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PCT/ AU98J 01005 ) | nproved | mage Conversi on and Encodi ng

Techni ques - The priesent invention is generally directed towards
st ereoscopi c i na e synthesis and nore particularly towgy 'Z’Qg] E@r oved
net hod of cREFH two di mensi onal (2D) imges for fur @ odi ng,

transm ssion and decoding for 5 the purpose of stereoscopic image display.
The Applicatts have previously described in PCT/ AU96/ 00820, a met hod of
producing left and right eye i . for t ereoscopic di splay froman
original 2D i maget¥ - Lsig nd’ Encodin C.P getroEryEng at | east

one object wthi 'Fhélfpré&érﬂllﬁwntlbﬁﬁ@@eneraﬂy directdd. towsards ﬂlei’@seapib ifmagect - 10
c. defining a depth characterj SEI C for

espect | vel §YMNSHE AT Goce PARICE Y oWard AR dmBIPvag method,ef copueing twa ..

amount i n adirAé¥icnhald2Dg Gmiagss 36r Rurthen ehtodingS tréﬂisimdﬁﬁhfanﬂlﬂéc&ﬁiﬁg foiti o
each object, to formtwo stretched |ma§es for_vi ew ef.t and" rlght
eyes of t Aetha eumoseicf stereospgpigimags,display. pEhe. Mpﬂﬁg%l!éhayeamawwsy c

col | ecti vel yos&idd RPETHARDEIRUB20! & methodBPpladibing JefPandRght eye images ..The

present invention further inproves the operation of t he “Applicant s
earlier sysfema stersoscopic dispiay ﬂ@@mﬂgwﬁ'mmﬂ%ﬂ@v‘ﬂ'm@$ feBmef aspect a

nmet hod of producin BetUSighih Bn o "ﬁpWﬁeSI on .of . 2D i nages
into stereoscopicC h ?déh nﬁlﬁpfel ﬁc udlﬁgct he lstre‘psgo i denti fying
at | east one obj bctoutumng each chjedtnage; _allocati ng said or each

obj ect wiylh an 1 denfelihit el characteristic for each object

d. respectively displacing selected areas of each object by a determined
amount in a lateral direction as a function of the depth characteristic of
each object, to form two stretched images for viewing by the left and right
eyes of the viewer. '
15 These steps can be individually and collectively referred to as Dynamic
Depth Cuing or DDC. TR

The present invention further improves the operation of the Appllcant’
earlier system.

The present invention provides in one aspect a method of producmg a

20 depth map for use in the conversion of 2D images into stereoscopic images.
including the steps of:

identifying at least one object within a 2D image;

allocating said or each object with an identifying tag;

aliocating said or each object with a depth tag; and

25 determining and defining an outline for each or said object.

In a further aspact the present invention provides a method of encoding a
depth map for use in the conversion of 2D images into stereoscopic images
including :

allocating an object identifier to an object;

30 allocating said object with a depth tag; and
defining the object outline.
The object outline may be defined by a series of co-ordinates, curves



all ocating said or each object with a depth tag; and 25 determ ni ng
and defining an outline for each or said object. < In®a further -
aspect the present invention provides a nethod of encoding a depth map
for use in the conversion of 2D images into stereoscopic inmages

I ncluding: wo9930280 allocating an object identifier to gormbsasses 30
allocating said object with a depth tag; and defining the object
outline. The object outline @ay be defined by a series of

co-ordi nates, curves 2

and/ or geomahti/ct gdtREFic SHAREEN! Corvenidrily the adéntfyihg dad ¥anBH) at\gg@ém' que

nunber . b I n another aspect the present inventlon previ for the
use of bezi &MDereyrves to generate an outline of an object in a 2D to 3D

conversi on procegs anbther aspect ‘theYﬁksé‘ntf H(/érhfonaﬁﬂé@i%s e tHY 6§§’6¥ i;b?%?”t I on

provides for the use of curves define an object.;,in a. 0,430
conver si on HBE8d8 generate an outling %ﬁbﬂb@d ispaBito 8 é@@rﬂtpmﬁﬁﬁént i on

provides gor the jigs Dfur@ragidect fhe Opre§£?ﬂ%l%nﬁ81 Hl%tddlgg £ hG Wb bPBurhbs an

object in a 2D to 3D conversi.on anot her aspect the
present mvéﬂf’?ﬁft‘ﬁ Bﬁ@blﬁ@é?%2ﬂéﬁﬁ@dcmwe[ﬂpﬂ@f§ﬁ% ssion of depth map

I nformation wher ¢ Bniiigr ki< W prRBehtSinidHtioH $76Vidds foP the use of geometric

shapes to define an oufline of an object in a 2D to 3D conversion process.
In another aspect the present invention provides a method of
10 transmission of dapth map information wherein the information is included in the
Vertical Blanking Interval or MPEG data stream
In still a further aspect the present invention provides for the use of
- generic libraries to assist in the 2D to 3D conversion process.
To provide a better understanding of the present invention, reference is
15 made to the accompanying drawings which iliustrate a preferred embodlment of
the present invention.
in the drawings: _
Figures 1 and 2 shows a preferred method of conversion fr'o'i'n"d*e%{tﬁ'r'nap
data to distortion grid. - ' )
20 Figures 3, 4, 5 and 6 show various techniques of determining the outline"
of an object as disclosed by the present invention. ' o
Figure 7 shows a sample distortion grid.
Figure 8 shows a block diagram of a hardware decoder for an alternative
decoder.
25 Figure 9 shows a sample flow diagram of a decoding process of an
alternative decoder.
Figure 10 shows an example of an undistorted mesh.
Figure 11 shows a sample depth map of a cone.
Figure 12 shows a sample mesh modified with a depth map.
30 Figures 13 to 16 show one méthod of translating depth maps Z elevations
into X displacements.
Figure 17 depicts an original frame on an undistorted mesh.



Vertical Bl anking Interval or MPEG data stream In still a further

aspect the present invention provides for the use of generic libraries
to assist in the 2D to 3D conversion process. To provide a better
under st andi ngoed/3ckdéve present invention, reference is 15 nedarAvestives
acconpanyi ng drawi ngs which illustrate a preferred enbodi nent of t he
present invention. In the draw ngs: Figures 1 and 2
shows a preferred nethod of conversion from depth map data to

distortion grid. Fifure 18 showSiaysarepie dnesh mbdifiad withainaWdisplacentent AEPNI ques of
Covention.© 1 Plauretfy shewd' & HaniPla “Einefin 8f SFEms) igame osh and . -
Fi gure 8 shaiigplacdmartimesngram of a hardware decoder for an altgpnative f-.;_ :
decoder. 25 Fi I;i re 9 shows a sgu al testl;'ltgwddti a r%m of "a décodi Ng. "
process of an g ?gbréﬂ”t?@ SR gpsutiant stretche Fflagﬁr & A alerpaie.aye. exanpl e
of an undist ort egigiRe 24 shows a simplifiéd Hisplaédmeh@\WowlcHaIP! e dept h.-yap -ofva
cone. - . Figure 12 shows a sanple nesh nodified mnth'a'deﬁth_anG_SO
Figures 13 ﬁgﬂggigaﬂﬁméﬂﬁﬂnethod of translating depth maps Z el evations.
nt ?Sfog't 33' aCeMesYigots in the 2D imagh 18'8¢ odriveftBRiridy® b8 ludtitiiBl by a huAiER On an
operator using visual inspection. The operator will typically tag each object, o
group of objects, in the image using a comptuter mouse, light pen, stylus or other
10 device and assign a unique number to the object. The number may be manually
created by the operator or automatically generated in a particular sequence by a
computer.
Objects may also be identified fully automatically using a computer or
semi-automatically whereby an operator assists the computer to determine the
15 location of an objeci(s). R . ST £
To automatically identify an object the computer will use..such
characteristics as objsct size, colour, speed of motion, shading, texture,
brightness, obscuration, focus as well as differences between previous and
current and future images. Neural networks and expert systems may also be
20 used to assist with identifying objects. ST
In semi-automatic object identification an operator may provide
assistance to the computer by advising the computer as to the nature of the
image where objects may be found. For example the operator may advise the
computer that the scene is of the generic format "News Reader” in which case
25 the computer will attampt to locate the head and shoulders of the news reader,
desk and background etc. The operator may choose from a menu of possible
generic scenes. The operator may manually override and/or correct and adjust
any object selection made by the computer. The computer program may leam
from these corrections, using neural networks or expert systems for example, so
30 as to continually improve the accuracy of object identification and numbering.
Once an object has been identified and numbered the object may then
be tracked either manually, automatically or semi-automatically as it moves

N



3 Figure 18 shows a sanple nmesh nodified with an X di spl acenent

map. Figure 19 shows a sanpl e conbi nation of original frame nesh-
and di spl acenent nesh. Figure 20 shows a sanple resultant
stretched image for an alternate eye. 5 Figure 21 shows a
sinplified epy¥e8nents fl ow chart. (bj ect identifi cBET/4YP8/01005

hjects in the 2D inmage to be converted nmay be identified by a human
operat or using visual inspection. The oﬁerator will typically tag each
object, or _ group of objects, in the inmage using a conputer nouse, |ight
pen, styl usWihinghrdmage ovensuseessive Ba®Pan a uni que nunber to the object.
The nunber may b L3 _ reat Y 5\5’6?{ : ically
generated in a p§PtICU glrr K‘sagq%‘gﬁctggb?di%& ‘déagignpu g’trf%a%%%z’mgo%cts may
al so be i deanptheeapewtoneitrer worting anithe eamageguensemirtitam prior conversion

sem - aut omatk i s&g}%{eby an operator assists the conputer to determn ne
the 15 | ocati orﬁt{ é¥ an gbj ect(s). To automatically identify an
obj ect thé Qbjeaituthning! use such characteristics as object size,

FoL e "her? SLVHR e 3187 Bt bF SN e e USRS Bl AR T
i mges. Neumatonmatically bs semidagtopatitallyyst ens may al so be 20 used to assist
et 1Y o OB Founinigg she cpidlo? 54 B4EEEL bRnRRl e ERRL o ho™! "
conput er as objectdesingitatampiiet Mduse, lightpgs syey 6r cihgreddvicaelhedspdratond.  For
goneri o 118 R SREGAnRRUNER of e GilBeton 2308 Phiet Basie 6, STAU 186 CEmpt ¢ o
locate the kené dppiosationts baziel ciives BeBestTit i8RV a library slastived st densk@r ound
The oper at bRNRRSS: AR SPPUFIGERY (RS SHRes 1o BrBEAY 25, 4eae Shapes Wy ob; cct
sel ection sk Biteadye bBOSPASOXIMEIEly BB ErRict BhASE ARYNERald B adjust the
shape dynamically to fit. For example the operator may wish to select the outline
15 of a man in which case the generic outline of a man may be retrieved from the
library and adjusted accordingly, either manually, semi-automatically * or
automatically. The operator may also select from a library of geometric' shapes
such as circles, elfipses, triangles, squares etc. - A
In automatic outiining the computer may use such characteristics as size,
20 colour, speed of motion, shading, brightness, obscuration, differences between
previous and current and future images. Neural networks and expert systems’
may also be used to determine the outline of objects. -
In semi-automatic outlining an operator may provide assistance to the
computer by advising the computer as to the nature of the image where objects
25 may be found. For example the operator may advise the computer that the
scene is of the generic format "News Reader” in which case the computer will
attempt to locate the head and shoulders of the news reader, desk and
background etc. The operator may choose from a menu of possible generic
objects . The operator may manually override and/or correct and adjust any
30 object outlining made by the computer. The computer program may leam from
these corrections, using neural networks or expett systems for example, so as
to continually improve the accuracy of outlining.



fromthese corrections, using neural networks or expert systens for

exanple, so 30 as to continually inprove the accuracy of object o .
i dentification and nunbering. Once an object has been identified
and nunber edwiohBseRRh €ct may then be tracked either nany@.lllkggmms
automatically or sem -autonmatically as it noves

4 w thin the i mage over successive fganes. An operator my

al so use object identification information produced by anot her operator

either working o : L [ Sion Qf simlar
scencs. 5 Qbrect 'g}tefuﬁm .ﬁg&?ﬁg%@ﬁ o?ﬁlﬁe{gﬂ%ﬁbﬁe%é nﬁ%%ﬁﬁniﬁt&qkagren&sf ects
may be det erafeallye attemativaly ar sgmi-automaticallyess it alovgs Mth?ﬂhiﬁ-ima @Rkt cal | y.
In manual o ] perator may trace the outline of the object or -
obj ects usi ;%ddga%%gebﬁF§FQMUse, light pen, stylus or other: deviges The:
operator 10 may s¥ eperatdranayalsonseabjedcheutihg einformatieh piodated by Rhutkr Pasi s,
use strali g§1t roxi nations, bezier curves or.best: fit

froma |ibf a?é/é’gf“gélm%swﬁﬁéﬁﬁﬁﬁﬁe same Seguence o from gr Genkarpion eb
choose from similabseeyest TWenepératarapy alsdichbose froﬁﬁa hiigré@%bsl %@gﬂﬁed
ynam cal |y 0166, Sl may Ihudn oiintle cinanes akah Ao ckelesc SlRsesout | | ne
15 of a nman Wanglesciyuaesetc)and ehiteri mamuklly] BempiurniEitalijR)or BetonfitichRy ed
from the adjust the library outline to fit the selected object. The library may be indexed
10 by individual outlines eg News Reader or based upon a particular family of

objects eg Horse Race, Evening News ec.

| Defining depth

The depth of an object or objects may be determined sither manually,

automatically or semi-automatically. The depth of the objects may be assigned
15 using any aiphanumeric, visual, audible or tactile information. In the preferred

embodiment the depth of the object is indicated by shading the object with a

particular colour. Typically this will be white for objects that are to appear; once

converted, at a 3D position closest to the viewer and black for objects that are

at the furthest 3D distance from the viewer. Obviously this convention may be
20 altered, eg reversed or colours used to indicate relative or absolute depth.

