| MAGE GENERATI NG DEVI CES, GRAPHI CS BOARDS, AND | MAGE GENERATI NG METHODS
Technical Field [0001] Enbodinents relate to i mage generati ng devi ces,

gr aphi cs woantsi2eend | mage generating nmet hods. Backgr oumrdT[seQ@djobwisnt i ng on
a two-di nensional (2D) representation of a three dinensional (3D) object
may be difficult because not all parts of the three-di nensional object may
be visible in the two-di nensional representation of the three-di nensional
obj ect. Thus, a user nmay have to performrotation and translation -
operations in order to be able to view the portion of the 3D object to be
painted in the 2D representation. This may be a cunbersone task.

[ 0003] Ther ef (iR GE BENERATENO ANV IS, ¢ A PEICS ' BOARDRIOAND IMAGHICr ease

usability of painting on 3D objects in a 2D representatlon of the 3D

object. Summary [0004] I n var&pNsEPREG MBRTERIOBY | ge generating device
may be provided. The

Technical Field

[0001] Embodiments relate to image generating devices, graphics boards, and image

generating methods.

Background

[0002] Painting on a two-dimensional (2D) representation of a three dimensional
(3D) object may be difficult because not all parts of the three-dimensional object may be
visible in the two-dimensional representation of the three-dimensional object. Thus, a
user may have to perform rotation and translation operations in order to be able to view
the portion of the 3D object to be painted in the 2D representation. This may be a
cumbersome task.

[0003] Therefore, there is a need for devices and methods that increase usability of

painting on 3D objects in a 2D representation of the 3D object.

Summary

[0004] In various embodiments, an image generating device may be provided. The
image generating device may include: a two-dimensional view determining circuit
configured to determine a two-dimensional view of a three-dimensional object showing

the three-dimensional object from a virtual camera position; a data structure acquiring



i mage generating device may include: a two-dinensional view determ ning
circuit configured to determ ne a two-di nensional view of a

t hr ee- di 'woWoMAb4s9bj ect showi ng the three-di nensi onal ebjrsctofionue
virtual canera position; a data structure acquiring circuit configured to
acquire a data structure representing a connection structure of el enents of
t he three-di nensional object in the two-dinensional view based on a

di stance between the three-di nensi onal object and the virtual camera

posi ti on cimuit benfigureddo aejuse anlata sueureatpretemtih b eenrdtti@nsivofuad ofobj ect; a

hi dden area determ.ning circuit configured to determ ne at | east one area

of the thieeme dTeRshRRalimeRiRa! objidt Ghithe SwhiddA@Riondl O bhivd ofliaBdigicenal vi ew
based on the data structure; an input acquiring circuit configured to

acquire ankdaR e Bfee HidSRionaPie aREMHE ViHhialGardr gb’éiﬁoﬁﬂ%é&gﬁed to generate

an image wnerein at |east one of the at least one determned area is

di spl ayecRaREda ek 1P ileNBHE dBherdMaliiil. JIRRRRLIA ARELAYS, SABRII ments, a
chayY)'ep edr e graphics maylnd?l

gr aphi cs boar rovi oar ude an i mage

generatin evice., [0006] 1 n various odi ments, . an i nmage, gener.ati ng net hod
oy be. prauh ! Srsterinsgh kgt dor A 4 Motk P ANMES HEBOSPATSH b o

t wo- di nensi onal view of_ a three-dinensional object show.ng the ,

t hr ee- di ridHsitWRdmeninal view based opithe date struchiss:AndBRYt RFGWINGERWL i ng a dat a
structure representing a connection structure of elenents of the

t hr ee- di reenBgwedito ashjiecan inputtof @ uperpandi agansiabng Fireuitaanpbaweditaogengratyi st ance

bet ween the three-di nensi onal object and the virtual canera position in the
t wo- di nermsiimagd whérewy abfeastivee vhithe et ldastens daemlinabyrexcis disgliyed basad oy at | east
one area of the three-dinensional object which is hidden in the

t wo- di menhd @pad oftheewehased on the data structure; acquiring an input of a
user; and generating an inage wherein at |east one of the at |east one

det er m nq@ogw|€a InSvatlbSdnBORAENEAS @ raRids BBarkd M beProtid&. THE EraphiSs i ef

Descri ptiqon@(])f t he Draw ngs [0(30 ?rl} t he d?]gdvi\ln't :33"5 i ke rgfgrence

char act erb%a%‘%ﬂ%{iﬂklh&e 5@{n@dr§€tggnetrgglsg§ﬁg§epar ts throughout the different
ra

views. The ngs are n necessarily to scal e, enphasis instead

ambod redf0oe ' ErARRE MR AL SR IEaL G P BN BlESe Bl B

enbodi e _ oW ng déescri _ _ _ _
et on L SERTnl DS LAY AL L SRER L0, b ot g, T vhioh
erbod nenc{[ilflénsional object showing the three-dimensional object from a virtual camera position; |
acquiring a data structure representing a connection structure of elements of the three-
dimensional object in the two-dimensional view based on a distance between the three-
dimensvional object and the virtual camera position in the two-dimensional view of the
three-dimensional object; determining at least one area of the three-dimensional object
which is hidden in the two-dimensional view based on the data structure; acquiring an

input of a user; and generating an image wherein at least one of the at least one

determined area is displayed based on the input of the user.



FIG 2 shows an image generating device in accordance wth various

enbodi nents; FIG 3 shows a graphics board in accordance wth various
enbodi nenwe;2011/126459 FIG 4 shows a flom1d|agran1|IIustmeEmngoanmmmmge
generating method in accordance w th various enbodi nents; FIG 5
shows an illustration of a 3D nodel that is painted using various devices
and nethods in accordance with various enbodi nents; FIG 6 shows an
illustration of a nulti-layer segnmentation in accordance with various
enbodi nment s; FI G - BAiefBDeswvsipdion iof khesDratingn of a pi xel -1 evel
connectivity according to various embodi nents; - FIG 7B shows an

i 1lustratpeyyjof B th@%zﬁﬂn%@ﬂﬂtb @ﬂ?dih@@fché&’aétb!rsag‘eﬁ@fraﬂy Refet @ MRI dafiéSparts
enbodi nent s; FIG 8 shows an illustration of paintable regions

and t r ackall,e,due WO BFRRE idhY L TRL QrdvA g aevﬁutllﬁc@ssﬁl,r,qg%calé gh

ﬁﬂ@mon t he
screen accor |ng to varlous enbodlnen tsT 9 shows
illustrat.i er f t|o al ..regi on
sel ect an’&s?eadp%? neraﬁ¥% % glpﬂ%)uﬁgr&g’ fha%“% {pFes oIf—:l L(lfl 0“'S 0(Siws Ign
illustratio f. col or bleedl 1 shows an i on of
| nteract .Ieéﬁepgqlwfﬂ%d%%ﬂ%y Viios smbadimels® o, e Ru SRR Jae &f%cﬁgeéw.l oS
enbodi nent s;

reference to the following drawings, in which:

FIG. 1 shows an image generating device in accordance with various
embodiments;

FIG. 2 shows an image generating device in accordance with various
embodiments;

FIG. 3 shows a graphics board in accordance with various embodiments;

FIG. 4 shows a flow diagram illustrating an image generating method in
accordance with various embodiments;

FIG. 5 shows an illustration of a 3D model that is painted using various
devices and methods in accordance with various embodiments;

FIG. 6 shows an illustration of a multi-layer segmentation in accordance with
various embodiments;

FIG. 7A shows an illustration of a pixel-level connectivity according to
various embodiments;

FIG. 7B shows an illustration of a region-level connectivity according to

various embodiments;



FIG 12 shows an illustration of |ayer-aware object rotation allowng to
rotate about a surface point on any |ayer according to various enbodi nents;
FIG 13 swowsiazesbup i ncl udi ng an input tabl et accor di rPTISG20@1000IYE

enbodi nents; Figure 14 shows an illustration of three 3D nodels; and

FI G 15 shows paintings of 3D nodels created with various devices and

nmet hods according to various enbodi nents Description 100081The fol |l ow ng
detail ed description refers to the acconpanyi ng drawi ngs that show, by way
of illustrati on,FI§p8cshbive afdlwstlatoranfl psintabldi regiohs andtridkiable regiend oveent i on
may be practiced. These enbodi ments are described in sufficient detail to

enabl e t hQgepls kykis@fhilen stiORe AldrawPoPhGbresLadcbRling 6 &atibRmYdiiednts;
enbodi ments nay be utilized and structural, |ogical, and el ectrical changes

may be made W t hagl odGPAL Lh Bdsth @M Bpﬁgﬁ)ﬁ%ﬂin fanhf}gn%eg\ég%lepfﬁtenﬁb jvarious

enbodi nents are not necessarily nutual 'y excl usi ve, sonme enbodil nent s

may be caonbin orgie{grg other ﬁgbd(%dgrmsa,nts to. form new enbodi nents.

e Lth one
[00091Thé§egl nsgegecggl}ldqrozgfl?ﬁ%co % Oevaﬁlﬁlﬁs?mc ude @ nmenory which is for exanple

used in the processi carried out b he i e generating device. The
gr aphi cs board ‘rﬁ@'ilﬁglfclﬁeandﬁmmo%ﬂt‘@%k?eg}a“%or exanpl e used in the
processing carried out by the graphics board. A nenory used in the
enbodi nents nmay HE- Al shevas s Blupiriep el lrﬁ%fﬁctés@mtéo-hldagwmlmﬁ&w iRandom
Access Menory) or a non-volatile nenory, for exanple a PROM (Programmabl e
Read Onl ycodsdancy WithyariRRraMogdEratwubl e PROV), EEPROM (El ectrical |y Erasabl e
PROM), or a flash nenory, e.g., a floating gate nenory, a charge trapping
menory, an NMRAMKINadghshovesi glhstratioRaf thyor-Acae objeMaotatiph abowmg RCRAMe ( Phase
Change Random Access Menory). [00101lIn an enbodinment, a "circuit” nmay be
under st 0QHo@S saffcekiontt oafan{ 1dy@ficeording to various embodiments;

FIG. 13 shows a setup including an input tablet according to various

embodiments;
Figure 14 shows an illustration of three 3D models; and

FIG. 15 shows paintings of 3D models created with various devices and

methods according to various embodiments

Description

[0008] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope

of the invention. The various embodiments are not necessarily mutually exclusive, as



i npl enenting entity, which may be special purpose circuitry or a processor
executing software stored in a nenory, firmmvare, or any conbination
t her eof . Wousi/i2eusan enbodi ment, a "circuit” may be a hacdseeasodagic
circuit or a programmable logic circuit such as a progranmabl e processor,
e.g. a mcroprocessor (e.g. a Conplex Instruction Set Conputer (ClSC
processor or a Reduced Instruction Set Conputer (RISC) processor). A
"circuit" may al so be a processor executing software, e.g. any ki nd of
conput er spmeemdodinRn@ may leeolbied withage aimsss dtlercembiodinuklts tE6im Ay code such
as e.g. Java. Any other kind of inplenentation of the respective functions
whi ch W lelpRgindggcri bed in nore detail bel ow may al so be understood as a
"circuit" in accordance with an alternative enbodiment. WO
2011/ 126 / . . "nggﬁg({;:g AT herein to
mean "seﬁ@(l%r? assﬁgeﬁﬁéggg%% ga%n%%g‘gléén%;g?m\ggdiglal ustr {“?1 E)&rflns %ﬁgﬁgﬁ]”godi ment or
desi gn descyi bed herein as “ex ary" is not necessarily.to,be construed
2o pret erpglingfe nicaTrasaBed TR e Eng Sl R T Gt !
[ 0012] Vari ous enbodi nents are described for devices, and varjoys
bbod! oS BFBIRSERPBGHN S HECHORE e bt PrOSE TIsansa sohoy it
property described for a nethod may al so hold for the respective device,
and vi ce gyaphics boprdoA 3pqmazy useddn dhgsmshodimeemarhet xelatlg napaiqry.don 0o in
accordance with various enbodi nents. The inmage generating device 100 may
i ncl ude axtmplediDRANI Ghyahmic RanddatAgcassiViemony) praen-1@@tile orefiogurfed t o
determ ne a two-di nensional. view of a three-di nensional object show ng the
t hr ee- di rrmgple adR QM| (Brigrdnimabl @Read OniglMaaorgy, an [EERIONI (FrasableePROB) £
generating device 100 may further include a data structure acquiring
circuit HEPROMI(ERUERE BraddbidPROMD, 6tat fash nferfolrillets. i ating Bhieng a
connection structure of elenents of the three-dinensional object in the
two- di mengdafdl 2 MafW RppRg n%&y,cunwwm%tm&i&ibe RaM B Adtergnsi onal
object and the virtual cafrera position in the two-di nensional view of the
t hr ee-di I } I ARRs J ixce 100 may further
i ncl ude amﬂﬁﬁgﬁé%gggg%{%}%e?ﬁaﬁgggﬁcw %%%%%%ﬁ’?‘?gured to determ ne at
| east on a t he .t hr ee- di,nensj,onal, obj.ect ich.s,hidden in the
o di ronQfisRa bkt FRATANY eelER kel SR EARER o at g
devi ce 1Q0 l’ra further in&ll ude, an i nput acgui ri ng circuit 108 configured to
acquire amp eﬁ%ﬂfln%?m‘éy’d‘é}% L may,be §RGEIGEPUTRE CUEHITY CHBRDIOSES YOI ur t her
i nclude a generating circuit_110 configured to generate an i nage wherein at
| east onéogwaﬁeﬁ@r%ﬁ in| agpenory nEMANEATEr 2R B gorbiagIqnsthereels Thyedn Bsed on t he
i nput of the user. The two-dinensional view determning circuit 102, the
dat a st r otbgdieneat @lcir¢uity mayibequhard-wirgd lagiecirsuid @e A progsammehle lagini ng circuit
106, the input acquiring circuit 108, and the generating circuit 110 may be
coupl ed kyrcait awhpk apepgtdi@matilo proezsaopk . Hniappretessdri(é.gad Cempleki ng or by an
optical coupling, for exanple a cable or a bus.

Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer

(RISC) processor). A "circuit" may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a "circuit" in accordance with

an alternative embodiment.



