22.02.2006 MULTI MEDI A SI GNAL PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON
TECHNI CAL FI ELD The invention relates to the tine shifting of tel evision
broadcast signals. Mre particularly, the invention relates 2802#80feal
time capture, storage, and display of television broadcast signals.

DESCRI PTI ON OF THE PRI OR ART The Vi deo Cassette Recorder (VCR) has changed
the lives of television (TV) viewers throughout the world. The VCR has

of fered viewers match their
lifestyles. The wg\/\gm ?#és'{’sﬂél'pgrr@qgﬁgymgﬁg sg usi ng the VCR
The VCR gives the viewer the abrlrty to play, rewind, fast-forward and
pause the stored programmaterial. These functions enable the viewer to
pause the program pl ayback vvhenever he desires, fast forward through
unwant ed program nmaterial g ' o replay favorite scenes.
However, a VCR cannot bof# : ™hformation at the same
tinme. One approach to solving this probI emis to use several VCRs. For
exanple, if two video tape recorders. are aval | able, it m ght be possible
to Ping-Pong between the two. ITROHNISALRIELDthe first recorder is started
at the beginning of the programof interest. If the viewer w shes to

rew nd_t he broadcast, the second recorder begins recording, while the first
r ecor dEe in¥erionyTlates todip time shistinghef efsyisispraraadeast sigeals aMprobayivasty, the
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the viewer wishes to fast forward to sone poi nt time ter t Inrtial
rew nd was requested. In this case, the third recorder starts recordi ng the
broadcast stream while trﬁ%ﬁ%N%ﬁ?hh%lWAE?mund to the appropriate
position. Continuing this exercise, one can duickly see that the equi pment
becomes unwi el dy, unreliable, expensive, and hard to operate, while never
suppor i fa of finite.length,
and i ade CRRPAE deqdREh; AR, bk 3hEhbod e "EBET R ST PRy

val ue tfougheutstbe marldn The VCR bas EﬁG@dT\rmeIséra)ﬂiemh:lgy tcatrme@rmﬁUT‘élprc@'smem to

sol ve ﬁr?fcﬁ ﬂpéipl%agkggs been suggested. U S. Pat. No. 5,371,551 issued to
Logan o on
recordi ng and playback. It presents a m croprocessor control |l ed broadcast
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pr oces’fberabﬂﬁmmrra!a}e,nt@wrlicbrfaktaf@puairg apd wialibe tthe stored program 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.

cenber 1994, teaches a nethod for concurrent video



hi gh video rates makes the device expensive and probl ematic. The

m cr oprocessor nust be extrenely fast to keep up with the incom ng and

out goi ng video data. It would be advantageous to provide a nuft

signal processing systemthat gives the user the ability to sinultaneously
record_and play back TV broadcast prograns. It would further be
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allo e user to store selecte tel’evi si on broadca

user |ext@imﬁﬂia§h@d@§pynpwaﬂ1dhemomrngrmd @utf9igg aideoldeira program A preferred
enbodi nent of the invention accepts television (TV) input streans in a

mul titude of fornms, for exanple, analog forns such as National Tel evision
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extracte romthe nd presente S QSN TET
encode@icmmbwsgttarwbmlsten‘fr@lulrﬁmemsr whicharssatsa piesiwresul ti ng MPEG stream and
separates it into its video and audio conponents. It then stores the
conponents into tenporary buffers. Events are recorded that indicate the
type of conponent that has been found, vvhere it is located, and when it

occurred. The program | oglg M'(J# vent has occurred and the

data is extracted fromthe . The parser and event

buf fer decoupl e the CPU fromhaving to parse the MPEG stream and fromthe
This Goup ws_.for slower CPU
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sent tgrogradecddeadditibhe 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. |t 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.




decoder converts the MPEG streaminto TV output signals and delivers the TV

output signals to a TV receiver. User control comands are accepted and

sent through the system These commands affect the flow of s&#8

stream and all ow the user to view stored prograns with at |east the

followi ng functions: reverse, fast forward, play, pause, index, fast/slow
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si gnal gpeefls.odhieh Hamﬁeteemloweuwséem pestshe hi ghest |evel, the system board

conprises an input section and an output section, in mhich t he out put

section includes the core functional conponents. Across all
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pr esentoedTYyeqsiveduci ng units to serve drfferent mar kets, such as digital

satellite, digital cable and anal og cable. The core conponents of the

out put section of the invention include: a CPU having the primary function

of i ni Ysexl dopirplgcanniandmaneaiceeptgd tahd sreeh’dtirwugh\ghe)s%tem hErebeaaomncandsaafieot s,
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primarily responsi deco anspor

i nput f@é@ﬂm@rfp%tmﬁsarmdaea fastnfogeard, ipfy, qxa:mer,nlndax,l fast/siowhreivbise MG 2nd
decodey, /%g‘pwa S subsystem having a variety of functions, including nedia
processing, h- speed transport output and m scel |l aneous 1/0O

functionality. The invention further includes a transport streaminterface
bet wee r onponent s,
e or PubfembiaR the PREMR A boraft¥; L braF oM orOFRERE SR e RO
VI deo ftooprpdderiites |r(ybnt|drrern| mpatrets iofj wahfiguratibna, sy«t adapters td eecetveeinpitrsagrafier of
dat a 1 ent of, the invention. er a
and 3 AR SADLEA L RS AE R staR har cBe e R paraeia S ¢ he
f ol | owamgutdet stictienl il @dahitpe botput sectloom‘mltrms |t!wccwetﬂhndtrbﬂal&©a@nipemty|mOSs
drawi n td b of exampl e ncr es 0 th
i nvent%g%or{ﬁgﬁég%ég%%iuw%ég ‘Fﬁ@"ﬁ%m @‘e bt '%\C%P%@R”%ﬁr‘?e%eﬁ c
di agr acorefcomphnegyits leéthal asvineag difcratepetapeor esiaejhitmdt Rbile tled inpbesection 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 controlling 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 /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