In another embodiment the depth of the object may be assigned a
numerical value. This value may be positive or negative, in a linear or non-
linear series and contain single or multiple digits. In a preferred embodiment
this value will range from 0 to 255, to enable the value to be encoded in a single

25 byte, where 255 represents objects that are to appear, once converted, at a 3D
position closest to the viewer and 0O for objects that are at the furthest 3D
distance from the viewer. Obviously this convention may be altered, eg reversed
or another range used.

in manual depth definition the operator may assign the depth of the

30 object or objects using a computer mouse, light pen, stylus or other device. The
operator may assign the depth of the object by placing the pointing device
within the object outfine and entering a depth value. The depth may be entered



i brary and adjusted accordingly, either manually, sem -automatically or
automatically. The operator may al so select froma library of g&onetric -
shapes such as circles, ellipses, triangles, squares etc. In
automatic outlining the conputer may use such characteristics as size, 20
col our, speedo@d3mex i on, shadi ng, brightness, obscurationpcriabbsatesces

bet ween previous and current and future images. Neural networks and
expert systens may al so be used to Betermne the outljne of objects.

In sem -automatic outlining an operator may provide assistance to the
conput er by bydhe sipegatonasca mawiezic, aalphanurherionat graphival vakiel ampmayhss e

obj ects 25 X le t or advi-se, .t he-conput er

that the HE&gR%% b(g’u&%f °§$rr8"°3 %n$> tgmpg?ﬂ&p sl{én\ﬁé’ &ﬁ%r"‘m Ht f¥A &ase the

conput er Wi predetermihbe Tahgd of |a¢16\&éﬁet\imésea¢hémi>emwhﬁ?rﬁs@fsfelefé? theWws f
oose- froma nmenu o

reader, desk, an back round etc 0

possi bl e gefRBIEcEdepth f%ﬁ‘@ prary %H@"&ﬁlﬁﬁ?‘ﬁgﬁﬁ% {kf‘ﬁnual |y override and/or
correct aad adj UThe %}ér@t@r Q’fﬂyeﬁ&o Q!é%ighné REngEREE dENthS Rt BR Wifdet’ c}h@
conput er g | ear n r& hese corrections, usi.ng heural’

net wor ks or R&‘e E?"e\’%"eﬁdw ﬂ‘%?ﬁpP'é‘e"%’B"aai?“ or mPB""thPW]E@l“W'a?'%r ove
the accur acyf ﬂfes@%étb@_ rl‘Ebr exarnple the object may be a table that has its closest edg%

5 has been’ outlined t obj ect e

tracked eit F@ﬁ’ggs th%'ﬁﬂ’&!’ F?d “ﬁuﬁ‘mﬁﬂ pdag w%fm@éh? y%@bnﬂ‘(hﬁﬁaﬂqf‘ye'&%d it
moves Wi t hi fhth 8D tHERESpAERI depth of the table must vary along its length. In order to

10 achieve this the operator may divide the table up into a number of segments and
assign each segment an individual depth. Alternatively the operator may assign
a continuously variable depth within the object by shading the object such that
the amount of shading represents the depth at that particular position of the
table. In this example a light shading could represent a close object and dark
15 shading a distant object. For the example of the table, the closest edge would
be shaded lightly, with the shading getting progressively darker, until the furthest
edge is reached. a
The variation of depth within an object may be linear or non-linear and
may vary with time, ob’jéct location or motion or any combination of these factors.
20 The variation of depth within an object may be in the form of a ramp. A’
linear ramp would have a start point (A) and an end point (B). The colour at’
point A and B is defined. A gradient from Point A to Point B is applied on the
perpendicular line,
A Radial Ramp defines a similar ramp to a linear ramp although it uses
25 the distance from a centre point (A) to a radius (B).
A simple extension to the Radial Ramp would be to taper the outside rim,
or to allow a variable sized centre point.
A Linear Extension is the distance from a line segment as opposed to the
distance from the perpendicular. In this example the colour is defined for the
30 line segment, and the colour for the “outside”. The colour along the line
segment is defined, and the colour tapers out to the "outside® colour.
A variety of ramps can be easily encoded. Ramps may also be based on



successi ve franes. An operator may al so use object outline
i nf or mation produced by another 5 operator either working on the sane

sequence or from prior conversion of simlar _scenes The operator may
al so choose f69dB ggol 1 brary of predefined out | ines, E?/A'@é’mh cl ude
geonetric shapes such as circles, ellipses, trlangles squares etc, and
ei ther manual ly, sem -automati cal ly or gutomatically adj ust the Ili brary

outline to fit the selected object. The library may be indexed 10 by
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closest to frha linearedr 6ther bl’éﬁﬁ{el‘fnﬂhe@bhﬂ@ﬁéi’ LG prbCess magtalédsrw‘ futyhest 3D
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I'n anot her Fb@mdwngbhﬁsﬂemfbntﬁbjédﬂesmbh@@és dWRY tikR, assi gned a |

nuneri cal hi s 'val ue may be positive or %’atrve in a linear or

non- | i near B\ewtemaaﬁ@eeﬁh#enwe. g @@P“Wﬁm aypise gHohi eharagtgristics

preferredoeabogweaérour, sﬁééHSowﬂidsenWshhdrn@ngsn htAEsS) éescdpdtior, Goubl e the
val ue to be encoded a single 25 byte, where 255 represents objects t hat

are to appe8iffergnres lzesween {peevious aad gryrent ang fiturejmagess Nauralatwerksi ever
and 0 for OQhB%B(Ee&QZéte#{s‘?nés}akb%efdééhhlé%te?ﬂﬁme the@bﬁﬁaaﬁ%bfe"cﬁnthe vi ever .

Qobviously this convention may be altered, eg reversed or anot her range
used. lmsemhwpmﬁpmpawefmlmg AN eperratop amat arrovrdﬁyasw&a@ﬁ Phe

depth of th&éeoepweqtbyﬂad%&@iﬁe E&mptte? ag%ﬁﬁflﬁe ot Srne iridge Wkdte Stylus

or other device oper a may  assi pth of the object by
pl aci ng flBe dppthstarago @e\nasmned Fair texampien theotpesator may advisedhe competarng a

depth val ue y, g dgRLL 8%t Hhe GoriRhi€%ormat "News Reader® in which case the
computer will attempt to locate the head and shoulders of the news reader, desk
and background etc and place these in a logical depth sequence. . The operator
may choose from a menu of possible generic objects and depths . The operator
20 may manually override and/or correct and adjust any object depth decision
made by the computer. The computer program may learn from these
corrections, using neural networks or expert systems for example, so as to
continually improve the accuracy of depth assigning.

Once an object has been assigned a specific depth the object may then

25 be tracked sither manually, automatically or semi-automatically as it moves -
within the image over successive frames.

An operator may also use depth definitions produced by another operator
either working on the same sequence or from prior conversion of similar scenes.
Muitiple Operators

30 In order to convert a video sequence in a timely manner it may be
necessary for a number of operators to be working on the 2D source material.
Whilst these could be located in the same premises, by using on-line computer



6 by the operator as a nuneri-c, al phanuneric or graphical value and
may be assigned by the operator or automatically assidgned by the .
conputer froma predet erm ned range of all owabl e val ues. The operator
may al so sel ect the object depth froma library or nmenu of allowable
depths. 5 WO099/3028he operator nmay al so assign a range of pdepUSsisst hi n an
obj ect or a depth range that varies with time, object |ocation or _
notion or any conbination of these Bactors. For exanpl e the object may
be a table that has its cl osest edge towards the viewer and its

farthest edgervicesy fbrcenalﬂ;ﬂe%emnem\éheopmmmrdww be Idcated JRyhereapparent

| d 1 h . Lh
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assi gn eachmmtmaylbenwwsshmlto carndve thél dudion@id mebify tﬂéecdl’m&%fﬁ{e BYE

h chl ng - | I
ob; ot suchigE TASY] b Bl acf of it pee fog%?@fgwﬁ?#)em%éﬁ& ing has -
particul a6 pbah iobjset it bi‘b@ents lfaﬂih?Q)f theé ofidihal sOuPEmateNal.l QQ%?@@@H‘Q COU' d
represent a I Qse o adi ngﬂaedl stant_obj ect . ot _

h
exanpl e of © 3“1'%? n Ph@g}g m’s@o"&%ﬁ\xﬂ'&ﬂs Progess fhis equid; lgmﬂoyst Wi t h
t he shadi ngeffeétiveng e pEAETSOY B )bcdﬂfﬂé%rwnw%\}v' lab&r Egéttsheﬁwt usmgeﬁﬁéle I S

r eached. Th 5 variatjon o in_an o Ject may | near or

non-inear &fgngeme e\FSF‘\F'ﬁPPFP’P?‘?ﬁé"QSB&"Q@P"YQSEQHW&? #% follewson or any
conbi nation of tfiese A 8apéiSing operator identifies a video sequence to be converted

10 into 3D and numbers each frame of the sequence. e
2.  The supervisor applies the necessary security procedi@'liég if
necessary. S

3. The supervisor identifies the object(s) in the scenes that requlre to

be outlined and uniquely tags each as previously described. e

15 4, The video sequence is then converted into a suitable digital format
and transmitted via the on-line service to the remote desfinatidh(s) Fgﬁgng
video sequences this may be uneconomical in which case dellvery on CD ROM
or other back-up media may be preferable.

5. The sequence is received by the remote location where the

20 operator(s) undertaks the object manipulation.

6. Since the results of the manipulation result in the object outlines '
being identified, the data for which may be subsequently compressed, the file
size will generally be substantially smaller than the original images. This tie'ing
the case the object information may conveniently be returned to the supervisor

25 using on-line email services.

7. The supervisor undertakes quality control on the object outlines
received and matches the frame numbers to the original video source material.

8. The supervisor then passes the object outlines and original source
material to a subsequent operator who applies the necessary depth information

30 for each object.

