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war r ant coghdinde PG OapHesioNSERIEDNG. GBissH¥cBdHedIsn Mag1 A1 p@hichisa As users of
the popul ar D format well know, digital nedia does not degrade from
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digital nedia desire at |east the sane
entirety.

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for processing audio-visual
10  information, and more specifically, to a method and apparatus for providing improved quality

digital media in rp_sponsé to relaxed streaming constraints.

BACKGROUND OF THE INVENTION
In recent years, the media industry has expanded its horizons beyond traditional
analog technologies. Audio, photographs, and even feature films are now being recorded or
15  converted into digital formats. Digital media’s increasing presence in today’s society is not
without warrant, as it provides numerous advantageous over analog film. As users of the
popular DVD format well know, digital media does not degrade from repeated use. Digital
media can also either be delivered for presentation all at once, as when leaded by a DVD
player, or delivered in a stream as needed by a digital media server.
20 As would be expected, the viewers of digital media desire at least the same
functionality from the providers of digital media as they now enjoy while watching analog
video tapes on video cassette recorders. For example, a viewer of a digital media

“présentation may wish: to mutethe, audio just as‘one might in using analog, videotapes. and
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functionality fromthe providers of digital nedia as they now enjoy while
wat chi ng anal og video tapes on video cassette recorders. For exanple, a
vi ewer ofwa@odigsial nedia prosentation may w sh: to nut eP€h@SozaTdE60 | ust
as one mght in using anal og vi deotapes and -1 WO 02/ 19130 PCT/ US01/ 27156
vi deocassette recorders. Currently, this is perforned by adjusting the
viewer's volune controls. However, as the server is unaware that audio

information is not desired by, the .vi [ i Ne: r i 14 i nues to

t r ansni twgeeaﬁsaetreﬁﬁmf i gﬁmf 1% ﬁgs {ripstigimeq br?hd gj‘%lﬁé%l I&lleall?,l%\;ééé s ‘@ﬁgﬁ al nedia
environnent,, the resul ti ' | gt ; i gi tal

medi a 5 QRS E]"%“X%n%ﬁ %gg%gggg G“%%&%E%‘“%gélg‘é&g@%%oﬁ%} ggsi%g%yg&fwmv oF
THE | NVENT] ' ' in@brhixtioatd e vidker.Wasd d@stkiButed
bandw dt h d%”?%§&3§3$?§%“§@5?2§gggggg?R3%§§La particular type of data is
not desid;g hRdhenkR6RhYANNB Yesaltiigarasteln avalabkl baadwislth g theidigtll tedia vi ever
by utilizing the bandwi dt h previously allocated to the client to send 5

i mpr gvedetiepls doyisidérales or additional information, such as cl osed-captioned
information. According to one aspect of the present invention, a digital
media streamis sent to a client according to a set of stream ng
constraints. In one enbodinent, the digital nedia stream contains both
audi o and visual information. According anot her enbodi nent, -the digital
medi a stream contains only visual information and a separate audi o stream
is sent to the 10 client containing audio information.. Next, a signal is

received indicating a relaxation of stream ng constraints corresponding to
a particular type of data in the digital nmedia stream



I n one enbodi ment, the signal indicates the client is not to receive audio
i nformation. In another enbodi nent, the signal indicates the client is not
to recei weooniwsimati on of a particular type. In responsePCDUBHIER7s36gnal , a
set of inproved quality nmedia information is sent 15 to the client.:
According to one enbodi nent, a set of inproved quality nedia information
may be sent using the freed-up portion of .the bandw dth previously
allocated to the client. According to another enbodi nent, a set of

| mpr oved AUMARY OB INWENTTON on may be sent to a first client using the
freed-up portion of the bandw dth previously allocated to a second 20

client. Accordtiigqies age gruvitiedfor elitnmiting fte, wasteein dendwifith ampthe digitakmedint y
medi-a i nformation includes closed-captioned information. As a result of
the t echeivarebemtepaticiladybreoialats is ant dasisediod raeravedtby adiseh- tEiranelieds stream
is available for presentation to a cljent and, consequently, when, a viewer
r equest preidedtioacaewar byatitiping ﬁ}éf’etéqnfilé’&iﬂé BWﬁf’t?Hg‘M taﬁB‘Fat‘?ﬁi g?‘i"’eﬂ#ﬁ& 574 eo
presentation, the undesired, 25 infarnmat.ion i,s not sent.to.t j ent, which
t her &by TPPEYEd §ualifyinaiges ght tl?f@ﬂg&?‘a} By C(??/S.eg‘e“ g n(r%g%r%&ﬁrgidgg'r Vi ce,
and the | nproved qual it di a_lnt | Qny ' t, freed-up
portion ‘fco’fcﬁ%g tﬂéﬁ&\ﬁgﬁc ° %Ell%(sjéung f@fegﬁddggf%’%}/?gﬁta Egg%%géu%ggﬁ)ngﬁ Ment. -3

00 02119130 BTl 012415 B HES5EHF B HE SRV st 1 o
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I nvention 1s Strate way of exanple, and not way of limtation,
in the féoﬁfé?rﬁ%oﬁf addtEaRCE QEP Aol Abbdtgimgansthéremiodithertt) thedigitler ence

nunerals refer to simlar elenents and in which: 5 Figure 1 is a block
di agr amgédiairautéoatamsetay visedl dnforhation aidlaisegarate sydio etreant tseenti ta ghe
'10  client containing audio information. Next, a signal is received indicating a relaxation of
streaming constraints corresponding to a particular type of data in the digital media stream.

In one embodiment, the signal indicates the client is not to receive audio information. In

another embodiment, the signal indicates the client is not to receive information of a

particular type. In response to the signal, a set of improved quality media information is sent

15  to the client.
According to one embodiment, a set of improved quality media information may be

sent using the freed-up portion of the bandwidth previously allocated to the client.

According to another embodiment, a set of improved quality media information may be sent

to a first client using the freed-up portion of the bandwidth previousiy allocated to a second

20  client. According to a further embodiment, the set of improved quality media information
includes closed-captioned information.

- As a result of the techniques described herein, an improved quality digital media
stream is available for presentation to a client and, consequently, when a viewer requests to
discontinue an undesired component of a streaming video presentétion, the undesired

75  information is not sent to the client, which thereby reduces the streaming constraints on a
video streaming service, and the improved quality media informatiofnumay be sent using the

freed-up portion of the bandwidth previously allocated to the requeéting client.
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an enbodi rent of the present invention; Figure 2 illustrates the various
| ayers of a digital nedia file according to one enbodi nent of the present

inventi owobyguse 3 illustrates the operation of a nulti pperosoizazess di ng to
an enbodi nent of the '10 invention; Figure 4 is a flow chart illustrating
the steps of dynami c quality adjustnment according to an enbodi nent of the
invention; and Figure 5 illustrates the operation of a nodified nultiplexor

accor di to an _enbodi ment of the invention. 15 -4 WD 02/19130
PCT/ USO ™ JRESEREAIONOHESEPRAVYINGE THE PREFERRED EMBODI MENT A et hod

and appar at for dynam c. aljty adj ust nent based on changi streamn

const lrozlca)i ntsui ed’é??@%ilﬁ%"d‘. 10 lrﬂs ’tull"fégaft%qdl%‘(xﬁh Fawp ﬁqo’bﬂi’yf"f?rlogﬂ‘é’-‘ﬁﬂi%oseg of
I t.l if.ic.detail set.. forth i d id