i nvention according to the invention; Fig. 2 is a block schematic di agram
of a preferred enbodi nent of the invention using nultiple 1nput and output
nodul es according to the invention, Fig. 3 is a schematic di agfd&hadP6an
Moving Pictures Experts Goup (MPEG data streamand its video and audio
conmponents according to the invention;, Fig. 4 is a block schematic diagram
of a paﬁma%ﬁdofftbarm\mnti%wlhbﬁmme acpwrent rompihei fafaying ein@lla@sieemut:anned in
the Me e F ram
A e@%@%ﬁ%ﬂﬁ%ﬁ\?é@@%@&bm 3? %Bﬁa\n’nf@é nb tgér?r)nl'ags ﬁ}t%@ﬁg 'h&gc éao? di ng
to t hethereantivon; Fig. 6 is a schematic d| agram of t he constructl on of a
PES buffer fromthe parsed conponents in the Media Switch output circul ar
buffers; Fig. 7 is a block schematic diagram of the Media Switch and the
various conponents that it conmmunicates with according to the invention;
Fig. 8 is a block sche j ew of the program

| ogi ¢ according to the ] EEviy : chemati c diagram of a
cl ass hi erarchy of the programl ogl c accordl ng to the invention; Fig. 10

is a blLo sch i c, di mof a_preferr enbodi mrent of the cI| cache
conpon Wt 5@ gﬁgﬁ isﬁ(}%m?a'?%a'aﬁ'@%loﬁ Anyoh @Weﬂé'ei"’nﬂ%feﬁtﬂr?fﬁ"eql 92@062“92'606 the g.
11 is mvbhtdrkacselaigabitte dvagtioam of a preferred enbodi nent of the invention
that enul ates a broadcast studio video m xer according to the invention;
Fig. 12 is a block schematic diagramof a closed caption parser according

tot heFIgDQG@bINm;k deh@matlddiagrain bt 8 plefeeéie BRbbEinténaef AivfenBoh LSRG Infi@lle Vi ew
of a preferr od ment of the invention utilizing a VCR as an integral

corrpon@ﬁ’t’t"i‘ﬂ Sl@?ﬁo%‘l’('ft%tf’dh%@"?'ﬂ)“ot”he invention. Fig. 14 is a block
schemat i c di agr am of a high level view of a systemarchitecture accor di ng
to th vention; Fi 15 is a_block schematic di agram of an out

sectio '90 ig ﬁegcg%‘?lécng'égreﬁ? Qﬁ?’é“@i{m&d%%tf’fﬂsr@‘?% Grade (MEER daie Stﬁa@ ang s
a bl ocks sigbeaRd hadid catpamer®s agcordir§to hehiRleftlor®f an input section of the
system of Figure 14, adapted to receive an anal og signal according to the
invention Fig. 17 is a block schematic di agram of a second version of an

i nput  FRCUIQ™ BIbcK SehemElit IMPAM 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;




Figure 14, adapted to receive a digital satellite signal according to the
invention; Fig. 18 is a block schematic diagramof a third version of an

i nput section of the systemof Figure 14, adapted to recei ve28-%ii0Bal
cabl e signal according to the invention; Fig. 19 is a block diagramof a
first enmbodi ment of the systemof Figure 14 according to the invention;

Fi g. 2big 4145 phisck sclaraatict diegrameefraapretsred esekastirdentrrif bt inwentioofthatemsgtes em
of Fi gyr 1AGGRS G . ' :ORvedihl- 21 is a block schematic

di agr a%bg?ajdga? hi rd(5 g'ﬁ%%ﬁ?‘%é%?%?myﬁgms?a@?eenﬁbg’f Figure 14 according to the
invention; and Fig. 22 is a block schematic di agram of a system for
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pr ogr afvanitan wikdng pivGith as an imMegraitdnypanent efthe inventen amesrdigetodise invettion. t he
program The invention additionally provides the user with the ability to
store selected television broadcast prograns while sinultaneously watching
or revF@wilfds ahiockeehgmaligrdiagraenef & igh level gewobd systegr aramitantirl aatortidgsd t he
fol I owiag,fdiashi ons: reverse, fast forward, play, pause, index, fast/slow
reverse p?ay, and fast/slow play. Referring to Fig. 1, a preferred

enbodi mrent of the invention has an |Input Section 101, Media Swtch 102,

and an : L - I t i 1 takes television (TY
Tput T8t 210 BEEk Skt ity Bl o LS b g 853 b B MRt
St andatadge @entiantee  (NTSC) or PAL broadcast, and digital forns such as
Digital Satellite System (DSS), Digital Broadcast Services (DBS), or
Advanced Tel evi sion Standards Commttee (ATSC). DBS, DSS and ATSC are

based big- dbdncabidek setidreaticMbiagrag & atfisteerdiopef e iGuigecion MPES23ystarl of
MPER2 i . formatti the digital
\PECe PP ke MTSER TR AT i SLORIRERS R L1, L1 19112

di sassenbl e the input streamto find prograns in the nmultiplexed signal.
The | nput [ : G.streans.. An., MPEG2 transport | tiplex
suppor LU 1 it S o RaRE B BT sikere Whsien Bt o i erc A e sRtem of e

vi deo &igdreaidiadapted ds rexrivepr digitel satdliteasigrh actorping tSthetinamtid®l t unes t he
channel to a particular program extracts a specific MPEG program out of

it, and feeds it to the rest of the
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 signai 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.
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system Analog TV signals are encoded into a simlar MPEG format using
separate video and audi o encoders, such that the renmai nder of the system

i s unaware of how the signal was obtained. Information may bé2-fediPat ed
into the Vertical Blanking Interval (VBlI) of the analog TV signal in a
nunber of standard ways; for exanple, the North Anerican Broadcast Tel et ext
St andard (NABTS) may HRETAIBEDIRESGRBIATION OMTUEANMVENTI@MNt 0 | i nes 10 t hrough
20 of an NTSC signal, while the FCC mandates the use of line 21 for C osed

