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(54) MOVING IMAGE DATA REPRODUCING DEVICE, MOVING IMAGE DATA DIVIDING DEVICE
AND RECORDING MEDIUM READABLE BY COMPUTER IN WHICH PROGRAM 1S RECORDED

(57)Abstract: e S
PROBLEM TO BE SOLVED: To enable random access to anpammns ' ]
moving image data without changing a server function. @ e .| jro-s
SOLUTION: A moving image data reproducing device with an

index information receiving means B to receive index *Lﬂ':g“;

infarmation to be generated by relating plural pieces of i b "‘!

divided data to be obtained by deviding the moving image data 5 5

to its reproduction time information by requesting the
information to a server, a divided data receiving means 7 to iy
receive the divided data related to reproduction time
information at the reproduction time information to which
starting of reproducing is instructed and afterward by
successively reguesting the information to the server by @
referring to the index information received by the index

infoermation receiving means 6, a storage means 9 to store the

divided data received by the divided data receiving means 7 e
and a reproducing means to successively reproduce the
divided data stored in the storage means 9 according to the
index information received by the index information receiving
means 6 is provided.
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Description

FIELD OF THE INVENTION

[0DD1] This invenlion relates lo media slreams lrans-
mitted in A netwark, such as the Internat, Espeacially, the
invention relales to media streams concerning video
piclures and voicea.

BACKGROUND OF THE INVENTION

[0002] When media streams that contain continuous
data, for example video pictures and voice, are trans-
mitted in a network, such as the Internat, the speaeds of
the media streams have o be adjusted wilh the speed
of tha transmission cannaction availabla at the tima. Of-
ten, inthe case of video platures, the adjustment is made
by changing the visual qualily ol the piclures. The speed
of a transmisslon connection In the Internat depends
strongly on a users Intemet terminal, Some terminals
support technically higher speed rates than others (usu-
ally older terminals). Thus, speed adjusted medis
streams must be offered for a variety of terminals.
[0003] Transmission speed may also vary with lima.
For example, when congestion happens in the network,
the transmission speed may decrease considerably. Af-
tarthe congestion, the franamission apood returns to the
normal speed rate.

[0004] Nowadays, mosi of the content of the Inlernet
Is in WWW servers, which use the HTTF protocol for
transmitting desired contenls 1o users. Onginally, the
HTTP protocol was not designed for continuous media
streams (video, voice). The problam of the known solu-
tions is that when a media stream has lo be adjusted for
a changed transmission condition, i.e. to be an adaptive
media stream, a special software or protocol must be
used, instead af tha HTTP protocol, Real Serven® (Ra-
alMetworks Inc, Seartle. Washington), Quicktime®
Semver (Apple Computers, Cupertine Calilornia), and
Windows Madia Sarver® (Microsoft, Redmond, Waeh-
ington) are commercial scrver software, which support
adaptive media streamsa. These sollweare packages use
special protocols, such as RTF (Real-Time Transport
Protocol) and BTSSP (Real Time Slreaming Frolocol).
which are designad for the adaptive media streams.
[0005] However, using these software packages usu-
ally requires & user to invest and mainiain parallel de-
vicae and softwara in addition to the WWW sarver that
is used lo serve other Internet content, such as web pag-
es. Uzser communilties such as corporalions require sup-
port stafl which musl be educaled Lo use Lhese systems
For & service provider this means in practice thal a spe-
cial madia stream sarvar must be maintained. The goal
of this invontion is to eliminate these drawbacks. This is
achieved in a way described in the claims.
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SUMMARY OF THE INVENTION

[0006] The following dafinitions should be kept in
mind whan reading these specifications.

Connection: A transpart layer virtual circuil estab-
lished between two programs for the purpose of
communicalion. A conneclion can have varying
rransmission speed rates

HTTF transport; An application layer transmission
of data from a file on a server computer o a usar
terminal using HTTF 1.1 protocol, Ona HTTP 1.1
cannection can conzgiat of one or gaveral HTTP 1.1
transports.

Stream: A continuous ransmission ol dala over lor
exampla HTTP transport

[G007] An importanl aspecl ol the invenlion is o
changa the source of an adaptive media stream whan
an available connection speed rate changes. Each
source contains essentially the same information (such
as video and voice), but the suitability of each source
for transmission has been adjusted to a certain connec-
lion speed rate. The coding of the source information
can be different among the sources, which affects the
speed rale. The picture informalion can be black-and-
whita instoad of a celor picture. Tha plstura siza can be
smaller or larger. The video can be with or without voice,
When the source is changed, also a new HTTP trans-
mission for tha new source s stanad lor & new stream
containing the infermalion of the new source, In other
words, the adaptive media stream, Le. tha adaptive
stream, comprises at least one media stream for trans-
mitting information.

[0008] In an arrangement according 1o the invention
a source file is formed, The source file containg a plu-
rality of sources intended lor differant media sireams,
according to such parameters as bandwidth, computing
capabilily of lhe receiving lerminal, elc. Althe beginning
of the tranemissicn the optimal transmissicn spead rata
at the time is chosen according to an information trans-
fer condition. The source in the source lile, which corre-
sponds to the available speed rate, is selectad to be the
source of the adaplive media stream. When the availa-
ble transmission speed rate changes. aither (o ba faster
or slowar, a command for changing the saurce of the
adaptive media stream, is sent from the user's lerminal
to the earvice provider's server, i.a. the source sarvar,
wherein the file of the service is. Preferably commands
are senl using an HTTP protocel. When the available
lransmission speed rate changes again, a4 new com-
mand for changing the source is senl from the user's
tarminal to tha source sarvar. The commands ara sant
when it is possible to use a higher speed rate or when
a lower epead rate must be used.

[0009] In one aspect, the invention thus provides a
method for providing an adaptive media stream be-
Iween & sanding lerminal and & user's lerminal wherein
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the adaplive media stream comprises at leasl one me-
dia stream end the methed comprises the sleps of
choosing a transmission spead rate for the media
stroam, selecting a suitable data source for the media
slream among sources containing essentially the same
Infermation contant, each source intanded for a cartaln
infarmaltion transfer condilion and playing the media
sglream. During such playing, checking the =suilability of
the actual transmission speed rate, and continuing play-
ing the media stream i1 the transmission speed is sl
suitable or selecting a new data source, which is suitable
atthe moment as aresponse for the selection of the new
data source, playing a new madia stream. Those salec-
tion actions continue until the played stream stops.
[00710] Oplionally, the step of choosing comprises Lthe
phase of reading a headar Tleld of a file, which conlains
atleast iwo data sources, the header indicating the starn-
ing peints ol lthe sources and o which lransmission
apoad rate each sourca g Indentad. Yat anothar aptien
calls for the selecting step to include the phase of start-
ing to read from the staring point of the selected source.
[00411] Other aspect of the invention provide for the
step of monltoring to include the phase of monitoring a
filling degrea of a buffar for incoming data in the usar's
terminal, e.g. if the buffer is becoming empty or full, then
selecting lo continue lo play the present media stream
or to start playing ancthar media stream. The Informa-
tion of the selection of the new data source may trans-
mitled from the user's terminal to the sending terminal
using a GET maihod of an HTTF prolocol with an op-
lional RANGE lield. When a new siream & played, an
optional phases of terminating the ald media stream af-
ter starting to play the new media stream and creating
the now media stream before playing the new media
gtraam is also contemplated.

[00712] If a new stream is selected, according (o an-
other aspact of tha invention, the step of reading timing
marks in said adaptive media stream for defining the
right point Lo slarl playing the new media slream iz also
perfarmead. Furthar, tha step of salecting tha initial spaad
may comprisc the phase of reading a header ficld of
files, where each contgins one dals source, the header
indicating the starting points of the source and to which
lransmission speed rale the source 1s indenled,

[0013] Anarrangement for providing an adaptive ma-
dia stream betwaaen a s.endlng terminal and a user's ter-
minal, is also contemplated, wherein the adaptive media
stream comprisas at least one media stream and the
arrangement compnses:

a) Means in the client terminal for choosing a trans-
mission speed rale for the media stream,

b) A data siructura in the sanding terminal compris-
ing at least two data sources containing essentially
the same informalicn, each source intended for a
certaln transmission speed rate,

¢) Means in the client terminal and the sending ter-
minal for selecling a suilable dala source from
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among the sources for the media stream,

d) Means in the user's terminal for checking the suit-
ability of tha tfransmigsion spaad rate whan the ma-
dia stream is played,

e)Means inthe user's lerminal for reselecling A suil-
abla data source from among the sources for a new
media stream,

[0014] An arrangement as described above may fur-
ther comprise means for playing the data structure in A
way that tha playing is started from the right point of the
data structure. Preferably, means a) comprises means
for reading a message from the user's terminal, which
defines alternative transmission speed rates. Further
preferably, each source comprises liming merks, which
indicate the corregponding peint in the other sources,
Mora preferably, the arrangement further comprises a
GET methed of an HTTP protocol wilh an optional
RAMGE fleld far ranamifting the infermation of the re-
selection of the suitable data source from the users ter-
minal to the 2ending terminal. In another preferable em-
bedimant, means d) compriees means for monitoring a
filling degree of a buffer for Incoming data in the user's
terminal. It also preferable that the data struciure iz &
file containing the data sources. Alternatively, the data
structure may be a number of files, each of them con-
taining ona data source.

[0015] Means o) may further comprise moans for
reading & header of the data structure, which indicates
the staring points of the sources and to which transmis-
sion speed rale each source is intended, Means c) may
furthar comprise maans for reading headars of the filas
which indicate the starting point of the source and to
which tranemission speed rate the source is intended.
[0016] In yat ancther aspect, the invention teaches a
rmethod for storing adaptive media stream data compris-
ing tha steps of sloring a plurality of madia slreams,
cach representing a substantially simitar information
content, and each adapled lor & dillerent sel of informa-
tion transfar conditions; and providing a plurality of
pointers into a first of said media streams, said pointers
associaled with & source location in one of said media
streams and pointing to at least one target location in a
second of said media slreams: wherein the information
content of said target location |s substantially a contin-
uation of the infarmation content prior to said source lo-
cation,

[0017] Preferably, gaid plurality of media etreams is
contained in a single file. Said pointers are preferably
embedded within said adaptive media stream dala, and
comprise largel localions poinler comprises a byle off-
selinto said single lile. Allernatively, said largel location
pointar comprises an offsat into =aid second source
straam, within said single file. Another altemative 1oach-
as that gaid target localions poinlers comprige a pointar
to another file containing said second media stream or
a portion thereol. Oplionally in this case, said larget lo-
cation pointer furiher comprises &8 byle ofizel inlo =aid
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other file,
BRIEF DESCRIPTION OF THE DRAWINGS

[0D18] In the following the invenlion is described in
maora datall by maans of Figs. 1 -3 in the attachad draw-

ings where.

FIG. 1 lllustrates an example of the structure of a file
according to the invention,

FiG. 2  illustrates an example of a flow chart describ-
ing the function of the inventive arrangement.

FIG. 3 illustrates an example of an arrangament ac-

cording to the invention,
DETAILED DESCRIFTION OF THE INVENTION

[0019] FIG. 1 descrnbes an example of a lile structure
according to the Invention, The file is in the service pro-
vidar's server (source sorver) from where users can
stream it. For example the file containz a video in two
differant formats, At the baginning of the file thare exists
a header 1, which conlains starting bytes for two differ-
anl madia sourcas - tha sources for the madia tream.
Source 1, called stream 1 contains video data in a ros-
olution of 3207240, for & speed rale 200 kbps (kilobil per
socond) 2. The starting byte 4 for that video data is byte
2000 in the file. Source 2, called stream 2 contains video
dela in a resolution of 1607120 oplimized lor a speed
rate 40 kbps 3. The slarting byte of that video data 5§ in
the file is al byle B00OUD. Il the network and a users
tarminal support the transmiszion spead rate 200 kbps
then stream 1 is sent to the user - othorwise stream 2 is
sent. In this embodiment, all data feeds are assumed Lo
suppont communication at a spead of at least 40 kbps
It should be noted that stream 1 and 2 are sources i.e.
the pars of tha lile struciures in this axample, and & ma-
dia stroam is a continuous transmission of data of a
source over a lranamiszion profocol. The lransmission
protocol used can be any protocol, in this text tha HTTF
protocol is used.

