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audi o prograns recorded on disc nediaj for exanple recordable digital video
di scs, hard dri yaprOVENENTE F00PVD NAVIGATION INPORIVIATIONN of the Related
Art Various devices have been devel oped to enabl e consuners to record video
and/ or audi o prograns forFORtIBIPROVERNTRICKIVIORESY devi ces include tape
recorders, video cassette recorders, recordable conpact discs, and nost 15
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byst hereabinfen 'RidlyD- R The acronym DVD-R is also used generally to refer to
the witTe-once, or record-once, 20 technol ogy. Several formats are
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to refer espective rew it t echno ogl es. erence herein to

rew i igaddse HAYD drRcdsnai deyagridty ioptizahdibcsiet hods is generally intended to
enconpass all of the standards which are now being used, as well as those

wh@ch may be developed in the future. In many cases, the program
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and/or audio programs for later presentation. Such devices include tape

recorders, video cassette recorders, recordable compact discs, and most

15  recently, recordable digital video discs (DVD). Hard drives and magneto optical
discs have also been used.

A DVD that can be recorded on only once, and thereafter is essentially a
DVD read only memory, is referred to by the acronym DVD-R. The acronym
DVD-R is also used generally to refer to the write-once, or record-once,

20 technology. Several formats are available for DVD's to be recorded on, erased
and re-recorded; that is, overwritten or rewritten. These are referred to by the
acronyms DVD-RAM, DVD-RW and DVD +RW. As of this time no uniform
industry standard has been adopted. The acronyms DVD-RAM, DVD-RW and
DVD + RW are also used generally to refer to the respective rewritable

25 technologies. Reference herein to rewritable DVD technology, devices and
methods is generally intended to encompass all of the standards which are now
being used, as well as those which may be developed in the future.

In many cases, the program presentations are recorded in the viewer
and/or listener’s absence, for presentation at a later, more convenient time. This

30 s referred to as time shifting the program. At other times, a program is being
viewed and/or listened to without being recorded, and with out any interest in a

recording, but the viewer’s and/or listener’s attention is interrupted, for example



viewed and/or listened to wi thout being recorded, and with out any interest
in a recording, but the viewer's and/or listener's attention is
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for exanple interrupting the play back of a prerecorded program or
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fromthe recording.. Unlike conputer hard drives, recordable DVD devices
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information (DSI) for the video object unit in which they are included. 25
The paddisionat functiamtwbich isfRianig brck BrararersiedeP ¥ 's. offumdhergisngn and

P a¢ PraoRihurssfiegP T et R eReRRaRY e e B ERhEIRAREE, o
di rechj,@evide’Chhat can be used instead of a computer hard drive. It is a challenge
to provide such devices with improved, advantageous features without
compromising the goal of decreasing costs and increasing sales.
A group of pictures (GOP) stored on DVD media is typically contained
20 within a logical unit referred to as a video object unit (VOBU). Typically, the
VOBU contains about12 or 16 pictures, together with associated audio data.
Further, each VOBU begins with exactly one navigation pack (NV_PCK). The
NV_PCK conventionally contains presentation control information (PCI) as well as
disc search information (DSI) for the video object unit in which they are included.
25 The presentation control information contains details of the timing and
presentation of a program. The disc search information is composed of relative
addresses of NV packs of VOBUs in the forward and backward directions. Each
NV_PCK also includes the data size of the first reference picture in a GOP and
the end address for the first three reference pictures in the VOBU. This is the
30 only clue given as to the structure of the VOBU.
The disc search information is useful in performing “trick” modes of

playback, that is, any mode of disc player operation other than normal play, stop



NV PCK al so includes the data size of the first reference picture in a GOP
and the end address for the first three reference pictures in the VOBU.
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15 information contained within conventional NV_PCKs the fiexibility of display in

trick modes is severely limited. For example, the NV_PCK data does not include

much information regarding the internal structure of each GOP contained within a

VOBU.

20 Summary of the Invention

The invention concerns a method for providing improved trick mode
performance in a DVD having a plurality of video object units (VOBU) where each
of the VOBUSs contains a navigation pack. The method involves storing on the
DVD within each navigation pack certain supplemental disc search information

o5  (SDSI). The SDSI can include one or more of the following: a picture structure of
the VOBU: a number of fields to be displayed from each picture in a normal play
mode; and a number of groups of pictures (GOP) contained in said VOBU.

According to one embodiment, the picture structure portion of the SDSI
can be comprised of information concerning a format of each GOP contained

30 within said VOBU; a sequence of picture types in each said GOP in the VOBU;

start addresses for each picture of said VOBU; and end addresses for each

picture of said VOBU.



the VOBU; a nunber of fields to be displayed fromeach picture in a normnal
pl ay node; and a nunber of groups of pictures (GOP) contained in said
VOBU. Acworodi3pgsot o one enbodi nent, the picture structure POFUBWBOGE t he
SDSI can be conprised of information concerning a format of each GOP
contained 30 within said VOBU, a segyence of picture types in each said
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nunbe pi ctures contained in a GOP which can be 10 di splayed for a
sel ecpgrtutes cantained iBise¥ @BUt his determination, the trick node

presentation may sel ectively inyolve displaying only |-pigtures and
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npsies diddisy & eseatsaldcead MYk eods. IBaBetiash this dies@iminatignonhy tack namde onal
nunber of 1-pictures and P-pictures contained in the GOP if the selected
tri ck prextntatiendnay setastivebt infvelveldigplayina®rdy I-pigurenand FppEtuiess and