[ 0014] According to various enbodi nents, the data structure acquiring
circuit 104 may further be configured to determ ne a di stance between a
pi xel of Wheotlh2et9di mensi onal object and the virtual cR&EES&2PALHAHON i N
t he two-di nensional view of the three-dinensional object. [0015] According
to various enbodi nents, the data structure acquiring circuit 104 may
further be configured to determne a view ng |ayer of a pixel of the

t hr ee- di nensi onal object in the two-dinensional view of the '

t hr ee- di rf80di onaTheokgrd ¢ exenjil@ry6isAsedheatéingo mear teeivangsasewmizaainplent s, t he data
structure may include or may be pixel-level connectivity information

I epr esentihddshcd, RiitkBtraticelAng@atbediment drydesignalegiribedhérein a0 exeimpddrg” Bf t he

t hr ee- di nensi onal object in the two-dinmensional view of the

t hree-di rh%ﬂﬁéce&a}ﬂyq@be 66nstr[1&pés7ﬂr@1@ﬁgd & 489 akiRgaas bRYSIRIBAFbdRBAS or t he data
structure may incl'ude or nay be segnentation map information representing a

segnent atdeggmmap of a plurality of pixels of the three-di nensional object
in the two-dinensional view of the three-di nensional object.

ML N L T e
obj ect 1 rertibed g ok shbPe viEien Pﬁéxfr%?eg%fda%@ﬁé ?%%Svedt S
also hold for the respective device, and vice versa.
[0013] FIG. 1 shows an image generating device 100 in accordance with various
embodiments. The image generating device 100 may include a two-dimensional view
determining circuit 102 configured to determine a two-dimensional view of a three-
dimensional object showing the three-dimensional object from a virtual camera position.
The image generating device 100 may further include a data structure acquiring
circuit 104 configured to acquire a data structure representing a connection structure of
elements of the three-dimensional objéct in the two-dimensional view based on a distance
between the three-dimensional object and the virtual camera position in the two- |
dimensional view of the three-dimensional object. The image generating device 100 may
further include a hidden area determining circuit 106 configured to determine at least one
area of the three-dimensional object which is hidden in the two-dimensional view based
on the data structure. The image generating device 100 may further include an input
acquiring circuit 108 configured to acquire an input of a user. The image generating
device 100 may further include a generating circuit 110 conﬁgured to generate an image

wherein at least one of the at least one determined area is displayed based on the input of

the user. The two-dimensional view determining circuit 102, the data structure acquiring



W). 2011/ 126459PCT/ SG2011/ 000140 [ 0019] According to various enbodi nents, the
i nput of the user may include or may be a click on a pixel of the

t hr ee- di MO ONIAL45Obj ect .in the two-di mensi onal view of PCHSG2011/000140 .
t hr ee- di nensi onal object. According to various enbodi nents, the generating
circuit 110 may further be configured to generate the inmage wherein an area
of a layer below the |layer of the clicked pixel is displayed.

[ 0020] According to various enbodi nents, the input of the user may include
or may beirawit i O the loddenhaeagleraymining apeittlP6 ahe mpubadgerrimgaivgat 1§, sed of t he

t hr ee- di nensi onal object in the two-dinensional view of the

t hr ee- di negdneradihg olguCt 1.0 rh8dtldobpled beliarguplihgvidr ] fobl sx@ipdebly Areelb@ricdlhe
property of the to-be-changed pixel may include at | east one of a col or of
t he to- besghanadpdyRh¥glical Boupliay, BFelatptdd 8dlOér AHiR. t 0- be- changed pi xel , and
a nunber represen%ll ng a physical property of a portion of the

t hr ee- di rcrg%,:] onaAccq,p&iﬁg %&ﬁ@%@ﬁ@ﬁﬁe S%’, t%l&ﬂ(?at& QrRAi € Dapast Bickkh Y0 may

[ 0022] Ac ng to var ment e generating clrrcult
further be c %i ured.to ngrate the . |nmage wherein area of a layer in
the nei i ABBY SroP IR DB C g e iR e E=p B ionE HBh23) Fi a2 shows
an i mage generatj devjce 200 in accordance with various enbodj nents. The
[ mage. gerireiangl elient ar B8 i) AR BRROTR fh o JIECRTIRNA MEE I dBher at | ng
device 100 of FIG 1 a two-dinmensional view determning circuit 102. The
i mage geriBegdimensgag ddiectoo may further include, sinmilar to the inmge
generating device 100 of FIG 1, a data structure acquiring circuit 104.
The i magd0¢kSher aféqprding o eioppembadiments,ttheedata stoictite acqyiringl carcuit 604 he i mage
generating device 100 of FIG 1, a hidden area determning circuit 106. The
i mage gemeayafuithe bdevnfigirdDo deseymingratviering byt pis¢lnf kigerthtee- t he | mage
generating device 100 of FIG 1, an input acquiring circuit 108. The i nage

dimensional object in the two-dimensional view of the three-dimensional object.

[0016] According to various embodiments, the data structure may include or may be

pixel-level connectivity information representing a pixel-level connectivity of a plurality

of pixels of the three-dimensional object in the two-dimensional view of the three-

dimensional object.

[0017] According to various embodiments, the data structure may include or may be

segmentation map information representing a segmentation map of a plurality of pixels of

the three-dimensional object in the two-dimensional view of the three-dimensional

object.

[0018] According to various embodiments, the data structure may include or may be

region-level connectivity information representing a region-level connectivity of a

plurality of sets of pixels of the three-dimensional object in the two-dimensional view of

the three-dimensional object.



generating device 200 may further include, simlar to the inmge generating
device 100 of FIG 1, a generating circuit 110. The inmge generating device
200 nay fwothari2s4sel ude a di splaying circuit 202, |ike wcirischerisspleai ned in
nore detail below The two-dinmensional view determining circuit 102, the
data structure acquiring circuit 104, the hidden area determning circuit
106, the input acquiring circuit 108, the generating circuit 110, and the
di splaying circuit 202 nay be coupled by a coupling 204, for exanple by an
el ectri cqg0019pupl Ao@rding kyvatiouoghbaiherguid inpar, of tlor usexmapinelude oahlag or a
bus. 100241According to various enbodi ments, the displaying circuit 202 may

be confi gdradick 6n dipSil 8ptht hed@RRNAbRA objEBAR theltWBZfihEhsBnaByisW®Mhed gr aphi cs
board 300 in accordance with various enbodi nents. The graphics board 300

may i ncl ggj%g Mndd{RAE! KL RAGh A6 Vhibus dhffod BXARPIR g%ﬂ&atiir{?&&uegqgﬁr ating

device 1 FIG 1 of the 1 mage generating device 200 of Fl

[ 0026] FI G 0 a £l ow di a 00 | rat | A rating

met hod in & f:félgdrq%f\fﬁé: (em\}\ﬁrﬁd {\;’agrelg%)r%gspt@e %ba F%ﬁ{%‘%‘{ %9%81% lag&'?) %%o-ggﬁ%?rensi onal

vi ew of t hr ee- dj. si.onal ,.obj ect showi ng the three-di nensional object
froma vﬁ??ﬁ&f&fﬁhaggpﬁﬁiﬁfp%ﬁkﬁéy be deternined. In 404, a data structure
representing a connection structure of elenents of the three-di nensional

obj ect i 00 t wAceordingta viiars nkediments.sle mpyinithsrssamayinshidg oHMey ance
between the three-dinensional object and the virtual canmera position in the
t wo- di merbsiagneput of wngihg @ipeonery @2 di-bepkangehpixelf dast threplime@ionat | east one
area of the three-dinensional object which is hidden in the two-dinensional
vi ew nay dbgectmttbe twarditheosiswd view ¢ftthe thadeadisiensiottaliplgectl n 408, - an i nput of a
user may be acquired. In 410, an inmge wherein at |east one of the at |east
one det erj0921¢d anesrdifig 6§ wiploay dbddyehs thepepatyest thamest-changddepik¢iput of the
user. WD 2011/ 126459PCT/ SG2011/ 000140 [0027] According to vari ous

enbodi Menhs; infG@dat1ERBotd YT adBIoR 0B the U6 beleBanFBY pixBE b Yets sekle WEle BEthAet er mi ni ng
a di stance ‘between a pi xel of the three-di mensional object and the virtual

caner a pﬁg%%]q%cgég 1B bR BB BR ind h ﬁfgﬁgg ﬁngga i rf;% sodtidESshonal

obj ect. Ing to varl ous enbodi g the data

B4t IR hACLNGE R BN BLPLBLORAY bR g, [2ver of a pixel of

the t hree-drnensional wo- di'mefsi of view of the
L eo di sy onal obl gets 00291 ACEOL L 18, QK Qi TR/ Kb gud e data
| configured to generate the image wherein an area of a layer in the neighborhood of the to-
be-changed pixel is displayed.
- 10023] FIG. 2 shows an image generating device 200 in accordance with various
embodiments. The image generating device 200 may include, similar to the image
generating device 100 of FIG. 1 a two-dimensional view determining circuit 102. The
image generating device 200 may further include, similar to the image generating device
100 of FIG. 1, a data structure acquiring circuit 104. The image generating device 200
may further include, similar to the image generating device 100 of FIG. 1, a hidden area

determining circuit 106. The image generating device 200 may further include, similar to

the image generating device 100 of FIG. 1, an input acquiring circuit 108. The image



pi xel -1 evel connectivity information representing a pixel-|evel
connectivity of a plurality of pixels of the three-di nensional object in

t he two- dvoensiash view of the three-di mensional objectcr[s¢adQjodeaer di ng
to various enbodi nents, the data structure may include or may be
segnentation map information representing a segnentation map of a plurality
of pixels of the three-di nensional object in the two-di nensional view of

t he three-di nensi onal object. [0031] According to various enbodi nents, the
dat a str yehdtitehgdyice 200 HA§ fathemellie, dimghon-thevitlge gabRatigidelicy 10M60r mat i on
representing a region-level connectivity of a plurality of sets of pixels

of the thiger di ROaII@cuthilgCihe iﬁlag@%gﬂeMnghe@aéimﬁhy Rir@¥¢ iafubibge _
t hree- di nensi onal object. [0032] According to various enbodi nents, the input

of the u%ﬁs{%ﬂ?ﬁ% aﬂn@g%]ﬂg% th(RIE r\;xm?‘ﬁ% Q)&}\%{l%% fn%org 'aeﬁil '%1)6@) TH% tv%cﬁgimensional

t hree-di ne mensional view o
{ mmge. my Rerain g Cay 1 GG R PR SRR eeRBE 51 2% ayer
2011/ 126 J6SPETITSISH  BOOHEFBSNTRE EBF 1. 1 Spee PR GO0 s, 1 he
i nput of the user may include or may be an input of changing a property of
a t o- be- dhedigdaying siequitg02 My bcemoe@e% pbya ﬁ@‘ilniﬁalzoi‘»ﬁ}”‘e@tampﬁfglﬂh@ electrical
t wo- di nensi onal view of the three-di mensional object. [0034] According to
vari ous entydigre by sn optial poupbieg.tfpr exfamphea ¢cablder-adivanged pi xel

[0024] According to various embodiments, the displaying circuit 202 may be

configured to display the generated image.

[0025] FIG. 3 shows a graphics board 300 in accordance with various embodiments.

The graphics board 300 may include an ifnage generating device, for example the image

generating device 100 of FIG. 1 or the image generating device 200 of FIG. 2.

[0026] FIG. 4 shows a flow diagram 400 illustrating an image generating method in

accordance with various embodiments. In 402, a two-dimensional view of a three-

dimensional object showing the three-dimensional object from a virtual camera position

may be determined. In 404, a data structure representing a connection structure of

elements of the three-dimensional object in the two-dimensional view may be acquired

based on a distance between the three-dimensional object and the virtual camera position

in the two-dimensional view of the three-dimensional object. In 406, at least one area of

the three-dimensional object which is hidden in the two-dimensional view may be

determined based on the data structure. In 408, an input of a user may be acquired. In

410, an image wherein at least one of the at least one determined area is displayed may be

generated based on the input of the user.



may include or may be at | east one of a color of the to-be-changed pixel,
gray scal e value of the to-be-changed pixel, and a nunber representing a
physi cal woepartyssef a portion of the three-di mensional polrjseetirepresent ed
by the to-be-changed pixel. [0035] According to various enbodi nents,
generating the image may include or nay be generating the inmage mherein an

a

area of a layer in the neighborhood of the to-bechanged pixel is displayed.

[ 0036] According to various enbodi nents, the generated i nage may be
di spl ayeqo0279 03 7A Aoediiglion@rib@s shaliddirients; abQaiingemht datatshectuags igelnds at i ng
met hod may be perforned on a graphics board. [0038] According to various

embodi menR fhay %eﬂb‘ﬂeﬁhmir%)ﬁﬁﬁsthrﬂ:’é%’éﬁ&é‘éh % Pix3Pof thb i#&:-ditH B 0Sd1 9B dfal:r)anaawt i ng
e

i nterface nay be provi [ 0039] Met hods and devi ces according to various

enbodi meng a[r%éja E(anz(ﬂm ﬁl‘?lfleewo mte951 g%e?&rya(gﬁ/{t Sinfle: dim 595349%)@% ggrding to

vari ous e odi nent Vi cesS an e provi conputer

8; :.Ph: (r:lts éﬁ@l hu chco(r:é) HE %tveaglous NS Cl;[llen S, acc{u%[mg e Iargtlaestrfl&ure 1nclu(t'1 L ng and

or may be determining a vieWing layer of a pixel of the three-dimensional object in the
two-dimensional view of the three-dimensional object.

[0029] According to various embodiments, the data structure may include or may be
pixel-level connectivity information representing a pixel-level connectivity of a plurality
of pixels of the three-dimensional object in the two-dimensional view of the three-
dimensional object.

[0030] According to various embodiments, the data structure may include or may be
segmentation map information representing a segmentation map of a plurality of pixels of
the three-dimensional object in the two-dimensional view of the three-dimensional
object.

[0031] According to various embodiments, the data structure may include or may be
region-level connectivity information representing a region-level connectivity of a
plurality of sets of pixels of the three-dimensional object in the two-dimensional view of
the three-dimensional object.