[0020] Stream 1 is sent, i.e. streemed, o the user
Stream 1 (and the media stream for it as well) contains
Lerming merks 6, 7, 8, 9. The Liming marks are embedded
in stream 1 al a various locations, and correlata the in-
farmation in the two separate resolution streams. Thus
the timing marks of stream 1 in the example of Fig. 1
indicata tha byte of the file whare the stream ig running
at the time and the cormesponding byte 6A, TA, BA, 9A,
in stream 2. If lor some reason, the network can not
transmil stream 1 with 200 kbps. or lhe user's leminal
can nol receive al this speed rate, the ransmission of
tha vidao is changed to stream 2. For exampla, whean
the need to change the speed rate to a lower one is no-
ticed and the most recently received (or alternatively the
next) timing mark is, let's say, the mark 7 indicating time
1000 ms, it tells the cormesponding byle BOSCOOQ in
slream 2 lo where the =ource of tha lrangmission of Lthe
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video transfers 11,
[0021] Similarly, stream 2 (and the media stream lor
it} contains fiming marks 10, 11, 12, 13, which point 1o
the location of corresponding information in stream 1,
a8 shown by the corresponding byle 10A, 11A, 12A,
13A, in stream 1. Whean the capability of tranamiting 200
kbps is noticed during the ransmission at 40 kbps rate,
Lthe transmizzion of lhe video iz changed lo stream 1.
For example, when the avallability of the higher speed
rate is noticed and the next iming mark s the mark 13
indicating time 3000 ms, the corresponding byta 77000,
located in stream 1, peints to the location of correspond-
ing information in stream 1 so the sourca of tranamizsion
is shifted to stream 1, using data stored In location 9
onwards,
[0022] FlIG 2shows anaxample of a flow chart, which
illustrates a function and method of the invention. FIG
3 shows an example of lthe invenlive arrangement.
Whan a user visite a home page of a service provider,
hefshe may find something he wants o order, such as
8 video show. The vidao player client running in the user
terminal sends 34 a request message from the tenminal
33 1o the service provider's server 31 through the net-
waork 32, such as the Inlarnet, to gat the show using &
GET maethod, which is one of the methods defined inthe
HTTF1.1 prolocol. Lel the request be:

GET httpuiiwww sanvicaprovider.comfvideo/mu-
sic/fsongt.video. HTTPM.1
[0023] Often, the conneclion speed rate depends on
ihe available (and optional) connection and procassing
speeds of the terminat. Al the baginning, the first slream
which iz sant works like a test stream. The test straam,
i.e. the first stream preferably fomms the first part of the
file structure, which preferably contains data for the low-
est bandwidth. Thue the first stream over the HTTP
transport also conlains a list of alternative speed rates,
The player In the clienl tarminal chooses 21 ona of the
supported specd rate from the Jist, (It should be noted
thal the server can be informed of the capability ol &
tarminal or tha available bandwidth using othar tach-
niques and the specific method of lcarning the link ca-
pabilities is a matter of technical choice lo one skilled in
the art) In this example, the user's terminal supports
speed rales of 200 kbps and 40 kbps. Lel's assume thal
the desired file 36 i= tha file in FIG. 1. I the speed aia
of 200 kbps 22 is available, stream 1 is selected 24, Oth-
erwise, the speed rale of 40 kbps 23 is chosen and
straam 2 iz salectad 25. (Motice that the highar epead
rate means the higher bandwidth.)
[0024] in the seleclion of the speed rate of 200 kbps
the server starls o play 26 stream 1 beginning al byle
(2000] of the lile. The data and the timing marks are senl
35 to the user's terminal during tha play. Tha tarminai
checks 28 frequently that the currently available band-
width is sufficient for the selectad stream. If the band-
width is sufficient, playing stream 1 is continued. If the
bandwidth becomes unavailable for stream 1, stream 2
iz selecled 210 and slream 2 slaris lo play 27, 311 ba-
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ginning at the byte of the file defined by the latest liming
mark. The bandwidth ol stream 2 is checked 29 similarly
as tha bandwidth of straam 1, and whean tha bandwidth
is again available for the spoed rate of 200 kbps, stream
1 is seleclted 211.

[0025] In the salection of the spead rate of 40 kbps
the server starls to play 25 stream 2 from the right byle
{B0O0000) of he file. The dala and thae liming marks are
sent 36 to the user's terminal during the play. The ter-
minal checks 29 frequently that the bandwidth is okay
for the selectad stream. If tha bandwidth iz still restrictead
to 40 kbps, playing stream 2 is continued. If the band-
width rise to a level sufficient to support 200 kbps trans-
mission, stream 1 is selected 211 and stream 1 starts
{o play 26, and is sent 311 Lo the terminal 33 beginning
at the byte of the file defined by the latest timing mark.
The bandwidth of siream 1 is checked 28 similarly as
the bandwidlh of stream 2, and when lhe bandwidlh is
again oo elow for the spaed rate of 200 kbps, stream 2
is selected 210.

[0026] The checking of the bandwidth of the streams
can be made. for example, measuring a filling degree of
a buffer for incoming data connection in the user's ter-
minal. When the buffer is becoming amply, tha requirad
bandwidth for current stream is too high comparad to
whal is available through the nelwork conneclion, and
tha spaad rate should be dropped. Whan tha buffar is
becoming full, bandwidth for current stream is lower
than what iz available through the nelwork connection,
and the speed rate can be raised. Alier lhe measura-
menl, the suitable stream source is selected 210, 2711
and a GET command with an additional fiald RANGE iz
sant 310 from the user's tarminal to the server for chang-
ing the stream. For exampie, let the GET command be
GET http dwww serviceprovider.comivideo/music/
songdvideo BANGE. byles= BO5000- when the trans-
miseion spaad rate changas from 200 kbps o 40 kbps
[0027] Itis worth noting that preferably, when a stream
is changed, a new HT TF transport (and nalurally a new
madia stream) ie started and tha old madia straam is
terminated after tho now media stream stans playing
From the view of the user the desired file, such as & vid-
a0 show, seems to continue without any break bacause
ihe new stream starls playing lrom Lhe byle indicated by
tha timing mark, thus the Information continwity is main-
tained, despite the madia stroam switch. So, when the
source is changed, alse a new HT TP transport is creat-
ad for the new gtraam, i.e. meadia etream, instanca and
for the new source. Thus the adaptive media stream, |
€. the adaptive stream, is made up of cne media stream
or several consecutive media streams. Since the con-
seculive media streems camy essentially the same dala,
A usaer gets a visual imprassion of continuous shows. In
ather words, the adaptive meodia stream comprises at
least one media stream for transmitling information. The
HTTF 1.1 protocol provides a feature called Persistent
Connections. Persistent Conneclion means thal several
requesls (such as GET), can be genl via one TCP con-
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nection. Thus ong conneclion may carry several con-
seculive slreams. However, il should be noled Lhal sev-
aral TGP connaections may be neadead or usad for frans-
mitting consccutive streams.

[0028] Furthermore, it may be said thal the adaplive
madia stream comprizas sevaral (or one i the spead
reile remaing the same during the whole ransmission)
ingtances (separale sireams) of lhe same objecl (Lthe
adaptive media stream containing Information such as
video). Naturally, there are more ways 1o model the
adaptive media stream, bul commeon for these modals
are that transmission of information of the adaptive
straam, (tha stream of a continuous data, such as video
aver ong or several connections) happens in one or sev-
eral conseculive media slreams over a lransporl prolo-
col, each madia stream adapted for cartain congditions,
and cefain links or pointers periodically connect or
cross connecl the media streams in essenlially conlaenl
coharant fashion. Thus varying transmizsion conditions
rmay dictate how many suitable media streams are sent
forming together the adaptive stream.

[0029] Forcreating the inventive arrangameant an ini-
tial selection module 39 (i.e. means) Tor choosing an
original iranemission spead rale and selacting & suilable
source in a service provider's server is neoded, In aus-
er's lerminal another eslimation module 37 (i.e. means
for checking transmission rata) is noaded, for choacking
the suitability of the transmission speed rate as reselec-
tion module 38 (i.e. means) lor reselecting a suitable
source are needed

[0030] Although, the processing and network connec-
tion spead of a usar's tarminal iz mostly the decisiva al-
ement when selecting a suitable transmission speed
rale, it may happen that the nelwork itself becomes con-
gested. In congestion, the available spead rate decreas-
es and the ransmission speed rate must be lowered,
On the other hand, Il the nalwork allows a higher spaad,
the transmission spoecd rate may be incréased.

[0031] Using the inventive arrangement, an adaplive
madia straam can ba sarvad from with a commen HTTR
somver. Therefono, there is no necd for the use of a spo-
cial media stream server, or parallel devices and sofl-
ware, Remarkable cost savings are achieved, since
usually service providers and users support Lhe HTTP
proiocol. Also the reliabillty of the system increases ba-
cause of fawer sources of faults.

[0032] It is clear that invenlive arrangement can be
implamentad in many ways. For axample, the time pa-
ried between two timing marks can be different than in
the example of this text. It can be any suilable period
depending on the features of a solulion, such as 2 or 4
seconds. The formal of the inventive file can be any suit-
abla format as well, such as MPEG or anothar.

[03]] The inventive file may comprise more than two
different sireams (containing the same content), from
which the most aultable stream is selected at any given
time. Therefore, Uming marks must contain a number ol
relerances for Lhe comesponding byle in Lhe olher daia
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SOUMCES.
[0D033] Al the sources do nol have o be in the same
file, but each source can ba a saparata file. Howawvar,
the use of this kind of structure iz not as officient when
gllempling lo use &s litlle processing power as possible
comparad to the use of one file structura. Intha structure
of several files, timing marks must indicate the right file
with lhe corresponding byle.

[0035] Although, a sending terminal have been de-
serbed to be A server in the examples above, i1 is clear
that the sending terminal can be another terminal capa-
ble of sending information,

[0036] Similarly other mechanisme are known and
suitable to measure and select the most appropriate
spurce. Such methods may be server based or user ler-
minal bazed, or even utilize intarmeadiate network nodes
1o estimate network congestion and bandwidth, and
similar measuremenls thal are indicative of lolal node
to node capacity, as well as specific noda capabilitine
and the sclection of sources (and media stroams) may
be carried oul in varicus ways that will provide the best
end-user expenance according to varying conditions.
[0037] According to the above-mentioned matters, it
is evident that the invantion is not rastricted lo tha solu-
tions described in this toxt, but it can be modified for
various solulions, in the scope of the inventlive idea.

Claims

1. A method for providing an adaplive media stream
betwaan a sending terminal and a user's tarminal
characterized in that the adaptive media stream
comprises &l least one media stream and the meth-
ot comprises the steps of:

a) choosing a transmission spead rata {or the
media stream,

b)) selecling a suilable dala source lorthe media
stream among Eourcas containing essantially
the same information. cach source intendod for
a cerlain transmission speed rale,

¢) playing the media stream,

d) checking lhe suilabilily of lthe ransmission
speead rata,

&) either continuing playing the media stream if
the transmission speed s still suitable or,

f) eelacting a new data source, which ig suitable
at the momaent,

q) as a response for the selection of the new
dala source, playing a new media stream,

h) repeating steps o) o g) until the stream,
which is playad, slops.

2. A method according to claim 1 characterized in
that step b) comprises the phase of reading a haad-
er field of a file, which contains at least twe data
sources, the header indicaling the slarling poinls of
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10,

the sources and to which lransmission speed rale
each scurce is intended.

A method according te claim 2 characterized in
that step c) comprises the phase of starting 1o read
fram the starting point of tha salectad source.

A melhod according o claim 1 or 3 characterized
In that step d) comprises the phase of monioring
a tiling degree of a bufler for incoming data in the
usar's terminal.

A method according to claim 4 characterized in
that if the buffer is becoming empty or full, then step
I} is chosen, else step e) is chosen.

A method according 1o claim 1 or &5 characterized
in that the infermalion of the selection of the new
data source i tranaminad from the user's tarminal
to the sending torminal using a GET method of an
HTTP protocol with an optional RANGE field.

A method according to claim 1 characterized in
that =step g} comprises phazes of lerminating the
old media stream after starting to play the new mae-
dia stream and crealing the new media slream ba-
fora playing the new madia stroam.

A method according to claim 1 or 7, characterized
in that siep g) further comprises the phase of read-
Ing timing marks in the dala source for delining the
right point to start playing the new media siream.

A melhod according to claim 1 characterized in
that step b) comprises the phase of reading a head-
er field of files, where each contains one data
source, the header indicating the staring points of
the source and to which transmission speed rate the
source 13 inlended.

An arrangement for providing an adaptive media
stream between & sending lerminal and & user's ler-
minal, characterized in that the adaptive media
slrearmn comprises al least one media stream and
tha arrangemant comprisas:

&) means in the sending terminal for choosing
a transmission spead rate for the media stream,
b} & data structure in the sending terminal com-
prising al least two dala sources containing es-
sentially the same informalion, each source in-
lended lor a certain ransmission speed rate,
o) maans in tha sending terminal for salacting
a suitable data source from among the sources
for the media stream,

d} means in the user's terminal for checking the
suitability of the transmission speed rate when
lhe media slream is played,
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e) means in the user's terminal for reselecting
& suilable dala source Irom among the sources
for a new madia stream

An arrangement according o claim 10, character-
Ized in that the amangemeant further comprizes
means for playing the data struclure in a way that
the playing is slarted from the right poinl of the data
SIructune,

An arrangement according to claim 11, character-
ized in that means a) compriges means for reading
a messaga from the usar's terminal, which dafines
alternative transmission speed rates,

An arrangement according to clalm 11, character-
ized in that each source comprises timing marks
which indicale the corresponding poinl in the other
BOUrCas,

An arrangement according to claim 13, character-
ized in that the arrangement further comprises a
GET method of an HTTP protocol with an optional
RANGE figld for transmitting the information of the
reseloction of the suitable data source from the us-
er's lerminal to the sending lermingl.