cont aPRBEPINAAThANESIFo BasavepHbearerasadt aphonatmier SIS BRI "t he
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information can be used for managi ng a data _buf fer of ?D_Di\él;[)u%esvi ceto
oph i mimdted to displaying only a fractional number of |-pictures and P-p
contained in the GOP if the selected trick mode speed is too fast for displaying all
of the I-pictures and P-pictures. According to a preferred embodiment, the
selected pictures contained in the GOP to be displayed are determined before
beginning the decoding and display of the VOBU containing the GOP.
20 According to another aspect of the invention, the method can aiso include
the step of processing the SDSI to calculate the size of each picture. This
information can be used for managing a data buffer of a DVD device to optimize
at least one of a picture jumping sequence and a number of pictures stored in the
buffer responsive to a selected trick mode. This information can also be used for
o5  determining other information useful for managing a data buffer including which
set of the pictures contained within a GOP is to be displayed, which of the
pictures held in memory are for multiple decoding, and how much memory is
needed to store a desired one of the pictures.
According to an alternative embodiment, the invention can also include a
30 DVD device for providing improved trick mode performance. The DVD device

has special processing facilities provide for storing certain SDSI on the DVD

within each navigation pack. The SDSI can include one or more of the following:



at | east one of a picture junping sequence and a nunber of pictures stored
in the buffer responsive to a selected trick node. This information can
al so bewgend:desy 25 determ ning other information useful PCAYUSOA&EES ng a
data buffer including which set of the pictures contained within a GOP is
to be displayed, which of the pictumses held in nenory are for nultiple
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pi ctures. cording to an alternative enbodi nent, the invention can al so
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The DVD device according to the invention can further include processing
facilities for determining a selected number of pictures contained in a GOP which
can be displayed for a selected trick mode. Based on this determination, the
trick mode presentation may selectively involve displaying only I-pictures and P-

20 pictures contained in the GOP. This would be the case if, for example, the
selected trick mode speed is too fast to permit all pictures within the GOP to be
decoded and displayed in real time. For even faster trick modes, the presentation
may be limited to displaying only a fractional number of I-pictures and P-pictures
contained in the GOP if the selected trick mode speed is too fast for displaying all

25  of the i-pictures and P-pictures. According to a preferred embodiment, the
selected pictures contained in the GOP to be displayed are determined before
beginning the decoding and display of the VOBU containing the GOP.

According to another aspect of the invention, the DVD device can also
include facilities for processing the SDSI to calculate the size of each picture.

30 This information can be used for managing a data buffer of the DVD device to
optimize at least one of a picture jumping sequence and a number of pictures

stored in the buffer responsive to a selected trick mode. This information can



20 pictures contained in the GOP. This would be the case if, for exanple,
the selected trick node speed is too fast to permt all pictures within

t he GOP wo tigsésdecoded and di splayed in real tinme. For evB@IA&MNI413tri ck
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nunber of |-pictures and P-pictures gontained in the GOP if the selected
tri ck Jimdge $ReR0dr HdteAnfrsg otfér iRismhaiongsatdl foP Paiadifg al aaCuies and
P-pictures. According to a preferred enbodi nent, the sel ected pictures
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decodi ng and display of the VOBU containing the GOP. ~According to another
aspecwhithtafethenpigitiesheld ie memone ¢re forcawidple AegedingicandbpW P f or
processi ng the SDSI .to cal cul at Sj of.. picture. 30 This
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needeH“fednbvteo?reragg%g%H(e'd one of the pictures. 5 Brief Description of the
Drawi ngs Fipgai@ 3 i & diaBtafkiséfadfonm@ftraingié sphhetrbyo otey ire@rithisle can be
provided with one or nore advanced operating features in accordance with
th@ DWentive arrangenents. Figure 2 is a diagramuseful for illustrating
the spiral track_on a rewitable 10 DVD.. Figure 3 is a di gr m usef ul for
expl ai ni ng FidHeo? da JaBIam ey irEeigiaine empreenizetanyeb VisBoeabies <.
Fig. 4 ill.ust £ e, ructure of the navigation pack of Fig. 3. Fig. 5
il usfpgféﬁs\{'ﬂgé?o%ﬁ%égn?&%f the disc search information (DSI) data field 15

in Fig. 4. Fii.o4 ifudtratestthatstsudtes odbnhemavigaticrep®Sk ofdiiger 8] i nf or mati on
DSI Gd) data
( -a) Fig. 5 illustrates the content of the disc search information (DSI) data field

15 in Fig. 4.
Fig. 6 illustrates the content of the DSI general information (DSI_GI) data
in Fig. 5.
Fig. 7 illustrates the structure of a navigation pack in accordance with the
inventive arrangements.
20 Fig. 8 illustrates the content of a supplemental disc search information
(SDSI) field in accordance with the inventive arrangements.
Fig. 9 illustrates the contents of a picture structure (GOP_PS) field for a

group of pictures in accordance with the inventive arrangements.



in Fig. 5. Fig. 7 illustrates the structure of a navigation pack in

accordance with the inventive arrangenents. 20 Fig. 8 illustrates the
cont ent wi @/3se0pl enent al di sc search information (SDSI)PET/ER/30413
accordance with the inventive arrangenments. Fig. 9 illustrates the contents

of a picture structure (GOP_PS) field for a group of pictures in
accordance w th thedtaiedDeseriptibANFaiRPRieEd EMBSdRf ST/ USOCD 30413 7
Det ai |l ed Description of the Preferred Enbodi nents Recordabl e DVD Device A
devi ce 100 for inplenenting tRecwalabeubVAadevized operating features in

accordance with the ventive arrangenents taught herein utilizes a .-
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exanple, a hard drive or_a magneto optical disc (MXD). An exanple of a MDD
is a nbimckchhe'rarhrfommnly' Rig. "InsThﬁa:ewrltaihle disy emediven APRaisgunbodiedasea

applicable t | dea or a di o or vi deo, and audi 0. The device 100 is
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a rew I 04, a
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vi deo/ gisginet® Wpithal disecdONg Aatdxaiiile oTreewad)qugatmﬁm disc0atmany t he

bl ocks to different sections or paths is self-evident, whereas the
alliGcainstancest, theriaventivearreneerents angdeprtieablpippidee osfaushmesmodhce and
is not criti 0 understanding the operation of the device. The
mechanY'@5P %{é‘g@HﬂW 104 conprises a notor 106 for spinning the 20 DVD 102
and a pi ckupLaspg)ide M obPR ddilbid %f@d@nﬁg%n&e @ RUGE B6eh thERliscsPi Nni ng
disc. A laser on the pickup assenbly burns spots onto a spiral track on