[0032] According to various embodiments, the input of the user may include or may
be a click on a pixel of the three-dimensional object in the two-dimensional view of the
threé-dimensionalv obj ect>. According to various embodiments, generating the image may
include or may be generating the image wherein an area of a layer below the layer of the

clicked pixel is displayed.
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[ 0041] According to various enbodi nents, a nulti-layer approach may be
provided to build a conpelling WSIWG (Wat You See |Is What You GCet)

pai nting woterf@aes9 for 3D nodels. According to variouspemscdinmmniigy the
techni que nmay explore the use of nmulti-layer information for interactive 3D
pai nting. [0042] According to various enbodinents, a series of nulti-I|ayer
nmet hods may be provided, including the GPU based (graphics processing unit
based) nulti-layer segnentation to partition depth-peeled |ayers into
regi ons pe33] pi x&tcokdingto anidud agbcimémny,ahe ppird chid vkt yay hichidsot man;

| ayer-aware painting algorithmto facilitate the draw ng of depth-sensitive
strokes adt,aiRdut 68HaMgiAY & ?aroﬁiéh%r 8bk B-sleptahgd BRI tiRShMe dim&Rigescri bed in
nore detail below, and Interactive region popup and rendering algorithns to

al | ow auto%!;égzs &g@&@é&@gg%&@ﬂ@km@ k2% kR QGR y@@a. regions. Note that all

t hese neth gned to run at 1 nteractive speed in order to

cUPPOrL AL e LA SRS it RRRARC, L

vari ous e I ons e vntroduced into

the WYSI WG painting interface: 1) |ayer-aware painting, 2) interactive
regi on sé’l‘aé’c‘fla‘é%or AT ‘?“F’?t"aer Péielt%%/f)fethﬁé‘?'h‘f‘-cﬁaé‘gi‘f{ H‘é?l’ %ﬁ%fyéffalf’ ayer - awar e
object rotation. These may be painting operations available after exploring
i nt er act iveleéthederdewhengednixel gnda ﬂlé‘iﬂg?f TPRIgEERENg f plysigahpreBeE Ha t o vari ous
enbodi nents, devices and net hods nmay be provided for painting 3D nodels,

whi ch mayolt@nad thethreetdamensiqre! eltjéas repirgsentodrby therto-Yeahimged pixgl.rt ual reality,
and conputer-ai ded design, as well as conputer entertai nnent and gam ng.
Devi ces g0aB5pet hadsrdiag arviriogs émbodithenas) Seasrinddy the vhagemaay iexliénck maymonl y
used painting interface to allow the users to freely paint on occluded"
regi ons. HeQRAGhAGRCRE thd}e wWiRrdl@hh 8Ws oLAGE B feighB6itoo @ 5f diedo-BEL hods may be

provided for 3D painting, for a WSIWG interface, and for depth
segment ath@fbed H&PIsHidpthytd
[0036] According to various embodiments, the generated image may be displayed.
[0037] According to various embodiments, the image generating method may be
performed on a graphics board.
[0038] According to various embodiments, a multi-layer interactive 3D (three-
dimensional) painting interface may be provided.
[0039] Methods and devices according to various embodiments may also be referred
to as “LayerPaint”.
[0040] According to various embodiments, devices and methods may be provided for
computer graphics and human computer interaction, for example for 3D painting and user
interface.

[0041] According to various embodiments, a multi-layer approach may be provided

to build a compelling WYSIWYG (What You See Is What You Get) painting interface
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various enbodi ments, devices and nethods nmay be provided for information
interfaces and presentation, for user interfaces, for graphics utilities
and for paonrvispsisens. 100461The painting styles in comromisg2eredody'SI WG
systens may be awkward, due to the difficulty in rotating or aligning an
obj ect for proper viewi ng during the painting. According to various

enbodi nents, a nulti-layer approach to building a practical and robust

WYSI WG i nterface may be provided for efficient painting on 3D nodels. The
pai nt abl do3@amodely. Aecondihg td varioasletmboditentt rthatechmigiie Mbp eXplereshi dkad on t he
screen as in comonly used WYSI WG i nterfaces. According to various

enbodi mentgii-1&yeH 56 mi¥8Yn eriihtelabifd 3D paidiingt eractively draw | ong strokes
across different depth | ayers, and unveil occl uded regions that one woul d

like to r paj : : b - i+n |
erbodi et 2Tt e ey iFE o, VAR Shldoort, ASrBr CERRLCEy b BN CHAY ke
painting artifacts and Lim Lons j.n.conmmonly used Rpainti interfaces may
be. vor oat deEoriefRl, WG heR R PR Hat Pl RS ECh nay
provi de several . painting operations that may contribute to, a re
Rompel | | REEMPAPCO I PGP TeIRFelY IS dnto KRG hire Al dnd ZFeiemset u
when dealing with conplicated objects with occluded parts and objects that
cannot bée\@ggqmyctﬁatﬁvaﬁ@mti%hlyerﬂmvm@x&%@ﬂ Yeerthmgo fagilitaig sheedrmwmesrint s,
devi ces and nethods may be provided that provide a 3D painting system which
al | ows t lepthssensitive girokes awomaticallygvercsuigblefdeptislayers,aas willf becdesenibednia
intuitive way. Various 3D input devices, such as haptics, provide the users
wi t h hi ghnategleel bélowpahd ahtefacted aepidro pdpupeend yercloritg algotittend taisHowovenent
in the 3D space of the object. However, the cost of the hardware may
usual |y laufdntatit to$ i@@Rlonglainveiliag of ot pddl Bgiod) INsRe HANYII #ické Slethod®ynagt i | |
prefer to paint 3D nodels with conmmonly used 2D interfaces, such as the
tabl et angd d@%ﬁé‘d 3 Sufl @M DAShEReeSebd i ordlrtth MpporP Bt Wikdh2Bvdr awi ng
canvas. 10048TAccording to various enbodi nents, devices and nethods may be
providedlﬁﬁﬁlglw@§IWWG pai nting systemthat uses | ow cost 2D input devices
such as the fabl'et and nouse. In contrast to the exi sting WYSI WG syst ens,
t he devi nd t hods .accordi ng, tp_vari ou di, ment al |l ow t he
user s 1o IGHF Cr AT 0 6V Mol frbl  FprF IRA AR By e s
wor ryi ng .about the oc ' . The devices d nmet hods accqrding to various
oot neteodis B B8 WY SHESR nauie B ERT Al R AP, QU Rt By 1 un
at interactive speed with the hel p of the-GPU(£ raphi cs processing unit) on
the grapAFEen pRleiARs BOR-Foyr3) dnigrpli e Raintaodidep ARt &) Bydramare elyeqtygiation.
interactive painting operations over nmultiple depth |ayers may be.
suppor t edChegno@ythvepainiéng epaaticag Avpllablaaiter expdennginteactigncepthednwithew of an
i nput 3D nodel, an interface according to a nethod or a device according to
vari ous endtpledepthdayewy first carry out nulti-layer segnentation to
partition the depth-peeled | ayers into connectable regions and build
pi xel - | eed44qnd Aewirdifg toeeugious anbatimems,tdevicad ardnméthads miy beprevided fore speed.
Hence, a | ayer-aware painting mechani sm nay be desi gned and i npl enent ed
that is sRBSingR3YEmbIHicH RgY 68 af G oiEdn® Bpditbn RAHoaTpukee rpaIcY, vihdll e
supporting the drawi ng of depth-sensitive Fong strokes across different
llayers. NDNgPV&ia C(flﬂpljtél{z;iﬁ'&lr d , st wlinGs B! GitdMlidnient BUET ganRgIECT T Vi tY
information,” a collection of nulti-layer painting operations may be
desi gned i i e | . e [ ive

SRRk %h@_qﬁ%tgoed\éaﬁagg r§ﬁ1 St%?faﬁi'g?? UBodibRhts %?}é”g{( nd %Qm}n%bﬁlrgs%

regi on select-an n may aut onma y unvel | “occl uded
regions while paintin r ntentionally .unveil. tthe sel ected regions with
B R o A T N o

‘ [0045] According to various embodiments, devices and methods may be provided for

3D painting, for a WYSIWYG interface, and for depth segmentation. According to
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[0049]FIG 5 shows an illustration 500 of a 3D nodel that is painted using
vari ous devices and nethods in accordance wth various enbodi nents. The

mul ti -1 aywo 2appreseh accordi ng to vari ous enbodi nent s neyTBG200g/00004pai Nt i ng
operations that run at interactive speed: given a 3D nodel, a |long stroke
may be drawn on it, as shown in the first imge 502, the second i mage 504
and the third i mage 506, and when the stroke gets occluded (see the second
i mge 504 and note the cursor), the hidden regi on may popup autonatically.
The ent i warigisesmbdditeent® Webieesdammethsdsemu e tphdvidkd for gefomidbioniinterfadey a
single stroke. Users may al so sel ectively pop-up any hidden region with a

nouse Cl iaf pre§@Ratdnf Q¥ hidn irteriaes, FSyraphich viBitiesirdoPpaihtVySte@OP- UP T egi on,
see a fifth image 510. It may take only 35 seconds (with a nouse) to

conpl ete dr ay.nNe: i i i t lﬁgﬁge 514
for anot rﬂée@%% e\?\fli.iy1 e[}%(l)lgo %@lléslq?Sgﬁk?g%@ddsgﬁgg%w%@ﬁgﬁagg ?@r?g’y draw a very
| ong strake .t hat a not .qnly the front- visible .layer. but also the
hi dden | g‘i/lee '3 Eﬁl?/\ﬂf;fﬁquﬁ'ems Ort%kné %rn?é%nén%a%iogﬁ?nf raérgg é,r Ylﬁvé'%’ ec\lllfrglés@lgnd
met hods accarding to various enbaditrents may .aytomatically pop up the
i dden r ETHRES BFoqriat (8ePaIaHs WRRATES. et iHeeE spiachdar BHdHE ar aw
conti nuous and snooth strokes w thout changing the viewpoint, This_ property
may be hipistigal ded rolagt WOSHEYY G| intgripesy mpy pe proyifled fomefieicat pgintigargdPy
conpl ex occl usi ons. Powered by GPU-based | ayer segnentation, interactive
pai nt i ng nwidels. The paiptablsearea masypetnot dinpisdrie dler Hgntunest yissble ewifacesonathd net hod
i n accordance with various enbodi nents. [0051] Accordi ng to vari ous
enbodi nentsen as imdotrimdndy esed AFYISOWMG {nverbaged. dcaordorgpe lvhriong afktedivéatpai nt i ng
interface for 3D nodels may be provided. According to various enbodi nents,
the use a@fusBumbi effay@itlyi At ahtertiivly Hekw long etralkdsi d¢foss Biffsadnd idepd) 18%ys, be
expl ored. WO 2011/ 126459PCT/ SG2011/ 000140 [ 0052] Accordi ng to vari ous
enbodi Menh§ undeif BEJIRRAGEgIBW tHat bAY RouRELIROESscBRY patht ROY d&Hiiod, Relcedi ng the
GPU-based nmulti-layer segnentation to partition depth-peeled | ayers into
regi ons : - T i i IN
Iayer-amg¢%p%g ﬁf#ﬂgﬁg?gggggﬁ#?%%g g%?%?#ﬁ?gggﬁghé%g&¥ﬁba%?%ggg%ﬁ?gensitive
strokes automaticall ver. sui t. t ay.er.s, . SCr] e wth
Fef or onc PR TR IndMladill 38 BoGuOFR el BYBHTe iR GURERAL BERABREC, I b
to allow autgmatic or. intenti.onal unveiling of occluded regions. It is to
be not ed AN [0 VFHLE ﬁ'@gﬂ §Eia ebé‘“ﬁ%’%%’@ﬁeat?pf%d} J?layaﬂ’rqq’h%ers%vc?ﬁ ve speed
in order to support interactive painting over ltiple. |layers. . .
[ 0053] Ac@BWHP&QP?YBUQ}’értP@ﬁa)éﬁ%B’G‘?%FR & morg campelling WY STWy Gy 39 peiniitgons nay
be introduced into the WSIWG painting interface: 1) |ayer-aware_ painting;
2) i nt er aefeifacs; thigimeay Belpegiculapdisgfobwign dejlinghwithaeomiphisatgdiabiectsowkihde; and
4) | ayer-aware object rotation. According to various enbodi nents, these
pai nt i ng cogledaltfans sndralyediethavcinhetteeasifyt pranestgrizedi ng i nt er acti on net hods
with nultiple depth |ayers.

[0047] According to various embodiments, devices and methods may be provided

that provide a 3D painting system which allows the user to paint on the object surfaces in
an efficient and intuitive way. Various 3D input devices, such as haptics, provide the
users with high degree of spatial freedom to directly control the brush movement in the
3D space of the object. However, the cost of the hardware may usually limit its

applications to expérts, while many artists may still prefer to paint 3D models with
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[ 0054] According to various enbodi nents, the above devices and net hods may
be integrated as a working user interface. [0055]According to various
enbodi nrenwe,2oadieasbage nmay be taken of the GPU conput at iPOT&IG2EQWes140
According to various enbodi nents, devices and net hods according to various
enbodi mrents may allow a user to paint not just on the front-nost visible
area, but also on any underlying regions. Since according to various
enbodi ments dept h-peel ed | ayers of the current view are partitioned into
connect akbmnioaly amsl, 2Dhéntaficesyaduch asegieotablzong modse! el désmaoigtrared hads may
provide automatic or intentional reveal of any occluded object part. Wth

t hese prQ@gﬁﬁ)hﬁ%ﬂin@gg%tﬂizmdlﬁ@mgafah@gs enbodi nents, the users nmay draw very
| ong strokes over nultiple |ayers without needing to change the viewpoint

or worr yi[msfboUAccgrbqng&cdaﬁshyaﬁbothQfﬁ@]cﬂeoicemdflﬁ%thmIﬂgﬂ berml)@igea foyer

segment at1 on accordi ng to various enbodi nents w be deéscri bed.