© hor ougtin e A o8B Earfidls nha L PniEf i Micepcs il s 0y °°

however , it Qa &l dddsH viticl:he art that the present invention nay be
practiced wthout these specific details. In other instances, well-known

struct ures ardgdeViigesiodk QiapRonbf idaudi P eikud iFeFRdRoh FelVdrp sﬁ%@ﬁéc&oﬁﬁﬁg’ oi d
unnecessarily “obscuring the present invention. In the follow ng
descri ptansmbddiigent af thepseskmtaihuentionpf the invention shall be discussed 10
under topic headings that appear in the follow ng order: 1. SYSTEM OVERVI EW
Figure 2 1llustrates the various layers of a digital media file according to one
embodiment of the present invention;
Figure 3 illustrates the operation of a multiplexor according to an embodiment of the
‘10 invention;
Figure 4 is a flow chart illustrating the steps of dynamic quality adjustment according
to an embodiment of the invention; and
Figure 5 illustrates the operation of a modified multiplexor according to an

embodiment of the invention.
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1. DIG TAL AUDI O VI DEO FI LE STRUCTURE |11. MUILTI PLEXOR OPERATI ONS 1 V.
FUNCTI ONAL OPERATION 15 -5 WD 02/19130 PCT/ US01/ 27156 1. SYSTEM OVERVI EW
Figure 1w@ozidiBock diagramillustrating an audi o-vi sual Paf/osemEd7izen
delivery system 100 according to one enbodi nent of the present invention.
Audi o-vi sual information delivery system 100 contains a plurality of
clients (1 - n) 160, 170 and 180. The clients (I 5 n) 160, 170 and 180

gener al | pETANIES ©ESCRPTIGN OROTHE PREBFERRED 8MBEDAVENG- vi sual i nf or mati on
contained in a streamof digital audio-visual data. For exanple, the

clients (1 - Amellad anll&ppanans f@3Gymayichmakitytadjuspmend based bechigkessteanpiged t o
an out put display, such as a television. As shown in Figure 1, the

audi o- vi eomatraints fideseribedn Inléiei foBewing desasipptionFomths puines¢sidexplanationa st r eam
server 110 coupled to a_control network 120. Control network 120 may be any

net wor k BYIBErog Spesiic detgiupiesal pBh herdgrteprevide o thoreyeh vadersiarding phtheexanpl e,
trol twork 120 v. b hi bandw dt h t , X..25 ci it
P e o e YR TLBYLRS PRt her Ay g ong eaied BLaSe o Myt e hetek or a1 B
t k.. The. cli ts-(1- . , ; Q | h trol
e tnor i insgiof s e brbdtical biiSidndhf So @i diie, 3 3oL BUALES, Lk 001 1

o i ti sy hand FERRR, &2 shonnfl ook Al o o B o BRI MRS Rk Pt =
control sRt@idEht preséf idfhf6d. t he pl ayback of ongoing digital audio-visual
In the following description, the various features of the invention shall be discussed
10 under topic headings that appear in the following order:
L SYSTEM OVERVIEW
1L DIGITAL AUDIO/VIDEO FILE STRUCTURE
IIL. MULTIPLEXOR OPERATIONS
IV. FUNCTIONAL OPERATION
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transm ssions, or transmt queries for information. Such queries may

I ncl ude, for exanple, requests for information about which audi o-vi sual
data strewoe2/aeo currently available for 20 service. Thepangsaoy/wizual

i nformati on delivery system 100 further includes a video punp 130, a nass
storage device 140, and a high bandw dth network 150. The video punp 130 is
coupled to the stream server 110 and recei ves commands fromthe stream

server 110. The video punp 130 is | e t he mass storage device 140
such that the video punp 130 25 Jéfgﬁ&gsgﬁéﬁé{m\%mthe mass st orage device

t 30'2 Core 1 ar dubuRd it ORY o Mundandtio viB ireiaben ey wdtmce 1o
. . ; . . or.

Conbi nat oaCaptiedd G ERATHLE LR hBh! 5% Bh SR U Blinl racs

st or age ddavérg8ystdR 106 chithit®sl pRurdiRy bEAIBRINL nf 166,920 aﬁ%ﬁgomé Aknt

vol atil e storage devices used to store digital data, Ich are vvel?r' known

in tBe ai)tieandowint!isopaterdls rdgsamnt badeds eohfi@ired Mhictien@tinosiks 120 and 150
are illustrated as different networks for the purpose of explanation,

net wor k snfbpfatimmcobfdnatey alseeampf digiatandioovisunl datngFer xamplemhielclierdiBel t asks
performed during the real-tine transm ssion of digital nedia data streans
are di st)ilptitlgd apdtlRe arybhecidop eenvesenhoxes donpledrio an hatpui dsmayy sugh 2630 .
Cbnsequeq;Ly, stream server 110 and video punp 130 nmay operate in

di ff er ed?l®P&PEs of the network without adversely affecting the efficiency

f th t 100. 10l jtion t ' t] ith th t
110, the ol | AhBopp 8 Fighrd Bahé 435- Byl EHBTRH G ey ery iy reid 8H0 OGP Do
vi dgg p‘é@&eaxﬁ%eﬁﬂé{ PH%buH%ﬁ t(})]h ggh%@ﬂgmo% t1]2(51 eé(\)’\r%rolf network 120 may be any

network that allows communication between two or more devices. For example, control

network 120 may be a high bandwidth network, an X.25 circuit or an electronic industry
association (EIA) 232 (RS - 232) serial line or an IP network.

The clients-(1- nj 160, 170 and 180, also coupled to the control network 120,

15 communicate with the stream server 110 via the control network 120. For example, clients
160, 170 and 180 may transmit requests to initiate the transmission of audio-visual data
streams, transmit control information to affect the playback of ongoing digital audio-visual
transmissions, or transmit queries for information. Such queries may include, for example,
requests for information about which audio-visual data streams are currently available for

20  service.

The audio-visual information delivery system 100 further includes a video pump 130,
amass storage device 140, and a high bandwidth network 150. The video pump 130 is
coupled to the stream server 110 and receives commands from the stream server 110. The
video pump 130 is coupled to the mass storage device 140 such that the video pump 130

25  retrieves data from the mass storage device 140. The mass storage device 140 may be any
type of devicc? or Qevices used to store large amounts of data. For example, the mass storage
device 140 I}ia}; bea magnetic storage device, an optical storage device; 6t a combination of
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150. The hi gh bandw dth network 150 may be any type of circuit-style
network |ink capable of transferring | arge anounts of data, such as an IP
net wor k. Wihe2/aaab o=vi sual i nformation delivery system 100rOf/UBHER27pIéesent

i nvention permts a 15 server, such as the video punp 130, to transfer

| arge anpbunts of data fromthe nass storage device 140 over the high
bandwi dt h network 150 to the clients (1 - n) 160, 170 and 180 with m ni nal
overhead. In addition, the audio-visual information delivery system 100
permts sudk devitéseMhs nfaks storape 8608ce 1400 dntende8@o teprdsertrndmodd caegoysifsioho t he
stream server 110 using a standard network protocol via the control

net wor k vdlatile ktoraga dedntrogedrirtore digitalidate rwhitngre preditkmowh iR thefagrantivgllhi gh
bandwi dt h network 150 and the control network 120 is the same. The stream

server 10® badgscribed fusthenf While pefiyloeksclgfsad d 50 axpstlatiaatedras gdifferens aeiverkof. a
plurality of -conputing devices owgd r as servers. Simlarly, the

vi deo pu%(’ﬁ thegyrpasy ogafépr%fneavor § %‘%slgg\}’é?y Redfpplem “@W‘?ﬁ%l ude a
pl urag ity of .such servers. To receive a digital audio-visual data stream
froma p&¥P&ular digital audio-visual 25 file, a client (1 - n) 160, 170

or 180, 1 ans g8k &gk AU EATARSol gl BRAANSE a0 Lhe

request, the stream'server transmts commman e video pu 130 to

cause ViR HepRediOnt 5B cvdr 180 hAIHRSARA g&h@l 130! CaHstigRentlys stidanflat a
streamto the client that -7 WO 02/19130 PCT/US01/27156 requested the

digital sudirQl¥sdididespluap 380 samopdiar if diffaead paseot the getivotk witte® punp 130
fromthe stream server 110 include control information specific to the

client raiyessly.affectingthaefilciency bfthe systernllO0.nf ormati on identifies the
desired digital audio-visual file, the beginning offset of the desired data
withith 5 the Iiagditian tecefnmuricating with the stragrg sever Hddtheshenss (It+19 160i B1 . 1 n
order Oancdr 1%%trgce?vevig:lt‘cirgla’g(in? %rgrzrillthe video pump 130 through the high bandwidth network
150. The high bandwidth network 150 may be any type of circuit-style network link capable
of transferring large amounts of data, such as an IP network. '
The audié-visual information delivery system 100 of the present iflvention permits a
15  server, such as the video pump 130, to transfer large amounts of data from the mass storage
device 140 over the high bandwidth network 150 to the clients (1 - n) 160, 170 and 180 with
minimal overhead. In addition, the audio-visual information delivery system 100 permits the
clients (1 - n) 160, 170 and 180 to transmit requests to the stream server 110 using a standard
network protocol via the control network 120. In one embodiment, the underlying protocol
20  for the high bandwidth network 150 and the control network 120 is the same. The stream
server 110 may consist of a single computer system, or may consist of a plurality of
_computing devices configured as servers. Similarly, the video pump 130 may consist of a
single server device, or may include a plurality of such servers.
To receive a digital audio-visual data stream from a particular digital audio-visual
25  file, a client (1 - n) 160, 170 or 180 transmits a request to the stream server 110. In response
fo ,t'h_grqquest, the stream server 110 transmits commands to the video pump 130 to cause
videg pump i‘3O to transmit the requested digital audio-visual data stream to the client that