t he di sediumi lih thisnatasplepatrevaitabed PN dhealevies toagkisiesra r ecor di ng
and

mechanical assembly 104, a control section 120, a video/audio input processing
15 path 140 and a video/audio output processing path 170. The allocation of most
of the blocks to different sections or paths is self-evident, whereas the allocation
of some of the blocks is made for purposes of convenience and is not critical to
understanding the operation of the device.
The mechanical assembly 104 comprises a motor 106 for spinning the
20 DVD 102 and a pickup assembly 108 that is adapted to be moved over the
spinning disc. A laser on the pickup assembly burns spots onto a spiral track on
the disc or illuminates spots already burned onto the track for recording and
playing back video and/or audio program material. For purposes of understanding
the invention, it is irrelevant whether the disc is recordabie on one or two sides,
25 or in the event of a double-sided recording, whether the double-sided recording,
or subsequent reading from the disc, takes place from the same side of the disc
or from both sides. The pickup and the motor are controlled by a servo 110.
The servo 110 also receives the Playback Signal of data read from the spiral
track of the disc 102 as a first input. The Playback Signal is also an input to an
30 error correction circuit 1v30, which can be considered part of the control section

or part of the video/audio output processing path.



pl ayi ng back video and/or audio program material. For purposes of
understanding the invention, it is irrelevant whether the disc is
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which forns part of the video/audio i nput processing path 140. In

convent i onah coayentiabpereperdalelei R¥D, devisenaiiegavigatien daty aseemYh
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e rnventive

a’iéfi”%’éﬂ}\hﬁw KOGiRVESRL | fNa888rdapeBalRhitAB ISV éfild afBRgEMRPLY, Ry tai n
addi tional I n¥ormat lon for inclusion in the navigation packet. The

addi t inanajation estsmyeneratian diecuisedn fsupplyi nprteineadditiohiel imausation feel ect ed
trick node playback operations as shall sub eqﬁ%entl%’ be described in nore
det ai linclusionhia thet priigation mackelk 152e @gddipnah RiCTFELR ¢an 88 Y54 &t i on

s TRBErVEBPETOTanFSSeh B S PlayBRbk R Alaf e e 11" be
" bur nedh @Rt ol BeSddctibedtinatbrotietdie disc 102 by the |aser. The control
CPU 122 also preferably has access to the data contained in 20 the track
busfer 172 Trdougmdraf thef MAHX 1H issas ot TmaFiegroricorrespion godivgn
circuit 128. The output of the error correction coding circuit 128 is a recordable
input signal supplied to the pickup 108, which will be “burned” onto the spiral
track of the disc 102 by the laser.
The control CPU 122 also preferably has access to the data contained in
20 the track buffer 172 and record buffer 152 as shown in Fig. 1. CPU 122 can
delete, modify, and reformat video data stored in the track buffer 172 and record
buffer 152. Control and data interfaces are also preferably provided for
permitting CPU 122 to contro! the operation of packet video encoder 144 and
audio encoder 148. Suitable software or firmware is provided in memory for the
25  conventional operations performed by control CPU 122. In addition, program
routines for the advanced features 134 are provided for controliing CPU 122 in
accordance with the invention as shall hereinafter be described in greater detail.
A control buffer 132 for viewer activatable functions indicates those
functions presently available, namely play, record, reverse, fast forward, slow
30 play, pause/play and stop. The pause is a counterpart to pause operation in a
VCR, for example manually interrupting the play back of a prerecorded program

or interrupting the recording of a viewed program to eliminate commercials from



delete, nodify, and reformat video data stored in the track buffer 172 and
record buffer 152. Control and data interfaces are also preferably
provi dedwO®o1/3565@rmi tti ng CPU 122 to control the operati orP@HUYPABREE vi deo
encoder 144 and audi o encoder 148. Suitable software or firmvare is
provided in nmenory for the 25 conventd onal operations perforned by control

CPU 1w rdcoraidi. t Aosepapargbaifer NG isneovided td eecuivasoatmbeds fioes 134 are
provided for controlling CPU 122 in accordance with the invention as shall
her ei mnltemerﬁ@gjﬂse:mmlverargarmre?n@ekaaiglht hereibnt rol buffer 132 for viewer
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from WO 01/35650 PCT/ US00/ 30413 9 the recording. A separate buffer 136 is
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exafmé@d.HT%lQ@ -tBAkigithNEShvertlrdiA/DF ech ©arkedn HadR. eﬁé&dé?XWéﬁ?alNBE,G 1 or
MPEG 2, for digital recording by the device 100. The input path 140
conpr MREG-AnoNVIRE Gk, obit8. T4 digitizdddsignabsnaredesmbinsd examplidéiphPEG 1 or

MPEG 2, 144 for video in, and co i se audi o .an to-digital
d@nveﬂggra’(%ﬁmre@!ﬂ aaFﬁ:POéﬁ bémﬁ’o{g% ira” ¢rirechagiant 3‘ Ly SVRRRE 1 gr MPEG- 2,

148. Q@st?‘dgdo“z g}ggﬂ off q}foﬁ,‘o%mb\,,agg dar%ﬁgna%‘léle{é IEL¥RIatdl, ﬁfé&cév%d stor ed

inaf 50t f er an entire pac has een const ted. As

gr oupgo@birstirP VAR VB 4 &0itld abdroiatdet sa\ag £Lich pAtREts hoesradéd in cleerbi ned in
MJUX 154 with appropriate navigati on packets generated in the navigation

dat a gavigrtiphatatblgrrieratien bitek pabkel be pagketrearesthan sent on ttﬁéhérerrmr
correcti on  codi n circujt 213%8 Error correcti.on codi gg@ﬁ rcw 128 can al so

be 15CRBEREAN COINI FUFHIt K2 hEMHARTRHAN §ABNIALreH ?%%Iasﬁ’a Fer, the
qr?l Ig éméﬂ%eéf%%heotm% rﬁﬁtiﬂﬁhs‘m@a' track of a DVDis an ECC (error

