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PROCESS AND SYSTEM FOR ENCODING AND PLAYBACK OF
STEREOSCOPIC VIDEO SEQUENCES

BACKGROUND OF THE INVENTION
1. Field of the invention:

The present invention relates generally to a process and
system forenc0ding.and_ decdding a dual program image sequence, and, more
particularlyi, to a process .and | system for compressing two imag_e sequence
signals on a single video signal and decoding said single video signal to
reproduce two image sequence programs or a three-dimensional stereoscopic
program in multiple viewing formats. Although the invention will be described
hereinatter: by reference to -proces?jsing of three-dimensional stereoscopic
programs such as movies, it should be deemed to be within the scope of the
present .inventibn to apply to the proCeSsing of any pair of video ‘sequences,
regardless of any differences ini the respective video content of each sequence.

2. Brief description of the prior art:

Since the invention of the stereoscope in 1947, several
systems have been developed to enable a viewer to view three—dimensional
(3D) prdgrams through the réproduotidn of a first image sequence intended for
viewing by the viewer's left eye and a second sequence of images of the same
scene and at the same time but with a paraliax with fespect to the first image
sequence Intended to be wewed excluswely by the wewer’s right eye, thereby
repllcatung the principles of natural three-dsmensaonal vnsuon Since the 1950's,
| many ﬁlms have been made usmg dual camera head systems to pick up stereo
"“‘i‘pairs of [méges in time-synchrOnism énd with a parallax to enable a vi@wer at
reproduation to perceive the effect of depth, so to provide a more oomplete and
exciting wewmg expenence
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- At present, home theatre systems are rapidly penetrating the

.householdtmarket and very sophisticated and high quality systems are gaining

in popularity, responding to a need for high quality cinematographic experience
at home. Nevertheless, existing sterebscopic reproduction systems are still far
from fulfilling the expectations of viewers and are still not integrated into even

the most advanced home theatre systems available. The reason mostly lies on

the relatively pour image quality (fade colours and/or stair-stepping diagonals)
and the faﬁgué and-discomforf caused by.'the usual flicking and lack df spatial
realism. Indeed, since two differerit programs are being presented with
equipment intended for single video program presentation, such as a television
Set, shaﬁng of the technical resources between two video signals leads to loss
of image spatial resolution and:;ﬂicking due to the reduction by half of the frame
presentation rate for each eye and contrast between image fields and a black
background. ' ' o

A typical existing stereoscopic reproduction technology
consists in encoding the first image sequence information in the even line field
of an interlaced video signal and the information of the second-image sequence
in the odd line field of the signal. At playback, shutter spectacles are used to
block one of the viewer's eyes during presentation of the even lines and the
other eye during presentation of the odd lines. As normal imfages; comprising
even and odd. iines are typically presented in two successive scan periods of
1/60s, each eye sees the stereoscopic program as a sequence of 1/60s images
followed by 1/60s blackout periods, to enabie each eye to view' 30 frames per
second (fps). Moreover, each feproderd image is constituted by alternating
image lines and black fines. Obyiously, the stereoscopic images so reproduced
loose half of their topological information and the 50% duty cycles (both in
space and in time) induce loss of brightness and flicking, as confirmed by
experience. ' '
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A solution to such limitations, shortcomings and drawbacks, is

to presentf complete stereoscepic images at a rate of at least 60 fps (30 full
frames per second per eye) which would normally require at Ieest twice the
signal bandwidth required by ;a non-%stereo (planar) program. Elimination of
flicking in a room presenting 'reletively high contrast between the displa—yed
pictures and ambient Iighting,' further requires a vertical scan (and s'h'utter'
spectacle) frequency of up to 120 'HZ, to enable presentation of up to 60 full
definition images per second to each eye. While such a frequency is not
currently airailab!e flickerless presentation of stereoscopic program can be set
up by using two digital progresswe scan video projectors of current
manufacture, recelvmg respectlvely a first and a second nmage sequence of the
stereoscop;c program at a contmuous rate of 30 fps each. The output of each
projector is optically filtered to produce a vertically and an horizontally polarized
output proj_ectihg images in 'register and in perfect time synchro_nism on a
specia'! silver coated screen. Eyewear' comprising differently polarized glasses
can be wom by a viewer to reveal the tn-d:menswnal effects. Such a solutlon is
obviously very expenslve and does not meet market emectations for a home
theatre system.

However, very fast and relatively affordable projectors using
the DLP (Digital Light Prooeseihg) technology are now available that could
provide a presentation rate up to 120 fps, so _th'at a single projector could
altematiyely present images of stereo pair sequences at a sufficiently high rate
to substantially eliminate flicking even in a high contrast environment. Also,
high-end CRT projectors and computer monitors could provide such a
compatible definition and refresh rate. '

~ Nevertheless, a major limitation of such systems remains that
most current standards for storage and broadcast (transport) of video program
information  are limiting the flow of full frame images to 30 fps, which is
approximately half of the capacity required to store and present a h‘igh quality
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stereoscopic program originally comprised of two 24 (American Motion Picture),

25 (European Video) or 30 fps programs. Furthermore, since motion picture
movies are alWays captured and recorded at a rate of 24 frames Eper second,
the dual problem of compresSing two 24 fps prbgrams into a single 30 fps
-signal and Ethereafter expanding such a signal to preSent the two programs at a
rate of 30 to 60 fps each must be addressed. Therefore, the future of the 3D
home theatre lies on the capacity to encode and decode a sterébscopic video
signal to ccmply with standard recorders, players and broadcast equipment of
present manufacture treating a 30 fps signal compressed and decompressed
using a protocol such as MPEG-1 or MPEG-2 (Moving Picture Image Coding
Group) compressionldecompre33ion protoool of the MAIN profile (vs MVP), so
that negligible joss of information or distortion is induced throughout the
process. '

