[DESCRIPTION] [Invention Title] METHOD AND APPARATUS FOR THE VARIED SPEED
REPRODUCTION OF VIDEO IMAGES 5[Technical Field] The following description relates to a
method and apparatus for the varied speed reproduction of video images. [Background Art] A
technology for reproducing a video image in a three-dimensional (3D) manner has been 10developed.
When a person sees a screen, an image projected on the screen is formed in each eye of the person.
Since human eyes are separated from each other in a horizontal direction at a predetermined
distance, two-gipEssionati(3R) images seen by the left eye and the right eye are different from each
other. A distan betwe {.IN points of the images formed in the eyes is 15called parallax. The
human brain ¢ mYJmes 02D |magTes that are, the left-eye image and the right-eye image, to
generate a SR AFEABAT UST IO G G BibBLGIAr SHaHy R Tedaty s Hinic
effect of ¥ BaB{edMAES3D image which is sensed by a user. 20FIGS. 1A and 1B illustrate a
diffesence in theTetibiiceffBel dktween subjects having different binocular disparities sensed by a user.
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andthe &@’lﬁﬂé’é‘@%ﬁobj 35In response to the distance deye2eye between the left and right eyes
and the distarlé&e human brain combines the two 2D images, that are, the left-eye image and the right-eye

image, to generate a 3D image that looks realistic.

The size of a binocular disparity affects a level of a cubic effect of a subject in the 3D image
which is sensed by a user.

20 FIGS. 1A and 1B illustrate a difference in the cubic effect between subjects having different
binocular disparities sensed by a user. A cubic effect Depth sensed by a user in FIG. 1A and
FIG. 1B may be expressed as Equation 1.

Depth=deye2TV * dobj2obj/(dobj2obj + deye2eye) (1)

where deye2TV relates to a distance between the user and a screen of a display device,

25  dobj2obj relates to a horizontal distance between subjects in a left-eye image and a right-eye
image, and deye2eye relates to a distance between the user’s left eye and right eye.

In response to sizes of the subjects being the same, as shown in FIGS. 1A and 1B, and a
ratio between binocular disparities in FIGS. 1A and 1B corresponding to 1:2, a ratio between the
distances dobj2obj in FIGS. 1A and 1B corresponds to 1:2.

30 As shown in Equation 1, the cubic effect Depth sensed by the user may be proportional to a
value obtained by multiplying the distance deye2TV between a TV and the eyes by the distance
dobj2obj in an X-axis direction between the subjects in the left-eye image and the right-eye
image displayed on the display device, and the cubic effect Depth is inversely proportional to a
value obtained by the sum of the distance deye2eye and the distance dobj2obj.

35 In response to the distance deye2eye between the left and right eyes and the distance
deye2TV between the user and the display device being fixed, a binocular disparity of each
subject determines a level of a cubic effect sensed by the user.

In response to the assumption that the distance dobj2obj in FIG. 1A being 1, the distance
dobj2obj in FIG. 1B being 2, and the distance deye2eye being 1, a binocular disparity sensed by

40  the user in FIG. 1A corresponds to 0.5* deye2TV and a binocular disparity sensed by the user in
FIG. 1B corresponds to 0.67* deye2TV.



deye2TV between the user and the display device being fixed, a binocular disparity of each subject
determines a level of a cubic effect sensed by the user. In response to the assumption that the
distance dobj2obj in FIG. 1A being 1, the distance dobj2obj in FIG. 1B being 2, and the distance
deye2eye being 1, a binocular disparity sensed by 40the user in FIG. 1A corresponds to 0.5* deye2TV
and a binocular disparity sensed by the user in FIG. 1B corresponds to 0.67* deye2TV.  In response
to the user requesting to reproduce a video image at a playback speed, frames having different depth
perceptions afie kepradecediat ayhaprespredsiepiedant komieonaimal speprytnathpevoiisnie
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video im#tfesyideiantageous Effects A video image which is reproduced in a three-dimensional (3D)
manner may bEDgptoditedd at a playback speed in a two-dimensional (2D) manner. 15[Description of
Drawings Flﬁagc}l,ﬁsl & B ﬁﬁ:}wews illustrating a difference in a cubic effect sensed by a user

between subjects having different binog rdlsp rities. FIG. 2|sa&|agram ﬁustratm n example of
o aparate T 1RSRGBE MG BT FHETS <A A T St RS SRSt e

appiratu® iishrébhreairdnesd \‘}i'd%thﬁ%l&ém%W@ah(ﬁBét?%ﬁ’é%e&naéﬁaﬁ%bYQ%‘i‘p%ﬁ?%]r Bymditdestream
number &P efabiedhtshidfea rafkegence playback speed value is included.  FIGS. SA through SC
are graphs illugtsatingtageexantpdetof a change in a cubic effect of a reproduced video image. FIG.
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reproducing %i{ €0 image in a ree-qimensio ﬁ?) manner being requested to reproduce the

vidéd image a 9‘?%‘3&%189@5&%}%&? N is a natural number equal to or greater than 2), and in
response to thEG8quidsané g dueindgethe Hdeoatmage difftreiig plagaticspled. StFdebepradecing
of the videovwswagalsttihehhixiptadibizeins paeduhal diganepsoducing the video image at the Nx playback
speed in a twprdimensianaridP)IN&AARE an example of an apparatus for reproducing a video image.
FIG. 3 is a diagram illustrating an example of an apparatus for reproducing a video image.
20 FIG. 4 illustrates an example of part of syntax of a stream number (STN) table in which a
reference playback speed value is included.
FIGS. 5A through 5C are graphs illustrating an example of a change in a cubic effect of a
reproduced video image.
FIG. 6 is a flowchart illustrating an example of a method of reproducing a video image.
25 [Best Mode]

According to an aspect, a method of reproducing a video image is provided. The method
includes reproducing a video image in a three-dimensional (3D) manner, being requested to
reproduce the video image at an Nx playback speed (N is a natural number equal to or greater
than 2), and in response to the request, reproducing the video image at the Nx playback speed.