Capt i O'Fhé fﬁ@enl?dﬁdss":e?fﬁ %?jdin%h%[tmﬁ? VJSI ﬁ p(rgc%%l{lpc%&gtgg]s | f%%gggge%dcgco?ed by

t he input section an assed t Sec
del i velihednmnaonaprcrvm«:asza pritiveda sianta@edmardmiay Sisteniiteit alGws thehuskd 2o nedi it es

bet we C , devi ce 105. and
rermor y CEgifor SRR PRGFar i A8 ool U Mo BhupFa AR B HhbfesoBio 3, e
Medi a Bmtal,‘m 1@2@ iMteatitve didditiSnaltyc hrol@igs bihe f eses witte iMPEGIliBt ltcea;ltnre rﬁeﬂ)edt@imry.
It the t S tchln real
22. 02. BISBRR HARe L Brafan 8 AR bt i e B R g et roprem
witt eandstormewawqugramsnm dideabt tie ﬁdtlowmgstmtmge. cegiseefat0 orwdiie p@yt put
Secti oL, 3 #E produces an anal og TV si gnal
accor di nug]gsgt 'SB%% gﬁ ngg%ﬁgr%’ f%#a%%é d TV standards. The Qut put
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W th Medi.a Switch 5rec one. D ile the
user r@b\‘/zva C ﬁ%’"ﬁ‘nq\“ﬁ%‘ﬁwﬁ sspoﬁésaﬁsstqqq&{dzg ?Qﬂ%@étal ‘5@335@?%}}“@8{& t he
di sk wihil BY sootdecrarstmittarnsd thdbed My mt:ewadcmtmatetwnlﬁle ke ek etrebmotot fnd-i 0.
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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 signai 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




Such separate delivery requires that tinme sequence information be generated
so that the decoders nmay be properly synchronized for accurate playback of
the signal. The Media Switch enables the programlogic to ass%%pg-tzg Sr oper
time sequence information wth each segnment, possibly enbedding it
directly into the stream The tine sequence information for each segnent
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start &&k&%t@raﬁ@ vickMBst he system boots up. This allows the invention to
find any partrcular spot in any particular video segnent. For exanple, if
the systemneeds to read five seconds into an incom ng contiguous video
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Access (DMA) engines 402, 403, 404, 405 each DVA engine has an associ at ed
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val ue, dislawbifegandthdr stleemds beieg stored ngtol thertliskval ue creates a circul ar buffer.
The next pointer 408 can be set to a different address to provide vector

DVA. The input streamflows through a parser 401. The parser 401 parses the
st r eanRéfeulagntg Figr3, tMPEGodiirgt MPRE sthexdn S0¢mias intadikaat!ivitpot 302, SOBT30604find

vi deo, } pk A ta-segments.  For .. examl when the. parser 401
{1 nas AR 4 Y000 Himite 2 TR R il B BB s HaT BoRORg  cress.
The paseparatd ¥idebBearsd apdioB08 siredmidMisbufferd. nThistibmeveshaey bedduee séphrate
thr Ou%]ectoggrs 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




vi deo DVA engine 402. At the sane tine, the parser 401 directs an event to
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plus adesi ow}rgngmenmml At tﬁeosalm time, tréamsérammmec&egnémntwtﬁet@eﬁﬂaMA
dir ECtér}él eo4d§' \ﬁhlgh rg%Her%{es 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 staris and adds the offset to find the event in the stream. The address offset 502
tells the program logic where the next




e.g., the video buffer 613, filled by the Media Switch 601. This new buffer
I's then passed to other |ogic conponents, which may further g%ocess the
streamin the buffer in some way, such as presenting it for &eEdd
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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
finear 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.
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The parser 705 places tags 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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801 d g about the rest of the system The sink 803
consuon‘géu'g%frgcﬁm%{d ﬁ\r@fgsga buffer fromthe wupstreamtransform sending the

data to the decoder, and then rel easing the buffer for reuse. There are two

types %e td'P%P?’i:S’rth tﬁ&%bxﬂ@ g) e%%tdpalone ’Eﬂm& ?rgRO{er and chat Ie{jllup thgnnsé];(g)bl;\r/FA are
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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TmkCore 904, 908, 913 structures memory taken from the media kernel 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
parailel.

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
encugh to support the features described
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transform 902 can then hand that buffer, for example, back to the source object 901 to fill up

again. In addition to the automatic flow-control benefit of this method, it also provides for
limiting the amount of memory dedicated to buffers by 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 fo 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. It 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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The structure of the classes nmakes the systemeasy to test and debug. Each
| evel can be tested separately to nmake sure it perforns in the ap roprlate
manner, and the classes nay be gradual | y aggregated to achi e¢é-0Lr@08esi r ed
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t he control sends an event to

pause. CWH‘?P?WLQ?@Q stops asking for new buffers The current pointer 920
stays where it is at. The sink 903 starts taking buffers out again when it
receives another event that tells it to play. The systemis in perfect
synchr &he Pafferothat istpointed ts by tgrcutentfooinier ishanded to teoyse deatder Timssr &0t e

cont roﬁ-hgﬂ)ég@héébdéﬁ s@ é@sfall{glfy RAE dudt B er &?’}% Eﬁ?h%nﬁi’% d or O‘??ﬁ%gé"z,bﬁl hat

pressed t he contro ObJeC sSenas an even ran
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a reset event tream pi peline, ueue %tate
t hat n’ayffej’etwﬂémﬂselimpltmfhar dwar e decoders is fl ushed This is a critical
step, since the structure of MPEG streans requires maintenance of state
across multiple frames of data, and that state will be rendered invalid by
r eposi Thestragutchef theidiasses makesHbe systemsedsyeodeastr ant detpgi nEach @REI ¢aor bar d

t hree ' 0] I ets_the new
cur  enti yBpralelf 8 ke SRR bafrdis f visbri et BEDEL ohle bpsiafa) 58
t r ansf pradugify2agansgated tecachiave thendegired ftretio8aldy whittkrnedainisg the abjlity eneftdoticdly
refere %? 5&%[1315& in the decoder. The systemclock reference is sped up for
fast p ay or wed down for slow play. The sink sinply asks for full
buffers faster or slower, depending on the clock speed 14 22.02. 2006 Wth

r espeCt'-hé Q?ﬁ:thﬁ’ ob&jegt ?{?’\Qcc égecg?nﬂﬁéu%cstf?org?ﬁ' &, agdosrgnp veprgﬁ(kﬁ El] o aipe %03

pl aced | access
and t heorgtdhevrhat §hazalﬁebmb isTofkiGhi pFer emmﬂlQOII thBufsbemas corenotet aortok and is

