WO 03/ 019932 PCT/ US02/ 24978 MULTI MEDI A SI GNAL PROCESSI NG SYSTEM BACKGROUND
OF THE I NVENTI ON TECHNI CAL FI ELD The invention relates to the tine
shifting wbwei®™s2 si on broadcast signals. Mre particul amlop/usobessrsivent i on
relates to the real tinme capture, storage, and display of television

br oadcast si gnat»z. DESCRI PTI ON OF THE_PRI OR ART The Vi deo Cassette Recorder
(VCR) has chang®ULFIMERIA SIGNAL RROCESSING/SYSTEMuUghout the
worl d. The VCR has offered viewers the flexibility to time-shift TV
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nmagnetic tape using the VCR The VCR gi ves the viewer the ability to play,
rewi nd, fast-forward ang 0Q cP material . These
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desires, fast forward through unwanted program mat er|aI or commercials, and
to replay favorite scenes. Ric ¥F§_Bannot both capture and play
back information at the sanme ti1ne. 6ne approach to solving this problemis
to use several VCRs. For exanple, if two video tape recorders are
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video tape recorder is required it the vi evver w shes to fast forward to

sone point in tine afteb glaﬁqlwlgwabﬁq-\ﬁ rﬁﬂt,rested In this case,
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the third recorder star recor roadcast streamwhile the second
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systens to solve this problem has been suggested. U S. Pat. No. 5,371,551
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material. These functions enable the viewer to pause the program playback whenever
he desires, fast forward through unwanted program material or commercials, and to
replay favorite scenes. However, a VCR cannot both capture and play back
information at the same time.

One approach to solving this problem is to use several VCRs. For example, if two
video tape recorders are available, it might be possible to Ping-Pong between the
two. In this case, the first recorder is started at the beginning of the program of interest. If
the viewer wishes to rewind the broadcast, the second recorder begins recording, while
the first recorder is halted, rewound to the appropriate place, and playback initiated.
However, at least a third video tape recorder is required if the viewer wishes to fast
forward to some point in time after the initial rewind was requested. In this case, the third
recorder starts recording the broadcast stream while the second is halted and rewound
to the appropriate position. Continuing this exercise, one can quickly see that the
equipment becomes unwieldy, unreliable, expensive, and hard to operate, while never
supporting all desired functions. In addition, tapes are of finite length, and may
potentially end at inconvenient times, drastically lowering the value of the solution.



controll ed broadcast and pl ayback device. Said device conpresses and stores
video data onto a hard disk. However, this approach is difficult to

i mpl enentwbacau®a2 t he processor requirenents for keepi ngpap/usior/buovhe hi gh
video rates nmakes the device expensive and problematic. The m croprocessor
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previ g‘ﬁiﬁsrgeehéd')s p@tq] ﬂ(ﬁ %r ogram In addition, the invention allows the
user to store selected tel evi si on broadcast prograns while the user is
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internal transfer and mani pul ati on, while pre- formatted MPEG streans are
extracted fromthe digital TV signal and presented in a simlar fornmat to
encoded anal og streans. The invention parses the resulting MPEG stream and
separates it into its vi SYMMARY ADEi PHEOINVMENTION It then stores the
conponents into tenporary buffers. Events are recorded that indicate the
type of conponent that has been found, where it is |located, and when it
occur r e inveatipm poovddes aghultimediacsigrial @roddsaingasysésront Thadnvention ruditizesnd t he

data i SR The
par seréré%éé'&\a/@%ﬁ gbj #Henl&gg;ggﬂﬁ\hﬁh%}g'a égﬁq%)%{r\é)aavi | ﬁ Eﬁé ar s{eglﬂtﬁl‘@the

st r eanysardtor viem tar@kP\é%antbfﬁédGr?éi regrem vl Higt aptm é%in‘ﬁ taniy ée‘d%‘ﬂ’B\Qpl i ng
al | OV"SpFéQ/'ious scenes within the program. In addition, the invention allows the user to store

selected television broadcast programs while the user is simultaneously watching or
reviewing another program.

A preferred embodiment of the invention accepts television (TV) input streams in a
multitude of forms, for example, analog forms such as National Television Standards
Committee (NTSC) or PAL broadcast, and digital forms such as Digital Satellite
System (DSS), Digital Broadcast Services (DBS), or Advanced Television Standards
Committee (ATSC). Analog TV streams are converted to an Moving Pictures Experts
Group (MPEG) formatted stream for internal transfer and manipulation, while pre-
formatted MPEG streams are extracted from the digital TV signal and presented in a
similar format to encoded analog streams.

The invention parses the resulting MPEG stream and separates it into its video and
audio components. It then stores the components into temporary buffers. Events are
recorded that indicate the type of component that has been found, where it is located,
and when it occurred. The program logic is notified that an event has occurred and the
data is extracted from the buffers.



sl ower CPU and bus speeds, which translates to | ower system costs. The
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CPU, primarily responsible for decoding transport streans delivered from
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chipset, while the input section varies according to the signal type and the source. In this

way, several configurations are provided, each one requiring only minor modifications to

the system board. The system architecture thus simplifies the design and manufacturing

challenge presented by producing units to serve different markets, such as digital

satellite, digital cable and analog cable.

The core components of the output section of the invention include: a CPU having the
primary function of initializing and controling the remaining system hardware
components, an MPEG-2 decoder/graphics subsystem, in communication with the
CPU, primarily responsible for decoding transport streams delivered from the input
section, and a media manager, in communication with the MPEG-2 decoder/graphics
subsystem, having a variety of functions, including media processing, high-speed
transport output and miscellaneous I/O functionality. The invention further includes a-
transport stream interface between the input section and output sections, several
memory components, one or more mass storage devices for storage of the separate
audio and video components of the input signal, and a system bus for the transfer of
data between the various system components of the invention. Other aspects and
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advant ages of the invention will beconme apparent fromthe follow ng
detailed description in conbination with the acconpanyi ng draw ngs,
i Il ustratwogsomesnay of exanple, the principles of the imeaniSoom978RI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block schematic di agram of a high

| evel view.of a preferred enbodi nent of the inyention cording .to the

i nvent :égw,antgg%g % F’%e AR ygfhﬁé‘f’n@ ArRaTamh X’P”?a %‘Pe?‘gw ﬁ%@&%m of
t he i ndestripfionuisi cambinatian plita the patconmeanyinigp drawings)| #gstatiogr by ngat oof he

i nvent pon-  Fi | {H%rrﬁ i,&: di agram of an Moving Pictures Experts

G oup %@E&P’ g‘a%énﬁasglraggfn an %rﬁ'soqk‘/i deo and audi o conponents according to
the invention; Fig. 4 is a block schematic diagram of a parser and four
direct menory access (DMA) input engines contained in the Media Switch
according to the invention; Fig. 5 is a schematic diagramof the conponents
of a packetized elenentary stream (PES) buffer according to the invention;
Fig. 6 is a schenmati BRIEEODESCRIPTHON: OF THE IDRAWINGS PES buffer fromthe
parsed conponents in the Media Switch output circular buffers; Fig. 7 is a
bl ock schematic diagram of the Media Switch and the vari ous conponents

t hat i Figednimanbloek sehamatic diagramioha high level viewefta preferfed) enbadimantodock
schenmaiy } i ItEd ; .view of the programlogic according to
the i nslﬁgﬁ??%rﬁ;&h%%gdé@tgtg@givg}éﬁénéchenati c diagram of a class hierarchy of
the program | ogic according to the invention; Fig. 10 is a block schematic

di agr amigo® ig abledle sEiRsaiEhaalarNbf @hréfbRed! drabsaiflat SFARBINRIMIOR us _
019932 PCT/ US02/ 24978 Fi g.
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|12viegt h‘?‘i}fpiéﬁ'%g‘g‘!ﬁ'g(ﬂﬁh%&f{ H\%Qb{é\éerﬂ%%‘lf’%%gptpg?%wgﬂé%odi nent of the invention

that enulates a broadcast studio video m xer according to the invention;

Fig. 124 I - ' i rm;q- S t acgcor di ng
tot he?;'q' n%vgn |S§ﬁén§%%®gérﬁs&a&gl oc 'Ré cﬁgﬁn%% gqég‘gr%ﬁ{hg? ?@%ﬁ@hagﬁel
vi ew oftrearpragddisrvideaansbaudie somppnents @ctording todhe imvention;ng a VCR as an
i ntegral conponent of the invention according to the invention. Fig. 14 is
a bl OCE, schemat i c di a%am f a hifgh | evel view of a systemarchitecture

ig. 4 is a block schematic diagram of a parser and four direct memory access (DMA)

input engines contained in the Media Switch according to the invention;

Fig. 5 is a schematic diagram of the components of a packetized elementary stream
(PES) buffer according to the invention;

Fig. 6 is a schematic diagram of the construction of a PES buffer from the parsed
components in the Media Switch output circular buffers;

Fig. 7 is a block schematic diagram of the Media Switch and the various components
that it communicates with according to the invention;

Fig. 8 is a block schematic diagram of a high level view of the program logic according to
the invention,

Fig. 9 is a block schematic diagram of a class hierarchy of the program logic according to
the invention;

. Fig. 10 is a block schematic diagram of a preferred embodiment of the clip cache
component of the invention according to the invention;



according to the invention; Fig. 15 is a block schematic diagram of an

out put section of the systemof Figure 14 according to the invention; Fig.
16 is a bwoakoswBemati c diagramof a first version of an iPapuaiSoysers on of
the systemof Figure 14, adapted to receive an anal og signal according to
the in tioon Fig., 17 is a hlock schemajic diagrgm of econd ver si on of
an i npﬁd?sgc@i%h'%% sg%nat@?gmpf RiRy& éf994?m§8§15@%r3 &ot?\ee'&é?’?}@”a gl gi t al
sat el | iemuilategadiroadoast studip vided iméxer acemrdingdo thdRingentibd®; i s a bl ock schemati c
diagram of a third version of an input section of the system of Figure 14,
adapted to receive a digital cable signal according to the invention; Fig.
19 i s Kithl tls @ Bigelarachematq diagrarangfodi elesed saptione paysere acedrding dor thel4
accor difventién; the invention; Fig. 20 is a block schematic diagramof a
second enbodi nent of the systemof Figure 14 according to the invention;
Fig. 21 is a block schematic diagramof a third enbodi nent of the system of
Fi gur eFigd 13dsa btodk sghématiddiagravest a bigh level viéw .of 22prieferfed bABOIREERNGH | C

di agra ! £ ocessi ia streamdata _across ltiple
channofie nyanBAER &Y A8 G T et PEME rilenr sty e
PCT/ USOWEDU®YS8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention is

enbodied in a nultinedia signal processing system A system according to
the inyention provides a nultinedia storage and display systemthat allows
t he uséfg' !¢ i 5\}9'%9'& g¢hemalic (agraph OF & highrleyelaview ©h a Bestep iasshitegture

i nst anatoordiay iteweriBveritibgyvi ous scenes within the program The invention
additionally provides the user with the ability to store selected

tel evi si on broadcast progranms white simultaneously watching or review.ng
anot heFigorldgs anblacidsehematiewliagrameaf @71 ogipatsertidnhofthel systémt bieFigul hawi ng

functi = . forward, play, pause, index, fast/slow reverse
pl ay, Qg(?]oédipgg(ﬁhs%ﬁ%\//érgﬁg’y. Referring to Fig. 1, a preferred enbodi nent of

the invention has an Input Section 101, Media Switch 102, and an CQutput
Sect i opigl98 is 4 BRck SEREmARCIIAGRMIE  frakRIsibE bEXh M i ' rgams in
a mul t'l__.tgade {f nggﬁ’ for ex%{a | e, Nati on'al Tel @8,9{;?%#{3@%%%5% mttee
(NTSO) [g,urq:A,quIag l9deceiyean angicg Slonabacrerding ko e inyettioal Satellite
System (DSS), Digital Broadcast Services (DBS), or Advanced Tel evi sion

