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(57) Abstract

A method of producing left and right eye images for a stereoscopic display from an original 2D image including the steps of: a)
identifying at least one object within said original image, b) outlining said or each object, c) defining a depth characteristic for said or each
object, d) respectively displacing selected areas of said or each image by a determined amount in a lateral direction as a function of the
depth characteristic of said or each object, to form two stretched images for viewing by the left and right eyes of the viewer.




15 the requirenment for 3D nedia to display on these devices.

Tradi'tionally there has been just two ways to produce this 3D nedia
(ie media _producfed Lhat - contains inmage information for at least two
separate views of the sane scene fromdifferent per oY oS -
These are: WO 97/24000 1) Generation of two separ atg vii’g:\%éweé@&a ly in
real time) by a 20 conput er. 2) Vi deoi ng
or filmng with two laterally displaced caneras In the case
of conputer generated inages for usage in Oorrputer Al ded Desi gn
(CAD) systens, simul ,‘o s a1 HNEARBY ENG N rrplex
process to produce tWI-Sepa s10[s ' perspective's.

The filmng of noviThe plesentsnvqrtlomslgﬁl'@raim @W%K%@éscﬁiﬁfﬁpéﬁoﬂ'@ "ﬂﬁ%uce
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(pr acti cal BD%BPWG %'?%9%5‘@@5'\,@ Pﬁgg ’@%‘éﬁ&&?:@%&ﬁgﬁﬁ%ﬂ sucﬁgzls
near objects %@é@ﬁsmdsplavsbystems carrera and t hus hi ghl i ghti ng
the inaccuracy of H}a%e%iD n'nr;;?gverﬁen tgcmno 50\ Er? tﬁgaé’r%%s of compact high
performance video projection systems, image processing, digital video and
liquid crystal panels have made possible many practical 3D display systems

10 utilising both active and passive polarising glasses and both single and multi-
viewer autostereoscopic displays. '

Three dimensional display systems have moved out of the arena of being
technological curiosities and are now becoming practical display systems for
entertainment, commercial and scientific applications. There has now emerged

15 the requirement for 3D media to display on these devices: Traditionally there
has been just two ways to produce this 3D media (ie media produced that
contains image information for at least two separate views of the same scene
from different perspective’s). These are: |
_ 1) Generation of two separate views (usually in real time) by a

20 computer. . |

2) Videoing or filming with two laterally displaced cameras

in the case of computer generated images for usage in Computer Aided
Design (CAD) systems, simulators or video game equipment, it is not a complex
process to produce two separate images with different perspective's.

25 The filming of movies utilising two laterally displaced cameras to produce
3D has been well understood for many years. However, there are many
problems with this approach. itis considerably more difficult to film or video in
3D than in 2D because there are limits to the permissible distance between the
nearest and farthest objects in the scene (practical 3D depth of field) as well as

30 framing problems (such as near objects being seen on only one camera and

thus highlighting the inaccuracy of the 3D image generation when re-played.
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Anot her problemis nmaintaining a snoboth pan w thout causing false 3D
artefacts due to | atency between the imges fromthe two caneras
and so on. WO 97724000 Because of the conplexity, high raoredusehes2o
production and i npl enentati on, and the fact that there are as yet
still only a very small nunber of 3D display 5 systens bei ng produced
for the donestic and commerci al nmarkets 4 here has not been a | arge

incentive for the major producers of films or videos to Froduce 3D

nedi a. HoweWapther preblemds majplainipg asseoth pan withouboausing false 3D@anefadtonal 2D
films to be gﬁ.ﬁﬁ%{ i ' | possible to not
only dﬁggﬁ\‘fgrt newalaf‘rqps@ll"E%oéégmgﬁbnw odpé%%d:‘jslotggrhtly | ess cost
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two separ at enddid.t Howelver, e technimpe was devised thatdwould allow ¢orsietionsldmi que.
In this techiy gy e 38-proestbd o 5b ver&iSH AT it WES b3 Fbssible to not only
convert new films into 3D format for significantly less cost than filming them
10 directly in 3D in the first place but it would also make possible the re-processing
of the vast archives of 2D film and video material for re-release 16 both the
cinema and video markets. | |

It would however be advantageous to be able to convert an existing 2D
image so that it:can be viewed as a 3D image. One way of achieving this is to

15  convert a single 2D image to two'separ'ate left and right images by a ‘cut and

~ paste’ technique. In this technique, an object is ‘cut’ from the image and
laterally displaced left or right then ‘pasted’ back onto the original image to
produce the required separate images. This however results in a blank region
in the area formally occupied by the object within the image.

20 It is therefore an object of the present invention to overcome or minimise
at least one of these problems.

With this in mind, the present invention provides in one aspect, a method
of producing left and right eye images for a sterecscopic display from an original
2D image, wherein selected areas of said original image are displaced by a

25 determined amount and direction to thereby generate stretched images, said
stretched images forming said left and right eye images.

The two converted images when respectively viewed by the left and right
eye of a viewer can provide a 3D image without any blank region as would be
the case with images produced by the ‘cut and paste’ technique.

30 This document covers some of the major algorithmié processes involved
in the conversion of 2D media to 3D format, a new composite data format which



| aterally displaced left or right then 'pasted back onto the original
I mge to produce the required separate i nages. This however results
in a blank region .in the area formally occupi ed by the object
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of producing left and right eye inmages fog a stereoscopic display froman
ori gi nal 2D i mage, wherein selected areas of said original inmage

are displ aced, by . 5 d ] n ' i (o}
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and right eyediscagses several hardware iniplementatioos\iortihe reaidimevencoding,
respectively viewed by the | Liaht eye of a viewer can
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filming. Due to the nature of the 2D to 3D conversion process it is possible to
package and transfer the image media virtually unchanged except for the
addition of a small packet of 3D data that doesn’t in any way encumber the final
2D display process. In fact it enables the images to be displayed on standard 2D

10 televisions in 2D or 3D : j_ _ '

(usage of shutter glasses or similar required) without degradation of image
quality whilst also allowing display on 3D televisions or other displays in 3D.

The final stage of the 2D to 3D conversion process is completed in real-

_ time at the receiver and thus the incréased bandwidth requirements for
15 displaying 3D images is.local to the television decoder and does not adversely
. affect the channel handling capacity Qf,tha-lelevision carrier. ' S
According to another aspect of the present invention there is provided a
. method of describing the changes to be made to an original 2D image for .
_ * converting said 2D image into stretched images for a stereoscopic display.

20 According to a further aspect of the present invention, there is provided a -
method of encoding a video signal of a 2D image for allowing conversion of said
video 2D image to stretched images for a stereoscopic display.

According to yet another aspect of the present invention, there is provided
a method of receiving a video signal of a 2D image including encoding data, -

25 and extracting the encoding data from the video signal for aliowing conversion
of the 2D image to stretched images for a stereoscopic display.

According to a further aspect of the present invention, there is provided a
method of manipulating a 2D video image with encoding data to thereby
provide stretched images for a stereoscopic display.

30 According to another aspect of the present invention, there is provided a
method of producing left and right eye images for a stereoscopic display from an
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suitable for the comruni cati on and storage of this new 3D nedia. It also
di scusses several hardware inplenentations for the real-tinme encodi ng,

transm ssi onwavdneeeodi ng of this new 3D fornat. PCT/AUJGARSISRI N
benefits of the technology is that there are significant cost 5 savi ng
and nedi a supply advantages.ie. Only one canera has to be used for

filmng. Due to the nature of the 2D to 4D conversion process it is
possible to package and transfer the inmage nedia virtually
unchanged exeriginali2l} inage including thacleps ofa of a snal| packet of 3D data that

doesn't in any eng : ' . ' AV, . ess. In fact
it enables the %gesq@@e‘“%?g'ﬁ%%ﬁde Sbn’eﬁ gﬁ@ﬁ%@%ﬁﬂ{ﬁ& i evisions in
2D or 3D us agutiiningssaid oreagh objeet, or similar required) without

degradati on of irnmge &%’B‘ngs&]b}h?hx'é%%ﬁ& f@lj s%?d 81‘ %ﬁ%ﬂ Bﬁﬁgq"spl ay on 3D

tel evi si ons or other _ rndl stage of the
2D to 3D conversid)n prespectively dispiating sdlacted amas of said or eathimage bya

i spl oy ng. stpitTinkd Bractry BE 5 eteitrébdor ek BTtnARER e SBh chasectasti
adversely  of said oniheliobjeet, totferm two swetbheddmags dbit viewing: B tHeloft\enil ON
carrier. A ding to anot her aspect of the present
I nvention t h@qtg %VESSFH!ﬂ‘Hé‘&&é met hod of describing the changes to
be made to an oriTheselimabeipaigamaybe either mirrored or similar to each other so that

10 the stereoscopic 3D effect is optimised.

The image may include a plurality of objects with each object being
provided with a said respective depth characteristic. Images may be converted
on an individual basis. Alternatively, a series of related images as in a video or
film may be converted. i

i5 - The image may be digitised and the image may be stretched or converted
* electronically by temporarily placing a mesh over the image, the mesh initially
having aplurality of parallel lateral :m'es_h lines and a plurality of parallel
longitudinal mesh lines positioned at right angles to the lateral mesh lines.
Each Intersection of the mesh lines on the mesh may provide a mesh sub-point.
20 The image can move together with the mesh so that distortion of the mesh
results in the stretching of the underlying image. The mesh lines may remain
continuous to provide for a smooth stretching of the image. The amount of
displacement of each of the mesh sub-points from their initial position may
provide the conversion data for said original image. The sub-points may be
25 displaced in a lateral direction. '

The displacement of the mesh sub-points may also be defined by a
mathematical algorithm to thereby provide for automatic conversion of images.
Further enhancements to the method could be to add shadow, ‘blurring and
motion 'interpolation data to the conversion data including force paralex

30 information and field delay and direction for motion paralex delays. .
It would be advantageous to be able to use existing image transmission



converting said 2D image into stretched i mages for a stereoscopic display.
20 According to a further aspect of the present invention, there
is provided a met hod of encoding a video signal of a 2D image for
al | owi ng conversion of said video 2D image to stretf u §S for
a st er eoscopi WOST240%y According to yet ano Q%E%ct of
the present invention, there is provided a nethod of receiving a
vi deo signal of a 2D inage i ncl udi ng encogli ng data, 25 and extracting
the encoding data fromthe video signal for allomﬁng conver si on of

Accordi ng. o SIS F fafiink BRfrpobhalodt B0 SAMEPAG S5 Al The present .
met hod of narihmntim' can :bezappﬂoabha foragsa in umagadmnsngssiam aystsmmeeedmg _
Dot e "o les s el AR IRBRE, S TPl 200 g o O
met hod of pr odum rApcbrding &nd fuutlgﬁbrtasp,eet ohthggwresent inveritiondhereoisi proddeglaay
Lg;npﬁggl Oogzraethod of prog 01%4000 set of ‘object scripting’ data from the
conversion/stretching process that describes which objects in an image are
selected for processing, how they will be processed, their priority or otherwise
over other objects and their depth characteristics. This scripting data may be
stored in the memory of a computer for later usage to re-process the original 2D

10 images or transmitted to another site { assuming the other site has the same 2D

images) for reproduction of the 3D images.
Therefore, accordlng to a further aspect of the present invention there is
provided an encoder for encoding a video signal providing a 2D video image,
including: | .
15 . - adding conversion data to the video signal to provide the encoded signal,
| the data defining ;he_ displacement ot res_p_ective selected points of the video
image for converting the video image to a stretched image for a stereoscopic
display. - . .' _ '
By adding the conversion data to the video signal, existing transmission

20 systems can be used to transmit the encoded signal. Various arrangements may
be provided to add the conversion data to the video signal. For example, the
data may be included in the blank lines of the transmitted video image at the top
and bottom of the image or in the horizontal sync period or horizontal overscan
regions of each line.

25 This invention is not limited to the conversion of existing 2D video
images. Rather the process can be readily used to produce the conversion data
simultaneousiy with the creation of the 2D video image.