30  The reproducing of the video image at the Nx playback speed includes reproducing the video
image at the Nx playback speed in a two-dimensional (2D) manner.
The reproducing of the video image at the Nx playback speed may include, in response to
the number N exceeding a reference playback speed value, reproducing the video image at the
Nx playback speed in a 2D manner.
35 In response to the number N not exceeding the reference playback speed value, the method
may include reproducing the video image at the Nx playback speed in a 3D manner.
A video stream and additional information about the video stream may be stored in a disc,
and the additional information may include the reference playback speed value.
The additional information may be included in a stream number (STN) table stored in the
40  disc.
The method may include extracting the reference playback speed value from a reproduction
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The reproducing of the video image at the Nx playback speed may include, in response to the number
N exceeding a reference playback speed value, reproducing the video image at the Nx playback
speed in a 2D manner. 35In response to the number N not exceeding the reference playback speed
value, the method may include reproducing the video image at the Nx playback speed in a 3D manner.
A video stream and additional information about the video stream may be stored in a disc, and the
additional information may include the reference playback speed value. The additional information may
be includgshinaausireaniiditeeseEirh) tabieegiosed in the 40disc. The method may include extracting
the referencelayhathenasd MRiMAITARA IEPOJUEoN APRAkAYS GRafiowrd te-petformghe smgthod.
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In another aspect, a device for reproducing a video image is provided. The device includes
an apparatus including a signal processing unit configured to reproduce a video image at an Nx
playback speed (N is a natural number equal to or greater than 2) in a three-dimensional (3D)

25  manner, and in response to reproducing the video image at the Nx playback speed, reproduce the
video image at the Nx playback speed in a two-dimensional (2D) manner.
[Mode for Invention]

The following detailed description is provided to assist the reader in gaining a

comprehensive understanding of the methods, apparatuses, and/or systems described herein.

30  Accordingly, various changes, modifications, and equivalents of the systems, apparatuses and/or
methods described herein will be suggested to those of ordinary skill in the art. Also,
descriptions of well-known functions and constructions may be omitted for increased clarity and
conciseness.

FIG. 2 illustrates an example of an apparatus 200 for reproducing a video image.

35 Referring to FIG. 2, the apparatus 200 includes a first video decoder 210, a second video
decoder 220, a left-eye video plane buffer 230, a right-eye video plane buffer 240, and an output
unit 250.

The apparatus 200 may further include a user interface unit (not shown) configured to be

used for interaction between a user and the apparatus 200 and receive a control command from
40  the user.

The apparatus 200 may read a video stream from a disc loaded into the apparatus 200 or

download a video stream from an external server via a communication network. The apparatus
3



[Mode for Inventionl  The following detailed description is provided to assist the reader in gaining a
comprehensive understanding of the methods, apparatuses, and/or systems described herein. 30
Accordingly, various changes, modifications, and equivalents of the systems, apparatuses and/or
methods described herein will be suggested to those of ordinary skill in the art. Also, descriptions of
well-known functions and constructions may be omitted for increased clarity and conciseness. FIG. 2
illustrates an example of an apparatus 200 for reproducing a video image. 35 Referring to FIG. 2, the
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left-eye image and a right-eye image may need to be combined, in order to generate a 3D image.
25  The output unit 250 may sequentially output the left-eye image and the right-eye image every
1/120 seconds to enable a video image to be reproduced in a 3D manner.

