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nmet hod and apparatus for inproved digital recording and presentation
of broadcast information. Specifically, the present disclosure
relates to a nethod and apparatus for receiving, storing, and
presenting broadcast information in real-tine and tine-shifted nodes
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functions found on video cassette recorders., w th which nost users
are famliar. For exanple, DVR s B & UNPtctlons such as "pause,"
"rewind," 15"fast-forward," "skip," and "slow notion." One of the
first cammelgi ally avail able DVR s was the Medi aStream system
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Medi aSt &mﬁdqmégameayﬁémodggwat,bﬁl exed a Moving Pictures G oup
(MPEG transport streamthat contained one or nore tel evision

progra #ﬁ"i ‘ggﬁrrpl e, and filled separate video packetized
el enent 4r y-if (PBS) and audi o PBS buffers. The data contained in
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operation that are similar to functions found on video cassette recorders, with which most
users are familiar. For example, DVR’s may have functions such as “pause,” “rewind,”
15  “fast-forward,” “skip,” and “slow motion.” One of the first commercially available
DVR’s was the MediaStream system developed and marketed by Media4, now part of
EchoStar Communications Corporation. [n April 1996, Media4 introduced the
MediaStream receiver, which was a Digital Video Broadcasting-compliant satellite
receiver system with integrated DVR functions. The MediaStream system was designed
20  to both record and present programs simultaneously, allowing one program to be both
recorded and presented. The MediaStream receiver system demultiplexed a Moving
Pictures Group (MPEG) transport stream that contained one or more television programs,
for example, and filled separate video packetized elementary stream (PES) and audio PES
buffers. The data contained in the buffers was written to disk for later playback in either
25  normal or trick-play mode. The MediaStream system did no intelligent parsing of the
input to generate an index to aid in trick-play modes of operation, but merely performed a

“brute-force” search of data stored on the hard disk when performing those functions.

Many methods and systems have been developed for creating indices by intelligently

parsing broadcast input streams and using index information generated during input to



Many net hods and systens have been devel oped for creating indices by

intellig I rsing broadcast input streans and using_index
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frames of data. One of the earliest of these systens is described in
two patents assigned to Inmedia Corporation, U S. Patent Nos.
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parsing/indexing during input and prior to storage of the broadcast information on a

20  storage device. The system described in that patent employs a special circuit called a
“Media Switch” that generates indices and fills separate appropriate buffers with specific
data. The disclosed “Media Switch” mediates between the central processing unit (CPU),
storage device, and memory and thus off-loads the intensive index-based processing of the
input stream from the CPU to a scparate device. Also in the Barton, et al., system, a

25  software “source object” converts the data into data streams and fills a buffer that is
assigned by a central software “transform object” that is responsible for overall control of
buffer assignment. The software “transform object” then writes the data to a hard disk.
The software “transform object™ is also responsible for reading data from the hard disk,
filling buffers with the data, and assigning the filled buffers to a software “sink object” for

30 later decoding and playback.
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15pri or 1Stnmede¢ storage, the net hod conprising: providing statistical

i nformation being of the type that can be generated during normal
preggntation of the programmi ng Bﬁﬁ:ffe“!‘» qu ?{Yseek input; loading a
portion of the stored nultinedia progranmng,” the size of the portion
being determined by the statistical information, froma starting

posi t i odhpamsanignvetivnsseeks torrpdace thedlentifi e‘épmlrj@m&oﬁ pritirgadtbedstandt t he
| oaded programm ng is sufficient for special 20 presentation of the
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type that can be generated during normal presentation of the programming; receiving a

seek input; loading a portion of the stored multimedia programming, the size of the portion
being determined by the statistical information, from a starting position based on the seck
input; and, if analysis indicates that the loaded programming is sufficient for special

20  presentation of the programming, making the special presentation.

Embodiments of the invention improve upon earlier methods as parsing, sepafating,
transforming or other processing functions of received broadcast data are not required
before storage of the data. With methods of the invention, statistical and probabilistic
algorithms are utilized to search for and keep track of the programming data when

25  presenting such data from storage.

Thus, the received programming may be written directly to a storage device using an
asynchronous, single buffer read/writc process. Upon invocation of trick-play modes of
operation, search operations may be performed based upon statistics or dynamically

generated during presentation operations or received with the broadcast data. Upon
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the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
Figure 1 is a block diagram illustrating a DVR system described herein.
Figure 2 is a block diagram of the memory allocation in a DVR system described herein.

15  Figure 3 is a block diagram of the memory allocation in a single buffer memory described

herein.

Figure 4 is a flow diagram depicting the storage of data in a DVR system described

herein,

Figure 5 is a logic diagram of the functions of a record thread application described
20 herein. '

Figure 6 is a logic diagram for presentation of stored data in a system described herein.
DETAILED DESCRIPTION

As a general matter, it is understood that “intelligent analysis,” “intelligent parsing” or
“indexing” of programming data refers to analyzing the data to extract information
25  therefrom. Where the data is presented in a stream, for example, of video and audio data,

the analysis may associate video- or audio-specific information, such as frame



Figure' 6 is a logic diagramfor presentation of stored data in a
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system specific information, such as position in a stored data file.
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multimedia programming signals. The signals may be high definition (HD) television,

15  standard definition (SD) television, audio-only signals or other signals. Such a signal may
contain numerous frequency bands of data, with each band containing numerous TV
content programs (€.g., CNN®, HBO®, etc.). In a preferred embodiment, the signal
received from receiver 110 contains multimedia programming transmitted as an MPEG
transport stream, though alternate formats, such as analog TV formats, may be used. An

20 MPEQG ftransport stream (transport stream) contains packets of video-oﬁly, audio-only, or
other data. Each packet may have associated header information, including packet
identification, (PID) information. PID information 'may identify the data type of the packet
(video, audio, other) and the content programming associated with the packet, as well as
other information. Video and audio packets encoded in the transport siream may also

25  contain presentation timestamp (PTS) data that allows for synchronization of the packets.
The packets may also contain start code data that identifies the beginning of a video or

audio frame.