A few technologies of the prior art have been teaching
solutions to overcome bne or more of the above mentioned shortcomings and
limitations. Firstly, the 3:2 puli-down compression method can be used to
create a 30 fps stereoscopic.inteﬁaoed Signal from a 24 fps interlaced picture
sequence. With this method the oﬁginal image sequence is.ﬁmely expanded by
creating and inserting one new picture after every four pictures of'the original
sequence. The new picture comprises the even lines of the preCeding picture in
one field and the odd lines of the next picture in its second field. Obviously,
each picture of the original program may be comprised of a first field comprising
a portion of a left view image and a second field comprising a porﬁon of a right
view image of a stereoscopic program. A 30 fps stereoscopic pl?ogram can
thereby be obtained from a 24 fps left eye sequence and a 24 fps right eye
sequence. With such a techmque however, the resulting 30 fps program
presents anachromsm and topologlcal distortion due to the combination in
certain plctures of lines belonglng to smms captured at different times. This
yields a poor result, lacking in reallsm and causing eye fatigue and discomfort
to the viewer. When used to present a stereoscopic program, this technique
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further suffers from the same limitations and drawbacks as discussed

hereinabove about the interlaced signal compression technique.

Furthermoi'e many stereoscopic display devices have been
developed using different mput signals mcompatrble with one another and
requmng different transport (storage or dlstnbutlon) formats (column
interleaved, row interleaved, simultaneous dual presentation, page flipping,
anaglyphic, etc.). A solution 'to bring a stereoscopic video program to different
systems at the same _time while allowing for 2D viewing would be to
simultaheously broadcast or store on several physical media ih all the existing
formats. Obviously, that would neither be practical nor economical. Therefore,
the future of stereoscopic video at home requires a stereoscopic video signal
and a video processing apparatus that have 'the ability to generate
multiple/universal stereoscopic output formats compatible with cu rrent and
future stereoscopic display devices while allowing for normal 2D viewing.

Many patents are alSo teaching compres,siOn techniques to
reduce two 30 fps signa!s to be can'ied through a single channel with a 30 fps
capacity, some of them being designed to be transparent for the MPEG
compreSsion/decompresSioh process:' However, these techniques ' do not
feature tempora! mterpolatlon as needed to create the missing frames to .
convert for instance a 24 fps sequence to 30 fps, or to convert a 30 fps
sequence to a 48, 60, 72, 96 or 120 fps sequence, while preserving image
quality and comfortable viewing expenence Furthermore, they do not have the

ability to generate multiple stereoscoplc output formats from the same video
srgnal and video processmg apparatus.

' For instance, US patent No 5,626,582 granted to Muramoto et
al on May 6, 1997, teaches a time-base compression method in which two 30
fos video signals are digitized and stored in DRAM memory at a given clock
frequency. SubSequentIy, the memory is read at twice that write frequency SO
that two samples of an origin-alaperiod of 1/30 can be concatenated in a 1/30
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lnterval However depending on the selected sampling frequency the final

signal will elther lack definition because the information of two adjacent plxels
will be averaged in a srngle dlgrtal data (low sampling frequency and normal

playback frequency) or exceed the capacnty of a data storage medlum suchas

a DVD or a broadcast channel T his mventron also lacks the ability to generate
muitipie output-formats from a given source format, and requires two parallel .
circuits for reconstruction of the original sequences.

. Further, in lnternatiOnal application No WO 97/43863, by
Briede, laid open on November 20 1997, images from a first and a second
sequence of | images are decimated by removing in half of the prcture elements
and then concatenated into side by side fields of a combined stereo image
sequence to be transmitted through a channel At the recervmg end, the
juxtaposed fields are demultlplexed from the stereo image sequence and are
sent to two paralle expandlng circuits that srmultaneously recreate the mlssmg ,
picture elements of their respective stereoscoplc video sequence (right and
left). The thereby reconstructed original first and second images sequences are
then outputted to two displays for reproduction.

‘While that technology provrdes an interesting method for
Spatlally compressing/decompressing full frames, for storage or distribution
using a limited capacity channel (transport medrum) it does not address the
problem of convertmg a two 24 or 25 fps image sequences into a 30 fps stereo
sequence or boosting the playback rate to prevent flicking. F urthennore it does
not allow playback in other stereoscopic formats, including the page flipping
mode using a single display monitor or projector through time sequencing of the
rebuilt first and second image | Sequences Also, as for the previous example,

two parallel circuits are again requrred to carry out the reconstruction process
on both lmage sequences '
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Although the above examples show that different methods and

systems are known for the encoding of two video signals or images sequences
into a single signal and for decoding *SUch a composite signal to SUbsta‘ntialty

retrieve the ongmal signals or sequenoes these methods and systems of the

prior art are nevertheless lackmg lmportant features to provide a functional
system which enables high fi dellty recordlng, broadcast and playback of two 24
fos motion: plcture movies as well as 30 fps stereoscopic video programs, using

a single channel and conventlonal recording, playback and display equipment

of present manufacture as requsred for instance to meet the. expectatlons of
the home theatre market for 3D movies reproductlon

‘There is thus a heed for a novel stereoscopic program
encoding and playback method and system which can be readity used with
existing home theatre equipment to provide a high quality stereoscopic
reproduetion, still at an affordable cost, while enabling playback of a specific
stereoscopic video transport signat in a plurality of output formats. ‘

SUMMARY OF THE INVENTION
More specifically, in accordance with the invention as broadly
claimed, there is provided a stereosc0pic program encoding and playback

process and a system impleme‘nting- the process, comprising the steps of:

1- Topologically decimating first and second moving image ,sequences
having a ﬁrst'disptay rate, into reduced mosaics to form adjacent fields

of a third image sequence having a second display rate which is less '

than twice said first display rate; |

2- Encoding and transportmg said third image sequence through a data
transport medium; _

3- Retrieving said third image 'seqUence from said data transport medium,
and, |

= = NPT .
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4- Topologlcally :nterpolating reduced lmage mosaics from ﬁelds of said

third image sequence to substantlally rebuild images of said ﬁrst and
second image sequences
The process preferabiy comprises an additional step 5 wherein
said first and second rebuilt irnage sequences are time sequenced to form an
output image sequence comprised of successively alternating images from
each of said first and seoond @reb_ui-lt image sequences (page flipping mode).
According to altemate real time reading modes of the first and second rebuilt
iImage sequences, output sequenoe format can be arranged to comply with a
line interleaved, a column mterleaved an anaglyphic or a two-dimensional
presentatlon mode

There is further dlsclosed another embodiment of the process
according to the present lnventlon whereln step 4 further comprises:
Creating pairs of new |mages by temporai interpolation of ‘successive
images of the rebuilt first and second image sequences, and inserting one
imag_e from each of said tsmporally interpolated images pairs i:_nto each of
said first and second rebuilt image sequences to thereby increase their
display rate. ' i ‘

There is fu_rther :disclosed another embodiment of the process
according to the present invention wherein step 4 further comprises:
repeatlng |mage pairs into said first and second rebuiit image sequences to
thereby increase their display rate.

~ There is further disclosed another embodiment of process
according to the present invention wherein, first and second moving image
sequences have their display rate increased by inserting pairs of new
temporally mterpolated (created) or -repeated (read twice) |mages before
canylng out step 1 of the above process
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- According to another embodlment of the present mventron .'

said output image sequence has a normal display rate of R lmages per second
and is compnsed of 12 images per second from the first and second image
sequences 36 images per second spatually interpolated from reduced mosaics
of the first and second image sequences and R - 48 inserted images. Inserted
images can be repeated |mages or temporally interpolated |mages Should R
be equal to 96 images per second said output image sequence compnses 12
images per second from the fi rst and second image sequences, 36 images per
second spatially interpolated from reduced mosaics of the first and second
image sequences, each image being repeated twice.

According to a further embodiment of the present invention,
said output image sequence has a normal display rate of R images per second
and IS compnsed of 60 images per second spatially interpolated from reduced
mosaics of the first and second rmage sequences and R - 60 inserted |mages -
Inserted images can be repeated images or temporally mterpolated images.
Should R be equal to 120 images per second, said output image sequence
comprises 60 spatially interpolated images- repeated twice. '

‘There is further disclosed a system according to the present

“invention, compnsmg a dlgrtal video disk player a decoder and a vrdeo display

device, wherein said decoder: .
lnputs a signal from the vrdeo disk player representative of a sequence
of images having a Iett ﬁetd and a right field respectively representang |
reduced image mosaics, .
t0polog|cally interpolates reduced image mosaics from fields of said
rmage sequence to form a first and second sequences of rebuilt i images,
creates new images by temporal mterpolatron of successwe images of
the rebuiit t'rrSt and second image sequences, |
time sequences rebuilt images and created images to form an output
image sequence -comprised of successively alternating images from
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each of sald first and second rebuilt image sequences, and,

outputs sighals representatlve of said output image sequenoe to said
video display device. ' '

; All embodiments of the system can be further provided with

synchronized sound capability, characterized in that at playback, the recorded

sound track(s) is(are) time delayed by the deooder so to be outputted by a

sound reproduotion_ system in phase with the visual program. _

As it will become more apparent from reading of the following

detailed description, the present invention overcomes the : limitations and

drawbacks of the above mentioned solutions of the prior art, and amongst

other advantageous features the following can be enlighten:

The present invention provides an encoding method and a system

implementing the method which enable the compression of two 24 or 30 fps

image sequenoes in a format suitable for storage into a conventional digital
video drsk (DVD) or broadcastmg using conventional equrpment and
without substantlally perceivable loss of spatial and temporal information.

The present invention provides a playback method and system which
enable high visual quahty reproductron of stereosooplc programs by
reconstruction of the ongmal sequences and rate augmentatron for
presentatlon at rates from 24 to 60 full resolution images per second per
eye, in progressive or interlaced mode.

The present invention provides an encoding and playback method and
system whrch features full oompatlbrllty with commercially available data
storage ‘medium playback equrpment and display equipment, and more
specifically with MPEG main view . profile oompressron/decompresslon
protocols and oommercial circuits. ' -
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- The present invention provides a stereoscopic program playback method
and system which provide universal output signals which can be directly
used or converted to enable reproduction with any existing technology such
as head mounted displays (HIMD),' LCD, DLP and CRT rear ahd front
projécti_on TV'S, direct viev{f TV’Sfand computer monitors operating under
any universal standard \(NTSC, PAL, SDTV, HDTV, etc.), with shutter
spectacles, polarized eyewear, or anaglyphic glasses. . '

- The present invention provides an encoding and playback method and
system which provide eli_mination “or substantial reduction of flicking and
fatigue usuaily encountered in vieWing stereoscopic movies with the prior art
methods and apparatus.

- The present invention further provides a method and system which enable
encoding and decoding of two independent image sequences potentially
representing different and unrelated scenes.

" BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a is a schematic representation of a system according
to the present invention for the combression encoding of two planar image
sequencesf into a stereoscopic image sequence to be recorded onto a data
storage medium or broadcast on a single channe!.