Therefore, according to a further aspect of the present invention there is
provided a method of producing a 2D video image encoded with 3D conversion
.30 data including:

capturing video images from a plurality of video cameras;



4 i original 2D image including the steps of: a)
I dentifying at | east one object within said original inmage,

b) outlining said or each object, c) defining a depth
characteristic for said or each object, 5 d) respectively
di spl aci ng swb®gheoo ar eas of said or each inage by a PCT/ABd6m0820 Ned

anount in a lateral direction as a function of the depth characteristic

of said or each object, to formtwo stretched I nages for view ng by the

| eft and right eyes of the vie : These inmage pairs
may be either mrrored or simlar to each other so that 10 t he

st ereoscopi ¢ 3D epmpearingdhe videsi images from each respectivnvideowamarayn ordarude a

plurality of ' ' | ' ; I, .\ ai d
Fespect i ve drpaiestn bohyaitith ARl the tBhiktsion deta definilf HEidbibclfio’
i ndi vi dual efsiespectivecpoints ot the videocimage for convarting theayideoaimage to ai deo
or fd A . The image may be digitised
and the i nagéélle%ﬂygaégggteﬁg{%%gé(isgsr'wgcn%}g?l?g’oand el ectronically by

t enpor &ri |l y pl acicombiningstheovideo tdignal rfeam , oneh of isaixh videot earhbras with the
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lateral nesh |indsa further aspdct ohthenprasenicihventionf thblheisprotided Remethiddidte mesh
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: capturing left and right eye video images from a stereoscopic video
10 camera; _
comparing the left and right eye video images from the stereoscopic
video camera in order to produce the conversion data, the conversion data
defining the displacement of respective points of the video image for converting
the video image to a strotched image for a stereoscopic display; and |
15° - - combining the video signal from said video camera with the conversion
data to thereby produce the encoded video signal. - '
in yet a further aspect of the present invention there is provided a system
of producing a 2D video signal encoded with 3D conversion data including:-
at least a first and second video camera displaced laterally relative to
20 - each other; - ' ' ' . '
conversion means for producing the conversion data, said conversion
means receiving data from said video cameras and comparing the data to
thereby produce the conversion data, said conversion data defining the
displacement of respective pdints of the video image from one of said video
25 cameras for converting the video image to a stretched image for a stereoscopic
display;
an encoder means for combining the video signal from said one video
camera with the conversion data from said conversion means to thereby
produce the encoded video signal.
30 Where the 2D video image encoded with the 3D conversion data is only
required for a single viewer, only two video cameras are required, each camera



results in the stretching of the underlying i mage. The nesh |ines may

remain continuous to provide for a snooth stretching of the inmage.
The ampount of di spl acenent of each of the mesh sub-points from
their initial position may provi de the conversion d i d
ori ginal i nag¥OROO h-poi nts may be 25 di spl aced in a@?é&op%

di rection. The di spl acenent of the nmesh sub-points may al so
be defined by a mat hemati cal algopithmto thereby provide for
automati c conversion of inages. Furt her enhancenents to the method

could be 0 agghcabafioiinelibl sod bl it and roff R’ il AbRgk 2t on data (o

t he conversi on [ ng ara or mati1on and field
del ay and directi dm yetr anmeoraqmcmt & presapt invention provides a isystesuiaf b

advant ageous 4, 841ing &l 2b \itied orii 'ehbbisy Wit%Sb LoAREbA Hatllincluging: | o o
5 a stereoscopic video camera;

5 conversion means for producing the conversion data, said conversion
means receiving data from said video camera and comparing the data to
thereby produce the conversion data, said conversion data defining the
displacement of respéctive points of the video image for converting the video
image to a stretched image for a stereoscopic display;

10 an encoder means for combining the video signal with the conversion data
from said conversion means to thereby produce the encoded video signal.

| According to yet another aspect of the preéent invention, there is provided

a decoder for decoding a video signal for providing a stereosbopic display, the

. signal providing a 2D video image and further including conversion data for

15 ' converting the video image, the conversion data defining the displacemént of

respective points of the video imége for convertihg the \}ideo image to a

stretch_ed image for a stereoscopic display, the decoder including:

a).  means for receiving the video signal; and
_ b) decoding means for reading the conversion data and for

20 controlling the video signal to thereby provide a converted video signal.

The decoder may include

a) an RGB or component video converter for convert:ng the video

signal into separate video components thereof, :

b) analog to digital conversion means for converting each video
25 component to a respective digital signal, and

c) digital storage means for storing said digital signals.

The decoding means may control a variable frequency clock means
controlling the read out rate of the digital storage means whereby the storage
means are read out at a variable rate.  This results in the video image being

30 stretched or compressed in accordance with the conversion data.
Alternatively, the RGB or video components may be read into the storage



systens to transnmt an inmage that can be viewed as a 3D inmage. The present
I nvention can be applicable for use in imge transm ssion systens sendi ng

vi deo signals that provide 2D i mages. According to a further
aspect of the present invention there is provided a 5 met hod of
produci ng a wetsredoed obj ect scripting' -data from the PCT/AU96/00820
conversion/stretching process that describes which objects in an inmage are
sel ected for processing, howthey will be processed, their priority or

ot herw se over other objects an® their depth characteristics. This
scripting data may be stored in the nenory of a conputer for |ater
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t rans%t't ed tKie dc%%vierqggevi&to }nt'aGQet.OFi'he viewing means may further include shutter
glasses controlled by the decoder to enable the converted video image- to be
viewed as a stereoscopic image.

Alternatively, the decoder may include parallel storage means for sioring

digital signal for the converted left and right video images respectively. The
15~ viewing means may then include a display unit for simultaneously projecting the -
- left and right video images. - o '

‘The decoder means may include separation means for separating the - -
conversion data from the video signal.

According to a further aspect of the present invention, there is provided a

20 stereoscopic image display system including: ' '

a) an encoder for encoding a video signal providing a video image
with conversion data, the conversion data defining displacement of respective
points of the video image for converting the video image to a stretched image for
a stereoscopic display; and

25 b) a decoder for separating the conversion data from the video signal
and for converting the video signal as a function of the conversion data.

According to yet another aspect of the present invention, there is provided
a multiviewer stereoscopic display system including:

a) a decoder for decoding a video signal for providing a stereoscopic

30 display, the signal providing a 2D video image and further including conversion
data for converting the video image, the conversion data defining the



and bottom of the Inmage or in the horizontal sync period or horizontal

over scan regi ons of each line. 25 This invention is not
limted to the conversion of existing 2D video | mges. Rat her the
process can be readily used to produce the conversion data

si mul t aneous| WORH249%%he creation of the 2D video i nage. PCT/AUS6/00820

Therefore, according to a further aspect of the present invention there is
provided a method of producing a 2D videog nmage encoded wi th 3D conversion
30 dat a i ncl udi ng: capturing video imges froma

Elc%r 2&%}'08];2@33?3%9% "t Sospective points of the VB0 IMage RY converting the video
conpari ng t heimage do iansigetchéd dmagador aasereostanic wispiay, dhewlegodar inclisding
means for receiving the video signal and decoding means for reading the
conversion data and for controlling the video signal to theraby provide a

5 converted video signal;

It will be convenient to further describe the invention by reference to the
accompanying drawings which iliustrate possible implementations of the
present invention. |

Other implementations of the invention are also possible and consequent
10 the particularities of the accompanying drawings is not to be understood as
superseding the generality of the preceding description.

In the drawings: _

Figure 1 shows an original image and conventional left and right images

_ for providing a 3D or stereoscopic image; '
15 - Figure 2 shows an original image and left and right images for providing a
3D image producéd using a cut and paste technique;

Figure 3 shows an original image and an image generated by the Dynamic.
Depth Cueing (DDC) method ace_brdin to the present invention;

Figure 4 shows a left and right image and the resultant 3D image

20 according to the present invention;

Figure 5 shows an image distorted discontinuously by a distortion mesh;

Figure 6 shows an image distorted continuously by a distortion mesh;

Figure 7 shows example Mesh Spatial Displacement (MSD) data for a left
and right mesh; ,

25 Figure 8 shows a flow chart illustrating how MSD data is added to a video
image according to the present invention;

Figure 9 shows a block diagram indicating how a DDC decoder is
incorporated in a video chain according to the present invention;

Figure 10 shows a block diagram indicating a possible implementation of a

30 DDC decoder unit according to the present invention providing field sequential
composite video outputs;



to produce the conversion data, the conversion data defining the

di spl acenent of respective points of the video inmage for converting
the video image to a stretched image for a stereoscopic display;
and -5 conbi ning the video signal fromone of said video caneras
with the wo 972e00mver si on data to thereby produce the eneoriaussnoshwo _
si gnal . In a further aspect of the present invention there is
provi ded a net hod of pr oduci ng % 2D vi deo i mage encoded with 3D
conversion data including: 0'capturing |l eft and right eye video
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10 providing real time generated DDC encoded video images;

Figure 16 shows the principle of operation of multi-viewer 3D systems; -

Figure 17 shows a block diagram illustrating the principle of operation of a
lenticular lens based 3D system:;

Figure 18 and 19 respectively show a multi-projector system using a

- 15 lenticular lens assembly; and . : | : |

Figure 20 shows a multi-projector system incorporating a DDC decoder:
according to the present invention. .

The method according to the present invention for enabling 2D or
“monoscopic” video signals to be converted to 3D or “stereoscopic” video

20 - signals is referred to as Dynamic Depth Cueing (DDC) in the following
description and embraces the following but is not limited to these techniques:

a) 3D GENERATION - A technique and procedure for converting 2D
images
into 3D stereoscopic image pairs and for producing the 3D conversion data.

25 b) 3D SCRIPTING - A technique to describe the changes required to be
made to a 2D image in order to convert it to a 3D stereoscopic image pair.
Describes which objects are selected, how they are processed and provides for
a means of storage of 3D data.

¢} 3D DATA ENCODING - A technique for adding information to a 2D video

30 image in a defined format . The resulting modified video is compatible with

existing video recording, editing, transmission and receiving systems.



di spl acenent of respective points of the video inmage fromone of said video

25 caneras for converting the video image to a stretched image for a
st ereoscopi ¢ di spl ay; - an encoder means for conbining
the video signal fromsaid one video canmera with the_conversjion
data from sai WQHR®Psi on neans to thereby produce FREAVANEN

vi deo signal. 30 Where the 2D video image encoded with the 3D
conversion data is only requited §pr a single viewer, only two

vi deo caneras are required, each canera WO 97/ 24000

ropresent i ng.the ) R TANPATDISED PRQTOREL ; T 3D Gomersen, gég g pd to

I n yet anot hethea2Paided bsing acdefined idate:farinehopstandardised protaconThis protocol
producing a 2P i J6P s3bM3'a WoRBGide %é&ha?&’fo PRNdHS '3 cHAbtsloncdatd 18 %p
transmissions.

5 e) 3D DATA DECODING - A technique for recesiving the 2D video image
plds conversion data and to extract the information added to a 2D video image
so that a 3D stereoscopic image pair may be synthesised.

f) 3D SYNTHESIS - A technique to manipulate the 2D video image using
the conversion data to synthesise a 3D stereoscopic image pair.

10 in order to convert a 2D image to a simulated 3D image it is necessary to
‘modify the original image to produce two slightly different images and present
these separate images to the left and right eyes independently. _

The modification to the original image consists of a lateral shift of objects within -
, the image plane (located at the projection or viewing screan) in order to give the

15 impression of depth.

To make an object in an image appear farther away from the viewer, with
respact to the image plane, then it is necessary to present the object within the
-image to the left eye with a slight left lateral shift and that to the right eye with a
-slight right lateral shift. This is illustrated in Figure 1. To make an object appear

20 to the viewer to be closer, it is necessary to shift the object within the image for
the left eye laterally to the right and the object within the image for the right eye
laterally to the left. For an object to be positioned at the image plane the object
is placed in the image at the same position for both eyes.

When viewing objects in the real world, a viewer also makes use of focus

25 information. However, with simulated 3D this information is not present and if
the lateral shifts are made too great, particularly in order to bring an object
‘closer to the viewer, then the object appears to break into two separate images
and the 3D effect is lost.