Broadcast multimedia programming is received at receiver 110 and forwarded to input
section 120 of DVR 100. The signal may be a modulated broadcast signal spanning a

30  broadcast frequency band. Receiver 110 may translate the signal it receives to an



ot her data. Each packet may have associ ated header information,
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decryption,” anal’og-to-digital conversion or a her basic
si gnal %roce55|ng functions. The MPEG transport stream outputted from
section Thiy tBBSROSL SR ButauRed Bipaseatian f Zhmay be routed to a display section

15 130for lmmedlate presentation in real time. Display section 130 contains at least an
MPEG video decoder 131 and an MPEG audio decoder 132. Display section 130 may
further contain digital-to-analog converters, encoders, additional decoders, video or audio
filters, and/or memory buffers, as neeéled for delivery to a television 140 or other display

device.

20  The MPEG transport stream outputted from section 120 may also be routed to a storage
device, such as hard disk 150, for later presentation or for presentation in other than real
time. Ina preferred embodiment, program logic uses a single buffer for transfer to hard
disk 150, without the use of additional buffers. Preferably, the transport stream received
from section 120 is written onto hard disk 150, without first analyzing or indexing MPEG

25  video and/or audio frame information, as an MPEG transport stream file (TSP file). In
another embodiment, the MPEG information is stored as a PES file or other suitable file
format. By doing so, the MPEG transport stream is efficiently stored for later use without
employing significant system resources. Time sequence, PTS, start code or other
embedded MPEG frame information need not be analyzed, indexed or otherwise

30 correlated with system-specific information, such as TSP file position, prior to storage.

Separate TSP files may be maintained for each separately recorded content program or for
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menory Butdress.filled by a record driver. The data in the single buffer is then moved in a single

operation from the single buffer to hard disk 150 by a record thread application.
Preferably, recording program logic is not flow controlled and the record driver and the
record thread application write or read to or from the single buffer inde.pendently, without
25  either application having control over the other. More preferably, the single record buffer
is a circular buffer. Use of a single buffer eliminates the need for transfer between two or
more separate buffers, which may conserve processor and other system resources. A
single buffer method may further increase sysiem efficiency by eliminating the need for

communication between a record driver and a record thread application. Preferably, DVR
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operation fromthe single buffer to hard disk 150 by a record thread
application. Preferably, recording programlogic is not flow
controlled and the record driver and the record thread application

wite or.read to or fromthe single buffer independently, w thout
25ei t her, appl i.cation haV| rol ov r, the other. r ef erabl

the si ngtl® RGP P el Pt sedordtwehd aPplisstiopto orcah tgieE ILADES or
el i m natoy¢Rt he need for transfer between two or nore separate
buffers, which may conserve processor and other systemresources. A

single ffer hod may furth I ncrease system efficie

S € e Iy el eose SYSLE CCL LR By
record idhweadineRih ﬂielr@ébrdlai-ﬁfaﬂﬁ)ama ocEMiy drier space 210, Single buffer
2008/ 027406PCT/ U82007/018955 100 oys one record driver and one

record DMFRRMY 22PJs ressrvedbyithe L@%H“‘ﬂ% at systpm sartpRIn ¢p@fé¢réedzem@oq:went,
syst em SRR tuffdrlR&RbHOIRI 8 a@ﬁ@n&@@ﬁ&?ﬁ%oﬂj addYRs HaBng SYSE §¥em starty

drivers, including the record driver(s), occup ; drlver Space 210.
Singl e Suste@rmMemeBnElsy covginsa Linwekemel and ltshésﬂ_apﬁa Oﬂ@tn@wcantagy@t em

startup YOIy I
asel ool 2 oedk BiffoIr Rl RIS cERI. clerRbilg ) S SfEodiRERY et Rormel
menory a4ssoes @rﬁ@dmﬁdgpsg ferumeeryndR0. Hioglg sbeffespwawr)zw trh&tberiwcally
confain (o fic_ el

b naRviBeREr Gl B bl itsoBic BEFTHTRE! FBFRY e PrdORY otedim®ihosine
Si ngl e fixed memmmad;lrezm fomsingle Huffgi sahoyy zm ,dhe tegtorctl drinted(sh ivethe drivver e

t t b ferred embodjment hav f
rerory 056 240 Satplle e Remot iy Felioky 53456 STHCS haBtiegdPlTed e B
i 2 tn hea@t;]pamhz gg:::genﬁarfbrp aTae haztle?dta gﬁrseﬁs tﬂ@f:l‘nl‘(lgiréﬁfé)@rthmr meﬁﬁw ess
usli

hardgcoa-‘émg‘ﬁfeé‘é’f’ F ﬁ"ei”rﬂuﬁ f&?i%?égﬁ%% |apgﬁ% @a by
t he14i nyesidiRg Bdpace zsoa@@ 288 hdldecddes %ﬂsﬁdimﬁ%r%amcbgaé)l m(@)

15residing in space 230 uses actual hard-coded transport er
mermor y e 3 0GGHER A SETSigE ETbRg R ﬁ%ws?ﬁsga'@gailﬁ@ﬁg‘#ﬁéﬁﬁ f Rgpory
shared 230, tadsiapRUsIfer Ritare@bbyricheonoa819 e bl MR ESrd ARJed($)GnteRSFldord
thread application(s). Memory 220 includes one record information region 310 and a
transport buffer for at least each tuner in the system. In a preferred embodiment, a single
20  transport buffer exists for each tuner in DVR 100. Depicted are Transport Buffer 0 320,
Transport Buffer 1 330 and Transport Bufter 2 340, though more or fewer transport
buffers may be used. In one embodiment, record information region 310 is one page of
memory 4096 bytes in size and contains an array of structures whete information
regarding the position and size of the data written to each transport buffer by the record
25  driver(s) is stored and updated by the record driver(s). The record thread application(s)

may access these structures.