Since the application of depth information is an artistic and creative

process it is considered desirable, although not essential, that this be



20 . The.variation of depth within an object nay be in the formof a
ranp. A linear ranp would have a start point (A) and an end point (B). -
The col our at point A and B is defined. A gradient fromPoint Ato

Point B is 3apgbiseseon the per pendi cul ar i ne. pcTAUSefioad Ranp
defines a simlar ranp to a linear ranp although it uses 25 the di stance
froma centre point (A to a radius (B)g A sinple extension to
t he Radi al Ranp would be to taper the outside rim or to allow a

variabl e si gadeRSeHN M R¥ehiral location by a Smbii 'ifpatip BKb é‘l%ld?@ Ithid WAl Qléét ance

froma |line segnent as opposed t di stance romthe perpendi cul ar.
In this exaﬁﬂﬁ@&%ﬂ?@ﬁﬂﬂ“%@l%ﬂﬁﬁélW@fat“?f@ SRBUENER segment, and the

col our for Fini colour along the line segnent is defined,
and the col t he "outside" col our. A variety of
rarrps can be easln 9rden¢<mp&ﬂucazamm realistig| leeking: 3Bt iscsapretimes desirable to

(' anot nep SR bvllh W8fimeR e R0 oS setiie iSRRG VRIS, & ingar

rear over avpﬂamom oThis isapesiculay desicable tor abjactsithat baym aa:mmwhmtetmalt he
object in

subsequent ?g@ﬁ %gtm%ﬁfg%%aﬁ@g?qﬁgéﬂphéo t&ﬁpgtﬁp%lcﬁ? ?ﬁggaépf’ha‘g?ﬁ he

obj ect over suubaxbmtweoﬁhdabmproduced by addiega textuse ihamppmapdo dheiobigt.manner .
IQ:‘ ;Salto :‘ gﬁefi:og%\{(g ?ed égﬁ%u@é'ég:l&r a ree,qﬁe%drstmer %%Yzlaabg %TPI%ES rar&?r?d fys the
10 outline of the tree and then assign the tree a depth. Then a texture bump map
could be added to give each leaf on the tree its own individual depth. Such
texture maps have been found useful to the present invention for adding detail
to relatively simple objects. . '
However, for fine detail, such as the leaves on a tree or other complex
15 objects, this method is not preferred, as the method would be further
complicated should the tree, or the like, move in the wind or the camera angle
change from frame to frame. A further and more preferred method is to use the
fluminance (or black and white components) of the original object to create the
necessary bump map. In general, elements of the object that are closer to the
20 viewer will be lighter and those further away darker. Thus by assigning a light
luminance value to close elements and dark luminance to distant elements a
bump map can be automatically created. The advantage of this technique is
that the object itself can be used to create its own bump map and any movement
of the object from frame to frame is automatically tracked. Other attributes of an
25 object may also be used to create a bump map, these include but are not limited
to, chrominance, saturation, colour grouping, reflections, shadows, focus,
sharpness etc,
The bump map values obtained from object attributes will also preferably
be scaled so that the range of depth variation within the object are consistent
30 with the general rangs of depths of the overall image.

Depth Maps

The process of detecting objects, determining their outiine and assigning



upon the change in size of an object as it noves over tine. . ~In
automatic depth defining the conputer may use such characferistics 10 as

si ze, colour, speed of notion, shading, brightness, obscuration, focus,

di fferences between previous and current and future inmages. Neural networks
and expert sYef¥¥E8hnay al so be used to determine the dept RCOAURINSt S.

In sem -automatic depth defining an operator may provide assistance to

the conputer by advising the conputer a9 to the nature of the i mage where
15 depths are to be assigned. For exanple the operator may advisg, the
conmput er, depthgt wenavill crefer ke asf thehergatinn iof PepthaMapsies Rgadfarfed n whi ch

case the ' t I s of the
news reader,e esw'gﬁt’ gHr%J'd&%‘géI?S%Wéagt%%gfﬁgo{)p%a[gg'%%é@g&?sﬁgﬁéq%gf‘?gf dept h
sequence. Thasoigiendpamnable tayobjentowithinrtbenaasoniated 8D ipageitbbe dgéined st
obj ects and : i I r 20 may manual |y override-and/ or':correct
and adj ust gﬂ§%%§ggft‘5§§g@ﬁﬁgﬁﬁqsi on made by the conputer: Tbe conput er
program nBy | ear Atémativelgethe shapecafrthectireacanuse definedinala natioiof ks or”

cxPer L 59! g pBRUIA e SuBBudy s BREMERL e R AR S B o)
depth the obyretfraran sthsght ihe betvigenctkesk poihiserxiphandix2y2 logatedronta tiwd | y or
o2t ormi 58l LiioB bt A THE bbb Has TR SYRG AR, Lo
ei ther wor Kidisplavenidit B aneastastl frogether lifg’ Anfotheahidpoiny @f sheobuk. SThe | ar
Thati Py ol Perdfis Hecdsmd s olaus’, °f o o nunber of operators {0 be
working on the 2gusewmm material . Whi | st these could be located in the
Same prem ses . PN rersiabl vill have & RS 128 to +128 with 0 Indicating a striight
line between the two points. 1t should be noted that since the value assigned to
the curve is the ratio of two measurements then the same curve value may be
15 assigned to other curves that have the same BJ/A ratio. o
Encoding of depth maps ' '
The depth maps may be encoded in a number of ways. In a prgféi'red
embodiment the object number, depth and object outline are encoded as
follows. Consider the outline of a person shown in figure 3. The persdﬁ is
20 allocated object number 1 with depth 20. The outline of the object has baen -
determined as previously explained and at specific x,y locations. Typic'ally'_
where a change in direction of the object outline takes place, a particular mark is
made. This mark may be an alphanumeric character, a shape, colour or other
form of visual indication. Each of these marks will have a spescific x, y location.
25 In the preferred embodiment this will be within the range 0 to 255. Between
each pair of x,y locations wili exist a curve. Each curve may be determined by
selection from a library of all possible curve shapes. In the preferred
embodiment each curve will be given a value typically within the range -127 to
+128 to enable the curve to be defined using one byte. Curves that progress
30 clockwise from x,y location to the next x,y location may be assigned positive.
values whilst those that progress anticlockwise may be assigned negative
values. Other assignments may be applied.



8 services, faor exanple the Internet, operators could be |ocated
anywher e wor | dwi de. I n such an arrangenent, to ensure the security of -
t he source material it rmay be necessary to renove the audio and nodify
t he col our s v oddasso image. This will have no effect onpkhRuePsbgt or s
ability to determne the outline 5 of an object but prevents pirating of
the original source naterial. As the actyal sel ection of an objects
outline is a relatively sinple process this could nost cost effecti;vel y
be performed in Bgpft Iﬁ@%éﬁﬁhg | ow | abour costs. In usi ng this
arrangenment the ‘conversion I[:l)r cedure coul d conveniently be as ¥ ows:
1. A supervi siAgddivgen Aanththeaphold da téevﬁ)QTé/@"%@fthUb epeukasnthatt ed;1
oL 0, 3D andodShY R of e EBld AASEREE. This is done to Brevemgt?m ‘

supervi sor a necessary secur ity pr océdures sary'f
3. The su@ thm @mor distortions that opeurgijthe edgys ofrforemowbmgctswmﬁr'@qw I

be outlingd; ?é}geé'twviﬂyg q\édﬁﬁgﬁngg i@ cfiS_Previousl Yy descri bed. 114% o
e € ‘

The video sequence convert 6d intoa sti'table di‘dgi'tal i
transmitted via hhﬁneowreferresi emraienta!gqrhlynr 8relepth et isriseadoto( Sreal
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recei ved bythrbehmldmst applizdato tmsvmecﬁst the ﬂépﬁ)pmaatlsrpmpeasnlbm ﬁeeetilzthe
ation

bj ' Si h
Cosalt it RieGgddensiiensyand d8otn iy Tk el iBE Yafafion s RN nmy
be subsetoeimdependeptyessed, the file ~ size will generally be

obj ect i nf or vat 1 Sh° ARGAIBRR ERRLAT I B %mafﬁ@aefg% és%ﬁe*m%eawg@?e Fase [he

<object numbers<object de_pth>_<__x1_ ,y1, 9urvgj, Xx2,y2, curvez, x;l ,y1 >

o g Capee - il

.. - ..The object depth mformatlon contains, the data requnred lo gener;;te the

: depth of the curient object. As prewously mentloned this depth data may.. be a

16 single value, a ramp, (iinear, radial or other), or other method of describing the

depth of a single ob)ect The followmg methods demonstrate possible means of
encoding the depth data of a single object.

The depth data may be encoded as follows for a single depth value:

<depth flag 1><depth value>

20 The depth data may be encoded as follows for an object with a linear

ramp as its depth value:
<depth flag 2><x1,y1,depth value1,x2,y2,depth value2>

where the depth of the object varies linearly from value 1 at x1,y1 to value 2 at

X2,y2.

25 The depth data may be encoded as follows for an object with a non-linear



25 using on-line email services. 7. The supervi sor undertakes
quality control on the object outlines recei ved and matches " the frame -
nunbers to the original video source nmaterial. 8. The
supervi sor then passes the object outlines and original source , naterial
to a subsequ®Mo98%8? at or who applies the necessary depth irdTovusseiossn 30 for
each object. Si nce the: appllcatlon of depth information is an
artistic and creative process it is 120nsi dered desirabl e, al t hough not
essential, that this be 9
under t aken ifAMA asdi depth valseat i on by a smal |l group of operators. This will

al so ensure consi stency.of object depths-over.a | ong sequence.-—;;- _

Defining Conpl ex Depth In order to produce nore realistic |00K1 ng
3Dit is sometines desteptbilagBo<xiyt, dembvdmpﬂmyemepm\rmg‘ e mjf"-e
conpl ex than sinple ranps or ‘linear:;~ -variations. This.is part&&al arl y*
desirable for objects that have a corrpl ex Internal structure <'t'13 rrany

var : gt Lons iwhede [gamma4 ds acvaduep that @st:n;;bas th'éhwﬂhtﬁalngﬂﬁﬂgfrﬁbf deﬁtﬁ‘l&br obj ects
cou e pr e.bu map to the onject. SFor -
Pt W Rithobeitén Ry ahBSaNEr PO o *

exanple, if we irst step would be to trace ‘around t he
10 outlin& of thé’hermﬂmddtahmy Iasengasdémastfﬁl&ﬁvsafod%tdsmeaihﬁm\@ e ur e

bunmp map atﬁp"gsq§b§%?ﬁjgﬁg?to give each:leaf on the tree its owny

i ndi vi dual depth ‘exture maps have been found useful to, the
present invention for adding detail s

<depth flag 4><x1,y1,depth value1,radius,depth value2>

where the object has depth value 1 at x1,y1 and the depth vanes Ilnearly or
otherwise to a value of depth value 2 at all points radius pixels away from x1 ,y1

10 It will be understood that once an objects depth map has been

* transmitted it is nc‘it "h'éé%s'sarif to”"t’fa”n’“s‘ﬁ-\‘ii iﬁé“ 'd"e';iih ﬁildﬁ“a‘c;.‘e&ii&‘*’ﬁﬁiﬁ 'the'o[;jébt

-----
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new position of the object may be transmntted by asmgnmg an offset to ‘the'
object's position as follows: . _ Ao

PR,

15 <object number><xoffset, yoffset>

simitarly should the objects depth change and not its position or size the
following may be transmitted

<object number><depth>

It will also be understood that adjacent touching objects will share x,y

20 coordinates and that redundancy therefore exists in the x,y coordinates that

need to be transmitted to uniquely define the depth maps of every object in the
scene.