The left and right images can be produced using a computer. The image is

30 firstly digitised using a video digitiser and the resulting data stored in memory.
The two new images can then be generated.



a stereoscopic video canera; 5 conversi on neans for producing the

conversion data, said conversion nmeans receiving data fromsaid

vi deo canera and conparing the data to - t her eby produce the -
conversion data, said conversion data defining the di spl acenent of
respective pwontssof the video i mage for converting the viPEDAU%00820 | nage
to a stretched image for a stereoscopic display; 10 an encoder
means for conbining the video signal vvitg t he conversion data from
sai d conversion neans to thereby pr oducd®@t he encoded video si gnal .

According to yet another aspect of the present invention, there is provided
a decoder for ddbsdsimplastywaydosgenerate dhe mew iaft agdarightcimagasopitb thiespl ay,
Che : . . : vt
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def i ni ng t havith thel necessary lateral displacement, dbisiwilk beoefartecbto as the,taik @andnage
for converti!ﬁgt ' ' : dﬁfﬁ\ﬁg‘:ﬂ | f

st er eoscopi |és-gF%@r?i 'e.lﬁ%%é‘[e?e ?ﬁg?gxiflﬁsgt: chdsﬁm%fﬂoﬁg%tntg for
recei vbng t e ‘maoled” byddentifying it then “cutting” the dbject frodethedmageranaimotiog

readi ng the ﬁggg{,gﬁfl on data and for 20 controlling the video signal to

t her eby proJ converted video signal. The decoder may

i ncl ude The probjem withrthisGiimple techpigueris thatdrngedbe seldctad bbject is
oo™ve" L0 Bk P baprarayrt BLABR i Y B BB WRRbpuba" "
conponent t qegults;spe®igure 2di gi tal signal, and
10 According to the present invention, an object within an image is “stretched”
to provide the necessary lateral shift and retain the original background detail.
The resulting lateral distortions of the image are smoothed mat_hematically so
that the resultant effect is perceived as ‘real’ 3D with little or no visual artefacts.
To better visualise the eftect of this stretching on the ima'ge; imagine that
15 the image to be converted has been printed onto a thin sheet of rubber. It is
" possible to pick a point on the surface of the image, adjacent to an object, and -
- stretch It into a new position, to the right of its original position for example. The.
‘section of the image' to the right of the object is therefore compressed and that to
~ the left stretched, see Figure 3. To the viewer the object now appears distorted if
20- viewed by both eyes. | a
However, if a similar but oppositely stretched image is presented to the
other eye, then the viewer does not see a distorted image, rather an object that
has 3D characteristics. This is illustrated in Figure 4.
The “stretching” of an object within an image can be undertaken
25 electronically. The objects of interest in each video frame are firstly identified by
outlining them. For each object a depth or mesh distortion characteristic is also
defined. The stretching can be conducted by enabling an operator to stretch the
image and view the effect of the resulting 3D image in real time. Operator skill
and artistic intervention can be used to determine the 3D impact of the resulting
30 image and subsequent video sequence. Whilst individual video frames could
be converted manuzally (ie. non real time) we also envisage automatically (ie.



@) .digital storage neans for storing said digital signals.
The decodi ng neans may control a variable frequency cl ock neans
controlling the read out rate of the digital storage nmeans whereby the

stor age neans are read out at a variable rate. This i the
video i mage beYQFM®  stretched or conpressed in accordanf.?re&&wtgﬁa't%d;

conver si on dat a. Alternatively, the RG or video conponents
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means at a var r 0 i X
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process mul ti wiperator will definienthe sazt randsendwframegrqiltbe yideoeslip torbe cemerteﬂn
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conpl et e fi el glane,fin thaestart and end frames. The video clip will be processed using the
) 5 start and end positions and depth of each object in the clip, to interpolate the
required stretching or manipulation for the intermediate frames.

In the case of multiple overlapping objects which have ditferent depths,
foreground objects are given priority. This is inherently the case, since the

, original 2D image has been captured with a single camera, thus the pixel
10 information has automatically been prioritised to the foreground.

This “stretching” of the image can be undertaken electronically by
manipulating the digitised image. A mesh (grid) is temporarily placed over the
image to be distorted such that, prior to distortion, the co-ordinates of each row
and column .of the mesh is 0,0. The mesh x co-ordinates are altered which

15 . results in the underilying image being distorted. Rather than just the image arsa .
immediately under the mesh line being moved, which would result in a
. discontinuity - figure 5, adjacent mesh lines are also moved to produce a
smooth distortion, Figure 6 .' , .
L The coarseness of the distortion mesh determines the impact of the 3D
20 effect. The coarser the mesh the more splined other objects closer to the object
being stretched are impacted. This results in a lower 3D impact in the resulting
image. A finer mesh results in sharper edges to the objects, a higher impact 3D
effect, but greater edge discontinuities. The order of the distortion mesh will for
explanation purposes be assumed to be 16 X 16. Information on each subpoint
25 on the mesh (ie. co-ordinate positions after distorting) are encoded so as to
produce background and foreground subpoints. For exampie, 4 bits can be
used for the subpoint encoding which will result in 16 different levels, 4
background and 12 foreground. The format of the subpoint encoding can also
be determined by experimentation and adjusted to suit the application.
30 Alternatively, this mesh distortion process may be defined by a
mathematical algorithm which would enable automatic processing of images.



The storage neans may be in the formof a dual port RAMIine store.

A digital to anal og conversion nmeans may be provided for converting the
read out digital signal to a converted video signal to enable view ng on

Vi ewi-ng nmeans. The view ng nmeans may include a television or other
screen for vivems724000 the converted video i mage. The Vi pgt/AQ96ReIdS MYy
further include shutter gl asses controlled by the decoder to enable
the converted video inage to be viewed as a stereoscopic inmage.

Al ternatively, the decoder may include ﬁbﬁallel storage neans for storing
digital signal for the converted left and right video inmages respectively.
The 15 vi ewi nijotethatonga therfaash distartiensifonithe leflyeyenhaver beers determimedpusi y

rojecting t ks A | . T
eondor  maantien the co-ordrfétés B heldic8iohs 16P i byo are simply,obtaint by
conver si on déeaiar muhtiplication cfcthei matrdx by -1 ( ie. shifted Acdhe dopppsite fatdrdr t her
aspect of t | ' ' OV . erenscopi c
i mgge di spl 2@ r%t@??ﬁ* i"'r'méclﬁﬁﬁ‘fdng'?“’“m%ﬁ ban 1B ‘%ﬂﬂgtegng@ﬂg‘g&gﬁﬁ*omgdi ng
a vi ded si gnlustrated iiniFigyree7vi deo i mage with conversion data, the

[ d e ' t ' . 0| nt.s of the
Vi deo i mage for DihuRaf il s 0AHES" el o8 Feiding Porizanta! atfigh o cpsc
a st er eoscopintersectionagointolthadistorted mesh defines the Mk Spatial iBIIRaémBAt t he

conver si on d@h ia @the vi deo signal and for converting the video
signal as a uﬁ% |§ "of the conversion data. _ _ According to .yet
anot her aspect d order o dolyntefine antlireprodube the irgsulitadt i3tEimage all that is

10 necessary is to provide the original, unaltered, 2D image and the MSD data.

Thus 3D images may be stored, transmitted, generated, edited, and
manipulated by considering the 2D image and an associated MSD data file.
It is therefore possible to store and transmit 3D images over conventiona!
- 2D video systems by encoding MSD data within each video frame. Since the
15 original 2D video image is stored and can be transmitted without alteration, the
" resulting video is fully compatible with all existing video and television systems.
- Existing 2D TV receivers will display a normal picture. f
A number of existing techniques can be used to add the MSD data to the
2D image such that it is not detected by the viewer and is compatible with
20 existing video standards. These techniques include, but are not limited to:
a) inserting the MSD information in the spare lines at the top and bottom of
- the picture that are set at black level, ie. in a similar manner to the addition of
“Teletext” data;
b} in the unseen over-scan region at the left and right of each image;
25 c) in the horizontal sync period, along the lines of the British Broadcasting
' Corporation “sound in sync® system.
In the future, with the introduction of digital HDTV, spare digital data frames
will ba available to insert the MSD data.

The process of adding the MSD data to a 2D video image to form a DDC
30 encoded video frame is illustrated in Figure 8.

The amount of MSD data is small, estimated to be approximately 100 bytes



a nmul tiviewer stereoscopic display systemincl udi ng: a) a
decoder for decoding a video signal for providing a stereoscopic 30

di splay, the signal providing a 2D video image and further including

conver si on data for converting the video image, the conversion data
defini ng the WO97/24000 WO 97/ 24000 PCT/AU96/00820
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di spl acenent of respective points of the y'deo i mage for converting the

vi deo i mage to a stretched inage for a stereoscopic display, the
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Because of the small amount of data, the required data rate is also low. It
5 is also possible to use spatial and temporal compression to further reduce the
data required since the MSD data does not vary rapidly over a number of
frames. The exact time relationship between the MSD data and its associated
frame is not critical, a displacement error of one frame is probably acceptable.
Again due to the small amount of data, low data rate and non-critical
10 alignment, the MSD data could be sent over a number of frames ie. four frames
with a quarter of the information in each frame.
A block diagram indicating how a DDC decoder is incorporated in a video
chain is shown in Figure 8. DDC encoded video, which can be obtained via any
. -existing video source i.e.-terrestrial, satellite etc, is applied to the input of a DDC
15. decoder.  One output of the decoder is a standard video waveform (or video
‘modulated radio frequency signal) that will drive a standard TV display and _
-enable a. viewer wearing shutter glasses, synchronised by the DDC decoder, to
view a 3D image. . , . . _
Additionally outputs are available from the DDC decoder to drive other 3D
20 display devices such as Virtual Reality headsets or an autostereoscopic display
as described in Australian application No. 66718/94.
One possible implementation of the DDC decoder is shown in Figure 10.
Incoming video, which can be PAL or NTSC, in composite or S-video format, is
applied to a composite RGB or component video converter. Each of the RGB or
25 - component video outputs is applied to an analog to digital converter and the
digital output fed to the input port of a dual port RAM line store. Each line of
digital video-data is entered into RAM at a constant speed. The data is read out
of the line store at a rate determined by a variable frequency clock controlied by
the output of the MSD decoder. _
30 The effect of reading out the line data from the RAM at a variable rate

causes the resulting video to be stretched or compressed in accordance with the



present invention. O her inplenmentations of the invention are

al so possi bl e and consequent 10 the particularities of the acconpanying
drawings is not to be understood as supersedi ng the generality of
t he precedi ng description. In the draw ngs: _ _

Figure 1 showp@pagebi 9i nal i mage and conventional |eft andpbtgibedosaoes
for providing a 3D or stereoscopic imge; 15 Figure 2 shows an
original inmage and left and right inmages for providing a 3D i mage
produced using a cut and paste techni quelé Figure 3 shows an
original inmge and an i nage generated by the Dynam c Dept h Cuei ng
(DDC) net hodMBDdath.ng to the present invention; Figure 4

h | ef dLi ' h | t,.3 according to
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added to a vi cording to the present 1 nvention;