correction cod tors, where each sector
As a practical matter, the smaliest addressable unit on the spiral track of a
DVD is an ECC (error correction code) block of 16 sectors, where each sector
includes 2048 bytes of user data. A group is a number of ECC blocks, for
example 12. Each group of blocks represents approximately 0.5 seconds of
20 combined video and audio program material. The amount of linear space along
the spiral track needed to record a group of ECC blocks, for example 192
sectors, is defined herein as a segment of the spiral track. Accordingly, it can
appear that the record buffer needs to be only large enough to store one segment
of data. One segment of data can correspond, for example, to approximately 0.5
25 seconds of audio and video program material.
The output processing path 170 comprises error correction block 130 and
a track buffer, or output buffer, 172, in which data read from the disc is
assembled into packets for further processing. The packets are processed by
conditional access circuit 174 that controls propagation of the packets through
30 demultiplexer 176 and into respective paths for video and audio processing.

~ Accordingly, it can also appear that the track buffer 172 needs to be only large



I ncl udes 2048 bytes of user data. A group is a nunber of ECC bl ocks, for
exanpl e 12. Each group of bl ocks represents approximately 0.5 seconds of 20
conbi nedwy gdggssand audi o program nmaterial. The anount of pe1vesso/epace al ong
the spiral track needed to record a group of ECC bl ocks, for exanple 192
sectors, is defined herein as a segngpt of the spiral track. Accordingly,

It can_a ar_that the recor ffer needs to pe only large eno to

st or TRAHIE S e ond SRalERT el ta Alss SaTe A cR 0 O EXBORIEY Do
exarrpé&ior;og GPRLEN FRd ShdeLpro#anmsRfREEs. of audio and video program
material. The output processing path 170 conprises error correction bl ock
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disc is assenbled into packets for further processing. The packets are
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of aubuideandOvamnid® () raegpoaier Tt canlbe dloeideditr decaiicgpedsdntatienoder 178,
for exanmple from MPEG 1 or MPEG 2, and encoded as.  a conventi onal
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circuit 10 130, .as, noted. DSI buffer 186 j rovj ded for receiving disc
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Not abinymoté depdiebeltwvi nventi on can be realized in hardware, software, or a
15 Notably, the present invention can be realized in hardware, software, or a
combination of hardware and software. Machine readable storage according to
the present invention can be realized in a centralized fashion in one computer
system, for example the control CPU 122, or in a distributed fashion where
different elements are spread across several interconnected computer systems.
20 Any kind of computer system or other apparatus adapted for carrying out the
methods described herein is acceptable.
Specifically, although the present invention as described herein
contemplates the control CPU 122 of Figure 1, a typical combination of
hardware and software could be a general purpose computer system with a
25 computer program that, when being loaded and executed, controls the computer
system and a DVD recording system similar to the control section 120 of Figure
1 such that it carries out the methods described herein. The present invention
can also be embedded in a computer program product which comprises all the
features enabling the implementation of the methods described herein, and which
30 when loaded in a computer system is able to carry out these methods.
A computer program in the present context can mean any expression, in

any language, code or notation, of a set of instructions intended to cause a



conbi nati on of hardware and software. Machi ne readabl e storage according to
the present invention can be realized in a centralized fashion in one
conput erWOMBP&™ for exanple the control CPU 122, or in BCHUSY3OM3t ed
fashion where different elenents are spread across several interconnected
conmput er systems. 20 Any kind of computer system or other apparatus adapted

for cajdtuhBa®ig dhenfoiidtioAsprdesssingeshpidiify ol Serf6GRRE FrBeulapeci fical ly,
al t hough the present invention as described herein contenplates the
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descrélabie dev alopamentisiodh f 0o peraitingoskd@msncemeetiple whithsthst eantrel abl e to

carry t Ee e t hods. A conputer programin the present context can nean
any eggbegé'cffﬁsclgﬁega M®anguage, code or notation, of a set of

I nstructions intended to cause a[j%q%é pb50 PCTI USCO 30413 11 system
having an i nfornmati on processing capability to performa particul ar

function eFphpurgbgescdl Yiustratihy @heahvéetive arladybnnts herdgrhhpmiatgtial( a)
conversion to another Ianguage, code or notation; and (b) reproduction in
d0di fear batrepardad anto pgemritzhle PMRADH glavkrd brekdeper eswritatie BRVR.- et hod

enbedded i C t 5 pr.ogt.amwhi ch n.be i mpl epen by  a .progr anmer
o nghaowiraeBIE PR 8L prduRRTa e Pos sl ERE sfeus S P GHEF 1ER Y ¢5eBan
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purposes of illustrating the inventive arrangenents, programnmaterial 10
can be-weitabldedVaintan aonsist idf abve sObErates poaged tbgethef hynama adbesivieabl e
DVD. A rewitable DVD 10 shown in Fig. 2 is suitable for use as_disc 102
i n ddgveeformpng afe2aima thick digks i eeateryhelerlAcanRaifRrmpedsn the gisdt &2 i ke

q%nbe{ha{%. g;pﬂsmg device of the motor 106 of Figure 1 can securely grip the disk and
control the angular motion of the same in accordance with the inventive
arrangements.
The direction of recording on the track is typically outwardly along a spiral
track 16, from a smaller radius part of the spiral to a larger radius part of the
20 spiral. The several series of three large dots (_ ) denote portions of the track
not shown in the drawing. As a result, the beginning of the spiral track is
deemed to be near the hole 14, and is denoted by square 18. The end of the
spiral is deemed to end near the rim, and is denoted by diamond 20. Those
skilled in the art generally accept defining the beginning and end of the spiral as
25 noted. Certain advanced features in accordance with the inventive arrangements
utilize backward recording, that is, from a larger radius part of the spiral to a
smaller radius part of the spiral. The track can also have a side-to-side wobble,
not shown in the drawing, to accommodate media type indexing. Due to
difficulties of scale only portions of the track 16 are shown, and these are shown
30 in greatly enlarged scale.
Each nearly circular, radially concentric section of the spiral is sometimes