St anda[:%§ 17 is a block schematic diagram of a second version of an input section of the
system of Figure 14, adapted to receive a digital satellite signal according to the

invention;

Fig. 18 is a block schematic diagram of a third version of an input section of the system
of Figure 14, adapted to receive a digital cable signal according to the invention;

Fig. 19 is a block diagram of a first embodiment of the system of Figure 14 according to
the invention;

Fig. 20 is a block schematic diagram of a second embodiment of the system of Figure
14 according to the invention;

Fig. 21 is a block schematic diagram of a third embodiment of the system of Figure 14
according to the invention; and '

Fig. 22 is a block schematic diagram of a system for processing media stream data
across multiple channels, in parallel according to the invention.



Commttee (ATSC). DBS, DSS and ATSC are based on standards cal |l ed Moving
Pictures Experts Goup 2 (MPER) and MPEQR Transport. MPE& Transport is a
st andar d worosfoorantti ng the digital data streamfromthe PCT02/26978
transmtter so that a TV receiver can disassenble the input streamto find
prograns in the nultiplexed signal. The Input Section 101 produces MPEG
streans. An MPEGR2 transport nultiplex supports nultiple prograns in the
same broadcast chaDEJAILED IDESCRIPTHONI OFoTHE! INVENTIONeds and private
data. The Input Section 101 tunes the channel to a particular program

extrac ecifijc EG programout of |t, and feeds it to the rest of the
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were del,i veigg V!§a an VWPEQ2 private data channel. The Media Sw tch 102

medi at 8891a% Yni cr opr ocessor CPU 106, hard di sk or storage device
105, and nenory 104. |Input streans are converted to an MPEG stream and

Srto mReiolind D, B4 bidtortod eniltuniett & Y ihfchibiheR i by SagA T, Lo
tinme NB%dewpbﬂQdevmﬂuM/&awma 103V TheHeput Section 10t éakes ttelevisionCut put
Sect | owgfﬁp@m Qtréémé % wmdmteae of fa.tmsanﬁ%@h?né oNEfShal *?éfe@.s%rﬁéta% /lsor age

devi ce 10 g Sectlon streans as 1np roduces
an anafinmijtees |(|§E§E: aBt Tl r@oﬁ@ﬁ%eaﬂﬁ'@g'ﬁh@’m%rsuﬁk‘h@ D'@@blsﬂiﬁ t%v
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t he ﬂé_g er o mat's, 1 ncluding
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accommyat @pf bt 10 PAptoduces MPEG streams.  An MPEG2 transport multiplex
supports multiple programs in the same broadcast channel, with multiple video and
audio feeds and private data. The Input Section 101 tunes the channel to a particular
program, extracts a specific MPEG program out of it, and feeds it to the rest of the
system. Analog TV signals are encoded into a similar MPEG format using separate
video and audio encoders, such that the remainder of the system is unaware of how the
signal was obtained. Information may be modulated into the Vertical Blanking Interval
(VBI) of the analog TV signal in a number of standard ways; for example, the North
American Broadcast Teletext Standard (NABTS) may be used to modulate information
onto lines 10 through 20 of an NTSC signal, while the FCC mandates the use of line 21
for Closed Caption (CC) and Extended Data Services (EDS). Such signals are
decoded by the input section and passed to the other sections as if they were
delivered via an MPEG2 private data channel.

The Media Switch 102 mediates between a microprocessor CPU 106, hard disk or
storage device 105, and memory 104. Input streams are converted to an MPEG
stream and sent to the Media Switch 102. The Media Switch 102 buffers the MPEG
stream into memory. It then performs two operations if the user is watching real time
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Sections (tuners) 201, 202, 203, 204, each can be tuned to different types
of input. Muiltiple Qutput Mdul es (decoders) 206, 207, 208, 209 are added
as wel | . Bpasioade32 ef fects such as picture in a picture camCrasonpisesrent ed
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syste ds to read five seconds into an incom ng contlguous vi deo stream

that is being cached, the systemsinply has to start reading forward into
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si gna i nst egd stor S m e, necessary to

| i nearhﬁ\{\eé’?@@mc% es?’fi@&feﬁdf% ﬁ& 83'% 'ﬁg’eﬂqgesﬁ’é%‘f PRI WScat i on.
Wth rdskect to Fig. 4, the I\/Edla Switch contains four input Direct Menory
Access (DMVA) engines 402, 403, 404, 405 each DVA engine has an associ at ed
buffer 410, 411, 412, 413. Conceptually, each DVA engi ne has a pointer
406, aReferiing toFig Bathe PoomingrMBEG stiearax30 ipbastinterled®d widgoa302,n3@5.f or t he

next pghBlfid Ao 363CB0PMoENGhiRents. These elements must be separated and
recombined to create separate video 308 and audio 309 streams or buffers. This is
necessary because separate decoders are used to convert MPEG elements back into
audio or video analog components. Such separate delivery requires that time sequence
information be generated so that the decoders may be properly synchronized for
accurate playback of the signal.

The Media Switch enables the program logic to associate proper time sequence
information with each segment, possibly embedding it directly into the stream. The time
sequence information for each segment is called a time stamp. These time stamps are
monotonically increasing and start at zero each time the system boots up. This allows
the invention to find any particular spot in any particular video segment. For example, if
the system needs to read five seconds into an incoming contiguous video stream that is
being cached, the system simply has to start reading forward into the stream and look
for the appropriate time stamp.

A binary search can be performed on a stored file to index into a stream. Each stream
is stored as a sequence of fixed-size segments enabling fast binary searches because
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Is dedicated to a particular type of information, for exanple, video 402,
audi o 403, and parsed events 405. The buffers 410, 411, 412, 413 are

ci rcul ar wod3ooi9Brect the specific information. The DVA emgirnso/edorenent s
the pointer 406 into the associated buffer until it reaches the Iinit 407
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the streamto the vi deo DMA engi ne 402. The parser 401 buffers up data and

DMAs it into the video buffer 410 through the video DVA engi ne 402. At the
same t With rdspect paiFker4, 468 MediacSwitcincentaing fowr inpat Biredtt Mehfore nAceess405
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parserp, &ﬁﬂer%@ﬁsa%ew diﬁt’e?46§t&'h Y it foﬁthe%g@%ﬁte? 289 i EMAG%E&?@% the

private |rec S, an the event er 413
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41 | led hy th 501
ER T A T
field Bosachesdhelimi 4074010 theovoatisstherext ]opmternm&)fahdeumltMOQaaSbttmgethb as it

is pl a @ﬂter' d%&ﬁe)gg)fo rflér 4(5:2950 ﬁ'%asfﬁ?ﬁg va @ﬁghe O*h%s&tﬂeé%hgﬂ&ﬁ "t £ he

event e fiel | 0O even |ca es the

| ocat i baiue rpreaf@s auircelap beffesy Tm@nextrmntepﬂeg r:arnbe &6t o xdiffaentiaddeesshte audi o

buf f er pdblidessveétor DAL adds the offset to find the event in the stream The
address of fset 502 tells the programlogic where the next -8 WD 03/019932

PCT/ US02/ 24978 event occurred, but not where it ended. The previous event
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into the video buffer 10 through the video DMA engine 402. At the same time, the

parser 401 directs an event to the event DMA engine 405 which generates an event

into the event buffer 413. When the parser 401 sees an audio event, it redirects the

byte stream to the audio DMA engine 403 and generates an event into the event

buffer 413. Similarly, when the parser 401 sees a private data event, it directs the

byte stream to the private data DMA engine 404 and directs an event to the event

buffer 413. The Media Switch notifies the program logic via an interrupt mechanism

when events are placed in the event buffer.

Referring to Figs. 4 and 5, the event buffer 413 is filled by the parser 401 with events.
Each event 501 in the event buffer has an offset 502, event type 503, and time stamp
field 504. The parser 401 provides the type and offset of each event as it is placed
into the buffer. For example, when an audio event occurs, the event type field is set to
an audio event and the offset indicates the location in the audio buffer 411. The
program logic knows where the audio buffer 411 starts and adds the offset to find the -
event in the stream. The address offset 502 tells the program logic where the next



actual address 610 of each segnment, and records the event |ength 609 using
the last cached event.. If the stream was produced by encodi ng an anal og
signal , iwowslohosapt contain Program Tinme Stanp (PTS) val weI/uSobpohis ar e
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segneneaceden iwthé tstreamo Then prcgrmnagglc exttactathis infoendtiogi arel placeteit in thewhi ch

t hey agﬁﬁe Ise%rhbﬁttﬂﬁ% t&n]%dbed; ect of gathering conponents of the stream

whet he e Vi audio or private data circular buffers, into
a single I|near buffer of streamdata on the storage nedium The buffer is

read bggk é)fréirﬁhf tagss %srbcuﬂg Wdidal 3e§irRats GbBaurtﬁtf ﬁrreéér%@ th@efn@dor age
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storage media. Thus, the MPEG data is not copied from one location in memory to
another by the processor. This results in a more cost effective design since lower
memory bandwidth and processor bandwidth is required.