Figure 9 sholi NSCBBIAMY 19 8@?‘?\%‘ fE}ﬁﬂl g tﬁ?ﬂﬁﬂ?sﬁ@c"'ﬂéeoﬂ&ﬂal to RGB or
i ncor por at ed cbﬁpéndmdﬁdb&ﬁﬁbé' S0H8 éﬂw frofh {Heqing/ o ré&?’ 80¢ ét%l" ariable
Figure 10 Sh?a\’\t%, t?':e chromlnanc rfraerf:nuletr\]cy vcvgfxlldn a%ge %ﬁglwluge Idnsplaeynrgr?ctaras) on e
DDC decoding may also be implemented using a field or frame store. In
10  this case the full mesh from the MSD data is restored with pixel distortions
~ (lateral shifts) being calculated over the complete field or frame.
The 3D stereoscopic image pair is then dnsplayed from the resulting RGB
' or component video output.
The shutter glasses controller provides an Infra-red light source that
15 provides timing pulses for the shutter glasses. The controller is synchronised by -
" the PAL/NTSC encoder. Additionally, the controller commands the shutter
" glasses to remain open _durihg scenes that are not 3D encoded, or not suitable -
for 3D encoding, thus providing improved image quality during those portions of
- the video sequence. '
20 - Figure 11 shows the biock diagram of a DDC decoder that produces 3D
field parallel composite video cutputs. The MSD decoder produces two variable
speed clocks, one for the left and one for the right RAM line stores. This form of
decoder is suitable for replacing the field stores in the applicants’ existing
autostereoscopic 3D displays. Note that this technique provides left and right
25 video sources that are at the same field rate as the original 2D video source, ie.
field sequential video output is produced.
Alternatively a non-field video output may be produced at the output at a
higher resolution scanning rate than the 2D image.
Figure 12 shows a block diagram of one version of a MSD decoder. In this
30 case it is assumed that the MSD data is encoded in the composite video signal

in the first 16 lines of the video signal, Figure 13. Incoming composite video is



30 . DDC decoder unit according to the present invention providing field
sequenti al conposite video outputs; WO 97/ 24000
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Figure 11 shows a bl ock di agram of another possible inplenentation of a
DDC decoder umas7ae®ording to the present invention providi RETAUS20

paral | el conposite video outputs; Figure 12 shows a
bl ock di agram of one version of a MsSD decpgler 5 according to the
present invention; Figure 13"'shows how MSD data is encoded in
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' comparator and level shifter. The output from the level shifter is a TTL level
signal which contains the serial encoded MSD data on lines 1 to 16 of the video
5 signal. The microprocessor loops waiting for a horizontal sync pulse, after
determining the horizontal sync pulse for line 1 the microprocessor reads the
next 16 bytes. A similar process is repeated on the following 15 lines until the
MSD data has been read. Based upon the MSD data received the
microprocessor provides the variable speed clock for the digital video line store
10 on each subsequent video line. The microprocessor maintains an index to
which video line is being processed by counting the line sync pulses.

Depth perception of 3D images varies between viewers. Also when

viewing 3D images with shutter glasses the “strength” of the 3D image requires
_ - adjustment with viewing distance. The strength of the 3D image can be altered
15 - with a remote control dévice which, via an algorithm' applied by the
microprocessor, allows the strength of the 3D image to be varied by the viewer.
The algorithm alters the magnitude of each element in the MSD matrix thus
altering the strength of the 3D effect. Itis anticipated that once the preference for -
a particular viewer has been entered then this setting will be maintained by the
20 decoder unit. '

There are many techniques for the real time generation of DDC encoded
video images. In one such technique the distance between the camera lens
and an additional, range finding, Charge Coupied Device (CCD) array is altered
- Figure 14. This will produce a series of frames with each object in the image

25 at varying stages of focus. A sharpness detecting algorithm is then run across
the series of frames and a sharpness index for each object in the image
determined. We then determine on which frame each object was the sharpest,
this indicates on which focal plane the object is on. This information is then
used to form the MSD data.

30 Figure 15 indicates another technique whereby two video cameras are

used to create separate left and right eye images. The luminance information



10 . providing real tine generated DDC encoded video inages;

Figure 16 shows the principle of operation of nulti-viewer 3D systens;
Figure 17 shows a block diagramillustrating the principle of operation of
a . | enticul ar | ens based 3D system Figure 18 and 19

respectivel ywvameoge Ul ti-projector systemusing a 15 | gptlGodadse €NS
assenbl y; and Figure 20 shows a nulti-projector system

i ncorporating a DDC decoder according to the present invention.
The nethod according to the present invdBtion for enabling 2D or _
"nmonoscopi ¢c" video signals to be converted to 3D or "stereoscopic" video 20
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: DDC may be used to overcome a serious shortcoming of existing, non eye-

10 tracking, autostereoscopic 3D multiviewer systems. These systems provide a 3D
image by producing a repeating sequence of left-right images as illustrated in
Figure 16. The distance between each successive imagse is 65 mm which is
equal to the distance between the viewers eyes. Therefore a viewer located at

position A will see a correctly sequenced 3D image. , |

15 -~ However, should the viewer move laterally 32 mm, or be at position B, then -

- the left image will be seen by the right eye and the right image by the left eye. ie. :

the viewer sees a “reverse 3D" image. The reverse 3D image- is very -

" uncomfortable to view and after a short while causes viewer distress ie.
headache. '

20 Most multiviewer autostereoscopic system have this shortcoming. In particular
those based upon lenticular lenses and grid iype image separators. A
multiviewer, lenticular lens based, autostereoscopic system is illustrated in
Figure 17. The image from the left projector passes through the first lenticular
lens and is focused on the surface of a matt screen. A second lenticular lens

25 refocusses this image to form a vertical stripe of light at the viewing distance. A
second projector, containing the right image, also illuminates the first lenticular
lens, however, due to a lateral displacement between the two projectors, the
resulting right eye image, at the viewer plane, is displaced 65 mm from the left
image. This sequence of alternate left right images, spaced 65 mm apart, is

30 repeated. . '

A viewer in the correct position views a correct 3D image, however,
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d) 3D STANDARDI SED PROTOCOL - The 3D Conversion data is added to

the 2D video using a defined data format or standardi sed protocol. This
pr ot ocol woowzpoorel | becone a worl d-wi de st andard for REVAIP69520
Conversion data to 2D t ransm ssi ons. e) 3D DATA
DECODI NG - A technique for receiving thenég Vi deo i mage pl us
conversion data and to extract the i nfor i on added to a 2D vi deo |rrage

so that a 3D stereosco ic im air b hesi sed. 3D
SYNTHESI S - A rewensgidk) asﬁw Rreseniad Sould IOWeIGROoue OF be mcorrecﬂvt he

conver si on datﬁ)s’mbn%urﬁg'@gmﬁﬁe@as&ét ereoscopi ¢ inmage pair. 10 I'n
order to convert a 2D inage to a sinulated 3D inage it is necessary to

nodi fy the origi ndd Pfﬁﬁw-t‘ﬁhﬂﬂ diest ceittingodawn dﬁt‘!‘?‘"cﬁ flenticular leps asedn3D
present system it is difficult for the viewer to determine if a correct or reverse 3D image is

5 being viewed. It is not until discomfort is felt that the viewer is aware of being
incorrectly positioned.

Additionally, it is difficult for a viewer to maintain the correct viewing

position for an extended period of time. k is also necessary that the viewer be

: positioned the correct distance from the second lenticular lens, since if viewed at

10 the incorrect distance morae fringing and cross talk effects tend to occur.

An additional problem with lenticular lens based system is resolution. The
resolution is limited by the pitch of each “lens-let” in the overall lenticular lens,
which is in the order of 1 mm across. .
, ‘Instead of projecting just left and right images, consider a lenticular lens

15 - based system using a number of projectors, say four, such as to'produce a -
series of images 1,2,3,4 each spaced 65 mm apan, as per Figure 18. The
original scene has been.' recorded using four cameras with the same sequence
and spacing. A viewer at positions A, B or D sees a correct 3D image whilst at
position C the viewer sees a reverse 3D image.

20 This is a substantial improvement over the pravious left right system since
now an acceptable 3D image is viewable over 3 times the lateral distance. Note
that, as with the previous left right system, a viewer will not be aware, until
discomfort is felt, that position D is providing a reverse 3D image.

If now projector four is replaced with a “null” image (black), Figure 19, then

25 positions A and B work as before. position C produces a monoscopic image in
the right eye and a black image in the left, which is still viewable without viewer
‘discomfort. Similarly position D produces a monoscopic image but again
without a reverse 3D effect. We thus have a system where 50% of the viewer
locations produce a correct 3D image and 50% a slightly inferior, although not

30 objectionable, images and the reverse 3D eftect has been eliminated.

By increasing the number of projectors, and includirig a null image, the



these.separate images to the left and right eyes independently. _ The
nodi fication to the original inage consists of a lateral shift of objects

Wi t hin the i mage plane (located at the projection or view ng
screen) in order to give the 15 I npressi on of depth. - _ To
make an obj egiodiRegde) | MBOE appear farther away fromthe Vi?&ﬁruss‘f&g%
respect to the imge plane, then it is necessary to present tﬁe obj ect

wi thin the image to the left eye with a slight left lateral shift
and that to the right eye with a - 20slight right lateral shift. This
Is illustrated in Figure 1. To nake an object appear 20 to the viewer to

be closer, ilatéral distanos over vbichia tbrrbBi3D hagd cih baiviewde® id iMRiasb8’and
the left eye Iateralltaééﬁ??cyﬁgam ht and .the object within the 1mage for the

right eye thereverse Bﬂ"@\"ﬂa.teql‘or an- obj ect to be positioned at
the image plane It Behowbwstinot considerdds piichice do liMpldhforit SReR a'ihauithﬁreofér%grl

position for_both e V] ew ects I1nt

. bj ect,
world, a vi my Qﬁﬁ‘sﬁawege%ﬁeo‘mf'Bﬁ'lﬁém'nggm)qua_%ﬁﬁwwthmaw Wth
si mil aged_SDhrbide Viaée fiBgéPd backpioj6eP BBsormas! imbraptical as thie/ur B 6

shifts are made too,great, particularly in or ring an obje
cl oser to t HYOIRCEWEIS NCrRAsedne obj ect appears to break into two separate

. _ . cparate
| ages can be pr i ARRaNSOf 64 approadh can be oversome by rEmidid pdAC" ' O

di gi ti sed usPMpded,2BeinageiandsusingnBDGChto systhesise; thexrequires ewmbernefnor y .
The two new bigdiafonC Alagd" WhIlBE 3 Widé bandwidth is required within the DDC
10 decoder, the original 2D bandwidth is maintained at the transmitter and/or
~ recording equipment.
A multiviewer 3D, lenticular lens based, system using a DDC decoder is
shown in Figure 20. '
- DDC encoding/decoding will enable the production of a sequence of video
5 images that represent the range of possible images from the extreme left of the
" original image to the extreme right, as follows:- -
L Ly L2.... Ry Ry, R] -
* In summary some of the applications :ma'y be described by:
DDC, or Dynamic Depth Cueing, is a term for a form of data derived from
20 ~ the 2D to 3D conversion process which is in an intermediary stage of
' conversion. At this stage the data consists of the original video signal and a
data packet (encoded either in digital or analogue form) such that this
additional data is all that is required to instruct specific electronics hardware
and/or software to complete the conversion task. The resultant 3D information
25 can take the form of either a field sequential (ie. left/right) type video format, two
separate video streams, a line be line system (ie. 1 line from left field, 1 line form
right field), or some other format that is advantageous.
Through careful design of the format of the conversion data packet it is
possible to include this additional data such that it is not noticed when displayed
30 on a standard TV. Thus it becomes possible to introduce 3D television
transmissions without upsetting the existing television infra-structure. The
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The sinplest way to generate the new left and right inmages with the
required lateral shift is to "cut” the objects fromthe inage and "paste"

t hem back WO 9724900h t he necessary |l ateral displacement, PREAURIS20,c
referred to as the "cut and paste techni que. This can be done by
first defining the position of an object 5 be "nmoved" by identifying
it then "cutting"” the object fromthe i mage and novi ng '

It
| ateral ly. Th oplemwith this sinple.t ni gue i s.that once
t he sel e%:/t ed GBpeRer q°§'dm%dgieﬁ%%aﬁ'mv'ﬁ&'m&a%%?fﬁgﬁ% %??BOE%!RZ% a
2 | ankd_r egi ?n Pﬂbrabﬁ bbﬁcithﬁ_f mrdet pts the tmnslgmio;nssigﬁeieﬁbdss it ahd then outputs
ccording to the present |nventjon,, an objec in image is . ..
"strétched Itto the TVoios Mawing: Thaselom uearasing of extina 3l pay dVuor television ne

origi nal backabiwgid siticRires would be siniplifietidsLihel adtiticrl 6f &/'bldeie box't fop BaciPf
the Lmage are_snoot hed nat hematically so that the resultant effect

i s perce?ved d¥-'real’ 3D with little or no visual artefacts.
In the provision of media for MULTI-IMAGE type auto-stereoscopic 3D

displays systems. These systems rely on the provision of multiple images with
slightly differing perspective views. They can be quite effective if the number of
different views is large ( Say 8-16 ) in that they ailow true multiviewer capability.

