil the
scanning technique and ot her associated geonetric information. Function g
I's used for imge processing but in igne cases,:.its value may al so

rel ate,to mechani cal properties; in parficular, the nass density., inits
sinplest form Function g equates to the inmage intensity. 10 The ot her
features regarding the defined potential field can al so be expressed For
conput ation, the, proposed potential field can be guar tiled with respect
to a 15 grid space- For real-tinme cal culation of object interaction, the
potential conponents are pre-calculated and stored in a defined data

i noar - CioaE Ghiegt 4 B8ty iagifiets &g thdied e BNERET iéediibd brne .
node of re§ionsudrecassigied. in the ipsefehed pﬂmceﬁwp&hétmﬂy iconsiditions aRithe
expressed as: Were and )y are coqrdi nat&sﬁl n a parametric space. 25 After

the Bot dpepegt tophysical prapertigs;are Youpas Hadilveeand degr of Rigidity. Theynt hesi s
d saked: dat
Pone do BipcaBHRt iR Mefifipl 28 hEohest G1ohRE Bl Svongl oha, 7 °
vari ogs o rengions. dfﬁmagrtbelebjheeﬁl mcsedeiearmdffolt: eath fmmlm\lma eﬂha&é aﬁclbefl 3afed
ope | €S -a L r lal. relatl ons I C IS relate (0]
the " | elds B dhen drtemiBed bissd bl 4 PANABIHIR GiIBaten BEe o f or
the estﬁﬁéhﬁwﬁysueé: propéfties’ sHPObRBEShEHest distaddiat realistic forces

")prow ding resistance to the passage of the tool can be fed back to the
usefl0 py.way of a haptic interface. The force vectors,

In the preferred embodiment, the relationship determining the potential value for

each:-voxel is as follows:

' FGrmen=@ +a2+dD)+ F@+5()

15 'Where Fis a funcnon in ‘the ﬂ'nree-damens:onar space d (z—x y,z)ls the
dlstance in the ith dsrechon between the poxnt (x y,z) and lts gwen reference
" pomt A of the structure “The pmnt Ain many cases can. be cons;dered as the

" nearest point ata specified structure. Hence d,can be expressed as

d, =P —4,
) d=p-4,

. d;=P.-4,.

20 e S s
Function #{e) rebresents the: mechanical properties of tissue point P. In general,
the shucture is nonlinear elastic or visco-elastic. But in the preferred
embediment, for sirrjplic'rty, a linear model is employed to express the force-
displacement or stkeés—strain relationship as: |

25 &=DF

Where 6 and £ are siress and strain vectors, and D is a constitutive. matrix. As
linearity- is required, the matrix D is constant for a given position. The equation
is occasionally referred to as Hooke’s generalized law. In a homogeneous case,
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whi ch are stored as part of the potential field nodel, describe t@e
direction and magnitude of force that should be conveyed as for féégbg
to a user for various points in sound upon collision and possible danage to
the o ¢4l d be readily adapted to the potential ¥amdebonbrezaddition,
SU|tabIe au |o nmessages could, also be activated to alert the user to
particul ar situations. The association of sounds with object an audio
signal coul d be generated to signal -d6potential collision. The The-sane.

vol une of force vectors can also be used to associate and generate audio
signal s based on sone formof relationship between the object and the
device qf, slj laéﬁé Pérﬁ@té%t?ofnﬁgs%bﬁﬁﬁm Ecinde Foigtof’s #atidne, el

appr oache stan e to an est such force feedback can prOV|de

real i st lmms‘ﬁhemsmddnsnyesalsota cwnpmmﬂjmtlnshsﬁupdmhd 'feel". the
object at a particular point. additional information .or. dlnension. W th
respect tO'reveaIing the details of an anatomical structure.:, However,

oL PR e Rk Ry 15 M GhapvaReTorTope P2 8 et ol

al s05 be rglatese ntoe dho n stining $ ndchanispy;athe 2§canming e{whnmmtambf otharot ent i al
field nodel .for_-a vol unme ] ,eﬂ_ n_-and soci ation
of .vi's u%sa%?&ﬂtﬁ@wmfﬁwgg%:@&cggﬂg 'Fd%éaédlgg : qu:{es rﬁ}gé as

descri bg {i'm t}.%g E&v&iﬂn@rﬁ% o RBITE IAEERMoa) PFe) rﬁ@§*mfiﬂrﬁ fér, @per ect
registration e various types of sensory feeback as .t he. user -
mteracmsm cnsitpciridl ,|ﬁuwﬂ0ﬁmﬁua@s' "_: wﬁ&gmsmSﬂ TUTE

10 The-other’ features regardmg*the-deﬁned potential ﬁel_d'can‘ als‘o-be expressed’
P L e SRR SUREE T S e g st L g
d=d,+3,+d,,
d= J(df +d? +df.)

.207,_ Where ¢, (F'l 2,.. 8) is the component value ai the ith node df the cub]c
, N, (z 1.2,. ,S)asthe ith shape function whlch can be expressed as o -

(1+§§)(1+m)(1+r;g,3 -
X |

" WWhere £.1j and'c are'éoordingtes in a parametric space.

25  After the potential values of all objects are obtained independent!y, a synthesis
procadire”is' Invokéd to combing the' resuits for each type of volume data
considered. - | ' R B
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10 Haptic and Audio Interfaces Voice Command and Control PCT/ SR00) (YOJJ(A’N 200!
Audi o interfacing between the user and the system enabl es the.

i npl ementation of a voice command and control application thereby allow ng
t he_user %@ more commands are the primary method of PEUHRWAHL i on” bet ween a
sur 1113 his assistants. Effectively, in the present invention,, thee:
conputer system closely, concentrate on the task at hand. In many nedical,
procedures, audible executing the Wodel nmay becone the assistant. The

i ncorporation of a voice recognition facility would also enable a user to
I ssue, commands to the conputer. In real an assistant or patient in a

medi cal progce e ! a HaSier RO @Wﬂmhmer!toﬂfninm@t i on. The
mcorEB?aP?f&Hg%'; %g%gﬂ&qér’%té&?g&ésng 15a bet ween the yser and t ﬁ conput er

provi ﬂ.;g&(ﬁ] énmat rialistic foroes providipg desisianse e e BassHY: 8 theef For

SQ?{T E‘vdl aan he”rbds:rrhag{ded thee r\l%ﬁ gatl ngﬁﬂd%'@%hEﬁ@gﬁec‘?gnf rr%ff:ﬁ;zgﬁtpot?jhg user by

way of 20 % esized sp ERiRSidd dodel stsribe the on argl about to
igred 5 papCotihe gt

occurW hich articularly: yseful-for.:reduci naat he need}

Oé ‘L,.%gah.@ q#foebeamsﬁehoumw yedrméorpﬁefeefibaelf 31 eEhdPhg the
d whi chi. M i o | at ed
¥lsﬂiuamp§§m ::e‘:mez Blhas, e potts Lﬂ%’a"'széiad e hgeﬁ'ﬂrgeﬁn will
-V wHichnisaetat rl'atl’llmhm‘d
odi cabk S o6 a%&eﬁs%narirggggt'aeﬁ?ﬁhﬁs ectisar Syst el o ude

nedi cePj ncl ude a
holigie fohén shjiict’, snamﬁomedeeﬂhm'ycm Pﬁa‘"ﬁ? e' G Feld '%’@hed with

M- Cr O _
actions, co;respondl NG Lo theﬁspeﬁ en cormandS. The' v0| ce conmmands coul d

concere@hb?h@ﬂﬁb@"%sm f. various.tools..1t .is expected 30 that
t?gks suchas the fine adjustment of object mani puI ati.on woul d be

-The-same: volume:of force vectors: can-also be usedto- assocuate -and generate
| audlo sign Is based on some form off relationshlp between the object and the

"" sound upon cenis:on and possnble dam:
{o the potentlal field. In addmon suntable aud:o messages could aiso be

aehvated to alerl the user 1o pameular srtuations The. assecratgen of seunds with
varicus. pi % -;.mgclel prewdes the user. wlth a collaboretwe sensation of

15

20 The use of a bﬂfent:al ,_ﬁeld model in the “tpreferred' mbodlment provldes

’ ob]ects and other parameters may also be Pfese""ed on the v;sual dtsplay

25 The develepment af a petentral ﬁe!d model for a vciume ;mage and the

| dematlon and assoc;ahon of visual, audlble and hapt:e sensatlens for vanous

- pelnts in the mode} as descnbed above for the preferred embodlment provides

| for the eorrect registration of ’the various types of sensory feedback as. the user
interacts with the objects: ;denttf ed from the volume image.
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performed by, or with, assistants since the user's hands are genefallyAN 200
occupi ed. SUBSTI TUTE SHEET (RULE 26) 07 JAN 2005 WD 02/ 05217 -19 Haptic
Interfaces glove to provide a user with tactile responses.. Qher. devices
t hat n@)b“?ﬁ,sﬁ§ed PCT/ S0/ 00101 The term "haptic interp@petonksigdsed in this
specification to refer .to all fornms of interface between.-a user and a
systemthat involves the sense of touch. In the present invention, it is
preferable to use a device referred@-as an instrunented include force

f eedback probes and three-dinensional object. manipul ators. Wil st gl oves
have been used previously in virtual: reality systems the usual formof an
mstrurrq_rilé ﬁl: put device only. However, in the present

i nventi ofm; le to extend the function of a glove to
enable-it to receive input. signals to include force feedback functionality.
For ce Foed6bi ck Probe Preferably, the systemalso includes a force feedback
probe. niee Gopyraand agddeentrdlave si x degrees. of freedom and provide a user
with the abi I|ty to select a -force feedback probe. i ncl ude | aser activated

;S\rllmtte es?‘”%r}ﬁﬂﬁ'?? 0 &%h%l?%g%ﬁﬁ? 83& @%@Eﬂ@%{e‘?‘a ’&ﬁﬁ“ﬁéﬁ@"and a
poi nt ogf b%.w%ammﬁ@ dridF gentisiespplicitiorn tHeraby Iambwidgeﬂieauder idRicrEENt

conbi nat .ors~of:'acti:ons! * <25 shapes and  conf.i‘guf ati ons for force feedback

_pr obeloselygeancesdratie on the taskyat | h%nd fharmany Maakpmﬂurqaa Aaudible

?23?233&5&" e e prikE ROBOR U S alof Moy B Sufteb 0ol

represeﬁksahb@iémrﬂ& aEffemwelyI emdmkprpseme invenion, blheefgbﬁmm lgysﬁmannerl

S|mlar to the practic sur gi r.oce
) executing the mode? may %ecom ﬁ\e as snsitang| u'F'l'na mcorporat:on of a vcnce

. xesognﬂ:on facility: would also-enable:a userdo issue’ commands to: the camputer

"’15,

20

__‘-‘q_'_ Vi sl Y R

25  Similarly, a surgeon will generaﬂy speak to hlS ass:stant for ass;stance or
" infornation- dunng a hedical profsedure Te accammodate thlS aspect ‘the
system‘may inchide a rmcmpheme heé audio mput preferabiy bemg dlgmsed and '
matched with' aclions correspondmg to the spoken commands The voice
conmimands could oancewably relate 16 requests for vanous tools It is expected
30 that tasks such' as the fine ad;ustment of object mampulatlon would be
performed by, or with, assistants since the user's hands are generally occnpled;
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Wtt- an audio interface to the system capable of recognising spgkengAN 2005
- commands, 30 when a surgeon instructs an assistant to provide himw
specific tool. 35 bject Manipul ator Figure 9 shows a preferred

I npl erwv\%g,gggzgm of an object mani pul ator. SUBSTI TUTE SiHEREcoébdil 26) 0 | JAN
21) 05 5217 PCT/ SG00/ 00101 2p_ Preferably, an object manipulator is
provi ded which can al so nake use force feedback signals generated by the
system To mani pulate a virtual objed9-the user nay depress a button or
activate a swtch to nove the handl e of the object manipul ator.

Preferably, the object manipulator is also provided wwth a scroll wheel at
t he Sld?_' tlclnfe ndle to inplenent scaling functions. It is expected that
the o ec%—ma'm—;g%gor woul d be capabl e of receiving spoken conmands from a
user. It is also expected that the user would be able to fi:ne tune object

mani pul FihieORpiy “Hepis ShtcHRIBER I Bised Gn s O elesiRafion HoGeféfquén féais Bpent ed

glove is.considered to be a rel atively natural "way of providing a user

with anmtaﬁace belween 6dl§ﬁf iafichg systemythptdvolvas thecsense ofntoschi iruthe ed or

b i e efiset BERREn, Ki Bt fed 8 ARBR R B3 H PRcteblisy,

| nvent i §iove1Bpravideca RseF Witht il sperisesa OthaPHéviess i ma Bluglpve whi ch

may. be Cowsidered by the sy‘Stﬂem‘to be” t he rot atqqnal ‘centre of the systens
r eplr ez gﬁpmnmfaeﬁbagis prabe : rw@d&?ezgiqna_!;_ mmlmla?ne Whilst osin
e uoilpdes fighelbedh fldd ol AL AR st I Sel it b, L '

palt m ofanshanfent@kgltbxeﬁs hhﬁmmmm%m?wmr imthggpreﬁ@ﬂl |ﬁe¢.t=.nt|c1n| it
I N er CanEC e W no e e orc ac cgontro er
Dpurte edoexiand Hediin %ofia 9(9&’? togn@ﬁl%ﬁfq Eﬁ?eﬂ'ﬁdﬁp whEanaBar er of

- to mclude force feedback funcnonallty

Forc‘e FeedbackProbe A
- Preferably the system: also incliidés’ & force feedback probe Such a probe
should have degrees ef freedom and provide a use,r wnth the ablhty to setect a
| 2
) ' Figure Ba detalis a typlcal foree feedback probe that is conmdered suttab!e for

_ thegp resent’ invention "andri:,_Flgures-’Bb’“’_, .\33' represent a range. of, an;emahve
2% Shap% and¢ nﬁgmatlans for force feedback probes:

' W;th an'audio mterface 16 the sysfem capabie of | recognlsmg spoken commands
 switching between’ different visual representaﬂons of & force feedback probe
could be effected in a manner similar to the practlce in a surglcal procedure

30 when a surgeon mstmﬁctsen assistant {o provide hlm with a specific tool.

- Object Mamgulate

Flgure 9 shows a preferred lmplementatlan of an object mampulator
35
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the glove in accordance with the constraint required in Ilght of 2 e@§5
interaction with sinulated objects 30 Wien using the glove, Q f%@t
that all translation and rotation operations would be performed by the
user's shoul der, el bow and wist. Qher than pressi ”gPCtrﬁ%mgWﬂlP” on the
pal m W82 5o expected that the snaller finger joints and rmuscle groups
on the fingers would not utilized as users have very little control over
novenent of the small finger joints.2®UBSTI TUTE SHEET (RULE 26) 0 7 JAN
201" WO 02/05217 -21 PCT/ SC00/ 00101 Since the glove requires rotation to
be made wth the wist, the elbow and the shoulder, its range of rotation

 nai cat %ﬁ%fe? ér?ssq}ye&nfr%ﬁw?' “05‘%3{‘ 0 BEAEH Bho ARG Y kool c,

is reac g}?&l 9@?@95%3 S¢am. tToenan M%%@J ot, fid s may be
effectegg%y rel tton. under the fi ngmers whi-¢h dh;é d restore
the handsemaytdepeesmaﬁm:tmwmqwam syitento ove thedendie nttha aaect

| cl. The E f back II
?;ﬂggzswm o Prat @%kkﬂesﬁeép%rs alob 1<, A18h TgVied Wik & S0l o
h ";.'-'ﬁ'
the yﬂmor attﬁac & dBf@% ﬁﬁ famﬂemehflgcémgfraﬁms Iﬂ:@'e&béctbﬁﬁthaf‘ave a

m cro e user. is.holding on:to-a soli:d.object or a-
tool , tihe: mmahmmaianmwdabe mpabletafereuemmm$mkemm@and§6mntme shape

of the obj £ Pr.eferabl st em:i net: ai.t of f e back

gl oves JE) e‘#ﬁﬁl? &éﬁéﬂﬁéiﬁ%f“&&W"Hﬁdﬁé %l?% oﬁﬁ'e tﬁné ‘a‘gg of the
obj ect, bﬂ?pf""’. iy By S0l '.ﬁé&nkﬁﬁdsw rtual object nearer and farther with the
sane gIo 20 The' vari.gus' 'tools that -are represented in Firgures 8a’ to 8e
)rray now Teel d| fferently As was the case for the force f eedback probe, "

pr efger. pelback Glove -

An instrumented glove is considereﬂ?‘t{a:beﬁe réieiﬂve'lil" natural EWé%jr';ef'brdﬁding a
~ user with an input dewce compfrising: six degrees of freedom ina s:mulated or
virtual environment. Figures 10a to 10¢ shows various views of the preferred

15 conﬁgurahon for a force feedback glove,.

ln the present*lﬁvenmﬂ the‘glove preferably has both an mput and an output

mclud‘es a swrtch or button the actwahon of whrch is eﬂected by closmg the
) e _;.fmgefsoﬂhe usershand : e

R dmonall’f is prefe Bie 16 inclide of - --eb &K of the | gloye e :'_f_tively short,

25 Ilght‘ weight cables” mterconnec’ted 'wn’h movable joints. “The force feedback
~ controlier pulls er releases these cables to effect.a sensatlen upon.the: wearer of
the glove in accordance wrth the constraint required in light of the users

mteractlon with s;muia’ted objects.