[ 0057] Acc i var il ous. embhodi nent.s t.] - [ S I y be a
Vi ew deﬁce\r&gles m(?gal‘%‘r“&se‘/é?fn%ms‘%%spP’Wéfc’r%whg ‘lé?‘lt?églﬁ%srﬁ%?}%p{*%té‘l’bgéa}i At ng
operations to be described in. nor i) .bel ow. Accqrding tp various
ool oS Al RTs! g dhe iRt W SH 4G FeBhe e Orvbes, b taEn

i ncl udi ng the pixel-level connectivity, the segnentation maps, and the

r egi on- | @geardiag i ¥amqusjampogigentiemay Akew thejusery torgfficigathyraint lege sBolkss
performed every tine after the user changes the object view According to
vari ous @mmnﬁipiﬁt lyerarwidfolt sjosmingnabont theageehisions davicem apthanethads run
interactively with the help of the GPU may be provided. [0058]FIG 6 shows
an il | ustacatrdiag t60Gions embodilrients Ingaydre tlmdgnmpmt aterionof mubicloperdeeib@lswhdth
various enbodi ments. Multi-layer segnmentation is shown on two different

Vi ews (anphdy1@h ay iftdvaéii2 sped witls eeaith vff e 8 Jgraphidsngoddssih® uhit)kaothenodel :
depth peeling may be first applied to generate one set 616 of color and

dept h teyg%iﬁhﬁ;% PRAwARY@6r CkBhpleXAHTR! Sraphitd Hohrd), A¥E fthde OfiteRiReva p%ﬁﬁfﬂgd | ayer
606 for the first view 602, and a fifst |layer 610, a second |ayer 612, and

third | . ' . t.ad | h
a L og)fx%{lol%lo%ga %félltg{'fg g%ﬁf E%Tsvﬁl%y\’bg Qlﬁz)portécf Qi tﬂé L} (ﬁ?%x&%ﬁ@ aBur ther

be applied to pro connectivity 618, segnentati maps 620,
and regi ol LORRSHIYLF i B56r 21b AR Lililifact AL RIREE 2 HRALE G T N9
accordi ng various enbodi nen Wi e
device according to various embodiments may first carry out multi-layer segmentation to
partition the depth-peeled layers into connectable regions and build pixel-level and
region-level connectivity information at interactive speed. Hence, a layer-aware painting
mechanism may be designed and implemented that is sensitive to both region occlusion
and region boundary, while supporting the drawing of depth-sensitive long strokes across
different layers. Moreover, to further exploit the available multi-layer connectivity
information, a collection of multi-layer painting operations may be designed according to
various embodiments, for example, an interactive region select-and-hide mechanism that

may automatically unveil occluded regions while painting or intentionally unveil the

selected regions with mouse or tablet clicks.
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described. WD 2011/126459PCT/ S&2011/ 000140 [0060] Li ke illustrated in FIG
6, the nulti-layer segnentation process with two exanple views of the
Trefoi |l Kwotonmdelsowi || be described. First, a commonlypussd2capbispeel i ng
met hod may be applied to the user-selected view on the 3D nodel with
backface culling enabled. It is to be noted that this nethod may be
performed partially or entirely on the GPU, and may be further accel erated
with suitable methods. In order to facilitate the description, L1 may be

denot ed 36049ne fFIGN5-sho®E afl @fistraticy$00 ¢fl @yBrmddel thal s, paikedsifig@arsmeond
| ayer (layer 1D = 2), and so on. Concerning the depth-peeled |ayers, the

fol | owl NQeRLaPRUtNetAGH iR atDrdaneE wih YafilsQeHRdREentd) The RALK S RHAhrodRhxel P(X,
y) in Li (] 1), there nmust be a foreground pixel at (x, y) on Li (for i =

l1to] - a‘}éor%%(lgb @arﬁ)ﬁgLJnGSdlﬂl%Htts l?na%%lrﬁ{g ;/ﬁ ﬁ{l}tir&é@&erﬂi‘c n?thqpruhiat FHQQQ&MCCOV di ng

to various e I ments, such a proper use or accelerating the

mul ti-layer renderi to,be, descrjbed in  nore detail bel.ow. Jhe. result of
this st ooy Euer sa0 mafelof \EEREPRSRaY B8 SPR wadel LPaR B e e Eindss
textures) for each depth_|ayer, far, exammle like shown in the fir row 616
of FILG 592 e Seopg SEREn SN ek Erde R mﬁlewnoﬁe B Beclied 1o
count foreground pixels per layer. [0062]It wi|l be understood that a depth
val ue of (seeptheepecppd image W4 ard mefsr dicesbyspg, dhedibiddsn cregiont Wa¥E PRI rt ual
canmera position for the two-di nensional view and the portion of the

3D- nodel anwpragisdlt ddie leptitehgrepilinglmay be drawn, see the third image 506, in only a

single stroke. Users may also selectively pop-up any hidden region with a mouse click,
see a fourth image 508, and may draw on this pop-up region, see a fifth image 510. It
may take only 35 seconds (with a mouse) to complete the drawing shown in a sixth image
512, see a seventh image 514 for another view.

[0050] As illustrated in FIG. 5, the users may draw a very long stroke that spans not
only the front-most visible layer but also the hidden layers. When the stroke enters a
hidden layer, the devices and methods according to various embodiments may
automatically pop up the hidden region for the users to continufz the stroke. The users
may draw continuous and smooth strokes without changing the viewpoint. This property
may be highly desired, especially for painting on models with highly complex occlusions.
Powered by GPU-based layer segmentation, interactive painting with this property may
be supported by various devices and method in accordanc‘e with various embodiments.
[0051] According to various embodiments, a multi-layer approach to build a
compelling WYSIWYG painting interface for 3D médels may be provided. According to
various embodiments, the use of multi-layer information for interactive 3D painting may

be explored.
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[0063]In the follow ng, connectivity and segnentation information will be
descri bed. WO 2011/126459PCT/ S&011/ 000140 [ 0064] According to vari ous
enbodi merwe,20tihige4®nnect i vity and segnment ati on i nf or mat POH/SGAYL198014¢1 | t |
and this may include the construction of 1) pixel-level connectivity; 2)
segnentati on map; and 3) region-|level connectivity. These operations wl|l
be described in nore detail below. [0065]In the followng, nmulti-Iayer
segnentation will be described. [0066] According to various enbodi nents, on
a pixel - 1[685Y], aAoxdihg ke vaiovs ambedinmenits, v seeiys bEmiolti-lalyerf methedcmapibeel i n
each depth layer. According to various enbodi nents, this piece of

i nf or mat ippévidely ifvheling ehel GPUrHIBE] ArltRbget sdgdarnei€iph o |patigion tdepth-peelidX el
connects to for all four 4-connected directions (up, down, left, and right)

in the | TRAR $RRGEgiokEe With| ﬁlxém&lvebeanqet%%'bﬁ-%\te? cgﬁﬂe‘%ﬁ%}n@nfbﬁnﬁloﬁl l(d%fkr-' S a
boundary pixel on Tts own layer. According to various enbodi nents$, a pixe

o el eng?*aﬁt;%&m goktnrh o fa5iL 0L th‘é?g%@9§§\9 g eilshi9c APl bRgALAYr di rect

e sane ayer Ing to various e nment s,
f or |nteract|ve tation o t conn en .t wo
nel ghbor 11" PR SRl PeS s a%r%)ad Soote SR FtR RO BS B af v
difference .is | ess Hﬂan a.user-specified threshold, .which m e set to be
a pre- det'8FAR REPUR, and, Eenderine %1%3 9. 20V a‘H?mﬁ%FyObém?‘WPE?Ia Vie ’é‘ByO

control |l ed by the user. Furthernore, the input nodel be uniformy

pre- scal égclugded tegions, ¥t i5 42 ibgenosed thiat a’édb@ef%f?th%@i‘%béﬁ%ygnqdf toarugi afen pi xel
is not a boundary pixel, it may depth-connect to all its four direct

nei ghbor gnteractiveesspsednn dﬂ@}@(v suppbs éntetactivegpintiog oer wltpledayerso search over al |
ot her depth |ayers for a depth-connection fromthe pixel for the
correspor{idssy 4-Acwndieg ttedadouseenbalimerth) sevieml anpelayper pbratqer mby de.
According to various enbodi nents, it may efficiently be perforned by using

GPU f r agnBiddubéPmERNE wmsm@pm [fteffBdeTeyllayep@eirapahiing D) afterhdtiredept h
peel i ng. According to various enboglnents this substep may result in an

RGBA t extiuign E1Q% aR LF: IHNnRraeQNBHALBIHide; bRX UM a§er-A0H Bltholad¥®r, W th
each colorlchzsannéa ?&plﬁg)t%em'ayer t(ﬁ %he cgﬁggétaéeg@dgp?ﬁ | ayer (if

gpé) ;g\r £ashiy «f bmu@ugm@dhﬁ&ﬁg,%ésef S8R G RietBh 'mdy K8 alhilMet h@sed in

exploring interaction methods with multiple depth layers.

[0054] According to various embodiments, the above devices and methods may be

integrated as a working user interface.

[0055] According to various embodiments, advantage may be taken of the GPU

computational power. According to various embodiments, devices and methods

according to various embodiments may allow a user to paint not just on the front-most

visible area, but also on any underlying regions. Since according to various embodiments

depth-peeled layers of the current view are partitioned into connectable regions, the
- automatic region popup and rendering methods may provide automatic or intentional

reveal of any occluded object part. With these properties, according to various
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[0068] FIG 7A shows an illustration 700 of a pixel-level connectivity

according to various enbodinents. This is illustrated using the first view
602 showwornotiheedseft hand side of FIG 6. It is to be mrorsd20havoi@zoom
into a region on layer Li (of the first view 602) is shown to illustrate

t he pi xel -l1evel connectivity (wth an unzooned i mage 702, a nmedi um zooned

i mge 704, and a maxi mum zoom i nage 706 zooned to show single pixels.

[ 0069] According to various enbodi nents, a segnentation nap nay be acquired.
Accor di ngnibedivhisOths usdtd ardiy e SeryflGig stookeqdver afultiple Ryéerks Siithguidicsding| evel
connectivity as described above, a nmulti-I|abel inmge segnentation may be

per f or meg, aﬁng@% VEQIPER bk Wolryink@BbMNk: §RLRRPMaI N a segmentation map
texture, which may stores a unique region ID for each segnented region.

Accordin vary ' - seed- ' i: t hod
oy be uduir® [ GohGHERERRER. B fncPsBRRHLRG Lol 0D SERIPORBMARMT.
connectivLQ§ gCCﬁéqing to various enbodi ments. For exanple, resultant

col or - mapPed® SEYHEHtati on maps, such as a first map 710, a second map 712,
athird nap_714, a fourth map 716, a fifth map 718, and a sixth map 720 may
be acqui 171 [ oorecprtiniodvasigus embedimsifs, r@hlﬁda)/%ﬁ%@?nt%t@giw‘?f‘ewew-
informati on may be acquired. According to various enbodi nents, for exanple
aft er acqependery PiseprecegTiR (St Gimingpatl separiet thei pyinting eperationsntameng
regions across multiple layers nay be built, see also FIG 7B for an

i | I ustr atdessmbed\adoomdrendettid bedow.ohscadipgdionesrials ethbodimenisca inmltiylagend
segnentation map textures may be |loaded to the main nenory, all boundary

pi xel s (fsegmaxaivpl adt fomaectivitpriefoimstidng igclhdiye theopinelkletdlasonhécsiviywnthemay be
checked, and all these connectivities nay be sunmarized as the connectivity

for each se@BimRation GaEY, tind Otht Greidh OB cORROEVIEE Ra§, bl gemerit€® Uk tmayd bgr aph
data structure with regions as nodes and connections as edges may be

obt ai ned.gelifedits bE?)eH@nﬁE&t&gryttﬂﬁE aftll the SR ThERIBE dMfect TRIEIRBSAMHeAD t he
CPU, or may be further put to the GPU, for exanple by using CUDA ( Conpute

Uni fi ed ng\{j)&seexﬁ&il%érﬁgtaw gf}icient multi-layer segmentation that may run interactively

with the help of the GPU may be provided.

[0058] FIG. 6 shows an illustration 600 of a multi-layer segmentation in accordance
with various embodiments. Multi-layer segmentation is shown on two different views (a
first view 602 and a second view 608) of the Trefoil Knot model; depth peeling may be
first applied to generate one set 616 of color and depth textures per layer (for example a
first layer 604 and a second layer 606 for the first view 602, and a first layer 610, a
second layer 612, and a third layer 614 for the second view 608); segmentation may then
- further be applied to produce pixel-level connectivity 618, segmentation maps 620, and
region-level connectivity 622.
[0059] In the following, depth peeling according to various embodiments will be

described.
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[0072] Li ke shown in FIG 7B, according to various enbodi nents, the maps may
be stored in association with interconnection information |ike indicated by
arrows i nwbl@1/igBs9so that it may be clear which maps areradpeaendisbo each
other. [0073] According to various enbodi nents, the pixel-level infornmation
and/ or the segnentation map and/or the region-level information may be
included in the data structure. [0074] According to various enbodi nents,

ot her ways to segnment depth-peeled | ayers may be provided. According to
vari ous €ob&]i nebiks,illveetadr ingFERNS, timymble-layeadeeniefitation idceszdeith, twoher ei n
mul ti-layer segnentation may be explored. According to various enbodi nents,
hi gh per fQampR&gv YT thoDresdil BRGHRIdeBiviIDbE @Rekidel SFipst adispihély @fedepthi - | ayer
connectivity information with the GPU nay be provided, so t%at support for

pa| nting ﬁ@ﬁﬁ@&ktﬂ@& nla b@cag@'iéi‘latﬂ%‘e Web-Bel¥@ed QL% o‘ﬁrﬁ?@?brfﬁ&feis ggssaa&ao%r ovi ded

i nteractive speed. I'ti-layer operations In accor nce wth

Var | ous eﬁgﬂ% erﬁﬁlﬂ%& I¥‘1s' t%) bQ%oFlzﬁ%ﬁz{t tﬁ’?‘i‘netﬁ%dtﬁ%é ?h%r?"}‘}n%@ aﬁﬁﬁg ol oilitte ely?

various e I men |-Iayer arrous 1 n FaCtIVG

tor o det AN tﬁaiil’iﬁaﬁ?f"&%iﬂsﬁqu?ﬁ@ﬁ S B oSt ol crtert G e

painting may be provided. According to various enbodinments, |ayer-aware

pai nting th@ylesSHFPRAL L1 1§ bdrdenbtedaghe roRgmsstrdef@sayen (layéiGDHli)SEQ%k theve
manner, like shown in FIG 5. Like will be described in nore detail bel ow,

two screen-sized maps storing paintable and trackable informati on may be
mai nt ai nedeond layer (layer ID = 2), and so on. Concerning the depth-peeled layers, the following

property may hold:

For any foreground (non-background) pixel p(x, y) in Lj (j > 1), there must be a
foreground pixel at (x, y) on Lj (for i =1 to j — 1) with a smaller depth value than that of
p on L.

[0061] According to various embodiments, such a property may be used for
accelerating the multi-layer rendering to be described in more detail below. The result of
this step may be one set of color and depth images (for example GPU textures) for each
depth layer, for example like shown in the first row 616 of FIG. 6. 1t is to be noted that
occlusion query on GPU may be used to count foreground pixels per layer.

[0062] It will be understood that a depth value of a pixel may be a value representing
a distance between a virtual camera position for the two-dimensional view and the
portion of the 3D-model represented by the bixel.