10 Their major drawback is that because they require many different views to all be

| available at the same time the provision of the media is extrémely difficult even.
utilising sophisticated video compression techniques. However, if a DDC
decoder is used to generate the 3D media it becomes possible to generate as
many individual perspective views as are required, and as this image

15 éq_uipment._ ie. TV's and video recb_rders, as normal 2D images. The viewer is
not aware of any changes to the transmitted image. 3

Standard 2D video images which have been DDC encoded have the
following characteristics: _

- DDC encoded 2D images can be received on standard video equipment

20 ie. TV's and video recorders, as normat 2D irhages. The viewer is not aware of
N any changes to the transmitted image. |

- DDC encoded images are fully compatible with all existing video, editing,
recording, receiving and transmission systems and technologies. Thus DDC
encoded 2D video images are transparent to all existing analog video and

25 television technoliogies.

- DDC encoded 2D video can be introduced to the market place in a
similar manner to the introduction of colour TV and stereo sound. Only TV sets
fitted with DDC decoders (with viewers using appropriate viewing glasses), or
3D TV's, will display the 3D images. '

30 - DDC encoding enables seamiess transition between scenes that will
bensfit from 3D encoding and those that are more beneficially displayed in 2D.



To better visualise the effect of this stretching on the inage, inmagine

that 15 the inmage to be converted has been printed onto a thin sheet of
rubber. It is possible to pick a point on the surface of the image,
adj acent to an object, and stretch it into a new position, to the
right of itsyglohSie! POsition for exanple. The S efdi/Rbvebs2b e

image to the right of the object is therefore conpressed and that to

the left stretched, see Figure 3. To the viewer the object now appears
distorted if 20 vi ewed by both eyes22 However, if a
simlar but oppositely stretched inage is presented to the ot her
eye, then t I'¥higtransitiondisasot moticadby thelviewer.t ed | mage, rather an object that

15 el e B W e e T

el ect r oni calgujtablélfor mujteviewepsysteer est in each video franme are firstly

identified by outlining.them Far.each object a, depth or h

di stortion char a'cPqu fngeqing e{leg%ns the °"9"1?3fY'F!88.3W89& s‘chﬂFqg{@an be
conducged bystamddrds.Nng an operator to stretch the i mge and vi ew
the effect of th sul tif D image in real, tine. erator skill,

and artistic i nedPbC-eneadink, Aoss ol fedtes i imedsh upable Gashiency.as shene
resul ting 3%sewrgmhb 3D hids-Ritigesiin'es emifgemmi&tfohhdi.vi dual

vi deo franes coul be converted manually (ie. non real tine) we
al so envi sage automatically (ie.
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13 real ti rre)mummﬂm% m/usm,l es of related frames that forma
video "clip". The * define the start and end franmes of
t he vi deo cI|p to be converted They will al so determ ne the

rel ati ve dept WQ@97/24880h obj ect, relative to the i mage PCAIALIR6/0082 t he
start and end franes. The vi deo clip will be processed using the 5

start and end positions and depth of eacl"b bject inthe clip, to

i nterpol ate the required stretchi ng or mani pul ation for the

I nternmedi ate over |l appi ng

obj ect s whi chmﬁﬁM$%mlhﬁaﬁﬁs'ﬁm6ﬁsﬁaglﬁFbLL§b@% j ects are given
priority. This is inherently the case, smcetEe orlgln?l 2D i mage
has been captyred,w t in C s the i nf ormation
has aut omat i cﬁr | yAJB8 °§r9§ @gﬁ W@%W@d‘?‘ ?0" a steteoscoplc display
"stretching" trom &a orighut 2D1imégs, wmmtmkelacﬁuemag 1ot Gaid Brifinal imags are
mani pul at i ng the di is tenporarily placed over

the e etBtsckatiount and Hresio fo tharsinegepersnsirstised

co- or di nat es itha tsarcmretched images foffihg BRid16ft GRS rigAEEyd imdbds. The mesh x
co-ordi nat es areg?l;tered whi ch g@ regslu lts in thgﬁu%erléblng | mge bei ng

distorted. Rather than just the inmage area
2. A method of producing left and right eye images for a stereoscopic display

from an original 2D image including the steps of:

a) identifying at least one object within said original image,

b) outlining said or each object,

c) defining a depth characteristic for said or each object,

d) .respectively displacing .selected areas of said or each image by a

-determined amount in a lateral direction as a function of the depth characteristic
of said or each object, to form two stretched images for viewing by the left and
right eyes of the viewer. '

3. A method as claimed in claim 1 or claim 2, including displacing the .

production of the original 2D image while avondlng any blank regions in the
image.

4. A method as claimed in any preceding claim wherein one of said stretched
images is a mirror image of other said stretched image.

5. A method as claimed in claim 2 wherein a separate depth characteristic is
provided for each said object.

6. A method as claimed in any preceding claim wherein a plurality of 2D
images are converted. '



I medi at el y under thm—ngﬁmved which would result in a

di scontinuity - figur h Iines are al so noved to produce a
snoot h di stortion, E m t EBMU[EII The coarseness of the distortion
nmesh .det er m nes the |rrpac effect. The coarser the nesh

t he nore splwoothdgrer objects closer to the object PCAU9MoRA I et ched
are inpacted. This results in a lower 3D inpact in the resulting

i mage. A finer nesh results in sharper edges to the objects, a higher

I npact 3D effect, but greater e@je discontinuities. The order of
the distortion mesh wll for expl anati on purposes be assuned to be
16 X 16. | nfar nsk mathashokprotusing feft and #ght eye mgdsdonasdterebscopi@displaynat e

bnd 1 or egr odl &g DUnaBbIndRaRg e BB L P OUSed o ine
E;BEOL (r)\L ngn;ogl formihg céh mesh overs said diglti?ég?mfaﬁer sald g':e::al lmtlaﬂglhr?wn aa N so
be.dot er m natuay0. o PRI Tatere) Thand 18R, AhcL b PyPRY B Hecsti Jorofdias)

Al t er nat i vellinest hiviserelrs hsald sramrall ding® Qwsposmoném aiehgmethrt@reﬁ to said

mat hemat i Callonglﬂndrnatl ?nes an& inte lcfjtoefoﬁgla plur athﬁ' 6’ insand Y of i mages.

distorting the mesh by moving said sub-pomts to thereby stretch the
underlying image.

8. A method as claimed in claim 7 wherein said mesh lines between adjacent
sub-points remain _continuous at the conclusion of any distortion.

9. A method as claimed in claim 7 or claim 8 wherein the sub-points are
displaced in a lateral direction to distort the mesh.

10. A method as claimed in any one of claims 7 to 9 wherein the amount of
distortion of each sub-point is used to produce data to enable the conversion of
an original'2D image into left and right eye images for a stereoscopic display;
said data describing which objects within .an image are to be processed, how
said objects will be processed, priority of said objects over other objects and
their depth characteristics.

11. A method as claimed in claim 10 wherein a mathematical aigorithm is
generated to define the distortion required for each said sub-point.

12. A method as claimed in claim 10 or claim 11 wherein the original 2D
image and conversion data is capable of transmission along standard 2D
technology.

13. A method of encoding a 2D video signal with conversion data to assist in
the conversion of said 2D video signal to left and right eye images for a
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EOCI/eAtJﬁgi Ogﬁgg t he ms“’"ﬂ”’”ﬂ,’%] the left eye have beenlgeterm' ned,

then the co-ordi nates of the i s for the right eye are sinply

obtai ned by WOSm24008cal ar nultiplication of the matrix by PET{AUPEOOSHN ft ed
i n the opposite |ateral direction by the sane anobunt) and can be
cal cul ated automatically. This is 5 hil ustrated in Figure 7.

The matrix that is forrred fromthe relativé horizontal offset of each
I ntersecti.on point of, Id| St 0{ ded mesh defines the Mesh Spati al
Di spl acenent Sereoscopiq gisplay. ing In order to fully define and

reproduce the res uhaiagtooa%nsmguatshé shitb¥ides sﬂgﬁal to praeiaaaﬁ@bncwed SigRalovi de
VMBD dat hus 3D i mages

the original, unaltere and th
may be st or edhq Aalasdelining 'h%QWgES’P&?m |"9§RP°t'¥ﬂ(§e'e°t9d p°'%ﬁf pRidvidep py

consi deri ng t fRagd torndaifventith thid WES6 GmabedodSEtréiehad filmbhge for a stereoscopic | t
is therefore possible to store and transmt 3D inages over conventional

2D vi deo syst &#iPI®% encoding MSD data within each video frame. Since the 15
original 2D video inmage is stored and can be transmtted w thout
alteration, the resulting video is fully conpatible with all

exi sting vi ded4and mateod 3 elaimedein; claim 13 WmiQt saig conversiosc dateelis

wi Il display gaRemitid iRithd Blafk lines at the top and/or bottom of a standard 2D image to
be transmitted.

~15. A method as claimed in claim 13 wherein said conversion data .is
transmitted in the horizontal sync period of a standard 2D image to be
transmitted. :

16. A method as claimed in claim 13 wherein said conversion data is
transmitted in the horizontal overscan regions of each line of a standard 2D

image to be transmitted.

17. A method of producing a 2D video image encoded with 3D conversion
data including:

capturing video images from a plurality of video cameras;

comparing the video images from each respective video camera in order to
produce said conversion data, the conversion data defining the displacement of
raspective points of the video image for converting the video image to left and
right eye images for a stereoscopic display; and

combining the video signal from one of said video cameras with the
conversion data to thereby produce the encoded video signal.

18. A method of decodlng a video slgnal for providing a stereoscopic dlsplay
including:

receiving said video signal, said video signal including a 2D video image



A nunber of existi ng t echni ques can. be used to add the MSD data to the
2D i mage such that iuu EIIE&H&H‘IEH y the viewer and is conpatible with
t echni ques include, but are not

20 exi sting V|deo

limted to: |nsert|ng the MBD information in the spare

| i nes at t hewo®pnsos botton1of the picture that arﬁcﬁﬁbmﬁﬁgﬁlack

| evel, ie. in a simlar manner to the addition of "Tel etext" dat a;

b) in the unseen over-scan region at the left and right of each i mge: 25
c) in the horizontal sync period, al ongﬂ%e Ilnes of the British

Br oadcasti ng Corporation "sound in sync" system In
the future, amd tconkrersion rdatiai dor aonvértidggthisavidebTivhagmathe dbavdralonddat

pr ovess of RS tnelBedBmR! Gt felpodiigdoitsd B vioRo fomae soresnvening

encoded vi dethefmdamlmage tol aistretehedlimayge-oy arster@oscopic d;splay The anount of

MED data 1S STl Jenciigthe Bbverbn s M 2did Wdao siginal; Sid ©S

PCT/ AU96/ 00820 producing left and right eye images from the 2D video image for display by
displacing objects within said 2D video image in accordance with said
conversion data.

19. A method as claimed in claim 18, including the steps of:
converting said 2D video image into RGB components;
converting each component into a digital signal; and

storing said digital signals prior to productton of the left and right eye
images.

' 20. A method as claimed in claim 18 or claim 19, wherein said digital signals’
are read out of storage at a variable rate as a function of the conversion data.

- 21. A method as claimed in claim 18 or claim 19, wherein said digital signals
" are read into storage at a variable rate as a function of the conversion data.

22. A method as claimed in any one of claims 18 to 21 wherein said digital
signals are converted to analog for viewing on an analog system.

23. A method as claimed in any one of claims 18 to 22 wherein said
conversion data is separated from said video signal.

24. A system for producing left and right eye images for a stereoscopic display -
from an originai 2D image, including means to select areas of said original
image and means to displace said areas by a determined amount and direction
to thereby generate stretched images, said stretched images forming said left
and right eye images.
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15 . per frane. mﬂﬁan be further conpressed if necessary, for

st orage and traj m& ng standard data conpression
t echni ques such as run- m r di fferential encoding.