Figure 4 depicts handling of a transport stream intended for storage, in DVR 100.

Transport stream data 410 received from input section 120 is written to transport buffer

430 of single memory buffer 220 by record driver 420. In an alternate embodiment, the
30 data is moved into the transport buffer by the hardware of input section 120. Record
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This timed “Sleep™ semaphore allows other processes in the system to run. If the “Sleep”

—~E

semaphore times out, then the record thread executes another loop. If the master

application has signaled the record thread to stop execution, then the semaphore does not
25  time out, and the application terminates at process 550. The record thread application

operates asynchronously with respect to the record driver. In alternate embodiments, the

record thread application may be a record task or a record process application.
I1I. Presentation from Storage

DVR 100 accommodates several presentation modes for the stored video and audio data.

30  In one embodiment, presentation modes include forward play, pause, reverse play, slow
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on the TUWR gwtlm&g&garlg?ﬁst PRG Intra=0 Eira{nﬁe( or IRD) must be decoded and presented:
MPEG encoded video streams are broadcast in real time at a predetermined frame per
second (fps) rate. The fps may vary depending on the content program. For example, the
frame rate may be approximately 30 fps (standard television), 24 fps (movies), 25 [ps

25  {some foreign content}, or other frame rate. MPEG standards may also be used for the

compression of audio data into a frame format.

Presentation modes may be conceplually divided into three categories, as provided:

10



frame rate may be approximately 30 fps (standard tel evision), 24 fps
(rmovies), 25 fps 25 (sone foreign content), or other frane rate

st andar ds 9&9/]8@%486% used for the conpression of audi OPHEIP§ZQOHP{§9§
frame format. Presentation nodes may be conceptually divided into
three categories, as provided: WD 2008/ 027406PCT/ US2007/ 018955 Tabl e
1 Linear(play) forward slow notion forward pause contiguous(trick)
rew nd fast forward (certain speeds) fast rewi nd (certain speeds)
nonconti guous(trick) fast forward (certain speeds) fast rew nd

certain s eeds skip forward ski back
( P ) P P Table 1

Linear(play) forward
slow motion forward
ause
contiguous(trick) { rewind
fast forward (certain speeds)
fast rewind (certain speeds)

non-
contiguous(trick) | fast forward (certain speeds)
fast rewind (certain speeds)
skip forward

skip back

Linear(play) is any presentation modc that displays every frame (1, P, and B) in sequential
order. Forward mode, also referred to as “normal® play, which is presentation of all the

5  video data at its broadcast fps rate, is a form of linear(play). The terminology “trick” is
used to denote any presentation mode that requires cither non-contiguous reading from the
TSP file (“secking™) or display of fewer than the total number of picture frames
(“skipping™). Contiguous{trick) is any trick mode that loads stored multimedia data
contiguously. Non-contiguous(trick) is any trick mode that loads stored multimedia data

10 non-contiguously. Other conceptual divisions of the presentation modes may be

employed. In one embodiment, the presentation mode is selected by a user of DVR 100

through the use of a remote control device capable of facilitating user control of DVR 100.

Figure 6 depicts a simplified logic diagram of the steps involved in presentation once the
user selects a change in the desired presentation mode, in a preferred embodiment using
15  data stored as a TSP file. Depending on the presentation mode selected, statistical
information regarding the video data encoded in an MPEG transport stream may be used
to enable presentation without the need to exhaustively analyze the TSP file from the
beginning to find the desired presentation location. In process 600, the statistical data is
either “spoofed” (i.e., provided} using non-specific, pre-generated video data statistics or
20  the statistical data is generated specifically during normal presentation of the content
program. The following table presents video data statistical information that is spoofed or

collected, in one embodiment:

11



Li near(play) is any presentation node that displays every frame (1,

P, and B)_in sequential order. Forward node, also referred to as

"nor mal " PPAPIGHeh is presentation of all the 5video Bal/ASZ07/h18855
broadcast fps rate, is a formof |inear(play). The term nol ogy
"trick" is used to denote any presentation node that requires either
non-conti guous reading fromthe TSP file ("seeking") or display of
fewer than the total nunber of picture frames ("skipping").
Contiguous(trick) is any trick node that |oads stored nmultimedia data
contiguously. Non-contiguous(trick) is any trick node that | oads
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i nformation that is spoofed or collected, in one enbodinent: WO
2008/ 027406PCT/ US2007/ 018955 Table 2

The information collected during normal presentation may or may not be stored in non-

volatile memory for later use. In one embodiment, the information is maintained only for
5 the duration of the current presentation session. In another embodiment, the statistical
information may be contained in the transport stream, as broadcast. In an embodiment
using statistical information broadcasted in the transport stream, the statistical information
contained in the transport stream is private data contained in the adaptation field of a

transport stream packet.