An arrangement according 1o claim 11, character-
ized in that means d) comprises means for moni-
toring a filling degreea of a buffer lor incoming data
in the users terminal.

An arrangement according to claim 11, eharacter-
ized in that the dala structure is a file containing
the data sources.

An arrangament according (o claim 16, character-
ized in that means ¢) comprises means for reading
A header of the data slructure, which indicates the
starting points of the sources and to which trans-
migsion spood rate cach source is intended.

An-arrangement according to claim 11, character-
ized in that the dala struclure is a number of liles
each of them containing one data source.

An arrangement according to claim 18, character-
ized in that maans c) comprises maans for reading
headers of the files, which indicate the starting point
of the source and to which fransmission speed rale
the source is inlended.
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Description

[0001] The presant invention ralatas o A dafa trane-
mission method for transmitting encoded moving/still
piclure by using & wired communicalion network such
as ISDN (Integrated Sarvices Digital Natwaork) or a wira-
less communication nelwork such as PHS (Personal
handy-phone System) or 2alellile communicalion and a
data transmission apparatus to which such method s
applied

[0002] Inrecent years, with progress of digital ancod-
ing technology of avariaty of information such as image
and a broadband network technelogy, the development
of applications using these technologies becomes ac-
tive, and a system of ransmitling compression-encoded
image by wilizing a communication network is deval-
oped.

[0003] For example, an inpul video signal is encoded
at a video ancoder, the abtainad encoded data is pro-
vided 1o an encoded data transmitter, and transmission
data is transmitted to & transmigsion channel. In this
way, a video is encoded and transmitted. In recent
years, with the spread of Internetintranet, there has
bean increased an application or system of transmitting’
receiving a packet of data. Providing data as a packet
is very effective means for elfficiently sharing & band-
width of a communication channal by a plurality of usars
[0004] Inthe meantime, as a protogol for transmitting’
receiving packel data via Internet/Intranel, there exisls
TCRIP (Transmission Coniral Prolocol/internat Proto-
col) or UDPRAP (User Datagram Prolocol/internet Proto-
col) and thea like.

[0005] Ameong them, TCP/IP is an Internet standard
protocol. This protocol s applied as the world's best
known protocol to Intranet or LAN as well as Interneat
TGP works in a ransport layer that s a fourth layer of
an 051 basic raleranca modal, and IP works in a network
layer that is a third layor,

[0008] In addition, UDP/F iz one of the TCP/AP suite
transport |layer protocals. TCP is a connaction typa pro-
tocol. LUDP i a disconnecction type protocol. As with
TCP, & host epplication is idenlified by using & port
number, This protocal s often used to carry short data
lor monitor control of & network or real Lme orenled data
such as audio data or video dala.

[0007] TCPAP incomporates a frame such as retrans-
migsion. Thusg, this protocol is strong against errors of
tha like. Evan if a large amount of tima is required, this
protocol is effective to download type applications if an
attempl iz made to validly receive data. However, this
protocol is nol powerful for applicalions requiring real
lime properlies.

[0008] In contrast although UDP/AP does not hava a
retransmission frame, a delay associated with retrans-
migsion does not occur. Thus, this protocol is very al-
fective 1o applications requiring real time processing.
[0009] Transmission of moving picture is exemplified
A8 d lypical example of application requiring real lime
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processing, However, in the case of general video com-
munication, video dala has a very large amount ol dala,
and overflows a natwork bandwidth in most cases, In
this case, a technigue for encoding a video data signal,
and transmitling & reduced amount of dala ig used,
Techniques such as motion compeansation, discrate co-
sine transform (DCT), sub-band encoding, pyramid en-
coding, and variable-lenglh encoding or & combination
of these lechnigues are developed as compression-en-
coding of A video signal,

[0010] As an international standard system for mow-
ing picture ancoding, there are 1SQ MPEG-1, MPEG-2,
ITU-T H, 261, H. 262, and H. 263. In additian, as an in-
ternational standard system for multiplying an encoded
dala siream having a speechfaudio signal compressed
or other data, thara ara an IS0 MPEG systam, ITU-T H.
221, and H. 223.

[0011] Internet or lhe like is encompassed via an nli-
nite number of networks. Lsually, no one knows which
network iz used or whal state is. In addition, an amount
of data flowing a network changes from time to time.
Thus, a systemn of judging what amount of data can be
communicated In & real time is requirad,

[0012] Therefore, with luthar advancameant from real
time applications utilizing LIDPAR, there have been in-
creased in number applications using a packel lormal
called RTP {Roal-time Transport Protocal) for adding
and transmitting time information or the like to a packet.
[0013] Thiz ATP iz a profocol for transferring audic
data signal or videa data signal ruled in RFC 1889 in
real ime, Usually, data is carried on UDP (User Dala-
gram Protocol). Thie protocol is assumad to be applied
to a multimadia system such as video conference, and
data can be exchanged in a real time inleractive
scheme, However, the protocal has no sound quality or
picture quality assurance function. Sequential number
or lima stamp data s assigned Into an ATP header,
thercby supporting a read time operation,

[0014] RFC i an abbreviation of Reguest lor Com-
mants. and danotas a decument gsuch as technical pro-
poesal or commoents disslosced by TETF (Internict Engi-
neering Task Force). Many de-facl slandards such as &
variety of protocols of TCR/IP suite are described in
RFC.

[0015] By utilizing this ATPR, time information and &
packet number are added 1o & packet, 80 that a recaiver
can display avoice or image by using correct time infor-
mation, can datermine a packat or the like whose order
iz replaced in a network, and can detect that a packet is
lost by referring to a packet number.

[0016] Moreover, the RTP provides with a system
{RTCP) for notilying network state information such as
jitter or packet loss rate from a fransmittar io A recaiver.
[0017] Howover, how this RTCGPR information is utilized
depends on applicationsg, and I8 not determined in
standards.

[0018] In addition, in the case of an image, a band-
widlh correzponding o video trangmission cannol be al-
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located in a network bandwidth, thus making it neces-
sary lo compress and deliver a video signal in an en-
coding system such as MPEG, as described previoushy
Although this encoding system is effective in a do-
creased amounl of data, the system becomes very lrag-
lle o a packet loss or arror entry by supplying data to
unstable Internet. This is because a moving picture en-
coding syslem transmils only & dillerence beiwesan a
current frame and a previous frame. Thus, parial data
MISSING CRUSES A very serious prablem. in the case of
using the UDP or RTP, data retransmission is not basi-
cally carriad out, thus making it necessary o counteract
thiz problem.

[0019] There generally exist two modes in picture en-
coding, that is, one is an inler-lrame encoding mode (or
transmitting a diffarenca batweean tha currant frame and
the previous frame and an intra-frame encoding mode
for carrying oul enceding in one frame. In general, inlra-
framea ancoded pictures are provided at a propar timing,
and inter-frame encoded pictures are providod botwoon
them. An interval between lhe frames encoded in anin-
tra-frame encoding mode is called a GOR (Group of Pic-
ture) interval.

[0020] When an encoded piclure is missing during
transmission to the decoder, the decoded picture corme-
sponding lo the missing encoded piclure is destroyed.
Theraafter, the intra-encoded pictures following the
missing encoded picture are decoded based on the de-
stroyed picture. Thus, gll the subsequen! decoding pic-
tures are allected by the desiroved picture, and decod-
ing cannol be carried oul correctly. Therefore, an intra-
frame ancoded picture is ingertad in the way of a straam
of frames to cut off a propagation of missing emor and
recover adequate decoding.

[0021] In acanventional technalogy, it can determine
that errors occur in a network. However, how Lo ulilize
tha delarmination rasull has baan unknown, Also, & sys-
tem for notifying the network information to the transmit-
ler in an unique tormal 15 conceived. However, lhe sys-
tam ie basad on the spacification of associated applica-
tions and lacks a goncral-purposc use, The system re-
ceives ransmission dala using an inlormation receiver,
and controls a video encoder within a range of the infor-
malion received lrom the nelwoerk via a ransmission
channal.

[0022] A conventional network condition determina-
lien is conceived on assumplion of nelwork congestion.
Howavar, since Intamet ie popularized in mobila anwvi-
ronment, it is required to consider an emor of the like in
wireless environment. Current technigue does not as-
sume countermeasures against such amor

[0023] Further, in the case of dealing with the error, &
cAse in which a natwork condition changes. and an amror
rate i not constant is not considered. If a short GOP
intarval iz set in arder to counleract a case in which ar-
rors fraquently cccur, the intra-frame encoding increas-
es resulting in impairing the encoding efficiency. When
errors occur requently qualitatively, it may be requirad
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1o establish such state in which such errors occur fre-
quently. However, in the case ol a nelwork in which an
arror hardly nccurs in a nomal state, and an arror occurs
only at ane moment, this sotting is very wasteful. Con-
varsely, when & long GOF inlerval is set, il is lrouble-
some that a great Influence occurs when an arror oc-
curs.

[0024] Thus, a real lime ransmission using RTP is
noted, As described above, by utllizing the RTF that s
A protocol for iransfernng audio dala signal or video dala
gignal in real tima, tima information and a packet numbar
are added to a packet, wheraby the receiver can display
a voice or image by using correct time information, can
detenmine a packet or the like whose order is replaced
Ina nelwork,; or can delect thal & packel is lost by reler-
ring to a packet number,

[0025] Morcover, at the RTP, there is provided a sys-
tem (RTCP) Tor nolilying network stale informalion such
ae jitter or packet loss rate from the transmitter or ra-
caiver.

[0026] It i= an object of the present invention to pro-
vide a data ranamission apparatus and method capable
of adiusting a ransmission rate by using the BTP char-
aclerigtics in accordance with & lransmizsion state of &8
transmigsion channel based on notification of notwork
slate informalion such as jitler or packel loss rale, ob-
tainad from the receivar in tha transmitter or capablo of
carrying out contrels such as changing error resilience,
thereby making it possible to efficiently transmil data toc
the maximum, and fully utilize iransmission that requires
real lima properties.

[0027] According to an aspact of the invention, there
is provided a data transmission apparatus that transmits
transmission dalta from a transmitter to a receiver via a
tranamission channel comprising: an estimation device
configured 1o estimate a transmission condition of the
Iransmizsion channal In tha transmiltar basad on al laas!
Jitter information or a packet [0ss rate obtained from the
receiver; and a conltroller configurad to change al leas!
ana af a bit rata of tranemizssion data and a arror rasil-
icnee lovel according to the estimated transmission con-
dition.

[0028] According to another aspect of the invention,
there is provided a dala bransmission method compris-
Ing: estimating a transmission condition of tha transmis-
gian channel in the transamitter based on at laast Jitter
information or & packet loss rate oblained from the re-
caiver; and changing at least one of a bit rate of trans-
mission data and an error resilience level according to
the estimated transmission condition.

[0029] According lo another aspect of the invention,
lhere is provided a data transmission program stored on
A computer readable madium, comprising: instruction
means for instructing a computer to estimate a trans-
migsgion condition of the transmisgion channel in the
transmitter based an at least Jitter information or a pack-
el loss rate obtained lrom the receiver, and instruction
means [or instructing the computer lo change al leasl

Ex. 1018-1919



B EP 1 202 487 A2 ]

one of 4 bit rale of transmission data and a error resil-
lence level eccording 1o the estimaled ranamission con-
ditian.

[0030] This summary of the invention doos not nec-
essarily describe all necessary lealures so that the in-
vantion may also be a sub-combination of thesa da-
scribed lealures,

[0031] The invention can be more fully undersiocod
fram the following detailed description when taken in
conjunetion with the accompanying drawings, i which

FIG. 1 is a view showing a basic configuration of a
data transmizsion apparatus according to & first em-
bodiment of the present invention;

FIG. 2 s a view showing another configuralion in
tha prasant embodimeant;

FIE. 3 is a view showing a configuration of a net-
work condiben delerminalion device in the presenl
ambodimant;

Fli5. 4 is a view showing a configuration of a video
encoder in the present embodiment;

FIG. 6 is a view showing a configuration of an en-
coded parameter determining device in the present
embodiment;

FIG. B is a view showing a basic configuration of a
data lrensmission apparalus in 8 second embodi-
mant of tha prasant invention

FIG. 7 is a view showing a configuration of an en-
coded date swilch device in the present embodi-
menl;

FIG. 8 is aview illustrating a liming of encoded data
switching at an encoded data switch davice in the
prasent embodiment;

FIG. 5 is a view illustrating a timing of switching en-
coded data with its differant frame interval at the en-
coded data swilch device in the present embodi-
mani;

FIG, 10 is a flow chart showing a basic example of
the network condilion delerminalion melhod al Lthe
natwork condition datarmination davice in the first
ambodiment of the presont invention;

FIG. 11 i & flow chart showing a basic example
when a delay is forced to occur by using the network
condition delermination method al the nelwork con-
dition detarmination device in the first embodiment
of the present Invention;

FIG. 12 is a flow charl showing & basic example
considaring a time direction change with the net-
worlk condition determination method at the notwork
condition determinalion device in the presenl em-
bodiment;

FIG. 13 15 & view showing an exemplary conligura-
fion according to a third embodimant of the prasant
invention:

FIG. 14 ig a flow chart showing an example of a
GOP interval calculation method at a GOP interval
calculator in the present embeodiment;

FlG. 15 iz a llow charl showing another example of
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aGOR interval calculation method at a GOP interval
caleulator in the present embodiment: and

Fl&. 16 is a flow char showing still another axampla
of a GOP interval calculation method at a GOR in-
lerval calculalor in the present embeodiment.