The user may request the apparatus 200 via the user interface to reproduce a video image at
a playback speed. In response to the user requesting a trick play mode operation, the first video
decoder 210 and the second video decoder 220 may decode some frames corresponding to a
30  playback speed requested by the user. The trick play mode operation may be a fast forward
operation or a fast rewind operation. The output unit 250 may alternately output the frames that
are selectively decoded by the first video decoder 210 and the second video decoder 220 to
enable a video image to be reproduced at the playback speed.
In response to a video image being reproduced at a playback speed, since only selected
35 frames instead of all frames included in a video stream are decoded, a change in a depth
perception between the selected frames may be increased drastically. The video image may be
reproduced in a 3D manner.
In order to solve the problem of the drastic increase of depth perception, the apparatus 200
of FIG. 2 may enable a video image to be always reproduced in a 2D manner at a playback speed
40  requested by a user.
In response to a user requesting the apparatus 200 to reproduce a video image at a playback
speed, the apparatus 200 may always reproduce the video image in a 2D manner at the playback
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25The output unit 250 may sequentially output the left-eye image and the right-eye image every 1/120
seconds to enable a video image to be reproduced in a 3D manner. The user may request the
apparatus 200 via the user interface to reproduce a video image at a playback speed. In response to
the user requesting a trick play mode operation, the first video decoder 210 and the second video
decoder 220 may decode some frames corresponding to a 30 playback speed requested by the user.
The trick play mode operation may be a fast forward operation or a fast rewind operation. The output
unit 250 gpaydalternately output the frames that are selectively decoded by the first video decoder 210
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the reference playback speed value may be changed by a user and stored in the apparatus.
In response to the playback speed requested by the user exceeding the reference playback
speed value, the apparatus 200 may allow the first video decoder 210 or the second video
30  decoder 220 to decode the video stream or may allow the output unit 250 to output only an
image stored in the left-eye video plane buffer 230 or the right eye plane buffer 240 to enable a
video image to be reproduced in a 2D manner at the playback speed.
As such, the apparatus 200 of FIG. 2 may reproduce a video image, which is reproduced in
a 3D manner, in a 2D manner at a playback speed.
35 FIG. 3 illustrates an apparatus 300 for reproducing a video image.
Referring to FIG. 3, the apparatus 300 may include a video decoder 310, a left-eye video
plane buffer 320, a right-eye video plane buffer 330, and an output unit 340.
The apparatus 300 may further include a user interface (not shown) for receiving a control
command from a user.
40 The apparatus 300 of FIG. 3 is different from the apparatus 200 of FIG. 2 in that the
apparatus 300 includes only one video decoder 310.
In response to a video image generated from a stereoscopic video stream being in a vertical
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value when a product comprising the apparatus 200 or the apparatus itself was manufactured, or the
reference playback speed value may be changed by a user and stored in the apparatus. In
response to the playback speed requested by the user exceeding the reference playback speed value,
the apparatus 200 may allow the first video decoder 210 or the second video 30 decoder 220 to
decode the video stream or may allow the output unit 250 to output only an image stored in the left-eye
video plane buffer 230 or the right eye plane buffer 240 to enable a video image to be reproduced in a
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vidae plane bidtfenBateandéhepiahiceydanidep plangbuffer 330 may temporarily store the left-eye
image and thﬁlr%@b&i/s% '{Haagﬁséﬁ%&&é%{ﬁlg the a %&MP@EU%% 8&%@%@1‘@'%@%@%@8 a
left-eye img elﬁ{% ag “19'%} ?gﬁly %ﬁ; Scfe G‘staenll it eiyeu %Qe%e%’i%b re%?? %%%‘5} rigpteye
video Iane 3 the'v rodu ina f{:‘u { n' response
toa user‘ﬂsé’&dggq{ﬁagﬁh Sp‘f) RSPy B0 %éef AP N

playbackKSEEES ROTECsPRAHIREItAGASHEE B&XQF‘?@? &%%‘ﬂ%ﬁﬁ by e ¥& user interface, the video
decder 310 apueosddoselaseeddaanEsgititezrpoblb ffilhde, rapintiicalks wn@spmdlﬁg a0 tNe Nx
playbackpéndadireperstdd bypiratus80(Roky rdspgnseimdunsehd ediesiinggthm apfianatus304 the
reproduce-apligeadiageiambix Riryhack whedes the RpRANIS:RRAINAY NGRS [RRyPSIkCeHERE

video imag N ANt g dRiay hagk Breatn & M ak Asi& ik WSIHEr e eumhe e
exceeds afreferen eﬁ) é&backggsfed value and reproduce the video image in a 2D manner in

e n xceeding the reference (?Aaxback peed value.

resgonse tO EI (li
n the present example, In order to repr e a vi eo 1mage 1 a 2D manner at an Nx

playback speed, when decoding selected frames, the video decoder 310 may use only
information for generating the reference view image or information for generating the additional
view image and store the image in the left eye plane buffer 320 or the right-eye video plane
buffer 330 to generate only a reference view image or an additional view image.

30 In this case, the output unit 340 may output the video image stored in the left-eye video
plane buffer 320 or the right-eye video plane buffer 330 to enable a video image to be
reproduced in a 2D manner.

In another example, the video decoder 310 may store a left-eye image and a right-eye image
in the left-eye video plane buffer 320 and the right-eye video plane buffer 330, respectively, to

35 enable a video image to be reproduced in a 2D manner and allow the output unit 340 to output
only the image stored in the left-eye video plane buffer 320 or only the image stored in the
right-eye video plane buffer 330.

FIG. 4 illustrates an example of part of the syntax of a stream number (STN) table in which
a reference playback speed value is included.

40 When a disc (not shown) is loaded into the apparatus 200 or 300, the apparatus 200 or 300
may read a video stream from the disc and decode the video stream to reproduce a video image
in a 3D manner.