referred to as a track, but this terminology is not commonly accepted as having



re-witable DVD can consist of two substrates bonded together by an
adhesive layer formng a 1.2nmmthick disk. A center hole 14 can be forned
in the AWeW18%545 that a gri ppi ng device of the motor 106PFUH0GHIE 1 can
securely grip the disk and control the angular notion of the sane in
accordance with the inventive arrangenents. The direction of recording on
the t gagkspecitiy Phéahihy. dut@BIRION'8) edtdexarfipiel ahe témaakaciGis dls6rusadsterl | er
radius part of the spiral to a larger radius part of the 20 spiral. The
sever edfesdoitbat pbriitn o tharspirativtesck(that coptajes et einpler 2GS WY, tHieotheack
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spiral is deened Lo, end HERMINE Hdva bgmdigcr@tﬁébogsféamegk@@q d 20. Those
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spiral is sonetines referred to as a track, but this term nology is not

commonl y accepted as having WD 01/ 35650 PCT/ US00/ 30413 12 that specific
nning. In CD-ROM s, for exaRMRxDatdhStiustiias ack is al so used to refer to
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DVD nedia. Those skilled in the art will appreciate, however, that the
i nvenbptionabviteb objett eelt for miens 22ganel or RavteeY OBShEor tifle Aemdrick to DVD
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n:Féji a'coghoprB\é'a (935 %llﬁta'iilfv{)'f”\ﬁéeo objects 32. Each video object 32 includes a

plurality of cells 34. Each VOBS also includes a collection of pointers to cells. In

this way, the VOBS data links cells together and indicates in what order the

programs or cells are to be played. Cells within a particular VOBS can be flagged

for play in any desired order. For example, they can be played sequentially or
20 randomly.

Each cell includes a plurality of VOBUs 36. Each of the VOBUs 36 in
which the video content of the disc resides typically contains 0.4 to 1.0 seconds
of presentation material. Each VOBU 36 is a sequence of data packs in recording
order. Each VOBU starts with exactly one navigation pack (NV_PCK) 38 and

25  could encompass all of the following kinds of packs, including video packs
(V_PCK) 39, audio packs (A_PCK) 40 and sub-picture packs (SP_PCK) 42. Each
VOBU is nominally comprised of one group of pictures (GOP).

Figs. 4-6 illustrate the structure of a conventional NV_PCK 38. As shown

in Fig. 4, the NV_PCK 38 includes a PCI packet 45 and a DSI packet 48. The
30 PCI packet includes a packet header 43 and PCl data 44. The DSI packet 48
similarly includes a packet header 47 and DSI data 46.



As shown in Fig. 3, each DVD contains a video nmanager 26 and video title
set (VIS) 28. The VTS includes video title set information (VTSI) 27, an
opt i onalwwigglegssebj ect set for nenu 29, one or nore VOBS froT/U$do}3e4130 whi ch
contains the actual title content, and a VISl backup 31. Each VOBS 30 is 15
conprised of a plurality of video o cts 32. Each vi deo obj ect 32 includes
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illustrate the structure of a conventional NV _PCK 38. As shown in Fig. 4,
t he NPdpcKogd thad|thgdyegispalatp atatures amawa iBTigpatkEtanB6 ake 30 PCI
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information (DSI) data field in Fig. 4. The DSI data conprises several
paraneters including DSI general information (DSI G) 70. Fig. 6

illTustrates the content of the eneral . I’ITB.tIOI’l DSI G) data in
H o b rhe ba a Teerpusmentar by B EkBeter g ERSIOR known | & the art,

i ncl udi ng the end addr esse f & d and third reference
pictures in the VOBU 36. Tﬁggé %)g(r?\éérgeltcr@%g aregelgldentl fied in Fig. 6 as VOBU

1 STREF EA, VOBU 2NDREF EA, VOBU 3RDREF EA. It should be wunderstood that

the precise data structures shown in Figs. 4, 5 and 6 are

15 To make the existing NV_PCK more useful for trick modes in accordance
with the inventive arrangements, additional information is included therein. In
particular, such additional data can include: the number of GOPs contained in the
VOBU; the picture structure for each such GOP; and the number of fields to be
displayed from each picture (1, 2 or 3) in a normal play mode. Such information

20 as relates to the inventive arrangements shall be referred to herein as
supplemental disc search information (SDSI). The invention can be used in
connection with non-recordable disc media such as DVD-R, recordable disc media
such as DVD-RAM, DVD-RW, DVD + RW, and any other suitable disc medium for
storing data.

25 The SDSI data can be added to the NV_PCK 38 in any suitable manner.
According to one embodiment, the data can be added as a separate SDSI packet
52 as shown in Fig. 7. If a separate SDSI packet is used, a packet header 49
can be provided together with SDSI data 50. SDSI data 50 is preferably
comprised of at least an SDSI general information (SDSI_GI) field as shown in

30 Fig. 8. In an alternative embodiment, the SDSI_GI field can simply be appended
to the existing DS| Data 46 as an SDSI general information (SDSI_GI) field.



exenplary and the invention is not intended to be so Iimted. Rather, any
other 10 suitable data structure arrangenent may be used for this purpose.
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VOBU NF preferably sets forth the nunmber of displayed fields to be
pr oduktiessof eaghapicturekwitbrethe 661F-each picture (1,20r3). Referring now

to Fig. 9’V\}i%h %ha}g a%%e%%ﬁ?ormﬁgog,haengvovo rgtecgayncacr?rg%rcliesr?ve% for decoding

15 and displaying a given VOBU in a trick mode. For example, in a high speed
playback mode there may not be sufficient time to play back all of the pictures
contained in the VOBU. With the additional SDSI data, the DVD device is better
able to determine the optimum sequence of picture playback, given the selected
playback speed (2x, 3%, 4x), and the particular format of the VOBU. For

20 example, the minimum number of pictures that spans the whole VOBU can be
deduced by counting the number of pictures contained in the VOBU. This
information is useful for determining whether there is sufficient time to process
and display all of the pictures in the available time for displaying a segment at a
selected playback speed. In the alternative, the information can be used to

25 determine whether skipping only the B-pictures will provide the desired playback
speed within the available time. This is often a preferred solution since decoding
of B-pictures is more time consuming as compared to | and P type pictures.