[0032] Hereinafter, embodiments of the present in-
wvantion will be describad wilh relerence lo lhe accom-
panying drawings.

[0033] The present invention ulilizes HTP or RTCF
that is a protocol for transferring audio data signal or
video data signal in real time. The transmitter performs
controls such as adjusting & transmission rate orchang-
Ing error resilience in accordance with a transmission
slate of g ransmission channe! based on notification of
network state information acquired from the recelver
such as jimer (Jimer information) or packet loss rate. In
this manner, dalg lransmission can be carned oul elli-
clantly to the maximum, Herainafter, embodimants of
the present invention will be described in detail,

(First Embadiment)

[0034] FIG. 1 shows a basic configuration of an image
transmission apparatus according to a first embodiment
of the present invenlion, In FIG, 1, a wideo signal 131
Input fram an image input davica 101 is procossed to be
encoded. That is, an encoded data transmitter 103 prog-
esses encoded data 132 that has been encoded by 8
video decoder 102 in the form which conforms to a nel-
work, and transmils the encoded dala 10 a receiver. A
netwark infoarmation receivar 104 raceivas natwork in-
formation 134 delivered from the receiver, and outputs
the received infarmation to a netwerk condition determi-
nation device 105, This network condition determination
device 105 has a function that determines a network
condition rom netwark information 135 output from the
network information receiver 104, and notifies the result
as network condition information 138 1o lhe video en-
codar 102.

[0038] Thevideo cncodor 102 encodos the video sig-
nal 131 using the network condition informaltion 138.
This encoding is carded out as follows. That is, in the
case of ATP or ATCP, a packetl 1oss rate or Jilter infor-
mation is provided to the network condition determina-
tion davice 105. The network condition determination
device 105 delermines that, il a packel loss rate is not
"0" or if a delay tima ie longer than a predetarmined val-
ue, any load is applied 1o a network, and a presumed
amount of data cannot be supplied. Then, the nelwork
condilion delermination device 105 is configured so as
o camy oul processing 50 as Lo issue an instruction (net-
work condition information 136) for lowaring a bit rate 1o
the video encoder 102, and o lowly sot & target bit rate
in encoding.

[0036] According to the thus configured apparatus,
when the video signal 131 s inpulted Trom the image
inpul device 101, the inpulled video =ignal 131 iz encod-
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ed by the video encoder 102, Encoded data 132 encod-
ed by [he video encoder 102 is inpulled 1o the encoded
data tranemittar 103,

[0037] The encodod data transmitter 102 processes
the encoded data in the lorm suilable lo & nelwerk, and
receivas the processad data to a recalver, The network
information receiver 104 receives the nelwork informa-
lion 134 deliverad [rom Lhe receiver. and culpuis the ra-
celved infarmation 1o the network condition determina-
tion device 105,

[0038] The network condition detemmination device
106 determines a network condition from the network
information 135 outputted from a nebtwork information
receiver, and notifies the result as the network condition
information 138 to the video encoder 102,

[0038] The videc encoder 102 encodes the video =ig-
nal 131 using the thus notificd network condition infar-
malion 138,

[0040] FiG 10 shows a very simple axample of a
method for detemining a network condition at the net-
work: condition determination dewvice 105 by way of
showing a flow chan.

[0041] According 1o this flow chart, at the step S1001
a packel lozs rate of network infarmation is checked to
soo if the rate is “0" or not. As the result of this chock, if
the packel loss is nol "0%, an elleclive bil rale is calcu-
lated from tha packet logs rate in accordance with the
step S1002. This bit rate can be calculated by formula
(1) shown below.

b'=bx{1-1 {1}

where "b" dencles a current bil rate, b’ dencles a
new bit rate, and "r' denotes a packet loss rate.
[00a2] Next, atthe step 31003, a parameter (encod-
ing parameler) oblained &l the slep S1002 iz nolilied Lo
the video encoder 102, Here, the above parameter |s
used lo delermine a rate control or error resilience level
for ancode processing at the image ancodar 102, This
parameter is also used for adjustments such as adjust-
ing and centroliing the encode processing speed of the
input image signal 131 to this parameater, thereby chang-
ing a bit rate, a frame interval, or an errorresilience level
[0043] ©On the other hand, a1 the step 51001, whean
the packet loss rate is "0, no parameter change occurs
&l the step 1004, This determinalion method is prowvid-
ad as a mare exampla. |t is poseibla to employ any othar
method for obtaining a bit rate based on a case in which
the criterion of the slep $1001 is delemmined by thresh-
olds without being sel 1o 0" or others or based on 4 lor-
mula other than the above formula (1).
[0044] Tharafore, according to the first embodiment
oven when a transmission network bandwidth is un-
known or when lthe bandwidlh changes hallway, it is
possibla to razet a paramaetar of tha like based on the
receiver's network information, and then, encode and
transmil an image in daccordance with the parametar
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suitable lo a current network. In thismanner, even in the
case of a nelwork congestlion, although a bil rale is au-
tomatically lowarad, and an image quality is lowared, it
is possible to communicate an image without an occur-
rence o! & phenomenon thal an image is destroyed due
to such packet loss. This mathod Is vary affective in im-
age lransmission in real lime.

[0045] The firsl embodimeant can be carried oul by
modifying it as follows. For example, as shown in FIG.
11, a methed other than that shown in FIG. 10 is em-
ployed as a method for detemmining a network condition
at the network condition determination device 105, That
iz, in the flow chart shown in FIG. 10, a parameater iz sat
at only a packet loss rate. In contrast, in the method
shown in FIG. 11, even when no packel loss ocours al
the step 51104, a delay quantity |s checked. As a result
of this check, if a delay occurs in excess of a prodeter-
mined value, il is delermined thal a nelwork is congesl-
ad. Whan It l& detarmined that a natwerk is congasted,
a bit rate is calculated, and a now parameter is set by
uging formula {2) below, for example, at the step 51105,

b' = b % J{TN-TS}le-dth){ TN-TS) 2

where "b" denoles a delay lime, b' denoles a new
bit rate, TN denotes a currant time, TS denotes a start
time, "d* donotes a delay time, and “dth" denotos delay
time thresholds.
[0046] FIG 2 shows an example when the network
condition determination device 1086 Is provided with a
lunction far generating the nelwork condilion informa-
tion 1386 so as to provide the information to the image
encoder 102 by extending the configuration shown in
FlG. 1.
[0047] According 10 a configuration shown in FIG. 2,
the nelwork condilion delermination device 105 is pro-
vided with a function for acquiring a current parameter
gl the current image encoder 102 and & lunclion lor gen-
arating the network condition information 136 on what
paramector should be sot noxt from the thus acquired
current paremeter and network information 135, thereby
providing the paramater to the image encoder 102,
[0048] in the casc of this construclion, the network
condition detarmination devica 105 can racognize &
state of a video parameter, | &, a state of the encode
processing currently done at the video encoder 102,
thue making it possibla for the network condition dater-
mination device to calculate and grasp a bit rate or the
like. This censtruction is advanlageous in lhe case ol
determining a nelwork condition by comparing the net-
work Information 135 with parameter information 137,
Thus, a system is realized which is capable of changing
a parametor 5o as to sot an optimal bit rate in accord-
ance wilth the network condilion, and providing the pa-
ramatar to tha video encodar 102, theraby ad|usting the
encode processing.
[0043] In Lhis way, according (o the presenl invention,
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transmission is adjusted in accordance with a ransmis-
sion siate ol a lransmission channel or error resilience
iz changad The transmission state ig adjusted by
changing a bit rate or changing a frame intenval. With
respect lo a change in qualily of & transmission channel,
the aerrar resilience is changed according to the trans-
mission state of the transmission channel (for example,
the arror resillenca is changed by changing an intarval
of an MPEG4 synchronous signal). Thersfore, data
transmission can be carried cut efficiently to the maxi-
mum, theraby enabling data transmission that makes it
possible to fully utilize transmission requiring real time
processing.

[0050] FIG 3 shows a configuration when the config-
uralion shown in FIG. 2 is lurther developed. This net-
work conditicn datermination device 105 comprises a
natwork infermation storage dovios 307 that stores past
network information and an encoded parameler infor-
mation storage device 302 that staree encoded param-
eter information supplied to the current video encoder
102. A network condition determination device 303 rec-
ognizes the past network information and the current en-
coded parameter from these elements, decides an
alapze of lima in nelwork condition from the=se elamants
to determine an optimal parametor assigned to the video
encoder 102, and provides the parameler lo Lhe video
ancadar 102.

[0051] With this construction, it is possible to deter-
mine a network condition more accuralely by relerring
to an elapee of lime relevant to network information

FIG. 12 shows a flow chart of a network condilion de-
tarmination meathod in the case of using this system

Processing at the network condition determination de-
vice 303 will be described in accordance with this llow
chart. Firat, the natwork condition determination device
302 determines whether or not packet loss is 0" al the
step 51201, As a resull of this determination, when the
packet loss Is presont, it is determined by tho step
51202 whether or nol the past packet loss ccours, Az 8
result, whan the past packet loss cccurs, the loss rate
is comparcd with the current rate. If tho cumrent packet
loss rete is higher than the past packel loss rate, it can
be determined that the past correction has been invalid

[0052]) Itis undersiood from this determination thal the
bandwidth ovarfllow of transmiszion data =uch as net-
wark congestion is not troublesome, but a possibility that
& noise or the like occurs over & channel resulling in
destroying is high. Tharefora, the network condition de-
temmination device 303 does not change a bit rate at the
step 51204, and carries out parameter setling to ensure
reliable ermor correction, and nolifies the fact to the video
encoder 102 al the slep S1205.

[0053] If the currant packat l[oss rate is lower than thea
past packot loss rate atthe stop S1203, the natwork con-
dition determination davice 303 determines that the past
change works efficiently, and re-calculates a valid bit
rate from the packet loss rate at the step 81206, When
the pazl packel loss does nol cccur al the slep 51202,
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the last loss is determined as a channel noise, and
processing goes 1o lhe step S1204.

[0054] Onthe otherhand, whan no packet loss occurs
at the step S1201, the network condition determination
device 303 checks a delay quantily at the step S1207.
As aresult, when tha dalay quantity axceads thrashalds
"Th", & valid bit rate is calculated from the delay quantily
gl the step 51208, and the calculalion resull is nolilied
1o the video encoder 102 at the step S12056.

[0055] Lasly, when he delay guaniily does nol ex-
ceads the threshelds "Th", the network condition delar-
mination device 303 determines that successful com-
munication is established, and does not change a pa-
rameter at the step 51208,

[00568] By ceusing the network condition determina-
tion device 303 to carry cut 2uch processing, the nat-
wark condition detamination device 105 can have a
lunction capable of determining whelher a packel loss
ocours an a tranamission channal dua to natweork con-
geslion or whether a noise is generated, and the loss
cccurs due to the impairment of a channel atale such as
radio equipmeant.

[0057] This function is provided as a mere example,
For example, when the past packel loss does not ocour
at the stop S1202, a control for lowaring a bit rate may
be made by delermining netwerk congeslion instead ol
detarmination of noisa. If the current packet loss rate s
improved more remarkably than the past packet loss
rale at the step S1203, similar parameler change may
be made after checking how the past change has bean
made. In this way, in this system, a varely of determni-
nation systems can ba st according o a natwork.
[0058] In the foregoing, although there has been
gshown an example in which the video enceder 102 car-
res aut encode procassing based on encoded param-
elers determined and assigned at the network condition
detarminalion device 105, a confliguration for the video
encoder 102 to determine a parameter can be provided
withoul being limited lo the nelwork condilion delermi-
nation davice 105. An axampla is shown in FIG. 4.
[0059] FIG. 4isablock diagram dopicting an inclusive
configuretion when lthe video encoder 102 determines
an encoded parameter. In the case of this example, the
video encoder 102 comprises an encoded parameler
determination davica 401 and a signal processor 402,
[0060] In the case of this eanfiguration, the network
condition delermination device 105 is configured 1o oul-
put the netwaork condition information 136 from tha nat-
work condition determination deviee 303, and then, pro-
vide the information to the video encoder 102.