25In the present example, in order to reproduce a video image in a 2D manner at an Nx playback
speed, when decoding selected frames, the video decoder 310 may use only information for
generating the reference view image or information for generating the additional view image and store
the image in the left eye plane buffer 320 or the right-eye video plane buffer 330 to generate only a
reference view image or an additional view image. 30In this case, the output unit 340 may output the
video image stored in the left-eye video plane buffer 320 or the right-eye video plane buffer 330 to
enable a videghirsagetidload sRAUCRE BN ZRXsRARNGH. abdi aRetideexaempieistherétan danoedsy 310
may stora@réafﬁﬂ?e'meae aid @T‘Hhﬁéﬁbéec@égﬁoﬁhg‘%i'@ﬁﬁ%ﬁw'm@“ai Q@sé%@t@@@ﬂﬁay
right-eye, e RIaN RHTIRG % JESRE IVl 8.2 BRI R, page to be reproduced in a 2D
manner an ow the output unit 340 to output c? gt el i@?e store dn.thelleft-ege video Ian%‘buffer
320 or only tHE'5adb MBI e AGRISS RS HES HIATB TS B G ERI AL IRLPAESD Ay &aliple of
part df the S eAeyRaA8H ARRcH l}h?o&d@ﬁ@f@gménﬁg hRied et dREUTBMialK Yttt AR
included dap¥wpessepidiscofrioy sleown)is [panedddtaietbp priest sy o0 ernaobotaapparanssdeodl.or
300 mayTeradethideasti@amdtomrispotisctandadpesde teprvitlee stvédm taagprodydeydadkiepeiriage
in a 3D apRelg the AltfokNdaRiersninhichrregisonainiormation abstghebideorsieamfissiered may
also be stpraddthe gisg, b 8INHBhle cosirsRaudsivitirlabisshoning slirs desianated iy play
tems and infgrmation aliaed ip.beraprodised alon N e gliog, ainsean AL lo generates
the video stream the additional.inférmatioh about ftir‘\’e wg? frearh and stofes the vjdeo stream
and the UGARBIIAFSHRBIER 1A SQd RABHA 4 988 el s 3 Oideodrige B el hom
the videcREFAAIUS FREBYGHUTAYSE BB iRsbitediinTihe laRhFiléidde in response to a request to
reproduce a \Re&utimagetat afipfaybatk siheed sanawingthe Gathoy kD detabaindrctideshoid vERle at
which a $ixplayhiaek ihdtistes fohoad toMhikngettccas2bpre pidaiusticanmeste: i evviistetRd i ddde
imagge is jkepiarduaestimaaDmammer; ihGdpprspanse dea vidgadinage-pringrerradisachaidat a
p|aybaCkp§~£}%%€k'%@E@%HQQ&%H&@&&N%EQ&PéH&@(&?BUQHéQE_eY'?@Qq’&Q_ﬁ%d% g@xﬁimﬂalmf@er
words, aih‘%e% sy Hé’ﬁﬁeﬁpﬁfﬁ)é’ aglg%sﬁ é{;%tlfs“,c’egii'ﬂ%\és i:ejl__?[%lgget '”VEHSP'%H\A fanie.8f £1Gye4-
Refernngbto G. ,.thegs%ntax of the #a Enc udesafie o]f ixed offset i ast%r_ han. lle a
stereosc ?%0 &6 82 %%EBSTAP&&EW'[ the STRABle 15 is reproduced in a 3D manner, in
response to d 05er'$%¥EHREst tdrepfethaisea video thiage i plyBaEk sskddsshd ife pib§batikldpeed
reqiesteliksdilvdéfotietfiFasfan Thanr bpwaterandithg nupibendhbemgrbreoutiiediin 209 eld00 may
Fixed_offsptoifueashervifibanntiye wdedDmagadree dstdxd rgmrddysed.in lm2Eisnasmér nspeastada 3D
manner. themaxaBiPke bisl i e SpansSepisa ity 200 oHBUERHHG e dadbentoldied ingd 0 HSE hanner
Faster_TQqu%qua§|§d@g §Bgeapmber N being 2, the apparatus 200 or 300 may reproduce the video
image in a 3D,manner at the 2x plavback speed. In this,case, inresponse to nu r N being 6,
the apparais 200 G 200 Ha AL e VS Ayt b & 21 a%?“gégg %&gq%@%a%gaio%ed.
As Sich TS SERRmB Y PAE SRRTp e SORRE AT b IS SAFRIR 0015 St 5y e g &
referencdI9RY/ BRRRED R A/ ARG A it B PRIABTCL forblTHBPETHA {5 BERsfith WriciFcatingeo
image is tits benaprotidee ai3 ) 20rapapdisncdha ddeenargeranarpkpybade seceduser requesting the
apparatus 20BIGIS3G\ tchrepghdiCelthatnidem imagekt af playlagk spaedibic Efe§. Glatheprigined
illustrate da«xampie of a change in a cubic effect of a reproduced video image. 30FIGS. 5A through

5C ifjustrate g:fH3ngR iMAcHPICEIfRELAIESAARSE 13 8 ABMLBRIMAIEsponse to a 3D video image

being reproduced at a normal speed, at a 2x playback speed, and at a 6x playback speed,
respectively.

A left graph of FIG. 5A illustrates a depth perception of each frame reproduced in a 3D
manner along a time axis, and a right graph of FIG. 5A illustrates a playback sequence where

35 only selected frames are used for a playback speed reproduction.

Since a video image is reproduced at a normal speed, for example, at a 1x speed, all frames
illustrated in the left graph of FIG. 5 are selected and are shown to a user as in the right graph of
FIG. 5A. In this case, a change in a cubic effect per unit time sensed by the user is a difference
in a depth perception between a current frame and a previous frame, and may be expressed as