As a further alternative, if there is not enough time to display all of the |

and P pictures, then a fractional part of the VOBU can be displayed. In some

30 cases it may be desirable to play an entire GOP sequence of pictures and then
skip playback of a predetermined number of GOPs in a VOBU. The SDSI

information permits such playback to be performed in an efficient manner.



GOP FMI paraneter for identifying the format of each GOP (open or closed);
a 10 GOP SEQ paraneter for setting forth the sequence of picture types (I,
P, and ByofoaB56&8ch GOP; a GOP SA PI C paraneter for identifyI/HPIEBAB3ISt art
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pEct wisgbadiapesipamanthdeafbd beyioBUg tire Becodiedunetdisplayohtihaty t he nunber
of pictures contained in the VOBU This information is useful for

det eraddipividemeakPT erradiciar(PBki ent tine to process and display all of

the picturgs |,n the ' Ny i ' g,n:En | ect ed
pl ayback s%@%ﬂ-.'erltﬁset ﬁg%‘% ? @rﬁaa{ﬁd\}&&ﬁnegi %?%?Mng{]ﬁ"o%a?%n e&%rgéa%sc?%gS

det erqd1a8nWABHRRY . SKiiGhitdiOplay bbb, Bafictlamerevwdrkd ROV phebdes| red

pl ayback speed within the available tine. This is often a preferred

sol utdapnresjuirces destedtisgmeshom- isoucass For avamptd, o regameirel modesnpar ed

to | .and P type pictures. a further alternative, if.there j ot enough
1 if & altepl BGPSRENOHO CiREORe TSIRERCBPIStHFEL At Mo RCEMVBR Of Gnd0fpar t of the
VOBU ¢ di . ; ; 1 ; égw I | ay an

entire %g'eg%gén%)e/@gsf plﬁlgsé't%%bgﬁwct iﬁd'héf{%y%':ggif ac rt.g‘? pgc%?%sget erm ned

nunmb e viedrdGERSehd o tNEBdquEhee SBShcé nhepictiuren t@ennd tise eudhofptreyGadk to be
performed in an efficient manner. WO 01/35650 PCTI USOCO 30413 15
Al t erseaieneeyarestisplaneddyshethis eaniresult frae wHNPet RE decpded PIFHUres t he t ot al

part R to &3estosfd G FarRgr oy e kR, B P opth BRTBaBER har s, “the-

e e Dy e By o e hedy o b & e decodi ng

and dhsg@ray cakes lifatmemory resources are insufficient. However, this can result in a
higher processing load for the decoders. With the SDSI information as described
herein, tradeoffs can be made to strike a suitable balance for managing memory
resources and processing resources.

20 Further, knowing the addresses of all of the pictures comprising a GOP
provides an opportunity to calculate the size of each picture. If the size of the
pictures can be determined in this manner, and the available time to display the
pictures is known, then the compressed data buffers of the DVD device can be
more effectively managed. For example, use of the track buffer and frame buffer

25  can be optimized for a selected trick mode to select the most suitable strategy
for jumping and/or number of pictures that can be held in the buffers. The size
information can also be used to determine which pictures will be displayed,
which pictures can be held in memory for multiple decoding, and/or how much
memory is needed to get the desired picture.

30 it will be appreciated that the modified navigation pack as described herein
can be used with any MPEG recording scheme. In this regard, it should be

understood that the invention is not intended to be limited to any particular DVD



audi o/ video data of a particular VOBU. Another use of the SDSI information
is to better nmanage the conpressed data in nenory. Trick node pl ayback
parti culepl0y356&%erse trick node pl ayback, can require subSVHMY38413nenory
resources. For exanple, in reverse trick nodes, 10 it is often necessary to
decode reference pictures at the begiténing of a GOP sequence, before it is
possistaadaal .bdgoreoser,otiengdvaritedi altadsn@ughe heraih wreappliewbledid Bthegnd of

t he sequence. Since the pictures toward the end of the GOP sequence are

di splldpes of idisk medipanchdiskavadia playearsnamseecartetie c ddisitipnaltyuvasiouseedi ng

to be stared.in ry concurrently. This apprpach .can require 15

si gni ?‘Péﬁfﬁa %uﬁfgpeoﬁe%ﬁdﬁ&}?”ﬁ& o'&e%-gﬂfecﬁl ﬁ'&gﬁ?%dﬁgn%‘ﬁg%ad'ﬁb%'ated
over Wy b6k 2| dhrP BERIsEASDY ek her R PHY chRHRUhe S vang el Yo ltd §1t&0bht However,
this can“result in a higher processing |load for the decoders. "Wth the

SBSI herkor maaccordascdasithithednvéretive arrahgachenits.s e parbeulamde sblutkirr i ke a
sui t abl e bal ance_ for managi ng nenory resources and processi ng resources.
20 Fulor ieproxed i \ig navioakirn Bdeswatpndor ipprovad Higk adescpandosfagca GoP

provid n o L uni t lcul a e siz f ea pctyure. It the size
of th‘é’ﬁ%p‘i%& 'ﬂggﬁ{'ggﬁftf}égg@?%?‘% %@dﬁﬁ% F“s°°f'rﬁ%aﬁté‘%rls §ﬂ8Rf’ RIdiont 181 e ¢ e

t o disdaVarkNeirmil sleld s sbawdeVIA thEhtFh CPO MY B$sEfbrlimgbgddaercs of the
DVD device can be nore effectively managed. For exanple, use of the track
buf f enecardhble &eDbveder. 25 can be optim zed for a selected trick node to
sel ect the nost suitable strategy for junping and/or nunber of pictures
that can be held in the buffers. The size information can also be used to
determ ne which pictures will be displayed, which pictures can be held in
menory for nultiple decoding, and/or how much nenory is needed to get the
desired picture. 30 It will be appreciated that the nodified navigation
pack as described herein can be used with any MPEG recordi ng schene. In
this regard, it should be wunderstood that the invention is not intended to
be limted to any particular DVvD WO 01/ 35650 PCT/ US00/ 30413 16 standard.
Mor eover, the advanced features taught herein are applicable to other