Tnkd di 04
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d h t 1001 es e
o0, (PR 15 el ot e i B R PER S
per f or eeert et $alaet 16 prayt i Tde system is 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 217 sends an event to the transform 902, that tells it to move forward fwo
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 clock 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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the input, or "push" side of a TnkC i pCache 1002, while a TnkdipWiter
1001 therefore perforns the sanme function as the output, or "pull" side of
a Tnkd i pCache 1002. Referring to Fig. 11, a preferred enbodi R2&E 208Gt
acconplishes nmultiple functions is shown. A source 1101 has a TV signal

i nput. The source sends data to a PushSwitch 1102 which is a transform
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capture is through information nodul ated into the VBI or placed into an
MPEG private data channel. Data decoded fromthe VBI or private data

channeRefesrimasFagl 110 atdnﬁ‘epg@ gmouigm;mi that Ab@nipliewamultip@i an(ﬁD@aﬁﬁmmtl :/5
data to_det i pe if.,the data iindi cates that, capture of fhe si.ghal into
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i ndi caﬁmmn dFmam(rj ftbmgTeRkXiind enﬁ,m@hswmm henralz @hlag antijlté;ﬂmoultﬁ&Ms lﬂ%trﬁaﬁ%@g ed
into the, signal,indicatin en e capture shou nd.. The starting a
ot noe el 20 ns SRR e AL TS igR el oie mdr o T bt lieararcpe Soesd

i nf gr mand canotgbat:alh $epkt?dedi at ittd aséMewhingnafhd Oseér (setnaswlh igohdtdf aipreremin sfﬁié(gege
used tQ encode thjs infaqr jon. 15 22.02.2006, \. pect to Fig. 12, an
exanpl &Y'€5sh Q%m\w@w*t‘gbm#sf?%é&ltm@\}f’tﬁ"&%&a\}% " {)@%CW 2 PeS grétovﬁ)r ds
cont ai stechgeidelica 1112 ocweikad tigapichenrahsioymflitebds to determine starting and

ending times, using particular words or phrases to trigger the capture. A
stream of NTSC or PAL fields 1201 is presented. CC bytes are extracted

from easimpshthnt fealtate L2 @25 aprnlateniehe @ak8 with wHidroiubat sddthvers capturé ps@end i st

(usi ng menory al.location sche descri bed above) 1203 for processing
byt heo@h HCPEger 0ne) QlndSiTikg GRBIE! Papregram lngie. cBrvaccen Iarmaen sHeh andhe | t
encoung@reht dmepbtp&adpslaspecifistiak lspas, @R}%@ﬁacgspﬁé b@&méte cinfrel bidteIni gresd hyng

character. Recal rom.aboye, that the MPEG audi o and vi dep segnments are
col | ec gd\n?\ﬁﬁetroaa'llrglé(;l|pg@ﬁ8rf ?¥q§(@ay§ez%5}tched on to record a portion o?the glgnal, 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 modutated 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 expilicitly 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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PES buffers. A special segnent is added to each PES buffer to hold the
words extracted from the CC field 1205. Thus, the CC informatjan
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cont r omeptignashin tamsméapm@hnknpdust @mg@esemomeomjcaﬂmaﬂon@bh@ne alactdesmhele an
event Lot pe, BuL), b%‘ﬁtutté:cﬂnjré%l telling it to switch. It will switch from

t he current I nput source to Y&t ever I nput source the control object
selects. 16 22.02.2006 An ActionCip class provides for sequencing a

mb ' , I t
manner Daing sl 8y M R lobied' uB in B EPCI AR BB RN o Bt
cont r otakevnuecogntzmotpeewerda§ his algion ey simeply fchangenthifstate @bﬂ'echC(hd‘mZer atatept s
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I ogi c 8f ptﬂggé m\%:;rcguse 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 swiiched depending on the time of
day, or because of other events.

Referring to Fig. 11, a PuliSwitch is added 1104 which outputs to the sink 1105. The sink 1105
calls nextFullBuf and releaseEmptyBuf to get or return buffers from the PuliSwitch 1104. The
PuliSwitch 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. It will switch from the current input source to whatever
input source the control object selects.
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using a broadcast studio video m xer. TnkCd ipReaders 1108, 1109, 1110 are
al l ocated and each is hooked into the Pull Swmtch 1104. The Pull Switch 1104
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bef or esanpapglaoswichesemb bréasicgelrstytimgr ans can be scaled to fit onto
smal | er video tapes by speeding up the play speed or dropping frames. The
VCR 1307 output can al so be routed back into the Input Mdule 1301. In this

conf i glinatenedtdess\AGR resnﬂtsngaﬂo;ectsbaedcupe@yerbemsf g combinb@ th an Switteh wid .
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tape is properly handl ed. For exanple, a particular program my be recorded
to tape along with information about when it was recorded, the source

net V\ortheftaspecV\hEﬁlgt hBsa hfyh(-]gvarﬁystsmp\h@yﬁsdstﬁta@rkwhi@hﬁmbféﬁlén@aﬂ\/%%ﬂ:i@zp this
| nf or %tpu?rﬂllo%leu? Cﬁﬁj& send%olq} glglnalgttg thaeg\(?CR 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 Qutput Moduie 1303 can encode into the
output VBI data provided by the remainder of the system. The
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of the signal, presentation to the viewer, etc. One skilled in the art wll
readily appreciate that such a nmechanism nmay be used to introduce various
data itens to the program | ogic which are not properly concei ¢&§2@00@s
television signals. For instance, software updates or other data may be
passed to the system The programlogic receiving this data fromthe
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tr anspﬁg&mﬁiéﬁgﬁg d%ggcgﬁ%\rlérgér?%hﬂgg? subsystem serves a variety of functions,

described 1'n detal imary function is decoding of the
transport streamreceived fromthe input section, and outputting the
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includes an IR receiver/transnitter interface to couple with the handheld