In order to minimise the amount of additional data required to be

transmitted or stored it is desirable to compress the data comprising the depth



to relatively. sinple objects. However, for fine detail, such as
the I eaves on a tree or other conplex 15 objects, this nmethod is not

preferred, as the nethod would be further conplicated should the tree,
or the like, woRygok$) t he wind or the canera angle chan ame to
frame. A further and nore preferred nmethod is to use the gﬁ/‘l‘%@ﬁ@\@%ce (or

bl ack and white conponents) of the orighgal object to create the .
necessary bunp map. In general, elenents of the object that are closer to

the 20 Vi ewerigpl |Th@%o{ﬁp9é§s%nemu%§‘aﬁf b Ghta BRI P Lol e &

assigning a lig m nance va ose I enEnt s Ah
to distant é‘l‘%fWeWﬂib bg knowmy e thege elalietben ahe amat Exafmiplest ok aomgrestion

Ceate Crs ABE AR iited o) AR bl SidHila R Thlrel sheodlily 0
frame i s autdnes peigcisymay aokmve Gromeframetto flamecit lsotbnlyanedléssam tecttargsaﬂ al so
be used t no t ed

o ot nan s € Sifrgnd FPE k) GRS RAFLEA i, °f &bk s thnie el

shar pness etdiffersnces between‘lfkmnbs:kmbaupeamlremandtmmessdd famalsobman to
attributes \%(#] Q{Iﬁegj '§Bﬁ%%{‘abl y be scaled so that the range of depth

variation w't are consistent 30 wth the general .range of
dept hs of the ovérwillbe appreciated ttﬁem&déﬁpsnap mformatlon mag berinclaésd T

cligt ecting Ol?ﬂ\ee Ve?tica?g aer{kmgnfn?grvalh&llsri) gfuatnl anal ogunedte ewsu s:ggal or MPEG or
10 other digital transmission stream of a digital television signal as has previously
been disclosed fdr distortion mesh transmission. Simitarly, the depth map data
can be added into the VOB file on a DVD. | -
| it is known how the data may be included in the VBI and the MPEG data
. stream and the preferred embodiment is. the technique currently used for

nance

15 including Ciosed Captioning and Teletext ‘within standard television images. In
another preferred embodiment the data may be included within the User Data
area of the MPEG data stream. 2

In terms of including this data in the VBl or MPEG2 stream the followmg

calculations indicate the likely size of the data requirements.
20 Assuming:

the VBI specification allows for 32 Bytes/video line
the maximum number of objects per image = 20
the maximum X,Y coordinates per object = 20
that the Object #, Object depth, X, Y, and shape data each takes 1 Byte
25 Then the bytes/object = 1+1+3(20) = 62 Bytes
Hence for 20 objects VBI data = 20x62 = 1240 Bytes/frame
It should be noted that this is worst case and in practice a typical scene
requires 200 Bytes/frame. This value will decrease significantly with the
application of suitable data compression and taking into account redundancy
30 ete.
In respect of including this information within an MPEG data stream, the



depths we will refer to as the creation of Depth Maps. In a preferred
enbodi nent, the depth maps woul d consi st of grayscale |mages of “80x60x8bi t -
resolution to enable the objects within the associated 2D i nage to be

defined at one of 256 individual depths. 5 Al ternatively the shape
of the curvewoas3nes defined as a ratio of the di st ance Mogtamsgoiotshe
sequential xy coordi nates and the di splacenent of the curve froma
straight |ine between these points. xlyl4and x2y2 |located on a |line A

and being joined by a curve. The curve between these points has a maxi num
di spl acenentMBEGestandard aﬂlowmfdsrhbe Idelhmry\ot a datzestrédatipi the r@denﬁrﬂi@ld@:ﬁf‘d@ The

10 b

ahi oh pref eriasTeReR 6 piouds dpliene B e iR« H1PEG svapmnaY Baidiong a
st Ir ai ght ddliver e ue tlh mrae aaa_a tbOIhBtr%ceivingSB@&Bdérbﬂt ROLRS |§$’s’§ib|§'tﬂce t-he
val ue assig

rve 1S atio { sp«flden (t-he
same curve J%&HQQ Hhip Wém'f? 'g\és'Plg‘mfd °f (ﬁ%tshe"r' aﬂlﬁoag'stﬁatﬁerﬁ%'ci ﬁ&"@&me Bl A
ratio. 5 Elvhét# the MPE@%ﬁaIﬁE@écorded on a mEARINYSHEHas TTERON &éDVBCOded
i n a nunber t he bj ect.- nunbher, depth

['It
and obj ect JEF“\{E%"K?"@“% daa!a%a@mam%wngmé igral-ausia 'Fhés AsMARef o
per son ShOVWBrglthtfdr%éE)ga‘rle T&]&e@%é@%ﬂ' tﬁe%l@h'&ﬁ&trﬁ@a&bl ©fHer ftHpfduek Wi th

dept h 20. The utline '|§ect has been. determ ned as previously
expl ai ned art! @y&pﬁpéhqgeyskpl gdn thendt Typically where a change in
di rection of theq8i&d &&B!é'i@tr& ﬁtﬁa 8fidinal e ﬁffﬁ'\hﬁ‘é‘saﬁarﬁa‘rthe'r\ﬁPEG made.
This mark may be an alp anumerrc char act er’, col'our or other

form of viGfiata Fﬂﬁ*’r‘@atlﬂ arprefesied embadinert tharwlwtromof the depth mmav@ex y
| ocati on. 2freancéd1¢mﬁr We&ng%mhg k8BiXoIS 1 Boyeoxk ifelditiefdrd ddiebpR0C O to

255. Between 'ons W ] exist a curve curve
may be det er8ffaigdn Big depth %P@Gﬁ'ﬁsdﬁ‘r the wsuking 36t images foegpme ppatepi. e Thisr ve

yaresi 1y PROBIGH 8 dame qERTLTHGL S5y SHMPEN gl SdtE el °
defi ned usi ﬁgermeethg/dgptrmrapequrnatroprmgyd@sxncluded in the MPEG signal by
15 adding additional information to the DCT block that defines the depth of eac?‘r’
block when converted into 3D. The depth map may also be mcluded in the
MPEG data stream as previously described eg audio channel, or other méthods
familiar to those skilled in the art. The reduced resolution deptr{ map may also
be compressed, prior to inclusion in the MPEG stream, using standard image
20 compression techniques including, but not limited to, JPEG, MJPEG, MlsEG
etc. '
In a further preferred embodiment the object outline is defined using
bezier curves. Consider the outline of a person shown in figure 4. Bezier
curves are applied to the outline which result in the x,y coordinates shown. The

25 depth map for the object may therefore be defined as
<object number><object depth><x1,y1,x1a,y1a,x2b,y2b,x2,y2,.... x1b,ytb >

Bezier curves may also be generated that require only 3 x,y coordinates
as illustrated in figure 5 and may be defined as follows

<object number><object depth><x1,y1,x1a,y1a,x2,y2, ,.... x8a,y8a >



30 clockwise fromx,y location to the next x,y location may be assigned
positive val ues’ whil st those that progress anticlockw se may be i
assi gned negative val ues.. Ot her assignnments may be appli ed.

11 Thr eshol di ng Addi ng a depth to the
conver si on a?’”é???? ?n ensures that objects in front of tkg*)??\]rp%g old are
not distorted. This is done to prevent fone of the mnor distortions
that occur at the edges of foreground objects when they 5 intersect with a
background obj ect. In the preferred conversion algorithm a depth
map isused to create a continuous depth map that forns the 3D profile
of the final scenéhis\Wethod is prefénablehsince itsequirdsi @ dmabiert rirsbgrrafatementse =
depth map is S det ect threshol d transitions, and depth abbye
and bel ow thg’o{jé}g%stf'gggh%are processed 10 independently. ' 7@ The i
depth map data foln ahusthebjpesferredyernbediafemt dhéobjbxt ioutiheais definedyasing -

<obj ect nunber ><obj.ect depthz<xl.vl, curvel y2. curye2 . ... XK
The obj ect  ABBPRETHT GPARBRonCRRERT HoS: flfina, & ersp o didbpe Sk
5 Geometric shapes are applied 1o the outline which result in the construction
shown. The circle forming the head will have a centre defined by x1,y1 ‘and"‘-"_'_f-'
radius r1. Triangles can be described as x2a, y2a, x2b, y2b, x2c¢, y2c and

similarly for other polygons. Each geometric shape may have the general form
<shape> <parameters>
10 The depth map for the object may therefore be defined as
<object number><object depth><shape1>éparameters> ......... <shapen,><parameters>
It will also be appreciated that the outlines and/or depth maps created
using any of these methods, either compressed .or uncompressed, may be
stored in any suitable analogue or digital format and medium, either with or
~ 15 without their associated 2D images. . The storage may include, but not limited to,
floppy disk, hard disk, CD-ROM, laser disk, DVD, RAM, ROM, magnetic
recording tape, video tape, video cassette etc. The stored outlines and/or
depth maps may be recalled at a later time and/or place to enable the
reconstruction of the depth maps for the generation of distortion meshes for the
20 generation of 3D images or for further adjustment and fine tuning. :
Decoder
Previously it has been disclosed that a distortion mesh may be used to
convert a 2D image into 3D.
It is now possible to generate the necessary distortion grid from a depth
25 map. This depth map itself being generated from additional information
transmitted within the 2D video. The generation of a distortion grid from a depth
map may take place in realtime, semi-reaitime or offiine and may be undertaken
locally or, via any suitable transmission medium, at a remote location. The
generation may be implemented in software or hardware.
30 Thus rather than transmit the sub pixel points of the distortion mesh as
part of the 2D image the information necessary to re-create the depth map may
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conversion from depth map data into depth map then to distortion gnd is as N

shown in a software flow chart in Figure 1 and in hardware in figure 2. The
individual elements of the software conversion process function as follows: -
Image Sequence Source - 2D Film or Video or some other image sequence
source. '

Area & Depth Source - This is the information that is sent with the image
Sequence and in the preferred émbodiment is contained in the VB! or MPEG'
data stream. It contains information as to the position, shape and depth of ea_bh
object.

Apply Areas with Depths to Depth Map - To render an object the "area”
within the object is filled/shaded according to the depth information. All area
outside the shaded area is left untouched. This process results:in the

. reconstruction of the original depth maps. e

20

25

30

Blur Depth Map - The hard depth map is then blurred (gaussian; fast or
other) to remove any hard edges. The blurring provides a smooth transition
between the objects in order to eliminate image overlapping. The blurring is

slightly weighted in the horizontal direction. The vertical blur helps stop image’

tearing by bleeding into the images above and below thus giving a smoother
transition between near and far objects.

Process image using Depth Map - The blurred depth map is then used as
a source for displacement of the distortion grid, white being maximum
displacement, black being no displacement. The amount of distortion along the
horizontal axis is scaled according to the depth of the depth map at any given
pixel location. In the preferred implementation the displacement for the left
image is to the right, the right imagé displacement to the left. An overali forced
parallax may be applied to the image so that the white (foreground) displaced
objects are converged at screen level. The black (background) areas will then
have a forced paraliax equal to an unshifted image. The direction of



12 ranp as its depth val ue: <depth flag 3><
xl yldepth val'uel, x2, y2, dept h val ue2, ganma> where gamma i s a val

t hat describes the non-linear variation of depth over

xl,yl and X2wo 99/50280 The depth data may be encoded as MA%%J‘;&”
object with a radi al ranp as its depth val ue:

y1l, depth vaIueI radi us, dept hyyal ue2> where the object has
depth value 1 at xI and the depth varies linearly or otherwise to a
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A preferred embodiment of a hardware converter to generate separate'
left and right images from a distortion grid is shown in figure 2, which could be
fully digital. A method of implementing this process is shown in figure 2a and
operates as follows. .