A unique feature of the MPEG stream transformation into PES buffers is that the data
associated with logical segments need not be present in the buffer itself, as presented
above. When a PES buffer is written to storage, these logical segments are written to
the storage medium in the logical order in which they appear. This has the effect of
gathering components of the stream, whether they be in the video, audio or private
data circular buffers, into a single linear buffer of stream data on the storage medium.-
The buffer is read back from the storage medium with a single transfer from the storage
media, and the logical segment information is updated to correspond with the actual
locations in the buffer 606. Higher level program logic is unaware of this transformation,
since it handles only the logical segments, thus stream data is easily managed without
requiring that the data ever be copied between locations in DRAM by the CPU.



and audio data fromthe disk on a | ow cost platform GCenerally, the Media
Switch runs asynchronously and autononously with the m croprocessor CPU,
using itswDMdo1wapabilities to nove |arge quantities of i micarusateonsw th
mnimal intervention by the CPU. Referring to Fig. 7, the input side of

the Media Switch 701 i s _connecte e ode 703. The I
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The parser treamfromt er 703

audi o capaidlilies tmmoaﬁdlam Oﬂléﬂtﬂ@éroﬁtﬁ@m‘@ﬂo‘ﬂ Mt idimat m%@rysmoruéwumq pl exor
in thegrmge of a digital TV stream The parser 705 detects the beginning
of all of the inportant events in a video or audio stream the start of
all of the franes, the start of sequence headers - all of the pieces of
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' m(‘jor rrgb:cewéu Wh@tdéi‘ﬁulnplgkér muﬁtp@é)tes(lheaaxwad@d Iadr?i@(rjﬂiaded Iaﬂ\dmrg‘até ][thtaa
vi deo ra au eader, an audio frane, or
pri vat gha%gzeggérlr(\g?hropg HP%‘H@%OI Mﬁ@%‘&@ﬁfﬁﬁ'ﬁeue 708 along with the
offset in the related circular buffer vvhere the piece of information was

| aced th
G oul APEOTTE P08 Rerek the RRBL Aaldlrodin, min ' B fboter 70 Eﬁ‘*ﬁ’%& toh
701 hagngoder74mAnd VBlLdeer Z8Rneicram the trﬂesmﬂﬂemlt@ﬂﬁ%mme Gese of sy
addr esgy ng?l'é?Tﬁ%?rebﬁl ?hé?)a?sf@'?@g défédf@th@ Bé_?md‘ﬁ’gjbﬁalﬁw m@hm&hanl@%rﬂé% and

DRAM 71 di sk or, storage 10 js cted to ,oneg of t
ports &fvideq praudiqistieas);the st a"ﬂiﬁ“?vﬁﬁm& tsg?ﬁ]?gﬁe%‘iﬁ ([ EagPfS 3 to an
MPEG Viofl e pidsssostanforrhaticmtiatthegpogratelogictieedd éc ddew ationt il beieamj bothdecoder

717 si naI S erly pjray %QC;Q%{nO Q%ﬁgrnﬁ) Cgﬁe%%qzéf?e%?g ®n the stream, e.g. fast forward,

reverse, play, pause, fast/slow play, indexing, ‘and fast/slow reverse play.

The parser 705 places tf—.igs 707 into the FIFO 706 when it identifies video or audio
segments, or is given private data. The DMA 709 controls when these tags are taken
out. The tags 707 and the DMA addresses of the segments are placed into the event
queue 708. The frame type information, whether it is a start of a video I-frame, video B-
frame, video P-frame, video PES, audio PES, a sequence header, an audio frame, or
private data packet, is placed into the event queue 708 along with the offset in the
related circular buffer where the piece of information was placed. The program logic
operating in the CPU 713 examines events in the circular buffer after it is transferred to
the DRAM 714.

The Media Switch 701 has a data bus 711 that connects to the CPU 713 and DRAM
714. An address bus 712 is also shared between the Media Switch 701, CPU 713,
and DRAM 714. A hard disk or storage device 710 is connected to one of the ports of.
the Media Switch 701. The Media Switch 701 outputs streams to an MPEG video
decoder 715 and a separate audio decoder 717. The audio decoder 717 signals
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contrall.er . e r i t ar ger
e WIS aRPISECh s8%es p e Brig of SN Bohés Reskio i i el Eng o °
ext r acofettiefCRth 218 srPEE2 TheaBBpor 13 sloeenmddeeftodia arnafrdt @ any pdigihal , are
LYPI CafihX. SAEIREAHSSACR AAC Bl e BIPLP 7 142 1ds ARl B Flrhe PY DoREBRI 3

(VBR) . I S echni que varies™t he anpunt of data required to represent a
sequene@mplptq agki s Thg PariNg meshanisay 7Qaardeyent sieke98desourietag &P UThi s
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iy conpHeaR EoliEn ot Bls) Lo W th cuch rapi dry varying data rates without
this structure. '
The CPU 713 has the ability to queue up one DMA transfer and can set up the next
DMA transfer at its leisure. This gives the CPU 713 large time intervals within which it
can service the DMA controller 709. The CPU 713 may respond to a DMA interrupt
within a larger time window because of the large latency allowed. MPEG streams,
whether extracted from an MPEG2 Transport or encoded from an analog TV signal, are
typically encoded using a technique called Variable Bit Rate encoding (VBR). This
technique varies the amount of data required to represent a sequence of images by the
amount of movement between those images. This technique can greatly reduce the
required bandwidth for a signal, however sequences with rapid movement (such as a
basketball game) may be encoded with much greater bandwidth requirements. For
example, the Hughes DirecTV satellite system encodes signals with anywhere from 1
to 10Mb/s of required bandwidth, varying from frame to frame. It would be difficult for
any computer system to keep up with such rapidly varying data rates without this
structure.
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-1 1 WD 03/019932 PCT/ US02/ 24978 Wth respect to Fig. 8, the program/logic
within the CPU has three conceptual conponents: sources 801, transforns
802, and wornkB®18¥88. The sources 801 produce buffers of da&ca/usozasss or s
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Medi a ieteasiig th'e*tﬂu}feﬂfﬁﬂre&% 913 nedi at es with the operating system ker nel .
The kernel provides operations such as: nmenory allocation, synchronization,

and threading. The TnkCore 904, 908, 913 structures nenory taken fromthe
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Referring to Fig. 9, a C++ class hierarchy derivation of the program logic is shown. The
TiVo Media Kemel (Tmk) 904, 908, 913 mediates with the operating system kemel.
The kemel provides operations such as: memory allocation, synchronization, and
threading. The TmkCore 904, 908, 913 structures memory taken from the media kemel
as an object. It provides operators, new and delete, for constructing and deconstructing
the object. Each object (source 901, transform 902, and sink 903) is multi-threaded by
definition and can run in parallel.

The TmkPipeline class 905, 909, 914 is responsible for flow control through the
system. The pipelines point to the next pipeline in the flow from source 901 to sink
903. To pause the pipeline, for example, an event called “pause” is sent to the first
object in the pipeline. The event is relayed on to the next object and so on down the
pipeline. This all happens asynchronously to the data going through the pipeline. Thus,
similar to applications such as telephony, control of the flow of MPEG streams is
asynchronous and separate from the streams themselves. This allows for a simple logic
design that is at the same time powerful enough to support the features described
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exanpl e, back to the source object 901 to fill up again. In addltlon to
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allowing enforcement of a fixed allocation of buffers by a transform. This is an important
feature in achieving a cost-effective limited DRAM environment.

The MediaSwitch class 909 calls the allocEmptyBuf method of the TmkClipCache 912
object and receives a PES buffer from it . It then goes out to the circular buffers in the
Media Switch hardware and generates PES buffers. The MediaSwitch class 909 fills
the buffer up and pushes it back to the TmkClipCache 912 object.

The TmkClipCache 912 maintains a cache file 918 on a storage medium. |t also
maintains two pointers into this cache: a push pointer 919 that shows where the next
buffer coming from the source 901 is inserted; and a current pointer 920 which points to
the current buffer used.

The buffer scheme can be implemented using a memory pool where each buffer is
allocated on demand by a memory manager. The buffers are linked together by next
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mai ntains two pointers into this cache: a push pointer 919 that shows where
the next buffer comng fromthe source 901 is inserted; and a current
poi nter 9O oaghiwh2 points to the current buffer used. The Poaftdsez2®chene can
be inpl emented using a nenory pool where each buffer is allocated on
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functionality while retaining the ability to effectively test each object.
The control object 917 accepts comuands fromthe user and sends events into

the pf ﬂi@ktirlﬂtfturfecbf(tlﬁmblasées:lﬂnak%é ihe sg'stm?] easy t%te@o and debay. eRamnbeel dah t hed
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the. cdn Asedorenaraiytd ke Sne L WBHBHNE o e Adiolise MREReT arBatiE;

pause. classesghay bé @sadually aggedgater fooachiewe thafdesired fufidlionalily mhile retaininger 920

st ays tWQea{b‘ﬂi iLO 'éﬁecﬁ’ibel T?ﬁe%icﬁlﬁb?&% starts taking buffers out again when it
(9( e event

recei ves an at tells’it to play. The systemis in perfect
synchroni zation; it starts fromthe frame that it stopped at. The renote
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secondcdritioband &watchingi TG she tsdrpresses fanseand thécemtrd objeet 917 Isentiben i ssues
a reset event, t Q. r. . t : F state
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of st aReRG ¥5Ceiled tdrlfer f&AMESNAT 18R & td*flay.NatTHa! 3)Steth |i§ in perfect

synchronization; it starts from the frame that it stopped at.

The remote control may also have a fast forward key. When the fast forward key is
pressed, the control object 917 sends an event to the transform 902, that tells it to
move forward two seconds. The transform 902 finds that the two second time span
requires it to move forward three buffers. It then issues a reset event to the
downstream pipeline, so that any queued data or state that may be present in the
hardware decoders is flushed. This is a critical step, since the structure of MPEG
streams requires maintenance of state across multiple frames of data, and that state will
be rendered invalid by repositioning the pointer. It then moves the current pointer 920
forward three buffers. The next time the sink 903 calls nextFullBuf it gets the new
current buffer. The same method works for fast reverse in that the transform 902 moves
the current pointer 920 backwards.

A system clock reference resides in the decoder. The system dlock reference is sped

up for fast play or slowed down for slow play. The sink simply asks for full buffers faster
or slower, depending on the clock speed.
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be rendered invalid by repositioning the pointer. It then noves the current
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data.to a PushSwitch 1102 which is a transformderived from TnkXfrm The
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O, ectRaiening 6.Fg- 14 dsprererted Rdiment ot BECoMIsTES cHuGReUneiEs 80 and
anot heshoaa Aeogrcerted has & TV sigral inputhiThe sbbeeusetids datan te @i RushSwdtch

ey B heh 198 AR i TR CHROLEY, THETERLACRLERN rh o,

cache outputadharaan beoswitghed by dhe santral ebjeat d 1d4. t This mgansrthatiend patipd ease
with vm{smcrénh?%n tfe%&fﬁde\srehxd %aefhgr &an B@rétamaﬁhe%erﬁmngn@ Qg under

the con program'logi c.  Based on I nfor matlon as the current
time, & $ichales difecant steraget denicesanl hey Puspigl 1402 @P@nﬁt‘@m dentr ol

but t onTiRKERSWEIert 06! WMEH goas Toréld Bldfades tielit861 103y obavrited tb chedcaehet 0
recordl{ Port f(gapof t he signal, and svmtched off at some later time. This
h 5

SswWtc I cally caused by sending a "switch" event to the
PushSw tch 1102 object. An additional nethod for triggering selective

capt ur g bR Yehutd SPHELA a4 3 E85e with which it can selectively capture
portions of an incoming signal under the control of program logic. Based on information
such as the curmrent time, or perhaps a specific time span, or perhaps via a remote
control button press by the viewer, a TmkClipWriter 1106 may be switched on to
record a portion of the signal, and switched off at some later time. This switching is
typically caused by sending a “switch” event to the PushSwitch 1102 object.