30 When using the glove, it is expected that all translation and rotation operations
would be performed by the user’s shoulder, elbow and wrist. Other than pressing
the button on the paim it is also expected that the smailer fi nger jomts and
muscle’ greups on the ﬁngers would not utilized as users have very little control

over movement of the small finger joints.
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I nt erchange between various tools can be effected by way of spokqp N 200¢
commands. Figure 11 illustrates on exanple of interaction between. gaaﬁ' )
visual* and audio 25 interfaces Figure 'I '| illustrates the visual
represggLhdgn for a user wearing two instrumented glpegR@olbiig one hand
grasping a tool and the other hand grasping a spherical object. In the
exanple of Figure 11, the tool .is brought into close proximty of: the
spherical object and a "tick" sound-Eé-pIayed to the user to represent the
tool and the object making contact in the sinulated environnent. 30 The

I nclusion of audio capabilities in the system enhances the sense of reality
t hat mould ot herwi se be experienced by use of the haptic and.vi sual

| oe S e e SRR b R, AR VN o bR e .7

tasks %ﬁémuef litsAfarel GFotatioR | ‘shrmﬁam@tﬁeémf P BOROR A BB bY

considered cunber sone. rticular, due ack of adequate
dept h. pﬁﬁc@pveosm a methogl éﬂdmtmg te dhe systam thaliacligptihas bﬂenr@aghedt he

cor oo TrenéPet o BRE e, o, oG e 45 i b iRy 200 -

di ffi Cvéts et Rt 964y @e"’mrfétﬁe@ by . feleashhy e WuttohaGRiEsT thelfingefs, nﬁﬁﬁ:l-av ai |l abl e
to users- W|th t he expectation. .tihat; echoi.ces -as;t'0 the. types:ief As human .

user s ‘ruewdasisioredbgihans i aftéﬂéarmm%@%b!em@&weeaa rih%.r@ammmcgs

I nevi t dri'ence hand’ trefior that contributes
to thi %hﬂ%&%uiﬁ{iﬁ&%ﬁﬂ%l e h of devices, or tools, of different
shapes and configurations devices w I | .inprove t he abili. Ly of users to.

") PerBOT NFHeAFloRcE o@dBtk! SEtraHeY iramaty iheTRarcs! fekdblick chblesStopersiieabl e that
t he. system of -the present. inventian l:ncorporate the, facidites to support

t hose mso&e the @&W@%%W'ﬁ“@%@a@% are join using mechamcal
joints that have a micro motar attached When the user is hold;ng onts a solid

: _:_nb;ect ora tool, the composrte ;omts festramt the hand from mevmg beyond the

| o shape ofthe object
Preferabiy thie systéin mclu&es a pair of forcé feedback gloves thereby enablmg
' use of bath hamis 3 _.To zo' m,;,m and out of the qb}tact the user, can bnng the
20
drfferenﬂy As was the case for the force fee K-
)y _mterchange between various tools can be-effected by

25 mterfaces Frgure 11 |ltustraies the wsual representatlon for a user. weanng two
instrumented gloves with one hand grasping a tool and the other hand grasping

-2 spherical. ob;ect Inthe example of Figure. 11, the tool is brought into close

~ proximity. of the spherical object and: a “tick” sound is played to-the user to

L represent the tool and the object making contact in the simulated envifonmenit.
30 The inclusion of audio eapabilities in the systern enhances the sense of reality
that would otherwise be experienced by use of the haptic and visual interfaces

alone.

~SUBSTITUTE SHEET (RULE 26)



sinmul ated, or virtual, objects. is preferable that' the system proyi de t e
user with the capablllty to produce or devise tools with a chap zﬁ} 200!
configuration defined by them ser. Architecture n the preferred

enbodi e Interaction Manager includes two sub-| etailed in
Fi gure™ BEIPnzwthr s Figure, the | argest outer rectangl eﬁirﬁz%@g@gr??s the . 30

I nteraction Manager, where upper sub-layer represents the Advanced

I nteracti on Manager (AIM and. the |l.ower sub-layer' represents the

El ementary Interaction Manager (EIM. El M provides general services and
various kinds of information to support AIMto 35 perform nore conpl ex
functions, Al.M vides outer applications with a uniform SUBSTI TUTE SHEET
( RULE zgrimgﬂﬂ'?m% 02/ (h-217 PCT/ S0/ 00101 _23.. interface,

i ncl udi ng' a Cormand & Message Bus (CMBus). In.a pref erred enbodi nment, user
develop c ol al] ed i
l'isteni ﬁg gﬁg}'po%pg%g%@ns’rmn ?Eha%né’sgégé'{ss \yirrﬁ{ Sﬂg@%ug’%é ét%/]\oh thgeel n the
event - dgimensionalespicecareyeneyally¢misiddredcubesgine.( El M - The EI M perfor ns-

relatively basic tasks. .It . -receives user input.whilst also providing
var i ®us ‘devices wi'tH si gnals thus givi ng “force feedback information to In

the pref !bpaw&fbdaﬁri@rﬂ lack«pt edaguate deptt vsmp&onuumssgmaraﬁy eaarte_ and

s b e, Bl Bite BB heh el cnin ser

recei vefngvﬁéwpbima;iéiéfgmue\;;mua]@pg@ medi a_and’ abstract theminto a
formthat ot her conponents of the’ system Render i’ ng Engl né, Force :: Maker.

acid Sound & .'Voice Synthesi-ser nodules Several nodules in the.

yarcH g elsmaldm:rmrrmreseaera{mfmdﬁﬂ armmt:am avaniisnalHatgeni se and
ﬁ:ﬁd: .t-hef'f;o' N ?n fﬁg—?‘%&?’hﬂ%’u%ye o

15 IS made ava'lable to users- wrth the expectatlan thiat choices as to the“types of
vill.improve the g ity ofusers to perform tasks in a v:rtualenwronment

menta! tasks itis préféfaL e tha -the \.system ofithe pfesent mventron:méorperate
20 the facalrtnes lo: gsupp‘”rt those. moﬁesuﬁpf rrrteracﬂon between asuser and

. Inthe preferred embodiment; the Interaction Manager ﬁamaaséfamﬁmsm as -
detailed in Figure 12: In: this  Figure, the Targest Guter’ rectangle Jrepresents the
30 - Inieraction Manager, where uppér sub-layer represelits the' Advanced lnteractron
. Manager (AIM) and:the Jower sub- Iayer represents the Elementary Interactron
- Manager. (EiM).. R S L

EIM provides general services and various Kinds of information to support Al to
35 perforin more complex functions. AlIM provides outer applications with a uniform
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the:.. preferred enbodi mrent the Rendering Engine is able to supply

pri mtlve 25 Rendering Engine will deconpose it into several sna lTerJAN 2005
commands. that can be perfornmed by invoking subroutines it the aphi ¢

Li brar, IE\ 5.40orce Maker and Sound & Voice Synthesi zQerR@bu§s: oPer ate on
a simfar baslis. the preferred enbodi nent, the Gesture Anal yser receives
spatial data 30 associated wth several f| ngers in one -hand, and

determ nes corresponding gestures f+28nrthem No senmantic i nf or mat i on
related to gesture is determned by the Gesture Analyser. The Voice
Command Recogni ser operates on a simlar basis to the Gesture Anal yser.

- the Ao ERH Ao pomiatl s WEsSAR L, Rl b Bepfied ) ae”

conpar edepnbblinidift, Geer Wevefsild/ Spiplioalbréoios cadditionsld cHsLoNERE SR B&B

Mot i on Anami/’ser onl y. processes raw spatial data fromreach-in devices,
such,-as instalied bydistesingang pesting,eommansisar messages via the bus as syorkingnt at i ve

movenent. ual e. In .addi-tion, the Mtion Analyser filters the
I nput ddﬁéﬁ%ﬁaggmgﬁgﬁ%‘t i on direction and speed. Advanced | nteraction
Manager .(AlIM 10.-1n. the preferred. enbodi ment ‘the Al M conprises three
conponents, these being .a Command & Message Handl er (Cw), a set of

Cont r ol IElementary dntgradionManager{EMhyi r onment , Conductor. Preferably, a

nmessage is a package including three fields, nanely a data field, 15
. cont ai mngampeﬁbmtmlatwem basizd tdsksr rif, tre@ewemtusm »hpatymors;t alsoender

L ol A s A B B

)reqq@st@e The Cofrmahd ~& Message Handl er’ can receive™, ‘and. anal yse data
suppli ed. from 20 the EI M and repackage them.into rressages or ‘commands by
using Defaul t Predefi ned- Command Dat abase ‘or User Def i ned Command Dat abase.
The dat bp the prefermd embodimentaeyisting librasiesvaret wsed such mssEpgoBilnande t hose’

=fromt ?recix for the graphros hbranes

15 Several modules i the archltecture function.-as muﬂ:mod:a ehgmes “The
'-.Rendenng Engine; Forca =Maker:. and Souhd & Moite Synthesmer modu[es
provide output s:gnals to- the:wuser- whereas ‘the- Mot:on Anaiyser Gesture
Analyser and- ‘Voice Command Recogmser receive information \Ila respectme

2dli ani’ ‘abdtract them into a fortﬁ that othér comoohents of the system
‘-“'2“1‘)'4_-oan readrlyrecogrﬁ&eandusé“ B e

AT ahleh e e gl FRTA TR

B S the preferred embodxment the - Rendenng Eng:rfe lS ablé 1o supply primitive
._:,,_sg:ogmmands forrendering: poiygonal or- motlel:based” virtiral ob;ects such as
 volume: texture based vn'tual ob}ects Upon acceptmg a pnmltwe command the
25 Rendenng Engme wnll decompose it into several smalier command‘ that eah be
e performed by’ mvoﬁmg subfoutiriés vies Lib uMaker and
'Soind & V’oloe Synthesrzer modules operate on a“ s:mﬂar basns o

, -In: _.the.. ,-p;eferred-omhodiment, the” Gesture Analyser rece‘ive's; spatial data
30 associated with. severali-ﬁngers'-in' one hand, and ‘determines o‘orr'esponding
~ gestures from them. No semantic information refated to gesiure is determined by
the Gesture. Analyser “The Voice Command Recogmser operates on a similar
basis to the Gesture Analyser. ' '
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re Anal yser and f , Voi ce Command Recogni ser are converted into qmqﬁ@psﬁw
Preferably, , the Default Predefi nedCommand Dat abase contains records
defining a relation between gestures, or. words, and commands. Mbreover, an
actior‘,&(ﬁil%!ﬁ_2 sture sequence, or a sentence can al so aﬁ: doRedWi th a
command® "% -preferred enbodi nent the User Define nnand Database 30
cont ai ns user defined commands representing the users favourite gestures or
expressions. Preferably, user-defined24el ati ons have a higher priority as
conpared with predefined relations. The prioritisation of relations acts to
resolve conflict when one gesture, or one expression, is related to two

clar Ly, HENBVt itditp HyBlebebrbpdiert, the Ot ArplySer Speig, aferenty’

user - devgd epfbars Wittthe @@Istm@%iﬁlﬁer ArbVeicet O8mRsHY RecghisE?! The

Envi ronnent Conductor. Firstly; a ‘user should determ ne what services it
can suppMptiand\nalysermniy pracssees sawispatial datafronaveach-i evitesisteh asen,

7 og st ednsgRDie ARVES: B BRSO (Bt Bt B R AN et e
Def ay t Oiﬁ!}élls?tac%“‘m LEGINBA! tHeamdtieh WnastP fiRGRtheNfpR/EMa Brid &falyses check

I f those re ered controllers and app ications are available, and then
broadcasmotlpmdn'eqw apdspeedy themto initialise themsel'ves. After
i'nitialisation, the new controller like others will be ready to serve any

request t abase,. C ky. - PCT/ S0/ 00101 defined in the

Def aul t p%’v@& armD% éﬁﬁﬁ%@@i .and User Defl ned Preferably, a default

appticati-on rs "row ded .""uuh S ‘the.- Defayt't Virtual *5 Envi ronment Conduct or
“ywhi dn cdmihe p & Al garpprises kwee &PH’@%IEG?%I embemsrent in

whi ch al c%f.manapa' Mé@&ééé‘%é(ﬂ%ﬂé‘r (cmml 058t sv'@cﬁﬁmuers and a Default -
' Virtual Enwronment Cenductarv

e T iyl ‘:‘r-u-‘:":

Preferably a message isa package mc!udmg three fi elds namely a data f eld,
5 centammg spatial data originated from the Motion Analysér; - sendefﬁeld anda
L rempmnt fiek: Jis: a!sa p.referfed that the: cbmmand isalsoa packege ihc!udmg a
. code ﬁeld related*to»a semce to'be requested, = &

20 the EIM aﬁd repackage them mto messages Q!’ commands by usmg Default
Predeﬁned-Commnd Batabase or User Deﬁned Command Database The data

25.

deﬁmng a relahen between gestqres, or, words and commands Mereover an
action as a gesture sequence or a sentence can also be matched with a
command. In the preferred embodiment the User Defined Comniand Patabase
30 contains user defined commands representing the users favourite gestures or
‘expressions. - Preferably, user-defined relations " have' a - higher priority as
compared with predefined relations. The prioritisation of relations acts to resolve
conilict when one gesture, or one expression, 'is‘-’felete& to two' commands
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y

several basic and necessary routi nes such as. managi ng three-di nensi onal

- control panels or opening' data files of a default type or any sinf 1N 2005

utilities. In particular, it is able to supply several virtual tools such
as a - ector, 3D 10 point picker, 3D scissors varij.ous kinds of
probegﬁgﬁgﬁggffferent shapes and function for a, userﬁ&p%ﬁﬂﬁgﬁiirtum
objects. Furthernore, it should have privilege to control all, controllers
and applications. User-devel oped appligcation and additional controller The
architecture of the preferred enbodi nent conveniently provides for a user
to controllers into the Cmbus The user - devel oped application or controller

has the cterjse V|rt by attaching their plications or
their a 8 "}St arduPatabans &Fﬁ@ropﬁﬁﬂﬁdrol | ers.