The system uses two line stores, which are multi-ported to allow

simuitaneous access. A line of video is written into one of the line stores while
the other line store is being read to generate the output video signal. At the end
of the current line the line stores are swapped. o

The depth information is extracted from the video signal to regenerate the
depth map for the current image. For each output pixel, the depth map is
transiated into a pixel offset (of the distortion grid). The pixel offset is added to
the pixel counter as the video line is read out of the line store. The pixel offset is
a fractionai value, so it is necessary to read the pixel values each side of the
desired pixel and interpolate the intermediate value. The odd/even field signal
from the video decoder is used to controt the field sequential video output and to’
synchronise the viewers shutter glasses to the output video signal. The basic
circuitry may be duplicated to generate separate left and right video signals for
3D dispiays that require this video format. :

A Functional block diagram of the DDC Decoder is shown in Figure 2b.
The first process is to extract the object data from the incorning video which may
be inserted in the VBI or MPEG data stream. The extracted data will be in
compressed format and is subsequently decompressed using a microprocessor.
The output from the microprocessor is the original object outline information and
is again processed to produce the depth information for each object. This data
is passed to a set of three rotating field buffers, the buffers being controlled by a
microprocessor. The first buffer recreates the original depth maps. The depth
maps are then passed to the next buffer where the horizonta! and vertical blurs

change
ng: an

-



simlarly should the objects depth change and not its position or size the

followng may be transmtted <obj ect nunber ><dept h> t .
wi |l al so be understood that adjacent touching objects will share x,y 20
coordi nates and that redundancy therefore exists in the x,y coordinates

t hat needwawapsot ransmtted to uni quely define the deppdrABdmigt every
object in the scene. In order to mnimse the anpunt of
additional data required to be trandBitted or stored it is desirable to
conpress the data conprising the depth
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process as a timing diagram and assumes that current microprocessors are not
sufficiently fast to undertake all the decoding processes simultan'eously'f “The
deccding process is therefore undertaken sequentially in a pipe-line process,
As microprocessor performance improves it is expected that a number, if not all,

10 of these processes will be undertaken simultaneously. In Figure 2¢ (1) four’
frames of video are shown, each frame comprising odd and even fields. At {2)
the object list for frame four is generated whilst at (3) the depth map for frame 4
is generated. At (4) the horizontal and vertical blurs are applied and at'(ss the
depth map for frame 4 is output and the buffer is cleared ready for the next object

15 list. At (5) therefore the depth map for frame 4 and the 2D image" “are
concurrently available to enable the conversion into 3D. It should be noted that
Figure 2c illustrates the process for an individual frame and in practicé*?’ ét’ény
one time, depth maps for four different frames are being generated by different
sections of the hardware. |

20 Alternative Decoders

As stated previously, currently available microprocessors are not

sufficiently fast to undertake all of the decoding processes simultaneously.
Therefore an altemative preferred embodiment of a decoder will be described
that does not require the use of a fast microprocessor. This altemative decoder

25 makes use of integrated circuits that have been developed for the processing of
2D and 3D computer graphics. Such dedicated graphics processors are
capable of rendering greater than 500,000 polygons per second. Since these
integrated circuits are manufactured in large quantities, and are thus
inexpensive, the production of a low cost DDC decoder is realisable. The

30 decoder uses the simplest polygon rendering capabilities of a graphics
processor, unshaded texture mapped polygons.

The decoding process may be more easily understood by explaining the



It wll be appreciated that the depth map information may be included in
the Vertical Blanking Interval (VBI) of an anal ogue tel evision signal or
MPEG or 10 other digital transm ssion streamof a digital television signal
as has previwoSbyoase been disclosed for distortion nmesh tgaen §do?”
Simlarly, the depth map data can be added into the VOB fi on a DvD.
It is known how the data may be includedgin the VBI and the I\/PEG dat a
stream and the preferred embodiment is the technique currently used for 15
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dat a st r d8min theedepth map. This is illustrated in Figure 12. The next step in the process is
to translate the z axis elevation of each polygon into an equivalent x
displacement. This is illustrated _in Figures 13 through 16. In Figure 13 an x axis
section through the z elevation mesh is shown. In Figure 14 a row of points is
selected along the x axis and rotated 90° about the point y=0. Figure 15 shows
15 the effect of the rotation at the 45° point and Figure 16 after 90° of rotation. . This
process is repeated for all x rows which effectively translates the depth maps 2z
axis elevations into an x displacément. )

The next step in the process is to map the original video frame onto an
undistorted mesh as per Figure 17. The undistorted mesh is then morphed into

20 the x displacement map generated previously as per Figure 18. The resulting
video image will then distend according to the mesh’s displacement, Figure 19.
This has the same eifect as stretching the image as described in our previous
application PCT/AU96/00820. The stretched image may be used to form one
view of a stereo pair, the other being formed by rotating the points in Figure 13

25 Dby -90° which will produce a mesh and comresponding image as shown in Figure
20. _

When implementing this process in hardware, using a 2D/3D graphics
processor, it is possible to eliminate the step of translating the z axis elevations
into equivalent x displacements. Since it is known that polygons that are closer

30 to the viewer require to be shifted further laterally than polygons further away
from the viewer the displacement mesh of Figure 18 can be produced directly
from the depth map of Figure 11. This can be achieved since there is a direct



14 MPEG st andard allows for the delivery of a data streamto the

recei ving | ocation. Techni ques to provide delivery of data within a
MPEG stream may be used to deliver the depth map data to the receiving
decoder. It is also possible to include this information in one of the
sound channewve@sgiozshe MPEG signal. 5 Wiere the MPEG si gna@iCTiavssmoeasr ded on
a nedi um such as CD- ROM of DVD then the informati on may be contai ned
within a digital audio file, as a separd® digital or analog file, or
recorded on the disk in other nmeans. O her techniques will be gbvious to
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field store, This enables a video field to be read out into the 2D/3D graphlcs
processor at the same time as a new field is being loaded. The depth map
output from the DDC data decoder is passed to the Depth Map to Polygon mesh
15 converter which defines the shape of the polygons to be processed by the'.
2D/3D graphics processor. The other input to the graphlcs processor ts “the
original 2D video image which is used as a texture map to which the polygons
are applied. The output from the graphics processor is passed to a field store
that enables the video to be read out in an interlaced format. Thié is
20 subsequently passed to a PAL/NTSC encoder, the output of which will ba a
standard field sequential 3D video signal. '
Re-use of Depth Maps
It will also be appreciated that it is not necessary to transmit the entire
depth map to the receiver since the same depth maps will be reused when the
25 same or a similar scene is displayed again. It is therefore desirable that the
decoder retains in memory a sequence of previously transmitted depth maps for
reuse rather than require to re-process a depth map that has been sent
previously. Either the depth map or the resulting distortion mesh may be
retained in the decoders memory which may be volatile or non-volatile and
30 comprises, although not limited to, RAM, EEPROM, flash memory, magnetic or
optical storage etc. It is also intended that generic depth maps and/or distortion
grids be stored in the decoder. This will enable frequently occurring scenes to



curves are applied to the outline which result in the x,y coordinates

shown. The 25 depth map for the object may therefore be defined as .
<obj ect nunber ><obj ect depth><x1l ,yl ,x1 ayl a, x2by2b,x2,y2,.... x1 bylb >
Bezi er curvego somgsl SO be generated that require only 3 X,peTansehepat €S

as illustrated in figure 5 and may be defined as foll ows

<obj ect nunber ><obj ect depth><xl ,yl ,x31a,yl a,x2,y2,...x8a,y8a > _
15 This method is preferable since it requires a smaller nunber

of el ement shg cohvbrilf Wittfout fe AEEYR transmit or corvBrtdnhd Héﬁh%aﬁ” ﬁ%ﬁé’ct
enbodi ment the object outline is defined using eonetri ¢ shapes
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PPl or AL 08 Al WA e R BH i
e decoder should have the
5 maps so as to enable a library of depth maps and/or dlstomon gﬂds to bezﬁ
maintained within the decoder. This library may be held within, although not’ N
limited to, the following media RAM, EEPROM, flash memory, magnetrc or v
optical storage etc. It is intended that the library be updated by the transmission

of specific depth maps or distortion grids that are inciuded in the video signal. It
10 is also intended that the library could be maintained by means of external or::
internatl ptug-in modules containing such depth maps or distortion grids and by
down loading to the decoder via the video signal, modem or the Intsmet. Other
means of maintaining the library will be obvious to those skilled in the art. ;~
The general format of DDC Data included in the video signai_-f__rnay, inthe -
15 preferred embodiment, include a header flag which indicates to the decodeythe:.; -
nature of the following data. A number of existing standards could be used for -
this format which in general will have __ihe following format; '

<Flag#><data to be acted upon by the decoder>
examples of flags include, although not limited to, the following;

20 Flag 1 - The following data is a depth map
Flag 2 - The following data relatss to the relocation of an existing object
Flag 3 - The following data relates to the change in depth of an object
Flag 4 -The following data relates to the reuse of a previously
transmitted depth map

25 Flag 5 - The following data relates to the use of a depth map within the
lib}ary
Flag 6 - The following data relates to the modification of a depth map
within the library
Flag 7 - The following data relates to the addition of a new depth map



radius rl1. Triangles can be described as x2a, y2a, x2b, y2b, x2c, y2c and
simlarly for other polygons. Each geonetric shape may have the general .
form <shape> <paraneters> 10 The depth map for the object nmay therefore
be defined as <object numnber><obj ect depth><shapel><paraneters> .........
<shapen><parafetey- It will also be appreciat edtCrirapstitns
outlines and/or depth maps created usi ng any of these nethods, either
conpressed or unconpressed, my be 22tored in any suitable anal ogue or
digital format and nedium either with or 15 without their associated 2D

i mages. The st ordfén the/libran ude, but not limited to, fl oppy di'sk, hard
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within the 2D vi 4alh enerat.ion,Qf a distortion grid froma . depth
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the preceding description the same process could be applied to
distortion grids. : : T
It is also intended that the decoder should be able to determine the most
15 suitable depth map to apply to the associated 3D image by automatically raking’
a selection from a nominated range within the library. For example the"DDC
data could direct the decoder to search the library of depth m'ap's""':fa’;évgt\ﬁ';gqen
specific index points or by generic category ie Evening News, Horse Race. The
decoder would then select the appropriate map based upon object size, shaps,
20 speed, direction, colour, shading, ebscuration etc.
As a by product of the decoding process the original depth map, created
during the encoding process, can be made available in a suitable format for use
with 3D display systems that require a 2D image and object depth information.’
These displays may be autostereoscopic and/or volumetric in nature.

25 Alternative approaches

Alternatively, the mesh distortion process may be defined by a

mathematical algorithm. This algorithm may be stored in the decoder and the
DDC data then comprises the parameters to which the algorithm is applied. For
example consider the general formula

30 fxy)=[1-exp(-1(Ixi-nc}. dxI)].sin (((PI.x)/rx)+Pl2).
[1-exp(-1(lyl-ry).dyl)].sin(((Pl.y)/ry)+Pl2)



16 be transmtted. The depth map may then be reconstructed at the

decoder and the conversion into a distortion grid undertaken. These
conversi ons nay be undertaken in either realtine, sem-realtine or

of fline at t{&odRsR Vi ng | ocation and may be inpl e”e”tp%q'/.aw@s/gﬁ&é war e or
har dware. The preferred nethod of 5 conversion from depth map data into
depth map then to distortion grid is asj shown in a software fl ow chart
in Figure 1 and in hardware in figure 2. The i ndividual elenents of the
sof tware conversion process function as follows:. | mmge Sequence Source
- 2D Filmor Video or sone other inage sequence source.” 10 Y Area &

Depth Sour.c#hereThis is the information that.is sent -with the |nage
Sequence and in the pjeferred ' LS contained in the VBl or MPEG -
data stream It cont i'ns i nf or%%%ﬁs “t he position, shapé and depth of
each obj ect. Ixl - Appabsolute aalueidafix Dept hs:.t.0. Depth Map---To render
an object the "area" 15 within tge bject ig filled/ shaded according to the
depth-information. A area M0 %Pg?‘de'niﬁ"exﬁa%ed ‘area is1eft uhtouched.
This prockss resultsryn the rangecbypst-nuetyerrpf the original depth maps.
Bl ur Depth Map - Thedhard dept h ma.ﬁgis then blurred (gaussian, fast or
other) to remove any ¥ar d” edge®@MRAG IBHBLIF Xy provi des a smooth transition
20 between the objecldy i n-or dedarhpinglfactonfarg | mage overl apping. The
blurring is slightly weighted in the horizontal direction. The vertical
bl ur hel ps stop i nmage tearing by bleeding into the i nages above and

bel ow thus gi vi nptie pIBRING/alues arel Paisietito thd etuaion viaake BIDC Hata bhect s.
Process | mage ysi n% Deﬂ%tiﬂ fi%lpe?is-rhr%d%l urred depth map is then used as

the distortion g p ced
10 = ty=50
dx=dy=0.1

In terms of DDC data the following would be transmitted
<Flag 11><50,50,0.1,0.1> - .. e

Additionaily these parameters may be stored in memory within the
15 decoder in the form of a library and recalled by sending the library index -within -
the DDC data. o .