Because of the small anount of data’ the required data rate is also low It
5 i s al SOW@%EMBe to use spatial and tenporal conpressiPEH/AUOPER her
reduce the data required since the MsSD data does not vary rapidly
over a number of frames. The exachy time relationship between the
MSD data and its associ ated frame~is not critical, a displacenent
error of one frame is probably acceptabl e. Aga| n due to the
smal | anmobunt of data, |ow data rate and non-critical 10 al i gnnent, the

MSD dat a coul @sbe AssystemVe:rpradmln@m and fightre® images dorra "srewmoﬁuc display Wi t h
a quarter of \%\Foe i nf or A bl ock di agram

e ea
i ndi cati ng hoffoR EB@’@!@E& wqage IH@HP'BQT ated in a video chain is
shown in Figure 9a rhbbhercidentiymgbbjsctsithin Moﬁginébihﬁg@?d via any

exi sting video source i GQ!terrestrlal sate lite etc, is applied to the

i nput of a DDC 15 means e defining Q)qumnﬁl"? gristiofor eacibeliect s a st andard

vi deo wavef or m (oimadndae d!splace seléaéulaarba@lof 88t objoBrib® Bdetsintinad anidimt
will drive a standard TV displa enable a viewer wearing

shutter glassda '@Sﬁﬁ%‘l‘ﬂ'[ﬁﬂ"ge @SH fl!’m:‘om the depthy characteristic of GQthQbJ&CKB to
i mage. thereby 161! nivd @frdichisd ImbBEs Jorviswingty M 181t 'draMigHt yesof dfs Oder

to drive other 3D
viewer.

26. A system as claimed in any claim 24 or claim 25 including a means to
create a mirror image of one stretched image.

27. A system as claimed-in-any one of claims 24 to 26 wherein said means for

defining a depth characteristic is capable of defining a separate depth
characteristic for each object in the image.

28.. A system as claimed in any one of claims 24 to 27 wherein said system is
capable of converting a plurality of 2D images.

29. A system of producing a 2D video signal encoded with 3D conversion data
including:

at least a first and second video camera displaced laterally relative to each
other,;

conversion means for producing the conversion data, said conversion
means receiving data from said video cameras and comparing the data to
thereby produce the conversion data, said conversion data defining the
displacement of respective points of the video image from one of said video
cameras for converting the video image to a stretched image for a stereoscopic
display;

an encoder means for combining the video signal from said one video
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20 di spl ay devices such as Virtual Reality headsets or an

aut ost’er eoscopi ¢ di sp”"m scribed in Australian application No.
66718/ 94. mmmmml Frpl enentation of the DDC decoder is
shown.in Figure 10. " ¢ Lintorfing video, which can be PAL or NTSC, in

conposite orwpovhsee format, is applied to a compopétRubieds’
conponent video converter. Each of the RG or 25 conponent vi deo

outputs is applied to an analog to digital converter and the

digital output fed to the input port of 28 dual port RAMIine store. Each

l'i ne of digital video data is entered into RAM at a constant speed.
The data i s cameraowith the conversionhdata fenstsaid: conversion aneaiensitheboyy 2

vari abl e ;Be&%‘]&é{m@ Q%SBQM%% éigﬁalby t he out put of the MsD

decoder. teading out the |line data fromthe RAM
at a variable rate causes the resulting video to be stretched or

g(éfrr}o Lﬁgg?go@ba% 858547 For"dddddingCa video signal for provi\é\i(r)tggg étze?ggs%omggﬁsplay,

the signal providing a 2D video image and further including conversion data for
converting the video image, the conversion data defining the displacement of
respective points of the video image for converting the video image to a
stretched image for a stereoscopic display, the decoder including:

a) means for receiving the video signal; and

b) decoding means for reading the conversion data and for
controlling the video signal to thereby provide a converted video signal.

31. Adecoder as claimed in claim 30, said decoder including

| a) an RGB or component video converter for converting the video
signal into separate video components thereof, -

" b) - analog to digital conversion means for converting each video
component to a respective digital signal, and |

" ¢) digital storage means for storing said digital signals.

32. A decoder as claimed in claim 30 or claim 31, said decoder adapted to
control a variable frequency clock means controlling the read out rate of the
digital storage means whereby the storage means are read out at a variable
rate, to thereby convert the 2D image in accordance with the conversion data.

33. A decoder as claimed in claim 30 or claim 31, said decoder adapted to
contro! a variable frequency clock means controliing the read in rate of the
digital storage means whereby the RGB or video components may be read into
the storage means at a variable rate, to thereby convert the 2D image in
accordance with the conversion data. ‘



VBD dat a. m atalsthen applied to a digital to
anal og converter and a mmﬂ" myﬁ encoder. The resulting 3D field
sequential conposite vid&o &I ghals appl ied to the display. (Note:
this process can al so operate W|th t he vi deo signals read into the
line stores aWOPTR#M abl e rate and read out at a fixed rat ePCT/AU%/00820 g
necessary to convert the incom ng conposite video signal to RGB or
conponent video since, as the output fro he lline store is read out at a
vari abl e rate, the chronminance frequency would change and cause

oDy ST orda (& decodr as, claiMee i gy ey BRI 3010 B3I WherEl B meraps o | s

restored wit hmpanslis idithé ¢orm ofresdual port RANlinbetark. shi fts) being cal cul at ed

over the conplete field or frane. The 3D stereoscopic inage
pair is then displayed fromthe resulting RGCB or conponent video
out put . 35. A decolier a¥¢ldimad it any SheCstdldifsl 30 tdPBA \WHEREInARe| d¥icoder ed

| i ght source that 15 rovides timng pul ses for the shutter gl asses.
The contr ol | ePTOCess8sR §ingig ¥idgo fipe. t he PAL/ NTSC encoder .

Additionally, the controller conmands the shutter gl asses to remain
open during scenes that are not 3D encoded, or, not suitable for 3D

encodi ng, t hu36prd\Aegergr asslaimed i apyong.eficlaims30 10,84 whereinthp dasegeny
the video seqggjpesses riditiple video |-ﬁégure 11 shows the bl ock diagramof a DDC
decoder that produces 3D field parallel conposite video outputs.
The MSD decoder produces two vari abl e

37. A decoder as claimed in any one of claims 30 to 36 wherein a digital to
analog conversion means is provided for converting the read out digital signal to
a converted video signal to enable viewing on a viewing means.

88. A decoder as claimed. in any one of claims 30 to 36 including a parallel

storage means for storing digital signal for the converted left and right video
images respectively.

39. A decoder as claimed in any one of claims 30 to 38 including a separation .
means for separating the conversion data from the video signal.

40. A stereoscopic image display system including:

a) . an encoder for encoding a video signal providing a video image
with conversion data, the conversion data defining displacement of respective
points of the video image for converting the video image to a stretched image for
a stereoscopic display; and

b) a decoder for separating the conversion data from the video signal
and for converting the video signal as a function of the conversion data.

41. A multiviewer stereoscopic display system including:
a decoder for decoding a video signal for providing a stereoscopic display,
the signal providing a 2D video image and further including conversion data for



speed. cl ocks, on one for the right RAMIline stores. This
form of a Bm“ :i lﬁl ”mefor replacing the field stores in the
| ¢ L h

applicants' exist autsost ereoscopi ¢ 3D di splays. Note that this

techni que provides left and right 25 vi deo sources that are at the sane
field rate 3gobpmesy i 9i Nal 2D video source, ie. f i )Adhpemeseant i al

vi deo out put 1s produced. Alternatively a non-field video

out put may be produced at the output at a hi gher resol ution
scanning rate than the 2D i nmage. 30 Figure 12 shows a bl ock

di agram of one version of a MSD decoder. In this 30 case it is assuned

that the MSRodgéringsthenddsteimage,ithe comvorsion data defining aihe.displacementiob t he
{A?Dr oy %%lobr}ggpé)éﬁvtehgoi\r'ﬁsd P e Widbo iladd' for Gonvenii thg v%&f?g,gyggdégggg 820
17 - fsuetdhediintages forea Starboscopic eispiyg \the cdecodet iimelidiag inéans fornt al
timng si gné}'legeizri%rg the video signal and decoding means for reading the conversion data
and for controlling the video signal to thereby provide a converted video signal;

42, A method of producing a 2D video image encoded with 3D conversion
data including:

capturing left and right eye video images from a stereoscopic video
camera; :

comparing the left and right eye video images from the stereoscopic video
camera in order to produce said conversion data, the conversion data defining
the displacement of réspect‘we points of the video image for converting the video
image to left and right eye images for a steresoscopic display; and |

combining the video signal from said video camera with the conversion
data to thereby produce the encoded video signal.

43. A system of producing a 2D video signal encoded with 3D conversion data
including: |

a stereoscopic video camera;

conversion means for producing the conversion data, said conversion
means recsiving data from said video camera and comparing the data to
thereby produce the conversion data, said conversion data defining the
displacement of respective points of the video image for converting the video
image to a stretched image for a stereoscopic display;

an encoder means for combining the video signal with the conversion data
from said conversion means to thereby produce the encoded video signal.



the m croprocessor. Additional the video is fed to a black |evel clanp
circuit, conparator and level shifter. The output fromthe | eve
shifter is a TTL | evel signal which contains the serial encoded MsSD
data on lines 1 to 16 of the video 5 signal. The mcro rocessor Ioops
wai ting for awber2eeemntal sync pul se, after det er m nP&Y

hori zontal sync pulse for line 1 the m croprocessor reads the next
16 bytes. A simlar process is repeakﬁfbgg the following 15 lines until the
MSD data has been read. Based upon t data received the

m croprocessor provides the variable speed clock for the digital video |ine

store 10 on each subsequent video line. The m croprocessor naintains an
index to whi ch video line is being processed by counting the |ine
sync pul ses. Dept h perception of 3D images varies between
viewers. Also mﬁg view ng 3 mag with shutter ss t he
"strength" of tdB18D 1aage requires iiﬁdjustnent Wi t af

di stance. The strength of the 3D i mage can be altered 15 mnth a renote

control device which, via an algorithm applied by the

m cr opr oces .JLJﬁ_JJELJELLQEEe to maAuu$ed_b¥_Lh%
ers the magni tudg of epch elenent in the

Vi ewner .

VMBD matri x he strength of [he 3q effect. It is
anti ci pat ed A part i

been entere by th

unit. ' [ he re

of DDC enco [ echni

bet ween t he rang

Coupl ed Dev

Fig 2a.  Fig2b. Fig 2c.
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- Figure 14. This will produce a series of franes with each object in the

| mge 25 at varying stages of focus. A sharpness detecting algorithmis
then run across the series of franes and a sharpness index for each
object in the inmage determ ned. W& then determ ne on which frame
each object wNOPHMOWhar pest , this indicates on whi BRT/AHYA0828| ane
the object is on. This information is then used to formthe MSD
data. 30 Figure 15 indicate t her techni que whereby two video
caneras are used to create sem e left and right eye i mages. The
| um nance i nformation WO 97/ 24000

PCT/ AU96/ 00820 18

fromeach canera is %i}igitiB(sa'ed and fed to a line store. An autocorrel ator,

or simlar o t conpares the bit patternfv ' thetvvollne
stores (left and g right by 16 el enents) and | oo syg gb mat ch. The
di fference (distance) between

Fig 4a. Fig 4b. Fig 4c.
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the video patterns, which represents objects in the image, is used to

produce the 5 MSD data. One of the canera outputs is conbined with the
MSD data in real time to produce DDC encoded vi deo.