Figure 1b is a sohematic representation of a system according
to the present *invention, fdr expénsion decoding and playback of a :
stereoscopic image sequence ;'previopsly encoded with a system such as
represented in Figure 1a. '
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Flgure 2a is a schematlc representation of a portion of a

drgmzed |mage 60 topotogically separated into two complementary mosaics of
picture elements, forming fields A and B of a merged image 60.

Figure 2b is a schematic representation of a portion of two
digitized rmages 50 and 50, tOpoIoglcaIIy decimated into reduced mosalcs ,
respectively forming field A and field B of a merged image 60. |

Figure 2c is a schematic representation of a process for the
spatial tnterpolatlon of a pair of demmated images commsed in a merged
image 60, to rebuild two futl-deﬁmt:on rmages 72and 72'.

‘Figure 2d is a schematic representation of a time—interpolation ,
process for the creation of a new rmage 52 from two images 50.4 and 50.5 with
a time delay '

Frgure 3ais a schematrc representation of a first embodrment
of a compressmn process accordmg to the present invention, for compression
encodmg two planar rmage sequences into a stereoscopic combined image
sequence. '

Figure 3b is a schematic representation of a first embodiment
of a decompression process accOrding‘ to the present inVe-nticn, for
reconstruction and temporal ;eXpansifon of a stereOsco.pic image sequence
previousty encoded according to a process- such as represented in Figure 3a.

Figure 4a rs a schematlc representation of a second
embodrment of a compression process according to the present lnventton for
compressron_ encoding two planar image sequences into a stereoscopic image '
sequence. : ' '
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Figure 4b Is a schemahc representatron of a second

embodiment of a comprss_sron process according to the presentlnventson, for
reconstruction and temporal expansion of a stereoscopic image sequence

'previousw encoded according to a process such as represented in F igure 4a.

Similar reference numerals refer to similar parts throughout the

various Figures.

DETAILED DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the method and associated systems
for encoding and playback of stereoscopic video sequences according to the
present invention will now be descri_bed in detail referring to the appended
drawings. ' '

Referring to Figure 1, there is illustrated a typical system set-up
according to the present invention, for the compression encoding of two planar
image sethences info a stereOSCopic image sequence. A ﬁrst-'-and a second
source of image sequenws represented by cameras 3 and 6 are stored into "
common or respectrve digital data storage media 4 and 7. Altematlvely, image
sequences may be provided from dtgrtrsed movie ﬁlms or any other source of ﬁ
digital ptcture files stored in a digrtat data storage medium or mputted in real
time as a digital video srgnal su:table for reading by a macroprocessor based
system. -Cameras 3 and_ 6 are shown in a position wherein their respective
captured image sequences represent different views with a parallax of a scene
100, srmulatlng the perceptlon of a left eye and a right eye of a viewer,
according to the conoept of stereoscopy Therefore, appropriate reproductron of

said fi Irst and second captured lmage sequences would enable a viewer fo

perceive a three-dimensional view of scene 100.
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~ Stored dlglta! image sequences, typically available in a 24 fpi
digital Y U V format such as Betacam 4:2:2 (motion plctures) are then
converted to an RGB format by processors such as & and 8 and fed to inputs
29 and 30 of moving image mixer umt 1, representing the main element of the
_encodmg system. It should be noted however that he two lmage sequences can
alternatnvely be converted on a tume—shanng basis by a common processor, to
deserve a need for cost reductron Mixer 1 compresses the two planar RGB
input sngnals into a 30 fps stereo RGB signal delivered at output 31 and then
converted by processor 9 into a betacam 4:2:2 format at output 32 and in tum
compressed into a standard MPEGZ bit stream format by a typlcal circuit 10 '
The resulting MPEG2 coded stereoscoplc program can than be recorded on a
conventlonal medium such as a Drglta_l Video Disk (DVD) 11 or broadcasted on _
a single standard channel through, for example, transmitter 13 and antenna 14.
'Alternative j;program transportmedia could be for instance a cable distribution
network or interet. ' ' '

Turning now to Figure 1b, there is illustrated a typical system
according to the present invention for the decoding and playback of the
stereoscopic program recorded or broadcasted using the system of Figure 1.
The stereo DVD 11 (3DVD) comprising the compressed information from said
first and second images sequences is played by a conventional player 15 of

current manufacture delivering a NTSC serial analog signal to the input 28 of

the stereo |mage decoder 2, the main element of the decodelplayback system.

Alternat:vely, any ATSC DTV srgnal |n its analogue or dagrtal format can be

accepted

Decoder 2 produces a synchroni'zed pair of RGB signals at
outputs 23 and 24, representative of sald first an second image sequences to
drive a dual input stereoscoprc progresswe drsplay device such as a head |
mounted display (HMD) 16. Further, decoder 2 produces a time-sequenced
stereo RGB signal at ou-tput 25 to supply' a single input progressive display
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device such as prolector 17, a 'LCD dlsplay 22, a CRT monitor or a SDTV or

HDTV 21, whereby images from said first and second image seguences are
presented in an altemating page ﬂipping mode. 'Altematively, the stereo RGB
signal -from output 25 may be c’onverted into an interlaced NTSC signal to be
reproduced by an analog CRT television set or in other stereoscopic formats
(ex: column interleaved for aut03tere030opic lenticular displays) Also, decoder
2 may be so internally conﬁgured to: output the stereo RGB signal at one of
RGB outputs 23 or 24 thus elrminatmg output 25.

Decoder 2 further produces a sync-timingsignal at output 26 to
drive an infrared shutter spectacle driver 20, driving spectacles 19. Shutler
spectacles 19 can be worn by a viewer to view a three-dlmensional program
projected for instance on screen 18 by projector 17 fed by stereo oumut 25, by
enabllng the viewer to altemately see an image from the first rmage sequence
wlth one eye and an image from the seco_-nd image sequence with his second ; |
eye.

