WD 2004/ 095426 PCT/ US2004/ 010913 1 METHOD AND

APPARATUS FOR CREATI NG AN EXPANDED FUNCTI ONALI TY
wOk@4/D9428/| DEO DI SC BACKGROUND OF THE | NVENTI B¥I/US2004/010913

TECHNI CAL FI ELD The inventibn relates to the fornat of

digital video discs (DVD articularly,

. More t he
| nvenMEBRHOD AN APPARATUS O GREATINGHAN EXBANDED
DVD content f ' e TR A | IVA orders
and DVD pl ayergp%whg@@#égglmlﬁ Digital
Vi deo Di scs or DVDs, have becone as popul ar as VCR
tapes. In a short tinme, DVD players nay replace VCRs.
Sal es of DVD pl BAGKGROUNDQ : AENITHAN
dramatically each year. The manufacturers of DVDs
envision the DVD to replace not only VCR tapes, but

CDs, laserdiscs, and WEeRANIGAE FIERD ri dges.
Currently, DVDs offer a platformthat can store up to

15. 9 Teednsintiphdetates trotheufarroatiel digival viden digce (BVEY). More

oSN BB SE37E T xRS PLRBopSiF Avp conten
for sdespdtite® tRabvidBYRcdraess SiEDYEplayeidie
mar ket pl ace. One exanple is U S. Patent No. 6,233,389

owned by the Applicant. There are a nunber of

technol ogy tren ' t r conti nui ng

to expand the o%ér%ﬁ?f@é%ﬁ%;%%ﬁ%nm ity.

Thes Piditaé Mitteo Didtee DVD$, rdveerdcdhtnas pdpuketdsyVECRdapés. In a
the invention of the DVR, are: the increasing densit

sprt fenee O\ Pl BiraLiePlcendaRa; Sakes ohRVEhelRuas haye been
i FENihY dPm IR defeh VP! 498 MBnBBEEL HDPHEIdEIsTon the
ent broa r 0 p gita

con cas S transition ure di
DD todiepdd e, nothenlg MOR &apgsabbinE@Pst faserdives, landaddes tame
station to the viewer is turning digital. DVRs are on
CEMIYeSef ront of offering digital storage and display

sol Utju%‘ﬁtly,q}‘?/b‘éldﬂgﬁ‘ﬁf@atfmat@aﬁesgoﬁ“@% ‘gd ?E@; (fEBs of video

i ncreased contro e storage an aybac
and @ditedatalnroadingle disicodlewsverTadypical rebersableeDNBI ¢art gnly

St BRTSO PR s D, VS osdoast progr e

PCT/ M2#80dddht9digital video recorders (DVR) have emerged in the
marketplace. One example is U.S. Patent No. 6,233,389 owned by the
Applicant. There are a number of technology trends in force today that are
continuing to expand the opportunities for DVR functionality. These trends,
whose initial existence directly led to the invention of the DVR, are: the increasing
density of gates on semiconductor media; and the increasing density of magnetic
storage on hard drive platters.

As content broadcasters transition to pure digital broadcasts, the entire
pathway from the broadcast station to the viewer is turning digital. DVRs are on
the forefront of offering digital storage and display solutions to the viewer. DVRs
offer the viewer increased control of the storage and playback of recorded
broadcast programs. The user has the ability to pause and rewind through live
broadcast programs which was never feasible using VCRs.
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SUMMARY OF THE INVENTION

The invention provides a method and apparatus for creating an expanded

functionality digital video disc (DVD). The invention gives a user the ability to
perform fine granularity special effects on DVD program material played on a
digital video recorder (DVR) and a DVD player. In addition, the invention
provides a DVR with greater DVD program material information when playing an
enhanced DVD.