SUBSTI T Sk AN 2 605 WO 02/ 05217 26 Functional ity
PCT/ S@%ﬂ@éﬁﬁ @Hég?%% e\?\:nh;ﬁglﬁsect I ons, functions supported by
I nteracti on Manager for t he perfornmance. of commonly required tasks are

descri befefeRsBipC d n@efauROspplicailion! i Hrovidel elciNa®PiRe DAY dejfuli f ficul t
task. Pref erab'? t he 10 |R%eract|onr]:fr Manager provi des” tﬁ l} rg‘vslﬂng p

faci¥i tE@Q’"’QW@Q’é §Pﬂdﬁ§toﬁs!é’h"-‘\h tepnshcisn aneke ipeintainsca ofibuali rﬂmee- t he

" Mot t, t
si'gnal - SRSl it ip, whbf o Gire¥ HHEchofls 5B R o, pevidfe o
det er mi several Wask Grdanecessurg lontinss esuhnas! hnkging \thﬁééadamhsw‘na? 20
user .. The - filter s effectlvelyalow ass il ter Fof isi.gnals. in the

t Er_eehdﬁz?m Rﬁﬁ@s oriehening detd filgs Cﬁr%ﬁ'@fﬁ""i PEnPY 2B £ S"Bﬂﬂf '@dﬁlesmrnat hon of
terrte)o'éll nt an | n %Silé\cleé %lfg{c'yeﬁgf%ra! gﬁlﬁ%{) o@%%?&é%?’ﬁ etge"r %ﬁ'gf'l%ﬁ{ L?eshol d

f r etpuerpgint-picker, | 3D-seiesors oy Varidus &indsoef prabemwtbrdiﬁemmt fshapesearigach- i n
device fBas beFor a.user. tovsiudy»wrtual objects Furthennore, it:should have:privilege
e tocontrej all contmlfers and, Applications. - e

control!ers into the CMbus '"The user—developed épphcahon or controﬂer has. the

Js as. the defautk appl Imatmns oF: cantroﬂers

\ Zanr crarity, This: feﬂowmg eitamvple i$ promdeﬂ o ;llustrate hew a user-developed
© - virtual tool opérates inside the Default Virtlial Envsronment Conductar Firstly, a
. user should detérmine what services it ¢ah’ supply and rmplement those services
in an event-driven mode. “Then, somé spedific codés should be added to &
30 system canﬁguratlon f' le for regtstenng the controﬂer Thus durmg the AIM
 initialisation, the Defaurt Virtuat Enwronment Gonductor w:il open the system file
and check rf those regisiered controﬂers and apphcatlons are avatiable and then
broadcast a message to aliow the fo initialise themsehres Aﬂer mmahsatlon
the new controller like others will be ready to serve any request.
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conducted, the user is instructed to nove the device along a di Stﬁl yﬁi
curve and trait of the device is displayed and recorded. The ave age N 2005
di fference between the hence forns a trail representing the users attenpt

t o folwowedid2er curve The actual 25 curve and trail is capsGmdomd used to
determine a first threshold frequency for the |ow pass filter. The
filtered trail is conpared with the _ ve and -the average difference- is
determined. If the difference ;is not“within an acceptable linmt, the
process. is repeated. to determ ne a new threshold frequency.: The -process
continues until an acceptable average. difference is reached. 30 An
.optional conponent, Target Finder, is also provided for any picking tool
desi gg]erg as .&é@(gwl edge- based agent who can accept voice comuands. A set
of co iated with Target Finder are also defined -so that the
SUBSTI TUTE SHEET (RULE 26) JAN 2U0$ WO 02/ 05217 -27 PCT/ SG0/ 00101 Conmand
& Messale thefollewingasedionsp duaetionsysupporiedt by Intespetiomh iMapagessfer thenmands

recogni s VO d the CMBus. Figure 13 shows
a hi raP%ﬁP%"@eéf%ﬁ{% Beﬁ%ﬁggqhé?%?fﬁcqqsgﬂéeﬁhvol ved in the transm ssion
and recepti'on of cormands in the [ GEES. For si npl e corrmands,, no anal ysi s

or. dedupbkign A Posifieper al | . needed. However, for- nore- conplex conmands,
reference 1s requi red to. a donain_ 10 knovvl edge dat abase _and a

L e o odffSlEbs Ferefor iSRS 3 10,2 DAL AER PN 188 o

function o ‘

t heted evmafaeﬁén Mahager providieesthe folbwingviziities 6 isgist theaerwith The

t hr ee-di: rrens; ofral del. Ii(ng :Neverit'helessy: when' & t hr ee=di mensi onal reach

: )Two metHs | %E o overconme this difficulty,. perfarrned
successfully before any Snap -operation (id a transformation T each-in

devi ce.|Rahe ghfoirdlPemBBaihent. ShRRHBRAHARLr iflRIdSSa ikl B AldRR g Peen
component in the input signal diie’t6- hurfiar haiid Vibratiori> The filtsr may be
15 calibrated: to determine intrinsic parameters by assessing the hand wbraiton of a
vser. The' ﬁlter is eﬁecirvefy a: lew-rpass fi [ter fer srgnals in: the three dimensions.
1, the { o th ) Ahold frequeney
tan i ,_‘ we pracedure is

However lnthep‘ Ser

Firstly, assummg that ‘& position- cahbratrdn f‘or the reach—fn dewce ‘has been

oonclucled, the user. rs mstructed to‘move the devrce along 8 dnsplayed.-cprve and

25 cuwe and trall is: cemputed and used to determme a first threshetd;frequency for- |
R Jow nass ﬁlter.f-l‘he ﬁlte;eé irail is compared wrth the cuve: and: the ‘average
) , drfference Is determmed If;;ghe_,diﬁel_'enee._.;ls_ not within: .an acceptable: limit, the
process. is repeated. to- determine ‘a- new threshold: frequeney: The- process
conﬁnttes- until an eccebtab]e average difference is reached.

30 '
An’ optsonal component Target Fmder rs also prowded for any picking tool

des:gned as a knawledge-based ageni who can accept voice commands A set
of commands assecrated wrth Target Fmder are also deﬁned ‘S0 that the
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The -first method involves adding an, of fset vector to positions q’pqvgéﬂdgggx
fromthe 20 acquired fromthe cali bratlon will ' transform positions “From
-device space into virtual space). The; devices -space is defined as'-a
spacgoiRsay the reach-in device noves and the vir tREA/SGHAEVTi s defined as
a space where a virtual environnment is inmagined to be:™if there is no V.
snap operation, the relation P" is |7n =devi ce space. Wen the snap
operation's is 'available, the rel~&fion is -ir altered as P; T. P &W
where V is so called offset vector. The foll ow ng description is a nore
det'ai | ed explanation for the nethod. For the purpose of the description we

aSSUTEChitiand B Blessage Hiidr Yan hesotaste byl dorketiyalispatthing! thisepaces | s.

as | ~?7J1 P,, r.is in virtyal space,an 0 defined in the
ith srmnmadavemgmmwyom@oammapd R%ﬁmﬂlﬁﬁ!éﬁ?éﬂﬂ%ﬂ‘e Sc he reach-in
device is noved onto a position PTV, ‘the virtual stylus is displayed as
m)vi ng to the correspondi ng poSitlon Pv; Tczr Pde"+V;: Next, a position
! RibRicival rd é@m bvwrmmmsnamwwea theuch as

Iocat I#lg&fqﬁlfss%@g@w# E SHEET (RULE 26% égAN 20P~ WD 02/ 0-5217 - 28
P&s; +\tarismissionidndreseptionegf coyamands i -0t her side, the virtual
stylus is displayed as junping onto the position Pia9. vector V;+1 as
V' +V;. So, Vi+1. will subst|tu.teV th n.as Pvir-=T,
pPCT/ SEea/sippiecommaRds. RE PRRIRISAr ePU&?’h% éée%?@ifﬁ%ég? nt on a certain
edge or surface After . that, .a. vector. ¥ as; Ptas-Pr is-added to V1. The

1S é ' dchf r'rd% SRffce B F&Qﬁm@ﬁntd)% \depdainher e a
hi., gh I*eVer: -0 F%@smj %E%m Wien”"a réach-in - device is m)ved to a
)cqnt almm dahbassandwthreesrdmm&onalmﬂdﬁlnﬁme hyman®odipyi ng:: to the

-gsame place’ The* spatlal information for the device fromthe. 10 haptlc
sense and_ v1 sLon-are. coi.n nt.al i heref novi ng
the viA thige-dimg na[,\ﬁ ﬁ{"cﬁﬂ Jpﬁ%t}_?%gn eiﬁ%ﬁn{ 8é€I ggihggg%ﬂﬁﬁge
expl. o,; ,ﬁ., Bihal it erthel %Wﬂ!ﬂﬁﬂhsmhbbwach-ual _
| , - . ‘h S . s

sty um de\nce is used the _ "Q' 1. b ‘ atwe“ly. dlff' cult problem

15 Twomefuod

i .-The ﬁlsi meﬁwd mvolves» addmg an: oﬁset veetar to posmons nveyed ‘from the
;:macMndevme For: this:methoditds: assumd that «devnee ealtbratien has been
o perfonned sHCoe: ._;,:ﬂy before -ahy snap: aperatmn {' d a transfematmn Tear
20 -acqmreef fmm the e:allbrahon* wﬂ! transfom pesmnns frem devme space into
virtual space).’ The device: spaee s det‘ned as 23 spaﬁe”wnere ihe reach—m
) devm moves and the wrtuai- space is defined- as a space where a v:rtual '

25Pwis, i - vn:e' space When 'the snap ﬂpéfatlon’ is avasl“abte {‘ﬁe relatlan is

altéredas PusT » PosotV, where V is so'called offsét vector.

The following description is a more detailed exp!anat:on for the method For the
purpose: of. the description we assune that an offset vector V; has been well
30 defined in the sﬂ‘ snap. operation. Durmg the: (:+1)“' shap aperatlon when the
reach-in device is moved onto’a position Paey, the: virtual stylus is displayed as
moving to'the coresponding position' Pu=Tear & PactVi: Next, & position’ Piag
nearby the position Py -is?*ta‘ggedi'byf-':\}aﬁiéus’smh 'Euléé; ‘such as’ Ibcéti’ng the
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positions that may be selected is helpful for us to inplenment t é

operation in such a situation. Wen the .tagged position; is de gfr rﬁﬁ‘rﬁ\égﬂ@{%
in the first nethod, 15 the virtual pinpoint isn't noved onto it. |nstead,
the t3@agegese@ Nt will blink or highlight to show thateciriscovemobeen,
selected. This also rreans that the' pinpoint doesn't; coincide with the
actual selected paint'; and t here’ |§ a small ™ distance- between them
Meanwhil e, there is a force exerted68-the devi ce, which is well

el aborated to facilitate the user to nove the device to elimnate the

di stance. It is Force Conputation Based on Potential Field The Default

Force Feeghstigridsesmer,niodind hearstt enppiot ent & aierl:émeédge orgeniacet AfRy
resistance. It can be. described -as follows.' If the .scalar -per every

voxel i thatcamectnsrVWoasPug-Rualis @dded jesnThairesultis the deriregpewsffsatan be’
lLent t t h tenti atl
freld i §é‘w irweas%%. b e giBstle ¥ in BF teiasiousinn ag?la— B oot
th el + T " ofh Rﬁﬁ{,
\émr adi gn? ? ?ﬁe pote g}f\adf{b?%?“ é{o”oé'rslgﬁééfls'i\ﬂﬁere t obj 'Qe

| ocag eddzsﬁmedfasrjummgemtha pasitmngﬁ}due gradi ent direction or | ts opposite
direction, is dependent on which kind of electric charges (positive or

?ﬁgat ;v the Obj ect Eossesses- I n é?abﬁigl\’%%%ﬁg of aetdéwl_(‘:é;‘on from

gfee spemid meth esed- g ESERLIT

PCT/ SQ&, f
%58%;9@, agﬁgspg%ﬁ&r 0 e&kéoaa&ér% Pﬁt% ARl B} ill YBLLA e biffuc act or

contrib LOrce cangbe:derined as
af unct i sfylusfmmhgﬁblthé sgniedplace. Ihel spphﬁ!emfaraia“ﬂualfoeiheﬁam&;e Epne dwput at i on

n& @t veet, ormgn a _.,‘__OSt%‘al@g@ Eﬁ L orcethv 2ct oF.can’ be

: &5@ 2t POVIRGch- i n
deV| ce. shats Qithalt ﬁgvﬁ.mhelréﬁéh-irpdéﬁbé%éd’l%é'éﬁ;ﬁbﬂ@d PSR OTIe and

st udy -t ree-: T:mensd-onal- *vi rf ual- ‘obf.eets:. Wt h reference to. Fi ure 14, in

the pr efaq thetii é&mmafkﬁh@ﬁ 7&‘? \Hﬁlﬂﬂrﬁ‘l‘fﬁlﬁlﬁoﬁmpﬁm@?@ﬁﬂmﬁﬁl’“@ e is
1 ety hd RN,

43 Zd-position fedetenninethas imthesfirshynethod, _

15 the virtual pinpoint tsn’t moved onto it. lnstead he tagged point will blink or
- ;AAh;ghrtho show:that:it-has: heeﬁ sefeeted "'Thas also means that’ the pinpoint
'doesn‘t minmde witlrihe: aetuat se!ected pmnt and there'is'a smaﬂ dnstance

- between: them. Meanwhile, there'is. a'force’ éxerted bn the device; which i is well -
- e!aborated fo facilitate’ th&*user ia mENe ‘the dewce o eﬁm inate the disfanc& his

20 . much ke a*foree of amaetian from the tagged pmsiinan SRS

Lo ~Ferce Feedback uses a 'mﬁdef"based on potentlal ﬁelet “to generate
25 ;resstance it can ‘e d&ﬁcnbed as fanows i the- scaiar"per every voxel “is
" considered asa value of potential, the volume data set | can ‘be equivalent to a
discrete potenhal field.

Ry

Furthermore, if the potenttal field is-an electric fi eld a force:should be exerted on
30 any object with electric charge. The intensity of force is in proportion 1o the
gradient of the potential field on the position where the object is located. The
force direction, along the gradient direction or its:opposite direction, is dependent
on which kind of electric charges (positive or negative) the object possesses. In
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way of the Command & Message Sus, together with other control inf gryragm@nggg
" "Wth respect to the Resistance Cbnputatlon based on" Potential Field

Finite 15 Elenment Method (FEM nesh nodel of -the interacting tool i s
retri qygdabdapm ' an FEM nesh library' The FEM nesh-, nogelsco@priesent s t he
shape and. physical properties= of the virtual tool bei ng sel ected. The.
gradi ent vector of the potential field on each vertex in the nodel is
determined fromthe following relati-@9ship: In this relationship, Kenel"
refers toei . rea filter function A convol ution operation between the
Kernel function and the potential field Ei performed as an anti-alias

means | ’lh8'bﬁé‘§ et itBaMaH %é‘@(i)%iﬂiﬂ_vaﬁlé%bts’é@ﬁﬁéﬂ fo?alnl;auﬁnpﬁgltﬁéwce

resi st ance S an | ntégra ‘ acts upon an 25 nfte element in
the viriNerle génerally, i foeetdan bé definedtiasreefunction M@o&rﬂbbgmﬂsemﬂm@bove

integration |S Sj fied as a m of_ co butions from.each inite
el ennt pawhasua@gp Hms.w) Ancgr rediont URGIAT o7 PYSToE T HPRIRR, resh

geomcagpl ly -corresponds toﬁg)k?r%wtgﬁ@hgﬁenent gﬁ‘n %ﬂby a set of

30 vert tivehaptic reachah diéwcat Supiolaafdrom canrhet explsde& e gumle ﬁteausa to

encount ered b S i's ‘det ermi ned by the f'oll owi ng
rel ati ofXpH F’ﬁ%@ﬁlﬁ VI ﬁc{n% AN 2L1 WO 02/ 05217

PCT/ S@0/00121%: - 30Fn t hi-s’ rel atlonshl p,' i s"a“unit normal vector, (u V)

gws: ?Wope%r@ n% emen can E(Iag:' g@%’?’ﬁ'%@%"ﬁ#"&é’hﬂ%"ud v) E g, .]

. (u, v) abeutea Yapli¢ ldevh:ens méas”? 9 pmoedumsdwﬁn ‘Haptins Bbraryrarichig. vect or,
? 52&) i(lo{éna tnp%es@gel §¥ on Igné]fregree[ne thteocgr%mca%rcllséﬁessage ng?cﬂer rJIlher pol ation
spatial’ mfonnahon is cammumeated io the Default Foree® Feedback Condroller by .

way:of the Command & Message Bus together w1th ofher contrql mformatlon

With respect to the “Res;stance Computatlon based on Potent:al Field”, a Finite
15 Element Method (FEM) mesh-model of the interacting tool is retrieved. from* an‘
FEM _mesh library.. The FEM meSh madel represents the shape-and: phys;cal' '
erties: of the virtual tool being selected. The gradient vector of the potential
ﬁetd on each vertex m tﬁe mod hs detenmned from the fo}lowmg relaﬂonshlp

g = V(Kmel * EW )|

" 20 - ,
..o this re -';nshlp,x i‘_!(emel" refers 0.8, three—ﬁsmen,sionai filfer function: A
| convoiluhon aperahon between the: Kemel function and the patenﬂal ﬁelci Emm,.

is perfonned as an ant:-ahas means. in" order to’ obtain a smooth resuit.