L



audi o-vi sual streamat the specified offset, the streamserver 110 may al so
send "prefix data" to the video punp 130 and nay request the video punp
130 to sev@or/im3prefi x data to the client. Prefix data iBCTas@/A7ingst
prepares the client to receive digital audio-visual data fromthe

specified location in the digital audio-visual file. 10 The video punp 130,
after receiving the conmmands and control information fromthe stream

server 110, begins.to retrjeve digital audio-visual data fromthe specified
| ocat i oﬁe‘i“ﬁs"e‘f%égéﬁb udisyshrlgeSreaMdi o- vi sual file on the mass storage

devi 140. id 0 .t ' fix dat . 1 lient, d
hen- Sean esdg pPARERATRo oy Ra i} 30 SR Strsth et 1 Einsher om e
cani essfy® Podgrt : 38 S rom ¢
ot SRR B A BP0 RO LB Moo b ol M BB R D oF v

the di gidalifiaull Qestied H?é[itaﬁﬁid%-_%isﬁﬂ%, t@@&%ﬂﬂiiﬁ?oﬂ%& Bt @B Mesifdli @hiawiflgha- The
client decodes the digital audio-visual data streamto reproduce the
encosledthe digitl @udibSisahl SleguidnBeaddress obtHd clidht. Abokder ¥ dk Fivhikd &EICTURE 20
Havi ng descri bed the system overvi ew of the audi o-visual infornmation

del i ver yudisyiduehatrb@f at thespéafieho{fsk, thdgralimgsetalr 1@ oiag alsosermiUprefixvdasatal |
file structure will now be described. Digital audio-visual storage

f or mat s fo thkeidee punprigh @sd ey sequesitthe video pump d 30 pmsehil theprefixidgiatktbe s of

various structures. The techni ques d%sécri bed herein apply to all such
st or age HeftnRrelx daj is date fhat prepaten the dhigatipiressivedigiy adioivisugl dagn fipm the

particular.digital audio; . vi.sual fgrmat, the MPEG 2 transport file
struct uﬁ%ecgff’gﬁ?ca%gn %&%}%@ﬁaﬁq-mﬁg ‘ﬁ&r poses of illustration: -8 WO
02/-3§130 PCTAHSON.S Z&aﬁ? 130, after receiving the commands and control information from the

stream server 110, begins to retrieve digital audio-visual data from the specified location in
the specified digital audio-visual file on the mass storage device 140.
The video pump 130 transmits any prefix data to the client, and then seamlessly
transmits digital audi0~\;isual data retrieved from the mass storage device 140 beginning at
15  the specified location to the client via the high bandwidth network 150.
The requesting client receives the digital audio-visual data stream, beginning with any
prefix data. The client decodes the digital audio-visual data stream to reproduce the encoded.

audio-visual sequence.

1. DIGITAL AUDIO/VIDEO FILE STRUCTURE
20 Having described the system overview of the audio-visual information delivery
system 100, the format of the digital media, or audio-visual, file structure will now be
aescribed. Digital audio-visual storage formats, whether compressed or not, use state
machines and packets of various structures. The techniques described herein apply to all such
;torage formats. While the present invention is not limited to any particular digital audio-
25  visual format, the MPEG-2 transport file structure shall be described for the purposes of

T RPN SR
1llusttation.



Referring to Figure 2, it illustrates the structure of an MPEG 2 transport
file 104 in greater detail. The data within MPEG file 104 is packaged into
t hree | aweo 82/1|93pr ogram el enentary stream ("PES") |ayer, PETAUR@NIpIS t

| ayer, and a video |ayer. These layers are described in detail in the
MPEG 2 specifications. At the PES |layer, MPEG file 104 consists 5 of a
sequence of PES packets. At the transport |layer, the MPEG file 104 consists

f f.t Jpackets. At th id | , MPEG file 104
Conei st ‘of  oNUBTREHR EDFe 4, LBBFLSYAE aicire BERNVEICY 8 renpagHge 166 ai ns
t he data_f f f. Vi ES ket . h header t hat
dont 1 B SN R B ATERD 276 fo! 1peBRasT hup Raec Torees eieogtBhust r at el
| e, B " ' 248. f ol | b 10
R R e T Y o T
tr anspor geschshf et WERMESG- @B AbARRS P AL Fheeﬁ%‘sklg rCOPEY £12 16% %xgs?fél ely

one type of data. In the 1llustrated exanp transport packets 256,

258, 25%f 2%quetiod oRBES padker| Mt\thdlemspar aver, HeVIPRO e POL KSHsRts2T2 257 and
261 contain audi o data. Transport packet 253 contains control data.

Tr anspor seqpanck ef trésport padiaisn Attthervidgo thaera MPEG AP tcopdak 6f a 2aRencs of
paddi ng 15 packet. Each transport packet has a header. The header i ncl udes

a progr aPFine gacketsy Bachgricturelpacksd ckestins Beodatt for assfrgnedf Bilé.0 are contr ol
packets. For exanpl e, ggcket 253 %a%@pe_ assigned PID 0. Control packets
cont ai n i nf orAshitES nagkstdas » headsr thajidentifies dhedanath ped pondenshef the REShe di gi t al

B " i S T AR OSSR e
T . ' ' . [

or o0 aim iR L ABRpor BRIER ISR T s HaRhe BBl it PRy e@ﬁ%ﬁﬁﬁﬂéﬁsﬂvﬁek
i . . ey np

ol ude Tt VGIRERE St R Short Plo R ol B PR ATl BEO L Sl "l POCTRGS
MPER  illustrated example, transport packets 251, 256, 258, 259, 260 and 262 contain video data.

Transport packets 252, 257 and 261 contain audio data. Transport packet 253 contains
control data. Transport. packet 254 contains timing data. Transport packet 255’ isa ;}adding
15  packet. | ”

Each transport packet has a header. The header includes a program ID ("PID")‘ for
the packet. Packets assigned PID 0 are control packets. For example, packet 253 may be
assigned PID 0. Control packets contain information indicative of what programs are present
in the digital audio-visual data stream. Control packets associate each program with the PID

20 numbers of one or more PMT packets, which contain Program Map Tables. Program Map
Tables indicate what data types are present in a program, and the PID numbers of the packets
fhat carry each data type. Illustrative examples of what data types may be identified in PMT
packets include, but are not limited to, MPEG2 video, MPEG2 audio in English, and MPEG2
audio in French.

25 In the video layer, the MPEG file 104 is divided according to the boundaries of frame
data. ’Af;’mentioned above, there is no correlation between the boundaries of the data that

represent video frames and the transport packet boundaries: I e iliustrated ample, the
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audio in French. 25 In the video |ayer, the MPEG file 104 is divided
according to the boundaries of frane data. As nentioned above, there is no
correl at ivomobetiseeen t he boundaries of the data that reprereEUsSIVI7Td®O frames
and the transport packet boundaries: In the illustrated exanple, the -9 WO
02/ 19130 PCT/ USO1/ 27156 frame data for one video frane "F" is | ocated as

I ndi cat ed by brackets 270. Specifically, the franme data for frame "F' is

A Bl A e ST, e
r opr eserm gt e 150 PSR SR 2 T UBL R A BrmgPRi ATt B0, e
data f orideo3REQRYs Y idoRIeh hatlRt 348, aj&@ f[ﬁl)@g?é ?%éﬁngng, Wg«%g;al%%eé B by &‘Séﬁgé s 272.