[0081] In such a configuration, the network condition
determination device 105 provides the network condi-
tian infoermation 136 dalivarad from tha natwark condi-
tion determination device 303 to the video encoder 102,
Then, the video encoder 102 first inpute the nelwork
condition information 136 to an encoded parameter de-
lermination device 401, Then, the encoded parameler
determinalion device 401 recognizes a nelwork condi-
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tion from this network condition information 136, and
generales an encoded parameter 431 in tha Torm suil-
aAbla to the natwork conditian

[0062]) The thus generated encodod parametor 431 is
inpulled lo & signal processor 402, Then, this signal
processor 402 ancodes the video signal 131 inputted
from the video inpul device 101 by using this encoded
parameter 431.

[0063] Encoding information 432 such as the number
of encoded bits afler encoding i1s inpulled to the encoded
parameter determination device 401, and is used lor the
next encoded parameter determination, Encoded data
132 encoded at the signal processor 402 is output to the
encoded data transmitter 103,

[0D84] FIG. 5is & block diagram depicting & conligu-
ration including a intra-frame ancoding detemination
devica 501 that farclbly sets infra-frame encoding atthe
encoded parameler delermination device 401 shown in
FiG. 4. As ehown in the figure, the ancoded parameatar
determination device 401 comprises an intra-frame en-
coding/determination device 501 and an encoded pa-
rameter determination device 502,

[0D65] In the case of this configuration, the network
condition infarmation 138 oulputted from tha nelwork
condition determination doviee 105 is input to the en-
coded parameler delerminalion device 502 possessed
by the ancoded paramotar datarmination device 401

Then, encoded parameter information 531 correspond-
ing to the network condition information 136 s output
from the encoded parameter determination device 502
[0068] The encoded parameter information 531 is in-
pul to the intra-frame encoding determination device
501, and it is determined whether inter-frame encoding
is carried oul asg is or inlra-frame enceding is forcibly
carried cut. When itis determined as intra-frame encod-
ing, the encoding parameter information 531 is updated
£0 A% lo carry oul intra-lrama enceding, and & outpul as
the encoded parameter information 431 w0 the signal
processor 402 of the video encoder 102,

[0067] By doingthis, aven if the past data s not trans-
mitted corroctly to a receiver, when the data can be re-
ceived comectly after perameter change, a correct im-
age can be reproduced.

[0068] Ilis possible lo conligure & video encoder ca-
pabie of datermining a network condition, which has
tunctions of the video encoder 102 and natwork condi-
lion determination device 105, thereby making it possi-
bla to provide the previously describad function in one
block.

[0069] The encoded parameter determination device
401 or network condition determination device 105
makes determination concerning the next encoded pa-
ramatar satling. Howavaer, if a pictura quality is changead
suddenly due to temporary instability of notwerk, an un-
clear picture may be produced. in order o BUppress
such A phenomenon, it is possible to Incorporate &
mechanism in which a change in encoded parameter is
suppressedwilhin ils predelermined range. Inlhe above
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described circumstance, this mechanism functions effi-
ciently.

[0070] Although a bit rate or an arror resilience pa-
ramater may be sot as its calculated value, it is possible
lo employ & melhod of predelermining some pallerns,
and then, selacting the closast pattern from among
them. Further, instead of the closest pattern, it is possi-
ble lo make a selection of tha closest bil rate which is
lower than the calculated bit rate. This makes it possible
1o prevent the generation of & video image with its un-
axpected image quality due to a combination of a variaty
of parameters, and makes it possible to prepare a com-
bination of encoded paramaters that have been tested
to some extent.

[0071] Intheloregoing example, when lhe packet loss
rate is not "0" or whan a delay exceeds tha thrasholds,
there has been made a control such that parametens
such as bil rale or error resilience are changed, and the
changed le resat to that suitable to the current state.
[0072] However, after recovery of a network condi-
tion, when no packet ioss occurs or when a small delay
accurs, it is possible to make a control for increasing a
bit rate or decreasing an ermor resilience parameter.
[0073] Theloregoingexampla will be described below
according to a second embodimant.

(Sacond Embodimant)

[0074] Fl&. 6 is a view showing & basic configuration
of an image transmission apparatus according (o (he
second embodiment of the present Invention. The im-
aga fransmigsion apparatus shown in FIG. 6 comprisas
a plurality of media 801, an encoded data switch dovice
602, an encoded data selector 6803, an encoded data
transmitter 103, a natwark information recaiver 104, and
a network condition determination device 105,

[0075] The storage madia 601 are usad Lo slore an-
coded data 631 on conténts that have been encoded in
advance. The storage media 801 each slore encoded
data on the eamea contents ancodad by diffarant ancod-
cd paramocterns, respoctively,

[0076] The encoded data switch device 602 selecls
ane of a plurality of storage media 601, and provides
encoding dala 631 stored in the lhus selecled slorage
medium 601 to the encoded data transmitter 103. A sa-
lection of the storage miaclia is carried out in accordance
wilh swilch information 632 from the encoded data se-
lector 603.

[0077] The network information receiver 104 has a
function that receives nelwork information 134 such as
packel loss rate or Jitter information delivered from a
receiver or a network, and provides (he received inlor-
mation as netwaork information 135 to the natwork can-
dition determination device 108,

[0078] The network condition determination device
106 determines a network candition from the input net-
work information 135, and outpuls the resull as network
condilion informaltion 138 lo the encoded dala seleclor
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603, The encoded dala selector 803 has a function for
estimaling, Irom this network condition informaltion 138,
which of the ancoded data on encoding parameatars is
optimal to the current network, and then, outputting to
the encoded dala swilch device 802 the swilch informa-
tion 632 used for switching In order to select ancodead
data caused by the estimated oplimal encoding param-
eler as an culput.

[0079] The encodad data swich device 602 selects
one item of encoded data from ameong the input encoded
data 631, and outputs ancoded data 132,

[0080] With such a configuration, the encoded data
631 encoded in advance and store in the storage maedi-
um 601 or the like is input to an encoding data switch
device 802 when the data s reproduced lrom Lthe slor-
age medium 601, That is, respective ancodad data an-
coded by the differential encoding parameters arc main-
lained in a plurality of slorage media 807, As a resull of
reproducing thasa iteme of data, the encoded data an-
coded by the different encoding parameters, respoctive-
ly, iz inputted. The encoded data switch device 602 se-
lects one from amaong these items of data, and outputs
It to the encoded data transmitler 103,

[0081] This selaction iz carried out in accordanca with
switch information 832 from the encoded data selector
€03.

[0082] On the othar hand, network Information 134
such as packet logs rate or Jitter information from a re-
ceiver is received at the netweork information receiver
104, and then, the received informalion is deliverad to
the network condition determination device 108, The
natwork conditicn detarmination davice 105 determinas
a network condition from the inputted network informa-
tion 135, and oulpuls the result as network condition in-
termation 136 to an encoded data selector 603.

[0083] The encoded data selector 803 estimates.
fram tha network condition informaltion 136, which of the
encodad data of the encoding parametors is optimal 1o
the currenl nelwork, and oulpuls the swilch inlormalion
632 to tha ancoded data switch davica G02.

[0084] The cncodod data switch dovice 802 scloots
one ilem of the encoded data from ameong the input en-
coded data 631, and outputs encoded data 132
[0085] The present embodiment will be described by
way of a epecliic exampla.

[D0B6] Now, assume that there exist five storage me-
dia 801a to 801e each having stored therein Tive ilems
of ancoded data encodad at 384 kbpe, 128 kbps, 64 kb-
ps, 32 kbps, and 18 kbps.

[Q087] Thaltis, for example, & storage medium having
stored therein encoded data on contents encoded at
384 kbps is defined as a slorage medlum 801a&; a sltor-
age madium having stored tharein encoded data on
contents encoded at 1238 kbps is dofined as a storage
madium &01b; a storaga medium having storad theraein
encoded data on contents encoded at 64 kbps is defined
as a storage medium 801¢, a storage medium hawving
slored therein encoded dala on conlenis enceded al 32
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kbps is defined as a storage medium 801d; and a stor-
age medium having stored lherein encoded dala on
contents encodad at 16 kbps s defined as a sioraga ma-
dium 801¢,

[0088] in the case of using & ransmission channel
having its quality capable of baing tranamitted at 384
kbps, lirst, reproduced encoded data is selected by the
slorage medium 601a thal is A storage medium having
stored therein encoded data on contents encoded al
384 kbps; transmission is staded al 384 kbps, and re-
caption of network information from the receiver starts
at the same time.

[0083] Although network information iz recelved at a
predetermined interval, if a prablem occurs with a net-
work based on the received informaltion, & valid bit rale
iz calculated at a stage at which a packet loss or delay
pccurs, The encoded data selector 603 selects encoded
data on a bil rale close Lo the calculated bit rale, and the
encodad data switch devica 602 switches and tranemits
the selected data.

[0050] For example, the calculated bit rate is 140 kb-
ps, avalue close 1o this bit rate is 128 kbps. In this case,
the above switch device selects and switches encoded
data reproduced from the slorage medium E01b having
stored therein encoded data on contents oncoded at
128 kbps, In addilicn, il the calculated bit rate ig 100
kbps, a valua close to a bit rata lower than the caleulated
bit rate is 64 kbps. In this case, the switch device selects
and swilches encocded dala reproduced from the slor-
age medium 601c having stored therein encoded data
on conlents encoded al 64 kbps.

[0081] In thizs way, in the present ambodimeant, con-
tents are prepared after encoded in advance for type of
lransmizszion bit rale, and a current optimal transmission
rate is obtained based on network information such as
packel loss rate or Jitter information from a receiver thatl
is & function possessed by ATR. A sioraga madium hav-
Ing stored thergin encoded data obtained at the bit rate
corresponding 1o this lransmission rale is selecled by
tha switch 602, and reproduced encodad data output of
tho storage medium is transmitted. In this manner, there
is no need lor a server lo carry cut encode processing
in real time, making it pessible to reduce a load on the
semver. This is very elleclive in distribuling & pre-pro-
duced videc such as broadecast in particular.

[0092] Now, a modified example of the second em-
bodiment will be described here. FIG. 7 is a block dia-
gram depicting a mathed for carrying out control for &
gwitch timing of encoded data to be inputted at the ¢n-
coded data swilch device 802.

[0093] Encoded dala 831 is inpulled o the swilching
position detecling device 701 and & swilch device 702,
Switch infermation 632 is inputtad to the switching po-
sition detecting deviee 701, If there occurs a need 1o
execule swilching from the current encoded data to the
other encoded data according to the switch information
832, the swilching position detecting device 701 analyz-
ez encoded data, and deleciz a swilching enable posi-
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lion.

[0093] This means lhat & search is made Tor a lrame
encodad by intra-frame ancoding (|-Piciuraj.

[0095] When the switching cnable pesition is sot, an
instruction lor switching encoded dala is supplied lo he
switch device 702 by using tha switching instruction in-
formation 731, FIG, 8 shows an example of this instruc-
lion. Azzume lhal encoded dala A is currenlly selected
and there occurs a nead 1o execute switching 1o encod-
ed data B according to the switch information 832,
[0096] At this stage, assume thal a frame is proc-
esged atthe time of "switching instruction” shownin FIG
8. In such a case, if encoded data is switched, an un-
matched image occurs. This is because a difference
from the previous image is encoded in intra-frame en-
coding (P-Picture). Tharefore, I encoded data is
switched at the time of P-Picture. an attemp? s made 1o
reproduce the nex!t picture (picture P11 ol encoded dala
(B)) by using Immediately preceding picture {decodad
pieture 111 of encoding data (A)). This provides a prob-
lem that a correct decode picture cannol be cbiained,
and a picture is destroyed. Thus, there occurs a need
1o execule switching at a timing of a picture of intra-
frame encoding (I-Piclura) undargoing encoding by that
frarme only. Thistiming is defined as atiming at a position
marked wilh "execule swilching”,

[0087] As in FIG. 5, a casa in which the number of
frarmes or time position differs depending on encoded
dela is considered. In this case as well, & swilching en-
able posilion of encoded data al a ewilching destination
is detected, and swilching of encoded dala is execuled
when tha switching enable position is sat.

[0098] Al the switching position detecting device 701
shown in FIG. 7, when a need to execute switching ac-
cording to the switch information 832 occurs, It is pos-
sible to employ a method for temporarily stopping an
oulput 132 (o the encoded dala ransmitter 103, and
then, outputting new encodoed data 1o the encoded data
transmiller 103 al & slage al which lhe swilching posilion
ig gat.