An additional method for triggering selective capture is through information modulated
into the VBI or placed into an MPEG private data channel. Data decoded from the VBI
or private data channel is passed to the program logic. The program logic examines
this data to determine if the data indicates that capture of the TV signal into which it was
~modulated should begin. Similarly, this information may also indicate when recording
should end, or another data item may be modulated into the signal indicating when the
capture should end. The starting and ending indicators may be explicitly modulated into
the signal or other information that is placed into the signal in a standard fashion may be
used to encode this information.
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into the VBI or placed into an MPEG private data channel. Data decoded from
the VBI or private data channel is passed to the programlogic. The
program |wgios/oewari nes this data to deternmine if the dat@Crndorates t hat
capture of the TV signal into which it was nodul ated shoul d begi n.
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i ts plgacerinddaboue, Shh BRTBUBARIUBEIN iRdsticeror d is | ooked up in a table 1206
whi ch indicates the action to take on recogni zing that word. This action

may sinply change the state of the recognizer state nachine 1207, or may
cause de Sdtr@bﬁn dmsmﬂen @adt?(%rd (] Id)dkedeupan aﬁabledQOerhdea‘td;caﬂscﬂneeactht art

[ ndeedd e BbofePalacrat yBR A e By ity Sl Sloprthe” FAERY e o1,

for  recognizer state machine 1207, or may cause the state machlne 1 07 to issue an action
request, such as “start capture”, “stop capture”, “phrase seen”, or other similar requests.
Indeed, a recognized word or phrase may cause the pipeline to be switched; for
example, to overlay a different audio track if undesirable language is used in the

program.

Note that the parsing state table 1206 and recognizer state machine 1207 may be
modified or changed at any time. For example, a different table and state machine may
be provided for each input channel. Alternatively, these elements may be switched
depending on the time of day, or because of other events.

Referring to Fig. 11, a PullSwitch is added 1104 which outputs to the sink 1105. The
sink 1105 calls nextFullBuf and releaseEmptyBuf to get or retum buffers from the
PullSwitch 1104. The PullSwitch 1104 can have any number of inputs. One input could
be an ActionClip 1113. The remote control can switch between input sources. The
control object 1114 sends an event to the PullSwitch 1104, telling it to switch. [t wil
switch from the current input source to whatever input source the control object selects.
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exanple, to overlay a different audio track if undesirable | anguage is used
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With respect to Fig. 13, a high-level system view is shown which implements a VCR
backup. The Output Module 1303 sends TV signals to the VCR 1307. This allows
the user to record TV programs directly on to video tape. The invention allows the user
to queue up programs from disk to be recorded on to video tape and to schedule the
time that the programs are sent to the VCR 1307. Title pages (EPG data) can be sent
to the VCR 1307 before a program is sent. Longer programs can be scaled to fit onto
smaller video tapes by speeding up the play speed or dropping frames.

The VCR 1307 output can also be routed back into the input Module 1301. In this
configuration the VCR acts as a backup system for the Media Switch 1302. Any
overflow storage or lower priority programming is sent to the VCR 1307 for later
retrieval.

The Input Module 1301 can decode and pass to the remainder of the system

information encoded on the Vertical Blanking Interval (VBI). The Output Module 1303
can encode into the output VBI data provided by the remainder of the system. The
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backup. The Qutput Mdul e 1303 sends TV signals to the VCR 1307. This
allows the user to record TV prograns directly on to video tape. The
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i nfor difienabiy.opre rekilled Bothe grevilloteadiy ARpiesiale thatal QH% aat\aéﬁh(ﬁj wor ks
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a VCR Is specifically rrent I oned above, any mul timedi a recordi ng devi ce

cast |y S rbfl e ddlfS o h AR iggRattra e i s br hETNGE

bl ock diyatpnarardiiteciuteos- pmmqled;. ngeneraly & sy.s,tgm dgard 1400 embodying the
invention includes an input section 1401 that accepts an input signal from one of a
variety of sources. As described below, the input section 1401 is provided in different
versions, each adapted to accept input from a different source. The output section 1402
includes a CPU 1403, which largely functions to initialize and control operation of the
various hardware components of the invention. As mentioned above, the CPU is
decoupled from the high data rates of the video signal, thus reducing processor
requirements. An MPEG-2 transport stream decoder/graphics subsystem 1404
accepts a transport stream delivered from the input section 1401 over a transport -
stream interface 1406. The transport stream decoder/graphics subsystem 1404
communicates with the CPU 1403 by means of a host bus 1408. While the transport
stream decoder/graphics subsystem serves a variety of functions, described in detail
below, its primary function is decoding of the transport stream received from the input
section, and outputting the decoded stream as a video signal to a television set (not
shown).
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system architecture is provided. In general, a systemboard 1400 enbodyi ng
the invention includes an input section 1401 that accepts an input signal
from one wD0a/0199a2i ety of sources. As described bel ow, thedrnmot2eection

1401 is provided in different versions, each adapted to accept input from

a different source. The aqutpuyt sectjon 1402 _.incl ydes CPU 1403, which
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of a system bus 1407. A preferred enbodi nent of the invention uses a PCl

bus as_the system bus. Advantageously, the outgut section is partitioned
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and the device drivers. The system software operates to initialize and control the

various hardware components of the system. A more detailed description of the

function of the CPU has been provided above. Almost all data movement in the

system is based on DMA transfers or dedicated high-speed transport interfaces that do

not involve the CPU. While a variety of RISC processors would be suitable for use in

the invention, the current embodiment employs a VR5432 CPU, manufactured by

NEC Corporation of New York NY, that provides a 64-bit MIPS RISC architecture with

a 32K instruction cache and 32K data cache, running at 202 MHz clock frequency. The

CPU is connected with the MPEG-2 decoder/graphics subsystem 1404 by means of

a system bus 1407.

An MPEG-2 decoder/graphics subsystem 1404, such as, for example, the
BCM7020, supplied by Broadcom Corporation of lrvine CA can be considered the
central component of the output section 1402. In fact, the MPEG-2 decoder/graphics
subsystem 1404 incorporates a number of important components, including, but not
limited to:

e a host bridge;
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out put section enconpasses the core conponents of the invention, the CPU
1403, the MPEG 2 decoder/graphics subsystem 1404, and the nedi a manager
1405. ThewORG01®w4D3 functions primarily to run the systempeafusezes7s as wel |
as mddl eware and application software. The system software includes the

GS (Operai %]qﬁgﬁbfe@g}gir nel and the device drivers. The system software

operates to ld control the various hardware conponents of the
system /e mandViBEGaR Itradhsplert detrpultiplexef; t he function of the CPU has been

provi ded @b%Y%agf‘bﬁQﬂflg@%ﬁ@édﬁe?Dve”em in the systemis based on DVA
e I'g

transfers or |cat e -Speed transport interfaces that do not involve
the CPU. Whianaudiq/videadecedlerrRl SC processors woul d be suitable for use in
the invendi @PCIbedgalr rent enbodi nent enpl oys a VR5432 CPU, manufactured by
NEC Cor por ati,on of w York NY, that provides a 64-bit MPS RI SC

ar chi t ect ir & RHSEGOQI885 i nstruction cache and 32K data cache, running at
202 MHz decla modemdmtesfacefbad CPU i s connected with the MPEG 2

decoder/ gJ aphd Ff’ﬂg t. 4 by means of a system bus 1407. An MPEG 2
decoder/gra%ﬁ@? Su 559@@%84 such as, for exanple, the BCwW020,

suppl i ed by Broadcom Corporation of Irvine CA can be considered the

cent r alasCuseABeatatiive! ke 95&%4§ﬁdcngg6néfb@8d bgntﬁgqnﬁ%urt s‘oePﬁcl)rM? E51 45 fed

decoder./é;raphl CF‘ subsg/stem porates,_ ¢ | nmport an
conpondi® one; ofdng diangporb iiterfases 140R; whgreupon i ishdemulliplexsst inlo gepgnate
83/ m:aaawma W&@@lp&éiﬁe'tﬁ’eleménmrrdatgg PE@()jJ FThese m&ﬁg@;@ufghad!%r@ﬂr%n
e-nmu er.: st_.on oder.; udi, o/ vi deo decader ; a
PG br a0 drivg, 155 ﬁﬁa&‘i?vaﬂ,ﬂby@%w%e*ﬁﬁ@wga o8 iR Shiam
i nt er f degultiplexirs dndldedl dbotre, MPEG2andenoder/gtapbims: gaibsystead 404 hds | nput
sectio o ' ; r i upon
T s o ior ¥ ol ioRihd bpdrafion PTG bbigE S A R il udk P
st r eanyidepEgACkath ssearss rantstrigved: frem dheyrhagd gliiver pad eagsembles T8O3 and
pl ayed traasgort Sir&ataThd RafsporEteakPRdher] BEcddedine RPVitles tdigIN The MPEG-2
transport stream decoder included in the component 1404 is responsible for decoding
the MPEG-2 transport stream. The component 1404 also includes a graphics engine for
generating high-quality on-screen displays, such as interactive program guides. The
output side of the component 1404 provides several outputs; including S-video, audio,
SPDIR (Stereo Paired Digital Interface), CVBS (Composite Video Baseband Signal).
Additionally, a SMARTCARD interface 1503, and a modem port 1506 is provided to
which a modem 1519 is interffaced. The SMARTCARD interface supports up to two
SMARTCARD readers. More will be said about the SMARTCARD functionality

below.

The output section 1402 further includes a memory element 1501, under the control of
the OS kemel. The system software provides a single device driver interface that
enables all other device drivers to allocate contiguous memory buffers typically used for
DMA (Direct Memory Access). The memory element is preferably SDRAM
(Synchronous Dynamic Random Access Memory), preferably at least 32 MB.
However, other memory configurations are entirely within the spirit and scope of the
invention. Furthermore, as will be described below, the invention may include other
memory elements that are not under the control of the OS kernel.