A preferred embodiment of the invention creates an enhanced DVD with
index tables for the program streams on the DVD. Index tables point to key
locations in an MPEG program stream. Each entry in the index table is set by

the invention to point to beginning of a group of pictures (GOP) header in the
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The invention provides a seamless user experience between DVR content
and DVD content on a combination device that incorporates both features. An
invention-aware DVR reads an enhanced DVD and utilizes the index table files
on the DVD to perform special effects functionality that are equivalent to special
effects performed on streams stored on the hard disk of the DVR.

A further enhancement to the invention is for a DVR to store Electronic
Program Guide (EPG) metadata for each captured TV broadcast program onto

the enhanced DVD.
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Fig. 8 is a diagram of a user interface screen showing a detailed

description of a program stored on an enhanced DVD according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

" The invention is embodied in a method and apparatus for creating an

expanded functionality digital video disc (DVD). A system according to the
invention gives a user the ability to perform fine granularity special effects on
DVD program material played on a digital video recorder (DVR) and DVD player.
The invention additionally provides a DVR with greater DVD program material
information when playing an enhanced DVD.

The DVD standard provides “random” access of a DVD as long as the
accessed location is on a chapter boundary. Any accesses that require a finer

granularity than the chapter boundary creates a problem. A Navigation Table is
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Applicant and incorporated herein by reference and U.S. Patent Application Ser.
No. unassigned, entitled Digital Video Recorder System with an Integrated DVD
Recording Device, also owned by the Applicant and incorporated herein by
reference.

The input section 102 accepts television (TV) input streams in a multitude
of forms, for example, National Television Standards Committee (NTSC) or PAL
broadcast, and digital forms such as Digital Satellite System (DSS), Digital
Broadcast Services (DBS), or Advanced Television Standards Committee

(ATSC). DBS, DSS and ATSC are based on standards called Moving Pictures
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As the DVR controller 103 stores the MPEG stream onto the hard disk
104, it creates an index table. The DVR controller 103 reads the MPEG stream
and records the location of each elementary stream element (e.g., |, P, and B
frames) and most notably the beginning of every group of pictures (GOP) header
and the closest time stamp in an index table. It is possible to jump to any
arbitrary time, using the index table, by comparing all of the time stamps
available, finding the two timestamps that are the closest to the target, and doing

a linear interpolation between them to find out where to jump to in the stream
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DVD 202. The DVD controller 203 allows the user to navigate through the DVD,
play program material, and to perform fast forward and rewind functions.

A user inserts a DVD 202 into the DVD player 201. The user selects the
program material to be viewed via the DVD controller 203. The DVD controller
203 locates the program material on the DVD 202 and extracts and streams the
MPEG program video and audio from the DVD 202 to the output section 204.
The output section 204 converts the MPEG streams to an analog TV signal to
the TV monitor 205. The user views the program material via the TV monitor
205.
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vi deo 303 and audi o 304 packets carry the video
standard. VOBUSs that contain video are organized as an MPEG group of
pictures (GOP).

The navigation packs that enable interactive navigation of the DVD
content require a substantial amount of effort during the DVD authoring process.
The invention does not affect the standard layout of the VOBU streams, but
rather, works in conjunction with and takes advantage of the DVD standard.

The invention authors a DVD by:

1) Preparing video & audio content

The content may already exist, or it may be captured content from an

analog or digital program source, such as terrestrial antenna, analog cable

TV feed, digital cable TV feed, or digital satellite TV feed.



and audi o content in recording order. Subpicture
i nformati on 305 overlays the video content for

WO p@iogt4eé1g subtitles, captions, nenus, etc. TPET/VSEH010913
VOBUs are conpliant with the MPEG program stream
standard. VOBUs that contain video are organi zed as an