[0099] This mothod is cffoctive when it is nooossary
to suppress a buller overfiow or the like by swilching
encoded data, When an underflow s problematic, a
stulling bil is forcibly inserled, thereby making il possible
to counteract 2uch an undarflow.

(Third Embodiment)

[0100] MNow, a third embodiment according to the
present invention will be described here.

[0101] The present embodiment describes an exem-
plary configuration of an encoeding paramealer determi-
nation davice 401 of the video encodar 102 shown in
FIG. 4 according to the first embodiment when a tima
intarval {GOP interval) between rames encoded in ain-
tra-frame encaded mode Is adjusted based on the net-
work condition information 138 oulputted from the net-
work slale determinalion device 105. Here, a descrip-

mw

25

a5

=0

<45

tion will be given by focusing on differences from the first
embodiment.

[0102] FIG. 13 shows an exemplary configuration of
the encoding parameter determination device 401, This
device comprises a GOP interval calculator (GOPF inler-
val calculator) 1501 and an encoding parameatar dater-
mination device S02.

[0103] The nelwork condition information 1356 outpul-
ted from the network condition determination device 105
{including at leas) packet loss rate information) is inpul
to an encoding parameter determination device 502.
The parameter determination device 502 inpuls packet
loss rate information 1531 of the network condition in-
farmation 136 to the GOP interval calculator 1601, The
GOP interval calculator 1501 calculates a GOP interval
from the packet loss rate information 1531. The GOP
interval information 1532 is notified to the encoding pa-
rameler delermination device 401. The encoding pa-
ramater detarminatien device 401 outputs ancoding pa-
ramater information 431 that contains the inputted GOP
interval information 1532. When internally generated
parameter information exists, the encoding paramater
determination device 401 outputs GOF interval informa-
lion 1532 and encoding paramater information 431 that
containg the intarnally generated parameter informa-
lion,

[0104] FiG. 14 shows an axampla of a mathod for da-
termining a GOP interval at the GOP interval caloulator,
[0105] Althe step S1601, it is determined whether or
not a packel loes ccours from the network condition in-
formalion 138. When such a packel loss ocours, The
GOP interval iz estimated by formula (3) below, for ex-
ample, at the step S1602.

Gop = (TN - TLW[(FN - FL} = 1) {3

where "gop" denotes a GOF Interval, "r* denotes
A packel loss rele, FM denoles a lolal number of currant
framag, FL denotes a total number of framas during past
caloulation, TN denotes a time, and TL denotes a time
during past calculation
[0106] The GOP imerval obtainad at the step S1602
Is notified to the signal processor 402 &l the step 1603,
and ancoding = carried out based on the notlfied value.
[0107] ©On the ather hand, when no packat loss has
sccurred al the step 81801, the default GOF thresholds
ara raad out at the step 51604, At the stap S1603, this
value is notified to the signal processor 402,
[0108] According lo the present embeodiment, il is pos-
sible to change dynamically the GOP inlerval Lo a value
suilable (o a network, In this manner, when a small
numbar of arrors occur, tha GOP intarval is increased,
thereby making it possible to reduce wastoful intra-
frame encoded modes in number. In contrast, when &
larga numbear of arrore occur, the GOF intarval s da-
creased, and a frame in the intra-frame encoded mode
appedars guickly. lhereby making il possibke lo acceler-
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ate recovery. In the present embodiment, it is possible
1o efliciently selecl an intra-frame encoded mode.
[0108] FiIG 15 shows anather example of A mathod
for determining & GOP interval at the GOP interval cal-
culaler in accordance with & liow charl.

[0110] Inthis exarmple, even whan packet loss is faw-
er than that in the system shownin FIG. 14, the network
condition is estimated from the pasl history of packet
loss at the step S1704, and an optimal GOP Interval is
crlculated. This technique makes i1 possible (o eslimate
whaether a network g completely free of an error or an
arror may occurs by cheoking the past history instead
of resatiing the GOP interval to the default value by da-
termining that no packet loss occurs at one moment. In
this manner. it 1s possible o delermine the nelwork con-
dition more accurataly.

[0111] FIG 16 shows still ancther example of a meth-
od lor delermining a GOP inleval &l the GOP intermal
caleulater in accordance with a flow chart,

[0712] In this example, the GOP interval is doter-
minad by a unique calculation system instead of deter-
mination based on the presencefabsence of a packet
loss. This system can be used o determine the GOP
interval from the current packet losz rate in accordance
with a single formula or to determine the most suitable
GOP interval by checking the pas!l hislory.

[0113] Thefallowing formula (4) shows an example of
calculation formula for determining the GOP interval.

Gop = [{TN - TLY{(FN - FL} = }] = o 4)

where “gop® denotes a GOP interval, "r' denotes
a packet loss rate, o denoles a sensilivity coelficient,
FB denctes a total number of current frames, FL de-
notes a total number of frames during past calculation,
T denocles acurrenl lime, and TL denoles a lime during
past cakculation
[0114] In this example, the GOF inlerval calculated
from an actual value i muliiplied by a sansitivity coaffi-
cient, thereby making it possible to meet a requirement
for acceleraling recovery by sacrificing efficiency or &
requirament when one does not lake care even if an ef-
lect of error is somewhat extended. For example, if the
sansitivity coafficient £ [z 2et to be smallerthan 1, a GOP
Interval which is smaller than that calculated from an ac-
lually measured value is oulpul. Inthis manner, although
the efficiency is sacrificed, when an arror occure, it is
possible to estimate faster recovery.
[0115] The present embodiment is not limited to for-
mulas (8) and {4). For example, in these formulas, & val-
ue iz calculated by using an increment during past cal-
culation and subsequent, it is possible to calculate tha
value by taking a margin such as the n preceding incre-
ment. In thig manner, it is possible lo cope wilh & gradual
changa hiddan In & change in dotalled state or to alimi-
nate a temporal change o some extent. Similarly, algo-
rithmz are nol limited lo lhoze shown in Lhe presenl em-
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bodiment,

[0118] The loregoing embodiment has described an
axemplary configuration whan a time interval {GOPR in-
terval) is adjusted, the time interval being botween the
frames encodedin the inlra-frame encoded mode based
on tha network condition infarmatian 136 at the encad-
ing parameter determination device 401 of the video en-
coder 102 gshown in FIG. 4 according to the lirst embod-
iment. Alternatively, there can be providged a configura-
tionin which the network condition determination device
105 according to the firsl embodiment (FIGS, 1, 2, or 3)
determines a time interval (GOP interval) encoded inthe
intra-frame encoded mode based on information fram
the network information or information from the network
information receiver 104 and information lrom the video
encodar 102, and provides the ancoded time intarval ic
the image enocoder 102,

[0117] As described in the lirst embodiment, it Is pos-
gible to configure a video ancoder capable of datarmin-
ing a network condition, the video encoder having func-
tions of the video encoder 102 and network condition
determination device 105, thereby providing the previ-
ously described functicns in one block.

[0118] in the foregoing, although a variety of embod-
iments have been described, in short, the present inven-
lion utilizes characleristics of RTP, and comprises A sys-
tam (RTCP) for notifying network stats information such
as jitter or packet loss rate from a transmitter or receiver.
Al the tranzsmitter, a bit rate of lransmission dala at the
transmiller is adjiusted according to & lransmission stale
ol a ransmission channel based on the notification of
netwaork state information acquired from the receiver in
the transmittor such as jitter or packet loss rate so that
control such as change of the error resilience level can
be carried oul. Therefore, ascording o the above de-
scribed present invention, data can be transmitted effi-
clantly o the maximum &0 as 1o achieva dala transmis-
sion that makes it possible 1o fully utilize transmission
requiring real ime properlies as well.

[0118] Thetechniques describad in the embodimants
of the present invention can be distributed to be stored
#3 8 compuler execulable program in & recording me-
dium such as a magnetic disk (such as a flexible disk or
& hard disk); an oplical disk (such as CO-ROM, CD-R,
CD-AW, DVD, or MO), and a recordingmadium such as
a semiconductar memaory Further, the above proagram
can be distribuled by means of ransmission via a nel-
wark.

[0120] According to the present invention, it is possi-
ble o detemine a network condition, and then, optimalhy
sl an encoding parameter. In addition, when a packel
loss caused by congestion and & loss of & channel error
coexist in a natwork, it is possible to determina the loss

and thon, to seta paramoter.

[0121] Therefore, according o the present invention,
thaere can be provided a data tranemission apparatus
and method in which data can be lransmitled efficiently
lo the maximum so 88 lo achieve data lransmission Lhal
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makes il possible to fully utilize transmission reguiring
real lime properties.

Claims

1.

A dala transmission apparatus for transmitting
transmizgzion dala from a transmilter (o A receiver
via a transmission channel, characterized by com-

prising:

means (108) for estimating a transmission con-
dition of the transmizzion channel in the trans-
mitter based on at least Jitter information or a
packel loss rate oblained lrom the receiver; and
maans (102) for changing at least ane of a bit
rate of transmiseion data and an erfor resilicnos
level according to the estimaled transmission
condition,

An apparatus according to claim 1, characterized
in that the transmitter includes means (102) for
generating encoded data obtained by encoding a
single contant al diferan! trAansmission rates, and
means (603} for selecting optimum cncoded data
having optimum bil ratle from the encoded dals of
tha encoded data genarating maans {102) to adjust
a bit rate of the ransmission data in the transmitter
according to the estimaled trensmission condition.

A data [ransmission method of transmitling lrans-
mizsion data from a transmitter to a receiver via a
transmission channal, characterized by compriz-
ing:

generaling encoded dala obtained by encoding
a single contant at dilfferant iransmission raies;
estimating & transmission condition of the
trangmission channeal in the ransmitter based
on at least Jitter information or a packet loss
rate obtained from the receiver, and

selecling oplimum encoded dala having an op-
timum bit rate from the encoded data to adjust
a bil rate of the lransmission data in the ans-
mittar according lo the estimated transmission
condition

4, A data fransmission method characterized by

comprising:

estimating a transmission condition of the
ransmission channeal in the lransmitler based
on at least Jitter information or a packat loss
rate obtained from the receiver; and

changing at least cne of a bit rate of transmis-
sion data and an error rasilience level accord-
ing 1o the estimated ransmission condition.
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7.

A data transmitting apparalus that transmits trans-
missicn dala Irom a ransmitter 1o a receiver via &
tranemission channel, characterizad by compris-

ing:

maans {102) for genarating plural encoded da-
ta obtained by encoding a single content at dil-
{eranl bil rates, in the lranzsmitler;

means (108) for estimating a condition of the
transmission channel based on Jitter informa-
tion or packet loss rate; and

means (B03) for selecting encoded data having
an optimum tranamission rate from the plural
encoded data according to the estimated trans-
migsion condilion,

6. A method of transmitting transmission data from a

transmiller o & recener via & lransmission channel,
tha method eharacterized by comprising:

storing plural encoded data obtained by encod-
ing acontent at different bit rates;

estimating a condition of the transmission
channel based on Jittar information or packe!
loss rate;

selecting encoded dala having cplimum Llrans-
mission rate from the plural encoded data to ad-
just & bit rate of the transmission data in the
transmitter.

A data transmission program stored on a compulear
readable medium, the program characterized by

comprising:

instruction means for instructing a computer 1o
estimate a transmission condition of the trans-
migsion channal in the ransmitter basad on at
least Jitter information or a packet loss rate ob-
lained Irom lhe receiver; and

instruction maans for instructing the computar
to change at lcast one of a bit rate of transmis-
sion data and a error resilience level according
to the astimated tranamission condition,

A data lransmiz=sion apparatus, characterized by
comprising:

racaivar maans (104) for raceiving natwaork in-
formation regarding & condition of a network:
determination means (103) for determining &
network condition based on the network infor-
maiation lrom the receiver means;

encoder maans (102} for ancoding a video data
signalto generate encoded video data and con-
trol a bit rate or an error resilience level of the
encoded video data according 1o the netwaork
condition information. and

transmilter maeans (103) for ransmitting the an-
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11.

12.

13.

1
coded video data to the network,

An apparatus according to claim 6, characterized
in that the cncoder means {102) is supplicd with an
encoding parameler as lhe nelwork condition infor-
matlon and genarates ancoded data whose bit rate
is adjusted accoerding 1o the encoding parameter,

{he determination means (105) includes lirst
srorage means (302) for storing encoding parame-
ter information oblained by the encoder means,
second storaga means (301) toring the natwork in-
formation input by the network information recaiver,
and determination means (303) for determine the
encoding parameter by deciding the network con-
dition based on nelwork information inpul by the
network Information recelver, past encoding param-
eter information from the first storage means and
past nelwork intarmatlion rom Lhe second slorage
mMeaans,

An apparatus according to claim 8, characterized
in that the encoder means (102) includes parama-
ter determination means (401) Tor determining the
encoding parametar from the network condition in-
formation input from the recoiver means. the encod-
er means (102) encoding the video dala signal lo
ganarata tha encoded video data whosa bit rata s
adjusted in correspondence with the enceding pa-
rameler determined by the detemnination means
(401},

An apparatue according to claim 10. characterized
by including enceding determination means (501)
determing whether a next frame is to be encodeod
farcibly in an intra-frame encoding mode, when the
parameter determination means (401) delermines
the encoding paramelar using the network condi-
tion information,

An apparatus according to claim 8 or 8, charactar-
ized in that the determination mcans (105) in
cludes computation means fercomputinga GPOin-
terval from the network infarmation input from the
receiver means (104) 1o generale nelwork condition
information including GOP interval information indi-
cating the GOP interval abtained by the computa-
ticn means, and the encoder means (102) encodes
tha video data signal according to the GOP intarval
information included in the network condition infor-
mation.