As stated in the foregorng descnption the two original rmage
sequences contaln too much information to enable direct storage onto a
conventional DVD or broadcast through a conventional channel using the
MPEG2 or equrvalent multrplexrng protocol handlmg information at a rate of 30
fps. Therefore ‘mixer 1 camies out a decimation process to reduce each
picture’s rnformatron by half. The spattal decimation carried out by mixer 1 will
now be described by reference to Flgures.Za and 2b.

Figure 2a illustrates a portion of an image 50 as deﬁned by a
RGB video sugnal processed by mrxer 1 and decoder 2. In the RGB format
each pixel rs deﬁned by a vector of 3 digital numbers respectively indicative of
the red, green and blue 'intensity. In 'the system of the present invention, each
image is defined as being a superposiﬁon of two complementary mosaics. a
type A mosaic and a type B mosaic. By definition, mosaic A comprises the
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series of prxets (indicated by a solrd dot) startlng with the first pixel of the image

{pixels one of line one), fouowed by the third one and so forth throughout the
image, from the left to the right of each row and from the upper line to the last
one. The remammg pixels (indicated by the empty dots) are defined as mosaic
B. In the example of Frgure 2a, the two complementa_ry mosaics of image 50
are shown as being respectively stored in field A and field B of a common
merged. image 60, which rather provrdes a separation than a decimation
process per se. '

As better illustrated in Figure 2b, basically, images are spatially -
compressed by ~50%"by ke.eping only rnosaic A of images of the ﬁrt-;tsequence ,
(ex left eye sequence) such as 50, and field B of the images of the second
sequence (ex. right 'eye sequence) such as 50’ Keeping mosaicsf of different
types for each sequence promotes hrgher fidelity at playback when first and
second sequences represent dlﬁ‘erent views of a same scene. Altematrvety,
spatial compressron couid be camed out by saving mosaic A for even \
numbered images and mosaic B for odd numbered images, for both input
sequences, sO that two successwe images of the same eye would be rebuilt
from mosaics of different types and potentially stored in the-same compre'ss_ed '
frame. '

The above operatron Is accomplished by inputting the data of
one pixel at a time in a three-prxel mput buffer 5 as shown in Figure 2b Prxel
mformatron is then transferred rnto the apprOpnate memory location of one or
more frame buffer(s) each sennng to burld a drfferent merged |mage Mosaics
from dlfferent input images are concatenated side by side by pair to form two
adjacent ﬁelds (left field and nght ﬁeld) ofa new series of merged frames of the
original size such as 60 In the example rllustrated at Figure 2b, |mage 50 is
currently bemg processed whrle prooessrng of image 50 is completed yretdmg
a complete type A mosaic stor_ed in the left field (A) of merged image 60. It
should be pointed out -however that the merged frames do not necessarily
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ompnse an image from the first sequence and an image from the second

sequence, or images captured at the same time, as will be apparent from the
detailed descnptron of preferred embodiments of the compressmg/encodmg
(mlxmg) method As a matter of fact, in the example of Frgure 23, ﬂeld A and
field B of the merged rmage 60 are respectwely filled with mosaic A and mosaic
B from a same image 50. While that srtuatlon has been chosen to snmphfy the
illustration and corresponds to an actual sﬁuatron according to one of the
embodiments of the mventlon_ contemplated herein, it shall be deemed that
merged images such as 60 could comprise mosaics originating from any of the
inputted images. That side-by-side :'compressed transport .format is totally
tra—nsparent and unaffected by the compression/decompression -prooessing
characterizing the MPEG2 main view protocol downstream in the process.

‘Upon decoding of the merged images, reconstructlon of the
complete rmages is carried out by spatlally lnterpolatrng mlssmg pixels from the
compressed half-size images (mosaics) located in the fields of the merged
images such as 60. As rllustrated in Frgure 2¢, this is accomplished in real time
when each plxel of an input merged frame 60 decoded in decoder 2 is being
transferred to memory. Data of one plxel at a time is stored into a three-prxel
input buffer 65. As shown, the three pixels of the shadowed portion of input
image 60 have been stored m Input buffer 85, two adjacent prxels from the
same mosarc belng identified as P; and p;.4. Data of a third plxel P is then
calculated as bemg the arithmetic mean of each of the 3 components of the
RGB vectors of adjacent prxels (P; and Pis1). For example, if plxel P; has an
intensity vector of (10,0,30) and pixel Pm has an intensity vector of (20 0,60),
then, pixel P will be calculated as being (15,0,45). Therefore, the mean of two
identical prxels IS another rdentrcal pixel. That oaloulated (tologrcaity

rnterpolated) prxel will replace the mrssmg pixel decimated upon creation of the
mosaics from original image sequenoes such as 50.
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| Plxels Pi, Pi1 and P, are next stored in appropnate memory

locations of a frame buffer where the corresponding rmage s to be
reconstructed (image 72 in the present example). Passed the centre of each
line of the merged frame 60 (enterrng the right ﬁeld) data is stored mto a
second frame buffer 72°, to reburld the image from the mosaic stored in the
right hand tﬁeld-. of the stereo image. The process is followed line by line from N
left to right, until the two images are spatiatly reconstructed in their respective
buffer. In order to assure flickerless \ﬁewing, the decoding method further
comprises "tempor'at expansion of -im@age' sequences as wil'l be described in
detail in the follov\ring description. When frame buffers are completely filled to
provide oomplete rebuilt or temporallyfinterpolated images (no more than three
frame buﬂ’ers required in any embodrment of the reconstruction process and
system), they may be read accordlng to different modes to provide dlfferent

types of desrred output srgnals '

A first embodiment of the mixing method carried out by mixer 1
according to the present invention is schematically represented in Figure 3a of
the appended drawings and will now be described in detail.