2) MPEBUijdingdndex tatile(shir es (GOP). The navi gati on packs
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standard | ayout of the VOBU streans, but rather,
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DVD [ ion authors a DVD by: 1)
3)Pre%&?ﬂgag&dggﬁ%dﬂﬁgbcontent The content may

al r exduteeiUDF fily systermay be captured content from an

anal og or digital program source, such as terrestrial

antenna, analog cable TV feed, digital cable TV feed,
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.aut horin rocess, te i t abl t hat
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file system A benefit of the invention i's that it
maiy)af thescoropbnents of atRYRedthesefosmd PR cae authed YDPs in the

bi t fft ' ' , .
ol greieh eBcrurLinar pear bt s M pRlpE BBt i EGcing
brbadEsdt Progfant aHi&mdl onW IDYBspect to Figs. 4 and 5, a

typi cal authorin _sYstem 401 contains many of the
conpdieptogram raatgwa. tothe puthered eataryithe arthaning systsmmg 01
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martial inVPETG forendddbto fHechadatisladosmt erial to be

aut hored enters the authoring system 401 .through the . .
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system 401 stores the program material on the hard disk 404 in the same
manner as a DVR and therefore has the ability to address the program material
at the same granularity as a DVR.

The system controller 403 creates index tables 502 for the program
material stored on the hard disk 404 in the same manner as described above for
the DVR. The index tables 502 point to key locations in the program’s MPEG
stream. Each entry in the index table 502 is set by the system controller 403 to
point to a GOP header in the program stream 501 and to.include a time stamp.

The GOP headers selected by the system controller 403 are dependent
upon the system setup. The system can select GOP headers at predefined
intervals, semi-random intervals, or at key locations. Generally, predefined
intervals are used.

The system controller 403 sets up the index table 502 either during

storage of the program material on the hard disk 404, during a scan of the



It is easy to see fromabove, that a DVR has the

ability to navigate within a streamat a nuch finer
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system 401 stores the progném material on the hard

di sk 404 in the sane manner as a DVR and therefore
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scans the stream 501 on the hard drive 404 or DVD
wdtién to the DVD 405, the system controller writes the index table 502 to the
DVD 405.

With respect to Figs, 4 and 6, the authoring system 401 needs to create
an enhanced DVD 405 that follows the DVD standard. The DVD itself is
organized using the Universal Disk Format (UDF) bridge format. The system
controller 403 creates the DVD standard navigation and control information and
writes the information to the DVD 405. The system controller 403 also writes
.VOB (video object file), .AOB (audio object file), .IFO (information file object),
and .BUP (backup file) files to a VIDEO_TS directory 601 or an AUDIO_TS
directory 602. The VIDEO_TS directory 601 is for DVD Video or DVD Audio

discs with video. The AUDIO_TS directory 602 is for DVD-audio only discs.



As the streamis scanned, the systemcontroller 403

creates the index table 502 for the stream When the
waecan/opE2€onpl et ed, the systemcontroll er 403 BCDUSR04/010913

the index table 502 on thelhard di sk 404 and/or wites

the index table 502 to the pre-recorded DVD 405. In
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efieds ane 9ch|@&@@hwéablwguffﬁmﬁa ©Sgad Hredobise i ﬁ?'e Any

WERPTRIEP o-PRRaBTH S Db aFF RO B e epiekiodcnd® Badke

attibl&d Vial theiimdéxabievA rdinrinvéntion-&0are BV Deplager witl play an
the index table files could he stored in the
‘eplanies PYP asiit pedldra nenab Ry baubi 0 TS 602 directori es.
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allows manyrtymvaofemémqﬂ taye ugdll to lohatedvnes mithin the MPEG
stream. Further, one skilled in the art will readily appreciate that, although the
index table described contains a timestamp and frame pointer, information can
be included or replaced to supplement desired tasks on a DVR or DVD player.
The invention provides a seamless user experience between DVR content
and DVD content on a combination device that incorporates both features.
Referring again to Fig. 1, an invention-aware DVR 101, reads an
enhanced DVD 105. The DVR controller 103 utilizes the index table files on the
DVD 105 to perform special effects functionality that is equivalent to special
effects performed on streams stored on the hard disk 104. The DVR controller

103 refers to the index table and uses its information as described above.