[0063] In the following, connectivity and segmentation information will be described.
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[0077]In the followi ng, the map storing the paintable region in accordance
with various enbodi nents will be described. When the user starts a paint
action, f\¥P2KanpIe with a touch pen or a nouse, first PRE/SGAKOPEAh pi xel
| ocation, for exanple (xo, yo), nmay be obtained and the layer ID, for
exanple Li, corresponding to the pixel currently visible on the screen may
be | ooked up. It is to be noted that with the region popup and hiding
operations |ike described in nore detail below, the visible pixel at (xo,
yo) may de6dbspohetordingarfo unatenus yembodimyrs,. theneannestigity iang Segvranfation yo,
Li), breadth-first search with the pixel-level connectivity information may
be appl i esfotmmatioacnnagibeebyilty iaad tthal mapanghdotha gomtetion wi t )i pixel-level
user-defined brush radius, for exanple R Since the breadth first search

may Vi Si teoAdt@tiGaTR) Regénthttmamhbe Nando? erepldarew ¢onrdctivitys Thesdepdigicad that it
may go over another |ayer and | oop back), a screen-sized map, for exanple

Mo(X, Y) .will®¥ dberibsER héte ROQK BRI, the [ayer I D for each visited (paintable)
pi xel . Hence, it may be ensured that only one certain layer is paintable

0 3T BSOS e ocar o 19 wood
guarant e?ﬁj%%? beAgcio? 1r(1agd tofviall;icsntls' en'ebsod?mgn%s, %lnta’pi)M?-(lé(\iel,%)pixrg?-){eviepgoin%gétﬁ/itgfhe
may be built for each pixel in each depth layer. According to various embodiments, this
piece of information may provide information about the depth layer that a pixel connects
to for all four 4-connected directions (up, down, left, and right) in the image space. Here
it may be desired to determine if a pixel is a boundary pixel on its own layer. According
to various embodiments, a pixel may be on a boundary if it is not depth-connected to any
of the four direct pixel neighbors on the same layer.
[0067] According to various embodiments, for interactive computation on the GPU,
depth-connection between two neighboring pixels may be computed by checking whether
their depth difference is less than a user-specified threshold, which may be set to be a
pre-determined value, for example 0.001, or may be interactively controlled by the user.
Furthermore, the input model may be uniformly pre-scaled to just fit inside a unit cube
for consistency. If a given pixel is not a boundary pixel, it may depth-connect to all its
four direct neighbors on the same layer; else, it may not be desired to search over all
other depth layers for a depth-connection from the pixel for the corresponding 4-
connected direction. This is a per-pixel operation. According to various embodiments, it

may efficiently be performed by using GPU fragment program, which may be performed

immediately after the depth peeling. According to various embodiments, this substep may
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pai ntabl e regi on around (xo, yo, Li). [0078]FIG 8 shows an illustration
800 of paintable regions (shown in dark grey next to the nouse cursor) and
t rackabl ewpegl1one4301 i ke will be described in nore detai PCHSIGEN1/00¢1d) udi ng
the dark grey region and the lighter grey region around the dark grey
region) over multiple layers while a stroke is drawn on the screen
according to various enbodi ments. [0079] FI G "8 shows the paintable regions
in dark grey, and as the cursor noves (for exanple froma position as shown
in a firsesultnmge BERBAVExthrea fdri exginplsainrit etvhectivetyiteniu@1 p9r, depthelaperi withbl e
region may fall (conpletely or partially) behind other layer(s) as shown in
a second ea¢ig@or@Bbdnr{ehbtoling thedayen dD péihrtcdbhetabbgdepth Bet)(ifand) far duvhrad | mage
806 (with a third paintable region 814), and the paintable region may also

be sensi thy/Ruf Girdchibng Bekh At Qadlﬂze,luhgtﬂﬁeedsﬂ@m A4 a fourth inmage 808 (with a
fourth palntable region 816). It will be understood that the boxes shown

next to 3@@3 hag. 7 %%2 t{r);@vs%&llﬁ ﬁWoﬁﬁb@rogg l&fel E&ﬁe&g{l Trﬂfng {e i mge

i ndi cate 0X | nsli e respective | nage 080

fol | ow QbR RLEL L LSRG Snd B 9 AoREORIANGE | i) g ous

enbodi ment e escri 0 various e provi de
t he dramﬁn f 0 str nmouse .or touch- r mai nt ai ni ng
depth corft FJ{? gf’ms 10 R PT Zpe nga@crs&lapﬁﬁq 553 %ol st Beskt Fon
for examl e (Xi ter the cursor just npves away from (xo 0) may be
det er ni né&42) a&csbewaut%&htsgatséhq pixel- lémsaailrrﬁéwrlév (with awaopmrsémge( va/ &gr ound)

pi xel s existing on (x 1, ) may be checked, and the one that is the
near est tneed{ype zogme Lma)geaé)é aad a miximpin eoomeimsige 766 eemed fq show single

pixels.

[0069] According to various embodiments, a segmentation map may be acquired.
According to various embodiments, for example after building pixel-level connectivity as
described above, a multi-label image segmentation may be performed on each
connectivity texture to obtain a segmentation map texture, which may stores a unique
region ID for each segmented region. According to various embodiments, a seed-based
image segmentation method may be used.

[0070] FIG. 7B shows an illustration 708 of a region-level connectivity according to
various embodiments. For example, resultant color-mapped segmentation maps, such as a
first map 710, a second map 712, a third map 714, a fourth map 716, a fifth map 718, and
a sixth map 720 may be acquired.

[0071] According to various embodiments, region-level information may be a_cquired.
According to various embodiments, for example after acquiring the segmentation maps,
connectivity information among regions across multiple layers may be built, see also

FIG. 7B for an illustration. According to various embodiments, all connectivity and
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I nformati on may be determ ned, which may work |i ke a graph data structure
in this case. [0081] According to various enbodi nents, since tracking from
mul ti -1 ayWo 2plaebe9at (xi, yi), especially fromthose oRCEfSGatIdNeU4) ayers,
may be conputationally expensive, an alternative approach may be taken
according to various enbodi nents, to conpute a trackable region, for
exanple M, from (xo, yo). According to various enbodinents, this trackable
region may be built efficiently by re-using the information available in

t he pai ntsagrentatengi wap tempiresiroay b agedeto themaimpemoryDall Avvndady pixelsdfarar i ous
enbodi nents, rather than stopping the breadth-first search at R (when
const r uctexagplehthogeadionhedpddetor @ thiyemgthert then s awal) m@ybd ehacked, iandedl thedei | a
much | arger radius, for exanple Rmax. Thus, the layer I D nay be obtained

for nore Rhxtisities Yobd XemmiRled KNG, cohbiéivity b cichblegiol A cBRMingUBPOr t @
fast | ookup of the layer |ID when the cursor just noves to (xi, yi).

ety o, P sl i B SSlTRce
Fur SOr MYGIRALRs as edges may be obtained. It is to be noted that this substep may be
implemented on the CPU, or may be further put to the GPU, for example by using CUDA
(Compute Unified Device Architecture).
[0072] Like shown in FIG. 7B, according to various embodiments, the maps may be
stored in association with interconnection information like indicated by arrows in FIG.
7B, so that it may be clear which maps are adjacent to each other.
[0073] According to various embodiments, the pixel-level information and/or the
segmentation map and/or the region-level information may be included in the data
structure.
[0074] According to various embodiments, other ways to segment depth-peeled
layers may be provided. According to various embodiments, vector graphs may be
created from 3D models, wherein multi-layer segmentation may.be explored. According
to various embodiments, high performance and robust segmentation and the production
of multi-layer connectivity information with the GPU may be provided, so that support
for painting operations in accordance with various embodiments may be provided at
interactive speed.

[0075] Multi-layer operations in accordance with various embodiments will be

described in the following. According to various embodiments, after multi-layer
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[0082]In FIG 8, for the first image 802, a first trackable regi on may

i nclude both the first paintable region 810, and the lighter grey region
818 ar ounslotbe/Rb4s9t pai ntabl e region 810. For the secomrdTistaga/86dy a
second trackabl e region may include both the second paintable region 812,
and the lighter grey region 820 around the second pai ntable region 812. For
the third inage 806, a third trackable region may include both the third
pai ntabl e region 814, and the lighter grey region 822 around the third

pai nt abl gegregitaion, Sdrbus hoeratthve dporatibis mapde p8I&med dveunthiple hg&albike regi on
may include both the fourth paintable region 816, and the lighter grey

regi on 824113k aededbédid hetv dktail palowt abl e regi on 816. [0083]In the follow ng,
a painting algorithmin accordance with various enbodi nents will be

descri be ven kd oTALSNE: 1 s W SidoCfih nt| ng
al gorit hcrir? |7§1 acc%(tféggdrllﬂggg wbgﬁuﬁa{nﬁg)gs ertrbo%’ ngﬁﬁfa%ylﬁggr k92§ pr@wH@d

;Jg ?/g)uze %%%m dmgrgova{mug%%sa%q Lﬂ{s ;la%#aw%ﬂe Pl %%%s%@?h%ﬁd&%ﬁ% o?n :

pal n | ec use- Drag (

Xy ’long Jtroﬁes &ep%x sens1?1l\§el:J Blaln?fxehke SIROI)VL?H]F% 5. Like will be described in

more detail below, two screen-sized maps storing paintable and trackable information
may be maintained.
[0077] In the following, the map storing the paintable region in accordance with

various embodiments will be described. When the user starts a paint action, for example

with a touch pen or a mouse, first the on-screen pixel location, for example (x, yg), may

be obtained and the layer ID, for example L;, corresponding to the pixel currently visible

on the screen may be looked up. It is to be noted that with the region popup and hiding

operations like described in more detail below, the visible pixel at (xg, yp) may

correspond to an underlying layer. Then, starting from (xq, y0, Li), breadth-first search

with the pixel-level connectivity information may be applied to recursively visit all
neighboring pixels within a user-defined brush radius, for example R. Since the breadth

first search may visit the same pixel location more than once (it is to be noted that it may

go over another layer and loop back), a screen-sized map, for example Mp(x, y), may be

used to bookmark the layer ID for each visited (paintable) pixel. Hence, it may be
ensured that only one certain layer is paintable for each screen pixel location. And since

“breadth-first search is used according to various embodiments, the pixel nearer to
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Mp buil d_pai nt abl ei nap( M 4- update_trackabl e_map( xi,- paint_object(
object Mp ) [0084] According to various enbodi nents, before |ooking up the
| ayer | DwWD,20itr126@59 be checked if the cursor noves to aprowsGhensgeaend

pi xel or a nondepth-connected region, for exanple, outside M. If this
happens, the nobuse action may be ignored to avoid m s-painting.

[ 0085] Accordi ng to various enbodi nents, col or bl eeding my be avoi ded |i ke
will be described in nmore detail bel ow. [ 0086] One potential problemw th

VS| WG RE.Bh 1 uls RGRRARRER BAPRKENAP { FEUEYARL LAKSD Sraidhl vl T

case may a evi ces an thods accor to” various

enbodi nents, for exanple |ike shown in the mddle colum of FIG 10. WO
2011/ 126459P /862011/08?140 [[0087] FIG 10 shows an illustration 1000 of
col or bl S8R reROP AFRd (gl Libo2"

[0078] FIG. 8 shows an illustration 800 of paintable regions (shown in dark grey next
to the mouse cursor) and trackable regions (like will be described in more detail below,
including the dark grey region and the lighter grey region around the dark grey region)
over multiple layers while a stroke is drawn on the screen according to various
embodiments.

[0079] FIG. 8 shows the paintable regions in dark grey, and as the cursor moves (for
example from a position as shown in a first image 802 with a first paintable region 810),
the paintable region may fall (completely or partially) behind other layer(s) as shown in a
second image 804 (with a second paintable region 812) and a third image 806 (with a
third péintable region 814), and the paintable region may also be sensitive to the region
border, like shown in a fourth image 808 (with a fourth paintable region 816). It will be
understood that the boxes shown next to each image 802 to 808 show enlargement of the
portion of the image indicated by the small box inside the respective image.

[0080] In the following, the map storing the trackable region in accordance with
various embodiments will be described. According to various embodiments, to provide

the drawing of long strokes with mouse or touch-pen drag while maintaining depth

continuity, the layer ID for the succeeding mouse cursor location, for example (x1, y1),

after the cursor just moves away from (x¢, yg) may be determined. According to various

embodiments, all multi-layer (foreground) pixels existing on (x1, y1) may be checked,
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shows a 3D object to be painted. In the mddle colum of FIG 10, an inage
1004 where col or bleeding occurs is shown, as well as a zooned portion 1006
of the irmmgeo1A264spt her i mage 1012 and a further zoonedppwesiczon,i@idd show
another view on the result with color bleeding. In the rightnost colum of
FIG 10, an inmage 1008 where no col or bl eeding occurs is shown, as well as
a zooned portion 1010 of the image. A further inmage 1016 and a further
zooned portion 1018 show another view on the result w thout col or bl eeding.
[ 0088] I n i ddl e col G 10, it IS, hat e .. | ocat es
very cl os?}égﬁ gghgg tgerl\tdgolfﬁggneg&egsgé%t(f(@ey%on‘l) our El?f\r{lﬂél, nggidl e{s’%, cot%ﬂéagﬁty
breadth-first search could go around the end of the contour |ine and | abel

al so t he jploxRitfonQhay! thialcRPRARH! Whish HRY Hork ke £ SRbR Uta strXIGIlifGEOEadENg t O
vari ous enbodi ments, to resolve this problem an additional constraint may

be put i br £ r i id i Lipt .
Accor di ngoéd(’)ﬁvar‘?%gd 1%%03%;}@2%%{80?@%&, ﬁgf/é %%&%egtp?&gﬁﬁ#lﬂég}% ?%%%2% t he
breath-first search noved so far fromthe starting cursor |location, for
exanpl e f(xpmilrespeciadly . frofe dwsel pmgnmatchek lapers, masboeicoreputasionally expenglivst ance
goes above ViR at a certain pixel being visited, the search there may be
st opped even though the, pi xeé‘biag still wthin the l%l’hl,sh radius R The fixed
resul t | SNSHEWALYHaRMTRACh 483y RO jakiAm agserdingslo ¥a5ioup ©mogdimenise (heAmBRPE Rat t he
second row of FIG 10 shows other views that better reveal how unpl easing
color bl egdidb £@indfoPRxarh1OR] AHAKEI YOl ARoMiid RUAIBIDEHbIMERES, thize
mul ti-layer segnentation and connectivity information nay facilitate two
ki nds of interactive region select and popup, like will be described in
nmor e det arakkdbéd eagion Wy e 1dvilt 264G8RCTYSE20d¢ GE0bI@N{alio® by Akblr ohi thg t 0
vari ous enbodi ments, intentional region popup may be provided. The user nmay
click on paligabde F@fsh mhp) foeXeaBmpe, et Rydi Mkl Adordi¥@ to Yaioust @mbodithelas,t he
region below the currently visible pixel. First, according to various
enbodi MeRhGer G deppifie MR biQdthadMMdagchlbs RO(whdIE coldirhaityl heVpshiabie pi xel
at (x2, y2) may be 1Tooked up. Then, . the layer behind Li may be checked to
see if there is any foreground pixel just below the visible pixel. If it is
t he case regip®), thegpaseh may be sentisuedhintd agnuchflargeradipyyiforexamplefmind g2, y2,
L2) may be | ooked up fromthe segnentation map and a regi on popup on si may
be done. OQtherw se, the segnented region containing (x2, y2, L1), i.e., the
f r ont - nosbe laggrdD, mapalye disaihabfoe chouppiaeld amune (oo 5io)p dhemp swdhtdtrackage frapnt - nost
region may be done. Thus, the user nmay al so cycle through different
avai l abl e regions on (x2, y2). An

may support a fast lookup of the layer ID when the cursor just moves to (x1, y1)-

Furthermore, according to various embodiments, the léyer ID coherence may be used to
avoid rebuilding of the entire trackable region on successive cursor movements.