The boundari'es for ‘the picture packe i cated

bracket 227 &vithifevidleSpacet 158 TharBbrogRusts b0 4Home Hgssnt e doaRRYes f thdVPEG 2
transport streans also exist in other digital audio-visual storage

f or mat s picureipackst fPEErk, "FQUITh& frime datarfor a sethdNlieo framOM@" RIdRidmnt ,

i ndi cators of video access points, tinme stanps, file |locations, etc. are

st ored dudieatedpt brackets 3M2e Tiedourdarias fhir theapistum pasked fardeanicotGredrs irtidvatdde
accessed by the sane server to sinultaneously serve different clients from
a wde \Péfrbif‘é"k?t?gﬁ- storage formats. Preferably, all of the format specific

the ot her ol SRENEIGRE Ao 4 HarelRGR AP Hp SRR begspop greams .
pr esent ADGRS: e el bGPl Hor S i E DS Wit eflam (nto
one 1§t r @M GRBhAERbEmERCHIRIRINEE Gl P Ladks pgﬁﬁg, flme stamps, file locations, etc.

are stored such that multiple digital audio-visual storage formats can be accessed by the same

server to simultaneously serve different clients from a wide variety of storage formats. |

Preferably, all of the format specific information and techniques are incorporated in the

stream server. All of the other elements of the server are format independent.

15 HOI. MULTIPLEXOR OPERATIONS
It is often desirable to merge several digital media presentations, each presentation in

a separate digital media stream, into one stream containing the combined digital media
presentations. This merger allows a user to select different digital media presentations to
watch from a single digital media stream. Figure 3 illustrates a multiplexo.r 310, which is a

20  digital media component that performs the operation of merging multiple digital media
streams into a single digital media stream. As multiplexors are well understood to those in
the art, description in this section will be limited to the extent that it facilitates understanding
of their use in optimizing mute operations in a multiplexed stream environment, which will
l;e described in detail below.

25 As Figure 3 shows, a multiplexor 310 has multiple inputs and a single output. The

" " inputs to the-multiplexor are called SingleProgram . Trarisport Streams,(“SPTS?); labeled as.
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presentations. This nerger allows a user to select different digital nedia
presentations to watch froma single digital nedia stream Figure 3

il lustratve@oz1gmd ti pl exor 310, which is a 20 digital ned BCTORp@RTEI t hat
perforns the operation of nmerging nultiple digital nedia streans into a
single digital nedia stream As nultiplexors are well understood to those
in the art, description in this section wll be limted to the extent that
it facilitates understanding of their use in optimzing nute operations in
a mul ti pBafk 822, sind 824y aar vhe mitpig calleh i MultiplelProgremdkeanspody Seredr (‘habasT), bel ow.
25 As Figure 3 shows, a nultiplexor 310 has nultiple inputs and a single
out put . Whish iy lapeledas B h%SmquRrpgr@m Brenspodt Srehing@0SB22g bl F24dgraligitht anspor t
Streans; ("SPTS".), labeled as_ -10 WO 02/19130 PCT/US01/27156 320, 322,
and 324, MgHa strersn Bigt 15 enceded with adioangiidsosiata 1oF org videoTprassstasion. St ream

"MPTS" ) which | .abel ed 330. Si . P Tr S 320,
Son o ligntel!'s Mt Bretud it Bors Sixim RAT i i Gorcts SHeLR B o an

i d d i . ti t.el. Mul t j.pl P

Tt ands S Aibal i w i Bu) S50 RES SRR A ARe1e b SO RGds Fnbt iR i
and Vi depdaiod dihpBaol 5%,%59@8 REIBSENY %is R chitiis on FVOLWAG ofs g’f ogram

Transport Stream 320, 3 and 324 1s"anal ogolils to a single channel on TV,

wher eas ®fulthiid Ploptatn Pr-RG5NSHdaaNSI0E hnatbgRBH0 S35b1é Set?BAl 0gous to a cable
networ k. When the indi vidual SPTSs 320, 322, and 324 are conbi ned, the

mul tipl exor 3When thedndinginalt SRI'SSI3D0] 322caeis24r o sqabihed) @edatitibRx6rsiWy € t hat
each PID referenced in the control 10 packets is unique. In the case when
packet s ¢xaprineditlie RiDemteaSiPTF8speR PacksP®, ensurd t18@ dachRiDtrhferenaekinPhd X oritdoe

mul tjpl exor 310 remaps the PIDs to unique nunbers to ensure that each

pac k]éf Raghkete giniquep dn theantq whepagkets Epwythiitergntt S TS 53301 320w hra 329 usg ittee

Program sTaJrn%QiB?trh% rrlsutl{iflg}rc?)r?ﬁg’remaps the PIDs to unique numbers to ensure that each packet
can easily be identified as belonging to a particular Single Program Transport Stream 320,
322, and 324. As each audio and video packet is guaranteed to have a unique PID, the video
presentation to which the packet corresponds may be easily identified by examining the PID
15 0 control packets in the MPTS 330. Thus, as the multiplexor 310 must examine each table in
| the PID 0 control packets and all tables of packets references in the PID 0 control packets to
ensure all referenced packets have a unique PID number, it also can easily identify all audio

packets corresponding to a particular SPTS 320, 322, and 324.

IV. FUNCTIONAL OPERATION
20 A client may reduce the amount of a particular type of information contained in the
digital media presentation that is received. In one embodiment, the amount of a particular
type of information required by the client is reduced as the result of altering the presentation
characteristics to a state requiring less of the particular type of information, such as when
reducing the video resolution, or switching the sound output from stereo to mono. In another
25  embodiment, the particular type of information is not required at all, such as when a client
‘mmutes the audio portion of a présentation. Tt is beneficial for the Stréari serve 110t Focldim

-11-



322, and 324. As each audio and video packet is guaranteed to have a unique
PID, the video presentation to which the packet corresponds may be easily
i denti fi edoby193@n ning the PID 15 0 control packets in tpReT/NWRIiR7330. Thus,
as the multiplexor 310 nust exam ne each table in the PID 0 contro
packets and all tables of packets references in the PID O control packets
to ensure all referenced packets have a unique PID nunber, it .also can
easily identify all audio packets corresponding to a particular SPTS 320,
322, andth8ddndwith preGisl O caeRERAdH vehing thabpaticwat typayf infdtetort fogh@mount  of
a partlcular type of information contained in the digital nedia

pr esent atlieoh Thisextrasbandwidth eeh be vused teineproveiibagnality oh thealigitahtnediz a
particular type of information required by the client is reduced as the
resul t o?re%ﬂnfaélﬂparfg te rendpdditionebipfasmation sy dicaselossd asioned Hlfmlaitlénr equi ring

| ess of the p rticul.ar e i for I on, suc S when educi ng the
vi deo resol ut4 ﬁerBP] ﬁ%@mtwa“fl &0¥ %Oﬂé?fg ‘cﬂt‘]f ?fﬁ?%ettélFé%‘r %om)no I n

3u T EeRBY R ot aRint it bel il lc B M B SPe® P RbehaLH o
PCT) Esg‘i‘?‘g‘#f?%@d“a il TPRCA T ey Heh 8 ARERR M ot AR 2RE

parti cul @ skdesberl mb% mﬁda@é"'thﬁt%uﬁfb%at&ﬂs in8hfo- beEEht&o %cﬂﬁmbamé\m@%ﬂsc an be
used to inprove the quality of the digital nedia presentation, or to send

addi t i onght usii@éxiRing@Omnuitntian prltesiy] sudhisiReaETinig Bttuamaxid PidtocolAn exenpl ary
description will now be provided with reference to Figure 4 to 5 illustrate
t he proc(éB&‘SBf) recl ai m ng unused bandwi dth wherein the client nmutes the
audio in a digital nmedia presentation. The client 160 sends a signal

t hr olfgh t he damne smbadimept, nhqsz@awemehél%@peesém in@mydfiplezel @nylrpnmwaoxe t hat
audio data is not to be_se tQ thegllent ignal is

an environment in which au 10 and visual data 1s sent to e client in a single stream, such as
in MPEG. In response to receiving the signal, a multiplexor is used to exan;ine and identify
the packets for the particular SPTS being muted. The multiplexor then discards the identified
audio packets for the n;mted SPTS and does not combine them in the outpu‘t stream.

15 In another embodiment, the stream server 110 still operates in a multiplekéd
environment, but in response to receiving the signal, a modified multiplexor 510 is used to
examine and identify the packets for the particular SPTS being muted, as shown in Figure 5.
The modified multiplexor 510 operates in substantially the same way as described in the
prior section, except that it operates with only one input SPTS 520." The modified

20  multiplexor 510 then filters and discards the identified andio packets for the input SPTS 520.
The resulting output stream 530 from the modified multiplexor 510 contains the original
media presentation, but not any audio packets, from the input SPTS 520.