203 utilizes the index table files on the DVD 202 to
enable full special effects functionality. The index
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table files on the VD 105 to perform special effects
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PCT/ US2004/ 010913 12 Snooth fast_forward,_ reverse,
f'??'@ﬁ@%@%,s%ﬁ@l Pﬁﬁ@érﬁ%ﬁqq'eﬂiyr%vgpe-@?eapva $GaSA read-only
DR/LS aff cheiesla DordsppRuRg IhdTBRISHLN 8 RifiodrafiRUIGrdd ¥ the
DMIR's hardediBk e dtheddVR refergnees th@uindex (#Swheet theaiser plays the

h..ca ed TV.bhroadcast,_.pro monto the . enhanced
oifE T BV 8an bid RS os R s el s rafe e enever
tHREt$AplayEea DV Wbt Has! £8BIEEhdIeRMESBLIN the @orapr%t %hls saves the
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escribes the type of object information (netadata)
C%ﬁi?d'can be used by the invention.

Although the invention is described herein with reference to the preferred
embodiment, one skilled in the art will readily appreciate that other applications
may be substituted for those set forth herein without departing from the spirit and
scope of the present invention. Accordingly, the invention should only be limited

by the Claims included below.



Referring to Fig. 7, nmetadata is used to display
programinformation to a wuser, allow the user to
W@ e@nops4pes ogr am mat eri al based on program att r PGUSR04/010913
such as actor, genre, diredsor, etc., and to |ist
Qﬂi&_ﬁgm stored on the DVD. The netadata can be used
Bsplay a list of programmaterial stored on the
DVD 701.. The nanes of the program 702 is stored in
the nmetadata. Referring to Fig. 8, a program
1mat eAimbtesoetr adsdtimgean psing iam\eeﬁHm]c@M'Big?ifdl R disc RD),
W t h enqugh infof[rmtion to display detailed program
C?WPH?'HQttH%ﬁtem-such as the program s textual content
su i di di ment of the
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speccating fapcindextatde;r ead- only DVD. The DVR scans a
read- onl DVD and create correspondj ng i ndex_ table
{ hat WPETdR ABTEs NI SPIC Y& ddlR Rt (O BPROECHEeRIMtRIN Said
dighal pM¥BramieaRhaesrdds; i ndex tabl e when the user plays
the DVD. The DVR can build a |library of index tables
t hat wheeein saisk eraating slepraslects spftbspesific frames a piddefined
thati Itw‘%& @,stored index table in the library. This
save @5 DVR the tine required to reproduce an index
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the invention 1s described herein with reference to
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subs\{vl for thosée set herein w thout
departing fromthe spirit and scope of the present
i nveption. Accordingly, the invention should only be
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afdVvD), conprising the steps of: reading a digital
program materi.al stream . creating. an index table;
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frames within said digital program material stream
wherein said creating step selects said specific
3.f r anBize grogese @éGlaigu2, funther saimprising the step of:

storing metadata associated with said program material stream in said
directory; and
wherein said metadata contains information regarding the content of said

program material stream.

4, The process of Claim 1, wherein said index table is written into a DVD
standard VIDEO_TS directory on said DVD.

5. The process of Claim 1, wherein said index table is written into a DVD
standard AUDIO_TS directory on said DVD.



witing said digital programmaterial streamonto a
DVD according to a DVD standard; and witing said
WO paen9i4abl e onto said DVD. 2. The process of BUHUA2004/010913
further conprising the step4of: creating a new
directory on said DVD that is not a DVD standard
6di r edhermypceseref Wi di, furtagreomprising tigl gepofuri tten
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associated with said programnmaterial streamin said
directory; and wherein said netadata contains
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TS directory on said DVD. 5. The process of Caiml,

wherein said index table is witten into a DVD
8st andAEPraetssOTfdaln Pe Mher§inSrid regtingstepgreates said index
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di gital program rraterl al streamon a hard disk. 7. The
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wherein said creating step creates said
[ ndex tabl e while it scans said digital program
te strea n(?Itor sai d hard g}sﬁ 9. The
Qa §p<5?’c%ﬁ M J Jriel COMRSNLIE HEPE O cr eat es
sai dréédiﬁg(antnﬁdé)@ta@% ﬁr@trﬁsaw @@l program materi al
streamls witten onto said DVD. 10. The process of
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said digital stream to perform said special effects.