[0082] In FIG. 8, for the first image 802, a first trackable region may include both the
first paintable region 810, and the lighter grey region 818 around the first paintable
region 810. For the second image 804, a second trackable region may include both the
second paintable region 812, and the lighter grey region 820 around the second paintable
region 812. For the third image 806, a third trackable region may include both the third

paintable region 814, and the lighter grey region 822 around the third paintable region
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exanpl e of intentional region popup is show in the third i mage 506 and the
fourth inmage 508 in FIG 5. [0092]1t will be understood that (x,y) may
denote a woecatimsef a pixel in the 2D view, and that (ecysiGRormayodenote a
pi xel at location (x,y) on layer L. [0093] According to various enbodi nents,
automati c regi on popup nmay be provided. After each cursor novenent in

| ayer-aware painting, if the painting |ocation, for exanple (x3, n) with

|l ayer ID Li, is not the currently visible pixel on the top, according to
vari ous etoHomwnatfeyurth heageef¥8ent fedrth egrloble migioni man gndluds, bosld thd fourtheay be

| ooked up and a regi on popup on the region may be done. An exanple is shown

in the figafmtable/R@RnII3, aitbthe 1ighied RYNEgibABYS affdid dlie folfth phintable tegioho be
not ed that according to various enbodi nents, the user may disable the
aut omat i ggegi on popup if it is desired to keep the on-screen region
visibility ordering during the painting. [0094] According to various

enbodi ne regj.o 0 d sorf:ifn pripVi e t fter the
connect i Ulb@;’ an sggeﬁeﬁ)ltﬂ }Nﬁ.%h i§n\E) %P{rl}% in%%mﬁgmbuﬁl agC%gda’rnrgé(;n%%h Vi
embodiments will be described. Given the paintable regions and trackable regions, a

painting algorithm in accordance with various embodiments may work as follows:
On-Mouse-Down ( xg . 30 , object ) {
L; « lookup layer ID of visible pixelon { 29 , yo )
(M, . M; )« build_maps( xg . yo . L; )
paint_object( object , M, }
On-Mouse-Drag ( 21 , y; , object ) {
L; « lookup layer ID from M,
M, « build_paintable_map( zy . 1 . L; )

M, «— update_trackable_map( z1 . y1 . Li , My )
paint_object( object , M, )

[0084] According to various embodiments, before looking up the layer ID L, it may

be checked if the cursor moves to a non-foreground pixel or a nondepth-connected

region, for example, outside M¢. If this happens, the mouse action may be ignored to

avoid mis-painting.

[0085] According to various embodiments, color bleeding may be avoided like will
be described in more detail below.

[0086] One potential problem with WYSIWYG painting is accidental painting on
irrelevant layers. This weird case may also happen with devices and methods according

to various embodiments, for example like shown in the middle column of FIG. 10.
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to-back sorted list of segnented region |IDs may be kept. For exanple, for
the second view 608 shown in FIG 6 or for exanple in FIG 9, like wll be
descri beawPronp2esSdet ai | bel ow, a |ist of nine region | BETSG2611890146- - > 59
may be kept, and initially, the three segnented regions on the first |ayer,
l.e., si to s3, arein the front, and so on. If si is the region to be
popup (either in an intentional or automatic region popup), si wll be
nmoved to the front of this sorted list. [0095]FIG 9 shows an illustration
900 of rd@i&h soflG.n§ showsraandkustratignafGo€rofi enlembleeding. A digstommage| KO and
popup according to various enbodi nents. For reference, the regions 912 of

t he firstshbwygsD dbljet toctg iitted 14 thef middle whoandf Flay 40, arminthgt 1604 eferens of
the third | ayer 916 are showmn. An initial first view 902 is shown. A second

vi ew 904 5ReBRediny bEMrdfstsBéwm I BEHas Gl A06Hed gofubh n00o/bfane BRfeSATUEBha Vi ew
after another nouse click. A fourth view 908 illustrates transparency, and

a zoormed %ag&%@%@&m&r Zzgﬂnggdj P&%hl 1974 Qhol oMVl o B RAft with

[ 0096] According to various e ments, in case an intentional popup is

e e A, 0 FONRRAE ol AP SRR A Mty 1 o
recursi V%len‘gmgecl)’c)curs 1¥ s oewr?;l assow Ppg a zoogled portion 1010 of the image. A further

image 1016 and a further zoomed portion 1018 show another view on the result without

color bleeding.

[0088] In the middle column of FIG. 10, it is shown that the cursor locates very close

to the end of a suggestive contour line, and so, the breadth-first search could go around

the end of the contour line and label also the pixels on the opposite side of the contour.

[0089] According to various embodiments, to resolve this problem, an additional

constraint may be put in the breath-first search while building the paintable map.

According to various embodiments, track may be kept of the distance the breath-first

search moved so far from the starting cursor location, for example from (xg, yQ).

According to various embodiments, if the distance goes above V2R at a certain pixél
being visited, the search there may be stopped even though the pixel is still within the
brush radius R. The fixed result is shown in the last column of FIG. 10. It is to be noted
that the second row of FIG. 10 shows other views that better reveal how unpleasing color
bleeding could be.

[0090] According to various embodiments, the multi-layer segmentation and
connectivity information may facilitate two kinds of interactive region select and popup,

like will be described in more detail below.
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According to various enbodi nents, a two-level recursion nmay be done, so
that the surroundi ngs around si nay be revealed. It is to be noted that for
t hose addwoizonal2essegi ons that popup with si, they may becssceedoacaer di ng
to their: layer IDs and they nay be noved to the front of the sorted |ist
fromback to front. For exanple, if the initial sorting order is 51 -> 52
-> 83 -> 84 ->5s5 ->536 ->s7 ->s8 ->59, and 54 (on the second |ayer) is
intentionally selected for popup, with si (on the first layer) and 59 (on
t he thirdo0¥yer)Acondiegtted vamoust efibodimer@nphientieriah fefienr popupn nhagbdks as
shown in FIG 9), sl and 59 will first be noved to the front of the I|ist
after s4: > 8l > 89 o> 82 -> 53 -> §5 -> s6 -> S7 ->s. . [0097] Cther
t han reg|P6%V“?eéinEE‘? Py may elick gy lﬂb?cfcfeleg’tt%ﬁﬁvnml% 3" 31*’1"‘5&“ e @’a@é’r"gﬁf: deri ngs
on screen when the currently visible pixel is |ooked up, for exanple,

starting 6@3 REWn DRV cﬁxtrérﬁi;ﬁ\; §1519'F1>?el F}hf&?'ac%dlﬂ 't@garﬁﬁs eﬂlﬁog&ﬁeﬂﬂaiher egi on

popup. 098 According to v ous enbodi nents, Back-to-front region
renderlng may be provided. Rendering the segnented regions fromback to
front mayayse [Rofe dxpmpksi nig of ther agrenty visthlh pakedat (tpe yEPWay Asclopkkidngp.t o
various enbodi nents, a back-to-front rendering nmay be done according to the
sorted list, but as a speedup, the region sorted |list may first be

anal yzed.ThBy, thensjed ®ehind Lt eaydiepthechakto stg ip tlapeist ynydfesapidindhiedigue, when a
region located in layer Li (i> 1), for exanple s, is rendered, the
rendering of s may be

below the visible pixel. If it is the case, the region ID, for example s;, of the region
containing (X2, y2, L) may be looked up from the segmentation map and a region popup

on s; may be done. Otherwise, the segmented region containing (x2, y2, L1), i.e., the

front-most layer, may be looked up and a region popup with this front-most region may

be done. Thus, the user may also cycle through different available regions on (x2, y2). An

example of intentional region popup is shown in the third image 506 and the fourth image
508 in FIG. 5.

[0092] It will be understood that (x,y) may denote a location of a pixel in the 2D
view, and that (x,y,L) may denote a pixel at location (X,y) on layer L.

[0093] According to various embodiments, automatic region popup may be provided.

After each cursor movement in layer-aware painting, if the painting location, for example

(x3, y3) with layer ID L, is not the currently visible pixel on the top, according to various

embodiments, the segmented region containing (x3, y3, L;) may be looked up and a

region popup on the region may be done. An example is shown in the first image 502 and
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ignored if all regions on layer Li (for some j <i) are to be drawn after
s. According to various enbodi nents, regions may be pruned from back to
front in wbeosiontesd |ist and a smal |l er nunber of regi ongcomg2ta/0gener at ed
in actual rendering. For instance, given the exanple sorted |ist shown
previously, it may be truncated into: 4 -> S ->
S9 -> s2 -> s3. [0099] Since si, s2, and s3 forma conplete set of regions
on the first layer, they nay block regions on the right of (in other words:
after or thefdcod) insge iS04 bHEIGIS. it inéd bsnotedthat acsdrdirg 16 vafoshaubdamergx anpl e
sorting and rendering result of applying intentional region select and

popup t Witkeusn nidyedisMIee the Cuediatiei pégion Ipegas ifoim is Bidiee e kbepihdesnl sk 1 egi ons
(s6 then sg) below the initially visible pixel may be unhi dden and

transpar eBgay, ORbilR, SRIARe addRdnt plitiddle nul ti-layer rendering. However, it
is to be noted that if transparency I's enabled, only regions against the

| ayor oy P oy sABRLRE B e dTR oM IEC roeki" REp S A o 0 Wl o
create Rt e BT e B b et e e 5o load8 T oo100]
According to variqus enbodi nents,. interactjve paint-to-ﬂ%?e may be

provi ded.toPackaepatet lish ot scemericdiRgor dYs ovRy Rt nkRft $¥amRlfo dorethe Spommd of

regi on-sel ection may be supported, which naé be referred to as interactive
pai nt - t o-vigvd 608 stwomon G @ on for skanele amFIG.| % sike #ill be daseobedoin mere detgdt i ve

pai nt-to-hide by region

below, a list of nine region IDs sj -> sp -> ... -> sg may be kept, and initially, the three
segmented regions on the first layer, i.e., s] to s3, are in the front, and so on. If sj is the

region to be popup (either in an intentional or automatic region popup), s; will be moved

to the front of this sorted list.

[0095] FIG. 9 shows an illustration 900 of region sorting and rendering after
intentional region select and popup according to various embodiments. For reference, the
regions 912 of the first layer, the regions 914 of the second layer, and the regions of the
third layer 916 are shown. An initial first view 902 is shown. A second view 904 shows a
view after a mouse click. A third view 906 shows a view after another mouse click. A
fourth view 908 illustrates transparency, and a zoomed view 910 shows a zoomed portion
of the fourth view 908.

[0096] According to various embodiments, in case an intentional popup is performed,

the regions connected to sj (and according to various embodiments the regions further

connected to the first region group in a recursive manner) may be also popped up.
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mar kup in accordance with various enbodinents. An initial view 1102, a view
1104 where painting is perforned on the segnentation, and a final view
1106 wherwot2h"/n2e438t ed region_ i s hidden are shown. [001@CT/S&0KNONMH0I n FI G
11, according to various enbodinents, it nmay be painted on the view of the
segnentation map to renove an image region or a plurality of inmage regions
fromthe view Hence, the visibility of various parts may be interactively
edited to best suit the painting purpose. It is to be noted that when

i nt er act iAceordiignte- varidyis gantiodimentyy s fwe-teyeh tesufstomamiap rbedéensy isbebatatbove i n

| ayer - based rendering nmay be ignored because sone regi ons bel ow the renoved
part or B Vi 8l 0. ' . di nent s,
Iayer-amgﬁégodj gﬁgﬁoggf?%%gag%gggi%P%gfg%gﬁggﬁgkﬂgﬂggf%%%gﬁgfﬁ%pﬁgrotation
is explored, the rotation center may be the object center, world center, or
a user-picked surface point, where the gbject By be bgcaélﬁﬁpxpl red while
keepi ng (S POBUR M4 SoWERRayahoimtediareorgineadhpibilaer T eRd thiy may OF- | ayer
information, such a rotation nay be extended to include points over
differen ) i . I i . . clicks on
the obi edtoBh Be FARE! b B BokOHRLERAR. FRPbAmAIE Nt il 3o U e
screen, tﬁf Ll ayer 1D of the currently visible pixel on (x4, y4) may be

pi cked uf™@ANKd its depth value may be | ooked up fromthe related depth map.
Then, its object coordinate nay be conputed, and the view of the object may
be rotated about the pgihts)-FYLOY] ->HsG> s4 2 showg -argj | | ustration 1200 of

| ayer-aware object rotation allowng to rotate about a surface point on any
| ayer according to various enbodinents. In the illustration 1200, a

practi caly,yspge (Rf sdchfl Pt is iR RalPEa&ded BF FEAPNIWIR s AWRe iR 1Bt i al

view 1202 1s shown. After an underlying region’i s popped up and an expl oded
viewis created (as shown in the second i mage 1204), it may be painted on
this underl yi eqi. en 1t 4. i I f.u er e redts .

sur r ound i 4 PR bEM ATl Sinted 8 €08, SRels Syl b Mo TRPUC by ng
regi on may be picked, and rotation may be performed about it |ike shown in

the third_jnmage 1206. Accordin 0 various. enpodjinments, with such an
operatiog?bgﬁeﬂs SP&Pﬁﬁgﬁié%Fgﬁiy”%%ﬁP@ﬂﬁkg t?hmﬁﬁy be expl ored around
t he pi cked point even though it is not on the front-nost visible |ayer.

[00105] In the follow ng, inplenentation and results of devices and net hods
according to various ewbodilmend s~ ¥l 153be sflesés i*b¥d: s8-

[0097] Other than region rendering, the sorted list may also affect the layer orderings
on screen when the currently visible pixel is looked up, for example, starting a new
drawing stroke from a pixel or doing an intentional region popup.