Theoretseally-, the entire resistance FHF is an integral of JFH‘ wh_lch acis upon an

25  infinite eIemént in the vimjat.* object. Since the Finite Element Method is
employed, the above mtegre:tnon is s:mplrt' ed as asum of contributions from each
finite element. To reduce the computatlonai requirement only the surface mesh
is cons:dered i the preferred embodlment. Hence each ﬁnrte element
geametnca!}y cﬂrresponds to a rhesh. The element is deplcted by a set of

30 verlices and a set of interpolation functions. The resistance encoun_’gered by a
single element k is determined by the following relationship:
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15 Furthernore.-' W'total resistance force based on a potential field m
be deternmined as: " 20 The conputation of the torque exerted on tHe/viJANu
tool by the potential field is determned in a similar procedure as the
force. gg? ¢f que on el enment k is where SUBSTI TUTE SHEET/4cddolob10261 0 7 JAI
200 WO 05217 -31 PCT/ S0/ 00101. o k, the center of mass of the el enent
k, and The total resistant torque is determ ned as the sum of all the
AM ,. Wen resistance based on the pailential field has been determ ned,

ot her forces or torques, such as the constraint force from"CGhost & Real
Probes"” are also considered. After the total force F and the total torque
Mare determned, they are provided to the procedure ."Force Mker", which
i nvokes functions from 10 Haptics Library to provide control signals. to

t he hapthmlew(g@ (,gvl[ﬁ[@r;gtgk(;gﬁ)jﬁ,(umdudpo; que sensat.ions. 15 25 Upon
executing such procedure,. collisions or contact between the virtual -
tool and a vol une objectcan be sinmulated. Since g will be greater on. the
boundary of a vol ume object according.to the devel opnent of the pot enti al
field, dndhisaelationship Settnds ammit noenalaiestar, (hvhareplor hpatangetarsmundary
Usi.ng Audi o Effect t.o Conpensate Haptic Sense W use t he- Deflaul t Sound-
Eff e6t Gunmeasih iprcansidgratiomand af(wovXivamhysicehpropestyl Sitenthecelementpt s
difficult to inplement a haptic interface to |et user sense the Maﬁ'erlal
propertk saph ke deseibethdds . praevet Jr B, U He. DWhRTe g valivh @ff@@t . can:
be used to.conpensate or. enhance such a sensg: In Default: Sound Ef f ect

Cont rol {!‘Eéﬁp&&%nsﬂlﬂ%nsa%% Wﬁﬁe@of%@@fgrﬁérﬁ%( for the Vi rt ual probe

and vir

=i prachee ii,,(u,v) may be eons:dered fo: be a eenstaﬁt vector appmxlmately

B a ",(u,.v) may also be considered to be constant ak and

;,L‘,",j e j ‘J g' !_ i

*&mﬂ—

J
AF, ”“t“kz By~ gu‘ﬁiﬁ;(u v)dhidy "ainkzni gkﬂ’;

15-:":‘Furtheuhore the ’(otai res&stance force based on a pote

g

26:‘ The compu!at;on of the torque exerted on the v:rtuar tool by the potentaal field is
determmed m a sumltar procedure as the forc:e The torque on element kis

M (ﬂ? (%V)[nk(%v) gk(”)v)][nk(%v)xrk(‘%v)]dud“:akZ(“k xrk,z)zmj(nx g.g,-)

where
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obj ect are taken into account during the. sound synthesis. Moreover, the
approachi ng speed of the probe is another inportant factor that i 8f T udhig e
the sound of a collision. The audio response provided by the potenti al

hel d iyig biies2pf ef erred enbodi ment 30 may be descri bed agTfsgobouw: SUBSTI TUTE
SHEET (RULE 26) O 7 JAN 2}Us WO 02/05217 -32 t5 PCT/ SG0/00101. The i nput
generated froma potential field for .the audio device is a sc_al e val ue.
Hence it can be well defined in reladlon to the distance to a target
structure, For exanple, when a device noves away froma target structure,
the volune of the audio output is determ ned to be proportional to the

di stance pre-c -J.a e pot al ases pl e may
al so depl o?rud’%@u@n ﬁgé ()gg’?v’ reébm E&zﬁﬂ(’é Aﬁ%@ys &Dr R &Hﬁnander
di stance broadcasting can also be’ errpl oyed for the awareness of a user. A

speci 1 g@nfeRiddift B (u ﬁ;twbd A8 cahff of Plasshst thRe cRanEHOGm@s: The

coefficlient V can nt’zed depend| ng on the appli cat1on. Constraint
Display Tg ch.nfqugol n situations invol ving mani pul ation of a virtual object,
a constraifit 1o th&l reach-in device shoul.d be provided. Since visual

0f o TS hetois ARl e B ik amiliad nk SO ELAEA IR AR, Preferable for 20

constr rendering a specitic visua r—a*constraint be
prov ded to acconpany t he use of a tool A technique referred to as eal &
Ghost -Probes®: ‘i's: enpl.oyed in’ t'hé:Detaul t “Facé Feedback Controller try

i npl eneWI'mmBmameshmett &n Tow ppteiiiebfield diasnipgary ddtermited, dhéi fostegr obe

G o1 2SR s 1h8 oo Bips A08e AR IR HRUIPBLSR0 %S TS o°
"y90. HOV&tﬁidereé hAﬂ&hﬁ’ié totaPlcs Fughd the Qotanquu@m,are determined, they

} are. prbwded to the prowdure "Force Maker” which invokes functions from
Haphcs L:brary ta pmv;de c.qntrol slgnala to. the haptic. devnce to generate force

-and: torque sensahons : : .

. Upon exeeuhng such a. procedure caljlﬁwns or. aontacl between» the virtual tool‘
" and a volurie object can be simulated Since g. will be greater on.the boundary |
5 ofa volume abject aecordmg o the devetopmeni of the potentlal ﬁe!d greaier
faree feedbaok wrl!tte sensed Wh ‘n appmachmg a boundary D

| approach:hg speed of the pmbe ns another lmportant factor that mﬂuences the
sound of a co!hsron | '

The audio’ reSponse prowded by the patenhal ﬁeld in the preferred embad;ment
30 maybe described as foﬂows
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)

or in other wor
application ba
take effect. Th

Feedb .
For ceqﬁéggg%g

"ghost probe".
PCT/SGiIYOOlOl
For ce Feedback
certain virtua

cont i nuafhe ingp

ds, it seens hidden within the real probe unless so .
sed condition has failed and the respective consti ?EﬂANsﬂmE
e 30 Default Vision Controller will support Default Force

oller by perform ng the task as probe raurigscoogowhi | e Def aul t

Controller takes control to determ ne the behaviour of the
SUBSTI TUTE SHEET (RULF_:,,%’ZG) 0 7 JAN 2065 WO 02/ 05217

-33 The foll ow ng exa is provided to detail how Default
Control |l er makes such determ nati on When a user. traces a
pathareach in device, some nodule wil] be able to

geneiptedtiTana pelesiiahisld fabihe aygio devisesista. sﬁaamalm ch

Cont  of e 1tEaPFE pRlEerl Telantf 35 nd Al Bhe vkt SRuBREFYERY

pat i al dyBEPihen Plictibe WS awagp idh BTEIGER StHURINESThel VOluARY bp el verges

fromthe desire

d path. does, the Default Force Feedback Control | er

wi-l | r eraigio pnmtgnasietpmw toi e gropartioralite the distence Jyessaleulaieskin i on,

200, 5 SR 955 S e, BB gk oA e bR BB 8 o o

appearsnagggehh
t he ghost probe
user w Em

ghost.:p

disappegﬁgﬁevﬁ
physi ¢cal ,.- 1 fus
from-a_si rml'a

of  The
only depends on

the Uidtanes Chiretlc comirinder \Wistanc® \biroaddsEngeedn RIEH e Owar d
host , probe:, splits .framthe- real probe. Meanwhile, the

fw@em@reﬂﬁ%s ptanspr. shepeafien eeffisient showldihe usedder to t he

probe witl-t- re<nerge - with the real pr obe and
user handles an |nteracg|ve devi.ce, the feeling is, somewhat
er wears a force; feedback gl 6ve, such feellng woul d cone
ed haptic 2(1 rendering:- “Thus a virtual "tool i s i ndependent
device ._ Accordingly, the existence of a virtual tool
whet her “user can“sensée’i't arid’has nothlng to do with

whet her there is an actyal devigce associ.ated Wi t-h When .only the force

f eed bathegbeﬁk:lerﬁ weanbaspstoniized depending gmatbp ap@hoatrqmar t ooI

15

Consiraint Dlsplay Tec’hmque
In sﬂuatmns imblvmg mampulahbn of a wtua! object a constramt to the reach~m

W e gt AT TERR TN SR AL A TP S A T

Smce wsuai mfmmatson sirangly mﬁueﬂces haptle pereemlon, tig preferable for

20

30

B the user what to do or where to go Hewever ) the ghost pro _ue; usually |s mvas;ble

constraint rendenng that a Specrf c vtsual hint for a constramt be pmvrded to

aMpany the-use of a: 1661 A ththnigue’ referfed tor 4% "Real & Ghost Probes
loyed in ihe Defauﬂ Far;;a Feedbaﬁzk Contrbller tmmpiemnt sui:th a \nsual

of inother wotds it seems hldden wrthm the rea! probe un[ess some application-
based condition has fa:led and the respectwe constralnt |s fo take effect. The
Default Vision Controller will support Default Force Feedback Controller by
perfommg the task as probe rendenng while Defauit Force Feedback Controller
takes contiol to detenmine the behavrour of the ghost probe”.
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25 with a certain gesture while the respective haptic sense is fed bﬁg’g 3085
the fingers and pal m Moreover, _a user should be able.to feel

occurred fromhis fingers when the "grasped" tool touches or collides.

W t hotwigeoz/o8217t ual obj ects, Since these tools are onlBC¥sGMwrWiaal space,
they could be designed with any shape, configuration or characteristic. 30
For exanple, an ideal tool for- exploggong cells may include a pen-like shape
with-a thin long probe at one end. It's al so expected to have sone
intelligence to help a SUBSTI TUTE SHEET (RULE 26) 7 JAN 2005 WO 02/ 05217

-34 PCTLSG00/00101 find t of t le. t de th
user by‘ﬁ@ {‘)?%' RN Q/Cﬁu’%gﬁp'a{/gspﬁ%a“’r'g%zf’ #eﬁﬁpﬁéﬁsb%\ﬁf zf[§r9%a]t') %@bg@gglpt ?ng ©
e s POBARORAHRRES A ditaiandi YYEH SCled 1RSS4 bPRaARGAL bt

di scusswith arreachds device) sbmel mbdgleamﬂd:etable m@pontmmﬂyrgme suggestiorisool . From
t hi t ! t l...t b ded-as nbi t f
grbﬁpf)ebﬁsfgfe&%ﬁe o ybichopasitionn ghd gl drggt r?%hééﬁ-csrﬁﬁ ddnaverans . f or
a uger %t MFBUK V%k@“?e&é@%él( Coritsner iRy re?@rn ar g 1@1 wer f ul

tool S; e requires; Several default .virtual too provi ded
rel ati rsglwesm and ded crittent, snahahtmﬁ)aggllmg ofsﬁmodemdl 10 aetémninand
def or mat,i Qn.. v.er ; S} -QVi.de 3P Aat.i-0 vel: rs the
ot ¢ e R ot et oB e SeAiREFestBl B Bt “BetiSeRuilieres

hi.er ar ¢aleBkick CUMibllcFRAIFERkEr 1oshd< préte d from
vol une |mage data. Tﬁfymgg r ca??ébg?f ur?ﬁ?}%’_: .cmnvgit?gide ?ﬁ@%éﬁbﬁ

‘ & while 1esiela - appi Dr‘!baééacli;hbd%t:eactor

geom—:—t positispiand theis Keeap itihi :
SRt D : ek Vg eeticons
ﬁh ek e s BB P RPN I e dfe
- ghost: prabé -Splits’ fram the real piobe Meénwh:l" the user w:ll feel less
resistance encountered when moving the real probe tbward the ghost probe.
When the: real probe is moved sufﬁcsenﬂy close o the ghost probe the ghost'

| probe will re-merge with the real pmbe and disappear.

15 . . D UV LT e ) PP eyl e T
e - Nirtua l‘rcso;s L e N T

o lt‘a user handles an‘irﬂeractlve

Wher only the force: feedback glove is avallable a user can grasp” @ virtual tool.
25 wiha certam gesiure while the respactwe haphc sense is fed back‘-tc the fingers |
_ ,and paim, . Mareaver ayser should be able-to fegt-what has occurred from his
Ri; ngers when the- grasped” tovl touches or collidés: with: other wrtual objects.
| Smoe th&ee tools are only-in virtual space, they could be des:gned with any
~ shape, ccnﬁgurahon or characteristic.

30
For example, an ideal tool for exploring cells may include a pen-like shape with a

thin }Ong probe at one end. It's also expecied to have some intelli'gén’t:e to héfp a
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The told" of the Extractor in operational procedures is subsequegtby
descri bed. Preferably, the Extractor, includes two virtual "tool eﬂ@Nr@WS
to as the Cutting Plane Probe and the 3D -point-picker. In their _

I mpl enpoosbden, several previously descri bed techni quesTmGooderet i ons such
as- 3D snap, Target Finder, "Ghost & Real Probe" and audio effects are al
integrated to facilitate the |nteracﬁyye 30 extraction. The Cutting Pl ane
probe is preferably has the shape of "a magnifying glass, nanmely, ‘a handle
with a loop at one end. As a result, it is a tool with six degrees

SUBSTI TUTE SHEET (RULE 26) 07 JAN 211 WD 02/ 0217 PCT/ SG0/ 00101 -35 of

f r eedomusen findctangets, oftmterpahasl ba ahde de guide thehuisal by anéans of lvadge; s -

pr ef er abl t hus enat the,l oop tao rotate.when sonme virtual
bbot act distor 8ufll et sange 36 Wall & eockitind ef SpORRICHIMGBNE T or ce | n-t he
virtual enV|ronnent In the Extractor, the cutting plane techni que has"
been ex| C | oop of
the .Cu ta?ﬂrllg ane %e?ﬁnac%v 'ozh %g%#é&ge E:ﬁﬁiéﬁ%s fhﬂ%%%g@ﬁ"e?{sééﬁﬁcl osed
pl ansr snap«andﬂaedzll & Ghost Probe” ias discissedepmsividusly- uambedﬁﬁegmbénﬁ tbadi us.

lhébm“ihaéﬁéint i '4 SHh ook EFOIR s HotE: oA ban o o™
n t r ent and
'| nt d| sgfﬁgly and B?% @ﬁée &?(@c_ I F%Eét@q'g ;&%réf&%”ﬁ@échl ng

The f ol candepd. nmvmlés@nmmw fdres usleetEnE_g nbine vatmsafedim'esEtb wofewact s a
co worker ‘reécei.vin the@@r- the Extractor with
a Excep‘fo'?v&n ?rﬁiea

et i kS St Atlldit s e o

)f)fﬁfeﬂr Previ _,ve:&tmg 1 orfiin aetémmnTba.dPeﬂagghgr SHRPL! AoliicdBioh hngor e and
L defoﬁnatlon Howe\fer the. SYStem pm\ndes apphcatlon developers the ability to
| o def'nethelrowntopls U
In the preferred embodiment, a hierarchical contour model is used 10 represent
an object extracted fromrvolume_ lmage data Thls _}model can . be further
" gex as-a " .j_model org mesh
)
""Vrtuadeléls R ML CU I

Preferably the: Extraetar inclirdes two Virtualtools referréd to as’ the Cutbng
- Plane Probe and the SB-pomt—plcker in their lmplementatlon séveral prevnously
described technigiles: or functions such as “30) snap, Target Fmder," “Ghost &
Real Probe” and audio effects are all integrated to facmtate the mteractwa

30 extraction.