A ﬂrst sequence of | images in RGB 24 fps format 50 |dent|ﬁed '
as L1 to L4 is first t|me expanded by 25% toforma 30 fps sequence of i images
such as. 51 by the creation and insertion of a new rmage 52 after every fourth
lmage of the onglnal sequence 50. New image 52 is tlme-lnterpolated from the
topologlcat rnformatron of the rmmedrately preceding and following images (#4
and #5 of original sequence 50) Each plxel of the new image 52 is caiculated
as the -arithmetic mean of the corresponding pixel in the precedent and
following image, in a ma’nner similar to the spatial interpolation technique
explained in the forego_ing description. Figure 2d provides a -speciﬁo illdStration . '
of the time-interpolation process where a new i.mage 52 is created from two
time-successive images 50.4 and 50.5 of input image sequence 50. Creation of
new images in the‘ present invention is generally accomplished according to
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that techmque to provrde lmproved fluidity at playback as compared for

instance to simple repetition of frames which would requrre Iess processing

power. Altematrvely, any known method such as movement anticipation based
methods, could be used for performrng trme-mterpolatron of images.

Images of the: tlme-expanded sequence 51 are then spatially
compressed according to the technique illustrated in Flgure 2b and described in
detail in the foregoing des_cnptron, to form mosaics represented by a new
sequence $3. Similarly, the second input image sequence 50’ is time expanded '
into the 30 fps -seqdence \ 51-’. .-ahd spatially compressed into- mosaics
represented by sequence 53’. In this specific embodiment, pairs of compressed
images -(mosaics) from the ﬁrst sequence 53 and the s_eoond sequence 53°
respectively and representing scene 100 at a same time, are then
concatenated to form a left field and a right field of merged images of a 30 fps
RGB sequence 80. * ' ;

Since trme-rnterpolated images may be inserted in the
sequenoe (when input sequences comprise 24 fps) compressed sequence 60
becomes |rregular Therefore ‘the encoding (mlxrng) process accordlng to the
present embodiment of the invention further includes insertion of information in
the compressed sequenoe 60 to enable identification of frame numbers as
needed .-by; the recOnstruction process to identify image content and rebuild
sequences with the proper sequen_tialf order (timing) and insert additionai
intsrpolated images at app.rop_riate '-Iocations in the sequence. Such information
may be stored in biank lines of merged images for insta-nce The usefulnessof
that procedure will become more apparent upon readrng of the following
description of the deoodmg process Thrs completes the mlxmg procedure per
se carried out by mixer 1. Further in the process, as described in reference to
Figure 1a, RGB merged image sequence'-eo (ex. AVl file) can be converted toa
digital Y U V format prior to being multiplexed into an MPEG2 bit stream format
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or be. drrectly converted lﬂtO an MPEGZ format rdentlﬁed by numoral 62 in
Figure 3a. '

it is wOrth mentioningf that in spite of the schematic diagram of
- Figure 3a, the processmg of the image sequences IS preferably not carried out
in parallel and with long sequences of images. Actually, only three images are
being buffered at a given time to enable temporal interpolation, and i lmages are
altematwely imported from the first and the second (left and right) sequences '
and processed on a plxel by plxel basis more like the process steps

represented in Flgures 2b and 2d

The decoding and reconstruction carried out by decoder 2
according to the first embodiment of the present invention wrll now be dcscnbed
by refemng to Fi lgures 3b, 20 and 2d.

~ Inthe examp!e shown in Flgure 3b, stereo MPEG signal 62 is
read from a DVD and is converted by the DVD player 15 (Flg 1b) into an
analog NTSC srgnal 70 inputted by - the decoder 2. NTSC sngnal 70 is first
converted mto an RGB format to recuperate merged |mages such as in
sequence 60. Reconstruction of first and second original sequences 50, 50’
can then be started by spatraHy interpolating and separating mosaics from the
left and fright .ﬁellds of the merged images from sequence 60 on a pixel by pixel '
 basis, as previcusly described with reference to Figure 2c, to form 30 fps
decompressed | buffered images such as 72 and 72’ Therefore spatial
mterpolatrcn and separation are actually camed out simuitaneously. Sequences
of RGB images 72 and 72’ could be directly outputted and displayed on a dual
input device to reproduce the ongmal programs or stereoscopnc program _
signals at a 60 fps (30 per eye) presentatlon rate. F urther prooessmg could also
be perfonned to present the amage sequences In an interfaced mode or in

sequence (page ﬂlppmg mode), anag!yphlc column mterleaved conventlonal
. 2D mode, etc. on a plurality of existing smgle input display dewces |
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However in order to enable comfortable and fatigue free

viewing, decoder 2 srgnlf cantly reduces ﬂrckrng by provrdmg output signals at a
typical rate of 36 full deﬁnition frames per eye per second, “while satisfying
jresults may be obtained at 30 fps per eye with high definition frames to match
refresh rates of SDTV or HDTV for rnstance On the other hand, output signals

up to 120 fps (60 rmages per second per. eye) can be provided by decoder 2 for

a very high ﬁdelrty reproductron such an output being compatrble however wrth
display devrces such as DLP pro;ectors and a lrmrted number of high end
devroes._ By expenence, a playback rate of 72 fps provides very good results,

provided image quality is preserved throughout the coding/decoding prOOess as

contemplated herein, such a frequency being a standard for most disptay

devices currently encountered in hornetheatre systems.