A flash PROM (Programmable Read-only Memory) 1502 contains the boot code that

initializes the system board state prior to booting the OS kernel, either from a hard drive
or over a TCP/IP network connection. In addition to performing basic system startup
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denul tipl exer included in the MPEG 2 decoder/graphi cs subsystem 1404 is
responsi ble for the denmul tiplexing operation. Prior to being played back,

t he audi oward/o1993zleo packet streans are retrieved from t hecharsd2erse and
reassenbled into a transport stream The transport streamis then decoded
to a video signal. The MPEG 2 tran?)ort stream decoder n the
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Test), the gméf‘ﬁg%ﬂ'? H?(ﬁe‘?lﬁ \ﬁjérﬁy conponent in the physical

architecture ensur | at neither the PROMitself nor
the OS ker n@PMA coatraliest i ng have been tanmpered with. This is acconplished

by conputi ngR @ceiveMrarshitsHinteescever the PROM code as well as the G5
e reae bl AR e A A5 onots Be oy Al e i b a0y,
per f or ns ea miditipti*’CYImer-IBdesng function between many of the hardware
conponents Of Itlppe GPIO’s (General Purpose 1/Q’s);

e a PCI bus arbiter;

e an MPEG-2 media stream processor;

e a PCM (Pulse Code Modulation) audio mixer;

¢ a high-speed transport output interface;

¢ a fan speed control; and

o front panel keyboard matrix scanner.

As shown in Figure 15, the media manager includes a thermocouple 1507 for
monitoring system temperature. The thermocouple is interfaced with the media manager
through one of the I’C buses 1508. In tum, fan speed is controlled by the system
software, based on input from the thermocouple, through the fan control 1510 controlling
the fan 1509, to maintain the system at an optimal operating temperature.

As previously described, the media manager also mediates the transfer of media
streams between the CPU 1403, memory 1501, and the hard drive 1505. This is
accomplished through the action of the media stream processor and the high-speed
transport output interface mentioned above.
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system notably the CPU 1403, the hard disk or storage device 1505, and
menory 1501. The nedi a nanager 1405 provides this function by virtue of

t he assorwmaati®B2 interfaces and 1/ O devices integrated wcTiise2t4ves medi a
manager. In the preferred enbodinent of the invention, the nedi a manager
Is inplemented in an AS 1 C (Application Specific Integrated Circuit).
However, the nedia manager could also be inplenented in a programabl e
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software, based on input fromthe thernocouple, through the fan control
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Cor por resateSy Blefpts skl geRH R Fima Sy Ko ek R o mager Asi
1405 through one of the UART's 1512. Preferably, the mcro controller 1511
I's oneansRreeBRDI patt! Y5 i ShiBAsks! Rith CEnoiie? Wfamiei DAFIPS | P43, OAS frEMC PaRs!
encr yp}lellv?gatlondcluster 1516 is interfaced with the media manager ASIC through one of the
GPIO’s 1515. An IR receiver and transmitter 1518 are interfaced with the media
manager ASIC through an IR receiverftransmitter interface 1517. The IR receiver
assembly is mounted in the front panel navigation cluster, described in greater detail
below, behind a transparent window. It receives a modulated signal from a handheld
remote control and outputs the signal as is to the media manager ASIC, which either
dispatches it to the CPU for further processing or provides a pass-through path to the

IR transmitter 1518.

A real-time clock (not shown) is interfaced with the media manager through one of the
I2C ports. Because the invention is intended for use as a personal video recorder, n
which the user is able to program the system in advance to record selections at
specified times, a real-time clock is a fundamental requirement.

As previously described, the-input signal is accepted by an input section 1401 passed
to the output section 1402 as an MPEG-2 transport stream. The input section is
provided in one of several configurations, according to the type of source originating the
signal. By providing an input section 1401 individualized to source type, while keeping
the output section the same across all versions, it is possible to produce units in various
configurations with only minor modifications to the system board. In this way, the scale of
the manufacturing challenge posed by producing units to serve different markets is
considerably reduced. Referring now to Figure 16, an input section 1401a adapted to
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aut hentication. In addition to providing a master key for di sk encryption
as described below, the mcro controller also contains a private key

uni que toweadl19sit that is created randonmly during manufPaatuso2/exy78 Once
witten into the conponent, the key cannot be read out and can only be
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preferred e OFP:;M

ment, the analog input section accepts analog signals in a
vari et PRPARECRMs: conposite video, NTSC, PAL, SECAM

The MPEG-2 encoder 1604 accepts input from the NTSC/PAL/SECAM video
decoder 1602 and the audio input previously mentioned and produces an MPEG-2
transport stream as the output. In the preferred embodiment of the invention, the
encoder 1604 is programmed to multiplex the audio and video inputs into a constant
bitrate (CBR) MPEG-2 transport stream. However, in order to conserve disk space, it
is also possible to program the encoder 1604 to produce a variable bit rate (VBR)
stream. Subsequently, the transport stream is delivered to the decoder 1404 over the
transport interface 1406 for demultiplexing and further processing. The input section
1401a further includes a memory element 1605 that is not under the control of the OS
kemel. Figure 19 provides a block schematic diagram of a system board 1900
incorporating the input section 1401a and the output section 1402. As shown, the
MPEG-2 encoder is connected to the MPEG-2 decoder/graphics subassembly 1404
as a client on the PCl bus 1407.
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or S-video. In the case of NISC signals, a tuner/RF denodul ator 1601, such
as the TMDH 2 supplied by ALPS Electric, of San Jose CA, sets the signal
to the deworoagiwbannel . Preferably, the tuner assenbly i RCOrysor/ates the
tuner, an RF denodul ator and an RF bypass into the sane conponent. The
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possi b2@00 incprpogating thedngutcedton 1 .to produce a variable bit rate (VBR
stream Subsequently, the transport streamis delivered to the decodfar 12104
over the transport interface 1406 for denultipl exing and further

proces Befggunqmlglgum& sadapwisectionn 14Qi crdasigned to gecepieither digital (o applegent
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processors 1603 and the resulting output is fed to dual MPEG-2 encoders. It should be
noted that, in the current version of the input section, each component is provided n
duplicate. The digital cable signal is routed to dual demodulators 1803. Depending on
the cable signal modulation, the demodulators may be either or both of QAM
(quadrature amplitude modulation) and QPSK, either with or without DOCSIS (Data
Over Cable Service Interface Specification) and/or DAVIC (Digital Audio Visual
Council) support. As shown, the digital signal demodulators have associated with them
a memory element 1804 that is controlled independently of the OS kemel. Figure 21
provides a block diagram of a system board 2100 incorporating the digital cable input
section 1401c. As in the previous versions, transport streams are passed to the output
section 1402 via the transport interface 1406. The digital cable input section 1401c is
connected to the MPEG-2 decoder/graphics subsection 1404 as a client on the PCI
bus.

As previously described, the invention is intended to be used as a PVR (Personal
Video Recorder), in which a user may view a selected video stream in real-time, or they
may view a recorded video stream, examining the video stream by taking advantage
of such features as rewind, pause, play, stop, slow play, fast forward, and the like.
Furthermore, controls are provided for selecting programming to be recorded and for
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addi tional set of conposite audi o/video and/or S-video connectors for
content originating fromcanctorders or VCR s. Additional hardware and

sof twar e woppoI4932 s necessary in order for the variati onPCa/use2tb4ssy

enabl ed. Tur ni ng now to Figure 17, an input section 1401 b is shown adapted
to acce a di satellite si satellite ut section
1907 ESRRSI Ssgﬁ"% la f‘?%‘iﬁ"ﬂ%aﬁa@@ggq’?lm ?‘e‘é'g‘i"v s Myogton Mggl'ésteérs 1702
denodutontrel mtwfacem d?nnnaylyg?&lér queradtrozmt witte thepireveatiarhis by kegy raf)a battgiyel d a

trans p t ded 1y
VPEG Pousr RPunoRCH SEmole cSAA AChRIhPEP Rl BB Ty Jhe 'Y
the cagausesia ynastulated dBi hgami thde teyrpged)fanglt rasgivedTRY s thet VR dheptRt

st r eanebsive R SRftidrosyisiemOthd Witedfe! have LA piéviddly tderRABed tin | dut&ll f ace
1406 wi thout any furthher npdif] cgé?@on or roces ﬁﬁ:l 50 ?w des a
bl ock [dPWEHamBraliemale smAogumenl ShonYetishpoNeRGa il -PRptieddeBqien 1401
b. Refegnitiol gedetvelitrgnsraittdBand intarfape eithee InsteadldfOdr in additiognedhd (R alticept

eit her@?‘t‘ﬂ?t al rogr anal og cable input is shown. The input section accepts

I nput Seits nore RF coaxial connectors 1801, 1802 in both digital
and anal og format.. The anal og portion functions simlarly to that of the

| ' sC
dloc odan dtilen 6 Hid fld Cdnifol, O sk RS iefilelvit theRRRAGH, bY J“‘é?;ﬁsn fa

pr ocesRaigatiopo glugies CAMPFiSag| puﬁ@n%u@rp&@y&s Gecd t ojuRAnRPEet. shenb@bers. |1t
shoul dag@antagésusiy, hive. na\ngéti@ﬂ auété:e@hbstanwug»ndmncai@@ tHeD Hincli@y ioprtheeach

t l I ted t
e R N I S
denoduteatcie sonteyl idlst ior Ist!ﬂem rorlmzteldsdhe Qatiefibs (eplmhdaﬂsr desuripedtaliteve,

Servi o MideRRdeEhe ey aliaf pule B yibl Bihe MER MebaBahse! i Loy ©

Counci|') support. As shown, the digital signal dem)dul ators have associ at ed

Wi th tﬂ§|’_}5re@10ﬁ§ hﬂucﬁie@”ﬁ{ét sy@@ﬂw bBald seppery SMAR¢ ozxﬂspw&a&ﬁ& OA the CS

ker nel ure provid board
i ncor p8 Nbﬁlﬁﬁgﬁﬁ{é fG?@‘PVt 'ﬁlacﬁﬁﬁ't%!e |t|F‘|r|9H&1 as%@tﬁreﬁ'dfgogn dhe jien§ pan e° ptpﬁw ous
versi Omenﬁdr@“ﬁ@SMAﬂT(eﬂﬂE) glorisfaraded ter d%nmﬁnuérceaappllcalmné%ml a the

connecuett abePlictopiciatind Bufing kot Tk By RSSauah bt8Hinbag. on (e

PCl bm&c&‘alqsrmerchasdlyedalesranddhﬁIlklehe invention is intended to be used as
a PVR (Personal Video Recorder), in which a user may view a sel ected video

streamin real-time, or they may view a recorded video stream exam ning
the vi T8 inventiemmsoprodares disingyearivegtionah manudactyriag teckniaues welikpawndause,

play, o8 skiffldPiH the X of inRtPdelé@ionis Hesigh @ntl MRarlufdcturing.