The Cutting Plarie probe is preferably has the shape of a fn;aghifyihg glass,
namely, a handle with a loop at one end. As a resul, it is a tool with six degrees
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.25 are its peripheral parts- Each peripheral part is responsible f@
handling a respective. working triode while the Detector processe T{th]@g‘é\lez{j
tasks as contour detection submitted: fromthe peripheries 30 Detector The
functiwoobstihe Detector is to extract a contour on a MImSGamopmiane that is
determ ned automatically, The cutting plane is determ ned froma known two-
di mensi onal image processing techni q_ugJ the details of which are not
described 35 in this specification BSTI TUTE SHEET (RULE 26) G 7 JAI N
20( WD 02/05217 PCT/ SG{10/ 00101 -36 The input includes a closed curve and a
supporti fg pl ane The steps of the algorithmare illustrated bel ow where

“the cut t9nf e Rurtharmare, thetundiisn bebwesn the harette ) tﬁb\dospeiy fic

et thd @*%’éﬁﬁ*?@@uﬁ‘@r@'ﬂ#@nﬁhét%ﬁuﬁ el orniial idacisn cot

They ar ds tenditumercd |6 it AthacdPrRe iitén pbfr‘“@orﬁedf RN B SARLH T

spaces 10 of the" pI ane respectively. The distance between them S ouI d be

rel ati v@"}""%mﬁm -alf) theohstsactar, ihe cultingrplaren techpique has béen emplofted tol osed

curve f% olja?m%édata is pr Oj ected or sanpled onto f, and f2-
respect | vely % ach pl'ane, 'a 2D contour deteéction aI gor| thmis.

i npl emented; ; Two central points (bl and b2).are evaluated. A vector is

t hen dewr&vg}dmy B f i oplof HRO. duct .

bet ween the vect ors,aﬁgél t he ebupportllra%f;;pahéeﬂégeﬁher bE Eﬁ' ﬁ'ﬂgég‘asmlve
(d) A ps%ﬂreﬂamq%anwoagdﬂmacwwm Ispialindhedaop iseadmlemﬂtmadrswh the
‘."i"dl e p0| it m bet vveeh the “two central pol nts (bl and -b2).

vect-or d@ﬁl’%'
The 20 cu )L

) as the’

L helptheausen Gertalnly' rt“ts preferre 16" integtéte the ‘con '
15 oﬁ\erfasﬂmeeforaﬂ-pmntreachmg R S e

- A’c*'mfeand'mmemmam :

PR S W R
Lo T

moﬁuies \mtt:m the Extractor The Detector modu!e forms _
25 are its penpheral parts Each penpheral part: ls respunstble for handtmg a
- respective: warkmg madeS whrie the’ E’ietector prot:e‘sses those tasks as cantour
detectmn submrtted from the penphenes S |

30 Detector

;'The functlan af the Detector is to exiract a coniour on'a cutting plane: that is

| determmed automahcal!y The cutting plane is determined - fmm a known two-

. dtmensmnai image proeessing technique, . the details: of which-are riot described
3% in thts specrf cation.
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vector is its normal and the mdpoint mis on it. The nethod from 2) é@ il
(d) for determning, cuffing-plane is so-called cutting-plane tech '&

are yielded.. (e) The contour on. the cutting=plane is extracted: and
corre&wgqghﬂg7paraneters 25 In the Detector nodul e, thepstmrbial field
nodel plays an inportant role as it acts to exert an attractive force on

t he deformabl e nodel which is placed-gg.the cutting-plane to extract the
desired contour. Initially, a deformable nodel, which is geonetrically a

cl osed curve and includes 30 various nechanical properties such as
elasticity and rigidity, is arranged to encl ose the object on the cross
section. Ehe force calculated based upon the potentlal field nodelling

will att FEetinpukt aclageft caEve @Rd BcUPRaHingo planse ThesstepsUDE tesEET

(ho- oot PPt i RSt oﬂoﬁéﬂwﬁ ?@%ﬂﬁﬂﬂﬁaﬁe i ToRRlEhedce o

the' swebgforaiswadedre conpri sing a series of closed curves and checks the
validity of the volume when user's input isn't correct. Once it detects 15
sorre5i nvalid input, it will informthe Cutting Plane probe and the latter

will | etfa) Tworepenific pawsiicbplanes (fawd Bhare detesminadiaccardinghie therinpspondi ng

constrai nt Real ' Probe". As for the constraint;

the Tr acke}’ﬂ'f“ip'k‘%?é&“}%s’a’ﬂw 'ngﬂgﬁ{?ﬂ‘ 'ne -t he next p05|t|on . 20 to which

t he probe mggﬂ&ﬁgmnmaﬂm;mw@ expected position and trend to the

Cutting Plane probes: 1it. eferred to use a- ‘method referred. to as "2-

steps-for eIB%Y arg tp E@&B!ﬂleé -sypseting plane and lorate lnﬁ@b hathepazes: ker

II : I h t
e ol @iy, bl 0SB R,
t he secondsrﬂaitas m?mﬂédmﬁ}ﬂ!mmalaﬂimg Uinelemiﬂmblbsbdcpmed to, the

Det ect or, h her ui red. ar aneter.s, e nore accurate eval uati-on
is eff e&:}e e%slgp(qlegt ‘or sampled ontc\g\'g andﬁrespech%eﬁ/

(c) ln each plane a ZD contour: detection: algorrthm is mplemented TWo central
| po:nts_ b-{_‘ and bg) are. evaluated Advestor is: then: deterrmned by: eonnectmg _
15 the: two points while the dot product between the vector and: the supporting
plane’s normal shou!d be positive.

(d)A p!ane, referred to as the euttmg-piane ‘eén'be determmed wnth the vector
and the rmddle pomt m- between the iwo central pomts (b1 and -bz). The -
:cutt'mg«pl.ane is cbmpletely detenmnable by the two condmons sucb as. the

20 'vedlot is its-normal and the: mldpelnt m is on lt. The r'ieihod.frqm (@) to (d) for
determinmg cuthng—plane is so-called cut’nng plarie technique
) L (e) The cnnmur on the cuthng~plane is extracted and cerrespondmg parameters
o arey;elded . T e
25 ,ln the .etecter module the potenhal f’e!d model p!ays an: :mportant role as it
acts to exeft an attractive force on the defolmable model which is'placed on the
cutting-plane to extract the desired contour.

Initially, a2 deformable model, which is geometrically a closed curve and includes
30 various mechanical properties’ such as elasticity and rigidity, is arranged to

enclose the object on the:cross section. The forces calculated based lipon the

potential field modelling wil atiract the modél to approach the boundary of the
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. vascul ar object. Since the nodel is deformable, both the shape and7l ggﬁtj_;{mg
of the nodel will be influenced. Wen the force of attraction and the
internal forces resulting fromthe propertied of elasticity and rigidity
of thewwommb2iare in equilibriumthe nodel will not bepcE$Gromethiany furt her
and at that stage it should correspond to the contour of the cross section
of the vascul ar object. Tracker Tracker is to track user-controlled '
reach-in device, and is responsi bl e ~f®HF- 10 reconstructi ng a sweeping
volune to catch user-desired object in Volune data. 30 position where the
| oop' s centre' should nove, is fed back to the Tracker. One the other side,
the Tra S Wablb O sly
whi |l e ag‘j(%g?ﬁgld ?ntg §gﬁggﬁlénrgb§}éﬁlgge%’§act el% %%tﬁﬁg$'%éxoéq%?c§%rt LeﬁjFLJEpr orer
r econst rthemodel wil bedefluencedc When thesforceyof hitraction aadethelmtamailftsrcegl ven by

) wh ki t he t L t th f
Supen TuR it oD e %ge,i’e ecf)%t%fﬁxw@c@é%‘ 16 medels akeancur vo.
The SUffeﬁﬁmbhﬁn'Fﬂ‘rB%béél F&Phh ?ﬁﬂ{eﬁ%ﬁ{&&ttha{‘st% etrpﬁmeouﬂel ot on

user-desired object’ ace an the cur e 1's as an approxi
| i neSof corraspwid tcihe cmtmure:fftbe consisrepciientof thesyasculsrsabjegtt i on of t he
Expl orer worki ng with skeleton.line is provided. The Explorer plays the

rote of _a pathfinder after accepting a list of points, denoted as
key- poi t- (KPL). It will then attenpt to explorethe-paththe user
desires, Narrel Y, the Explorer. nust interpaol ate several. poi:nts or a curve

bet ween Teagker isyio éﬁﬁﬁkcéﬁ@r- cogirafledareathhm: devige, santhlie respposiblerfot hi s is
I|n r | 4 ow the Explorer
v n&?u I%’ﬁg'e@hdgruo?urﬁg t&tc%%}gg@&%sﬁea %}3& lrduo&(nq ftaegi nni ng,
expl orer gets the fist MCP go fr omKt's.and Lets pa -
The Tracker records the- spatlal mformataon of the CP—probe wh:le mcrementally

' constmchﬂg the' sweepmg vahlme compnsmg a senes of closed curves and

checks. the validrty of the volume when USer’s mput 1sn*t correct Once :t detects

15 - som ih’valnd mput itwill mfonn the Cuthng Plane probe and the iatter wult Iet the

" Default Force Feedback Contréller start up the correspondmg constra!nt display
asusmg“‘G’host &RearProbe

._As fpr ﬂme constmmt, the. ‘Tracker is an!y required-to-determine the next positior: -
20 . to wh;ch the probe,should move,. and Ffeed back the expected pos:t:on and trend
. to the, Cuﬂmg Plane probe. It is; preferred to- use a method: referreci to as “2-
L _steps—fore;:ast” to evaluatethe expectatlan At fi rst step the: Tracker w:ll explo:i a
.' cu io locally ﬁt the trail of the mw;ng loops centre Just. areund its latest
pos:!;on S0, a;l_to esbmate the_é_ppsmpn and..frend. At the: second step, the
25 " 'estlmate srrfoﬁnailori will_be: hassed, 1o the. Detector., with - other. required
| parameters where a more accurate evaluatlon is effected and the result;
posmon where the !oops centre should move is fed back to-the Tracker. One
the other side, the Tracker will pass those closed curves to the Detector
conhnuously while acceptmg and rendering the extracted contours,

30
Explorer

The Explorer reconstructs a sufface or a curve passing through several points
given by a user while invoking the Detector to extract contours near the surface
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g, where the p; (-=Q. n) stands for the interpolated .points betVﬁeenﬁﬁ a
q'. 15 Tentatively, it has already, acquired a .radius t and: a vecto Q}O
The radius defines the maxi num|ength for one step Expl orer. takes,
vect orwdabiosgs a direction, along which Explorer w | Ipcavsgnosodioen,

tries to predict the next

frompo with distance | ess than RO. Moreover. Ahet angent V1" 'of des

The.
Epr orer

position pl which is al nost al ong Vo and i s away

ired

"path' on p05|t|onp/ wi |l be eval uat€38-20 together with RL. The predicted
triple (pt', 'V1', f 1') fromthe Explorer then are passed into the
Det ect or: The Detector will yield atriple (pl, V.,,. Rl) expected as a

pr eC| S€ Meghsi € t p se
pi', V11 enc SI ng CII’ ggf%r%%g%gx?%gbfae@?coﬁﬁéﬁ&ggﬁéﬁﬁgtﬁﬂ%ﬂh the
new tri msmrmyedabj&t'smﬁapewme/mwémtae anrappﬁxnhate%kd!etentlmeﬁif as

current OSIt_IOI’l a

(i-
(1=

or bethg very C

ﬁé e skel eton | ine between q and:.-ql until r
0sS to q

{Skel et el Explover phiysattib idle’ of B bathfinddi umiepfa t: A Mg

for initial triple (po,

for the next step adventure. In

the. Sant W}e‘?tt mrhq t«ﬂ o5 Begtioe @ gabcption; o thg; EXRIPISF SYOIKING with,

"R))
eachi ng

" Thereafter, each path between gi and q;.f1
5. _n) can al so be expl ored in the same way. the- t'angent -v or of

g et hod

i ven as bel o N 2UL S STI TUTE

SFEET ( Heneterkat ey hoittisb 6P LD lbzﬁbemammeﬁo emtoreemrpata heaessot | on
s o- v BeE e Narhel, SERpibi il CHRROUE s o iR Berh88h (..

is the eesiy Mopadjabemm's) Aete!aﬂvely ISlmpleRme”tﬁod fahemnsmsqlmearpbrll >
-"')u-R"'I?-f T1 01 R f <UU-Ri,Jet p, 1" 7577 iq, where .u is constant

bet HenPelYapmial '?n Flg 3. 6) (h) Let p. +1' p, + URB(Vi-+ v), when

11 gt, -z . Pi. 1l > U-Ri- -qi o p-r 1Ll <-u-R1,: Jet f=.qi, where, u

i'§T Cog 1406 ; oar to Y

The .| eng- : *e?4 V. RS wess tﬁ %ﬁgﬁﬁélﬁ‘%ﬁ%@@r urehgl&. ,

and tn. g, aa’a n*teAamme mnppexpynmwawme et ;saammmfm agd fets po=

15T

he terpalated pomts beween q and . q

_e.

o deﬁhes the max:mum Iength for one step Explerer takes, The veetor deﬁnes a |

200

2%
' réady for the next: stép aﬂventure n the same way, rt w:ll advance and!output a
* st of triples (p;, Vi, ,) (=0 m) representmg the skeleton Ilne between q° and

- 30

dwectien along whlch Expiorer wiﬂ step Then Explorer tnes to predict the next

q’ until reaching or being very close toq" Thereafter each path between o and
o1 (i=0...0) can also be explored in the same way.

The method forinitial triple (ps, Vi, Ro) is-given as below.
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g where the radius is RO. <circle for the contour around the _ Ca{IHIjn Zp[]‘
Detector with (po'go . Rol) as pararreters, As usual, Detector wl 0}8\%“
a triple (po, Vo, Ro) Letting po'=q, V =(gi"ga 11 qi | J g a
regiwgogoet ng algorithmto estimate the radius thepgﬂ%ﬁq%’iﬁﬁp
PCT/ SG00/ 00101 As we conpute the precise triple, a predicted triple for q
shoul d be calculated firstly. Th"tlavr;3 he predicted triple will be refined in
Detector and the result is what ‘esire. The sinple algorithmis shown
bel ow. fact, Explorer. chooses a v at randomfirstly and validates it to
see if there is determ nable position, Explorer generates a: set of
possi Aﬁ w&eéh@h@awe bredigé triphe,"a predxttedtmpler fox c&r&h@ub{ befcaltulated i-ght Pol |
orer wlt'

Jonr ea no t ake,

t owill ose. anot her v
r andonﬁr;t!y GThery theypredicted dHple il b@rfegge il Orﬁ%@ﬂ“ '@f W{‘@ condi ti on
' p: + U >=1| qt-pollv\here5|sa
reI atl\tf%d?ﬁﬁﬂm%ﬁﬁ%ﬁ'ﬁ\rﬂéfg‘?fé*'ﬂé‘ @%he%m'i%ée e Discreter plays the role of an
advanced co r Lk !’ bject nodel to di'screte: object nodel
. E&ﬁﬁ% L4 Wﬂﬁiﬁﬁﬁﬁg il J

as the cont ou ridge across the . Extractor and Editor as
Ser ved 4. nLE; aereﬁon’gwmngcﬁgswna im;amat@aherradwa tbepentlosing SHEET

LE 26) 1] JAN 21 WD Q2/0,.5; PCT/ g  model converter
| nternally: mm#erﬁneecqmgurﬁpﬁ ih ?%@Hé Obj ect toit.. The

el s it SCPparDefetior ) S d#ﬂ‘)eassﬁf’%%‘*ﬂ?}??né’?% ?%“%L?%*?‘Wntﬁtl e

regar ded ompmample(po, Vo, Rﬂ)

‘{___1(]_:,“

(2) Let pm' = pa+ uR: Vi, when !l - - - pi ll 1> uR; i | Il m p Il a1 R., et pw =
15 q whereu isconstant belween ﬂand 1. (shnwn finsFlg 36_-'? v
20
)
xplol ‘ l-;,jﬂchmse-\,hanother v
"randomly to try Anpther vahd_”_“on :sl_,that pm must satlsfy the .condition |}
| 25 ':pr.n ) ll <z when i pm —=po i >= I q' -poll where ¢ is a relative small
" constant. :
' Discreter