ki nds of disk nmedia and di sk nedia players and recorders. Additionally,

vari ous



nodi fications of the device illustrated in Figure 1 and the disk nedium
illustrated in Figure 2 can be used together to inplenent the advanced

f eat ur eWOAUFIHO05 herein in accordance with the inventiveP@V¥gednts. In
particular, a solution for inproved DVD navigation information for

i mproved trick nodes in accordance W th the inventive arrangenments can

i ncl ude nodifications of and addi tClohdMEo hardware, firmvare and software

in the control CPU 122 for. recording data t recordabl e DVD.nedi a,, WD
01/ 35650 PRTERIRY $4aroviding GIArREed 1rick mods BETPBNaRPBR & MicS MidiTed

RGPPSO oo ML g i g, Yo o0 e

navi gafid O BRBCkontMiflg Ehidigationpacki BEid Method icognsrisiagi d di sc nedi a

wi thin each said navigation pack supplenental disc search information
(SDSI ) i destorihgi ony said |disg mestie withia gaakt srid ravigetion @ask supelaraeutal
nunber, of fields to be di d.fromeach picture in a normal play node;
and 1 S%{SﬁaﬁﬁbF‘%BfmﬁF'Bﬂggﬁﬁl?ﬁ%}tW@@ ?tc%ﬁfPEBﬁt%fi ned in said VOBU. 2. The
met hod acc ' AWl sai d picture structure further

conpri ses %Pﬂ}tgg%{s?rg%g@ﬂg@ a format’ of each GOP contained within said VOBU,
15 a sequesn@entiberpoicfidide toytpedisplayeal frosaiedckpittune ime rvisiBhhl play st art

address for each picture of said VOBU, and an end address for each picture
of sangdeoBud 3. The nethod according to claim1 further conprising

[ id SD 20 f d T | d id pi
30t i ned 7 Aoeird o e Phrugener ol h b B ORET elcct oo tri ci

node. 4. The nethod according to claim 1 further conprising using said SDSI
for 25 determ ning a nunber of pictures contained within each said VOBU.
5. The. net Tied neetoddaceprimgtachainh Wwveeedin ssid giatund etruetunei orthress

comprises at least one of:
a format of each GOP contained within said VOBU;
15 a sequence of picture types in each said GOP in the VOBU;
a start address for each picture of said VOBU; and

an end address for each picture of said VOBU.

3. The method according to claim 1 further comprising processing said SDSI
20 for determining selected ones of said pictures contained in said GOP to be

presented in response to a user selected trick mode.

4, The method according to claim 1 further comprising using said SDSI for

25 determining a number of pictures contained within each said VOBU.

5. The method according to claim 4 wherein said number of pictures
contained within one said VOBU is determined by counting at least | and P
pictures contained in the VOBU.

30



contained within one said VOBU is determ ned by counting at least | and P
pi ctures contained in the VOBU 30 WO 01/ 35650 PCT/USOQO 30413 18 6. The
met hod age@idsgag to claim4 further conprising the step ofcpuswessizng said
SDSI for determ ning a selected nunber of pictures contained in said GOP
whi ch can be displayed for a selectedgtrick node. 5 7. The nethod according

: or. q . . .
0 L8 U AR b o Lo BRI o Bt o PPOELINS T,

P- pi cTures contal ned Th sal
fast $0dEmel foraddtenfiiiHg @Ssdebtid nS/ibdr EPRitQirbs c8hefhay §4 saft gBre net hod
according to claim6 further conprising the step of displaying 10 only a
fractwhine canrdeedispfayledpiostaus&lsctatttrizipimatder es contained in said GOP if
said selected trick node speed is too fast for displaying all of said

| -pictures and P- pictures. 9. The nethod according to claim®6 wherein said

sel ected pd ' I ' he displ ayed. ir trick node
2B ALt er i TedhEReEP A Dy o wielih 8 3 behical bt i dR oS 5 eV iieny

cont agiiyNepisfirds GAR. P-pictuféle cBRidINEd ¥ SIIGTP ff&afd 3kBcted WhithekogonPri sing
the step of processing said SDSI to calculate the size of each picture. 20

1 1 .speesl isetogothsideqradimyall pictiuagswiithifaaidh &OR oorel displpyedocessi ng sai d
SDSI  for managing a data buffer of a disc nedia device to optim ze at

| east one of a picture junping sequence and a nunber of pictures stored in
sai d duff r Sl t [ . T :

accor%)‘l ngergegﬁitﬁ]%%lél&%ﬁt erégkﬁn%r?g%lﬁébﬁgf)n gé_ﬁ‘%%g%ggeP ?ﬁpﬁrlrg\%ﬁgn to
det ersnlpe tractionst nombeplof a-pietured asdi Rl ppitarel €SN ABRIMNESdVE DIF it said GOP to
be displayed, which of said pictures held in nenory are for nultiple
decodielectedridickonona apesensipoi fashéeddigplaying eH @fsaile dipictdrenendfP-sai d 30

pict up;igﬁjres.
9. The method according to claim 6 wherein said selected pictures contained

15 in said GOP to be displayed in a trick mode are determined before beginning the

decoding and display of said VOBU containing said GOP.

10. The method according to claim 1 further comprising the step of processing

said SDSI to calculate the size of each picture.

20
11. The method according to claim 10 further comprising processing said SDSI
for managing a data buffer of a disc media device to optimize at least one of a
picture jumping sequence and a number of pictures stored in said buffer
responsive to a selected trick mode.

25

12. The method according to claim 11 further comprising using said size
information to determine at least one of a set of said pictures contained within a
GOP to be displayed, which of said pictures held in memory are for multipie
decoding, and how much memory is needed to store a desired one of said

30 pictures.