As described above, the media manager ASIC includes a media stream processor.
Conventionally, media stream processors have been only able to process a single
channel, providing a serious bottleneck to the system’s throughput. . Related, commonly
owned applications have described multi-channel media processors that eliminate this
bottleneck. Additionally, conventional media stream processors have had to be in the
data path of the stream they are processing. Such a requirement necessitates that the
processor be integrated on the system board in a manner that- would make it very
difficult to upgrade the media stream processor without replacing the system board. it
would be a great advantage to provide a system independent device to upgrade a
PVR's media stream processor capability from single-channel to muilti-channel, which
could be flexibly incorporated with existing hardware. To that end; the invention
provides a system-independent, multi-channel media stream processor 1000. As
Figure 22 shows, the multi-channel media stream processor includes:
e a system interface 2201,
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Furthernore, controls are provided for selecting progranmng to be recorded
and for -24 WD 03/019932 PCT/ US02/ 24978 specifying additional recording
par anet erwo 0Bo1998at end, the invention includes user contrcalusSomsrs aces.
Primarily, user interaction with the invention is by way of a battery-
power ed, handheld IR re control. Activating the various controls by the
user cadsed Medipalieam r\'ggrb%%%to be emitted and received by the PVRy The
I R rece|.vea/mé(ﬂ@smmém@rocessbemrémosnterface have been previously-

descri bed in det rnate enbodi mnent of the invention
provi des ®an? Eﬁéﬁ%ﬂ?n@bw&? g@e@%@f@b receiver/transmtter and interface,
ei ther i nstambdneismamldea\dﬁna:hmlgeneratm&m. driven renote control. In
addition to the renote control, the user may interact with the invention by
means of a navigation cluster, corrpr|S| ng buttons or keys n a front
panel bhe shsteghi erfacRR20H SRRt 33 & Compl gﬂﬁ?@s&!‘ﬁe@ﬁ laye e rorbﬁ‘ﬁsﬁya?ltﬁmal ly

dupl i cpg€ ot Meerfatingtin Qﬁy‘«?w@? withedatd eansfer, ¢1@é]'bry0d)bséFhM§ ort“gaiffimgV | tr@abms)n
cluste ts control g% vent |

renote co 0
Pt Clytigihs emSginoremnents o P afverdoy ol slbahSraalhy e SUEEHE
i nt er f mdepéndenththersystegaintenface 2201emay$)e;1adnredwacspeciﬁe systiing mnalhamr ASI C.

As t it

~ Cnth Alaptel 1 FRhEt o, AR fiieht 3y reTite s by AT hHRfieclRl 1 Y-
panel elemends, omihoughohe UEeeOSHRIGTANRING Switches. | lﬂ thedease &f ajyelquﬁ @onmrer ce
appl i Cng REarYSsRm UBR' s g:«érhemérﬁaé iR des pra%eultbe@bsfme b ke eharibigoses,

such a ay- per-vi ew pro nmer chandj se sal es _and the
b b

li ke. WH%'ﬂsﬁﬁ?é’nPWB}g tpdne, H@é&@gf%@ﬁ@ae@ﬁ@%q?%ﬂ%umwﬂm BEeR AR ¢¥hni ques

vel | koanersafly unhifstae Thel $ysteimi intdrface grovidés ra comraction bgnivbishdbei mediand
manuf act urin d gqorf{?;mt he nmedi a manager ASIC includes a nedia

a
st reanPW@éggmay O%égﬂ(?e i hredi a stream processors have been only

able to process a single channel, providing a serious bottleneck to the

syst e"b&s{é?ﬁ d%qgg’é’gentpﬁl Pehed t%ﬂ‘@?ﬂﬁ Yderﬁmé’reézé.gpb\)hfcﬁt dl@ﬂ%d’@\‘é@ iear i bed

mul ti annel processors nate t | eneck

Addi t i sieamg framp wikeitdatan arder 1 Klentilyndaia JhalsBeeds Ha\}@ HIacessele T8 t he
dat a p%éﬂléfstﬁeaﬁl flchfifn (de8Y infirMafiérd Ga&tS iaOsourtts and dj@lmat‘ @madtiresses,

necessitates that the cessor, be i on _t stem board in a
manner W in M ISMStﬁE]?@p?B ied sdﬁ"ﬁ'? tc‘?lﬁ{e'#@ rﬂﬁcﬂ?éﬁ e nedia stream
processor vm t hout replacing the systemboard. It would be a great
advant rov. rredl a
St cam B oL afeAtS oy REFY. e SERH tealtt Kehcalion REhafo oo B Ty ¢
media stream data objects so that they may be associated with their respective media
streams. Following tagging, the media stream data is routed to the media stream
processor core 2203, where it is processed in parallel, rather than in a single channel. By
processing the media streams in this manner, it is possible to achieve a four to eightfold
increase in throughput.

In the case of multiple media streams, the multi-channel state engine 2204 saves the
state of the media processor when a different media stream identification is presented,
indicating that the media stream has switched. When the original media stream is again
presented, the state is reloaded and processing of the original stream is resumed.

The resulting process is saved to a media data structure. Such data structures are
commonly known. As each stream is processed, it is sent to system memory as
needed.

While the multi-channel media stream processor has been described herein as an
upgrade device, it also could be incorporated into a new system as the media
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could be flexibly incorporated with existing hardware. To that end; the
i nvention provides a systemindependent, multi-channel nedia stream
processorwddB@1998s Figure 22 shows, the multi-channel nedcasy/eans
processor includes: a systeminterface 2201; -25 WD 03/019932

PCT/ USQ2/ 24978 a ' t i denti fi. - @ .str cessor
cor e 28585501, 1RSI ARAMAGE" ) el 517 ineORed ik EIAEMH

i dent i aiahiectore withoet caquiringaogjor reteoling of the systesn beard. 2201 serves as a

conpl etely passive, slave client on the system bus, not interfering in any

way wWith data transfer, nerely observing or "sniffing" the hus. Wiile the
remai nilAY Bwirsbaenels media rfirealy ARPCRPSRE dNAY sPe e HRPisMRIRd oysing disgreteam

i ndepepg@pbnents ®r 7V a peoyramntibiaRgiccdddcd risingekriown @kttbdsCofaprogrmiirgy
systeng r it may be adapted to connect to several different systens,

ei t her wa‘W@ﬂﬁ§'of hardwi red elenents, or through the use of progranm ng
swtches. In the case of a unique or proprietary system the system

:c nter f%\ﬁﬁo@ H%eirmeﬁfi: haS pBBRCIN BBd il G YeferdiSe 'tS'ﬁeﬂﬁiFl ’LPrBf’érFéQj to the
act tha rdwar e "and protocol ST on nmenory buses are nearly niversally

uni f or embpdimentstene skillegrin thecaywilhieadily aprreciatedbaleiherapmicationsieayb@ a

Pr 0ces §aefRbd A0 HoLE sob forftVIRAE Wattout SYSARITY dR tH SBIARNAN Soddte ot &
stream i dentifier 2222, Qh'ﬁp dlStIﬂ?UIS es dbg s}r&&g&)fron] t her dat a,
in or dBFesest iinueRtion. Ageardinglys the, dayrntiog %fge sbgglim Yt £1M%eam

i dent i frichidadsstownf or mati on such as source and destinati on addresses,

which in nost systens are hardwired signals, to identify nedia streans. As
nmedia streans are identified, the nmedia streamidentification generator
2205 tags nedia stream data objects so that they may be associated with
their respective nedia streans. Follow ng tagging, the nmedia stream data
is routed to the nedia stream processor core 2203, where it is processed
in parallel, rather than in a single channel. By processing the nedia
streans in this manner, it is possible to achieve a four to eightfold
increase in throughput. In the case of nultiple nedia streans, the

mul ti-channel state engi ne 2204 saves the state of the nedia processor
when a different nedia streamidentification is presented, indicating that
the media stream has swi tched. Wen the original nedia streamis again
presented, the state is rel oaded and processing of the original streamis
resumed.
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The resulting process is saved to a nmedia data structure. Such data
structures are comonly known. As each streamis processed, it is sent to
syst em meworog/0a®32 needed. While the nmulti-channel nedi a stPCaarsopecessor
has been described herein as an upgrade device, it also could be

i ncorporated into a new system as kﬂé%ﬂﬁgia -26 WO 03/019932

PCT/ US02/ 24978 processor. It prov e advant age of being easily

i ncorporated into a system architecture without requiring najor retooling

of the ¢syst W”s?@l%hﬁj:for-r b %ﬁlfah&&?é‘@%ra@@dc{rﬁ gfaBSé‘éR R 3 ﬁﬁﬁpianﬁé{tabe .
i mpl ement ed. usi'ng discrete conmponents Or 1n rogramrabl e Togr C tevi ce,
usi ng KRBINSHEE hods of programmi ng such devices. Although the invention

has been demrighmgeaﬁfnquoqutfmgraﬁﬁqm,ﬁ@gnt,@,ut:gg,t@j n preferred enbodinents,
one skilled _in thet aercg. Wi I'j] reaﬁ%?/ aggrecli.ate th@t ot her F i cations may
b e substi A¥PYIFEdFIUNerEn NPUh SI987HS HaASRB ttotfélﬁflpf‘ Fﬁ@ SEFURA t he
spirit asredrarsppd stréamhsaid jputpsk sectionveshadingt. Accordi ngly, the invention
should only be |i %AP%S?Y the Clains included below -27 WO 03/019932

PCT/ US02/ 24978 & A system for the sinultaneous storage and

pl ayback of nul t imeansafor glegoding aaist itranspprt stieamp saidsmeans forf decaslingui ri ng
and tuning apid fehspoft! SHeBhi cétheRiddPid! s&i§ PrbGabsorby Ridhnddbida iR\t gnal is
passed to said output section as a transport stréam said output section

i ncl udi ng: é’%?%&@@&ﬁ“ﬁ 8¥ans for decoding said transport stream said
nmeans for decodi mgbridging éleaesip wonnetiedald Gafthekicodei/ifostabshtliecessor by

f first t f | [ d a.bridgj I { ted
o sai d decdue B Sooht PaR Gonsfer 8k, 3851 ucklnd Bleivert PRty e -
el enent, saintetia¢algiphyalidy ohsysterogomponeststo interface a plurality of
" <. : i g g > ed di
y sour oo ¢ wnonein safiRp@ Beidh & indiidhal g6 actir oRelibertiBe, =2 FPONE M
adapted to accept an

2. The system of Claim 1, wherein said input section is adapted to accept an
analog input signal.

3. - The system of Claim 2, wherein said input section accepts said analog input
signal from any of RF coaxial, composite audio/video and S-video connectors.

4. The system of Claim 2, said input section comprising;

a tuner for tuning to a desired channel;

a decoder for digitizing a video component of said signal;

a multi-standard sound processor for processing an audio component of said
signal; :
an MPEG-2 encoder, wherein said MPEG-2 encoder receives said digitized
video and audio components, whereupon said signals are encoded and
multiplexed into an MPEG-2 transport stream.