30 - The Discreter plays the role of an advanced coﬂ\ierter 'from'parametrié: object
. model to discrete: object-model as the contour Tiodel. 1t is a bridge across the
Extractor and Editor as obsetved in thure 15. It processes a model-loader and
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as shape hints in the Discreter and can be exploited to-:aid in tHe7 JAN 20i
extraction. If such; a guide, is available, it wll assist the exploration
of the desired object in volune data where the awkward probl em of branch
sel ectywgueut d be avoided. Editor 1G The--Extractor aed/SGEN0&19T construct
"a loop' for the increnmental extraction. There are also several |oops in
Editor to provide-various ways to nodify the extracted result or shape
hint. Thus, it can work.firstly to fedd-the Extractor a shape hint to 15
guide its extraction and secondly to work as a post-process to refine or
.trimobjects determ ned by the Extractor. .three parts; nanme Mdele a

Sel ect or

construc??@eggggbnﬁéﬁgwn%ﬂy%?ear%ﬂ@s ﬂlﬁ?iafgoec%% g%rémom a cll screte
nodel  edosit.sThedirstf isebys aryesf: thie: Ediddroand the rsecendns llyvmpﬁrn Jexistings a

spline int atlo and spline to a |ISh e task The Nbdeler
wor ks aupeﬁefgclsr iy T o Sqe1el et Fh pats models ats Fegargied

res on5| | f0e t t|c or
o 2 Shat) *@%ﬁﬁfﬁwﬁ%égéﬁéﬁﬁi?ﬁéﬁ“ﬁﬁqgém 8GR aBH, BT L7 oo

or i8p isuphra mﬁm&aﬂa:ﬁiﬂemmhaswt mwpbmﬁnﬂebf the desired mtﬂeotanrmde :
the user [s al,so expected to |ck ose are round some | ost
det ai | |"Hl“m%93 iwhes fﬁwe@wm% rﬂ‘“gﬁe&ﬁ{%’? be aveideds i nenent
procedure. 3o The Adj uster rranages the user s..interagtion and provides the

user Wi gy Bie 3D-7 poi nt*-pi cker to control t hdse seI ect ed key p0| nts. The.
pi cker e used to . & SR TRty

-~ The-BExiraetor and Edrtor censtruct 4 !u@p for tﬁe mcremental extracﬁon There
~arealso several loops in Editorto provide Various ways o modtfy the extracted
resuli or shape hmt ThusA .it can wark fi rsﬂy .to feed the E_xtractor a shape hint to

 objicis ddiermined by the Extra ciar |

ER!

g5 A .
The Ed:tor consists -of : threé: parts namely a Modeler a Selector and an
Ad}USter R S UL NI SIS R e S ,.'* TR
. The: Mode!e,r eonstrue:ts a paramems model based on‘a spime teehmque from a
d:screte modelmns:shng ef & semes Qf c;onteumk Thel:e ars twe attematwes as

i d 16 plck thase pomts thaf ére around some lost deta'l in
the parametnc model; 55 it Would greaﬂy assist the reﬁnement procedure

30 The Adjuster manages the user’s interaction and provides the user with the 3D-

point-picker to control those selected key points. The picker 'cah“bé'? used to

" access and control any key. point with less effort as desetibed in the: section

"Gmded Mode Thus,.the user can alier the shape undér a certain constramt by
ad;ustmg the key pamts ' ’ ‘
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access and control any key point with less effort as described in Bnk JAN £
section 'Q@iided. Mdde'. Thus,, the user can alter the shape under a ‘
certain constraint by adjusting the key points. 3%@?%%%%%1 HEET (RULE 26)
07 426292/ 05217 -41 described with refer PCTIS amle
rational Procedure In this section, the use of an Increnental Extraction
and Edit Systemis A three- dlnen3|3nal vol une i s | oaded and di spl ayed al ong
side with audio and haptic contr® 4- The first step involves a prelimnary
extraction of a three- dinensional object fromthe volunme data. The user
then refines, fhb: extracted object fromvolune data. 10 nodel with tools
provided in the Edltor ~nodul e. The usercoul d out put or save e nodel when
he or . e odidifet he results There are three nodes in the

2 REEHB Tdi-scuss’ how. Extractor an Ed r work to
pur Su?ntﬁygg rséa;gah {ﬁédﬂ;stg ofsan Incrementat tExiiagtien and s #® V8l ume datb

ctor provides:a -user with thre nt.eracti,o fIFidlY I\/bde

'Pi cki dgsb’d;ed’ovrﬂl feWade‘@J ﬂ‘-"mj@ dwéjgﬁcﬁﬁ "@Eg mﬁ]ng user ‘is
expect. ed Logmoyl v& thed ‘actor a shape hint in a certain form of his desired
ob ecP 78 g?ﬁa t..several’, ‘correspondi ng virtual tools. Thus, we

- put - errpha5| s on the t wo. questlons as. what, '.form.sheul.d:be, given and
“how. tggﬁr Tdﬁél’%lhme’t‘éﬂ@kwu hpmtmspmci alzmszdmthh apdno andn pe

expl o] as a c ‘ue to_benefit ;f:he: ThlS de 151 pEe] ﬁﬁdof ‘%@_de a user
with hhptnmﬁntadls.‘t Jbe et Htepdn ' O datch & desired
obj ect 1n volu I'ﬂ{b ‘ﬁgéh mﬁnasmeoadra&led ted the.
Ext r adiragnsion aﬂ?’m%% ?feagﬁquwgéﬁbgéﬁe t-he usel?r% ¢can nove.the probe
yfggel h&ﬁl%wgqimﬁaedmmwoomMe The pRer sawd 94t -Oﬁéaxsn ‘reshape

"'8

the mpde! when he or she'is: satnsﬁed with the:results. s Thére:dre th‘reé wodes in
iﬂ,e,ﬁxgracmn ,;ne'thgd ‘We. wnil dxsc;uss how. E)&tractm and’ Ed:tﬁr work’ 6 pursue
E their goal aldmg user to extract and edit‘object involume: dafa AT

L 15 davt,ramr '_-:V:':; 'F‘:‘,{‘li"_ ,'_---’f'"«\":- PR "ﬁ' Tl TRy e

Hrar

20 object by use. of ‘ohe( or severa! correspondmg wrtual tools .Thus we'. put

,mphgs:s on mentwa questnans as what fom: shauld be gaven ahd hev? 1o give

Thus mode is mtended to prowde a user with the v:rtuai tool CP—prebe and
expects the user to catch a. desired object in volume data The entire motion wilt
" pe tracked by the Extracfor wh:ch wm then be explo:ted as a clue fo benefit the

30 *exirachen

| When the. Extractor is. working. in: Trackmg Mode, the user can move the CP-
probe. freely before he selecis:a target object. Atthe same time; he can reshape
‘the loop. “Fhen heis expected to-drive the: probe to sweep a volumewhére the
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the | oop. Then, he is expected to drive the probe to sweep a vol u&z\l\lgx,&e (
t he SUBSTI TUTE SHEET (RULE 26) 1) 7 JAN 211 WD 02/05217 PCT/ SGOQ 4%0
target is alnost fully contained. Meanwhile, a series of contours is

di spl aya@osppr oxi mating the surface that is the near QT/$N0i0ad on t he
desired object to the sweeping volune. Therefore, if there is any cavity
in the object, it cannot be extracted unless the user sweeps another vol une
that encloses it sufficiently closel42-During the sweeping operation, a
constraint wll aid the user to perform the sweepi ng nore accurately, as
to -warrant the volune al nost enclosing the "target” that is percei ved by

dosi r ed gt ARy Tolly coRRnGEMEFhGlte, 8 seMBRT GRiGuS, B pisBlayed "°
expect ecqpRoxiftitithhg thelsuefacs %m the nésleet saiabeobis the desiretkebjecPto Bie

surface or even a_ volume 15.1f the KP.s :spread on asurface,” the Expl orer

wi |l recwesping volurpel Fhereiores i theee is asm caltyciniihes obigati it sannet ibkee i t up

ith t-acky0of | t t |
ol bned SRRl Bled, bB. b Ufcons, Moy GRS AL porBle® i Sl Lor o
The Bet efgcely. ‘Dhiing #id SWBEPInG dpeiratiot, 4 benstraint il uid the ﬁeéht@bemhﬁh is the
nearest to a certain piecewise line respectively. ti the KP's follow al ong

=a skel $hesweeping mneraﬁcmtﬁbo astipewasrenb the voRime alresipenclesingathe t he

IcgzteraV\bt%Fg%e _‘.:II ! \ﬁf'i%e'i’rak{(éﬂe obj ect, p| cking points -Wng the

: t?%@% For " an Obj ect-wth no cavity, its
skel eton line. IS det ermi.nabl e and uni.que. To extract .these..objects with
given- KPwﬁﬁg pdfﬁwmgéeskel etons, the Expl or er- can do m)re for a user
)SI nce thes@ Obj ects..are si-npher -i-n: topol ogy. After a- user: ‘has fini'shed
pi ¢k ng poi nt’s, the Expl orer can: operate automatically. ' Neverthel ess, the

degr-ee- bf thisimnda;itbe. user fs expagied tehapss: thes3Rmeirttnickej and pickssore t he
KP'S_ 1 Rey?hBivts REFS cahkréd*%nsgﬁﬁéférs%e%% &*tﬁeta@wea &saeal?fg&% geShape -

. skeletoh or surface 6r-eveiy a-avoluimew o

15 i the KP’s spread on a surface, the Explorer will reconstruct a p’tﬁil&@jdﬁﬁiisuﬁéce
from those KP’s and then slice. it up: wsth a .stack of paraliel,planes The

2h lf me KP’s foilow akmga skeleten fine: (cénti'ar Ime) ‘the Explorer wi aﬁempt to
| ) o traee the I‘ne When dealmg w:th a vessel !rke object plckmg pblnts ’eﬂong the
: central line is the: most convement For an object wrth no cav;ty sts sketeton line
is detenmnable and umque To extract these objects wﬁh gwen lgP 's: al?o‘ng their
25 skeletons the Explorer can do more for a user smce ihese objects are snmpler in

. ~ t . C e L ‘. .

Aﬁer a user has ﬁntshed ptckmg pomts, the Explorer can operate automatlcally

| rNevertheless the degree of automation of the Explorer depends upon the quality

30 of the KP’s. In other wo;ds, if the specified- KP’s are unable to define a shape

- hint well, the Explorer pauses and prompts the user for '-f’uﬁﬁér instriiction. The

instructions to a user may include guestions ‘on what'io 'do and’ how to do # orto
suggest that the user input'some parts of the shape hint agam
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hint well, the Explorer pauses and pronpts the user for further
I nstruction. The instructions to a user may include gquestions onawhaJANozm
do and howto do "it, or to suggest that the user input sone parts of the
shapews ®psagai n. SUBSTI TUTE SHEET (RULE 26) U 7 JA NCXBEGOMNDIOR/ 05217

PCT/ SG00/ 00101 -43 In this node, the, user need only pick sonme points on a
surface or. along a skeleton. Thus,- the 3D point-picker plays a very

i mportant role here since it can di#d8etly influence the efficiency and

ef fecti veness of such an operation. The techniques for reaching. a
position are well established: such as calibrating a fifer - to. reduce

spati al dat a noi se, 3D-snap and... intelligent Tar get, Finder.. Two exam p
s for pFI %ﬁ oa h| have a}read¥ bheen described in .tire. ection this
mode, aﬂ Df\?@do? R pIFl S, pginks Qaearﬁqrfﬂcedpr ®Pg.aj nst ead

of a m%?é fﬂlsgx :flb:b ek Playd'8 venPRhddirT RO HdrRtsihes RS 11

Is relatrvely for "a-us asape I'nt such as
skel et oahrentlysmﬂﬂanee Mrdﬁc!empramheffwtmnasemfcamh anoopertion. Fhest i ng

S0 o lebhaes ér' m&“ﬁ%ﬁa Rohsn ars s blishid bulls b6 SePbiete s 58 T ey
duri ng gUskiRe patka @o.sel ARSAEE . At %ibﬁiﬁebp 'ﬁa?gat“ﬁﬁae -desired

obj ects;. Ther.e. c@’ul d berdif frerent- ¥egi strati on for different
gui des SNGOY les cfar \p@imioaﬂkmmmgabaﬁe silieady d}ﬁe@udamﬂbm iredhet sedtioon net hod

i hvol'Ves #di be ‘contai ned in the object and bei ng able to
) repres&wﬁ;_v?" ' %ﬁibﬂs@g"a surface- gm de; the regl st rdation deforns it

accordl ng t t::_he shape of the de f| red Obj et haI £ a. metrl c evaI uat es
10' . ‘ 5’. - . .
SRS Gmded Mode ..... f"" I P

| ln th:s mode a user lnputs -a;qurvepr surfac;e as, A, shape hmt direcﬂy instead of
a number of key pomts Based on the b-spllne modelhng techmque, itis.relatively

15 srmple» for a user to model a shape hint such as a skeleton or surface. More

o _f_‘.‘,.:conven;enﬂy 8 ser ezran xmpbrt some existmg shape hmt direcﬂy These shape-
hl!lfsare:;refeneel-to*as gu:des SRR N CREETE e ey

_ mpui as a gurde a seedapomt-based reglstratmn will be executed Aﬁer
-, registration, the Discreter module’ wilk sampié that‘cire 'oF siirface; then' provide
the reduired parameters to the: Detectar snmatarfto therExpiorer‘ The difference is

' that the Discreter will encounter lessdifficully under the guide when it iriés to find

30 theznext,«pes?kion where the contour should be exiracted. This is bécause there is

" no possibility for the Discreter to lose-its way duririg such-an ‘exploration. -

" ln mode!hng ‘and" rééfsﬁation; the ‘SDQp-oint-'picker can aid a user to perform
various tasks. By utilising the constraint display technique and voice commands,
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the difference between them Wen an i nmage-based nodel froma certain atléals
is input as a guide, a seed-point-based registration will be execdk @dJAN 0
After registration, the. Discreter -nodule will sanple that curve or
surfa%ézhgfhpr ovi de the required paraneters to.the Pergctwooisinlar to
the 'Explorer. The difference is that, the Discreter will encounter |ess
difficulty under the guide when it tries to find 30 the next position where
t he contour should be extracted. Thi-gl4i-s because there is 25 various tasks.
By utilising the constraint display technique and voice comands, nodelling
and registration, the 3D -point-picker can aid a user to perform SUBSTI TUTE

ST (LGB L it b P ARSI AR guiibs P! ok

exanpl-e axhingp Llif%r ukeF MibAtst d§§igﬁna8cLWé ‘o réprésent dhe tkeldion soehft on of
an object In'this instance, the user. .is. expected-to:'i nput-several control

poi nt s objacbdm this' irnaiame Ihe usssris capegtarktos put several contrahpoints toont r ol
t he curve. -al tertn p| i-1e met 4] ontinuity and
adj ust i 8']'"’@9??' ﬁﬁo’f‘ﬁpé , Fﬁ%ﬁﬁi@g (ic}ﬁ € L€ ment

the yseéhw Js&ﬁfﬁ@taf@nnaayﬁnrre baaégtgeamtﬁbe@mﬁhawIahdsaamhhgnanare the
result of .the synthet)c effect. of .multiple farcesi such as elasticity of

the cur mﬁugml pontal Duapgnbedﬁom%of 6djw§eeeﬁnM|user anla PEFeRive. The

(el o chamnsdioh: Tq fapRShASHU IR op P bldBe ShORREIGHectBre i

A - S 1..C
for t hemutiple F6rcBE; Such bb dlstivtty irthe séurvalandix not ed

that the tool'" could also -be- -expl.ojited i Sltu en editing is
~ r equi r eletential; field thgpyy. Thee forcreorigigating f@"‘rfé? Hg@m%t‘%‘wﬁnd nor e

ol HlouddB  Weidish the 6 ded GO Rigics n%’%%‘é@“éo. DHE pogtals o er o

gui de raret ussfuhfiBdheeatsarrto wodd withl threesdimensiotal modeliing. Waqhmild |dD9V| di ng

o her %%«%5%3@81) mdc%fsf% gxéﬂa%éé% gny:%n’r;ﬁﬁd?vﬂén“%&s G use

?et;uized

i g R RED

i 15; ln Gumied Mode, the Fesult: may: befmore ar:curata and more éfﬁment ‘than that
obtamed frem Psckmg Key: Points Mode, however, a gmde Hitsthe- ihedelled or
avallable beforehand Anomer way‘ ef pmvndmg .gu:des ‘while avoldmg or