10 At process 610, the system selects the desired presentation mode and sets the number of
frames to be skipped. In an embodiment employing a remote control device, user
selection of a presentation mode is handled as a user input, from which DVR 100
determines the number of frames to skip. Skipping frames during presentation results in
time-shifted display which a user perceives as accelerated display, expressed as multiples

15  of the predetermined play rate (e.g., a presentation speed value). By way of example, if
every 8th 1-frame (NMth_I_frame) is displayed 2 times (M_repeats) and an [-frame occurs,
on average, every 15th frame (/_spacing) in the content program, the user would perceive
the presentation as “60x” (Speed) the normal rate. The perceived speed of presentation

can be determined by the following formula:

20  Speed = (I _spacing) *(Nth_1I _ frame) /(M _repeats)
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Statistic: Description: total _numframes The total nunber of!, P, and
B frames used in the statistics. total _num frames The total nunber
of T fran¥@28Y3740% the statistics. avg frmsize The avB¢HYe20070i§ess
size taken fromall franes encountered during playback. | _spacing The
average i nteger nunber of frames fromone [-frame to the next, also
referred to as a group of pictures. 001 size Average group of
pictures size. Calculated as an |I-frane spacing nmultiplied by average
frame size. Fps Qutput franes per second. The information collected
during normal presentation nay or nay not be stored in nonvolatile
nmenory flde areduat ofi§k spagingreaddNefudi freme) deteringsitbe mambenot fsames to skip,

mai nt ai Gedy Y Mst| Ame presented for display. Generally, the statistical data from process 600
is used to provide (/_spacing). Alternatively, when the desired presentation mode dictates
a single frame skipping event, the user perceives a “jump” or single skip forwards or

5  backwards in an otherwise normal speed presentation.

Selecting the presentation mode may set a number of variable flags. In one embodiment,
the flags set are TRUE/FALSE binary flags such as: “trick,” “contiguous,” and “forward.”
In an embodiment employing a remote control device, user seck input based on selection
of a presentation mode is used to set the variable flags. The state of the flags may affect

10 subsequent processing steps. In one embodiment, the “contiguous” flag is set as “TRUE”
either if every frame is displayed (e.g., linear(play)) or if the number of frames to be
skipped is fewer than or equal o (/_spacing). For example, display is “contiguous” when
four frames are skipped and an I-frame occurs every 15th frame. In these instances,
system efficiency may be optimized by loading data contiguously. Accordingly, certain

15  presentation methods that skip frames will be considered contiguous, while other methods
that also skip frames are designated as non-contiguous. Frames to be skipped can be
expressed as a positive value if forward=TRUE and as a negative value if
forward=FALSE.

At process 620, a recycle operation may be performed on the read buffer, depending on
20 whether the contiguous flag is set. If a contiguous presentation mode is selected, stored
data may be loaded contiguously. Accordingly, any portion of the read buffer that is
resident but has not been forwarded to the display section (unused) can be recycled for
potential use. Recycling conserves system resources by reducing the amount of file data
to be read. If a non-contiguous presentation mode is selected, recycle process 620 does

25  not occur and the unused data is cleared from memory or overwritten (flushed).

The size of stored MPEG transport stream file data to be read (read size) is determined at
process 630. Read size is determined by the state of the contiguous flag. If the mode is
contiguous, rcad size is equal to the maximum read buffer size minus the recycled data
size. For non-contiguous modes, in one embodiment, the read size is twice the average

30  group of picture size, as determined by process 600. Logically, there is a tradeoff in
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information contained in the transport streamis private data
contathed in the adaptation field of a transport stream packet. 10 At
process 610, the system sel ects the desired presentation node and
sets t-he nunber of frames to be skipped. I'n an enbodi nent enpl oying a
renmote control device, user selection of a presentation node is
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consi deg&fligueii+TRIORS forWatd=F LEEY in¥9$tBAG Raving a file pointer that only reads
forward, seek position is the sum of the recycled data size and the read size determined at
20 630 (i.e., the maximum buffer size), so that data preceding the current file pointer position
will have been placed into the read buffer, after the read event. For non-contiguous
modes, a seek vector equal to the product of the frames to be skipped (set at 610), and the
average frame size (determined at 600) is calculated. An adjustment equal to half of the
GOP size is also determined to increase accuracy. Seek position is calculated based on the

25 following formula, wherein (Origin) is the current file pointer position:

(GOP _size)

(Seek _ Position) = (Origin)+ (Seek _vector) — 5
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that al so skip frames are designated as non-conti guous. Franes to be
ski pped can be expressed as a positive value if forward=TRUE and as a
negat i ve WARME/2T406 or war d=FALSE. At process 620, a recyRFEUSHATESIHN
may be perforned on the read buffer, dependi ng on 20whet her the
contiguous flag is set. If a contiguous presentation node is

sel ected, stored data may be | oaded contiguously. Accordingly, any
portion of the read buffer that is resident but has not been
forwarded to the display section (unused) can be recycled for
potential use. Recy%I i ng conserves systemresources by reducing the
anount Gt BTPPEss @30 the @I%BO‘Pgéé‘?elqsfto therppsitiogrfeteymings 35648¢ d BRrtion ofhBe
I's sel eGi&ed MPEY WalsprPSestn ﬁn%%{éeﬂ% RO AL sPRterditbd A 630 50Red ifg iRk
is cleared fromnmenory or overwitten (flushed). The size ofl stored
MPEG t r apabifferspiosesn @60 e data to be read (read size) is deternined
at process 630. '‘Read size is determined by the state of the

conti QU%Sprgéégg 676 f profRTRESR: é:&l;%@@iﬁe%é%ﬁv thé $&d BUifRr td %eg?:%ﬂé it the

maxi mum read buffer srze mnus the recycled data size.
non- & ontPguRIe Ifemesof data issesenb ol EG tensper dtream.ceack paoliet maythe

aver age | ) -9, olg .
Moot oot R RlcRed Pﬁg‘%‘ﬁéﬁf%ﬁ\_ﬂﬁo@?gi%%@ﬁ%@3@3@?@%@55@&
syst em dfahprarbsfrganbeintgaegnalingr steeaimigmirigedetalsdtraispert priatettata; @sd/of haleo
woul d P8 pliAHY B Hn Mo TARMIH G0e 88 LSRR wiltlin Pre RSl Field AP
G M A G ML AN
ess rstioe, amits @ semesentioas (vgdl, B,
whi ' i i i ah probabi Lt hat conplete 1-fra .S
oo A Pl of o U LaREQR TN oibpity [t BLer R RTINS Bt o § G0 Fame.
Al t er naflypiaily, adeessnonit inforhiajon siznaisdehetiedn Jifeane start Becattdigedrivitath the
Lot b A P PSR Bk S B o
not | ocahbthgr frae Bparefuthbr il thgeeaarihifter Siadsls aSohipfett THRANC T0hERSs biflt
performiafﬂread of si ze S, (Servi ce Jtime). (P ", "(s) +1)* (t,", ’d’f$)
10 Once "HAEMEATAS nobpvaslablen program legie ki anylvrr the frapipodictepm nglpad for
enpis i Calakcodt iifom&eh, WHicK fray -s}gnrahﬂh@ WeRt SRAMARS Frane NPl DRhbAHRYS