being reproduced at a normal speed, at a 2x playback speed, and at a 6x playback speed,
respectively. A left graph of FIG. 5A illustrates a depth perception of each frame reproduced in a
3D manner along a time axis, and a right graph of FIG. 5A illustrates a playback sequence where
350nly selected frames are used for a playback speed reproduction.  Since a video image is
reproduced at a normal speed, for example, at a Ix speed, all frames illustrated in the left graph of FIG.
5 are selected and are shown to a user as in the right graph of FIG. 5A. In this case, a change in a
cubic effec Zggr umZéw@i ed by the user is a difference in a depth perception between a current
frame and and may be expressed as Adepth@1X At FIG. 5B illustrates a case
where a 3D video iage is reproduced at a 2x playback speed. A left graph of FIG. 5B shows a depth
perception of each Tframe reproduced in a 3D manner along a time axis. In response to a user
requesting th€lapfBalls20@0n 36& toliepradiidevaled videge inagpradwa @k glaybaghagbedd stieed.
apparatus 280 era3AQLSHEGISSBhORE oidepenpbre fiasnes aachdespdes trsisetacted iBINMamelected
frames f%'i&h m ﬁi@%ﬂ%Spﬁ?fﬂe%%ﬁ%g%t'ﬁ’%&r@rl!&iigﬁlﬁ as aseliddios i the ol war IeﬁEéQaSB
a“d e ”a?t F8l %'“Sé%étecﬂea§ s, ! dBe ?é&%r%‘ %’é'%‘ 1y \?f right
grap %e acér% %ﬁjenoseﬁ u I onlyt ﬁg gF eléaééme%ll 0 Ieongraph
of FIG. 5 a‘ﬁwe? 8% %8 Whited’ M THE é IR B85 Heiihy a%’é?] iy
reproducd8, laqéﬁ%tﬁ@@ffnaasehﬁlblﬁfgtﬂ&e i &R WJ%P%&?%@?&(}%@@W‘WF@
expressdddisatadahandpstindlingbie bfdelt geanhnit fitke SBnsed by a  user in response to a video image
being reproducetiat @ dph piabackB piedrigdoampihib ek higjuendryiadadityvortimids thbetadchangs in a
cubig effeetRercfinirlivhersENSedBY A/ s&ipibhkeIDANSErivnasLibviciegeiagadelily seppdecad B3R

normal SpEQd-seqlidfiiably AUPRIRIER S 3RMideR Ma@-ReI0g RPradvVaatt AL ASX RIaHPACK IREEH: A left
graph of FIG. 5C illustrates a degth E‘erceptlon of each frame reproduced in a 3D"'manner along a time

axis. In response to a uéd i apparatus 200 or 300 to reproduce a video image at a 6x
playback speed, the apparatu eéoo or 300 selects only one of every six frames and 20 decodes the
selected fkpmesedelected fram For a 6x playbacihspgedn epeasuctfacarseingisaigddyeaszdligyline in
the left 9{@%9&&%&&@@%}&&%@%@%@&@?@%&I&%%@%@ﬁ%ﬂ@&b@ﬂe@aqg PiIEStsr aRihaf FIG.
5C. m| dI h of It:IGn g&lllusctrlat &f@fﬁee‘f Sequ {aprcn% 'n%léje O‘Jg,gué/ethe eIecte frames
in the Ieft mg 11 arse to tﬁ rames ilustrate the middie grap FIBFIG. %8:

bein se& fgfﬁ/gF &JSBH)%%?%?{ W%%&B&@%ﬁect per un|t time sensed by the Adepth@6X
FIG. 5C illustrates a 3D v1deo image being reproduced at a 6x playback speed. A left

graph of FIG. 5C illustrates a depth perception of each frame reproduced in a 3D manner along a
time axis. In response to a user requesting the apparatus 200 or 300 to reproduce a video image
at a 6x playback speed, the apparatus 200 or 300 selects only one of every six frames and
20  decodes the selected frame. Selected frames for a 6x playback speed reproduction are indicated
by a solid line in the left graph of FIG. 5C and unselected frames are indicated by a dashed line
in the left graph of FIG. 5C.
A middle graph of FIG. 5C illustrates a playback sequence including only the selected
frames in the left graph of FIG. 5C. In response to the frames illustrated in the middle graph of
25  FIG. 5C being sequentially reproduced, a change in a cubic effect per unit time sensed by the

Adepth(@WOX

user may be expressed as At In this case, a change in a cubic effect
sensed by a user when a video image is reproduced at a 6x playback speed is found to be much

higher than a change in a cubic effect sensed by a user in response to a video image being
reproduced at a normal speed or at a 2x playback speed.

30 The human brain may combine two different images seen by the left eye and right eye to
recognize one object. In response to a change in a cubic effect between reproduced frames
being too high, a disturbance occurs in response to the brain using a left-eye image and a
right-eye image to recognize the object and the user feels dizzy and the user’s eyes feel strained.

A right graph of FIG. 5C illustrates a playback sequence in response to depth perceptions of

35 the selected frames in the left graph of FIG. 5C being adjusted.
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At user may be expressed as. In this case, a change in a cubic effect sensed by a user when a video
image is reproduced at a 6x playback speed is found to be much higher than a change in a cubic
effect sensed by a user in response to a video image being reproduced at a hormal speed or at a 2x
playback speed. 30The human brain may combine two different images seen by the left eye and right
eye to recognize one object. In response to a change in a cubic effect between reproduced frames
being too high, a disturbance occurs in response to the brain using a left-eye image and a right-eye
image to recagnike ihresehiesk anpighariserpiasle dizayred theuusers ayesipalsiainesl.of 5ght@raph
of FIG. 5( M@t%sﬁd@@%ﬁgé SEIUERRIPURIP tqnée a?@tﬁi%e@@@flﬂ ofRPthessg'raigdftames
in the lef %on%*a Bgfgéé éa% %tg%h ther' &G %%Q §X9[H %ﬁ ;g&%%ﬁ%ﬁ o ‘ﬁﬁﬁner
requestl aratus tore uce |m eata

apparati 200 BP0 e L' f;c;e &2 5?5 %&tgaa AR P g 8 e i
to bé repPbdtiethi-aloDSFARREY ér AIRgS n%rp Prek speerh F%%‘;}Féi;f%h By tHhe rerréneectaiftsack
speed varferbesagpgarkosiBast edacthihn, dppasimnplé) 81 P acpreBicpidbadkespuaageetjuestd by
the user exoceedst tthe fefeienceblgdedck spdes amkehthpppparali® 200 @r 3Ptorkpredunesstheavideo
image inZ2R:manngteatdhribydtaybask sreadubicthis paetsthaiapparalies, 200:p6 R0 epEqsieiaes
frames i & Omai@pejcafter depth perceptions are adjusted to predetermined values, as shown in the