[0098] According to varidus embodiments, back-to-front region rendering may be
provided. Rendering the segmented regions from back to front may be done by using a
fragment method on the GPU. According to various embodiments, a back-to-front
rendering may be done according to the sorted list, but as a speedup, the region sorted list

may first be analyzed. By considering the depth peeling property described above, when

a region located in layer L (i > 1), for example s, is rendered, the rendering of s may be
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[ 00106] Several GPU net hods have been enpl oyed in an inplenentation
according to various enbodi nents to support interactive nulti-I|ayer
segnent atWOrR0HAE643ai nti ng operations. First, nost data REF/SHGE0AI0pEd0 | y
stored on the GPU, for exanple, the per-layer textures as frame buffer
object (FBO) and the object geonetry as vertex buffer object (VBO. Since
the color, depth value, and segnentation information are the ,
nost-frequently accessed data for all |ayer-aware operations, one texture
buf fer maynd&y &l dI0CaLRE oh O ePEﬁEfoPEorﬁ? ®i) 82 tbldeURIWALRE d. ALb@ingbo It 1S
to be noted also that the FBOhay facilitate efficient texture data

read/ wite with off-screen rendering during the depth peeling process. In
addi t i on,vafibuc@&nbdiémeagregions sy bt phined fivhobickgo ifionoin thBsoddistayidhel p to
avoi d redundant geonetry transfer fromthe main nenory via the bus to the

GPU. [ 00Lk@hlierd Mundtsdeof kéibons iy bEidnedfedas Getal REddrgVBér instEneNBoeh RNt s have
been i npl enented on a 64-bit workstation equi pped with a quad-core Xeon

2. 50G %Q%,}npr[%%m?@gyow vib[y Af ARPHE RuR@RlidnGeFor ce GTX 285 (with 1GB
GPU nenory). [00108] FIG 13 shows a setup 1300 1ncluding an input tablet
according to various enbodi nents. [00109] Furthernore, to denonstrate the
performance of the nethods accardsng $0o-wsar+6us enbodi nents, the tine taken
for the follow ng four procedures was taken: 1001101 - start_stroke
(corresponding to On-Mouse-Down) nmay be called every tine when the user
starts a [80999ke Sintdisiassianse; tdrinckconipleterset off Rigiondlonzke fikelapai theqltlag and
trackabl e maps, and nmay paint the first spot on the object surface; [00111]
- nove_stroke (corresponding to On-Muse-Drag) nay continue a stroke with a
mouse dr agockl rE%in?syodeﬁg BBt dMB SMG WERES aRBLrHRYinBPdNh the 3 B&tedafiet he
current nouse Tocation; [00112] - build_layers nay be called whenever the
obj ect view changes; this procedure may i nvoke the nmulti-layer segnentation
t o const rRIGt 9cshomecini exainple pattisg gne mémalictiog résaftorfnaplplydmg ift@BibhaA] regiodr aw

| ayers may apply a fragnent shader to render |ayer by |layer using the
sorted ragietNand [sdpup [RQE I thd akhe sdreahpiws] Tobfiope DifidreNGdedfing h@sshs
procedures as experinmented with four different 3D nodels. Gven the timng
statistics, it be seen that .interactive se ntati on may be achi evabl e
with t he @ptheagphalew dhednptiady Visible piysh may h@“@?‘g&gﬁ@ﬁ‘é{apwgé‘cwyéf%o be
realized with the devices and nethods according to various enbodi nents.

Model # \{)%ra%hgfﬁltosﬁlglhlﬂﬁ{i-ﬁ%}éﬁ rendering. However, it is to be noted that if transparency is

enabled, only regions against the first layer (but not others) may be pruned, since regions
in the first layer may always stay opaque, while others may not. According to various
embodiments, such rendering properties may be further used to interactively create
exploded views for visualizing the inner parts of 3D models.

[00100] According to various embodiments, interactive paint-to-hide may be provided.
In addition to unhiding regions underneath, another kind of region-selection may be
supported, which may be referred to as interactive paint-to-hide.

[00101] FIG. 11 shows an illustration 1100 of interactive paint-to-hide by region

markup in accordance with various embodiments. An initial view 1102, a view 1104
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0.19 Bottle 190K 330. 25
WO 2011/126459 . PCT/SG2011/000140

where painting is performed on the segmentation, and a final view 1106 where the related
region is hidden are shown.

[00102] As shown in FIG. 11, according to various embodiments, it may be painted on
the view of the segmentation map to remove an image region or a plurality of image
regions from the view. Hence, the visibility of various parts may be interactively edited to
best suit the painting purpose. It is to be noted that when interactive paint-to-hide is in
use, the acceleration described above in layer-based rendering may be ignored because
some regions below the removed part or parts may become visible.

[00103] According to various embodiments, layer-aware object rotation may be
provided. When a 3D object with rotation is explored, the rotation center may be the
object center, world center, or a user-picked surface point, where the object may be
locally explored while keeping the spatial context around the picked point. With the
multi-layer information, such a rotation may be extended to include points over different

layers. According to various embodiments, when the user clicks on the object surface to

initialize a rotation, for example (x4, y4) on the screen, the layer ID of the currently

visible pixel on (x4, y4) may be picked up, and its depth value may be looked up from the

related depth map. Then, its object coordinate may be computed, and the view of the
object may be rotated about the point.

[00104] FIG. 12 shows an illustration 1200 of layer-aware object rotation allowing to
rotate about a surface point on any layer according to various embodiments. In the
illustration 1200, a practical usage of the layer-aware object rotation is shown. An initial

view 1202 is shown. After an underlying region is popped up and an exploded view is
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created (as shown in the second image 1204), it may be painted on this underlying region.
When it is desired to further explore its surrounding from different aﬁgles, a surface point
in this underlying region may be picked, and rotation may be performed about it like
shown in the third image 1206. According to various embodiments, with such an
operation, the spatial context may be kept and it may be explored around the picked point
even though it is not on the front-most visible layer.

[00105] In the following, implementation and results of devices and methods
according to various embodiments will be described.

[00106] Several GPU methods have been employed in an implementation according to
various embodiments to support interactive multi-layer segmentation and painting
opefations. First, most data may be directly stored on the GPU, for example, the per-layer
textures as frame buffer object (FBO) and the object geometry as vertex buffer object
(VBO). Since the color, depth value, and segmentation information are the most-
frequently accessed data for all layer-aware operations, one texture buffer may be
allocated for each of them, as illustrated in FIG. 6. It is to be noted also that the FBO may
facilitate efficient texture data read/write with off-screen rendering during the depth
peeling process. In addition, since the geometry is static, storing it on the GPU may help
to avoid redundant geometry transfer from the main memory via the bus to the GPU.
[00107] In addition, the methods according to various embodiments have been
implemented on a 64-bit workstation equipped with a quad-core Xeon 2.50GHz CPU,
8GB membry, and the graphics board GeForce GTX 285 (with 1GB GPU memory).
[00108] FIG. 13 shows a setup 1300 including an input tablet according to various

embodiments.
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11.66 124.83 0.1.1 Table 1. Performance of a nethod in accordance with an
enbodi nent: Average tine taken to performthese operations on four

di f f er entwordale4son nilliseconds). [00115] Figure 14 skrowscamiiobdiuet rati on
1400 of three 3D nodels that may be painted with vari ous devices and

met hods according to various enbodi nents.. For exanple, a |long stroke may
be drawn on the Trefoil Knot as shown in a front view 1402 and anot her view
1404. Painting may al so be perforned on the front-nost and inner surface

| ayer s orf0@®9it hExtlesmahpwndemomstrhteotht perfomndnd® @f ahel natladds eiccordimgy 19408.
Furthernore, saddles nmay be drawn on a four-horse nodel, as shown in a

front vi ewriddsldntainang iaimyiain fof i foll Okt BdurBréRdibewayakam i ncl udi ng
devi ces and net hods according to various enbodi nents, a required draw ng

may easi lofaQ] f i DiGRGromk (QRMbpdRRHRGh 8h-M¥GsDEWRPIAY bR cali&t f‘le&,g fifg the
obj ect. a result,”a task may be finished with only a single stroke.
[00117] A rtﬂ'e N9ert Qar@h QYR %H?BO@E“ QL Bnick. by %X/ i%ﬁiaﬂ%%%egﬁaélgt?bl%%dr €gl ons:

a front-nost region and an I nner surface region-on a 0 as shown in

the m ddl e um of FIG 14. Paintin n the front-nost |ayer may be

strai ght f%?ﬁ%b%mf“ﬁﬁ” a‘HE‘["ﬁy Bat tothﬁg‘Fﬁt ﬁp%ggg’es é‘icéﬂ'}rg’ﬁﬁl’ the system i ncl udi ng
devi ces and net hods according to various enbodi nents, but painting on the

i nner surlP&dd] nay mRyesstioks (cergRonding {h OrcMortsPirg) deay sqdinBenagsieokeo

bl ocking visibility. Wth the systemincludi ng devices and nethods

accor di ng¥ithoa ingpseotras. dhiveniupgate the tvp mapy asd Mayipaint yreesppadmtheguaentt he

i nner surface as quickly as on the front-nost |ayer. [00118] As an exanpl e,
a saddl e mmge beatpai;nt ed on each of the horse nodels. Each saddl e may need
around four drawing strokes. It is to be noted that the horses are aligned
one by orje0112nhd -hesudld, lajdrs nayy e caltddninbahdvgr ¢ Yobihct fiiewil ¢hahgesghhiese a

vi ewpoint so that the user may view all saddl es under the commonly used
system ThstedureNindy OinQoleA @it @madi-18cf | EBmBMNidE t¢I@WfrucBlonNdctibicy hadsyst em

i ncludi ng devices and nethods according to various enbodi nents, all saddl es
may be sgeim@ltaldddSndRiRiont €WPoi nt, as shown in the rightmost colum of FIG
14, by neans of the hidden region popup. As a result, a desired |ayer may

O enebr oA i Remy Gl PR ALt ERRRUL PGP (B0, flRan0e the

vi ewpoi nt or re-align el’s. ccord
enbodinentﬁéﬁgainggcg on inner surfaces may be highly efficient wth the
system i & Udi*AG"d&Vi ces and net hods according to various embodi nents.

Using th st em.i nc| udi ng. devi_.ces an t hods according to varjqus

enbodi rreﬁ{"il,yl“i hel 4@%@%&#&3@%@%@@6 BECEIBER A X PEIReEeE WER{OMNd | t
may be painted on it in exactly the sane way as on the frontal regions. It
shoul d bdliffgsertd3Phmpedelpe Givent Bie fiminddlafisficgevi sy hadeptthidinteedvedi ng to
vari ous enbodi ments may lead to better painting results than the commonly
used systsegméntationnmiy b lachi¢vableowith thenGiPlls suppoxt |and echl-tingey paistingToelongason may
be that both the system i ncl uding devices and nmethods according to various
enbodi nentrekeanshay hdsoc bemealizedusét thy sdesiveprand eniethbtie abeardihg f oot @idust from
t he screen space onto the tangent space of the surface. A badly chosen

Vi ewpoi ntemaitin‘ieatd t 0 a severe distortion during the projection. Wth the
system i ncl udi ng devi ces and net hods according to various enbodi nents, the
users need not worry about the viewpoint and the projection. [00120] FIG
15 shows paintings 1500 of 3D nodels created with various devices and

cordina to varione anmhodinpant o Fromt o to hottaom 2 Tr I
ot Pegabor VRt e Vit AL R ARE iR | RS ey W IR e | ©
Trefoll Knot 144K 168.00 573 £5.81 .19
Bottle 190K 330.25 603 98.36 Q.17
Pegaso 73K 132.05 6.84 67.90 012
Children 200K 35175 11.66 124.83 a.11
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[ 00121] According to various enbodi nents, various devices and net hods may
provide a practical, robust, and novel WYSIWYG interface for interactive
pai nting wo 280/mredel s. According to various enbodi nentspctrise2paiondiabl e area
may not be limted to the front-nost visible surface on the screen. Thus,

| ong strokes may efficiently and interactively be drawn across different
depth layers, and the occluded regions that one would like to see or paint
on nmay be unveiled. Since the painting is depth-sensitive, various

pot enti alTabdé it Pecfornandeact s raetiod iinriacedridance withconmenibodimant AWKEIgAY G

pai nting interfaces may be avoi ded. According to vari.ous enbodi nents,
surface paheiEkeRté paton titse bp& atioi-dn Hor WG est MBS Ah rifliseEsiidsy, ed and no
speci al haptic device may be required. According to various enbodi nents,
devi ces and nethods may provide an efficient and conpelling interaction
tool for painting real-world 3D nodels. [00122] According to various
enbodi ne aiqt | 0 ] h col pi cki ng
may be pggéﬁggdfﬁ%@%q§§?86§5+@ﬂﬁﬁaﬂﬁhvgﬁf#E%B% %%# mﬂ‘a%ufgwpfdshown
and descri.hed wt refere tg ecj. enbodl houl d

under st o0d by WESEVSES ?rl ethqds peeo 51’ & {hEQpsr Qm&q‘%ﬁwg%g FAmp Fn and
detail may be made therein mﬁthout departing fromthe spirit and scope of
the i nver‘?‘?&ﬁ‘irogg mpyioe eV hon thed refpP &b es shownia afioat wewpd0dand prothesvent i on
is thus indicated by the appended clains and all changes which conme within
t he meanivigy &HY Paintjeg Ry eljaibe ardermedon thhGortimpsrendiinaer fvetaed byersiont ended
to be enbraced. Cains Wiat is clainmed is: 1. An imge generating device,
conpri si M¥pnuthek \we -shiowme s b drvat vieweldOdetndranbthiengiewi 1408i Furttenhbgy saidldso
determ ne a two-di nensional view of a three-di nensional object show ng the
t hr ee- di nedysheodraivn @) £ flur-hoB8eneodel, fak sidwit B frdnP oSt 1400 ;and ad&hér Gkwuct ur e
acquiring circuit configured to acquire a data structure representing a
connectiqgristructure of elenents of the three-dinensional object in the

t wo- di mensi onal vi ew based on a di stance between the three-dinensional

obj ect angoifigp VivithUdle SANRR 3inPRink e&éegealnﬁ R g&%%dlf?g% V%ﬁ%ﬁsm‘ the

t hr ee-di nensi onal object] a hidden~area ternlnlng circurt configured to

det er M N hahBAR! 2 Gl 8%&%@5&&&5,%% HER YRR cn BB Ao MoiAS T OHTeT

in the two-di nension Vi éw b tPRCtUr

circuit &2 ?g al unqn%dthe object Is h fesa t, a task may l];e Fnisked with oxﬂy a single stroke.

[00117]  According to various embodiments, it may be painted on two regions: a front-
most region and an inner surface region on a 3D object as shown in the middle column of
FIG. 14. Painting on the front-most layer may be straightforward for both a commonly
used system and the system including devices and methods according to various
embodiments, but painting on the inner surface may be a challenge for the commonly
used system due to blocking visibility. With the system including devices and methods
according to various embodiments, it may efficiently be painted on the inner surface as
quickly as on the front-most layer.