rngg?;eﬁ,lgrﬁ@tagi?&w %’ ﬁ%”é‘dr%h1 \ aussg?qen?ﬁ%r QIE)ng dtla%?anlw novfe&p ttc'apqlr;::'\/elF\lfJﬂre&vho rtriggri(na\’/c-:-nttcgc}a
system architecture is provided. In general, a system board 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 ftransport 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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serves an inportant media processing function. As previously indicated, the
transport signal is both routed to the MPEG 2 decoder and saved to the
storage device by the media manager. The nedi a manager 1405 29R2¥AP&at es
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202 MHzdditiomaky, thosecpkéiad yn thehet Willdppsecizod e trecbutput Bettih AWEYE&s3 be provided
decoder/gra Ihi S sﬁs s{ em 1404 by neans of a system bus 1407. An MPEG 2
decodeq's/"‘gls'a ﬁicﬁ'?? é%g‘em 1404, such as, for exanmple, the BCM7020,
supplied by Broadcom Corporation of Irvine CA can be considered the
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Tenor yde%g ér:r’gor!';tpl)r%(rzé sut?sr}s%EnE%I&l,tarn%nt %Or%gdigeﬁgrlljalgteir qldlgé(.e{'ﬁe CPU 1403 functions
primarily to run the system software, as well as middleware and application software. The
system software includes the OS (Operating System) kernel 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 [rvine 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:

+ a host bridge;
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at | east one MPEG 2 decoder; an audio/video decoder; a PCl bridge; a
bus controller; a nmodeminterface; and a SMARTCARD interface, As
descri bed above, the transport stream generated by the input 3€€£i28R6 1401

is fed into .ransport interfaces 1406, whereupon it is
demul ti pl exaeﬁ‘[é?nnotrgr:%@@?gte audi o and video packet elenentary streans

(PES). Thesan biPE&aRtraasport deemutiptexexd on t he hard drive 1505 and pl aded 4
back thrau Qu 1504, The transport stream denultipl exer include
in the WP%%'%S&B%E}@%‘E‘%%H%%“ subsyste?n 1404 is responsible for the
dernul t i pleexamgudiyeiiad detoderPri or to being pl ayed back, the audio and vi deo
packet strea re retrieved fromthe hard drive and reassenbled into a
transport® s? E’géﬁ{' 9fhe transport streamis then decoded to a video signal.
The MPEGs2 % padishiardiest ream decoder included in the conponent 1404 is
responsi bl e for decoding the MPEG 2 transport stream The conponent 1404
al so i ncltud@godemgptgFAce @ndngi ne for generating hi gh-quality on-screen

di spl ays,, s } i ve program guides. The output side of the
corrponent. 1ﬁ§§npg§r£/@egﬂ§si@éi al outputs; including S-video, audio, SPD R

(Stereo Paired Digital Interface), CVBS (Conposite Video Baseband Signal).
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audio, SPDIR (Sterec 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 interfaced. 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
kernel. 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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tasks such as nenory test and POST (Power-On Self Test), the PROM 1502 al so
serves as a key conponent in the physical architecture of the system by
ensuring that neither the PROM itself nor the OS kernel it i32#886208g have

been t t t ur es
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t he CPLonpa@®g digital signaturegi avier the RROMagde @ewediaslﬁe)a,s lmnukl imeage.y 1501. The
nmedi a manager 1405 provides this function by virtue of the assortnent of
interfaces and 1/0O devices integrated within the nedia nmanager. In the
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could aemebenwwdbedlamwajemmeente\ufdbs systd@ine noetiyahaerly ad03.405 hard
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encryption of I'er; ecelver
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ar bi t entenags BRI STeraYboB ol elnletBh! e sigli Bafasd & bivmaliedrn on)
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cont ro]

f rd.matrix s ner in Figure 15,
Che. o ri8iEnies kP preR e BARERE i it boREET s odaden o el Uche
t enper ﬁhememaTmenageeﬂmmmgreteisat ieattethé &ddledingt t h t he nedi a manager through
one of the 1@#5 Ses ﬁIP Lﬂﬁj turn fan speed is controlled by the system
sof tware,” b3% ReGopLRler i IatR Enervet CWmcoupl e, through the fan control
1510 conter Oh|DM]@C(ﬁlﬁﬁJlléﬂ.n 1509, to maintain the systemat an opti nal

operating t nPer at yre. (ﬁ%r evi ously described, the nedia manager al so
medi ates %t h Siyeransoptierlaeact r eans  bet ween the CPU 1403, menory 1501,

and the har ghufliplei@ARPATUNITBIsAI A@n@%ﬁﬂfﬁg R§&E?@Erﬁﬁér%‘r¥gl}brgt he action of the

medi a stream processor and the high-speed transport output interface
e multiple I°C (Inter-IC} buses;

e multiple GPIO's {(General Purpose I/O’s);

¢ a PCIl bus arbiter:

* an MPEG-2 media stream processor;

¢ a PCM (Pulse Code Modulation) audio mixer;
¢ a high-speed transport output interface;

¢ afan speed control; and

s 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 1°C buses 1508. In turn, 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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menti oned above. 21 22.02.2006 A secure mcro controller, such as, for
exanpl e, an AT90S3232C supplied by ATMEL Corporation of San Jose CA, 1511
is interfaced with the media manager ASIC 1405 through one of2-PRROPART s
1512. Preferably, the mcro controller 1511 is one specifically designed
for cryptographic applications such as encryption and authentication. In
addi t i Hnsacgrmugiodicanralier, neiheaskéy example.s kneAtIGFR2386 asppdied coyi PMELe! ow,
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prOVIde st or reco €0 programm ng
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brovi desy dhidliclo, SR80/ EBUUE Faddily S8 eARRl Tl 88 ARG, Hhs e ' ve

on a he mero cont ro

gener atamporent e ksy gadnaldrr sgadsowd amdseagr onlk dg dsed tdi rekpcmdclmy@]thmlcatlon

pur posgs, hb& RS232 port 1514 interfaces with another of the UART' s 1513. A
front panel navigation cluster 1516 is interfaced with the nedia manager
ASI C t hrough one of the GPIO s 1515. An IR receiver and transmtter 1518

hr.o
Fecel vas TIGEER it hatd AR BooB RS bR e P AR
the frésmtepaibel aboewityatiPBrhost vettenller Beistegrated on rthgmwiuaemada@m ASIoeH 40
behi nd t . | f
ey FEREREa et Ao Bt 8% PP EAALE o5 B 580 B o
ASI C, trsisc Thei ey C@htsqﬂalt, dse@snnbed)albdne GRhbrhtes, {aucrwterarﬂrdnmaﬁs agmaster
provi gﬁ%\l\%&%gﬁcr Bg)qlg%]% Lh tothe IRtransmtter 1518. A real-tine clock