Therefore, the playback prooess camed out by decoder 2
preferably rncludes a further step to increase the presentation rate of

sequences 72 and 72’. Addrtronal rmages are inserted at regular intervals in the .

image sequence, using the temporal interpolation technique aiready explained
in the foregoing descnptron of the mlxmg process referring to Figures 3a and

2c. The posrtlon of insertion can be carefully controlled through the frame

number information stored |n blank lines of input sequence 60 at mrxrng
Altematlvely images from sequences 72 and 72’ can be repeated (read twice)

to increase the rate at presentatron For instance every |mage of the sequences

could be read twrce to double the rate of presentatron

In the example |Ilustrated in Figure 3b, one new lntermedrate
image pair 73, 73’, is trme-rnterpolated using information from rmages #2 and

#3 of sequences 72 and 72° respectrvely and inserted between images #2 and
#3 1o thereby rncrease the rate of the resulting sequences 74 and 74’ to 36 fps

(total of 72 fps for the stereoscoprc program) The process is parﬂy rllustrated in

‘ Figure 2c, where images #2 and #3 of sequence 72 are rdentn‘ied as 722and
72.3. Altematrvely, further |mages could be trme-rnterpolated and lnserted to
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provide a rate of say 48 frames per second per sequence fora total of 96 fps. A

rate of 60 fps. per sequence (eye.) (total 120 fps for the stereoscopic program) is
also an interesting case.wheré no interpolation is required. All of the images of
sequences 72 and 72‘ are merely duplicated to double the numberof images.
At playback, shutter Spectac:les are driven at a rate of 120 Hz and all the
~images of a given sequence are presented twice to the corresponding eye in
1/30 s. An unsurpassed clarity is thereby provided, but only a very limited range

of display devices can handle such a hlgh refresh rate. ‘

- It should be noted that the foregoing description has been
based on the fact that input sequenoes are supplled at a rate of 24 fps WhtCh IS
common for motion picture movies. However one can easlly appreclate that.
the mlxmg process can be easrly adapted to the case whereby two 30 fps
sequences (ex. TV programs) would be supplied, by merely sklppmg the
prelimi-narv step of temporal interpolation represented by tim;e-expanded
Sequences 51 and 51’ of -Figu're 3a. Obviously, since the d‘ecodlng process
always operates on a 30 fps lnput sequence, no substanttal adaptation is
requrred to that part of the process

A second embodlment of the mrxlng method camed out by
mixer 1 accordmg to the present invention will now be described in detail, by
reference to Figure 4a of the appended drawrngs This second embodiment is
partlcularly advantageous for addressmg the problem of convertmg two 1mage .

sequences avarlable ina 24 fps format to produce a 30 fps. MPEGZ (main vrew
proﬁle) fully compatlble sequence ' '

Full definition nmages from the two 24 fps sequences 50 and
50’ comprising mosaics A and B by deﬁnltlon are ldenttﬁed as LAB and R.AB
respectrvely (supposnng two sequences of a stereosooplc program), index “i
representlng the sequentlal number of a given image at time t;. Dashed Ilnes in
Flgures 4a and 4b indicate frame sequence. In a similar manner as for the first
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embodtment prevuously descnbed elght Input images are spatfally compressed

and tlme-expanded to form five new merged images in a new 30 fps sequence
80. It should be noted that in this _embodiment of the present invention, 25%
more of the original image ’informatiOn is preserved to be recorded or
broadcasted Indeed, two out of the elght original lmages (rmages L1 and Lz in

the example shown) have both of their mosaics A and B saved in f' elds of the .

compressed sequence 80 instead of one according to the first embodlment.

These fUIly saVed images are nevertheless encoded in the
form of two complementary mosarcs stored in side-by-side merged |mages
f elds to ascertain homogenerty of the encoded sequence and compatrbmty with
the MPEG2 compressron/decompressnon protocol, by providing a certain
temporal redundancy between successwe images. Better defi nition and fidelity
is thus generally obtalned at playback with respect to the prewously described
embodiment, but at the expense of increased processmg power requrrement
and system hardware cost. As for the above-described first embodrment the
encoding (mlxrng) process acoordmg to the present embodrment of the '

invention also further lncludes :nsertron of information in the compressed o

sequence 80 to enable |dent|ﬁcat|on of frame numbers as needed by the
reconstructlon process to |dentlfy |mage content and rebuild sequences wrth the
proper sequential order and lnsert rnterpolated images at appropriate locations ,
in the sequence. Again, such infonnation ‘may be stored in blank lines of
merged imagesfor instance. ' '

The correspondlng decodlng process carried out by decoder 2

according to the present mventlon is schematrcally represented m Figure 4b
and Operates as follows

The five merged frames 81 to 85 representative of 30 fps RGB
input sequence 80 are expanded to twelve images (six per channel) prowdmg '
playback sequencesso and 100 at 36 fps total (72 total, 36 per eye in the case
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of a tree-drmensnonal stereoscoplc program) In total, each group of twelve

successwe images of playback sequences 90 and 100, presented in a page

fllppmg mode acoordlng to the frame sequence mdrcated by dashed Ilnes 110,

comprises two integral onglnal images, six spatially interpolated lmages and

four temporally interpolated lmages.i Al_ternatlvely, sequences 90 and 100 could

be outputted separately in. parallel on two separate channels, as required: by

some dlsplay dewces such as a head mounted or auto-stereoscoplc devrces In

the illustrated example

9.

field thereof

. Image 91 (LiAB) is totally rebuitt from mosaic LiA stored in the left -
~ field of frame 81 of sequence 80, and mosaic LB stored in the right

lmage 101 (R/AX) is spatlally lnterpolated from mosalc R1A taken

- from the left field of frame 82 of sequence 80;

Image 103 (R28X) 1s spatlally interpolated from mosaic: RzB taken
from the right field of frame 82 of sequence 80;

Image 102 is temporally rnterpolated from i image 101 and image 103
lmage 93 (L2AB) is totally rebuﬂt from mosaic lmage LA, stored in