presentation events) the value of s can be dynam cally adjusted to

i ni mi z&lRyipg sl starsodsindicagrsshe vidgo fmedypei(laPeor Bl 3 withsgcea onit
Seek pPosid bomd e . _ ) it ]
B i b e et
15cur r e dieatesdthp prgsenesrofi scampletedtitamein the huffer. pGemarally, idantification of 1-

present gl pQ tﬂFBE@? ubdlop Wk %*haB{%'tiBn Field data is less system resource intensive than start

20 code identification. However, start code information is always available while Adaptation

Field information is optionally encoded. As described earlier, the Adaptation Field may
also contain frame statistical information as private data. In one embodiment, start code
identification is used only when Adaptation Field information is unavailable. In another
embodiment, start code data is always used either independently or in conjunction with

25  Adaptation Field information.

At decision 680, program logic determines whether additional data must be read.
Preferably, DVR 100 is a system having a.read buffer at least equal to the sum of the
maximum group of pictures size and the maximum I-frame size. In such a preferred
system, a complete [-frame will with a high probability be located in the read buffer
30  during any contiguous play mode, as the maximum read buffer size is employed. In

embodiments having a read buffer less than the sum of the maximum group of pictures
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the "forward" and "contiguous” flags were set to "TRUE" during

process 610, n ki ng shoul d occur, as data |loading will be
perfor rregva,a?ﬂsﬁ’aﬁﬁgsl y. For contiguous rewind (i.e., coﬁ?T@ﬁ@%"—uﬁPﬁE,

forward=FALSE) in systens having a file pointer that only reads
forward, seek position is the sumof the recycled data size and the
read size determ ned at 20630 (i.e., the maxi mum buffer size), so
that data preceding the current file pointer, position wll have been
pl aced into the read buffer, after the read event. For non-contiguous
nodes, a seek vector equal to the product of the frames to be skipped
(set at sgzeend theymaxineumeframe size.dhmay bz @e¢adeary topeforna addidopalirecycle
cal cul a i: t |« '

ot or m FEopeps ARHHETTEM FRUBked BndlBtHs Mspiab oabt A pdiib o ceilutensy
t he 25f ddtateve ngmpleterlFramentis mentrofitiguays modes whivh does netrtecydle endreads kess

position: ( Positi e QX igin)t. { See vector | ze VWO .
2008/ oz?ﬁ%‘e‘ﬁ%&%‘#ﬁ@g%g@( ?&fﬂ%%@é%%ﬂ%%}aﬁeﬁét(ﬁpﬁs‘@"}ﬁ@e %6)88*1?@” if
to the pomnplen I{f&ﬁﬁf b Ofdk&dlisalhotﬁdﬁled@\ A&gﬁﬁd@ﬂ ogéurts hﬂ‘l_eﬁttgé gti;tdgﬂ?i:gﬁps to 660
transport ,streamf.ile equal. to ead size deternined at i 'S
read | neBd PSS AR afapigpaLportigp ot MG Gehomayt SEreamelaa 9w Siorae PRl folec
anal yzegalkhritdlidead size aR@ appéllsthd Ay dht 16l BHetlald A1fealdl Ieaded ¢ P! BAEbufFer.
| - frame_of Fg%ta is, present. In an MPEG transport stream each packet

may be SIFPFRCIEEICY 18% fige of thearead brfema Aysipekatileast mpertion ofitee mad putfer on
Fiel d mayayoiveabsbsaly ERM &ﬁhﬂﬁ@gﬁ%@&ﬁd ShARRHsNA mpﬁ%ﬁﬁ@&ds AR,

details, transport private data, r video splicin ormation.

Tr ah@ poProgsamlggic Wik agaimanalyzecuhatitheniead bulergrataing foofetermanelifmeopmplete
cont ai N 1 FRERSR 1Ukel, 4idHF ol IR T Uik

representations (g. g., N ,a B, 1%[3”&%% rsglrgrgg’)%d%q] \%ﬁﬁffﬁréﬁgﬁgﬁ e glrnd
di spl ay ap@lyesspiecesseopuniild egmplsigdHirame is lo¢atedb franme. Typical ly, access
unit information signals whether an I-franme start is contained within

t he pay ";pl;@ FRRSPRI e - '
i denti f itgﬁg a?(t))_cat i ?\tglj anot %é?c%‘?%cé?n@?g@g‘%t Jpﬁ%%f%ctﬂéi%%oﬁh%% g?@

si gnal sfer @éﬂfﬂinétﬂéd displayneDisplay seetinns] 305 capableoofhoutpwting videotand/or audio
avaj4 ab LOQr L he rt. .stre ayl oad for
Tralsnt SBuaR AaiePBE ot APBltERatcllad & RTATL oRblp URGRY 8 5

frame. Bd¢asipmwetdilataeleyntolilnenti wiggréihehsbandcasrdaignatiseatadid-telyvi deo

frame type,(| . Ofr - ith access uni.t inf ion, .locating. a
subeoquiRBatdsied sippll Bbaidie vk ARETBE « diute PRsP IR Ao rripg pab b

i ndi cat eignalbesuoh as entre®ystern MG inafyrapeat the gréenbitibh @Focess described
CGener al |

e e L b0 B R B Y8002 Sl BRI
20  DVR system may display MPEG transport stteam encoded video and/or audio data in
multiple presentation modes including at least normal speed, variable speed forward and
reverse, and skip forward and reverse without having to linearly analyze the trahsport
stream from the beginning to find the desired picture frame and without having to analyze

and index video and/or audio frame information prior to storage of the transport stream.