(not ST AL ‘th t he nmedi a manager through one of the 12C
ports. Because the invention is intended for use as a personal video

or R e Vol Pyt T, DB & PRCBARR LIS KRBT b R

requi rcdusia¢ 15‘9@3&3 prteracrdsiith thesoedibaexgnagbe ABID troggrgosd of heaGRIENS ed1hyAamn

| D RERA0: AAPERARAGE 4 L LR RSO A Rar A0 el o

confi glecamerdirmsrmttmontérfaga 11617.hend W)eecm‘lveﬁs @IsbEabigrit ghauditéd ph thl@efr@ttgjmlel By

Reopi it glaBl c3E TN el dalel Ry dienfila (rSRnE FnebR L et o 1o

pr oducreoduiated dignal foimoa hacondid gematel eorsrowaihd oQtplugs thensiginal 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 I°C
ports. Because the invention is intended for use as a personal video recorder, in 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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nodi fications to the systemboard. In this way, the scale of the
manuf acturing chal |l enge posed by producing units to serve different
markets is considerably reduced. Referring now to Figure 16, 2&R2288Rit
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Addi t i maaddey ASIE 140%epts digital audio input over an 12S bus fromthe
medi a manager ASIC 1405.. The resulting audio signal is output to an MPEG
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Philip ] uct i ve he t her.l ands,. accepts input from
ci't her SRR el SO 1 ee s e B AR PR yroBE B e B P

S- vi deconnecitpte orathd tomenR tembtiulator d 60 heAddRioRabh 6t 4dCepist digiGd agdibtigiutfover

I nt er ngt i=@nal Radl ocomuni catd recomengdation 656) digital, formt
For 1 L St Bis, ISR e 0 AE0er Rt 905 TRETRIRR alde il fipdiae &
supp! | MBEByerRBROMDGIM ovENtheMI2 encoder 1604 accepts input fromthe

NTSC/ PAL/ SECAM vi deo decoder 1602 and the audi o input previously nentioned

and produces an MPEG 2 transport streamas the output. In the preferred
enbodi Tienteafdet 1802, maneNT SOMALYSEC AKicdber dddsQdr, isacipaogibasrmaple @ SANT114H ex

t he audj 0 an ideo ji.nputs.into.a constant bitrate R) EG 2 transport
str ean\%deq@\?\g?/&éf d Sli'pr?l“%&g’gfpmp Sc%ﬁg]gzpogucg 's I??gfﬁ%%@yeﬁg'ﬁlﬁfesh‘ %@rﬂﬁsgﬁﬂp to
pr ogr ainptithfeora reithde thel60dr/RIB deproadiate 501 Atheaddnepdsite viddoeinfWBRY thd 1Seddeo
Subsequent | the transpart stre i iyered t t he.decoder,. 1404 over
t he tr'gﬁglpo%/qd i ﬁ?r]é’?'ft%\cit 1986 t?"8r a(geélr'il gﬁsl @"P}’g‘* aﬁan?ﬂﬁa{'ﬁe&’?%%t@é@gi %P
The i nRadiosmarhucioatibh® 1rezomuidndetiont 666 Udgital domeardol inpLeteat MAEES-2t dedodes not
under control. of the rpel . Figur i des a bl ock schematic
di agr aﬁbgf Slécr;%%tf%'rﬁxﬁ'algl?ecﬁ %U%ﬁllﬁmpg%’?% gﬁég@%ﬂx‘nput section 140l1a and
t he out put section 1402. As shown, the MPEG 2

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 demulitiplexing and further processing.
The input section 1401a further includes a memory element 1605 that is not under the control
of the OS kernel. 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
PCI bus 1407.
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encoder is connected to the MPEG 2 decoder/graphi cs subassenbly 1404 as a
client on the PCl bus 1407. 23 22.02.2006 A variation (not shownz) of the
anal og front end includes a secondary input via an additi onal 2%@%Z.20Q%
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out purranof S ot bad SRR IR B R Y8 i or o0 that in the
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dupl T I bl . al )
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sect i oad 140kml MREG2 erdoelors! ¢ sitaisd wer mite shat,t inath@peurters tvessirs oRtre paased
to the out ection 1402 vi

cabl o TP SR roPenanLs povishiocbblitt TrelRPLGeE JaEdder PHPL hicCe

subseadentodulztéd #803a Ddpeadihg h tHeechid siynal nARlultien, tesiymomsaibisbedy tdhe

| nventéit gr io? bio{?mt 81“ 8%4/] t(c?ua%?at&rséegmpﬁuge En\éguﬁaﬁgrg)sgnnda lQP\glgee?ther 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 kernel. 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 1401¢ is connected to the MPEG-2
decodet/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 o be recorded and for
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Recorder), in which a user may view a selected video streamin real -tine,
or they may view a recorded video stream exam ning the video stream by

t aki ng advantage of such features as rew nd, pause, play, stdp0220@v pl ay,
fast forward, and the like. Furthernore, controls are provided for
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this betrédulmd(fd!r billidgl dutposesIsuyh as pay-pai-ViewProgramhing iR HES TRESPARIdRAV €
had to ,{b‘égédata path of the streamthey are processing. Such a

requir %itates that the processor be integrated

The invention is produced using conventional manufacturing techniques well known to those

skilled in the art of microelectronics design and manufacturing.