In terms of DDC data the following would be transmitted:
<Flag 12>< library index>

A further example of the use of Flag 9, motion parallax, will be considered. Prior
20 art has shown that a 2D image that has movement in a horizontal direction may
be converted into 3D by the use of motion parailax. It is desirable that the image
motion is due to horizontal movement of the camera ie a camera pan. In this
technique one of the viewers eyes receives the current video field whilst the
other eye receives a previous field ie there is a delay between the images
25 presented to each eye. The choice as to which eye receives the delayed image,



25 a source for displacenent of the distortion grid, white being maxi num

di spl acenent, bl ack being no displacenent. The anmount of distortion along -
t he horizontal axis is scaled according to the depth of the depth map
at any given pi xel location. In the preferred inplenentation, the

di spl acenenOf98p028he | ef t image is to the right, the ROTEUISPEye

di spl acenent to the left. An overall forced 30 parallax may be applied to
the image so that the white (foregroun%% di spl aced obj ects are
converged at screen |evel. The black (background) areas will then have
a forced pangdlhexampuat afodelayuiss deperdent nppn thehdirgrctien tandnspded of
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t he out put fieldddalayizyitisd trardmiskion dstdtion and then transmit these values as part of
10 the video signal. Thus in a preferred embodiment the transmitted data would be
as foliows; ' '
<Flag9><direction and delay>
where <direction and delay> would typically be in the range -4 to +4.
The DDC decoder could then recover this data and use it to insent the
15 correct amount and direction of field delay into the processed images. E
The distortion mesh may also be obtained in realtime by the addition of a
camera to an existing 2D video or film camera, which, using a variable’ focus
lens and a sharpness detecting algorithm, determines the depth of objects’in the
image being viewed by the camera. Object depth may be obtained from a
20 stereo pair of cameras whereby correlation between pixels in each image "
indicates object depth. The output from these configurations, before processing
to provide distortion mesh data, may be used to generate depth maps. This is
achieved by processing the original 2D image and applying shading, or other
indications, to indicate object depth as explained in this disclosure. The outline
25 of each object may be obtained from object characteristics such as object sizs,
colour, speed of motion, shading, texturs, brightness, obscuration as well as
differences between previous and current and future images. Neural networks
and expert systems may also be used to assist with identifying objects. It is also
proposed to shift the image within the camera so that a physical offset of
30 subsequent images on the cameras image sensor are obtained. This shift may
be produced optically, electro-optically, mechanically, electro-mechanically,
electronically or other methods known to those skilled in the art. The shift may



of the current line the line stores are swapped. The depth

i nformation is extracted fromthe video signal to regenerate the 15 depth
map for the current image. For each output pixel, the depth map is

transl ated iwbossu2@ xel offset (of the distortion grid). T}a,w# oopf fset

I's added to the pi xel counter as the video line is read out of the line
store. The pixel offset is a fractigpal value, so it is necessary to
read the pixel values each side of the desired pixel and interpolate
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depth 10negaultingedistotionpefthe drids. t he next. buffer where the horizontal and
vertical blurs A number of Computer Aided Drawing (CAD) software packages en%\Sble

wire frame models of the images being drawn to be produced. These wire frame

models, which are a projection of the facets of the object, can be used to
determine the position of objects within a scene.

15 Similarly, part of the rendering process of 3D non stereoscopic images
from packages like 3D Studio allows the distance from the camera to each pixel -
to be output. This.render can produce a gray scale image which has the closest .
object appearing white, and the furthest point from the camera appearing . black.
This gray scale map may be used as a compatibie depth map for conversion into
20 stereoscopic 3D.



are applied. Once the blurring has—been applied the resulting data is

applied to the final buffer whe m m&m:IHEIRassed to the Depth to
Pi xel O fset Converter shown |I“ﬁm 'ua f t he data has been
transferred to the Offset Converter * ¢ the "infal *buffer is cleared and is

ready to recCeY¥¥%¥e next depth map. 5 The DDC De®6H8vgMosess i s
Illustrated in Figure 2c. This shows the process as a timng diagram
and assunes that current nicroprocessoR® are not sufficiently fast to
undertake alJ] _the d di ng processes simnmultaneously. The decodi ng
process i s HHeAAIMS DEFMING, VED VARE AS FOLLOWSY i ne procéss. ~ As
m croprocessor performance inproves it is expected that .a numherg;iif not.
all, 10 of these processes will be undertaken sinultaneously. In Figure 2¢

(1) four 1. frwmetbed\af qwoducing didepth maphior useeinctheprdrverseei2and even
fields. At-j 3 tggg? | mhdesl LQr-sbrane £ our i s - -gener-at ed w1 st at
(3) the depst?r?)gr?gsmfopr‘ regér@%ﬁdg%&l'éag%lhé?lg%%ggﬂf (4) thg hori :zf_ppt al "and
vertical blurs ddentiying atttashohaobjes)withie a 2D image;h map for fraie4 is

out put and the A Sai v f or .t he. next object 15 list. At (5)
therefore the dé%)“%%gﬁr{‘gp%f%wgé‘gﬁ%&%%%#?Hé@%’% rare concurrently
avai |l abl e to enzloeatirigesaidnr each objectivith 8deptit taghand d be noted t'hat

2t Yany - one rddtighd e RS A bube [ ath ahas AL ore boing
generated by different sections of the hardware. 20 Alternative
Decoder s Vi L current]y avajlabple, .. .

m cropr ocesZor s St %‘f;sahlg%%ﬁ@%ﬁb Mq’%@t ?SLéﬁH%ﬁ{"%FK@ ‘%"f‘eﬁpyt"‘he

decodi ng prseriesf cosdrdinktesNemves sind/or gedinetrieishapesin al ternative preferred
enbodi nent of a decoder will be described that does not require the use
of a fast mcroprocessor. This alternative decoder 25 makes use of

I nt egr at ed & r CIA histihdthés BRI GLany! PreedMCtiaift whBRIPSAE SdHtRfng 2D
and 3D computer .ara hi cs. Sucthpgediggt ed g%gm CS. processgﬁ“mﬂag

capabl e of 'TéhHUAYS JUEREBSRIAIUMBRL, 500, 000 pol ygons per second. Sifice these
integrated circuits are nmanufactured in |large quantities, and are thus

i nexpensi ve, the productiop,of | ow cost DDC decoder .is realisahle. The
P Y- % A hetho as cpalmed %n any preceding claim wherein identifying said at .

least one object includes the step of comparing said 2D image with a‘libary of
generic scenes. - - it

5. A method as claimed in-any preceding claim wherein the step of
determining the outline further includes tracing the object pixel by pixel.

6. A method as claimed in any one of claims 1 to 4 wherein the step of
determining the outline further includes using straight lines to approximate the
outline of the object,

7. A method as claimed in any one of claims 1 to 4 wherein the step of
determining the outline further includes using curve approximations to
approximate the outline of the object.

8. A method as claimed in any one of claims 1 to 4 wherein the step of
determining the outline further includes using bezier curves to approximate the



30 decoder uses the .sinplest polygon rendering capabilities of a graphics

processor, unshaded texture nmapped pol ygons. The decodi ng process-
may be nore easily understood by explaining the

19 processyssse f perfornmed manual ly. This is illustraicgthoyedohe flow
chart in Figure 9 and subsequent draw ngs. The process comences by
produci ng an undi storted nesh, usimgy as many polygons in the x | ane
as necessary to achieve a relatively smooth defor “wmniuﬁ&
preferred e ' 00 5 polygons per field may it RRRipEE h9&d. An
exanpl e of g&g{é’%%g{ﬁ 0 eéu%'ndi storted mesh i s shown ih Fi gl',lre"los. The
depth map for the object to be converted_into . 3D (i-n:this exanple, a

cone whose gip i hent % the: wi '3s PR > o (V] ) is
applied to ?’he n§§rﬁémpc%}8@[ﬁmdi: %ﬁ&‘&ﬁe{:é‘ ? l‘éﬁﬁswghtgptg welﬁg@net?"g\ié%?(])a* of
t1 Be_ rretsﬂ sdweygmm the qeth_ehdmempohdehec_owmaﬁegdhetobiao_il:_dliﬂ\ea rli:)rqf%lrcg pi X'?lh
in the . . : r. - .next step in the
process is &an? gﬁ p’rog;gghg?ée&i#e&gé{gé?"L‘-gg?ée&a%pgﬁmﬁ\ag%@gh&@m%gon"’-*1 nto an
equi val ent X di spl acement. This is.idlustrated in- Fi.gures..13 -through
16. In Figu 13, an X1 Sy, ecti.on fhrough the z el eyation nmesh is
shown. In Fliig'ureA?ﬂetﬁoélgﬁ/c&'mBSﬁﬂﬁé"ﬁ@ ﬁrthegépgxgﬁgdscgﬁ%é\q FHEVE BRI and
rotated 90 gémaric drgeonuatri¢ shyap® tofhegtifietheéobfgetvs . 15 the effect of -the
rotation at the 45 point and Figure 16 after 90[err] of rotation. This

process is repeated for all x rows whiech:effectively translates the depth
maps z &% s Rlmethodoas dlalinedain anylipratedingiim wherein the depth tag

includes a colour code.

12. A method as claimed in claim.11 wherein white represents objects
relatively close to the viewer, and black indicates objects relatively distant from
the viewer. e o oy

er

: L apibnrs o Tt T T e
13. A method as.claimed in any one .of-claims 1 to 10 wherein said depth tag
is a numerical value.

14. A method as claimed in claim 13 wherein said numerical value ranges
from 0 to 255.

15. A method as claimed in any preceding claim wherein said at least one
object is further divided into a plurality of segments, each segment being
assigned a depth tag.

16. A method as claimed in claim 15 wherein the variation in depth is defined
by a ramp function.

17. A method as claimed in claim 16 wherein said ramp function is a linear or
radial ramp.



The next step in the process is to map the original video frane onto an
undi storted nmesh as per Figure 17.7 The undistortee—+esh is then norphed

into 20 the x displacenent map generml ﬂ | as per Figure 18. The
resul ting video image will then uﬂuﬂimum, g to the mesh's
di spl acerrentWOP?f{?a&Oe 19 Thi s has *t hé sane e e as stPCEiatié/ngost he

I mge as described in our previous , zgopl i cation PCT/AU96/00820. The
stretched i mage may be used to form one view of a stereo pair, the
other being forned by rotating the points in Figure 13 25 by -90Q which will
produce a ndsh aﬁ@@'ﬂbﬂd@&p{bﬁld\&dghﬁﬂgmetmdtr@tﬁm furthBt ipohueling trackihgthe

When i npl e t 0 h \ar hi c
processor, marg ém BB]gﬁBFHn % Sééﬁéls&ena e thgf %ﬁ%b’gggg ?Eﬁ ?%‘?T'ﬁ‘ﬁ'%é“&‘ axis’
el evati ons asmgnngcdepttutagalfeﬂhembghetm eachmespectiveifraese.i t'i s known®t hat

pol ygons that are closer 30 to the viewer require to be shifted-4urther .

| aterally than pol ygons further away fromthe viewer the di: spl acenent

mesh of Figue 18 methodeapriaineedh dhy pesdeding clafm duniigrandamhg dtitingrd Fi gure

11. This ca I,,nC a direct
20 rel a?.’gﬁ‘ﬁ%%é‘fa&ééﬁ“? ﬁréﬁe@’@‘gal e value of the depth map and the

shift of each correspondi ng polygon Thi s S|an|f|ed process i's
[ tive Hardware
|11 ustrated 28° 2 fl methot %gtclalmed in cl%um 192 wherem sal %ure gump map is

Decoder
defined by breaking the object into a plurality of components and assrgnlng

each component a separate depth tag.

21. A method as claimed in claim 19 wherein said texture bump map is
defined by the luminance values of individual components of the object.

22. A method as claimed in claim 19 whersin said texture bump map is
defined by the chrominance, saturation, colour grouping, reflections, shadows,

N e 2

focus and/or sharpness of individual components of the object.