“ghFograph ° g u}@ft%? af d&%’a {340 FXAMRIG Ol J%qét@aﬁg fJ%%mﬂH&%%g a[‘)ﬂgegﬁér%%%% The

apparat 0 m eo stream t €o |

operation E1BT 410 AR 61%?038&%&%63&03” e ﬁfé@ ou %gg?eo??e@ﬁ%easer t0 reproduce a
video image & Qﬁqxs@ﬁ{a%%db%aegﬁff(m@%orfgtépa W&rﬂlﬁ’e‘t‘sé&&&ﬂéa%"r BrEstersiRdArom fgfper to
operationcGPOlubeappaaine 200 ar BOoptsteselinpeed/ MEtitet tatural mbabN exeddoongehiee Hwm
playback23peed value. The reference playback speed value may be included and stored in additional

inforsnation staregdmaciiszelang Wipaanideosseann deiiemisterencthplaybackisRead valvednay be
stored inarREROTYIR ThacRRRRL R0 @h3QQrdR /RO yﬁﬁ%ﬁﬂe&dt%ﬁﬁf Cﬁep |avRael %‘Pﬁed
value may e seleciat B A %&{a@o%m%mzep e 3&9 eXtracs, t§ ! ;ré PELIRYRRS

speed va 0 ISC ort aratus pparatus 2 rec ves m the
user a ref E%'?waccg acYﬁ %Bé%y ﬁjét%’éetdbk?tﬁe‘%%f’r%da em diHhe (?e?é e playb &R E)reed
value witheiePithsariRrancinibdigiotpezb e appabatisdestsd 8y Seietermines that the number N
excieds the Pherapeespive ptybadk&petactalbe refreneerdayprokewdsdo dperationtBedise @pdration
630, the appanatiu2ADOIEDOrepeagypeesibe Mideo Xitemieeinea Abnmannaseat thefebnpdaylbgbkckpeed.
In anothgpaspesludrsepeyation 620l Iesnpnse (RherapRes PUFHRA opA0 dRIeHNING hahte
number [\;does not exceed the reference playback speed value, the method proceeds to operation
640. In operajon 640, BQ%V'%S(? @95 '%5? sr%Bcer (ﬂg er%"f‘ﬁ‘e”et%a% 81’1\'11)‘&&%'313’5%“‘( SBSS%I
30Examples ofé es | In aratus inclu Eiu raa/lp ?Odein OB comﬁué% aptop
Corﬁf)utefe%ﬁ%}lfﬁepﬂ%% ack spee va ue t e method procee s to operation eratio
apparatus 200 or 300 reproduces the video stream in a 2D manner at the Nx playback speed. In
another aspect, in operation 620, in response to the apparatus 200 or 300 determining that the
number N does not exceed the reference playback speed value, the method proceeds to operation
640. In operation 640, the video image is reproduced in a 3D manner at the Nx playback speed.
30 Examples of devices including the apparatus include a blu-ray player, a desktop computer, a
laptop computer, and the like.
The present invention provides a method and apparatus for reproducing a video image,
which is reproduced in a three-dimensional (3D) manner, at a playback speed by adjusting a
cubic effect of the video image.
35 A video image which is reproduced in a three-dimensional (3D) manner may be reproduced
at a playback speed in a two-dimensional (2D) manner.
Program instructions to perform a method described herein, or one or more operations
thereof, may be recorded, stored, or fixed in one or more computer-readable storage media.
The program instructions may be implemented by a computer. For example, the computer may
40  cause a processor to execute the program instructions. The media may include, alone or in
combination with the program instructions, data files, data structures, and the like. Examples of
computer-readable media include magnetic media, such as hard disks, floppy disks, and
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The present invention provides a method and apparatus for reproducing a video image, which is
reproduced in a three-dimensional (3D) manner, at a playback speed by adjusting a cubic effect of the
video image. 35A video image which is reproduced in a three-dimensional (3D) manner may be
reproduced at a playback speed in a two-dimensional (2D) manner.  Program instructions to perform
a method described herein, or one or more operations thereof, may be recorded, stored, or fixed in
one or more computer-readable storage media. The program instructions may be implemented by a
Com|Outemfgarea&aﬁpm@p&r@pﬁﬁmutﬁrcm@yc@m@ma@mr@ﬁewm@@xgﬂweébﬁdamﬂéam mﬁﬂrw@tlons
The me%@%d&@#%ﬂﬁ%&?é%@@fé&'rﬂ%@ﬂé’v éﬁh@l?@%ﬁ@%ﬂ&?%%tﬁ@%ﬂ%@&&?&