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 multi-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:
¢ asystem interface 2201;
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on the systemboard in a manner that would nmake it very difficult to
upgrade the media stream processor w thout replacing the systemboard. It
woul d be a great advantage to provide a systemindependent déePé200%
upgrade g cessor capability fromsingle- channel to
mul ti -channeﬁe%\/dlﬁpér?ﬁ]c@% tﬁ%ﬁ‘z?@fex‘ bly incorporated with existing hardware.
To that -endmddimtramwenbcmopcmlms a systemi ndependent, nulti-channel
nmedi a stream esso 1000, e 22 shows, the multi-channel nedia
stream pr* oc%EE‘J}rC*f %@G”QQG?%Q nterface 2201; 25 22.02.2006 a nedia
stream i deng nfgdgst%%aementﬁmaﬁgh Gerfghrdteapp@y, ocessor core 2203; a

mul ti-channel state engine 2204; and a nedia streamidentification
generator 2205. The systeminterface 2201 serves as a conpl etely passive,

sl ave Tihe syterdMiéidceSal B Ss d@dmplbelyesdssié) ”Qa&é‘cl%ﬁb’or\(\’ﬁ%é Wisthh 9@ Rot
transfer, rely observin sniffing"” the bus. Wi remai ni ng

corrpon@Fﬁ"f?” IR ﬁé‘yl"f‘ﬂ)’eWiﬂégjaF?eHPﬁSf@f r@%’iﬂVpP?ﬁ?@é@%Praﬁ@ﬁ@%lt@rppﬁd\é/b%mﬂ]t

t he Snemaemmg dbepbaditts 32the HentEE mMcdid of&dn tpﬂac%swe&bfdygteﬁ%%%@nd@ﬁt e MAY
be adapted to connect to several different systens, either by neans of

har dwi PS8R I 2204 b RRregiie arpeciis sysiedgPritiian pesideptadds conmedt ke

case Ofevardl NHifBIEntOBydrAD! bitleR Iy FBheNsr Hdr@wirals bRMdNH, e5if AvdugnCid B& Bt aced
to observe on the mam)ré_tbus instead, owing to the fact that ghardvvare and

pr ot ocHPEraFHMRE N e 85 ther ersherdra yinigHe \Pérpé%megarm §y$temmtherpysterp drigrfpce
i nter f ageb®HMbedas chse@MEHE! ABmBY B fltdade oYl B HE FSASHAN harBXabss] Ve

the system bus. Systemdata is sent  to the nmedia streamidentifier 2202,

whi ch” RfPECPI§SN g}%@fn@aﬁ%ﬁ aier AT Uivessalytderngtathe systemriglerfage prayidesid y
data t&snebRRAsy WRck thehods phRdssothfay BistcAethe SARmifdeNt i fier uses

i nformati on such as source and destination addresses, which in nost systens
are hardwired signals, to identify media streams. As nedia streans are

i dent i §{fRehn ddie id"BEHi Ao Fhe BRIAd St ftdéfﬁﬁéroﬂ(ﬂe%fcﬁt&étlr%%f%ﬁeé AR B s

stream data obj ects so that they may be associated with their respective
nmedi a $ePeifr datgolin Sieidotidenimgata that megra t@theeamca%ﬁeéﬂ iher madiadstiegm he

medi a @bﬁtﬁ@?‘u@é@ﬁﬁ@rﬁ%’hoﬁ%& gsqgéurce%%r@eshﬁaﬂoﬁ élfd?é%%é%le\gh:bﬁ‘xrp%ﬁeﬂ éﬁlerrgshi .

rather than in a single channel. By processing th streans I n
manner arejharquérasignal, o idgntify mesisestieamisur to ei ghtfol d i ncrease in
throughput. In the case of multiple nedia streans, the multi-channel state
engi ne 2204 saves the state of the nedia processor when a different nedia
st r eanf\d dasha pireains are identifieds dif Bedia slerasatdanyflication generator 2205 tags 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 mulfi-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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the media stream has swi tched. Wen the original nedia streamis again
presented, the state is reloaded and processing of the original streamis
resumed. The resulting process is saved to a nedia data struc2&9e.2088ch

ot + BoEPE R pRhe YR okt 8o e Pl e BT Lenleint

pr oceswdﬂnouha@quﬂwnnajesmtocﬂmgloﬁﬁeayﬂteasbcmnd.upgr ade device, it also could be
incorporated into a new systemas the nedia 26 22.02. 2006 processor. It
provi des the advantage of being easily incorporated into a system

ar chi t €log udti-chanhélonedia etyeamipnacesspronay eé oaplemgnietl using digcsdte rolpanghts dhe
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progranm ng such devices. Although the invention has been descri bed her ei n

wWithr tain _prefer odi. L ment.s ne ski int
will R@‘EDUEG gﬁp rg%ﬁg " iF'ﬁa oGt JeeP%bpe& 57 o r{:ﬁg’rwe 6‘? AiuP erfr
t hose embodimetts, rmeeesmem ih htbiert artl eyia réadilg a‘upmaattéehapoﬂhbt am%aﬁ@@pma@f bé he

presen Lhvention. Ac &Hin l.y, .the jnv ntlon ouI m t ed

Phe” o o B SEF Bl okl »haR ssByD KR Te woiftcpd stond of the wsmseat ng
a nmedi aveitiveaftacdiogy, theirmeatiorcdt@niicdriy isé limitébethestIxims ieayd ISdldg: nMeans
for observing a data streamon a data bus; neans for identifying nedia
streans within said data stream means for associating nmedia stream data
objects with their respective nedia streans; a nulti channel nedia stream
processor, wherein said nedia processor processes nedia streamdata across
a plurality of channels, in parallel; and nmeans for nonitoring and savi ng
state of said processor as said processor switches froman original nedia
streamto a next nedia stream wherein, if said processor swtches back to
said original stream a state associated with said original stream is

rel oaded. 2. The systemof Caim1l, wherein said neans for observing said
data stream conprises a systeminterface, said systeminterface conprising
a passive, slave client on said bus, wherein said systeminterface
observes said data streamw thout interfering wwth data fl ow
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3. The systemof Caim2, wherein said systeminterface is individualized
to a particular systemtype, said individualization being acconplished by
one of: programmmabi e switches and hardwiring. 4. The syst &&08f2086ai m 2,
wherein said data bus is one of: a YR bus and a nmenory bus. 5. The
systemof Claim1l, wherein said ne identifying a nedia stream
conprises a nedia streamidentifier, wherein said nedia stream

di stingui shes nedia streans fromthe renainder of said data stream
according to source and destination addresses. 6. The systemof Caim1,
wher ei‘'h saiAl systans fdrgrroesssingi atmentja rstdam darbss ebyealt shaninkls sifmbRameously,
respecc'gein\l/g;is dia streans conprises a nedia identification generator, said
medi a “THER Pt i cati on generator assigning tags to nedia stream data

obj ects, sanesrs foaolysendh@a objaesitearson adatadiat ed with its stream of origin.