Alternatively a stereoscopic video canera could be used in place of the

two vi deo caniMoeasi24000 DDC may be used to over comePG/A6/0052Q
shortcom ng of existing, non eye- 10 tracking, aut ost ereoscopi ¢ 3D

mul tiviewer systenms. These systens pr. aéi a 3D i mge by producing
a repeating sequence of left-right égz as illustrated in Fi gure

16. The di stance between each successive Inmage is 65 nmwhich.is

equal to the distance between the viewers eyes. Therefore a viewer |ocated
at posi t| on A W | - VR -Yal ] \l _vegrunrr\nr‘l A0 1 n‘age_ 15

However , shouQ@@gf%Sviemer move Iaterally 32 |nm |or He at| position B, then
the left imge W be sden by t rijaght eve land |t he Iright | nage by the

| eft eye. ie. thg vi gwer |seed a "revdrse {3D |i nage. The reverse 3D
imge is very undonf artablje tlo|view gnd gfter] a ghort whil e causes
viewer distress ie. he.[ 40 Most| nullt 1 vilewer

aut ost er eoscopi ¢ system Have comng. In parfticylar t hose
based upon lenticular |e ype  TTEge Sepgratrgrs. A

mul tiviewer, lenticular ljens ost er goscdpi ¢ sySJen1is illustrated
in Figure 17. The—m t-He—-ef+-H—p+di-ecte asses through the
first lenticular cused on tihe ur;gce of a matt
screen. A second lenticul refodussas this ijmagg=tojforma
vertical stripe of light fat the viewﬁnb di gt ance.| A

Fig 6. \\ \\
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second projector, containing the right image, also illumnates the first

| enticul ar | ens, however, due to a |ateral displacenent between the
two projectors, the resultlng right eye inmage, at the viewer plane,
i s displaced 65 mmfromthe |eft i mage. This sequence of alternate
left right inW@87248¥aced 65 nm apart, is 30 repeat ed. PCIT/AU6/00820 A
viewer in the correct position views a correct 3D imge, however,
WD 97/ 24000 4 14
PCr/ AU96/ 00820 / 19
reverse 3D i mages are al so presented should the viewer nove or be
I ncorrectly positioned as expl ai ned above. I n
practice, when first sitting down to view a lenticular |ens based 3D
systemit is cFEi yClg for the viewer to determine.if a correct or reverse
3D image is 5 being viewed. It is not until disconfort is felt that the
viewer is aware of being
- o 1 2 3
Row O
Row 0 -8 -4 .3
Row 1
Row 1 -5 -2 -1
Row 2 Row2 -1 0 +2
\ Row 0 +3 +1 +4
Row 3

Fig 7b.
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incorrectly positioned. Additionally, it is difficult for a
viewer to maintain the correct view ng position for an extended
period of tinme. It is also necessary that the viewer be posi ti oned
the correct distance fromthe second lenticular lens, since if viewed at 10
the incorrect WOSTMMIe norae fringing and cross tal k ef fect BCI/AR00800ccur .
An additional problemwth lenticular |ens based systemis resolution. The
resolution is limted by the pitch of a"lens-let" in the overall
| enticul ar | ens, which is in Sféf der of 1 nm across.
I nstead of projecting just left a:ﬁ right images, consider a |lenticular

O

| ens 15 based system using a nBer of projectors, say four, such as to
produce a series of inmagesplg?, 3,4 each spaced 65 nmapart, as per
Figure 18. The ori gi nal s%ng has bgen recorded using four caneras
wi th the sane sequence andudpaci ng. A viewer at positions A, Bor D
sees a correct 3D inage whilst at O O pgsition C the viewer sees a
reverse 3D i mage. 20 ThiQ Ns a sulfstanti al i nprovenent over the
previous left right system since RoWw—am accept abl e 3D inmage is

that, as with the

viewabl e over 3 tinmes the |ateral distafce. @Ng ¢
¢ aware, until

previous left right system a viewer vm'll"'nas‘g)

disconfort is felt, that position Dis pr: gj@ a reverse 3D inmge.
I f now projector four is replaced with 3§ 2hd 15 i mge (black), Figure 19,
then 25 positions A and B work as bf%r‘& Qydsition C produces a

a black image in the left,
_di sconf oré.“éSi mlarly

nmonoscopi c i mage in the right eye ajo
which is still viewable w thout viewer

position D produces a nonoscopic inmage Jut_dgain has
o
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w thouwt a reverse 3D effect. W thus have a system where 50% of the viewer
| ocations produce a correct 3D inmage and 50% a slightly inferior, although

not 30 obj ectionabl e, images and the reverse 3D effect has been

el i m nat ed. By increasing the nunber of projectors, and

i ncl udi ng a nWoO9¥Mea9e, t he WO 97/ 24000 PCT/AU96/00820
PCT/ AU96/ 00820 20

| at eral di stance over which a correct mage can be viewed is increased
and the reverse 3D effect has 4ellmnated » It is

however not considered practical to inplement such a mult®-projector
system primarily because the transm ssion/recording band@i dth necessary to

5 provi de video i mages to each projector be>omes mp@ctlcal as
X . ) [
nunber of projectors is increased. o
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The li-mtations of this approach can be overcone by transmtting a DDC
encoded 2D i mage and using DDC to synthesise the required nunber of
projection I mages. Wilst a wide bandwidth is required within the DDC 10
decoder, the original 2D bandwidth is maintained at the transmtter and/or

recordi ng equiwmewd000 A mul tiviewer 3D, |enticuPGIAU4882Based,
system usi ng a DDC decoder is shown in Figure 20. DDC
encodi ng/ decoding will enable the prmn of a sequence of video 15

i mages that represent the range of poggi i mages fromthe extrene |eft of
t he original inmage to the extrerre‘zalght as follows: -

[L, Ll[err], L[err] ... Rer rr], RIE & In sunmary sone of

t he applications may be des robed by: 2 'U DDC, orgbynam c Depth

Cueing, is atermfor a for (Of Tddt a derlvu'd:)fromzo th8§2Dto 3D
conversi on process which is |"'E1 | agy stage of o._ . conversi on.
At this stage the data consi sgs‘c-b t he orljglgal vi deo si n‘sﬁ and a

data packet (encoded either |&ldl ital or . 9ngt ogue forr‘r)\sg:h that this
additional data is all that]i's reduired td&i&struct specifB& el ectronics

har dwar e and/ or sof o conpl @eot he conver s{ task. The
resultant 3D information 25 can take the formof eit afield
sequential (ie. |ef ' [ ‘ separate video
streanms, a |ine be 0 e line form
right field), or sope ot %o
Through careful deshsmn g fatg packet it is
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possible to include this additional data such that it is not noticed when

di spl ayed 30 on a standard TV. Thus it becones possible to introduce 3D
t el evi si on transm ssions w thout upsetting the existing television
i nfrastructure. The WD 97/ 24000
PCT/ AU96/ 008280 97124000 PCFrAU96/00820
decoder could be |ocated near to the viewing device ( ie.TV ) and
essentially be a ' black box' 87Tt4| ntercepts the transm ssion
signal decodes it and then outputs it to the TV for view ng.
Ther ef ore upgradi ng of existing 2D pay TV or television net wor k
structures woul d be sinpk--e¢l by the add@mion of a bl ' for each 5
TV. In the|gyovi $i on sof madlaifwr M.EI'I-IJI@Et‘pe
aut o- st ereoscopi ¢ 3D N o i spl_gys sys&m oTh yDels [rely on the
provision of nultiple ifdge 2@ é£|'§; per specti ve
views. They can be quit¢ §f gegtive if the-au&wgr of S5
E w |I § 17]
D
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different views is large ( Say 8-16 ) in that they allow true nmultiviewer
capability. 10 Their maj or drawback is that because they require many
different views to all be avai l able at the sane tinme the provision
of the-media is extrenely difficult even utilising sophisticated

vi deo conpr es Wo/24ee8hni ques. However, if a DDC decBEHAUHIRMed t O
generate the 3D nedia It becones possible to generate as many

i ndi vi dual perspective views as are r i ped, and as this imge 15

equi pnent. ie. TV s and vi deo recorde#d, normal 2D i nmages. The viewer is
not aware of any changes to the transmtted i mage. St andard 2D
vi deo i mages whi ch have been DDC encoded have the fol |l ow ng
characteristics: - DDC encoded 2D i-nages can be received on
st andard vi deo equi pment 20 ie, TV's and video recorders, as nornmal 2D
i mges. The viewer is not awar % any changes to the transmtted

i mage. - DDC enc images are fully conpatible with all

exi sting video, editing, m @ecordi ng, receiving and transn ssion
systens and technol ogi es. Thu encoded 2D vi deo i nages are
transparent to all existing a eﬂ!@ vi deo and 25 tel evi si on technol ogi es.
- DDC encoded 2D video can be|igt€oduced to the market pl age in a

simlar manner to the introdu of colour TV and 8tereogsqund. Only TV
sets fitted with DDC ers (with vi ewer s @si ng rgoprlate

vi ewi ng gl asses), or s, wll display 81e 3D es. 30

- DDC encodi ng enabl es seam e s t ansi ti on between ggenes g]zg will
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benef ikt from 3D encodi ng and those that are nore beneficially displayed in
2D. WO 97/ 24000

PCT/ AU96/ 00820 22 Thi s
transition is_not _noticed by the viewer. - DDC |.deo may
be di spl ayed BR2449% i st ng 3D displays and is Sui tg&?@%ﬁg?oﬂo

mul ti-viewer systens. - DDC encoding retains the original video
source's line and field 5 standa&@%{lzi - DDC encodi ng does
not reduce the i mge update frequenc s'i's the case when encodi ng

3D video images in Left/R ght field sequential format.

Encoded MSD data
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WD 97/ 24000

PCT/ AU96/ 00820 23 THE CLAIMS
DEFI NI NG THE | NVENTI ON ARE AS FOLLOWG: 1. A method of producing Yeft and
right eye images for a stereoscopic display froman original 2D

wher ei n” sel ect¥A%%448%s of said original image are dlsplacedPBV“H9 rnined
anount and direction to thereby generate stretched | mges, said stretched

i mges formng said left and right eggll . A nmethod of producing
| eft and right eye inmages for a ster 3§4c dISp|ay froman original 2D
I mage including the steps of: i dentifying at | east one object
within said original imge, b) outlining said or each object,
O
]
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@) defining a depth characteristic for said or each object, d)
respectively displacing selected areas of said or each inmage by a

determ ned anount in a lateral direction as a function of the depth
characteristic of said or each object, to formtwo stretched inages for
viewi ng by th&VP&¥0%Mng right eyes of the viewer. 3. A nBEHAUIHE2 5i ned
in claiml or claim2, including displacing the production of the original
2D i mage whil e avoi di ng any bl ank reqzzzizin t he i mage. 4. A nethod as
claimed in any precedi ng cl ai mwherei e'of said stretched inmages is a

mrror image of other said stretched imge. 5. A nethod as clainmed in
claim2 wherein a separate depth characteristic is provided for each said
obj ect . 6. A nmethod as clained in any preceding claimwherein a

plurality of 2D inmages are converted.

Fig 15.

DDC Encoded
Left Right Video
Camera Camera
+
Video
A A +
D N D
o Digital._Line Store . Digital Line Store
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i I
Auto-Corrolator
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Encoder
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WD 97/ 24000 PCT/ AU96/ 00820
24 7. A method of producing left and right eye inages for a stereoscopic

display froma digitised 2D inage including the steps of: formng a
mesh over said dlﬁlt i sed i mage, said mesh initially having a Iurallty of
paral l el |ateMd lines and a plurality of parallel |onkff¥Ath %1 i nes,
wherein said lateral lines are positioned at right angles to said

| ongi tudinal |ines and intersect to !g; Q%plurality of sub-points; and
distorting the nmesh by noving said s g! ts to thereby stretch the

under | yi ng i mage.