23. A method as ciaimed in any preceding claim further including producmg
greyscale images of 80x60x8 bit resolution of each 2D image. '

24, A method of producing a depth map for use in the conversion of 2D
images in a video sequencs into stereoscopic images including the steps of:

identifying and numbering each frame of the video sequence;

identifying at least one object within the video sequencs;

allocating each object with an identifying tag;

dividing the video sequence into a plurality of partial sequencss;

transmitting the partial sequences to a plurality of operators, each
operator determining and defining an outline for each object in the partial
sequence previously allocated said identifying tag;

receiving said partial sequences from said plurality of operators;

collating said partial sequences to reform the video sequence; and



5 A bl ock diagram of a hard oder based upon a 20/ 3D

graphi cs processor is shown in Figur m“on and generation of -
t he depth maps fromthe DDC data :‘m‘mmrm“w usly described and

il lustrated Wo9%39289 gure 2b. The operaii on of theé décoder REWAUNS/HOHES
follows. Incomng video is passed to the DDC data decoder which extracts
the DDC i nformation fromthe 10 vi deo 2% eam and recovers the depth map for
each video field. The video is al so converted into RGB, YUV or- other

st andard vi deo faltacatinguedcipbbjestiwitimaalepthtag; field store. This enables a
video field to be read out into the 2D/ 3D graphics processor at the same
time as a new field is being | oaded: The depth map oUfiit “f r ofift he DDC
ga;a decoﬁe251 s Aasfetl'nbgtashlﬂn@dphhléiﬁpZﬂduﬂhbymmghhé%té’,@&i’%ﬂﬂﬁ\l’g \Aﬂl ch
efines the t he ons to be proce B ik 2 aphi cs
pr ocessor . ?ﬁ@‘ﬁgﬁﬁ@ asuF&ﬁjf%: {%g?weaf?;\}?ﬁ'f’gg gs\gg%geg engsereing SM‘%%aI 2D
vi deo inagennt@laqhunaﬂtfyt&qﬁnw seqliéndedl € AP, to Wm.g;n Ih%@@J pgons are
applied. The output fromthe graphics. processor is passed o a field store
that enables the video to be read out in an interlaced forrmat. This is 20

subsequent | rzepasmdeﬂwedfas%ma‘dﬁﬁcmﬁozi?wneiéws&uts&hn@fmmnﬁés }Hciddebe a
standard field seque tlal@&"ﬁ%& €0 _Sj Re--use 0f

Maps
It will al SBG’B%V'%\%ﬁF’ ioifrq modify| thS@M%Q%W‘?QP %?‘ii-?%‘ﬁ?t the entire
depth map to the receiver since the sane depth maps will be reused when the
25 sane or a simlar scene is displ ayed agai n It is therefore desirable

that the 27decBdBpthosk af RaCOdingdepthy map,irfndse i the senversiop et 8Rsni t t ed
depth maps fages mtcf@l%?é‘os% ,B%aPﬁ@ re to re-process a depth map that
has been sent pr evi ousl er epth map or the resulting

di stortion mesh aligratiag an Obieé"ttéﬁ%fieftﬁ th@bléek:oders nenmory which may be
vol atile or non- Xlﬂ']cﬁ{lh%gaﬁ%e@vﬁﬂ’t@&bﬁtﬁ%ag%r’id“)“gh not limted to, RAM

EEPROV fl ash nmenor gnet c or storage etc.” It is also
i nt ended t hat geﬂ%ﬂﬂ"@g thepebiectepislingad/ or di storti on grids be stored in
the decoder. This will enable frequently occurrl ng scenes, to R

28. A method as claimed in claim 27 whereln said object outllne is defmed by
a series of X,y coordinates, each x,y coordmat_e bemg separated by a curve,

29. A method as claimed in claim 28 wherein each said curve is stored in a
iibrary and allocated a unique number.

30. A method as claimed in claim 28 or claim 29 wherein said object outline
also includes data on the orientation of each curve.

31. A method as claimed in any one of claims 28 to 30 wherein each said
curve is a bezier curve.

32. A method as claimed in claim 27 wherein said object outline is defined by
at least one geometric shape.

33. A method as claimed in claim 32 wherein said at least one geometric
shape is defined by the form of the shape and the parameters of the shape.



21 be converted without the need to transmit or convert the depth map.

The correct depth map nay be Mg data in the video
signal that uniquely identifies gmt\/m ch default depth map
to apply. It is also intended ﬂﬂ“\ houl d have t he
capability HP¥E40ving new or alt e.pth § nhps so aBCHOUBMINFe a
library of depth maps and/or dlstortlon rids to be mai nt ai ned wi thin
the decoder. This library may be hel d W h| n, although not limted to,

the follow ng nedia RAM EEPROM flash nmenory, magnetic or - optical
storage etc. It is intended that the library be updated by the transmi'ssion

of speci fi caglept A nigtRSd 85 cliifié@ i hRY ofié bf glaimsb7 & vi deo.
signal. It 10 is also int gn:je tha@n?he Ilgrary cogswﬁgé‘ﬂgﬁltbg?él%

means of ex®ldha#leplttag of spigehiertingldrs: i n nodul es cont'ai i g suck depth
maps or di stortiRcaing'a nfethiRépth; andown 1 oadi ng to thevdecodersvia the
vi deo signal, nodem or the Inter net. O her. means of ‘rral n,t aJ nj.ng the
library will be dlopatngadepthesthesabiested i'h'the art. = °° The gener al
format of DDC Data included in the video signal may, in the 15 preferred
enbodi nent, include a header flag which indicates to the decodes.the
nature of t&% f ohIraeibed amclaimed rinriaim 34 whereini the typamfadcmhcndude&e used

(2 agrochin 0 S T S 71 17 Tl oo o

36. A method of transmitting 2D images and depth map data for vnewmg ona
stersoscopic viewing system including: '

embedding the depth map data in the Vertical Blanking Interval of an
analogue television signal. o

37. A method of transmitting 2D images and depth map data for wewnng ona
. stereoscopic viewing system including: - R
embedding the depth map data in the MPEG of a digital television’signal.

38. A method of transmitting 2D images and depth map data for v:ewmg on a
stereoscopic viewing system including:

embedding the depth map data in the VOB file of a DVD.

39. A method of decoding depth map data including:

receiving 2D images and depth map data correspondlng to said 2D
images;

determining an object identified in the depth map data;

determining the corresponding depth for said object;

shading said object dependent on the depth; and

processing the image to form a distortion grid wherein the amount of
distortion is dependent on the depth.



exanpl es of flags include, although not T‘h’e/f’g | | owi ng; 20
Flag 1 - The following data is a depth nap “W 2 - The foll ow ng-
data relates to the relocation of an emsh“ﬂw w Flag 3 - The
foll owi ng daygessthat es to the change in de ran® ob} ect “T7auesmioos Fl ag 4
-The following data relates to the reuse of a previously

transmtted depth map 25 Flag 5 84The following data relates to the
use of a depth map within the library Flag 6 - The

fol l owing dafga r @l @k dta‘%éiﬁﬁtémﬂ'cidlﬁa d findiudfit h map W t hin
the library o aﬁ?o@mmrl?g '(gllgltaﬁ@fal ates to the addition

of a new depth nBrring the gdepth map pnor to forrmng the distortion grid to thereby 22
within the gy ahaé&smcom?ngans':tlo%%éweefms,efg@ pWing data relateso the:

del etion of "an existin Flag 9 - _The
follow ng data relates to the use of notion parallax delys 5 ~ Flag

10 100 oldrout ASoBR iRl gkl e ol Lgh g 07T 1 L

producing an und;storted mesh from a plurality of polygons;

applying the d_e_p_th map to said mesh, wherein elevation of polygons
within the mesh is dependent on depth recorded in the depth map;

converting the elevation of the polygons into translational displacements
to thereby creats a distorted mesh; and

applying the distorted mesh to a 2D image comresponding to the depth
map data,

42. A decoder for decodlng depth map data mcludmg a Ilbrary of depth maps,
wherein incoming data i rs compared wrth sald ilbrary and wherem if sald data
does not match a depth map in sald hbrary of depth maps. the" decoder
processes said incoming data using the method -as claimed in cfanm 41



al gorithm
mat hemat i cal

uni quel y define each packet and alleviate the need for a Fl ag.

| engt h

Flag 12- The follow ng data relatesto the use of a
algorithmlibrary 10
I ength of each data packet could be a different

Al ternatively the

whi ch woul d
In

t he precedi NYCA¥EREY pt i on the sarre process coul d be appl i ETIAYIS/01005

di stortion grids.

able to determ ne the nobst 15 swt
3D i mage by automatically making

o

within the library. For exanple the DDC

to search the {ibrary-of depth

generic category ie Evening News,
sel ect the appropriate map based upon object - sizé,

maps

direction, colour, shading, obscuratlon etc. _
t he decodi ng process theetigi-trat—dent h map—created:
encoding process, can bel!hage Sgquencsli e i n| A®ai& Repth §

with 3D display systens

t hatSeWeeire

i nformation. These display

ﬁgel?lce ‘

a 2D

ntended that the decoder
epth map to apply to the associ ated
a selection froma nom nated range

data coul d
. speci ff
The

decoder woul d t hen
Shapé™ 26 dpéed,
- As a by product of

nmagSouie obj

shoul d be

direct the decoder

cindex points or by

..during the
of it “f or * Use
gct .depth

5 may be aut ostere scopi ¢ and/or volunetric

in nature. 25 Alternative appréaches: terndtively, the nmesh
di stortion process nmay be defiped by. a mﬁ]ﬁam@wﬂw al gorithm This
al gorithm may be stored in the{decoder an‘cbédueto Dep@m&ata t hen conpri ses
the paraneters to which the al gorithmis ‘appretgr—For— exanpl e consi der
the general formula 30 v - oae R
f(xy)=[1-exp(-1(IxlI-rx).dxl').s n(((PI.x)/rK)+pIé : . El -
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23

x| -

<=rx 5
dx -

y

data t hen
rx=ry=50

woul d be transmtted

wher e

Pl -

absol ute val ue of x

ry

constant 3.14159...

rx -

range of x,

range of y, -ry <=y <=ry

dage) g3gedsgct or for x
If the foll ow ng val ues

the distortion grid in fi

dx=dy=0. 1
<Fl ag 11><50, 50, 0. 1, 0. 1>

r aa

dy -

-IrX <=X -

IR st O T or

10

ssed to the equation via the DDC
7 is produced

In terns of DDC data the foll ow ng

Addi tionally these paranmeters may be stori_c;i-in nory within the
ig 2a. b

-

—| DCC Data Decoder
Shutter glass
controller &
SYync v _
Depth to pixe! offset converter
N , ~ Fraction
7 Pixel Pixel
offset offset+1
Pixel :
Counter I
I . T T T . ’ *
Address ! ! Addréss: Address
’ I : | '
M}Jlti~Port Dubl Line Stode
Odd/Even : ' : :
Field Data 1 ! Data | Data
i RGB RGB
A 4 A 4
Composite
+—>» toRGB - Interpolator [«
Converter | 24 Bit
RGB
A
RGB
Video input
(Composite, v
S-Video,
PAUNTSC) PAL/NTSC
Encoder

v

3D Field Sequential
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15 decoder in the formof a library and recalled by sending the |ibrary

i ndex within "the DDC dat a. In terns of DDC data the follow ng .
woul d be transmtted: <Flag 12>< library index> A
further exanple of the use of Flag 9, notion parallax, will be considered.
Prior 20 artWRa¥3msown that a 2D i nage that has novenent ipciatepiogont al

directi on may be converted intogﬁgl the use of notion parallax. It is
desirabl e that the image not i on e to horizontal novenment of the
canera ie a canera pan. In this techni que one of the viewers eyes
receives the current video field whilst the ot her eye receives a

previous field ie there is a delay between the inages 25 presented to each
eye. The choice as to which eye receives the del ayed i nage,

24 and the amount of delay, is dependent upoen the di-reet+en: and speed
of hori zont al H CZB he 2D i mage. The delay would typically be in
the range 1 to 4 g ‘The choice of direction andateldytan be made

by considering an overal | notion vector within the 2D i mage and
sel ecting these paraneters based ;--—-——--—---———~---—1
Mi Al E
ICro- 1 . . .
processor : _Build depth map using objects :
ot !
Object A ! !
Data : }
Bump | !
Object map { ' :
List data . |
i Horizontat and Vertical Blur :
Object 1 I g
Data { ;:
| . ¢
| i |
Micro- N 1
processor { !
I
Compressed { Read/Clear :
Object Data ! |
1
Extract | s
objact data | Three rotating :
from video l field buffers | -
|
A : l
1 |
' ]
o v u — — g - ——] r —————————
Y
Extract Depth data to
object data pixel offset converter
from video
A
Video
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5 upon the size, direction and stability of the vector, In the prior art it
has been necessary to performthese calculations in real tinme at the .
view ng | ocation requiring substantial processing capabilities. It has
been found tW2P%39%8% ef err ed nethod is to cal cul ate the POWAUSHNESt OF S,
and hence the direction and anount of%él%i el d del ay, at the transm ssion

| ocation and then transmt these valu as part of 10 the video signal.
Thus in a preferred enbodi nent the transmtted data woul d be as

fol | ows; <Fl ag9><di recti on and del ay> where <direction
and del ay> would typically be in the range -4 to +4. The DDC
decoder could then recover this data and use it to insert the 15 correct
amount and direction of field delay into the processed inmaggg:ii '