WO 01/ 35650 PCT/ USOQ 30413 19 13. A disc nedia device for providing

i nproved trick node performance conprising: nmeans for storing video data
on a di swosedse0having a plurality of video object unitsPENERGBM4I8ach
contai ning a navigation pack; 5 neans for storing on said disc nedia within
each sai d navigation pack supplenental disc search information (SDSI)

i dent18yi ng aisd peestia devicef fax poviding impraxaditreckofm ddeep affBtdhamcenunber of
fields to be displayed fromeach picture in a normal play node; and 10 a
nunbeforBPrgiNdips of pictures (GOP) contained in said VOBU 14. The

recordabl e_di La. L ce or.di_ng,. cl al wherein said. picture
structure Wﬁf‘%eﬁﬁ%gﬁrﬁrﬁi?\s{)é%oa? 8faeé§ta. gir'éacoo :aqéarp@ &ﬁ}ga?%éﬁraggﬁf &iéjopont ai ned
Wi t hi ghigat Gn¥SRVIOBO), GetdleemiGifg Phavighioh YRRk: i N each said GOP in the
VOBU; 'a start address for each picture of said VOBU, and an end address

f & each pmeosdoofsteang oviCBld dBc Mediadwsthimedch sdel nevigatioorphaky to clai m
13 further conprising ans for . 20 _processing. said SDSI for determning
sel ecswrpPlomestal disgisgars f’l]‘Pé@_""E‘BHt@i%r?gh' erﬁ‘t{?g@ﬁo‘_’td@s'f 8_”Sé’fpr_esent ed in
response t p?cdcr‘ﬂlfﬁrstﬁﬁltﬁfetgfitﬁé*@%ﬁpde' 16. The disc nedia device according

toclaiml er conprising neans for processing said SDSI for

det er m ni ng nanAbELEr fieldsPicChldash|SPsy Hone@avh ipittureasd nadnalgsigy VOBU. 17.
The di sc nedia device according to claim16 wherein said nunber of

pi ct umedecandai ned within one said VOBU is determ ned by counting at |east

| and P pictures contained in. the . 30 WO 01/ 35 / USOQ 30413 20
18 The di 3OURRRRCHElAYRS %%E@Fﬁﬁ%g(\é%c?%'?%"l frh??'ag(?ogﬁgpri si ng means
for
14. The recordable disc media device according to claim 13 wherein said
picture structure further comprises at least one of:
a format of each GOP contained within said VOBU;
15 a sequence of picture types in each said GOP in the VOBU;

a start address for each picture of said VOBU; and

an end address for each picture of said VOBU.

156. The disc media device according to claim 13 further comprising means for
20 processing said SDSI for determining selected ones of said pictures contained in

said GOP to be presented in response to a user selected trick mode.

16. The disc media device according to claim 13 further comprising means for
processing said SDSI for determining a number of pictures contained within each

25 said VOBU.

17. The disc media device according to claim 16 wherein said number of
pictures contained within one said VOBU is determined by counting at least | and
P pictures contained in the VOBU.

30



determ ni ng based on said SDSI a sel ected nunber of pictures contained in
said GOP which can be displayed for a selected trick node. 5 19. The disc
medi a deWa@®/q6¥Wording to claim 18 further conprising neaRSTAEPI3MISpl ayi ng
only I-pictures and P-pictures contained in said GOP if said sel ected

trick node speed is too fast to pernko all pictures within said GOP to be

di spl aged. ThE 8 mdtia Hesica Bk GrdiRy tE €1eC D6 FuRther @ obhrisThd Inéand her
conprising means for displaying only a fractional nunber of |-pictures and

P- pi cdetesminiogtzaseddon sakabBS| @relp¢teshndmber of tréctures ckntaided dpseil i s t oo

f ast r_ di,spl ayi Il of id (- pictures and P-pictures. 15 21. The disc
nedi a g)(fv?"’é'lég'éé%{}% a&pﬁyecdlsg?rrﬁ %gle% g’l"ﬁ( Bf1%f sel ected pictures
contained in said GOP to be displayed are determ ned before beginning the
decodi ng and di splay of said VOBU containing said GOP. 22. The disc nedia
devi ce9accPhdi dictmedizadavitd dogptdiay toostpin slid furkansoim@risirdDmyadee®si ng
said SDSI to calculate the size of each said picture. 23. The disc nedia

devi céisptyinglionly t-aictbeasnand Prpjetires asvipinesdl ingsaig &3P fibpaidpyaleetesi ng sai d

SDSI for managi ng a. data buffer of a disc nedi.g.devi timze at
| east Tisike eas‘?ﬁ%éfﬁrté’oj [ﬂ#ﬂﬂ&%gﬁh@%@éﬁgﬁﬁs &"ﬁﬂﬂt?@l‘ggaf&git%t es 25 stored
in Sa&i@pﬁg/feﬁ‘?r responsive to a selected trick node. 24. The disc nedia
devi ce according to claim 23 wherein said processing neans uses said size
information to determ ne at |east one of a set of pictures contained
within said GOP. to be displayed, which of said pictures held in 30 nmenory
dife 139 mul bephiscadedin AgvicamgcRENNtISC AN fursheeam@rismamesas for

desi r&gp%@?né)%nﬁﬁgqrﬂt%n% Sumber of I-pictures and P-pictures contained in said
GOP if said selected trick mode speed is too fast for displaying all of said |-

pictures and P-pictures.

15 21. The disc media device according to claim 18 wherein said selected
pictures contained in said GOP to be displayed are determined before beginning

the decoding and display of said VOBU containing said GOP.

22. The disc media device according to claim 13 further comprising means for

20 processing said SDSI to calculate the size of each said picture.

23. The disc media device according to claim 22 further comprising means for
processing said SDSI for managing a data buffer of a disc media device to
optimize at least one of a picture jumping sequence and a number of pictures

25 stored in said buffer responsive to a selected trick mode.

24. The disc media device according to claim 23 wherein said processing
means uses said size information to determine at least one of a set of pictures
contained within said GOP to be displayed, which of said pictures held in

30 memory are for multiple decoding, and how much memory is needed to decode a

desired one of said pictures.