Fig 16. Lir|L|RrRiL|RrRIL] e
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8. Amethod as clained in claim7 wherein said nesh |ines between adjacent
sub-points remai n continuous at the conclusion of any distortion. 9, A
nmethod as clainmed in claim7 or claim8 wherein the sub- poi nts are
displaced in a lateral direction to distort the nesh. W%ﬁo
claimed in anYO#H4%Y clains 7 to 9 wherein the amount of d’cg{;{)@
each sub-point is used to produce data to enable the conversion of an
original 2D image into left and righ Zg mages for a stereoscopic
di splay; said data describing WhICh b‘F within an inmage are to be

| q

processed, how said obj egts— 3 , pr ty of said objects
over other objects d tHei,r dep rijsti¢s. A net hod as
clained in cljﬁ dagherﬂr? matlhé&mdt i c 3 gor tﬂmlsﬁmc & to define
the distortion r&quired flor each sai d sulp- poijnt . 13. A nmethod as cl ai ned
in claim10 or claim11 ein t I gi hek 2D i e and conversion data
I s capabl e of transm ssion along standard 2D .
Lenticular Lens
Assembly
1l2]|3}4|1]|2|3|a]1]2]3]4 etc
ViewerA  ViewerB Viewer C Viewer D
Fig 19. 1 2 3 4 Projectors
Lenticular Lens
Assembly
12341 |2]3|a][1]2]|3]4 etc
Viewer A Viewer B Viewer C Viewer D
Fie 20. DDC Encoder
g 1 2D Video
DDC Decoder
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kY g

t h I 13. A t f d 2D d
ceohniicgy. 13, A ret @b of ‘encoling-a°20 video :#ggmswwz;qt

eye images for a VO 97/ 24000 EIVED 2 8 FEB 1997
PCT/ AU96/ 00820 _ stereoscoplc

di spl ay‘ncl udi ng: addi ng conversion data to sal d vi deo signal.
provi de

respective selected points of said i mage for converting the vi deo

e encoded signal, the dati/égétnlng t he di spl acenent of
image to a stretched inmage for a stereoscopic display.

Fig 1la. Fig 1b. | Fig lc.

Fig 2a. - Fig2b. Fig 2c.
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4. A nethod as cl ai rre. n cl’aim 13 V\:hef’EI n said conw ng
transmitted in the blank lines at the top and/or bott é@'ﬂ aln rQi&Iﬂ 0

image to be transnitted. 15. A nethod as cl ai ned |n aWED Wi g FiEB 4897
eonversion data is transmtted in the horizontal sync period of a standard
2D imaga to be transmtted. 16. A method as clained in claim13 wherein

said c ersion data is transn‘ittei'i he hori zontal overscan regi ons of
each line of a standard 2D i mage t Z ransmtted. 17. A nethod of
produci ng a 2D video i mage encoded with 3D conversion data i ncl uding:
capturing video imges froma plurality of video caneras; conpari ng
the video images from each respective video camera in order to.produce said
conversi on data, Fg 3 verS| on data defining the di SE) g&t of
respective point gt «i deo i mage for converting t ag i mge to |eft
and

Fig 4a. Fig 4b. Fig 4c.
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Yight' eye imges for a eréoSco i'c di'splay; and A gy t '
s: gna1 %lrolm oge of sali (’/i deo cag{érasl Wpt hYt he conve?gm})@@gé oﬁmg %30

produce the encoded vi deo signal. 18. A method of decoding a video signal
for providing a stereoscopic display including: REEEQWE’DC\% gaFEti]ggpo
signal , ggaid video signal including a 2D video inmage- 71240

PCT/ A 0820 : 26 and conversion

data for converting the video i mageg/tll”é- conversi on data defining the
di spl acenent of respective points of the video image for converting the
video inmage to a stretched inage for a stereoscopic display;

- Fig 3.

Fig 6.
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't eadi ng the conversi or.a ta ffrom sal d' vl deo signal ;

!!; producin beft
.and right eye images fromthe 2D video image for dPGﬁl Qﬁ d/s@lé nz
objects within said 2D video imge in accordance w th [eJ0) i t a.
19. A method as clained in claim 18, including theREtceéE\lng f\%eFtBoigg?a

tonverting said 2D video image i nto RGB conponents; converting each
conmpon into a digital signal; 2‘? storing said digital signals
prior to production of the left an /1941 eye i mages. 20. A nethod as

claimed in claim18 or claim 19, wherein said digital signals are read out
of storage at a variable rate as a function of the conversion data. 21. A
met hod as clainmed in claim18 or clai'rm 19, wherein said digital signals are
read intoyskorage at a variable rate as "a function of the conversion data.
22. A net ags @ained in any one of clains 18 to 21 wherein said digital

0 1 2 3

Row O
Row O -8 -4 -3
Row 1 Rowi -5 -2 -1
Row 2 Row 2 -1 O +2
Row O +3 +1 44
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Fig 7b.
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si-gnal"s are converted t.anal og for 'viéw' ng on an apal em, n
nethod as clainmed in any one of clains 18 to 22 mhe?glayﬁ Jg]rDeQ?%Ao
data is separated from said video signal. 24. A's PKO, ' g ft
and right eye imges for a stereoscopic display fromga(ﬁﬂp@nglgﬁéﬂﬁ 'g
I ncl udi means to select areas of said original inmage and neans to.
di spl ac aid areas by a deterninedﬁsﬁﬁzgt'and direction to thereby

C

generate stretched i mages, said str i mages formng said left and
ri ght eye inmages.

DDC Encoded
2D Frame

Digital to
Converter

— Analogue ——
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2D Video
Frame
MSD data added to
the original 2D Frame

\ MSD Data
P g

2Dt03D |—» MSD Data’
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-
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27 25 A system for p‘juci ng |ef't and’'right eye im for a.
st ereoscopi ¢ display froman original 2D image incl ud{‘oﬁ;

St er egsce i froman original 2D i 96 7 [PO'8 2°0
i dentifying objects within said original imge, cﬁrE E e E a
depth characteristic for each object, means to o &EL\Q dbi2& 19
of eachgbject by a determ ned anount in a lateral direction as a function

of the th characteristic of each ,ect, to thereby formtwo stretched

i mages for viewing by the left and 6zjlltlieyes of the viewer. 26. A system
as claimed in any claim24 or claim25 including a neans Do create a mrror
| mage of one stretched inage. 27. A systemas clained i any one of
clainms 24 to 26 wherein said neans for defining a depth c@aracteristig ks

capabl e of defining a separate depth characterpstic for €8ch obj ect I-'-Et}he
i mage. - : - & : s 2
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58. A systemas clai mdin arly oné‘of 'clainms 24 to Zég]er' in ‘saj dQS |
“i's capabl e of converting a plurality of 2D i mages. P . lgeﬁlsi%n fdieﬂ]
produci ng a 2D vi deo signal encoded with 3D conversREnCEdt\%Ean 8FPD: 1997
at least a first and second video canera displaced laterally relative to

each ojgder ; conversi on neans for producing the conversion data, said
convera)n nmeans receiving data fr } d video caneras and conparing the
data to thereby produce the converﬂi%at a, said conversion data defining
the di splacenent of respective points ofgthe video i nage fromone of said

vi deo caneras for conver p-Rg—t-he vi deo e to a stretched image for a
- stereoscopi ¢c displ ay; an eéncoder mamms for conbini ngf} he video signal
from sai d one video Q 25 7
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VIO 97/ 24000 | BRI PGT/ 0
28 canera with the cogerm on data from said conve%muwsaﬁs?ﬁlﬁg égﬁ |

produce the encoded video signal. 30. A decoder forRllzjg(g}q‘Elg P Bi EIEB 1997
signal for providing a stereoscopic display, the signal providing a
vi deo iggage and further including conversion data for converting the V|deo
| mage, e conversion data defini n% eqdi spl acenent of respective points
of the video inage for converting t p! eo image to a stretched inage for
a stereoscopi c display, the decoder including: a) means for
recei ving the video '=J_g-n-a.L-,7 and b) @ decoding ne readi ng the
conver si on .data and flo bco frolling theZgi deo signmal t by provide a
converted video signglegy g3l Aﬁecoder ;33":cl ai mgm in gi M 30, said
decoder including o an -RGB or a:nrrmor% ' ¢ermeerjter for
converting the video |s&n@l [THTO 3% parat'e i npongrEs 3 Her eof b)
analog to digital conv ﬁm means for > d ng each 'dﬁ) _
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‘Conponént to a respect digital ‘Signal, and wdingpt
.means for storing said digital signals. 32. A dec%@ggwbai?lmgtq)?geaglm
30 or claim31, said decoder adapted to control a vatkGiEIYEDe@u8nklBci982k
means controlling the read out rate of the digital storage neans whereby
the storage neans are read out at a variable rate, to thereby convert the
2D i in accordance with the copyversjon data. 33. A decoder as clained
in claim30 or claim 31, said deco iétapt ed to control a variable
frequency cl ock nmeans controlling the read in rate of the digital storage
means whereby the RGB or video conponents nay be read into the storage

means at a variable rate, to thereby-convert the 2D i nage in accordance
wi th the conversion data. .
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O 97/ 24000 @ SR R
PCT/ AU96/ 00820 Co

_ | o ror %6 /00 &e Qs
| ai med i e of .clai 30 to 33 wh inth : is_i.n th
formof a dual port RAMIine store. - 35 A decodem Bb o) bERec Bnt EBy195ie

of claigs. 30 to 34 wherein the decoder processes a single video line. 36
A deco as clained in any one 01‘476 i 30 to 34 wherein the decoder
processes nmultiple video |ines 2§coder as claimed in any one of
clainms 30 to 36 wherein a digital to anal og conversion nmeans is provided
for converting the read out digital signal to a converted video signal to

enable viewing on a view ng neans.. -38.- A decoder as clainmed in any one of
claims 30 to 36 including a parall el '

5
=

Encoded MSD data
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Line 1
Line 2
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Fig 13.
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st or aée’rfeans for storif) digital” si\gndl *for the coni A Igag!a i 0
Vi deo i mages respectively. 39. A decoder as clai gg ori9 %I%Q
¥EDerds Bk Bak

30 to 38 including a separation neans for separati E&%t

fromthe video signal. 40. A stereoscopic image di splay system i ncl udi ng:
a) encoder for encoding a video signal providing a video inmage with
converin data, the conversion daar defi,ni ng displacenent of respective
poi nts of the video i mge for conv a'].i he video inmage to a stretched
image for a stereoscopic display; and b) ‘a decoder for separating
the conversion data fromthe video signal and for converting the video
signal as a function of the conversion data. 41. A mul tivi ewer

st ereoscopi c display systemincluding: ° a decoder for decoding a video

signal for providing a stereoscopic display, the signal providing a 2D
video i mage and further including conversion data for '
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ViD 97/ 24000 ® ' G’HJ ng/ AU98/ Q0g:
80 converting the video i mage, the conversion data & ng 0

di spl acenent of respective points of the video inmge ‘RQrCEW\EethFGJFt

vi deo image to a stretched inage for a stereoscopic display, the decoder

I ncl udj means for receiving the video signal and decodi ng nmeans for

r eadi n‘ghe conversi on data and foiz T4O| ling the video signhal to thereby
provi de a converted video signal Z met hod of producing a 2D video

i mage encoded with 3D conversion data including: capturing left and
right eye video i mages froma stereoscopic video canera,; conparing the
| eft and right eye video inmages from'the stereoscopic video

Fig 15.
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Canera’in order to pr e said ‘tohVetsi*on data, thegc'éer'si on data

defining the displacenent of respective points of t i eQ ﬁnﬂgﬂ 10)8 2 0

converting the video image to left and right eye inaBeEscEQV@DsQengqug-’:
: t

di splay; and. conbining the video signal fromsaid video canera w
the conyersion data to thereby produce the encoded vi deo signal. 43. A
syste produci ng a 2D vi deo si g necoded with 3D conversion data -
i ncl udi ng: a stereoscopic vi gﬂ ,éiréra; conver si on nmeans for

produci ng the conversion data, said conversion neans receiving data from
said video camera and conparing the data to thereby produce the conversion

data, said F{ r '6)n dat a deH-rirRg—tHRe—ei-sphgeerept—ei—respeet Hve- points
of the vide ggt or convelt|ng WeLvli_"deoRi mage | Ra s]_ratcheétd mage for
a ‘st ereoscopi c di spl ay; an_dncoder mgans {f or -tonbilni ngl_t he_vi deo
signal with the conversion data from said conversion neans to thereby
produce the encoded vi deo signal.
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