- the left field of frame 83 of sequence 80, and mosaic LzB stored in
_the right fi eld thereof:

lmage 92 is temporally mterpolated from image 91 (L4AB) and image

93 (LzAB) _
lmage 94 (LsAX) is spatlally mterpolated from mosaic L3A stored in

the left field of frame 84 of sequence 80;
- Image 96 (L48X) is spatlally lnterpolated from mosaic L4B stored in |

the right fi eld of frame 84 of sequence 80;
lmage 95 is temporally lnterpolated from images 94 and 96;

10. lmage 104 (RaAX) is spatlally lnterpclated from mosaic R3A stored in

the left field of frame 85 of sequence 80;

11 lmage 106 (RiBX) is spatrally mterpolated from mosaic R4B stored in

the right field of frame 85 of sequence 80; and
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12 Image 105 is. temporally mterpolated from rmage 104 andi rmage 106.

Obviously, one may easrly understand that such a
:reconstructlon process requrres proper rdentuﬁcatron of frame order in the 5
frame sequences constrtutmg mput sequence 80. Therefore a frame
recognition circuit is provrded in decoder 2 to interpret frame number
inforrnation stored by rniXer1 in merged image sequence 80. ‘

It can be observed that in this latter embodiment as well as in

the first one drsclosed in the foregomg description, the first and second image .

sequences are. belng encoded and decoded totally mdependently, without any
inference between each other enabhng processrng of original vrdeo sequences

refemng to rndependent scenes

, The above descnbed example of the second embodrment
processrng sources at 24 fps to yleld a presentation rate of 72 tps is only
lllustratrve of a more general process apphcable to 24 or 30 fps sources to

produce a stereo output at presentatlon rates such as 60, 72, 96 or 120 fps -

The chart below prowdes addltronal exemplary arrangements for 24 or 30 fps
sources and 60, 72, 96 or 120 fps presentatlon rates:

Source | Output (fps) [Original | Spatially- | Temporally- | Repeated

(fps) o images interpolated mterpolated |mages ' B

24+24 (72 “'- ' - ;36 - 24 "‘0 B
60
0 |
120r0  |Oor12

— . -

Ay ke By ko il |
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30+30 |96
30+30 | 120

———

| | :As stated above, RGB sequences 90 and 100 Obtained
through the above descnbed processmg could be directly outputted and
'd|3played on a dual input devrce to reproduce the ongmal programs or
stereoscopic program signals ata 72 fps (36 per eye) presentatlon rate Further

processing is however camed out by decoder 2 to provrde a combined
stereoscopic RGB output srgnal (not shown) compnsrng images of sequences :

90 and 100 in a time sequenced arrangement as indicated by dashed arrows
such as 110 Still refernng to the example of Figure 4b images would be time

sequenced by alternating left eye and nght eye images in the followrng order .

91, 101, 92 102, 92, 103, 94, 104, 95 105, 96, 106. This is acoomplished
through an appropriate read sequence of the complete images stored in
memory buffers

Presentation of the time ‘sequenced combined signal with a

standard projectoror another progresSive scan display device IS thus enabled

to display the stereoscOpic program in a page-ﬂippmg mode. Decoder 2
provides the necessary tlmrng srgnals to a driver of shutter spectacles which

can be worn by a viewer to vrew the drsplayed stereoscoplc program in a three-

drmensronal mode, wrth high ﬁdelity negllgrble flicking and high comfort. As

stated above,_ presentatlon rate can be increased up to 120 fps by inserting
additional tfemporally interpolated image pairs or by repeating certain image
pairs in the decodmg process. lt IS also contemplated in the present invention

that the RGB combined stereo output signal could be converted to another ,

known standard presentation format such as an mterlaced format or a
conventlonal 2D format.

It is further contemplated in the present invention that sound
tracks normally accompanyrng planar vrsual programs could similarly be

26
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-assocrated wrth the stereo encoded programs on the transport medlum At

playback sound tracks would normally be directed to a sound reproductron
?system and outputted as they are lnputted from said transport medlum
However, since processing ofi rmage sequences by playback decoder 2 causes
‘a given time delay between |ts input and output, said decoder also delays the
audio tracks by the same time delay to ensure that sound tracks and the visual
program are played with proper temporal synchromzatron Slnce the time delay
introduced by a given rmage processrng mode is a known invariable
rnformatron proper sound delayrng can aocordlngly be automatlcally selected ~
and performed by the decoder 2

Therefore, one can easrly appreciate that the above described
embodlments of the present mvention provide effectrve and practrcal solutions
for the recordmg of two motron picture sequences on a conventronal data
storage medlum and playback with conventlonal videodisk player or broadcast
source and display device, to enable viewing of stereoscopic 3D movies at
home wrth unmatched performance and comfort stlll at an affordable cost ina :
plurallty of output modes to match |nput srgnal requirement of a broad range of
display dewces For example a universal set top box fed wrth a smgle input
signal format as defined in the foregorng description, can be provrded with
selectable modes such as: page ﬂrppmg, row interleaved, column interieaved,
srmultaneous dual presentatron anaglyphrc eic. The encodrng/playback
method and system of the present invention can thus be advantageously used
in mlsoellaneous applrcatrons mcludlng the processmg of vrdeo sequences

. representmg rndependent scenes, wrth numerous advantages over the ,
solutrons of the prior art, '

Although the present mventron has been descnbed by means
of preferred embodiments thereof itis oontemplated that various modifications
may be made thereto wrthout departlng from the spirit and scope of the present.
invention. Accordtngly, it is mtended that the embodiment descnbed be
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considered only as illustrative of the present invention and that the scope

thereof should not be'.limited, thereto but be determined by reference to the
claims hereinafter provided and their equivalents.

Inventors
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