5. The system of Claim 4, further comprising a memory element.
6. The system of Claim 3, further comprising a secondary input, said secondary
input comprising a second set of RF coaxial, composite audio/video or S-video

connectors.

7. The system of Claim 1, wherein said input section is adapted to accept a
digital satellite input signal.
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anal og i nput signal. 3. The systemof Caim2, wherein said input section
accepts said analog input signal fromany of RF coaxial, conposite

audi o/ vi dwo BowIR vi deo connectors. 4. The system of C ai mCZ/USHAR4H78 nput
section conprising; a tuner for tuning to a desired channel; a decoder for
digitizing a video conmponent of said signal; a nulti-standard sound
processor for processing an audi o conponent of said signal; an MPEG 2
encode8, wh&hesysteri af QIBIRG 2wbereddsaid ingod seetionseairprifegi t i zed vi deo and

audi o conpo id signals are encoded and nultiplexed into
an MPEG 2 t@gﬁés%gp gge(rﬂ%%%eg.adr@he systemof Claim4, further conprising a

nenory el endliieastenedameduiating elemenbiordemodgyjatenthe digitah satsilitg)signdldeondary

I nput , af MREGECPAEpoNt stigdRtt conprising a second set of RF coaxial,
conposite audi o/video or S-video connectors. 7. The systemof Caim1l,

wherein said input section is adapted to accept a digital satellite input
si gnal 9. - 28TNsPSteql 8 BLaifCT/ Wit€r2in2<id Snput. seCtien 5/ atlaptedf toChedept an wher ei n

one. delBHL T HLPSnERERE 76 iR ARt BRS e A8 Rl corBigfi ' To”" an
MPEG 2 transport stream 9. The systemof Caiml1l, wherein said input
secti ool S FAGRYSEI & CAHFRIwASreir SR ingt 48@lori doriigidesanal og and digit al

t conn

formats froma east one RF coaxl al, ector. 10. The systemof O aim9,
wher ei n sai &t leagienednariferiuninge a desiredghanpgkt one tuner for tuning to a

desi red chagrneast oile dezadbr fopdighaRrievideo cofippnbhEzofdidsighgieo conponent  of
said signal;, at L‘east ong %A.Iricfl ~-standard sound ﬁ)rocessor. for pro&essi ng .
an audio c%‘n&?ﬁ n?N%f MYy aéquaﬁ?u RRESSS e 608&996ﬁ§'09n6“w8}‘ P-stream
encodecompateritiof gaidwsigmati n said MPEG 2 encoder receives said digitized

vi deo and aydi 1HO0 e g ' ' a(lﬁ? d.and

mul ti pl exed&iqn oégr?h%%d%r tﬁfgg_ﬁ{sc’pwi_]sét{e%gg% 995 ea%gl é?‘gﬁgg &&gi m 10,

f ur t heMREf2rensiodgr mceivessaiddgitizethyideoaanthaudio components, whereupon

said signals are encoded and multiplexed into an MPEG-2 transport stream.

11.  The system of Claim 10, further comprising at least one memory element.

12. The system of Claim 1, said output section further comprising a transport
interface, wherein said transport interface receives said transport stream from said
input section.

13. The system of Claim 12, said means for decoding a transport stream
comprising an MPEG transport stream decoder/graphics subsystem, wherein said
first data transfer element comprises a host bus.

14. The system of Claim 13, wherein said transport stream decoder/graphics
subsystem includes:

a host bridge;

a memory controller;

an MPEG-2 transport demultiplexer;

an MPEG-2 decoder;

an audio/video decoder;

a graphics processor,

a PClI bridge;

a bus controller;

a SMARTCARD interface; and.
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12. The systemof Caim1l, said output section further conprising a
transport interface, wherein said transport interface receives said
transportwetmwe@awstirom said input section. 13. The systemprafi/tGoaksrd2, said
means for decoding a transport stream conprising an MPEG transport stream
decoder/graph| CS sub r?/stem wherein said first data transfer el enent
conpri ses adAWseMyipterfaga. The system of Claim 13, wherein said transport
stream decoder/graphl cs subsystemincludes: a host bri dge a nmenory
contro]ler;an MPEG ransport. Ry xer. an

audi o/ R'deo '&%8%%%’.’“’%(23@?3 husé'é’qﬁaﬁé’é@%hg?ﬁ‘ad%%ﬁ%? cs sd@’s&ggem

cont r diuttieer, cemSishRy @AMRBEast norer fraceporhstream? teNace 3 M3 2sam:wanspan 24978 a
rodem e inféifacetBcolelPssid FhREDAH stfdafh fRortfbaid Mot SddiBAPOr L st ream
decoder/grap CsS su system urt er conprising at [east one transport
streaminterface, wherein said transport streaminterface receives said

transppgt STﬁé?QVQtéﬁpéﬂ@Iéirﬁ' 1Hnmbréi@‘§éld(1fansﬂ)5ﬂ sTr’@erﬁi!éfdémﬂllﬂf)le%@llrﬁb 14,

wher ei n ns tream.i.s ti into u 1,0 eo packet
st reandy W"P@g é(\ s‘%‘:{ﬂe‘psj@?gf Wé%{%agrpé%g?ééﬁe@%ﬁrepﬁ %b‘géxe hrough an
out put badkctaraughsam cnhtpuntasm@of$a|dtraeswnrﬂsmsmlndbgwqﬂgraﬁhlswbst;systmm 17. The
system of Cl aim 14, wherein said transport stream decoder/graphics
subsystem further conprises a plurality of outputs, wherein said decoded

signal 17.s  Tha systen ok Glainevi4i whereinapadoii@napos stream diasgdargraphics s- vi deo:
audi O,S%p%{'geiéﬁw( r%anisrescb ﬂin fétﬂb@t'sf MBlein 30@ déMded SpRRCSi te Vi deo

Baseban na al 14, further conprising at | east
one SN grgteevuswn said outguts including anytr)q i J

S-video;

audio;

SPDIR (Stereo Paired Digital Interface); and
CVBS (Composite Video Baseband Signal).

18. The system of Claim 14, further comprising at least one SMARTCARD
reader interfaced to said transport stream decoder/graphics subsystem.

19.  The system of Claim 14, further comprising a flash PROM connected to said
transport stream decoder/graphics subsystem, said PROM containing boot code
that initializes said system prior to loading of operating system kernel.

20. The system of Claim 14, further comprising a SDRAM connected to said
transport stream decoder/graphics subsystem.

21.  The system of Claim 14, further comprising a modem connected to said modem
interface.

22. The system of Claim 1, wherein said processor comprises a MIPS processor
and wherein said first data transfer element comprises a host bus.

23. The system of Claim 1, wherein said processor is operative to run system
software, middleware, and application software.
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reader interfaced to said transport stream decoder/graphics subsystem 19.
The system of Claim 14, further conprising a flash PROM connected to said

t ranspor twetme@awsdecoder / gr aphi cs subsystem said PROM comcaiusongiopoot code
that initializes said systemprior to | oading of operating system kernel.

20. The system of Claim 14, further, conprising a SDRAM connected to said
t r anspéft si—'ﬂ%éﬁﬁt@&&agww Fonherein 5&y ﬂéﬂ?”gf?ﬂ“r‘ﬂ'@ W@‘Péﬁ]aﬁef’éﬁai% 14,
f ur t hepperating bystem kermel e deviveadriveds, tsaidssystemostsfiware rapertiveeto iddializéhe
syst em Claibm1 rein Ld processor conprises a MPS processor and
wher ei ﬂg‘iﬁ?%aﬁ?@”a\gg&&)?ﬁ%@%‘er el ement conprises a host bus. 23. The
systemof Claim1l, wherein said processor is operative to run system

sof t vvagg/ , ng% I s?/\g%’n? ﬁfa@%mpp’l %?Fé&r? %aﬁp%i?iﬁi&ﬁ - eleARRnY\@oARRE8 93 2media

PCT/ US : ) . The system g alm erein salid system software
i ncl ud@@nagern said medi;mapaderdfeiudingy st em ker nel and device drivers, said

syst em sof t ¥R(FE ABSIBhtroferiviathl diitd eAtrygkon;and control hardware conponents.
25. The systmf q jm1, wherein said bridging element conprises a nedia
manager, saf GPA"¥&hager including: an | DE host controller with data
encrypti on; an iR Rdéivedmamsrhitterintedfacd;R recei ver/transmtter interface; at

| east one U j I I ?’Q‘it‘? RS i . 1 r); at |east one
12S bus; at éﬁé—%éttgﬂ g\rﬁlg'&%tl(gﬁ?’ég%gﬁg u?posghﬁgﬁ%%%r%%ﬁ%muﬁe;ﬂ’ a PCl bus
arbi ter; analPEs onsdii @ bysr eam processor; a PCM audi o mi xer (Pul se Code

Modul at i on) gt |e?stf‘6|ﬁi'GP[@%Gehé@iﬂPﬂﬂ:fdseQHbW@utipOf)?rface; a fan control; and a
scanning interface for a front panel navigation keypad cluster. 26. The

syst em of CR&IGhDS arQf:y ei n sai d medi a manager is inplemented in an ASIC
(Appl i cat i oan MREGIMedihrtrearmapredesdorcui t) or a progranmmabl e | ogi c device.

t2(7). The systa%ﬂfau%lloa}n@ezrﬁpui‘sgrég&rM%(amrﬁioﬁj;ng a tenperature sensor coupled

a high speed transport output interface;,
a fan control; and
a scanning interface for a front panel navigation keypad cluster.

26. The system of Claim 25, wherein said media manager is implemented in an
ASIC (Application Specific Integrated Circuit) or a programmable logic device.

27. The system of Claim 25, further comprising a temperature sensor coupled to
said fan control

28.  The system of Claim 25, further comprising a fan connected to said fan control.

29. The system of Claim 25, further comprising a real-time clock connected to said
I?S bus.

30. The system of Claim 25, further comprising a secure micro controller connected to
said UART, said micro controller operative in cryptographic applications, including
authentication and encryption/decryption.

31. The system of Claim 25, further comprising a RS232 port coupled to said
UART.

32. The system of Claim 25, further comprising a IEEE1394 interface integrated on
said media manager.

-31-



said fan control 28. The systemof Caim25, further conprising a fan
connected to said fan control. 29. The systemof Caim25, further

conpri si ngoasnedB2ti ne dock connected to said 12S bus. 3@CTiU®S2/2493% em of
Claim 25, further conprising a secure mcro controller connected to said
UART, said mcro controller operative in cryptographic applications,

i ncluding authentication and encryption/decryption. 31. The system of

C ai m 38; f JheraysteromfiGlainn @5a furRbereorpprising apane gane!l keDdaraysrRnplegbto The
syst emsgiq §pphm 25, further conprising a | EEE1394 interface integrated on.
sai d nedi a manager. -31 WD 03/019932 PCT/ US02/ 24978 33. The system of
Claim25, further conprising a front panel LED array coupled to said GPIQ

34. Th@4systTee Z;téinabmcaéim f5; tidtier coomprisiign@ frorfitr panelpaavgationy cioster on

cluster . c | id GPIO 35. The systemof Caim25, further
conpri §PHB‘%§RP§ @Pi@ntrol coupled to said IR receiver/transmtter. 36.