In still another embodiment, the stream server 110 operates in a split-stream
environment, or an environment in which audio and visual data are sent to the client in

25 separate streams. In response to receiving the signal, the stream server 110 continues
,.sendlng the v1deo stream but pauses or stops sendmg the aud1o stream to the s1gnal1ng client.

-~ . o

As the v1deo is sent ina dlfferent stream to the 51gnahng chent than the audlo stoppmg the
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sent using existing comuni cation protocols, such as Real Tine Stream ng
Protocol ("RTSP"). 10 In one enbodi nent, the stream server 110. operates
in a mul W@bzxEa envi ronnent, or an environnent in whi chreDdsa/ansh vi sual
data is sent to the client in a single stream such as in MPEG In
response to receiving the signal, a nmultiplexor is used to exam ne and
identify the packets for the particular SPTS being nuted. The Jsultipl exor
then discards the identified audio packets for the nuted SPTS and does not
conbi ne ehdmsiream iél peftipietrupt thesideo pfesémiatiomab hier sigmidbiogichient , the stream
server 110 still operates in a, nultiplexed environment, but in response
to receiving taudiogaelets @rih?dnm?@dlgﬁﬁll‘ﬂdwmc@m@qm longerssent tb ¢he @ieatyi ne and

|dent|fy %PH ets J‘orwﬂ tlcul ar _SPTS bei ng mut ed, as shown in
Fi gure 5t he gw pPEevioys! ?‘F"fﬁ Qé’?e%&@léﬁélr@%té‘én W%@H@?Chn‘bffcardl%ly,he sane
way as descri.bed i | or secti Q0p 48XC t .that it operates with only
one inpug’éga*ggg%gmn?sn@tﬁgaﬁrer%%e% p{qrﬁﬁ §r 510 then fil ters and

esulting out puret PAEH @By BEASEY R bAlhAR oL BRIRES e gt s < e

or i gi nal disBBinde RARIENIG bOp ar@éﬁlanggéemﬂfo?ﬂgﬁcﬂx leﬁsk%ﬁed ‘fflg Ot he input

SPTS 520. In still another enbodi the stream server perates in a

spl it - st ixfedihationV Al HEERky sighal a8 iffioatd Dy Paficulad tydiof hiemelition dbslaiibsual dat a
are sent to the client in 25 separate streans. Tnh response to receiving

the si gnasiithirt the digfitabmedia etrewn iskibJongenté beisst to. tagrdiienty Fohexatpleehsdlienam but
pauses or stops sending the audio streamto the signaling client. e. i As
t he vi de@gnazls gemdlcm that qisuhkinfmmagen mam longer hebssaph ah cevglinglyghe rectadmed he

audi ? SL the -12 WD 02/19130 PCT/ US01/ 27156
0 w1d on the stream server 110 may be used to send improved quality information of the

remaining types of information contained in the digital media stream, or send additional
information. For example, if a client signals to indicate visual informatién is not to be sént,
improved quality audio information may be sent. Examples of improved quality audio
information include, but are not limited to, sending audio information in a format such és |
15 THX or Dolby, sending additional sound tracks, or sending information in surround sound. |
In one embodiment, bandwidth reclaimed on the stream server 110 from one client
may be utilized by any client of the stream server 110. In another embodiment, bandwidth
reclaimed on the stream server 110 from one client may only be used by that client.
As mentioned above, one use of the reclaimed bandwidth is to provide improved
20  quality. The quality of the video may be improved by modifying one or more of a video’s
characteristics. Examples of improving the quality of a video include, but are not limited to,
_increasing the rate of frame transmission, increasing color depth, and increasing the pixel
density. In addition to, or instead of, increasing the quality of the video, the reclaimed
bandwidth may be used to send or improve other data associated with the video. For
25  example, the reclaimed bandwidth may be used to send closed-captioned information,
add1t1onal 1nformat10n or otherwxse alter the appearance of the V1deo in some form

In other embodlments the quahty of the video f may be unproved through 1mproved
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audio streamw |l not interrupt the video presentation to the signaling

client. As audio packets for the nuted digital video streamare no | onger

sent to tweozldient, the bandwi dth previously allocated tpPCTH801R7¢F6al i Ng

client can be reclaimed. Accordingly, streamng constraints on the stream

server 110 are reduced. 5 As nentioned previously, reclaimng bandw dth as

aresult of a client signaling to di sconti nue transm ssion of .a particul ar
ot limted tq information. A client may

type of in tign a

si gnal tguar“ﬁafi‘ ezt gmgwe Q‘Fat“ltléi‘ﬂoé‘rls P%"e"eg yuCﬁH%nswgtSireﬂar@msamﬁ@dmg}@ thin the
di gital d| m.s_no er. to o that client. For exanple,
Tha e oAt @ehl RRWiE rioge wOfE atkd tﬁaegﬁaﬂlﬁehf EPT S AITIRS CROHAT Lo be

t. A t 110
maybe usag it 2dialsl Vit SEEHRLERS: S0RAPCH B RufBer T EMARRRIR oG pes o
i nf or mat t@&h%ﬂ%ﬂ%n% ﬂleﬁlihfﬁe dirgd b obit Hﬁﬂb@r ﬁx?fftﬁﬂ%ueﬁ{ol&?ﬂﬂ gddl fqhﬂ@dﬂl

i nformation. For exanple a client signa cat e vista

i nf orsvat fopnsé & thOlightal JadeoSAifH 24 bitsypr oved qual ity audio i nformation may be
sent. Exanples of inproved quality audio information include, but are not
limted to, shithe fogegvin specifitaifompthie dmventiomhdstresm tesstibétl with ddferddidd tor Dol by,
sendi ng addi tional sound tracks, or sending information in surround sound'.
In one e%@@cmdlnmmrd@ﬁl It will, Abwevkrove eviviens thabwariosemedificitidhsfandm one
client ybe utilized any client of the stream server 110. |In another
enbodi rreﬁ['}l%“gﬁa‘ﬂwedflﬁie th@eﬂoavmt eepating izem therhreadey epirit arg scopsrafdhe cl i ent

may only. be used.b As nmenti on d .aboye, one use of the
recl ai med B ni %p?c qagoxb?g%raglqgﬁﬁ@ow&r iBgly.d FF‘T gordedppanyillystratiyeof ¢ he

V|deﬂ)na%ﬂgfﬂhﬂgr%%%g“g¥mﬁgdlfy|ng one or nore of a video's
characteristics. I"'es™of inproving the quality of a video include, but
are not limted to, increasing the rate of franme transm ssion, increasing
col or depth, and intreasing the pixet —density.—tmaddition to, or instead
of, increasing the quality of the video, the reclai ned
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bandw dt h maybe used to send or inprove other data associated with the

vi deo. For 25 exanple, the reclainmed bandw dth nay be used to send

cl osed- capoopmado i nf ormati on, additional information, orpPor/Kisemi7s® alter

t he appearance of the video in sone form In other enbodinents, the quality
of the video maybe inproved through inproved -13 WO 02/19130

PCT/ US01/ 27156 qu | lon. Inproved quantization is achi eved by

col | apsmwlfﬁ@%lf"wgé into a single state, thereby allow ng nore

uni que states to be identified. For exanple, assunme each color, used in a
di gi tal lvi deé metbedfir delivaringgligitel vigae om DSFTYRT H0 & GRgHECOMBYISYE REFPRS si ni | ar
colors together and assigning themthe sane 24 bit nunber, nore unique

col o2s maybeof:dentified 5 for use in the digital video with 24 bits. In

t he foregoing specification, the invention has been described with

ref egence t otragdEainkione ofhk dighdlsttans wakid dientysdil onborvmurerdigitsd evi dent
that various nodifications and changes nmay be nade thereto w t hout
depagting from t hgrhnpadaprishilat leadAGosERsT videotde audibEBih&dn, Wherein
specification and drawi ngs are, accordingly, to be regarded in an

illugtrative 10 i P Ridrd Giltt¥SuRBNS Consrhds YWRal2d B3R

PCT/ US01/ 27156 W@‘n@%&n@ﬁo@ e = odns?%’rsdenvering @ gital
videg froma server..to a client,. conprising the steps .2 of 3 -
tran8nitting one 8‘?1‘1%?’?%‘1‘15?@%16%“%% to said client, said one or nore

igital 4 str risi I . rej f Vi nd. [
?mg 0%7 ﬁat i Oﬁt r%%gfgrggcqgsqgnal ?n(ﬂgati%}g that g&&lo ?nfggngtfog s rot to {)g Sent fo s(guda cli%ntc;)