structure li e d hard
e I S O BT i
magneto’ é) 1251 P& i 3IRR gss BS%%P%? PEDEEEEY that Sres'%ﬁééfaﬂ ﬁ?%BP’ea to
storé an&%@?ﬁérrn%&ﬂawmgm%h%aéﬁvaé%%tgrﬂmhrowm@ﬂn r B%E?éé’élﬁﬁ’eﬁﬁ‘ory
(RAM), fiastrpreseiorylaaddtherike . imstanitas. ofsfotrapelivetractions frcldudrimsedimy codetwsoidh as
produceddypkdscoompiters wnchfies chatairingfhighederetacbaalthatmey he &xeauiiadddyftiion.
COMpUteFuiS AP H) e EetBKkafd 1 8naragi:aMa HEUSHRIASh ihaitd orsebivearemmayrhedisiiirsad aMer
network ﬁ%%%’sCO'R%t%ﬁ&%@mﬁaﬁ%nQﬁfsﬂ&%&%ﬁ%{ﬁf%daﬂeg%ﬁ‘@Cf&@c%ﬁﬂ]iﬁhﬁag'§{E'%Ha%le
fashion. Eof, §§H&B ?q&h&f%f&"ﬁ%{& dara.m é‘ s?}ﬁéﬁ%(%% £ O BRTEOMBKIGE rerdable .

recording, me uncti odes, an [ accom
exampreq%egrrhé%arﬁwglamr%% RBATH EiRBREISN 8%2%%?@; %ar%rrr@rs foHSH e ar
to which #A€ @ﬂbaarrﬁéeﬂgdﬁ%&aﬁs%%w%ﬁsaﬁavegrﬁdﬁﬂﬁ@rﬂomﬁa?ag% %fﬁt]’%q‘d%}?éto‘i‘é@fi‘é Ehfthe
figures appetABiIMCOrasperitittg Beschptivnd ey proofearhe fsiromisccan®ideseribeld imilwagsepadm an
operationatveamethita rasynipdehahdware, maftvbare, arfsome parkiinatimniof hardwesenpoidsoftwlare.
Fori@xamplaptihe vhRitviial briaseiware paskage funning on a computer or the 15computer on which
that software js fiyipg ot &%m@%%&%%@ﬂplfe%é}ﬁ}é% beepdesqrhathakove: NaMesthalrs b y!l be

understogg) hatwaiols magications may g made ef xay sbfu'gaﬁrsr%ats LI e

the descg é au s are dina drffﬁ*gnt order and/ f{ one %:

system, SFCAIBEAIESHRGHES, F&F& PQFS BrioHES I YdraréRt &P RSP e Blal el

20sup IV REIBRSBI B Se 0s FHERERAVEIEIG 1A cH RN, lBﬂﬁ’é‘FTn%‘B RiisRIfieRts e
withih theusgopaated ebfodhwingoohmensntiCIANIVIS ¢QuayaentsA retivodiagle prddudinglenitesamrage,
the methad eathipridingcappodduciiol @wideddimage in a three-dimensional (3D) manner; 5being
requested to reproduce the video image at an Nx playback speed (N is a natural number equal to or
greater than 2); and in response to the request, reproducing the video image at the Nx playback
speed, wherein the reproducing of the video image at the Nx playback speed includes
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reproducing the video image at the Nx playback speed in a two-dimensional (2D) manner. 10[Claim 21
The method of claim 1, wherein the reproducing of the video image at the Nx playback speed includes,
in response to the number N exceeding a reference playback speed value, reproducing the video
image at the Nx playback speed in a 2D manner. [Claim 31 15The method of claim 2, in response to
the number N not exceeding the reference playback speed value, the method further comprising
reproducing the video image at the Nx playback speed in a 3D manner. [Claim 41 The method of
claim 2, whereraxidgg]stream and additional information about the 20video stream are stored in a
disc, and the 'tionril information includes the reference playback speed value. [Claim 51 The

method of claith 4" Whetein the additional information is included in a stream number (STN) table

stored in the dist. PEfthphisRroduciig ddthe dietdaihs MabRASPEMIHASIng extracting the reference
playback speedspiedufiomaavidppdtiuetion appasadusavititnl@dPioypearorm the method. [Claim 71 The

methsod of clainbéinfunthpresehpsisapgoBire detviidea iefegenceapldibpblyispdeshealuNset bynatwaér;
and storingniBerreferenserpiaiackapegadn@lue in the reproduction apparatus. [Claim 81 The
e e S AT
left-eye img o Ovrvﬁ rénrrllgf%l}tlf:e %ﬂirncq)glgl%ﬁ% okef{h%yviéggglmagg E% %'é & %]a%:‘ac% speecP {HGaEY
reproducing the V1de(¥ image-at the Nx playback speed in a two-dimensional (2D) manner.

10 [Claim 2]

The method of claim 1, wherein the reproducing of the video image at the Nx playback
speed includes, in response to the number N exceeding a reference playback speed value,
reproducing the video image at the Nx playback speed in a 2D manner.

[Claim 3]

15 The method of claim 2, in response to the number N not exceeding the reference
playback speed value, the method further comprising reproducing the video image at the Nx
playback speed in a 3D manner.

[Claim 4]

The method of claim 2, wherein a video stream and additional information about the

20  video stream are stored in a disc, and the additional information includes the reference playback
speed value.

[Claim 5]

The method of claim 4, wherein the additional information is included in a stream
number (STN) table stored in the disc.

25 [Claim 6]

The method of claim 2, further comprising extracting the reference playback speed value
from a reproduction apparatus configured to perform the method.