An appearalus according 1o claim 8 or 10, charac-
terized In that the ancodar means {(102) includas
GOPR interval computation means for computing &
GOP interval based on the network information in-
put fram the recaiver maans (104) and encades the
video dala signal according to the GOP interval in-
formalion indicaling the GOP interval computed by
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14.

15,

18,

22
the GOP interval compulation means.

An apparatus according to claim 12 or 13, charac-
terized in that the determination means (105) de-
lermines =l least & packel loss rale as the nelwork
condition, and the GOR interval computation means
computes the GOP interval based on at leasl the
packel loss rala.

An rpparatus according (o claim 8, characterized
by including swilching means (602) for switching
among plural encoded data encoded at differant
transmission rates, respectively, to select encoded
data having a transmission rate corresponding to
swilching information, and selector means (803) for
salacting a transmisslon rate of encoded data to be
transmittad from the transmitter based on the net-
work condition information oulpulled lrom the de-
termination maane (106) and cutput the selectad
transmigsion rate as the switching information to the
switching means.

An apparatus according to ¢claim 15, characterized
in that the ewilching means (602} includes A swilch-
ing position dotector for detecting a switching posi-
lion al which one ol the encoded dala can be
switched to the othar, and whan an ancodad dara
switching signal is generated by the switching infor-
mation oulput from the seleclor means (803), the
swiiching position delector detects the swilching
posilien, lo swileh the encoded data at the switching
position.
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(54) Abstract Title
Streaming of media file data over a dynamically variable bandwidth channel

(57) A method of transmitting data streams over a variable bandwidth channel, comprising modifying the
quantity of data to be injectad into the channel to accord with a measured capacity or bandwidth of the
channel. An input stream is passed through a plurality of parallel compressaors 40.1-40.4 which each produce
an output stream of a different rate to the other streams. Each stream preferably comprises key or reference
frames and delta frames. The reference frames are synchronized between the streams so that a data unit in
one stream contains the same information as the corresponding data unit in another stream, but is
compressed 1o a different extent. A data stream for transmission along the channel is produced by selecting
data units from more than one compressor output stream so as to produce a stream which makes optimum
use of tha available channel bandwidth. In one embodiment the duration of the data units are one of a group
comprising fixed predetermined durations and duration determined by changes in the channel bandwidth.
The method is useful in sending multimedia data streams such as audio and video over a channel such as a
cellular telephone network or the internet.
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Title of the Invention
Streaming of Media File Data Over a Dynamically Variable Bandwidth
Channel

Field of the Invention
The present invention relates to streaming of media file data over a channel
having a dynamically variable bandwidth, and more particularly but not exclusively to
streaming of multimedia data such as video and /or audio data over a channel having a
dynamically variable bandwidth.

Background of the Invention

Dynamically varying channel bandwidths are particularly encountered over
the Internet and like networks and over radio and cellular telephone links. On the
Internet the total bandwidth is fixed and the bandwidth available per channel tends to
depend on the amount of usage, the greater the usage the smaller the bandwidth
available per user. In radio and cellular links the available bandwidth depends on
usage, but the overall capacity may also be dependent on environmental factors.

The Internet relies on packet switched communication, whereas radio and
cellular telephone links may be either circuit-switched or packet switched. Either
way, the same considerations of channel bandwidth broadly apply.

As the bandwidth changes, a number of approaches are currently in use. One
of these is simply to buffer received video frames, to start to show the frames as soon
as the buffer is full, and to continue to show the video until the buffer is empty, then
to halt the display until the buffer is full again. Another method is to show the video
at a real time rate, displaying all frames that arrive in time and dropping all frames
that arrive too late.

In both of these methods, data is sent at the same high rate. In the first
method, unacceptable delays in showing the data are experienced. In the second
method, valuable channel bandwidth is wasted transmitting data that does not get
used.

Whether the network is a cellular telephone network or the Internet or like
wide area data network, the bandwidth of the data network is variable. In all cases the
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larger the number of users the lower the bandwidth per user, and radio-based
networks may also suffer from reduced bandwidth due to environmental conditions.
Furthermore, in the case of cellular telephone networks, events such as handover
between two base stations may also affect the available bandwidth.

In general, cellular networks are able to absorb changes in bandwidth without
the user noticing a change in the quality of the voice signal. However, it is desirable
to go beyond mere voice communication over cellular telephone networks. Already,
low level data capability is being built into mobile telephones and it is envisaged that
within the next few vears, mobile telephones will be able to receive and display
multimedia data. Multimedia data uses large amounts of bandwidth and generally
requires to be displayed in real time. Thus bandwidth fluctuations will be
immediately noticeable. Currently, however, transmission of video data over cellular
phone channels is not being attempted on a commercial basis.

At present, mobile telephone systems are on their second generation and a
third generation is on the drawing board but will not be available for some years. The
problem is particularly associated with the design of advanced second generation
equipment (generation 2.5) which, it is envisaged will be able to provide multimedia
within the limitations of second generation capacity. It should be noted however that
the same considerations apply to further generations of mobile telephones and also to
other environments in which it is desired to transmit multimedia data, such as the
Internet.

Generally, multimedia data is sent over a network as a datastream in
compressed form. There are numerous algorithms for compressing data, and different
forms of compression are appropriate for compressing different forms of data.
Furthermore, a single form of compression may give rise to different levels of
compression according to compression parameters that may be set. The greater the
compression the lower will be the resulting data rate and a high level of compression
may be used to overcome channel capacity constraints. A solution may involve
sclection of the compression parameters to meet a likely worst-case scenario.
However, the solution is not complete as a high level of compression leads to low
quality output and no advantage is taken of the availability for most of the
transmission time of a higher bandwidth availability.

US Patent No. 6,014,694, Aharoni et al, discloses a system for adaptively

transporting video over networks wherein the bandwidth varies with time. The
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system comprises a video/audio codec that functions to compress, encode, decode and
decompress video streams that are transmitted over networks having available
bandwidths that vary with time and location. Depending on the channel bandwidth,
the system adjusts the compression ration to accommodate a plurality of bandwidths
ranging from 20kbps for POTS to several Mbps for switched LAN and ATM
environments, Bandwidth adjustability is provided by offering a trade-off between
video resolution, frame rate and individual frame quality. The system generates a
video data stream comprising of key, P and B frames from a raw video source. Each
frame type is further comprised of multiple levels of data representing varying
degrees of quality. In addition, several video server platforms can be utilized in
tandem to transmit video/audio information with each wvideo server platform
transmitting information for a single compression/resolution level.

P and B frames are delta frames that depend on previous frames to allow a
complete picture to be generated. Thus it is not possible simply to mix groups of
frames of different quality levels since the deltas between frames are different. The
above US Patent solves the problem by taking advantage of what is known as a group
of pictures (GOP) which is a self-contained unit such as a scene. Because they are
self-contained, GOPs of different compression levels can be successfully mixed.
However, GOP boundaries are content related and thus irregular. When GOP
boundaries are widely spaced, dynamic following of bandwidth changes are highly

inaccurate or generate delays for new users,
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Summary of the Invention

Embodiments of the present invention attempt to solve the above problems
by modifving the gquantity of data to be injected into the channel to accord with a
measured capacity or bandwidth of the channel. The quantity of data is preferably
modified only by altering compression parameters, so that data fully usable in real
time can be received from the channel. Thus a reduction in bandwidth of the channel
leads to a drop in quality of the received signal and not to dropped frames or a
reduction in performance.

According to a first aspect of the present invention there is thus a device for
streaming of media file data to be sent over at least one channel having a dynamically
variable bandwidth, comprising

an input for receiving media file data at a first rate,

a multiple stream creator for creating a plurality of streams of said media file
data, each stream compressed to predetermined other rates, each stream comprising a
series of autonomous compressed data units which are mutually compatible, and

a stream selector for dynamically matching a bandwidth of the channel to
rates of said streams to send said data file as a combination of said autonomous units
from said streams via said channel,

wherein said autonomous units have durations which are one of a group
comprising fixed predetermined durations and durations determined by changes in
said channel bandwidth.

Preferably, said stream selector is operable to select a combination of said
streams in succession said combination being chosen to produce an average stream
rate over a period of time which matches said channel bandwidth.

Preferably, said bandwidth of said channel is liable to vary dynamically and
wherein said stream selector is operable to repeat said matching throughout said
streaming operation.

Preferably, said bandwidth of said channel is liable to vary dynamically and
wherein said stream selector is operable to repeat said matching throughout said
streaming operation.

Preferably, said autonomous units match each other across said plurality of

streams, thereby to enable switching between said streams.
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Preferably, said data file is arranged in said streams in a compressed media
format utilizing reference frames and delta frames and wherein each autonomous unit
is self-contained in respect of reference frames.

In an embodiment, said channel is a cellular telephone channel.
Alternatively, said channel is an Internet channel.

Preferably, the predetermined other rate is different for each stream. In
another embodiment, the predetermined other rate is identical for a set of said
streams, cach stream in said set being assigned a different balance between quality
and speed of said media.

A preferred device comprises a plurality of media types, said predetermined
other rate being identical for a set of said streams, each stream in said set being
assigned a different balance between quality of said different media types.

Preferably, streams in said set are selectable by a signal received from said
channel.

Preferably, streams in said set are selectable by a signal received from said
channel.

An embodiment comprises a detector for detecting a change in the bandwidth
of said at least one channel and operable to request a corresponding change in the data
rate, and wherein the device is operable, upon receipt of said request, to set a delay,
and to issue a reference frame within said delay.

The device preferably issues said reference frame at the end of said delay.

The device alternatively issues said reference frame at the occurrence of a
largest detected interframe change within the time delay.

According to a second aspect of the invention there is provided a multiple
stream creator for receiving a data stream at a first data rate and converting said data
stream into a plurality of data streams at a plurality of data rates, said creator
comprising an input for receiving said data stream at said first data rate, and a
plurality of outputs, each operable to receive said data stream at said first rate and to
output said data stream at a predetermined rate individually set for each output as a
series of autonomous units having a duration, and wherein said duration is one of a
group comprising a fixed predetermined duration and a duration dynamically
changeable in accordance with bandwidth conditions in a transmission channel.

Preferably said outputs each comprise data buffers.
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The multiple stream creator preferably comprises a data stream processor for
processing said data stream received at said first rate into said plurality of autonomous
units, said autonomous units being synchronized blocks, thereby allowing said output
streams to be mixed in said transmission channel to produce continuously usable
output,

Preferably, said received data stream is in an uncompressed data format and
said data is compressed into a compressed data format independently for each one of
said output data streams.

According to a third aspect of the invention there is provided a method of
sending a datastream over a variable bandwidth channel comprising modifying a
quantity of data to be injected into the channel to accord with a measured capacity of
the channel, said method comprising the steps of

compressing the datastream, using an algorithm having compression
parameters, to produce a plurality of compressed datastreams each comprising
reference frames and delta frames, each compressed datastream produced by using the
algorithm together with different parameters, and

synchronizing reference frames between the compressed datastreams so that
combinations of said compressed datastreams can be sent via said channel.

Preferably, said step of synchronizing reference frames is carried out at
intervals determined by a dynamic status of said channel bandwidih.

Alternatively or additionally, said step of synchronizing reference frames is
carried out at predetermined intervals.

Alternatively or additionally, said combination of said compressed
datastreams is selected substantially dynamically to match the measured capacity of
the channel.

Preferably, a change in bandwidth of a channel causes a request for
commencement of a new autonomous unit, and wherein said request causes initiation
of measurement of a time delay, and wherein a new autonomous unit is commenced
within said time delay.

Preferably, the new autonomous unit is commenced at the end of said time
delay.

Preferably, the step is provided of determining the largest delta frame during
the time delay and sending a reference frame, to initiate said new autonomous unit, in

place of said determined largest delta frame.
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According to a fourth aspect of the present invention there is provided a tool
for controlling receipt of media file data over a network, wherein said media file data
is available at a plurality of quality levels, the tool comprising a quality selector to
enable a user to select between said different quality levels for receipt.

Preferably, said media file comprises a plurality of data groups and each
quality level is a different balance between quality levels of the plurality of data
Eroups.

Preferably, said quality selector comprises a slider operable to be moved
along a scale, the position of the slider on the scale indicating a quality level.