8 in response to said signal, said server ceasing transmission of said audio information

9 to said client and using bandwidth that would otherwise have been used to

10 send said audio information to said client to send other information to said

11 client.
1 2 The method of claim 1, wherein the step of using at least some of the bandwidth to h
2 send other information includes sending video information that has a higher quality
3 than the video information sent prior to receiving said signal.
1 3 The method of claim 2, wherein said step sending video information that has a higher
2 quality than the video information sent prior to receiving said signal includes sending
3 - video frames at an increased frequency to said client.
1 4 The method of claim 2, wherein said step sending video information that has a higher
2 quality than the video information sent prior to receiving said signal includes sending
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5 transmtting said one or nore digital streans consunmes bandw dth between
6 said server and said client; 7 receiving a signal indicating that audio

i nf or mat ivom 02/918®t to be sent to said client; 8 in responBeTSOIBALIT Si gnal ,
said server ceasing transm ssion of said audio information 9 to said
client and using bandw dth that would ot herwi se have been used to 10 send
said audio information to said, client i?éf %{ é]\el’ nfo matjon-to said 11
cliedt. 1 2. videe inferpaiipnshatdps ncrepsed golorgenththan te é(}fiern QERAYnAENYPEREL sone
of the bandw dth to 2 send other information includes sending video

i nf oftmat i on tmaxmhmssmdhughbr quality 3 than the video information sent
prior to receiving said signal. 1 3. The nethod of claim2, wherein said
step sending video information that has a higher 2 quality than the video
information sent prior to receiving said signal includes sending 3 - video
framps at anTheeicBRIes claaayaneid Sidabslsaldingntideclinfbrmitich hetHued Hoghee! ai m
2, wherein said step sending video information that has a higher 2 quality

t han othe vid ¥ LAY sfdkBnsl if0ades! es
send’ng -15%@*%9%%%8%@%%%% e T R e B

i ncregased col o th t 4 ecei vi ng
sai d§3| gnal . Jeg me@ at g%n&%g né g‘t"lq{vxﬁuH &élﬁ% glgl egtlﬂéfgﬁgaéﬁ)& st vi deo

i nformati on that has Eﬁg 12 quality than the video i nfornatl on sent
priof to rec@F‘ﬁ?T‘i‘?gre%%Y‘Bg% A% %t ncl udes sending 3 video information that

has increased pixel density than the video information sent 4 prior to
recei ving said signal

-1 6. The method of claim 2, wherein said step sending video information that has a higher
2 quality than the video information sent prior to receiving said signal includes sending
3 video information that has improved quantization than the video information sent
4 prior to receiving said signal.
1 7 The method of claim 1, wherein said step of using at least some bandwidth to send
L2 other information includes sending closed-captioned information to said client.
1 8. The method of claim 1, wherein audio and video information are transmitted to said
2 client in a single digital stream.
1 9. The method of claim 1, wherein audio and video information are transmitted to said
2 client in different digital streams.

1 10. A method for delivering digital video from a server to a client, comprising the steps
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1 6. The nethod of claim2, wherein said step sending video information
that has a higher 2 quality than the video information sent prior to

recei vi ngv@ar/tv136 gnal i ncl udes sending 3 vi deo i nfor mat i pOTAURGEL270%6S

i nproved quanti zation than the video information sent 4 prior to receiving
said signal. 1 7. The nmethod of claim1l, wherein said step of using at

| east sone bandwidth to send 2 other information includes sending

cl oseéd- capti o®fed i nformation to said client. 1 8. The nethod of claim 1,
wherein audio and video information are transmtted to said 2 client in a
si ngl%® di gi t afrarsitéiagond ol9morkhibgitab staahsab seild zlient]saidvrersrinmoradigital and vi deo
information are transmtted to said 2 client in different digital streans.

1 10.4 A et hod f orstéeink vempfigngh givrdity ¥f g§pes dflinforBati@) WBErelras@itignt .
conprising the steps -16 WO 02/19130 PCT/US01/27156 2 of: 3 transmitting

one o more digit &SRR Mort i@l Hreahnls 8Bisuntd bshRN@HVetWBRh SaifliseivEAlnd?
streans conprising a plurality of types of information, wherein
trangtting 5 sai idp&{f&:npr nore digital streans consunes bandw dt h between

sai.d server and said Client; 7 receiving a signal that requests a change

t hat | d d the.b i dt h i t f tigcul t f
im(‘al or%rgvgt'tJ i onrg‘i‘eg%g'ing a%f%‘f‘a&g\é\ﬁﬁ?qﬁsgtr UIe(r) Er&e‘@“ﬁ%&f"%ﬁ@?éﬁr“dc“li{éﬁrn yggpgnse to

said signal, perform ng said change to s%i,%@one or nore digital streans 11
&

bei nd sent to sai dFeaPiraRntyef YRS wngion of seid phulsy o5 types fai d
9 information,;

. 10 in response to said signal, performing said change to said one or more digital streams
11 being sent to said client to reduce the bandwidth requirements of said
12 particular type of information and using bandwidth that would otherwise have
13 been pre;viousiy required to transmit said particular type of information to said
14 - client to transmit other information to one or more clients in a set of cliénts | |
15 that includes said client. |

1 11.  The method of claim 10, wherein the plurality of types of information includes a

"2 desired type of information and the step of using at least some of the bandwidth to
3 send other information includes sending said desired type of information at a higher
4 quality than the desired type of information sent prior to receiving said signal.

1 12.  The method of claim 10, wherein the plurality of types of information does not
2 include a desired type of information and the step of using at least some of the

3 bandwidth to send other information includes sending said desired type of
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12 particular type of information and using bandw dth that would ot herw se
have 13 been previously required to transmt said particular type of

i nformat ivomoz/®1s@i d 14 client to transmt other infornmatpPONVUS@/IN® or nore
clients in a set of clients 15 that includes said client. 1 11. The net hod
of claim 10, wherein the plurality of types of information includes a 2
desired type of information and the step of using at |east sone of the
bandwi dt h t o thfserdont her information includes sending said desired type of
information at a higher 4 quality than the desired type of information
sent prior to receiving said signal. 1 12. The nethod of claim 10, wherein
the plurality of types of information does not 2 include a desired type of

i nf [ ' : f o dw dt.h t d
ot hor 1 i o1 mat TonenelFE Rl LEaReR s SaThe BT Rorsbe of BRI 30" "

PCT/ US01/ 27156 .4 .infgrmation. .1.13. The .mrethad of clajm 11, wherejn the
st epl&gf usi ng> A qﬂbeééq%%%né?chﬁ‘?é S%‘%W‘ﬁ%%"? aéo%g‘ﬁhh%ta hef Apalithat i on
i ncl udes sendi ng video information that has a higher quality 3 than the
vi deoéj i nf or matheBihesd °lﬁqu’@?t‘?rbs%ﬁ%‘?r\ﬂ)ﬁ@ew&ﬁaﬁﬁjﬁb@ﬂ-. 1 14. The nethod of
claim 13, wherein said step sending video information that has a 2 higher
quality than the video information sent prior to receiving said signal
i ncludes 3 sending video franes at an increased frequency to said client.
1 15.1 Thé4.net Hamethod loficlaind 33, wikeeie isaid stepdestiggpvidenitiforenationl ¢at hasfaor mat i on
that has a 2 higher quality than the video information sent prior to
receiying saiHighérgfalityithe thel@Rleo tnfoemdion Gemiptioptd rREaViAE b4i@Bighdldhclhids
i ncreased col or depth than the video information

3 sending video frames at an increased frequency to said client.

1 15.  The method of claim 13, wherein said step sending video information that has a

2 ~ higher quality than the video information sent prior to receiving said signal includes
3 sending video information that has increased color depth than the video information
4 sent prior to receiving said signal.