25  While the present invention has been described with reference to certain preferred
embodiments, those skilled in the art will recognize that various modifications and other
embodiments may be provided. These and other embodiments are intended to fall within
the scope of the present invention. These and other variations upon and modifications to
the embodiment described herein are provided for by the present invention, which is

30 limited only by the following claims,
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20code identification. However, start code information is always
avai l abl e while Adaptation Field information is optionally encoded.
As described earlier, the Adaptation Field may al so contain franme
statistical information as private data. In one enbodi nent, start
code identification is used only when Adaptation Field information is
unavai l abl e. In another enbodi nent, start code data is al ways used

ei ther independently or in conjunction with 25 Adaptation Field

i nformation. At decision 680, program| ogic detern nes whet her

addi tional data nust be read. Prefgégghx DVR 100 is a system having
a read buffer at |east equal to the % t he maxi num group of

pi ctures size and the maximum | -frame size. In such a preferred
system qgﬁonglele l.-frame will with a high probability be located in
the read BEHEFEEddsiri ng any contiguous play node, as the maxi mum
read buffer size is enployed. In enbodi nents having a read buffer

| ess than the sum of the maxi mum group of pictures WO o

2008/ 027406 PCH usthod 7f presasing gistosedanultimediapeogram the methedsomprising:i t
may be necess - L ( i t]-.0nal
read process eg‘?aég;rl\l% %gereg(gﬂ@ %ﬁ&gﬂtﬁ:&)@gg E) Eg&%l £ ?oﬂ 832@%??1%3 l?lggféﬁ%lt%f fer
to | ocat eregramonpl ete 1-frane. |In non-contiguous node, which does not

recycl e and reads | ess. than the i, mum read buffer size, a e

addi i onal  daPaRORdIsTE B aosag HUhheaRgAm, driprodnige a shek nasision
1-frane ohddaba réfl sietasboaddedith the sedkaemd, W Eih Shadigtitd) enfopnsdtRMm

| oops to 660 and reads an additional portjon of MPEG transport stream

data froriidudss ahleast guaveregs fraee vz fhamuliimedigpragram and gn appragraizetdie
new dat a jt O&M%@Sﬂ%gﬁgﬂti&lgﬁ?ﬁgﬁ}a .the read buffer. Dependi ng on
a flush of

the size of the'read butrfer, at least a portion of the
read buffer misading amréersalithe storedinhudtimédia pagoin, ivdwedin thepertibn loaded
operations .in n- cont i.quous, node. 10 Programlogic will again

ohal yze WP prIBE S ERGOHHT T T3 e ol R e er e i1 a compl ot e

| -frame is | odetefhminiigovidihen tiolomled thertibnfof dieatdred mattimedanigtgrani | |
performl oqQping read an anaégze processes until a conplete |I-franme
i s | ocat ¥FUGEHREEORP rapgondaiyand is |ocated, it is forwarded to

di splay secti epddBeab d@feﬂﬁ%ﬁ% tRAQnd lgédéa%ﬁ?gnrlgclﬁﬂl% 16H ShhAMte 1RagR| ay

section 130 is capable of outputting video and/or audi o 1I5signals in
a nunber ogfpuitingves loadaspopiieseommgricing abrand incuding af lesht, thiedpkame. devi ces,
such as a television set. In an enbodi nrent wherein the broadcasted
signal is an audio-only broadcasted signal, the display device may be
a devi ce 2capalihe nethodrofsirhilnfurthed gonguiding: si gnal s, such as a stereo

system DVR 100 repeat t.he presentati on process described as
noeded 1o or eSPEBULHE ViE teiadh JauaRATR HP RN ST IS B MR o
di scl osegrdigfigiich raf; &4 DVR system may di spl ay MPEG transport stream

encoded video and/or audio data in multiple gresentation nodes
including at Bewesatingdhadfptisticaldaforetiondigred anjeedormst prgpentation rate of the

multimedia program.

3. A method of ¢laim 1, wherein the statistical information has been pre-generated

and is received from a service provider.,

4. A method as claimed in any of claims 1 to 3, wherein the data read size is

determined based on the average size of the group of pictures in the multimedia program.
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reverse, and skip forward and reverse w thout having to linearly

anal yze the transport streamfromthe beginning to find the desired
picture frame and wi thout having to analyze and i ndex video and/or
audio frame information prior to storage of the transport stream
25Wi |l e the present invention has been described with reference to
certain preferred enbodi nents, those skilled in the art wll

recogni ze that various nodifications and ot her enbodi nents may be
provi ded. These and ot her enbodi ments are intended to fall within the
scope of the present invention. These and ot her variations upon and
nodi fications to the enbodi nent described herein are provided for by
the present i nveetho@as cMimelin ickim @) whirkiadhoddty/reby sithB detkhbiot Bsed
clains. CLAI M5 What i s, cl %\i med is:. 1. A nethod of, presenting a

st ored mPRtPHEShervSrasE fER Pt & BRUmEf RisHIesIA I myHEedir@RE YNNG a seek

i nput associated with non-contiguous playback of a nultinedia

pr ogr am based on statistical info associated with the program
det er mi nifag a/swethop oE s ¢laimed rrlany pregedingstaimswhereiashaossekpesition ish t he
seek | NPUrerMgh BhabNG AhALAL hofler BASRERLARL BEHTED Alp LEAR! an
average frame size of the nulti I'a” program and can average size of a
group of spekcibputeihe averbgreframd tizevadi aagrpupdf mdetures adjustmesid thegidfusgent | on
of the stored | timedi a pr.ggram erein the portion | oaded begins
at the sé?é d 82&‘1? ?Vc?ﬁaggr?&ei°§%g?qi’eo\qg’é‘iuge?'ead si ze; det er ni ni ng
whet her the | oaded portion of the stored multinedia programincludes
a conplete I-frame of data; and responsi ve to determ ning that
the | oaddd porhe swthodcas glémed inang praseding clpint, veiveein Bgtsprk RASHignihe