The di stortfion nesh |may{al so be eallfine by {h&fa Ofa
canera to gn esxigtirlg 2b video o h, Which, using el
focus Iens'gagd 8 sharpness d bri tthm  detefm pth of
objects infthgr ¢ i|jmage being v caﬁbra. o) g¢ct be
obtained frloma 20 qtergo pair o breldy correl fti
pi xel s in €ach 1nmage i ndi cat bt h. The out put e
confi guratijonsy befdre processin /i dg di stortijorfyntsle datd, may
be used to gen'gr%te dept h maps. achijeved by prgdegSsih@ tle
original 20 irIE98 and applying s ( her indicpatj @& to
i ndi cate olj ect deptlh a$ explainpd i{n this-dfjscljosure. T u@ine 29 of
each obj ect]{ may be dbtafned fron] object charpctgristics ch as obj eqt-
si ze, dol oor . sgeed|of notiop, ¢$hading, {extjulge, bri ghtness,
obscurationf as2wel | las di ffef enges betwepn greviBogs $hd fcurrent 4nd
future images.icN8ur gl networ ks nd exper sysge‘ﬁs may al{so be usdd to
assist with identifyinglobjects.]lt}is also proposed|to gshift thgq i mage
wi thin the |canera sq that a physjcall: offset pf 3J0zsubseqipent} i mages dn the
caneras i nmgge ®ensory ar¢ obtainefd. This shif Y€ ». be|prdduced
opticall ytjel egt:go-opti cal |y, rre;hai/incal,l y;- Bl gt_@o—?rﬁchani al |y,
el ectroni cal | yitor otlher|net hods knoyn to thoge sksl‘lned ih the art. THe
shift may +
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25 be in a single direction ie x or
sequentially or randomy. The shift
will be greater for those objects that
correlating_th
may be deterti?
O her techniques may be used to det
scene. These include, but are not
operati ng on optical, |aser, ultba 0
projection of grids over objects
depth of an object fromthe 10 rest
A number of Cowqgi r /Al ded Dr awhg
frame nodel s of gi ges beifig/drawn t
nodel s, which are a prgqj igQ
determ ne the positionggﬁﬁ%
of the rendering process of

|i ke 3D Studio all ows i S
gh% gdu \

output. This render c
and ths

obj ect appearing white,
bl ack. This gray scal exgy8
conversion into 20 stereoscopie

x2,y2

curvel

qgﬁixels in successive images the
A28 t ernatively a plurality of caneras

bjjegts within a sceng

mul tiple directions either
of objects on the caneras sensor
are closer to the canera. By

9P PR

dle the depth of objects within a
limted to,

the use of range finders
uCc or mcrowave principles or the
I'n the scene and determ ning the
ortion of the grids.
|l € packages enabl e wire’
o be pyoduced? These-wire franme

\ WESHH ect, can betused to
15 ¢ iSiglarly, part
nges; ! from packages
er Aotipyéegch pixel  to be
g I ch has the-cl osest

curve?

x8,'j8

x1,y1

curve 8

Object Number 1, Depth 20

Fig 4.
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26 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A et hod of
producing a depth map for use in the converson of 2D images into

stereoscopi c images including the steps of: identifying at | east one
obj ect W t hiyoae3ds¢ MagE; al l ocating said or each obpeglausidibdd an

I dentifying tag; al I ocati ng saié r ,each object with a depth tag; and
determ ning and defining an outline f /ﬁé&ch or said object. 2. A

method as clained in claim1 wherein the object outline is defined by a:
series of co-ordinates, curves and/or geonetric shapes. 3. A nmet hod as
clainmed in any preceding claimwherein said identifying tag.is-.a uniqueg:
numeri cal nunber. 4, A nethod as cl ai [}%&3’2‘ any preceding ¢laim mhe§;e| n
identifying said at |east one object |ncf Re step of corrpéi?" ard

image with a library of

Fig 5.

Object Number 1, Depth 20
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generic scenes. 5.

A method as clainmed in- any preceding claimwherein
the step of determning the outline further

pi xel by pixel

6.
wherein the ste

further

t he obj ect. 8.

approxi mate the

%

\) ‘ﬂ,:’::l SL TR
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e
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L et b i N 1 U e Y
X .«/j/ j/ ) A 1! \\\\ \\\\‘(\%4{(’,,,/"//,,,;1/,5,;)l,lt,*f‘t'&&;“\\\\\3 Tl
s YI\“\ _,.g.‘.",,' ti‘ff/ ’I/] llf %Q#ﬁ“ “\m“\\\“ ‘.’g;,’f'/,v,"’l,a,"/;5’;?)'9’0’@‘@\\&\\‘\\“
R SN s
== n{:"'ﬁé’{}?f,{;‘,}ilz ,g/&l'f,.f;:,!“" Pk I %\. S )
1)

of determ ning the outline further
lines to appY®¥i%8¥% the outline of the object.

in any one of clains 1 to 4 wherein

I ncl udes tracing the object
A nmethod as claimed in any one of clains 1 to 4

i ncl udes using straight

7. A PETI3g8/8I805c| ai ned

tep of determning the outline
i ncl udes using curve approx;ﬁgffg

ns to approxi mate the outline of

A nmethod as claimed in any one of clainms 1 to 4 wherein
the step of determining the outline further

I ncl udes using bezier curves to
outline of the object. 2

Fig 7.
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9. A nmethod as clainmed in any one of clains 1 to 4 wherein the step of
determ ning the outline further includes conparing the object with a .

| i brary of curves and/or generic or geonetric shapes to approxinate t he
outline. l% 99AbAEt hod as claimed in claim9 further |ncI |n scallng
the curve an Por generic or geonetric 7Qf e to best fit the

A nethod as clained in any preceding wherein the depth tag |ncludes a
colour code. 12. A nethod as clainmed in claim11l wherein white represents
objects relatively close to the viewer, and bl ack indicates obj ect's
relatively distant fromthe viewer. 13. A nethod as clained in any one of
clains 1 to 10 wherein said depth tag is a nunerical value. 14. A nethod
as claimed in claim13 wherein said nunerical value ranges front0 to 255
15. A nethod as clained in any preceding clai mwherein said ats#east. -one
object is further g-eee—nte—apjurality of segnents, each seghent - beﬁhg
assigned a depth tgag. 16. A nethpd as claimed in c]aimi5 mhe;eln thefb

variation in dgptt¥|iDCO&:taBdcbyeral Tamp—fumctTOMm
) 4
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17. A nethod as clainmed in claim16 wherein said ranp function is a |linear
or radial ranp. 28 18. A

nmet hod as clainmed in any preceding claimfurther including tracking the or
each object on successive frames of the inmage, and determ ning and

assi gni ng deyPnrB@ss for the object in each respective framaravsshbuos A

nmet hod as clainmed in any preceding ? ]_41further I ncl udi ng adding a texture
bunmp map to the or each object. 2 A nmethod as claimed in claim19
wherein said texture bunp map is defined by breaking the object into a
plurality of conponents and assigning each conmponent a separate depth tag.
21. A nethod as clainmed in claim19 wherein said texture bunp map S

Flg .
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defined by the | um nance val ues of individual conponents of the object.

22. A nethod as clainmed in claim19 wherein said texture bunp map is
defined by the chrom nance, saturation, col our grouping, reflections,
shadows, foc¥0ersdser sharpness of individual conponents ofpck ?BQQ& ct

23. A nethod as clained in.any pregﬁangﬂplain1further I ncl udi ng produci ng
greyscal e i mages of 80x60x8 bit res ' of each 2D i nage. 24. A

met hod oflﬁlgg:b()g a depth map for use in the conversion of 2D Jnages in a
vi deo sequen I nto stereoscopic images including the steps of: -:%

I dentifying and nunbering each franme of the video sequence; C
identifying at | east one object within the video sequéice; --‘al  ocati ng

each obj ect h g demiy Tyj™Rg t fos N di g, t hENi dgdiseduence i nto
a plurality ¢f - ﬁh\\ Nisequehcesii t ragsm N ng\L16£b&JkL isequenges

WRilng an -

eviigﬁé 1T Wited said
-%Rf'i NQE - plurM|ty
f whle’ vi deo

to a pluralitw.of er (s, }each|weper 4tqr ér,
outline for eaEH\(E?EB{P?h\{he paiti sequaneeiy
i dentifying { ‘\\0.L cei yog ﬁaLd gaxt i grN\s
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29 al l ocating each object with a depth tag; 25. A nethod as
claimed in claim?24 further including the step of adding security neasures -
to the sequence prior to said video sequence being divided into a plurality

of partial sequences. 26. A nmethod as clainmed in claim 25 wherein said
security ne &?%gu*hclude removi ng audi o from and/ or nodi fRATHY?¥HE%c0l our s
of the video sequence. 27. A neflh Q4 encoding a depth map for use in

t he convergg; x 2D i mages into stereoscopi c i nages i ncl udi ng:
aIIocatinéFgago [“¢ct identifier to an object; al | ocating said object
with a depth tag; and defi ni Fhe obj ect outline. 28. A nethod as
claimed in claim?27 ;46f7?7~77?“ -uﬁfgt:mé Ilne I's defined by a serles of
X,y coordi nates, eafH iR T R g sd_Dy a curve, 29. A

met hod as cl ai ned ' -’ﬁVﬁﬁg,! 3 PT-eg |n a
library and all-‘!ﬂgﬁ ’ -
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30. A method as clained in claim28 or claim?29 wherein said object
outline also includes data on the orientation of each curve. 31. A

nmet hod as clainmed in any one of clainms 28 to 30 wherein each said curve is
a bezier curwesysng2. A nethod as clained in claim27 wheg&dilysaidds 0P ect
outline is defined by at |east one]gzgg: ri ¢ shape. 33. A nethod as
claimed in claim 32 wherein said at one geonetric shape is defined by
the formof the shape and the paraneters of the shape. 34. A
method as clained in any one of clainms 2{ to 33 wherein the encodi ng of the
depth tag of said object includes: EHJ ocating a type of depth; and
allocating a depth for the object; IS ) e -

Fig 17.
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35. A method as clained in claim34 wherein the type of depth includes
single value, linear ranp, or radial ranp. 36. A nethod of transmtting
2D images and depth map data for view ng on a stereoscopic view ng system
i ncl udi ng: enbeddi ng the depth map data |n the Vertical Bl anking
Interval of ¥R%#%Bbgue tel evision signal. A et hodP@ifAussaresti t ti ng
2D i mages and depth map data for vqﬁgﬂgg n a stereoscoplc Vi ewi ng system
i ncl udi ng: enbeddi ng t he dept data in the MPEG of a digital
tel evi sion signal. 38. A nmethod of transmtting 2D i nages and depth map
data for view ng on a stereoscopic view ng systemincl uding:
enbeddi ng the depth map data in the VOBafile of a DVD 39.
decodi ng depth map data i ncl udi ng: ! [ [
data corresponding to said 2D i mage
identified in the depth map dat a; e
for said objfg'lt' shadi ng #ai j ecia
processing t gn';g%'to forma di storti on\\i
distortion is dependent: on it

A met hod of

Fig 20.
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31 40. A nethod as clainmed in claim39 further including:
the depth map prior to formng the distortion grid to thereby provide a
snoot her transition between objects.

dat a i ncl udi ®g:9e/30280
pol ygons;

appl yi ng the depth
pol ygons within the nmesh is depende
converting the elevation of the polygons into transl ati onal

produci ng an

to thereby create a distorted nesh; and

to a 2D i mage corresponding to the depth nap data.
decodi ng depth. map data including a library of depth nmaps,
data is conparéd with said library and wigiein. if said data does
a depth map in said library of depth maps.: t h.é'.dég.o_de.r.....pr,.ocesse_§..-..sai d

41.

42.

i ncomi ng datd using the method as clainmed in claim4l.
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