11. A process for performing enhanced special effects during playback of a
digital video disc (DVD), comprising the steps of:

scanning a digital material stream on said DVD;

creating an index table while scanning said DVD;

wherein entries in said index table point to specific frames within said
digital program stream;

wherein said creating step selects said specific frames at predefined
intervals within said digital stream;

saving said index table on a temporary storage device;

wherein said saving step indicates that said index table is specifically for

said digital stream on said DVD.



wherei n said playing step uses said index table to

reference franes within said digital streamto
w@eockorirecai d speci al effects. 11. A process fBCT/US2004/010913

perform ng enhanced speci allSeffects during playback of

a digital video disc (DVD), conprising the steps of:
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sé@ﬁﬂgm s%'éah?ﬁfﬁeﬁé\% 8air PBchAlfebRIPOr ary storage

device; playing a digital streamon said DVD to a

user; receiving user commands for said playing step to
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cuaiprigige rate fast forward and rew nd, frame step,
pause, and play functions; and wherein said pl ayi ng
st epaug@@ulgéoaraa@maﬁsgjnaéptqgra@fr@atef@é streafeés wit hin
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crealm ng dnd usi ng an enhanced
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according to a DVD standard; and

a module for writing said index table onto said DVD.

14.  The apparatus of Claim 13, further comprising:
a module for creating a new directory on said DVD that is not a DVD
standard directory; and

wherein said index table is written into said directory.

15.  The apparatus of Claim 14, further comprising:

a module for storing metadata associated with said program material
stream in said directory; and * -

wherein said metadata contains information regarding the content of said

program material stream.



according to a DVD standard; and a nodule for witing

said index table onto said DVD. 14. The apparatus of
w@h@i9u3e further conprising: a nodule for crPE/UAYPOL010913

new directory on said DVD tihat is not a DVD standard
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assocl ate program material streamin said
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directory on said DVD. 17. The apparatus of O aim 13,
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for storing said digital programmaterial stream on
hard disk. 19. The apparatus of C aim 18, wherein

d ex ta as said.
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said creating nodule creates said index table whil

it scans said digital programmaterial stream stor ed
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inalexdable whilg it atany said digitahpeosgram st nsireamr stbkchon said
onto said DVD. 22. The apparatus of Caim 13, further
h Wﬁn%'?i%si ng: a nodule for reading an index table from
said DVD, a nodule for playing a digital streamon

said DVD to a user; receiving user conmands for said
2bi ayiThe apoatdtys Dthaemfh?r iwhepreini sdid ceddtimgtraodule orgates said

Bl Rl el RGeS 2 b,
rew nd, f r ane step, pause, and play functions; and
22.  The apparatus of Claim 13, further comprising:
a module for reading an index table from said DVD;
a module for playing a digital stream on said DVD to a user;
receiving user commands for said playing module to perform special
effects during playback of said digital stream that includes, but is not limited to:
variable rate fast forward and rewind, frame step, pause, and play functions: and
wherein said playing module uses said index table to reference frames

within said digital stream to perform said special effects.

23.  An apparatus for performingenhanced special effects during playback of
a digital video disc (DVD), comprising: |

a module for scanning a digital material stream on said DVD;

a module for creating an index table while scanning said DVD:;



wherei n said playing nodul e uses said index table to

reference franes wthin said digital streamto
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perform ng enhanced speci all7effects during playback of

a digital video disc (DVD), conprising: a nodule for
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23 further conprising: a nodule for reading an index
table fromsaid tenporary storage device; a nodule
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vafidldetrate fast forward and rewind, frame step, pause, and play functions; and
wherein said playing module uses said index table to reference frames

within said digital stream to perform said special effects.