7. The syst f L . rein said.means _for, monitoring and saving
state of saﬁgégsprgggé@'&g%%arﬁg% Sawﬂl'lrll ??'Béjﬁ{?n%@an%tate engi ne, said state
engi ne nonimeansfgr asdicatisy medin 2@aBPIA02 0BROE willdhtir fdseective amdsliis stvéamgs: sai d
processor s I ved e conprising.a first state, when a nedia
stream i den% iﬂiﬁtéarc ﬁ%@“%éi&a‘faeaééﬁ IPré%ﬁS Orngmeg%cﬁaﬁ{ EepiZaRRoPessRE PIGPSER. 8.
The sywedimsueargldataadiossmn piuslity sfahenisdisitirepamatiginand el oads the first state if
a nedia st i tifie cj at jth.said first state is presented.
. "The syt RER EFROGHT pBF BRENE SBR N el 5 Rietedr ' o BlekebSy PR LU o,
sai d fproeessigidahmddia sgeanedoma mekingediasedarmowissrkeith, flatid structure and routed
to sys ; needed. 10. The syst of Claim1l, wherein said system
s 1 Ml EREPR SR PR SHeEPRel SR Rdtiecesoqdted in S ARl SERLS  ng
a nediiargbad=@im acr oss several channels sinultaneously, conprising the
steps of: observing a data streamon a data bus; identifying nmedia streans

within said data stream associating nedia streamdata objects with their
respec.i ve THedsystesh pEGlasn 1, pheeessdich neamslfar obberemm sdat datastress camplisgal ity

St at o SarEng BRI YoBR e NS BRI T T8 e

medi a shareiarsaidssydtem interface observes said data stream without interfering with data flow.

3. The system of Claim 2, wherein said system interface is individualized to a particular
system type, said individualization being accomplished by one of: programmable switches
and hardwiring.

4. The system of Claim 2, wherein said data bus is one of: a system bus and a memory
bus.
5, The system of Claim 1, wherein said means for identifying a media stream comprises

a media stream identifier, wherein said media stream distinguishes media streams from the

remainder of said data stream according to source and destination addresses.

6. The system of Claim 1, 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.

7. The system of Claim 1, wherein said means for monitoring and saving state of said
processor comprises a multi-channe! state engine, said state engine monitoring media stream
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rel oading state associated with said original streamif said processor
switches back to said original stream 12 The systemof Caim1l, wherein
said step of observing said data stream conprises the ste@@.Q%2006r ovi di ng
a systeminterface, said systeminterface conprising a passive, slave
client on said bus; and said systeminterface observing said data stream
wi t houidentifiees, faad isagingisaid pratessdt state, $8id shhed stast esmprising alfiret S2te, Wiredned n

said s i i S 0N | § . a rticul ar ystem type, said
o v; HEAR e de 8 ok B MBI AR sy b gl e ow t ohes and
hardw ring. 14. The systemof Claim 12, wherein said data bus is one of: a
syst em, bus F A DYS . 02,2006 15. Th st.e f aim11l,
vvherein%f sai ﬁr?ég{;, 2565'@][‘3% ic()'(llglrrdj ?f VP%%'rﬁgéﬁgét%tgsetnlgigrﬁep@ﬁfiﬁ(%i'gsqqs?%%?s? Sdigyg -

di st i ngfreashidagtifiee dssoctedaiis sdid drat stae isgmesentket of sai d data stream
according to source and destination addresses. 16. The nethod of Claim 11,

wherein said step of: associating nedia data objects with their respective
medi a $t r eafize cystpm s&Claimad sifigthengedanggisingoa meddia sitaapardatiatsuciojeecdssd SO

ot hodd SFESEd R Shedd bR G ECselh bl bR PR i B eyt

pr ocessgadedst at e conprises the steps of: nonitoring nedia stream
identifiers; and saving said processor state, said saved state conprising a
first state, when a nedia streamidentifier associated with said next

medi a §3.r eafird systers of Claimdl, wh@reiTkeidmysteodisdfpBhaintedli,a plogrammalsailabicst ep
of rmn&é\%ei ng and saving said processor state further conprises: reloading
the first state if a nmedia streamidentifier associated with said first
state is presented. 19. The nethod of Caim1l1l, further conprising the

steps pf: SRVhEMod UrhrBERERTSE MBS hedh’ A0 QofordPihndR ntlibisaf e and

comprising the steps of:

observing a data stream on a data bus;

identifying media streams within said data stream;

associating media stream data objects with their respective media streams;

processing media stream data across a plurality of channels, in parallel; and

monitoring and saving a media processor state as said processor switches from an
original media stream to a next media stream; and

reloading state associated with said original stream if said processor switches back to
said original stream.

12 The system of Claim 11, wherein said step of observing said data stream 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.
13. The system of Claim 12, wherein said system interface is individualized to a particular
system type, said individualization being accomplished by one of: programmable switches

and hardwiring.

14, The system of Claim 12, wherein said data bus is one of: a system bus and a memory
bus.
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routing to system nenory as needed. 20. The nethod of Caim11l, said nethod

i | enented by neans of a programrable |ogic device. 30
P Y prog d 22.02.2006

15. The system of Claim 11, 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.

16. The method of Claim 11, 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.

17. The method of Claim 11, wherein said step of monitoring and saving said processor
state comprises the steps of:

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.

18. The method of Claim 17, wherein said step of monitoring and saving said processor
state further comprises:

reloading the first state if a media stream identifier associated with said first state is
presented.

19. The method of Claim 11, further comprising the steps of:
saving said processed media stream to a media data structure; and

routing to system memory as needed.

20. The method of Claim 11, said method implemented by means of a programmable
logic device.
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