. Afterthe éﬁctg:actio‘n‘ phase;:the user will-have 'an'-'option"te‘S"'tal"t'thé ‘Editor inside

. the Exiractor or startit outside the Extractor where the user needs fo acquire the -
contour. model manuaﬂy A parametric 'model is constructed and rendered. The
user then chooses the ‘mode to select key points, I the awtomatic mode ‘is
30 chosen; several key .poinis,--whieh-can:-‘keep the shape. of the model, dre selecied
and highlighted. They are now ready for the usefs _a'_dju-s_tmenf.‘ if user selects the
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20 the "Editor partipating in solve editing or refining |oop. A[gararreté‘dﬂﬁ
nodel of the: saris = object will be generated by the' Editor, (afdJANemtht
is regarded as a Cuided Mbde "will- be executed the Extractor or start -4
out si deotolves2ext ract or where the' user needs to acquir ecrisseooent our nodel
manual ly. A paranetric nodel is constructed and rendered. The wuser then
chooses the node to select key points. If the automatic node is After the
extraction phase,the, user will have4gn option to start the Editor inside
30 chosen, several key points, which can- keep the shape of t he nodel, are
selected and highlighted. They are now ready for the user's adjustnent |f

user sel, or. SUBSTL T SHEET . (RU 6 02/0Q05217

per! oot TGS Ingde, the ey B BRLIGH Wy gt o Spine ni s ek ainteoR ag on
sone pow?aﬁiﬂéﬁi@_mmm nts on the pararretrl c -nodel . should=initiate, -
the Extractor with the new parametric nodel. Once a key point has been

sel ected, the user can then nove it imediately. It is suggested that he-
shoul d. ﬁttea)heypbmhaathm salected ol Memnltbert htﬁveﬁﬁk‘ﬁheﬂnat dIpeMt is

extr cedor I Nnco rectI, .Such t pes of . key” points are

o aied icho Shonkl 00d seaker goints mear Somd Bataiarthabbavenrode)

t hat h Rﬁﬁﬂﬁb E’e&? Q user

requi rggeeh r%efl nerr?nrtq%\;hde %ﬁ@@%ﬁée C%g ﬁ)@ﬁ“ﬁ% fl'—_%éy éé‘ﬁ AU

est abl i ko asvdeatail ﬂceyrpmuﬂdeﬁ'ﬁeca‘d“_*“ "entita:mwmaramm‘- tmodel that Hedel .

Ther ef ou. r erfect be extracted-if respectlve

det ai I’ '?g%msrﬁ'%#ga e‘pﬂ%eﬁ F&ﬁ??%&’#?é' 'figf? uRer Teaultes ageflispment her evi ousl y

descri hatbuld iAEUE Extrasto? vl OBERRS ¥arasitid By, | 00p 15-for extraction
)and ed|t Dur i ng the process the user rray obt a| n. the result at any tinme.

In the Gmded Lme Mode the Extractor will estabhsh a new contour model
c:orraspﬂadmg to the pammetnca model: Therefére the Iest or lmperfect detail
o weutd be exh'acted if respeehve detatlskey “pemts were given ‘dunﬁg tﬁé key poinit
selection. As prevcausly described, the process is'a progresswe refir nement loop
15 for extraction and edit. During the process, the user may obtain the result at any
time.

20 The basic workflow is outliied in Figure 16. In this Figure, the Interaction
Manager is omrtled for convemence The discrete model (contour model) is first
) passed to the Editor as input: This- model is then flows to the Modeler (). |
Aﬂerwards & parametnc ‘model, which is a result of erther an mterpol’atxon or
ﬁtlmg method 1s passed to the Selector (C). The: Selector mcludes three: modes
25 such as automatic mode, :nteractlve mode and s:mple mode, which can be
chosen by the user. The selected Key points will be con\:eyed to the Adjuster (D).
After adjustment, those key points with new positions are retumed. to the
Modeler. Then, processes B, C and D are executed again. Thus, the processes

B, C and D form a loop, called as basic editing-foop.

30
Except for he first basic editing-loop, the user has a right to choose the simple

mode to re-use KPs selected in the previous editing loop to avoid reselecting

-
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Wor kfl ow 20 The basic workflow is outlined in Figure 16. In this Figure,
the Interaction Manager is omtted for convenience. The discret® fddl 2005
(contour nodel) is first passed to the Editor as input. This nodel is then
fl ows W@ ebfp1Model er (B) Afterwards, a paranetric nodeir/sgebketori s a result
of either an interpolation or fitting nethod, is passed to the. Selector
(©. The Selector includes three nodes 25 such as automatic node,
interactive node and sinpl e node, whi48- can be chosen by the user. The

sel ected key points will be conveyed to the Adjuster (D). After

adj ustment, those key points with new positions are returned to the

B SLoth%}*t?%paFré‘iﬁeé%e Siiplecdde. fed SRR Py 380V Eh HE Byt he"o°C
first bagblelshd tHike K8 seldifed FRhelprevidus eaftihgl6op Romeeadjlsteyi npl e node

to re-use KP's selected in the previous editing loop to av0|d resel ecting
SUBSTI TUTE SHEET (RULE 26) JAN 2[135 7 JAN 2005 WD 92105217 PCT/ SG00/ 00101

-46 t herﬂambshghe{ haslgedulnmbepn’lhewid-mmet Impﬂtromsm it bwfdbé\mgeeml
paranetric el _an se sel ected, in e, previpus, e | oop to
the Adj L%t%r R apek B b i pops hesmosile FgSitp gt ovorkinecinge s0fies,
consi st grrPgul e Eis
t he Extract or mrkﬁﬁgslﬁﬁé‘?ﬁe%ﬂrﬁg“gwwﬁ ncgatwgﬁé@ﬁgoy%r or
better mﬁe@a@prmmmem Ebls loop 4 vafcowdae. asattmm ve
refi nenent: "Thi,s .| oo refer the refini i hvoke.
any co %t apd - V\Sﬁ'ﬁi?h%nYe‘fq Bﬁs{hg é%ﬁt%‘%l’cﬁf'gaéas@uch as,
t he seq 0 %@ﬁﬁéﬁ C%P ‘BeHHEREDREDR so on,
)t hus fo#rah a%n@%ﬁ aeszft??ﬁsg oop Iglrnall ts wily be appr eci E{Bed that
t het@ rrBJEAﬁCBEw adi 0 emithes forening amexﬂémgﬂﬁqé to the -

configurations..described -herein that are *also withifi the’ scope of the
pr esent FlnaYﬁntlJt -n %ngbwﬁeélﬁg &%}&Em%?) be other modifi eations and

alteratmﬂs made to: the configurations described-hetein that are als6-within the

scope of the present mventton

.........
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0 7 JAN 2905 CLAIMS 47 1. A nethod of interacting with Sinulatqu
“three-di nensional objects, the nethod including the steps of 5 ﬂéJAN 2003
identification of three-di nensional objects fromvolune inages; the
associ ation of physical properties with identified objects said properties
I ncluding at |east visual and haptic properties of the identified objects;
i ncorporating said identified objects and associ ated physical properties
into a systemincluding at | east one, visual interface device and at |-east
one haptic 10 interface device thus, enabling the systemto sinulate
~visual an gigtlc properties of the 4dentified obj ects, or any part
‘t her eof, human user interacting with the sinulated three-di nensional
obj ect s, or any part thereof, said interaction including the generation of
signals by the system for transnlsS|on to the at |east one visual

i nter facd deviciethedaet diteracting Wit Stni‘i&!afﬁﬁy@?%aaﬁmlﬁ"é'ﬁ@?'t phigciss thei at ed with
the I5 o chithh ption of signals fromthe |east one haptic

i'nt erfac@bg'géme I r?[thggicgggjgnce Wi th user requests; and editing the

r epr dsent at i dheisfentification pﬁ%&eﬁﬂmeeerpnalmbmctﬁefrom yolupiimagesic represent ati on

of the si rruI gsé&fﬁﬁ . d
according to c?al m wh Z’%‘%‘JJ |nteract|o Eé?evégﬁg'tdrﬁbﬁﬁtnan user and
t he si miheckeciop wﬁa;mualraﬁd haptig PKRP@G&B of theddentified gbjestspr esented to the
user. BJEQ& es the
associ atlonm?r&‘%‘)‘%fr @g L@t&%@%@%ﬁ%&d%@éﬁ%ﬁdﬁﬁ ? dé%c,nlgk? parts
t her eof a systerolincluding @ﬁ\feash(ﬂnﬁo‘é%llaétlﬂfﬁé@m deyiee andi lﬂmteﬁﬂ%bepfdiew ce. A
rret i e human
edé d&.%%ﬁé <Y gwsr. sﬁu&{rpmmdt@bﬁn%dmdne %ﬁ:éé;sem mn

user an st mul ated o ary audi o I nfornmati o
;0 the géme wsnﬂﬁAdmm oammw@emf dp @ hwmaiwsercinteradtiagawith thest one

J hapti c bﬂ{tﬁété@ﬁﬁeegﬁﬂérﬁﬁnbp%ﬁﬁﬁsoﬂ% .Baﬂﬂrlelréaf §81d iRERENch HcligS from the

system-sai d-si bel n% 7
the: gener en of signals by the system for transm:ssnon fo the at least one -visual

: lnterface device: in accordance with the physical properhes associated with the
15 objects and the: receptaon of signals from the least one hapﬂc mterface devnce in

accordance-withruser requests and
edmng the representafhon of a snmulated object in order to refine the

representatlon of the simulated object derived from volume i lmages

20 2 A method according to claim 1"whereih during - interaction: between' the
human user and the simulated objects ancillary visual information is presented to-

J 3 A method accerdmg to. clarm 1 wherem the method lncludes the association
25 of audlbre propertles wrth identified: objects, of parts thereof and- the system
includes at least one audio interface device.

4. A method according to claim 3 wherein during interaction betwéen the
"+ human user and the simulated objects ancillary audio information is presented to

30 the user.

5. A method according to claim 1 wherein the at least one haptic interface
device includes the facility to receive signals from the system said signals being in



A net hod according to claim7 wherein the step of editing the 07 AAN 201

»representation editing the representation of a sinulated object in or
refine the representation of the object derived fromvol unme inmages, the
met hod al so including the application of an- interpolative schene to
produce a continuous nodel fromthe discrete nodel derived from vol une
images. 11. A nethod according to claim 10 wherein the step of editing the
representation of a sinulated object includes the use of the at |east one
haptic and at |east one visual interface device by the user. 30 12. A

met hod according to claim11l wher ¥ the step of editin he

r epr eseqeearidiceopith the rﬁ?ﬁﬁ?’%‘&ddﬂﬂp&t Pm@rtl?ae@ &?es' [ t%‘?‘og’l.‘cfsea%'i one audi o
interfa | EfMatithe ubSBhterdets witrsi Mul at ed obj ect includes the use of at
| east o%gygg'gﬁoeﬁ?on't erface device by the 25 user. 48 accordance with the
‘associ ated haptic properties of the simulated objects, or ~any part -

ther eof g a, ol SEdorifl B8 8IS 1Wkidhein e HraTBLRRCbAGES tiedarichsc ai m |

wherein the 1 nteraction between the various interface devices of the
syst£m inerfage devicesiobilie systam is co-ardinated sugl that dhg serertiregistiationfy si cal
properties.with {he | t hf | " hS 0By ¥ My 1 i ous
Interfa '§§m§1u' | régé}ﬁerﬁ g‘rﬁgcﬁéon rg?é\!/\c/g?nb?etdﬁée '%,atlg%iofgfég% gﬁmgt he human
user. Tintetfanes thoihgdetemctionibetweer the sinulataskabisats andthetuimasrusesi t i ng- t he'
representation of a sinmulated object includes the use of the at |east one
haptic and at |east one .visual interface device by the user. 9. A nethod
accordifig t oAieklioe accoldingdoiciaimdi whareindhesigp of gditingitha represanigbpRcts i s’
derjved f ‘ {[ar > e 08 Q. : BhE BaIENSnd 3 wher ei n
' thei.o ma?fhgogmluncﬁgggaﬁgsgetseﬁgo%go%ﬁgﬁ%%%gt g.g&fa% d“%n&rrg% %lggi giﬁor ding to
-/ Cl ai m Msuahivteniace geviee by $edisele process whereby an edited version of an
object is conpared with a previous discrete nodel of the object to
determ ne the difference between the edited version and the previous
di scretls nodemethodaseordppde claim d Wieesin e siaR ofipdiing WeIEPTESSHRYON 1 an
accept gpL&irhiigicd-object inclides the use of at least one-audio interface device by the

15 user.

9.  Amethod according to claim 1 wherein adiscrete modef of identified objects

" is derived from volume images.

| 20 - 10. A method according. io ciéim- 9 wherein the. fnethod' inctudes_-"the'.stea of
editing-the: répﬁese‘nté_tionfof éi:-simuléted objé;:t ih'?qrd'efstb.: refine the representation t
ofltﬁe-opjgg,aéﬁved:ﬁom‘ \_rolbme' images, the method-also iﬁ'ciuding'=the app!ic.é_l_tion
L) | of 'anjméiﬁ&latﬂive&-schéme»to produce a continuous miodel from the discrete: modet
) derived from volume images. o |

11. A method according to clgiihﬁ 10 wherein the siep of editing the
reprasentatlon of a simulated object inchides the use of the at least one haptic and
" at least one visual interface device by the user. '

36 12. A method according to claim 11 wherein the siep of editing the
representation of a simulated object includes the use of at least one audio interface

device by the user.



O

said edited version being converted into a discrete nodel for the pgrgo‘@ﬁ .
determning the difference with the previous discrete nodel. 14. A Sy .
for interacting with sinulated three-di nensional objects, the system
including 10 representations of three-dinmensional objects identified from
vol ume images, said representations including physical properties
associated with each of the objects relating to at |east visual and haptic
properties thereof; at |east one visual interface device and at | east one
haptic interface device enabling a user to interact with a sinmnulated

t hree-di rren5| onal object said intera®ion 15 including the generation of

si gnal s B¢ t h& mgthodnaacerding indaims 49 o icluginghan d'*lerﬂt@ﬂsﬁmﬁ?% W?‘@[ﬁi»ly i nterface

devi ce Ian e Jarsn Wémo%?& ¥ g8 brearmﬁé;gé at&S&Q&bﬁt Ridali bnkhe

obj ects an e reception Si gn s fromt | east one haptic interface
device i nbjeacteod@tamee Whe Wifigrnce rketwesnt the egitedaversipo candetheypieviogs facility

capabl ea@%céf‘e é{él'b@th%%béc%ﬁd %&%Pﬂegﬁferé%‘i@%tmﬁ%nra?c‘&ﬁﬁﬁbﬁe IRt @ user

t hus en user to I Ssue conman he system
necessi tsaid mflmeﬁevgrs@nobemecwem tintof at tigcretee mhedeth afor sthe1 urpasgy st em

accordi n&tér?rpﬁil‘ng'ﬂ{a Mﬂ”ﬁ@@ q@ {ﬁ%pgélﬁc{ﬁrd?éﬁ'r&b%d% anci |l lary vi sual

I nformati user stem according to claim15 wherein the
physi cal properties assom ated- W|th each of the objects, or any part

t her eof 1.4 NCl MGG Dl o EMREitheSiniiifled hﬁree%aﬁgrbﬁa.sgbbg@' yes at | east

one audi o’interrace devicé an generation o hé system
for trarsssﬁemsmdndmg the at Ieast one audl o interface deV| cein 30

d -
ypar s ool B ish 1ReSORdRRaSTRRE ReRinol flln VORMPRERER, 7 PO
)t he pr oehidi mepresentations linglyding, ghysical mrcpwﬂe$ @ssocjatgd uwith each. ofathgyst em
accordi BBeE& r@‘aﬁhﬂo]ai Mﬁ&@uﬁan&hﬁpﬁ@ﬁ}ab&néyﬂﬁé&ce device is capable of

receivi n sl gha rom-t stem-correspondi ng to the associated flaptic

properties fé&k legnt ong Yisrak interfags; davice: ahd Hdeast oheheptic inefaresieying s
conveyi Eﬁaﬁmbws'eﬁto interact with a simulated three-dimensional object said: interaction

15 mc!udmg the generauon of 5|gnals by the system for transmission to the at-least one
" visual interface device in accerdance with the visual propertles associated WIth the
ob;ects and: the' reeept:on of sngnals from the at least one haptic interface-device in
accordance with user: requests and o |
a-‘voice’ recognmon facnllty capabie of recelvmg and mterpretmg the spoken
20 requests of a user thus: enablmg the user fo issue commands to the system without-
necessnatmg the use of one or both.of the user’s hands.