1 16,  Themethod of claim 13, wherein said step sending video information that has a

2 higher quality than the video information sent prior to receiving said signal includes
3 sending video information that has increased pixel density than the video information
4 sent prior to receiving said signal.

1 17.  The method of claim 13, wherein said step sending video information that has a
2 higher quality than the video information sent prior to receiving said signal includes

3 sending video information that has improved guantization than the video information
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4 sent prior to receiving said signal. 1 16. The nmethod of claim 13,
wherein said step sending video information that has a 2 higher quality

t han t he wo dB®w1Binf or mati on sent prior to receiving said spgnakoiarcicudes 3
sending video informati on that has increased pixel density than the video
information 4 sent prior to receiving said signal. 1 17. The net hod of
claim 13, wherein.said step sending video information that has a 2 hi gher
qgual ir%y t han T P‘i}‘?ﬂ%eﬁe}ﬁ* sf?'éc[]?‘%lﬁ’q'sent prior to receiving said signal
includes 3 sending video information that has inproved quantization than
the video information -18 WD 02/19130 PCT/US01/ 27156 4 sent prior to
receiving said signal. 1 18. The nethod of claim 11, wherein said step of
sendi hg g%si r €k inpthod wheleom 1 1.haher¢insaid step ofisgideng dpsiatd infortiation thathadesi r ed
information sent prior to receiving said signal includes 3 sending
enharted audi higherfquehitytthanthe desif@d iffhenativnhent pofor e mieivihg saidisimel incladésd St ep
of sendi ng enhanced audio information is. 2 acconplished by sendi ng audi o

i nfor3rati on t&alingenhered 8&io aifogndtiogher sanpling rate. 1 20. The net hod
of claim 12, wherein said step of using at |east sonme bandwi dth to send 2

ot her information includes sending cl osed-captioned information to said
client. 1 21. The nethod of claim 10, wherein said plurality of types of

client. . . 10, wherein said plurality of types of

22. The. Wt nostepetpdBFih 6, taaR sda Sl SR borhelby Bt Gyl BbRhaiifal on
t itted.t idcli in diff di gi t al . L 23. Th

et of I AP RElIRAE SrHaE e IRt E b ree e R A PP gl | t

of

1 20.  The method of claim 12, wherein said step of using at least some bandwidth to send

2 other information includes sending closed-captioned information to said client.

1 21.  Themethod of claim 10, wherein said plurality of types of information are

2 transmitted to said client in a single digital stream.

1 22,  The method of claim 10, wherein said plurality of types of information are

2 transmitted to said client in different digital streams.

1 23,  Themethod of claim 10, wherein said signal requests a reduction in the quality of

2 - said particular type of information.

1 24"  The method of claim 10, wherein said signal requests a cessation of transmission of

2 said particular type of information.
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2 - said particular type of information. 1 24.' The nethod of claim 10,
wherein said signal requests a cessation of transm ssion of 2 said
parti cul avooypa3of information. 19 WO 02/ 19130 PCT/ USO1/ P@1/B601/27185. The
met hod of claim 10, wherein said other information is sent only to said
client. 1 26. The method of claim 10, wherein said other information is
sent to at least one client 2 other than said client. 1 27. A
conput er -r eadabl e nmedi um carrying one or nore sequences of instructions for
2 deljvering digital viSep froma server to a cljient, wherein execution of
the dne #t ﬂﬁ%ﬁgéaﬁ Aice 40.a7hervia s4id ofhiep fotmatign és ssnt erly & pibelisntor s
causes the one or nore 4 processors to performthe steps of. 5
transmtting one or nore digital streanms to said client, said one or nore
digital 6 streans conprising at |east a portion of video and audio

i nf orimat2®@n, Tiremethod oF clhina b@ nwheréingaid attetr fernmitionty @nthiogit 1eabt o cBaiYs
consunes bandw dth between 8 said server and said client; 9 receiving a
signa i ndi cajtherghdh@id éligt.0 i nformation is not to be sent to said client;
10 in response to said signal, said server ceasing transnission of said
audio information 11 to said client and using bandw dth that woul d

ot herwi se have been used to 12 send said audio information to said client

to send her , i i i ® jent. 1 28. The.co ter-readabl e

rodh am B o L e SR et heltnf corfy g0l mord séeiencEd B¢ SRR RL i P

band%gdth to 3?nd.otger inforymation includes sending video informati on that
elivering digital video from a server to a client, wherein €xecution of the one or

3 more sequences of instructions by one or more processors causes the one or more
4 processors to perform the steps of:
5 transmitting one or more digital streams to said client, said one or more digital
6 streams cpmprising at least a portion of video and audio information, wherein
7 ‘ transmitting said one or more digital streams consumes bandwidth between
8 said server and said client;
‘ 9 receiving a signal indicating that audio information is not to be sent to said client;
10 in response to said signal, said server ceasing transmission of said audio information
11 to said client and using bandwidth that would otherwise have been used to
12 send said audio information to said client to send other information to said
13 client.

1 28.  The computer-readable medium of claim 27, wherein the step of using at least some
2 of the bandwidth to send other information includes sending video information that

3 has a higher quality than the video information sent prior to receiving said signal.
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3 has a higher quality than the video information sent prior to receiving
said signal. -20 WD 02/19130 PCT/ US01/ 27156 1 29. The conputer-readabl e
medi um ofw@bzigB®8, wherein said step sending video 2 infpemasdi@TII6hat has
a higher quality than the video information sent prior to 3 receiving said
signal includes sending video franmes at an increased frequency to said 4
client. 1 30. The conputer-readabl e nmedi umof claim28, wherein said step
sending video 2 information that has a higher quality than the video
information sent prior to 3 receiving said signal includes sending video

i nf or mat i290 t Mie compuicnedadalsie chedno6f clAintiEN Wheidharid bep y&ﬂﬁ% viddoOr mat i on
sent prior to receiving said signal. 1 31. The conputer-readabl e nmedi um of

cl ai 28, wherigiohnSiftinthiRe « hEhet QoY) HE0thedid Bl iRfRBEER sehliio 1S @ hi gher
quality than the video information sent prior to 3 receiVvi said signa

i ncl udes- sendi_pg.: Vi L:0f Qr: i aaf . .: I : I X 4 density than
the video | ni orenirEERe Haka el 18R e SRR B Prcaisny el
conpuher-readaglq medi um of claim 28, wherein said step sending video 2

i nformation tfdf™has a higher quality than the video information sent prior
to 3 receiving said signal includes sending video information that has

i nproved 4 - quantization than the video information sent prior to

receiving said signal. 1 33. The conputer-readabl e nmedium of claim 27,

wher eiln S8 d dthegompuigsreagable medis ofsabaim 282 wWhareiivsaid step sendingdridspher

i nformation includes sending closed-captioned information -21 WO 02/19130
PCT/ U301/ 27156nformation that has a higher quality than the video information sent prior to

3 receiving said signal includes sending video information that has increased color

4 depth than the video information sent prior to receiving said signal.

1. 31.  The computer-readable medium of claim 28, wherein said step sending video

2 information that has a higher quality than the video information sent prior to
3 receiving said signal includes sending video information that has increased pixel
4 density than the video information sent prior to receiving said signal.

1 32.  The computer-readable medium of claim 28, wherein said step sending video

2 information that has a higher quality than the video information sent prior to
3 receiving said signal includes sending video information that has improved
4 - quantization than the video information sent prior to receiving said signal.