| oaded p I L i i N 2.
The. met hogeapriet B FRRAft £eck 9830l B rithcl GRS frapBto sk BER, ¥
i n t he mahd ilvedemgpirame are,sddingnhd clduateat seek watordd thercesemitfde painter at e;

oo a1 S AR BTG LR 52 SR e ™

8. A method as claimed in claim 7, wherein the adjustment is determined based on

half the average size of the group of pictures.

9. A method as claimed in any of claims 1 to 7, wherein, when the loaded portion
does not include a complete frame, the method further comprises loading a second

portion of the stored multimedia program.

10. A method as claimed in claim 1, wherein the multimedia program is provided in
an MPEG stream comprising video packets of data, the method further comprising:
determining a data read size and a starting read position in the storea MPEG
stream based on the seek input;
loading a portion of the stored MPEG stream, the size of the loaded portion being
based on the data read size, and the position of the loaded portion being based on the

starting read position;
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3. A nmethod of claim1, wherein the statistical information has been
pre-generated and is received froma service provider. 4. A nethod
as clainmed in any of clains 1 to 3, wherein the data read size is
determ ned based on the average size of the group of pictures in the
mul ti media program 17 5. Anethod as clainmed in claim4, wherein
the data read size is determ ned based on twi ce the average size of a
group of pictures in the nultinedia program 6. A nethod of as
claimed in any preceding claim wherein the seek position is

det er mi ned base nt fil oi nter si i,on n er of
frames to sklﬁn?é?mgﬁ5ﬁ8¥% PRS0t °d$W@"535ﬂ§a8a p&ﬁg“?ﬂ éggﬁﬁ a group
of pi ct uremphil MPEEtra-cblial fadhh¢jahdrent based on the average size of

t he group OP p| ctures, 7. The nmethod as _clained in any precedin

claim wherei it hrdpadedproriga incluges # cormplets MEB(e intigocodad Bamatderesiing Seek
vect or ecMﬁEG%’tré—&ﬁ:leQ'ﬁ%ﬁfé% %)RJVlcterbewIiero%& fongQ?en%zlﬂoHPEd and the

average frane size, ding the cal cul ated seek vector to the current
file pointer p05|t|on and adjusting the result by half of the

aver age |ze f. din
ol oy, Sner & WA St B e Eesfim, Sn BB i i e
aver age starel of ret:d&iemg nlmmogﬁannnmtamnﬂ@lt buler, Andgdrivpctheprogtan frest thar any

of clainmg 1 n.the | oaded portion does . not include a
conpl et e I?R‘%}?Bffertlﬂé SFPé‘l‘&‘?dﬁ’V‘rCﬁ Piitayt PHAGRYP Stowge PG IadR EERIOPHRE on

of the stepQgemMtekingBifopmMidram 10. A method as claimed in claim
1, wherein the nultinedia programis provided in an MPEG stream

conprising video packets of data, the nethod further conprising:

determ nijpg a Jdg ﬁalﬁ&gd&&&r%ﬁggﬂ éartl ng read position in the

stored G stredm based on the i nput; | oadi ng a portion of
the stored I\/PE@tcEageehmcebpaalslemstotfe atmldtlmednd@dagmn wiithouthedexingrased on
the data read size osition of .the |oaded portion b IE‘g‘d

based on the &t5t lb'ﬁﬁfn ¥ %P&r sﬁotr?cgweaseek input aS5pgialed W Refiecq
portion gﬂhd gdked i fltimlediapodro@ded portion includes a conplete MPEG

intra-coded frane;, and

a processor operable, based on statistical info associated with the program, to
determine a seck position and a data read size associated with the seek input, wherein the
statistical information includes at least an average frame size of the multimedia program
and an average size of a group of pictures in the multimedia program,;

a read buffer operable to receive a portion of the stored multimedia program,
wherein the portion loaded begins at the seek position and is of the data read size;

the processor operable to determine whether the loaded portion of the stored
multimedia program includes a complete I-frame of data, and responsive to determining

that the loaded portion includes the complete I-frame, outputting the loaded portion

commencing at, and including at least, the I-frame.
13.  The digital video recorder of claim 12, wherein the processor is operable to:

output video data in the multimedia program sequentially at a normal presentation

rate; and
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if the | oaded portion includes a conplete MPEG intra-coded frane,
decoding the MPEG intra-coded frame to provide a video frane for
presentation. 11. A nmethod as clainmed in any preceding claim
wherein the program has been stored by receiving the programinto an
i nput buffer, and storing the programfromthe input buffer in a
storage device without, prior to storage, analyzing data in the
programto generate indexing information. 12. A digital video
recorder conprising: a storage device operable to store a nmultinedia
program wi t hout indexing; . .. .a user interface operable to receive a
seek i nput as%‘&?rﬁt?g%e ﬂﬁlsﬁcﬂdq@%'toflﬁﬁﬁaé’“&%% prggentatiny, ratg ?lég?a
program multimediaPkEe8HSOr operabl e, based on statistical info
associated with the program to determ ne a seek position and a data
read size associated with the seek input, wherein the statisti cal

| nformatiQn | NEUNARSRo ERI IR Bl 5. AR AT RAC Rliohhfofllihd dogRd 2
program and an average size of a group of pictures in the nultinedia
program pre-genesatedead ibtdckived pmraadehacetmoviderei ve a portion of the
stored multi nedia program wherein the portion | oaded begins at the
seek position and is of the data read size; t he processor

oper abl e 150 det gighalngdastieddrder ak biainhadidid afly POA4ihRN2@6 14 Rehepdi@ tiRMata

mul ti medi a program i ncl udes a conplete . |l-franme of data, and . .