[Claim 7]

The method of claim 6, further comprising:

30 receiving a reference playback speed value set by a user; and

storing the reference playback speed value in the reproduction apparatus.

[Claim 8]

The method of claim 2, wherein the reproducing of the video image in the 2D manner
comprises:

35 decoding a video stream to generate a left-eye image and a right-eye image; and

outputting the left-eye image or the right-eye image.

[Claim 9]

The method of claim 2, wherein the reproducing of the video image in the 2D manner
comprises:

40 decoding a video stream to generate a left-eye image or a right-eye image; and

outputting the generated image.
11



[Claim 91 The method of claim 2, wherein the reproducing of the video image in the 2D manner
comprises: 40decoding a video stream to generate a left-eye image or a right-eye image; and
outputting the generated image. [Claim 101 An apparatus for reproducing a video image, the
apparatus comprising: a user interface configured to request reproduction of a video image at an Nx
playback speed (N is a natural number equal to or greater than 2); and 5a signal processing unit
configured to reproduce a video image in a three-dimensional (3D) manner, and in response to being
requested by g agghiq@gproduce the video image at the Nx playback speed, reproduce the video

image at the Nxplayiac Sheed-i) AiaIMARSIoNal 2 @e@éﬁﬂg{uigiﬁiw%gsjlgﬁ;OThe apparatus of
' !

laim 10, wh to. lue, th
el proceStA LT SATLEE et WAL R HUCA b el SpABAch & 26 AT i

121 STRRIAPPARRIS S IMIRPIICIHALIR /T FF¥SPYHEEH 3AE number N not exceeding the
15reference playbyigies peesgsraigeiniiecoitfigiprote sepnedunit fepidagupaghevidBudendigecatitimalNx
playback(3pe¢eshimer 3ihdnanrepofStaimbitdig requekiel dpparatustoiregpainiutd theheirio andgleatstream

and addiNgnglayasm apiesdl 2RPvs dhe: iBle 91856 Ak 2éan S 1BEEM tNpRadiise kand dhenag ditieaahigfgignation
includes ﬁ@g refesgace playback 20speed value. [Claim 141 The apparatus of claim 13, wherein the
additiona in?or(&?;[&% 1iﬁ'ncluded in a stream number (STN) table stored in the disc. [Claim 151

10 The apparatus of claim 10, wherein in response to the number N exceeding a reference
playback speed value, the signal processing unit reproduces the video image at the Nx playback
speed in a 2D manner.

[Claim 12]
The apparatus of claim 11, wherein in response to the number N not exceeding the

15  reference playback speed value, the signal processing unit reproduces the video image at the Nx
playback speed in a 3D manner.

[Claim 13]
The apparatus of claim 11, wherein a video stream and additional information about the
video stream are stored in a disc, and the additional information includes the reference playback

20  speed value.

[Claim 14]
The apparatus of claim 13, wherein the additional information is included in a stream
number (STN) table stored in the disc.
[Claim 15]
25 The apparatus of claim 11, wherein the reference playback speed value is stored in the
signal processing unit.
[Claim 16]
The apparatus of claim 15, wherein the user interface receives from a user a reference
playback speed value set by the user, and
30 wherein the signal processing unit stores the reference playback speed value.
[Claim 17]
The apparatus of claim 11, wherein the signal processing unit comprises:
a decoding unit configured to decode a video stream to generate a left-eye image and a
right-eye image; and
35 an output unit configured to output the left-eye image or the right-eye image.
[Claim 18]
The apparatus of claim 11, wherein the signal processing unit comprises:
a decoding unit configured to decode a video stream to generate a left-eye image or a
right-eye image; and
40 an output unit configured to output the generated image.

[Claim 19]
12



25The apparatus of claim 11, wherein the reference playback speed value is stored in the signal
processing unit. [Claim 161 The apparatus of claim 15, wherein the user interface receives from a
user a reference playback speed value set by the user, and 30wherein the signal processing unit
stores the reference playback speed value. [Claim 171 The apparatus of claim 11, wherein the signal
processing unit comprises: a decoding unit configured to decode a video stream to generate a
left-eye image and a right-eye image; and 35an output unit configured to output the left-eye image or
the right-eye imageolapater-1&latie apataigs alcdiaim hhyibe insireignatdiocespiogrbimit for
comprisescecutifeILERABE YNLFRRAIGHIEY 1edEGRAGA YIdaR Blsaahipanerate a left-eye image or a
right-eye image; ??Qdﬂ%grg%%%‘i‘ﬁg %‘%ﬂf'ag&ﬁ%g-h‘%ﬁ%ﬁd?‘c}]h&*f?ﬁﬁﬁ%ﬁ% gg.image. [Claim 191 A

computer-read rﬁ e recording medium-having embo thereon a program for exgc(%ﬁlng a method of
reproducing a SRANE el ISE Krits aid5 rPPE GG N VBB AT AN e eHERL onal
(3D)’mariivdrver equabiqqy seRiestadNtd)iépfoduce the video image at an Nx playback speed (N is a
natural 5numbeinggerines ¢ gresganesarcpioduring iheeigrmiseags tiche dieslayeiiodpradg the video
image at the Nxwiengacthspepdodvicarginfhévepiddocinggd the thdedimabetatcthespieglaydiadks
speed inghyeles tans eklucingothaadeeotimapepatyibe Nxpplayhackweperteinsaiwqaiineasianal (2D)

manner.
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