1 33, The computer-readable medium of claim 27, wherein said step of using at least some

2 bandwidth to send other information includes sending closed-captioned information
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3 to said client. 1 34. The conputer-readabl e nmedi um of claim 27, wherein
audio and video information are 2 transmtted to said client in a single
digital sweeami13d 35. The conputer-readabl e medi um of cl aP@T/201/2unr €i n
audio and video information are 2 transmtted to said client in different
digital streans. 1 36. A conputer-readable nediumcarrying one or nore
sequences of instructions for 2 delivering digital video froma server to
a clPent, wh& clispbcution of the one or 3 nore sequences of instructions
by one or nore processors causes the one or nore 4 processors to perform
the steps of. 5 transmtting one or nore digital streans to said client,
said one or nore digital 6 streans conprising a plurality of types of

i nf ot mat3don, Thbeomputet-readubid meding of chaim® 70wherin dndicardi Widoahfosibea & ¢
consunes bandw dth between said server and 8 said client; 9 receiving a
signal that uefuEgkStosaih@Rgeintaaiglyeigital shesice the bandwi dth 10

requi rements of a particular type of information of said plurality of types
of 11 information; 12 - in response to said signal, perform ng said change
to said one or nore digital streams 13 being sent to said client to reduce

h i d ] j . L.eul f.int ' d
st n baawi Ak EPHECRRN S Bbrt o Wil Rt Raliat Tp b Rien P Lo
t it [ Licul ype. of ..i nf of. ' t id -22 WD 02/19130
et 2501/ 27168 ReE B B LR BT PR o mat i on Lo oo o more

clients in a set of clients

1 36. A computer-readable medium carrying one or more sequences of instructions for

2 delivering digital video from a server to a client, wherein execution of the one or
3 more sequences of instructions by one or more processors causes the one or more
4 processors to perform the steps of:
5 traz{smittiﬁg one or more digital streams to said client, said one or more digital
6 streams comprising a plurality of types of information, wherein transmitting
7 said one or more digital streams consumes bandwidth between said server and
8 said client;
9 receiving a signal that requests a change that would reduce the bandwidth
10 requirements of a particular type of information of said plurality of types of
11 information;
12 - in response to said signal, performing said change to said one or more digital streams
13 being sent to said client to reduce the bandwidth requirements of said
14 particular type of information and using bandwidth that would otherwise have
15 been previously required to transmit said particular type of information to said
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17 that includes said client. 1 '37. The conputer-readabl e nmedi umof claim
36, wherein the plurality of types of 2 information includes a desired type
of informadoomiand the step of using at |east some 3 of parUB@mInsedth to
send -other information includes sending said desired type of 4 information
at a higher quality than the desired type of information sent prior to 5
receiving said signal. 1 38. The conputer-readabl e nedi um of claim 36,
wher 8 n the pl ur al tliept toftrangmigothst iformatipnite phoor Woeslings in asdt ofeliatdesi r ed
type of information and the step of using at 3 | east sone of the bandw dth
to sthd ot her i nf othakinclodes said clides sendi ng said desired 4 type of
information. 1 39. The conputer-readabl e nmedium of claim37, wherein the
step of using at |least sone 2 of the bandwi dth to send other infornmation
i ncl udes sending video information that 3 has a higher quality than the
Vi deog i nkpr mat i : i)k 1 i :

0L | Nr B OB Ar 1Q£da];9fecrl§18hﬁrﬁ%?cléﬁrHQG?@hQ-eﬁ‘n.t%@@![u%agays (ilﬂmeyg@vi deo o .

conput er - readabl e fumo alm 39, whereln sai

i nforgmation t i I ity ot the vi.deo information sent prior
]Eo 3 irngcei ;/i ng?é?lgi% ?}1?0 iryélilg f?ﬁ%ﬁj%gb? e:s)%f fn?ﬁﬁ%ag{ﬂ;lgg%Elfe{)szie;‘?e%follgwngi%ﬁcsf?ﬁs ed
C(r)re}rqaﬂfg(r:}/r egdgﬁh‘éb?Péi(’jﬁﬁthﬁgFé@cég%\ﬁg@?nml%?lﬁd%géf: 1ag @gjéﬁ?faﬂ et deoez

i nforpation that has a hi gher qlgtg}lity than the video information sent prior
to 3 % ecei vi ngHaaaHoR pighiehergupliy dhandthe desirgd (yngod informatinsewprionts  has

i ncreased color 4 depth than the video information sent prior to receiving
sai d %i gnal . receiving said signal.

1 38.  The computer-readable medium of claim 36, wherein the plurality of types of

2 information does not include a desired type of information and the step of using at
3 least some of the bandwidth to send other information includes sending said desired
4 type of information.

.1 39.  The computer-readable medium of claim 37, wherein the step of using at least some
2 of the bandwidth to send other information includes sending video information that

"3 has a higher quality than the video information sent prior to receiving said signal.

1 40.  The computer-readable medium of claim 39, wherein said step sending video

2 - information that has a higher quality than the video information sent prior to
3 receiving said signal includes sending video frames at an increased frequency to said
4 client.
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1 42. The conputer-readabl e medi um of claim39, wherein said step sending
video 2 information that has a higher quality than the video information
sent pri wODD14830 ecei ving said signal includes sending vi BeDuUsonssat i on
that has increased pixel 4 density than the video information sent prior
to receiving said signal. 1 43. The conputer-readabl e nedi um of cl aim 39,
wherej n id ep sending video 2 infornmation that has a_higher quality

t han heifri dei’fl? ?ﬁ%ﬁ%&ﬁew\é&m@m Sclaip 393whereia; spidriiepsending vigeal i ncl udes
sending video_ information that has inproved 4 quantization than the video
i nf ordmat i on sifermstipothat bay ahigheriquglityshan the yidad infarmbion Sére prior to
conput er -readabl e nmedi um of claim 37, wherein said step of sending desired
2 i nfbrmat i onrecéizinglsaisl sigrial mhldegealling widdodnfothgticdaRithasincrbhadngtdon sent
prior to 3 receiving said signal includes sending enhanced audi o

I nf oramati on. depibthad fie: SR rfiGRSH0 bR B Hedtid safd @by 44, wherein said
step of sending enhanced 2 audio information is acconplished by sending
audio information that is recorded at a 3 higher sanpling rate. =2.4 WO
02/ 19130 PCT/ US01/ 27156 .1 46. The conputer-readabl e medi um of clai m 38,

wherei n id i t t SPE ,.2 bandwi dth to send. ot her

i nf o‘rallmat ?%n i?%?eugg‘;sut%?ﬁ%%ﬁge ‘E‘%‘g@‘éa"-fég% i%h‘é’gerielﬂ'fsﬁgr?gepi SBﬁEm%V‘FSO sai d
clienf. 1 47.. The conputer-r.eadabl e. nmedi um of claim 36, wherein said

pl urarzt ity of ‘P&‘Ifﬁg‘?g%?nﬁ‘aggarsrﬁlﬂgﬁﬁtqf‘%ﬁy Hhap the Wdeindermmtion sepAPHOL ent in a

single digital stream 1 48. The conputer-readabl e nmedi um of clai m 36,
wher & n sai d 1FaVagsEy signal pgladesstending ivideg infarnasiondhas has moreasedipixklt o sai d
client in different digital streans.

4 density than the video information sent prior to receiving said signal.

1 43.  The computer-readable medium of claim 39, wherein said step sending video

2 information that has a higher quality than the video information sent prior to
3 receiving said signal includes sending video information that has improved
4 quantization than the video information sent prior to receiving said signal.

1 44.  The computer-readable medium of claim 37, wherein said step of sending desired
2 information that has a higher quality than the desired information sent prior to

3 receiving said signal includes sending enhanced audio information.
145, The computer-readable medium of claim 44, wherein said step of sending enhanced

2 audio information is accomplished by sending audio information that is recorded at a

3 higher sampling rate.

-24~



1 49. The conputer-readabl e nedi um of claim 36, wherein said signal
requests a reduction 2 in the quality of said particular type of

i nf or mat ivom02/1913®. The conput er - readabl e nmedi um of cl ai m BET/Usdea7¢36n sai d
signal requests a cessation 2 of transm ssion of said particular type of
information. 1 51. The conputer-readabl e medi um of claim 36, wherein said

ot her |nf on i s sent onl.y t ai clj ent 52. The -

comut er ? geg&% WJW%P% (H{H@gc gF r@&lsﬂ%éf‘aﬁéﬁf UFIRE 8t Igest some | s

sent %o 2 at_ least_one client other than said client. -25 '
bandwidth to send other information includes sending closed-captloned information

3 to said client.

1 47.  The computer-readable medium of claim 36, wherein said plurality of types of

2 information are transmitted to said client in a single digital stream.

1 48.  The computer-readable medium of claim 36, wherein said plurality of types of

2 information are transmitted to said client in different digital streams.

1 49, The computer-readable medium of claim 36, wherein said signal requests a reduction

2 in the quality of said particular type of information.

1 50. The computer-readable medium of claim 36, wherein said signal requests a cessation

2 of transmission of said particular type of information.

1 51.  The computer-readable medium of claim 36, wherein said other information is sent

2 only to said client.

I 52.  The computer-readable medium of claim 36, wherein said other information is sent to

2 at least one client other than said client.
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