[00118] As an example, a saddle may be painted on each of the horse models. Each

saddle may need around four drawing strokes. It is to be noted that the horses are aligned
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a generating circuit configured to generate an i mage wherein at | east one
of the at | east one determ ned area is displayed based on the input of the
user. 2. wbeoimmgsgenerating device of claim 1, wherei rcrise2eiatoaoigo ruct ure
acquiring circuit is further configured to determ ne a distance between a
pi xel of the three-dinensional object and the virtual canera position in

t he two-di nensional view of the three-dinensional object. WO

2011/ 126459PCT/ S. 2011/ 000140 3. The i nage generating device of claim1l or
2, wher eionebly@ndatnd Iehee) it mayebatedhticdllyyeey di€fidult to chbase tahdewsamf soghiasted t o
determ ne a viewing |layer of a pixel of the three-dinensional object in the

t wo- di nengé Ramayivedl Af sdddrs Lhde? eheldoMAGH1P AR sYBRAC Thus? onl Ve kTRI%Eat
generating device of any one of clains 1 to 3, wherein the data structure

conpri ses; @ihX ey lﬁvﬁhwﬁ.?@ﬁl%m iﬂe?s\ﬁst}elﬂfiﬁcglﬁ?%ggt@%&%pi %ﬂ&h&&gac@?rag{)g%- | evel

connectivity of "a plurality of pixels o ree- di nensi ona ject in

the two- qjaﬁﬁ&séﬁ@o‘%ﬁ?x&g%yﬂglnaghfgf " el PR QR BB ARL a5 Inowld i [HIRIC

gener _atl ng devi ce O_ € C a! 4, vv_here a a_ S reuct ure
Bl ur al Y REEnay Fiorel4, Ry Bihen b O ap aBus (e Ehd G e onal -
view of the three-dinensional object. 6. The inmage generating device of any
one of cllayergmay l{eosegqcted and 1t may be quickly paint on it without needing to change the

viewpoint or re-align the 3D models.

[00119] According to various embodiments,, painting on inner surfaces may be highly

efficient with the system including devices and methods according to | various

embodiments. Using the system including devices and methods according to various

embodiments, the inner surface may easily be brought to the front and it may be painted

on it in exactly the same way as on the frontal regions. It should be noted that the system

including devices and methods according to various embodiments may lead to better

painting results than the commonly used system for invisible (in other words: occluded)

layers. The reason may be that both the system including devices and methods according

to various embodiments and the commonly used system project the brush footprint from

the screen space onto the.tangent space of the surface. A badly chosen viewpoint may

lead to a severe distortion during the i)rojection. With the system including devices and

methods according to various embodiments, the users need not worry about the viewpoint

and the projection.

[00120] FIG. 15 shows paintings 1500 of 3D models created with various devices and

methods according to various embodiments. From top to bottom, a Trefoil knot, Pegaso,

children, mother-child, and a bottle are shown.
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wherein the data structure conprises region-|level connectivity information
representing a region-|level connectivity of a plurality of sets of pixels
of the thweeeditresssi onal object in the two-dinensional wcewcabiitobe4o

t hree- di nensi onal object. 7.The imge generating device of any one of
clainms 1 to 6, wherein the input of the user conprises a click on a pixe
of the three-dinensional object in the two-dinensional view of the

t hr ee- di nensi onal object; wherein the generating circuit is further

confi gur §60124] geAaoatirg toharionngerbodiacss, vaousaderve© indmbthyds mbepovidehe | ayer
of the clicked pixel is displayed. 8. The imge generating device of any

one of claapfstichl,t Abést, Whe VAl WESTWPG! inddrfdch okl SREra6@P phifiisg 3R spput of
changi ng a property of a tobe-changed pi xel of the three-dinmensional object

inthet ‘?ﬁ’d&éis”ﬁ@&jrﬁ)iﬂglt? Véir?dﬂs anbt)ﬁ'l‘?netnﬂ[ ?ﬁgﬂid@?@é&& ﬁla}y%{&tﬂg Iimitgd toT \3 i mage

generating device of claim@8, wherein property o e to-be-changed

pi xel compri . S ne_of,. a_col orQf the pjxel,. a gray. scal e val ue of
t he pi xelrfgmgﬁlgéta%%’hdr%ggsP h? gep(r%élstehr?t Fcﬁg‘!“a ][;uﬁSil%réﬁ Slﬁ?lﬁeﬁe?}% %ffl&gm‘ﬁf)’f)ratnflon of

t he three-di nensi pngl object represented by the to-bechanged pjxel. 10. The
| mmge. genBratTiRy earea trow iR G oo i Herre e B A AP el | o
further configured to generate the inage wherein an area of a Igéer in the
nei ghbor AW Bke i geq o Bant pm Aydbg pREiiled sSigee BieaRadeting]is depihesepsiiye
generating device of any one of clains 1 to 10, further conprising: a
di spl ayi rvgrieisr petientiad opeintingr adifacts @nd plimijatione igeemmmensl wedg® YSIWYG

painting interfaces may be avoided. According to various embodiments, surface

parameterization of the input 3D models may not be required and no special haptic device

may be required. According to various embodiments, devices and methods may provide

an efficient and compelling interaction tool for painting real-world 3D models.

[00122] According to various embodiments, painting operations such as the flood

filling or color picking may be provided.

[00123] While the invention has been particularly shown and described with reference

to specific embodiments, it should be understood by those skilled in the art that various

changes in form and detail may be made therein without departing from the spirit and

scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.

36



WO 2011/ 126459PCT/ SG2011/ 000140 12. A graphics board, conprising the inmge
generating device of any one of clainms 1 to 11. 13. An inage generating
nmet hod, cowopoiwizegy determ ning a two-di nensional view eCT&G2011/000140

t hr ee- di nensi onal obj ect show ng the three-di nensional object froma
virtual canera position; acquiring a data structure representing a
connection structure of elenents of the three-dinensional object in the

t wo- di mensi onal vi ew based on a di stance between the three-dinensional
object and the virtual canera positiQkinsn the two-di nmensional view of the
t hr ee- di nensi onal object; determning at | east one area of the

t hr ee- di sloqal bj ect which is hidden in the two-dinensional view based
on the dat®'dt F'@84re; acquiring an input of a user; and generating an

i mge wherein at |east one of the at | east one determ ned area is displayed
based on the input of the user. 14. The inmage generating nethod of claim
13, wherein acquiring the data structure conprises determ ning a distance
bet ween & pi xét st @“?%V@Z@H?ﬁéﬂgpﬂﬂﬁg obj ect and the virtual canera
position in the two-di nensional view of the three-dinensional object.

15. The i mage @efrerdimengiondt Hew dfteraining, cirguisrcopfigured to determine a two-

dimensional view of a three-dimensional object showing the three-dimensional
object from a virtual camera position;

a data structure acquiring circuit configured to acquire a data structure
representing a connection structure of elements of the three-dimensional object in
the two-dimensional view based on a distance between the three-dimensional
object and the virtual camera position in the two-dimensional view of the three-
dimensional object;

a hidden area determining circuit configured to determine at least one area of the
three-dimensional object which is hidden in the two-dimensional view based on
the data structure;

an input acquiring circuit configured to acquire an input of a user; and

a generating circuit configured to generate an image wherein at leaét one of the at

least one determined area is displayed based on the input of the user.

2. The image generating device of claim 1,
wherein the data structure acquiring circuit is further configured to determine a
distance between a pixel of the three-dimensional object and the virtual camera

position in the two-dimensional view of the three-dimensional object.
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wherein acquiring the data structure conprises determning a view ng |ayer
of a pixel of the three-dinensional object in the two-dinensional view of

t he t hr eewOizoemebgznal obj ect. 16. The i mage generating wetrlsedoafoo@ny one of
claims 13 to 15, wherein the data structure conprises pixel-Ileve
connectivity information representing a pixel-level connectivity of a
plurality of pixels of the three-di nensional object in the two-dinensional
view of the three-dinensional object. 17. The image generating net hod of
any one of clains 13 to 16, wherein the data structure conprises
segnentation map information representing a segnentation map of a plurality

of pixel 3. of nn@iﬁﬁgé%%néhﬂﬁgd&w&ﬁﬂfc&hhﬂ&h2@n t he two-di mensi onal vi ew of
t he three-di nensi onal object. 18. The inage generating nmethod of any one of

claims 13 t0 Ifherd @ Lldta LR rdlats @cgﬁﬁﬁé’@fré{flﬁlscfgﬁﬂér' &)ﬂﬁga@@it&aeﬂeﬁmﬁé a

connecti vi ty i nformation representing a reqi on- 1 evel nnectivity o f a

pl ur a! Ity .Of 3/? flayg éfh% )%L of Bl% d&ne%ﬁmgﬁﬂﬁﬂf %ﬁ}@g’tl 1nqgg? orﬁfrﬁ]ents%gal

t wo- di nensi on ree-di mensi ona ject

generating method e of ns 13 to 18, wherein the input of the
user COﬂprISesl%yngEEH%hgngP%%1 Ethhe t hr ee- di mensi onal object in the
t wo- di nensi onal view of the three-di nensional object; wherein generating
the image conpri ses generating the image wherein an area of a |layer bel ow

the layer of the clicked pixel is displayed. 20. The image generating
met hod™ of4 any Thedmage generating dyigepfagy one of claims 1 to 3,

wherein the data structure comprises pixel-level connectivity information
representing a pixel-level connectivity of a plurality of pixels of the three-

dimensional object in the two-dimensional view of the three-dimensional object.

5. The image generating device of any one of claims 1 to 4,
 wherein the data structure comprises segmentation map information representing
a segmentation map of a plurality of pixels of the three-dimensional object in the

two-dimensional view of the three-dimensional object.

6. The image generating device of any one of claims 1 to 5,
wherein the data structure comprises region-level connectivity information
representing a region-level connectivity of a plurality of sets of pixels of the
three-dimen_sional object in the two-dimensional view of the three-dimensional

object.

7. The image generating device of any one of claims 1 to 6,
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wherein the input of the user conprises an input of changing a property of
a tobe-changed pi xel of the three-dinensional object in the two-dinensional
vi ew of twe 20tweressdi mensi onal object. 21. The inmage genecasicagiymied of
claim 20, wherein the property of the to-be-changed pixel conprises at

| east one of a color of the pixel, a gray scale value of the pixel, and a
nunber representing a physical property of a portion of the

t hr ee- di nensi onal object represented by the to-bechanged pixel. 22. The

i mage gener at iwlgreimethedupud bf the akencatpeses2lclickba aeixel gEthe tlaté-dignenkienalmage
conprises generating the inmge wherein an area of a layer in the

nei ghborhood @bjettia therwdedifRanaed vitwlthd trddl ERkMIGA] objéet; The i mage
generating nmethod of any one of clains 13 to 22, further conprising:

di splaying th 8 t '@@%ﬁ 24, i I g ..any one
of clainms 13 ?ggggfﬂﬁﬁggg?n 'hgmi%%g@hggﬁgggﬁfggp%%?%%ﬂﬁfgﬁggggggﬁgd on a

graphi cs boar %n area of a layer below the layer of the clicked pixel is displayed.

8. The image generating device of any one of claims 1 to 7,
wherein the input of the user comprises an input of changing a property of a to-
be-changed pixel of the three-dimensional object in the two-dimensional view of

the three-dimensional object.

9. The image generating device of claim 8§,
wherein the property of the to-be-changed pixel comprises at least one of a color
of the pixel, .a gray scale value of the pixel, and a number representing a physical
property of a portion of the three-dimensional object represented by the to-be-

changed pixel.
10. The image generating device of claim 8 or 9,
wherein the generating circuit is further configured to generate the image wherein

an area of a layer in the neighborhood of the to-be-changed pixel is displayed.

11.  The image generating device of any one of claims 1 to 10, further comprising:

a displaying circuit configured to display the generated image.
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12.

13.

14.

15.

A graphics board, comprising the image generating device of any one of claims 1

to 11.

An image generating method, comprising:

determining a two-dimensional view of a three-dimensional object showing the
three-dimensional object from a virtual camera position;

acquiring a data structure representing a connection structure of elements of the
three-dimensional object in the two-dimensional view based on a distance
between the three-dimensional object and the virtual camera position in the two-
dimensional view of the three-dimensional object;

determining at least one area of the three-dimensional object which is hidden in
the two-dimensional view based on the data structure;

acquiring an input of a user; and

generating an image wherein at least one of the at least one determined area is

displayed based on the input of the user.

The image generating method of claim 13,

wherein acquiring the data structure comprises determining a distance between a
pixel of the three-dimensional object and the virtual camera position in the two-

dimensional view of the three-dimensional object.

The image generating method of claim 13 or 14,
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16.

17.

18.

19.

wherein acquiring the data structure comprises determining a viewing layer of a
pixel of the three-dimensional object in the two-dimensional view of the three-

dimensional object.

The image generating method of any one of claims 13 to 15,
wherein the data structure comprises pixel-level connectivity information
representing a pixel-level connectivity of a plurality of pixels of the three-

dimensional object in the two-dimensional view of the three-dimensional object.

The image generating method of any one of claims 13 to 16,
wherein the data structure comprises segmentation map information representing
a segmentation map of a plurality of pixels of the three-dimensional object in the

two-dimensional view of the three-dimensional object.

The image generating method of any one of claims 13 to 17,

wherein the data structure comprises region-level connectivity information
representing a region-level connectivity of a plurality of sets of pixels of the
three-dimensional object in the two-dimensional view of the three-dimensional

object.
The image generating method of any one of claims 13 to 18,

wherein the input of the user comprises a click on a pixel of the three-dimensional

object in the two-dimensional view of the three-dimensional object;
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20.

21.

22.

23.

24.

wherein generating the image comprises generating the image wherein an area of

a layer below the layer of the clicked pixel is displayed.

The image generating method of any one of claims 13 to 19,
wherein the input of the user comprises an input of changing a property of a to-
be-changed pixel of the three-dimensional object in the two-dimensional view of

the three-dimensional object.

The image generating method of claim 20,

wherein the property of the to-be-changed pixel comprises at least one of a color
of the pixel, a gray scale value of the pixel, and a number representing a physical
property of a portion of the three-dimensional object represented by the to-be-

changed pixel.
The image generating method of claim 20 or 21,
wherein generating the image comprises generating the image wherein an area of

a layer in the neighborhood of the to-be-changed pixel is displayed.

The image generating method of any one of claims 13-to 22, further comprising:

displaying the generated image.

The image generating method of any one of claims 13 to 23,

wherein the image generating method is performed on a graphics board.
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