15 A system accordmg to claim 14 lnc!udlng the provision of ancnllary visual
mfonnahon toa user
25 :
16.  A-system according to-claim 15 wherein the physical properties associated
with each of the ob_j'ects; or any part thereof, -inclﬁde’s_- audible_ properties :éndﬂ the
syster also includes at least -one audio interface: device and the -generation of
signals by the system for transmission to the at least one audio interface device in
30 accordance with the audio properties associated with the objects, or any part

thereof:



(D

i

sensation to the user as a result of interacting with the object.
system according to claim 14 including the capability to co-ordjnrat@nN 12805
10 interaction between the various interface devices such that the correct
regi stration of physical. properties with the identified objects
mai ntai ned for the various system interfaces during interaction
the sinmul ated objects and the human user. 2g, A nethod of interacting with
simul ated t hree-di mensional objects, the 15 nethod' including the steps of

the identification of three-di nensi onal

g

19. A

S
bet ween

objects fromvol une i mages; the

hg rrevisiaR P& RBGHRTY aWdieel sai d

devel oprre t of a nmodel to_represent ob{ ects; the_association of
d6 oﬂ?‘iﬂ

physi cal 18r opéY BYssempgerrding.in claing
properti (ﬁﬁoﬁmbﬁ% Ausat | east visual

and haptic properties of the

identified 20 objects; the association of physical properties with

identified objects in the devel oped nodel

sai d properties incl-.uding at

least viggal Andydiant é&oﬂiuﬁﬁ)% tdein. vﬁéﬁ?%hqﬁé'tl?dcph@qnteﬁgé@ge%ceai@d
sdl d nodel and associ ate ysi ca

|ncorporat;&% propertles into a system
i ncl utli negpalile ofseeriviog sigpals jram mﬁwtem@@wgmqmgén@m@ssog@md fiapbic, haptic

25 BB TGy A1 43, SRl i

and haptic
uman user

|nteract#ﬁmgmftintbﬁﬂse@srﬁﬂeatﬂéqflﬂﬁr@ﬂnmmﬂlﬂw obj ects, or any part
thereof, said interaction including the generation of si gnal s by the -

systemfor transm ssion to the-at | east one visual interface device in
accor darit¥e wiA Bystams ateprdinito plaihp d4 tinalurling; heccanabiitynio eo-ofdinage thwj ect s and

t he fueC%Iefan?orﬂBeﬁ}eﬁﬂalhé vEAGID i laaggaé ﬁéﬁaa%i S&HQthaiﬂE'c%nb&t %{sgaﬁmﬁew ce in

accordance Wt

user requests; e I'nteractton between

varil ous

i nt er f a®EPhxsidaE esmsrhesswefhsm% iderifiegi qhjgctsis maintainad & tl@ejwmﬁ@wsmne correct
registr %ér%&efduﬁhe( pirGrabtioy ARELH ME sihdifel B8jeBis Gnd At Mitnad usgievel oped nodel

i s maintained for
si mul ated objects and the human user.

wher ei n2glur i AQ mdMdT &ﬁthm&iﬂbv\ﬁm dih@lated three-dimensional objects the

15

20:

30

methad mcludmg the steps of
the vdermf cation of three~dtmensnonat objecls from volume images;
the deve!opment of a model to represent those objects

the-association of phys;cal properties with identifi ed objects in the developed '
model said properhes mciudmg at least visual and haphc properttes of the identified

objects;

model said properbes mcludmg at: least visual and haptnc properhes of the ldentrﬁed

ob;ects and mcorporatmg said - model and assoclated physmal propertles mto a'

syste""*‘-mclud’mg at least’ one. Visual mtelface dewce and
mteﬂéce dev:cethus enablmg the system o snmu!ate vnsual andh ptlc propertie
the ndentiﬁed objects or any part thereof to- a human user mteractang wath the

srmuiated three~d1mensrona! objects or any part thereof said intéraction mcludmg s

the generatlon of signals by the system for transmission to the at'least one visual
interface: device in accordance with the physical properties asso;:iated with' the
objects and the reception of signals from the at least one haptic interface device in

accordance with user requests; and

the interaction between the various interface devices of the system being
co-ordinated such that the correct registration of physicai properties with the

the assoccatmn of physncal properhes with identified ob}ects in the develeped‘

he various interfaces -during interaction between the
21. A met hod according to clai-m 20



5 human user and the sinulated obj ects, or any part thereof, ancid[y I7ar N 208
visual information is presented to the user. 22. A nethod according 1o
claim 20 wherein the nethod includes the association of audible properties
with identified objects; or parts thereof, in the 1o nodel, and the system
I ncludes at | east one audio interface device. 23. A nmethod according to
claim 22 wherein during interacti on between the hunman user and sinul at ed
objects, or parts thereof, ancillary audio information is presented to the
user. 15 24. A nethod according ts¢ claim 20 vvher\ii@n- the_@ggaclﬁggst one haptic
interface device.incl t43e theCidrioly trderfaneei \aiNBg g WAPY omthe system
sai d davglore 'B%‘ﬁds irﬁé'&g@%grdance with the associated haptic properties of
t he ?&é{%\é@ﬁﬁ{éé}hﬁlﬁ@ﬁmbjem andthe BHMENYURET eof | that the user interacts with.
20 25. met hod according to any claim20 wherein the nethod includes the
step of editing the nodel of a sinulated object i eheh Ghéef i ne the
m)del%pf t REnéthad|zetedingotn) ala'm@rWW@'W?MBF%%ﬂP%%g%g_ZS|26. A ‘met hod
accordi'ng to claim?25 wherein tha. SHEmmf padithereof;t arcillasyleViS@d a  si nul at ed
obj emumamll@aésf‘"ﬂhg‘eu%“@?te?h%ﬁjg?s’l eastreolrole haptic-and at |east one visual
i nterﬂi_@' aﬁtﬁ,v%,%sgmeahem&men 27. A nethod according to claim 26 wherein
the s g’ﬁo editing the nodel of a 30 sinulated object includes the use of
the at | east one audio interface device by the ef ... AN 895 52 28. A
met hogl, accRr Hiefifbd! cadtding! &b naldioy vade METEFEIR h@enﬂbeg'i?o fm‘;l_aent ﬁlged obj ect s
deri v&d friomval une. i'mages. i S8 SsfEat rigReebr pafs theneef HodhBccording to
cl ai raskecitien of gudiile H@ﬁ%’&ﬁﬁ'@]ﬂ%@&ﬁﬁe _-js’t.ep.(%;’; editing the nodel of a
si rml/@w'M,ﬁgrsygtgnnndeqiestml&astbn%aﬂﬂﬁlﬂw '®Fhe sinul at ed - obj ect
)dé‘fi t'om the”vol ume i mages, the nethod al so incltuding the application

of an interpolative schene to produce a continu delech/ @@ the discrete

human user and simulated -6bjects, or parts thereof, ancillary audio: infomgtlon is
presented to the tiser.
: 20 wherein the at least one"-h_aptic' interface
signalsi f_rbm the system said -signals being in
of the simulated objects, or any

24. A -method agcording' to claim
device includes the facility to receive
acc!|:>'r(:tam=¢-z-,wi,thj the associated haptic properties:
part thereof, that the user jnteraicts- with. '
" im 20 wherein ethod includes. the step of
to-any claim 20 whereinthe method includes ; [

: . ccordifl o
25. A method according of the: simulated

edmng the model} of @ simulated object in order to refine the model
) ob;ectdenvedfrom volume images.

ediing the model of a

g ik rin the step OF
-according to claim- 25 wherein the stey : , B
A method according nd'at least one visual

simuiated‘objéﬁl-indndes the use of the atleast one haptic a
interface device by the user.

according to claim 26 wherein the step of editing the model—: of a

thod ' i ‘
27. A meino nterface device by the

30 simulated object includes the use of the at Igast one audio i

user.



())

|0 30.. A method according to claim29 wherein the step of editing

haptic and at |east one visual-interface device by the user. 31.

according to tlaim29 wherein the step of editing the

A net hod

15 representati onof

a sinmul ated object includes the use of at | east one audio interface

devi ce- by the user.

32. A nmethod according to claim29 including an

iterative, process- whereby an edited version of a nodel is conpared with

a previous discrete nodel

of the object 20 to deternmine the difference

between the edjted version and-the pfevious discrete nodel of the object
and whet t Hemgthodeaacsarding o any; "H 20 yhesginaphe mpdel of s idemtifiedii t ed

versi on je&ecfe@my@ﬁbmmmhs@mg@swefsee@ﬂsééeeqOr the purpose det

the difference with the previous discrete no

er m ni ng

25 33. Anmet hod according

ThSAN 2005

representation of a sinulated object includes the use of the at Ieas

to claim20 V\/nereln the nodel is a potential field nodel representation of

i dentifi ?gf ob ?ﬁéﬁgcé%mﬁrr%fg@&nﬁﬁﬁ%@ﬂﬁ the n%‘:l‘?& ngrﬁg@? P{éﬁ’c

potentia

I nc ysical l'y orien

Pure for

t he r&pr editng theiropdel of aisjrwated d’éjeﬁtﬂecbﬂﬂerdwefm& the Imodel ofithg simalatbdt he

i ih s nnan el R0 he RUGRET A6, MEEREMbdiso o dna K GlfliRey

53 a mimWhhveMmempmpe @bantingousdmatiel fresd the afiscretbumedéinages,

sai d nodgl D?]g,ﬂ sﬁjeﬁ properties associated wi-th each of the :
obj ect s re |ng {H ast visual and haptic properties, thereof; at

| east one vi sual

teracting
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and haptlc i nterface device enabling a user to |nteract

Wi € oR 30Tl 5 i3t SotbriRRS i GhinP 2P Ghnetahd | GEACH UidC ke Do ne

generation.
| east oMepreseriation ofta-simylat

srgnal S by e system ransm Sst

5

-eRigdtdrcludes dhe uselafithe atiledst ohe haptwahd properties

associ ataeﬂ,ag(,;,{@ﬁm;mr%gge@,ggbghfe%gecept ion of signals fromthe at |east
a

one haptic Interface device in accor
voi ce recognition facility capable of

nce with wuser requests; and 10 a
recei ving-and interpreting the spoken

regﬁestmof A whéthod ha&oﬁiwltong:laﬁnhewsmqe}é%'ﬁiéU%té‘&rB?B%QﬁmbOtﬂé"e SyStem
W
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t
representatmn of @& snmulated object includes the use of at least one audio interface

dewce -by the: user.

32. A method accordmg fo clalm 29 lncludmg an iterative: process- whelreby an
edrted version-of a. modelf is compared with a previous dnscrete model of the ob;ect
to determlne the: difference between the edited version and the prewous discrete
model of the object and whether the dlﬁerence is within an- acceptabie llmlt said
edited version bemg converted into a discrete model for. the purpose determmmg
thedifference with the previous d;_screte model.

33. A methbd accordmg 1o clalm 20 wherein the mode! is.a- potentsa! field model _

represemation ofidentified: objects

34. A method according to claim 33 wherein the potential"ﬁeld' model includes a
physically oriented data structire for the representation ‘of objects derived from
volume imagee and the association of physical properties therewith.

35. A system for interacting with simulated three dimensional objects, the
system including



necessitating the use of one or both of the user's hands. 36. A It grN 2008
18 -

‘according to claim35 including the provision of ancillary visual

information to a user. 37. A systemaccording to claim36 wherein the
physi-cal properties associated w th each of the objects, or any part
t hereof, includes audible properties. and the systemalso includes at
| east one audio interface device and the generation of 20 signals by the
system for transm ssion to the at | east one audio interface device in
accordance with the audi o properties_associated with the objects, or any

art them 38. A syste ccordi ng t o°>c| aim 37 includi ng. the provision of
gnci | lary- aufli 6"06\@ ?gr;r]]‘t Wﬁﬁ&mlﬁ?ﬁq?'@?sa"bg‘létﬁ' %@iﬁeifu I t‘&‘Hrﬁ%d H-é%'rgl to claim
35 wher esgid MiRiehinBlutiibg iphy Sl pedpeftfisi st odisted Gth @BLIF oPthe lobfets/iehdingi gnal s

- fromthe system corre%gondi ng to the associated' haptic properties for any

- mai nt ai ne

.system according to any claim

—

si mul at e¢ @ lgastyisudl angd hpplic praperdies. YaPef si gnal s conveying a haptic 30
sensation to dNgadtSeHe Asuat ahﬁsl%i?ﬁc HterrieCdeiide %ﬁém%m L@ 180hReAct 40 A

] i C ] I ncluding the capability to co-ordinate
t he iSnt ewittce isimulpledtbres-dimensienal Gwﬂ'ﬁ'@'ifgﬁé@]%ﬂp‘ﬁ@@g%@ gepambionhe correct
T JAN 2lof SihnalsHyl the Stk TonFardiisiditlo R1iPIHe 4 fedlt bie VidGalTRdffacs S

;
e he various 1nterfaces during interaction between the

si mul at dlgvispjieaccordansetwith the viswalrepertigy assqciled with thecehiestagnddhe | ai m 35
wher €i N b Darigh dFSighals FomAhe 3t ledbt drieNptie deRIc8 3 Bbart ke by dent i fi.ed.
obj ect s. lg%.' A_s_y’gt”e‘sr"n accor di ng toeclégji‘m 38 wher el n t he pot er?f‘lfwé ‘field
nmodel i MEerree8esss; agysical ly -oriented data structure for the

r eprxﬁsent ati gryoffe rRBbftich .ﬂeﬁ:iytvc%%aglgqsgee@f\}mg@na mﬁaetﬁgqhé '&?gﬁecﬁf0¢i ation

of physical properties therewth. . syst em accor di ng aim 35

wher ei nreaNesiss¥ ariserihusiegpliingsthersperiedssie cammagidgie ther systaraavitheut or s t hat
have a hendeffingthe B8 bittheldrdBIVeF kS Gset’s Hahgd to | ow potential . 15744, A
system according -to claim 35 wherein the potential field nodel provides
the- basis for the establishment of force relationships and audio signal
associ agg.on A system. according to claim 35 including the provision of ancillary visual ..

15 information to a-user..

37. Asystem according to claim 36.v\}herein' the pl;ry-si'ca!j properties associated ‘
with_each of the objects; or any part thereof, includes audible properties: a‘hd“-iﬁe- -
system also-includes at least one audio interface device and the gehe‘ratiqh of

20 sighals by the*systém' for transmission to the at least"one_? audio interface device in
accordance with the audio properlies associated with the: objects, or any part
thereof. '

'38: A system’ at:bordin'g'to- claim 37 including the provision of ancillary audio

25  information 1o a-user.

39. A system according to claim 35‘ wherein the haptic interface device: is

capable of receiving signals from the system corrésponding to the associated: haptic

properties for any simulated object, or part thereof, said signals conveying a haptic
30 sensation to the user as a result of interacting with the object.

40. A system according to any claim 35 including the cépability to co-ordinate
the interaction between the various interface devices such that the correct
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for the generation of sensory feedback.

54
registration of physncal properties wuth the model is maintained for the vanous

interfaces during interaction between the simulated objects and the human user.

“41. A system accordmg to claim 35 where:n the model is a potentlal field model

5  representation of identified. ob;ects

42 A-system -aécofding-to-elaim 38 wherein the potentia} field model -inc_lud'es a
physically. oriented f-d“ata‘lsimc't'ure for the representation of objects derived from
volume images and the association of physical properties therewith:

. 10 ' '

C)) 43 A system accordi‘ng to claim 35 whereln the potemla! field is det” ned as a
volums: of force vectors that have a tendency of movmg from values of high to low
potential. ' ‘ : . _

15" 44 A system accordsng to-claim 35 wherem the potentlal ﬁeld model provides

: the basis for the establlshment of force relatlenshlps and audio ssgnal assoclat:on.
for the generation of sensory feedback. '