r esponsi Jedreds AEFRRIAG Rpsehen &‘Fﬁéerﬁgfaﬂ%"&fﬁcﬁr?‘ipo?f PiGideR iele pylfimedia
conpl et e gsdrfigme, out putting the | oaded portion conmencing at, and
including at least, the I-frame. 13. The digital video recorder of
claim 12, wherein the processor is operable to: output video data in
the mul tipedi rogr L& . e ' te;
and 18 gg‘n&e)lgg%e 02‘%5”? %{}% ?ila Jé%ﬁdqlh ﬁgbn??rg’%eﬁahggeed&g%tﬁg?ﬂé 1%or mal
pr esent atdeerminad basefl oh heicatliet daverade sizpolmgranp of fidtured inlthg iniddimedigleo
recorder of claim 12, wherein the statistical information has been
pre-genePA%YMand is received froma service provider. 15. A digital
video recorder as clainmed in any of clains 12 to 14, wherein the data
read size is determ ned based on the average size of a group of

pi ctures 7n t Ade digitel viden georderps ghaimediip anp ofirlgimsal2 toilesherein dhrakeek as
cl ai n‘!sd 'p'aF]iﬁB@iereﬁmin\é’H%g%hl?ultaﬁlgg g?eteﬁvécq&%gtﬁélztg tﬂeﬁargﬁﬁ%ﬁhg ﬁ"gmgééjed
on tw ce'the average size of a dtoup of pictures i'n the nultinmed a
progr am be iKippdhaddhgateadge fradecizecadlingsthe ealcwdbtad seell vectoamwythofurehai s
12 to 16, wherein the seek.pasition i etermmi ned by calculating a
seek vect PAERLRoLT, REF I BHTE iegoulihy kR Wiropt el S bRl e
average franme size, adding the cal cul ated seek vector to the current
file pointer position, and adjusting the result hy half of the

aver age _dﬁoupAp‘ﬁg'&lé’id?Péecé’F@eé as CIEi@?e_ Apahagnﬂa!WW@egleraéB@w isas
clai med iggeeGh@bdbaséd oi’x“H?"fﬂLerhvEﬁge adl ?ﬁhé%%? bPpidgi&r m ned based on
t up of pictutes:

hal f the average size o e gr

19. A digital video recorder as claimed in any of claims 12 to 18, wherein, when the
loaded portion does not include a complete frame, the processor further operable to load

a second portion of the stored multimedia program.

20. A computer-readable medium carrying instructions for enabling the presentation

of a stored multimedia program, the instructions comprising:

20



19. A digital video recorder as clainmed in any of clainms 12 to 18,
wherein, when the | oaded portion does not include a conplete frane,
the processor further operable to | oad a second portion of the stored
mul ti media program 20. A conputer-readabl e medi um carrying
instructions for enabling the presentation of a stored nultinedia
program the instructions conprising: receiving a seek input
associ ated with non-contiguous playback of a nultinedia program
based on statistical info associated with the program determ ning a
seek position and.a data.read si.ze associated with the seek |nput,
wher el n the STSEETETE 3ok AU ATATIFGR AP AR E4PUY Riadeck Al Sule
frame sizgo®imthe multinmedi a program and an average size of a group
of pictures in the nultinedia program, | oadi ng a portion of the
stored nul ti nbated oprstagistenl infpassesinted mathdn program, deferarinive gisaek pasitione
seek posit] i sl ze: : i I et her
tho. 1 baddil Sarigd Sy syl B uleRsk b uheren the AL Bt
conpl et e ihclideameleadt ad avaageafiname size of thempbinsidieeprograniend mmiavérage siteat!

t he | oaded gor%iqﬁw%nc“ﬁdes ghe.co |ete I-frame, outputting the

| oaded pdrFPEHOTRIGHESR I G TImEdiAPO8EA ™ idi ng at | east, the I-frane.

21. The conpufl@ididgeastatidiLoftRe btdfed GhulEmadidp@@ranveeedim tHebRrtion loaded
instructions further caonprise; tputting video data in the

: npri se; ou
mul t i medib48ipF Bghasickoqeibing e ispf te d_&taﬁﬁqcﬁfé#eé presentation rate; and
generating t h@eghahingtiier t{Y lgédiﬁ;)bﬁfbn%%@td?éﬁ E0ginMA Frbgram
presentation rate of the nultinmedia program 22. The
conput er -indedtablcempistti lufraroé otdaia;an@0, wherein the data read size is

det erm ned basg AL th r ize of . of pi res in
the i U1 meal JoppDnya st APt Erdln B R0
in any pragatingghcloaddd pordie @nfiméntéhgageld paidingon [dast, detiekamared by
calculating a seek vector equal to the product of the frames to be
ski pped and the average frane size, adding the cal cul ated seek vector

to the cuyhrentrht chBpei-Rb&biPRSHiinIT clail 20 adhdisih tROinstARbSMltherbY
hal f of the average group of picture size.
comprise:
outputting video data in the multimedia program sequentially at a normal
presentation rate; and
generating the statistical information based on the normal presentation rate of the

multimedia program.

22.  The computer-readable medium of ¢laim 20, wherein the data read size is
determined based on twice the average size of a group of pictures in the multimedia

program,

23, The computer-readable medium as claimed in any preceding claim, wherein the
seek position is determined by calculating a seek vector equal to the product of the
frames to be skipped and the average frame size, adding the calculated seek vector to the
current file pointer position, and adjusting the result by half of the average group of

picture size.
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