The systemof Claim1l, wherein said second data transfer el enment conprises

a syshemb ' ' i
corpr; S0 o g Sptert Of i} 95, BitEl A AEHBIECHRS BUBLATO IR, e
(Uni vereegivesiiangiteis) control | er coupled to said PCl bus. 39. The system

of Claiml1, wherein said systemis inplenented as a system board. 40. The
systemof Caiml1l, wh i.n said output sectian is ipplenmented as.a

ol ural 1y INERSISE A G hewherRiL S sAE0S Aeganstal STRER SRESRR of
sai d daystem dosfer elements. 41. The systemof Caim1l, wherein said

out put section is inplenented as either a single mcrochip or a chipset.
42. A system for processing a nedia stream across several channels

si mul t &Teoudihg systamof Silaigy 3Gmwhereinsaid Bysie] biup cormprisessa PSdPusn a dat a
bus; _

38. The system of Claim 37, further comprising a USB (Universal Serial Bus)
controller coupled to said PCI bus.

39. The system of Claim 1, wherein said system is implemented as a system
board.

40. The system of Claim 1, wherein said output section is implemented as a plurality
of microchips, the chips connected to each other by means of said data transfer
elements.

41. The system of Claim 1, wherein said output section is implemented as either a
single microchip or a chipset.

42. A system for processing a media stream across several channels
simultaneously, comprising: ‘

means for observing a data stream on a data bus;

means for identifying media streams within said data stream;

means for associating media stream data objects with their respective media
streams;

a multi channel media stream processor, wherein said media processor
processes media stream data across a plurality of channels, in paraliel; and

means for monitoring and saving state of said processor as said processor
switches from an original media stream to a next media stream, wherein, if said
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means for identifying nedia streans within said data stream mneans for
associ ating nedia streamdata objects with their respective nedia streans;
a multi cWanselywaedi a stream processor, wherein said nedi 207023808
processes nedia stream data across a plurality of channels, in parallel;

and neans for nopitoring .and.savi.n tate of  said pr. S sal.

pr oc esBGCESLRYj §W Sft?a(‘}gntarﬁ PBQ'H%I Sstfﬁ%‘?'aa §{a?%aﬁ§38%g§§%n@% %@dd."ag’g?'r eam
wher ei strearf ismilahded32 WO 03/ 019932 PCT/ US02/ 24978 processor sw tches back
to said original stream a state associated with said original streamis
rel oaded. 43. The system of C aim41l, wherein said neans for observing said
data s#BeanThe sypters o Claigy 41 e wihiergir spigcmeans ifer ahsanding pid dalg stredMpri si ng

a paSS&drﬁgri%dsaM% 6ldnf terf43, SaAGyRIM MBRARI Corfiplighg ¥ aReIvien sRIVeasient
observes Sald da

F a streemw thout interfering., with data flow. 44.. The
syst enPBfald yispagrein Al eﬁyﬁtegéirgerﬁ‘r‘?to&ﬁefvﬁé%fdag%‘aisge?wwcﬂﬁé’?tf"'g%ﬂﬁ‘gt 0 a
parti cuitadagyfidvem type, said individualization being acconplished by one
of :  programmabl e switches and hardw ring. 45. The system of C aim 43,
wherein said data bus is one of: a systembus and a nenory bus. 46. The
syst enftéf CThe mystem wifClaim 48aiwhereinrsaid systear interfacenly indivislyilizest f@m
conpri rrresﬁg ty [ t i i ehBingdl i r .
di sti ngﬁ'iﬁ%lﬂaes %"3 t tr’ea%sﬂ]flhg%%gj ﬁlggrﬂg'pmlbﬁh r é(%‘ceggji"?%iat g@g}o P gar%f
accor dPrRgrammable switchea apdhardvifingn  addresses. 47. The system of O ai m 42,
wherein said neans for associating nedia data objects wth their

respectve dia stre .conprises.a dia jdentificatiaon ner .. Said
medi a flaent i[fﬁ?(,szyﬂs% 03@%’%9 W @@f'bﬁ?qﬁé;a?aabgs t'%o{’r&ég’?aé gﬁtgﬁh@dﬁaﬁa@oj ects,
so t hamemyry slat.a object is associated with its streamof origin. 48. The
system of Claim 42, wherein said neans for nonitoring and saving state of
sai d processor conprises a nulti-channel state engine, said state engine
noni t o#Bng Thediysternrefaplaim etd, i wherein, saig aneans foy identilying = sediz slieafe, sai d
saved 8hARisES WPhrcdliaStréam fiddrititier iePein 2R nfedite Graarm! dismauishesat edfr

associ ated wth sai next nmedi a s(aﬁréeam is ass C|at st em of

ted. 49." The s
C ai m steamp dram the demaindge epéﬂ' | GR13 SPB ECRFANG 1P FOULS pd; Gesfindtion

addresses.

47. The system of Claim 42, wherein said means for associating media data objects
with their respective media streams comprises a media identification generator, said
media identification generator assigning tags to media stream data objects, so that any
data object is associated with its stream of origin.

48. The system of Claim 42, wherein said means for monitoring and saving state of
said processor comprises a multi-channel state engine, said state engine monitoring
media stream identifiers, and saving said processor state, said saved state comprising a
first state, when a media stream identifier associated with said next media stream is
associated.

49. The system of Claim 48, wherein said state engine reloads the first state if a
media stream identifier associated with said first state is presented.

50. The system of Claim 42, further comprising a media stream data structure, said

processed media stream being saved to said data structure and routed to system
memory as needed.
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media streamidentifier associated with said first state is presented. 50.
The system of Claim42, further conprising a nedia stream data structure,
said prowesspwIredi a stream bei ng saved to said data str ®cirurse2/a4vds r out ed
to system rrermry as needed. -33 WO 03/019932 PCT/ US02/ 24978 51. The

syste sa nted: a bl e
| ogi c VI c(::t 5§y3%%\mrrec§ g;'&é’ T ‘}#oi’ﬁei?ﬁ] S§'d r’g(% gé?ﬁt trlsga'm ﬂa%r?\gggéoggibeg?
channeprogsammiablenlegirsdeyice. conpri sing the steps of: observing a data stream

on a data bus; identifying nmedia streanms within said data stream
associ ating rredla stream dat a o%ects with their ective d|a treams;
pr oces82ng Asasthod of BrorPeRinG aAReW¢ia Straam) asfess Q%Vefﬁl c %ypﬁ{%ﬁgnu %@eﬁ'éﬁ %l | el ;

and n&m?@g,h@%@gﬁpg@w ng a rredl a processor state as said processor
switches froman orl gg{ag)mto a next nmedia stream and

rel oadi ng sP238VIRg & t%ts aa%qrha Griginal streamif said processor
swi t ches Dbidehtifyingraedia stregrna alithist saschdatasBeamhe system of C ai m 52, wherein

sai d step OfQ qﬁfﬁ ﬁ'nﬁ'@d%@frgarﬂ%a?a é%jéagrﬂnthctﬂ@?'iés'b%%tu&é"ﬁ\eafae&l%a?ﬁs provi di ng

a system i nter emin e conpris a passive, 'slave
client on salioaesm@gmdmﬁaam @@@t@fﬁﬁ&ﬂ@k‘ﬂ@é’f%é@ﬁ% r\rgpg@#@! #da stream

Wi thout i nt g{chRbriftfand éémﬁg'iéameaila%c&%or dake sy shidprotesdoriswitees WbRY ei n
sai d system interface is di vi ized to particul ar systemtype, said
i ndi vi GGQFQ'ﬂﬁkmﬁﬂ'aﬁé’Pﬁ@‘ tQ@c'&ﬁS %ﬁ‘% d”rﬁlg of :  programmabl e switches and

har dwi ri ng. rdiGadird ety Hseociated it Ba|630ngMala|s&earnsvhlsalcﬂamelseer switcdmes of : a
syste s, and, a. bus. 56. The system of Caimb52, wherein said step
of i drerh?? ')9|5t%d %fgr'r‘gagnﬁe%?‘r eam conprises the steps of: di sti ngui shi ng nedi a
streanms fromthe remai nder of said data streamaccording to source and
destinghi ontRAALRISHSof elaim B8, WilehdA Sid Stép Bf dbseMifgesdid Sditd stieif Of :
comprises the steps of:
providing a system interface, said system interface comprising a passive, slave
client on said bus; and
said system interface observing said data stream without interfering with data

flow.

54. The system of Claim 53, wherein said system interface is individualized to a
particular system type, said individualization being accomplished by one of:
programmable switches and hardwiring.

55. The system of Claim 53, wherein said data bus is one of: a system bus and a
memory bus.

56. The system of Claim 52, wherein said step of identifying a media stream

comprises the steps of:
distinguishing media streams from the remainder of said data stream according to

source and destination addresses.

57. The method of Claim 52, wherein said step of: _
associating media data objects with their respective media streams comprises:
assigning tags to media stream data objects, so that any data object is
associated with its stream of origin.
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associating nedia data objects with their respective nedia streans
conprises: assigning tags to nedia stream data objects, so that any data
obj ect i swoaspowBated with its streamof origin. -34 WO 02COUB0B24978

PCT/ US02/ 24978 58. The nethod of Claim52, wherein said step of nonitoring

d d t i t he st i_tori di
atreansbaent e e Bod:HaCEIp: R REAR AL alaR oL abRorRY; A Akl e ©
conpr i pioegssorfstatetcompises thdisteps of:medi a streamidentifier associated with
sai d next %hﬁorﬁ'{grrﬁggh'sﬁe SQSARERIan@9- The method of Caim 58, wherein

said step o orrn saV| ng sal processor state further conprises:
rel oadi ng t$aving said @paes;sqrfst@tenﬁaﬂasmdeaﬁate gemprisingra fist statert werwiat h sai d

First sloflfsticam eRffi a88ocifBd withSaiPhélg tnétlia Srédmiddssdeistédier conpri sing

the steps of: saving said processed nedia streamto a nedia data structure;
and routing to systemnenory as needed. 61. The nethod of Claim52, said
met hods9 npl The nhewodyofCikh 68, ahepsin graidnstdp of | mghitoriigy ane:.savly said

processor state further comprises:
reloading the first state if a media stream identifier associated with said first state is
presented.

60. The method of Claim 52, further comprising the steps of:
saving said processed media stream to a media data structure; and

routing to system memory as needed.

61. The method of Claim 52, said method implemented by means of a
programmable logic device.
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