Brief Description of the Drawings

For a better understanding of the invention and to show how the same may
be carried into effect, reference will now be made, purely by way of example, to the
accompanying drawings, in which:

Fig. 1 is a generalized diagram showing a data source sending data to a series
of targets over a variable bandwidth network,

Fig. 2 is a generalized block diagram showing a first embodiment of the
present invention in which feedback concerning available bandwidth within a channel
is used to modify parameters governing compression of the datastream,

Fig. 3 is a generalized block diagram showing a second embodiment of the
present invention in which a series of compressed datastreams are continually created
and are selected for use in individual channels according to measured parameters of
the channel,

Fig. 4 is a generalized block diagram showing the channel manager and part
of a downlink manager of Fig. 3 in greater detail,

Fig. 5 is a generalized block diagram showing a third embodiment of the
present invention in which the user is able to set a quality level of the data that is
being sent,

Fig. 6 is a generalized schematic diagram of a quality level selection tool for
use by a user in selecting a quality level in the embodiment of Fig. 5, and

Fig. 7 is a generalized schematic diagram of another quality level selection
tool for use with the device of Fig. 5.
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Description of the Preferred Embodiments

Reference is now made to Fig. 1, which is a generalized diagram showing a
data source 10 sending data to a series of targets 12.1..12.n over a variable bandwidth
network 14. The network may be a cellular telephone network or the Internet or like
wide area data network or a combination. In both cases, the bandwidth of the data
network is variable. [In all cases the larger the number of users the lower the
bandwidth per user, and radio-based networks may also suffer from reduced
bandwidth due to environmental conditions. Furthermore, in the case of cellular
telephone networks, events such as handover between two base stations may also
affect the available bandwidth.

Data is generally compressed before sending over the channel. The level of
compression may be preselected to accord with known or likely channel capabilities,
as described in the introduction. However such a solution has to concentrate on the
lower margins of available bandwidth and thus fails to make full use of higher
bandwidth levels when available. Conversely, solutions which send datastreams at
higher data rates and do not take the lower bandwidth levels into account lead to
unacceptable breaks and delays in performance at the receiving end.

Reference is now made to Fig, 2 which is a generalized block diagram
showing a first embodiment of the present invention in which feedback concerning
available bandwidth within a channel is used to modify parameters governing
compression of a datastream.

A multimedia datastream is received from a source 20 such as a host or
server. The datastrcamn may be a video datastream and may be in uncompressed or
barely compressed format, for example AVI or MPEG1. The datastream is passed to
a compression unit 22 which compresses the data into a very low bit-rate stream using
compression parameters. A typical format that may be used for the very low bit-rate
stream is MPEG 4 which uses a system based on reference frames and delta frames to
compress the image part of the video data. H.263 is another typical format that may
be used. A video frame is selected as a reference frame and encoded in its entirety.
Then a series of subsequent frames are selected, but for each of these frames, the only
data that is encoded is that which has changed with respect to the previous frame.
The encoded changes form what is known as the delta frame.

Whichever of the available compression formats are used, compression is

governed by a series of parameters 24, This allows the compression level to be raised
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or lowered depending on the data rate required and the quality of picture desired, A
greater level of compression gives a lower quality of data at a lower data rate and a
lower level of compression gives a higher quality of data at a higher data rate.

In the embodiment of Fig. 2 a channel capacity measurement 26 is rececived
from a channel 28 over which the transmission occurs. The measurement may be
received from a receiving client who simply reports the received data rate. If the
received data rate is reported to be lower than the rate at which data is being sent then
it is assumed that data is being produced too fast for the channel and the parameters
24 are altered to increase the compression level until the data output rate is the same
as the channel rate. Conversely, if the data rate rises at the receiving end, the
parameters 24 may be altered to reduce the compression level and increase the output
data rate.

Reference is now made to Fig. 3, which is a generalized block diagram
showing a second embodiment of the present invention in which a series of
compressed datastreams are continually created and are selected for use in individual
channels according to measured parameters of the channel. Parts that are the same as
those mentioned in previous embodiments are given the same reference numerals and
are not referred to again except as necessary for an understanding of the present
embodiment.

In the embodiment of Fig. 3, an input datastream is received from a source 20
as before. The stream is passed to a channel manager 30, which compresses the input
datastream. However, instead of compressing it once only, it compresses it into a
plurality of output data streams, each one using different compression parameters so
as to produce a plurality of streams each having a different data rate. The various
streams are then passed to one or more downlink managers 32,1...32.n, each of which
is able to manage a limited number of channels 28 for sending output data to a limited
number of targets 34. Each target 34 is associated with a client 36, typically client
software located at the target 34, which is able to send back, to the downlink manager
32, feedback data such as the received channel rate.

The downlink manager 32 simply obtains the received channel rate from the
client 36 and mixes the various streams from the channel manager to produce an
average stream rate which matches the channel rate as closely as possible. For
example if the received channel rate is 39.5 kbits/sec and the downlink manager has
available a 35 kbits/sec stream and a 45 kbits/sec stream then the downlink manager
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will atternpt to mix the two streams in suitable proportions to match the 39.5 kbits/sec
channel. Thus the target 36 may receive a continuous stream of data, the quality of
the channel influencing only the quality of the data and not the continuity.

It will be recalled that the compression systems in use include reference and
delta frame style compression. Such compression systems, when used to produce
streams at different data rates, do not produce delta frames which are interchangeable
between the different data rates. Thus in order to create streams that are
interchangeable, it is preferable to armrange all of the streams as a series of
self-contained packets of given time duration. Each of the packets is self-contained in
that it begins with a reference frame and hence does not depend on previously
transmitted data. Thus the target is able to use consecutive packets from different
streams without any data discontinuity.

The self-contained units are preferably of relatively short duration. The
shorter the duration the better the system is able to follow dynamically changes in the
bandwidth of the connection. On the other hand, since each unit must start with a
reference or key frame, and such frames are very costly in bandwidth since they must
be transmitted in full, the use of short self-contained units itself increases the required
bandwidth. A compromise unit length of less than ten seconds, preferably 3, 5 or 7
seconds, is preferred.

In an alternative embodiment the length of the self-contained unit is itself
allowed to vary dynamically in accordance with circumstances. When the downlink
manager 32 detects a significant change in the channel bandwidth it issues a request
for a new data rate from the channel manager 30. Alternatively, a new target may be
requesting the data feed. The channel manager 30 initiates a time delay when a first
request is received, the delay being less than ten seconds, as discussed above, and at
the end of the delay starts new self-contained units at all data rates. Thus dynamic
following of changes in bandwidth is provided whilst transmitting the minimum
possible number of key or reference frames. If no request is received, then the system
continues to use delta frames as long as it is practical.

In a variation of the above, instead of waiting to the end of the time delay, the
channel manager first of all looks ahead at the approaching data stream and checks
whether there is a reference frame approaching during the time delay period in any
case, If so, no further action is needed. If there is no reference frame then the
channel manager looks ahead to find the biggest delta frame, representing the biggest

10
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instantaneous change in the picture, over the delay time period. A reference frame is
then inserted in place of the identified largest delta frame. Thus, the insertion of a full
reference frame is optimized to the data.

Reference is now made to Fig. 4 which is a generalized block diagram
showing the channel manager 30 and a part of a downlink manager 32 of Fig. 3 in
greater detail. Parts that are the same as those mentioned in previous embodiments
are given the same reference numerals and are not referred to again except as
necessary for an understanding of the present embodiment.

As shown in Fig. 4, the channel manager 30 comprises a series of
compression units 40.1, 40.2, 40.3, etc. Each of these compression units is preferably
operative to compress an input signal received from source 20, using a different
compression parameter or set of compression parameters to produce an output having
a different data rate. Each compression unit is followed by a buffer 41. The buffer 41
may be used to arranged the compressed data into packets of fixed time duration.

The downlink manager 32 comprises a series of selector switches 42, one for
each channel being managed. For the sake of simplicity, only one such switch 42 is
shown in the figure. The switch 42 receives each one of the data streams produced by
the source 20 and selects one of them at any given time to be sent to the channel 28.
Selection is carried out based on a channel capacity measurement 44, which is
received from the client 36.

Reference is now made to Fig. 5, which is a generalized block diagram
showing a third embodiment of the present invention in which the user is able to set a
quality level of the data that is being sent. Parts that are the same as those mentioned
in previous embodiments are given the same reference numerals and are not referred
to again except as necessary for an understanding of the present embodiment. As
described above, compression parameters are altered in order to change the data rate.
Generally speaking, there are numerous parameters that can be set in order to alter the
data rate, and there are numerous combinations of these parameters that can give the
same data rate. For example, parameters that may be altered include:

the extent of image compression within an individual frame,

the number of frames per second to be transmitted,

the proportion of reference frames to delta frames, and

a balance between compression levels of different parts of the data — for

example video data includes both sound and image. It is possible to increase a level
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of compression to the image and to decrease a level of compression to the sound or
vice Versa.

In Fig. 5, part of a channel manager 30 is shown as well as a switch 42 of a
downlink manager. In the channel manager of the embodiment of Fig. 5, a series of
data compressors 50 are provided for each required data rate. The data compressors
are labeled high, medium and low, although in fact they are different compromises
between compression parameters. For example "high" may indicate high image
guality but low frame rate, whereas "low" may indicate low image quality but high
frame rate. The selector switch 48 is the same as in the previous embodiment except
that it now chooses channels based on two different items of information. One item
of information is the received channel rate 44, which selects the data rate as before.
The other item of information is a data quality request which is received from the
target. This selects, within the given data rate, between the different quality levels.

Reference is now made to Fig. 6, which is a generalized schematic diagram of
a quality level selection tool 60 for use by a user in selecting a quality level in the
embodiment of Fig. 5. The selection tool 60 comprises a simple longitudinal bar 62
which may be marked with labels and numbers, and a slider 64 for moving along the
bar 62. The bar shown in Fig, 6 indicates that the user may select different
compromises between sound quality and image quality.

Reference is now made to Fig. 7, which is a generalized schematic diagram of
another quality level selection tool 70 for use by a user in selecting a quality level in
the embodiment of Fig. 5. The selection tool 70 is likewise in the form of a bar and
slider but this time the choice is between high quality images at a low frame rate
(marked "still") and low quality images at a high frame rate (marked "motion"). It
will be appreciated that a low bandwidth "high"” may vyield a lower image quality than
a high bandwidth "low" and vice versa.

Embodiments of the present invention thus provide a system and method in
which the measured received data level of a channel is used to select a transmitted
data rate so that full advantage may be taken of fluctuating channel capacity levels to
send the highest possible guality multimedia data.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention
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which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described hereinabove. Rather
the scope of the present invention is defined by the appended claims and includes both
combinations and subcombinations of the various features described hereinabove as
well as variations and modifications thereof which would occur to persons skilled in

the art upon reading the foregoing description.
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Claims

1. A device for streaming of media file data to be sent over at
least one channel having a dynamically variable bandwidth, comprising

an input for receiving media file data at a first rate,

a multiple stream creator for creating a plurality of streams of said media file
data, each stream compressed to predetermined other rates, each stream comprising a
series of autonomous compressed data units which are mutually compatible, and

a stream selector for dynamically matching a bandwidth of the channel to
rates of said streams to send said data file as a combination of said autonomous units
from said streams via said channel,

wherein said autonomous units have durations which are one of a group
comprising fixed predetermined durations and durations determined by changes in
said channel bandwidth.

2 A device according to claim 1, wherein said stream selector is
operable to select a combination of said streams in succession said combination being
chosen to produce an average stream rate over a period of time which matches said
channel bandwidth.

3. A device according to claim 1, wherein said bandwidth of said
channel is liable to vary dynamically and wheregin said stream selector is operable to

repeat said matching throughout said streaming operation.

4, A device according to claim 2, wherein said bandwidth of said
channel is liable to vary dynamically and wherein said stream selector is operable to
repeat said matching throughout said streaming operation.

5. A device according to claim 1, wherein said autonomous units
match each other across said plurality of streams, thereby to enable switching between

said streams.

6. A device according to claim 5, wherein said data file is

arranged in said streams in a compressed media format utilizing reference frames and
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delta frames and wherein each autonomous unit is self-contained in respect of

reference frames,

7. A device according to claim 1, wherein said channel is a

cellular telephone channel.

8. A device according to claim 1, wherein said channel is an
Internet channel,
9. A device according to claim 1, said predetermined other rate

being different for each stream.

10. A device according to claim 1, said predetermined other rate
being identical for a set of said streams, cach stream in said set being assigned a
different balance between quality and speed of said media.

11. A device according to claim |, said media file comprising a
plurality of media types, said predetermined other rate being identical for a set of said
streams, each stream in said set being assigned a different balance between quality of
said different media types.

12. A device according to claim 10, said streams in said set being

selectable by a signal received from said channel.

13. A device according to claim 11, said streams in said set being

selectable by a signal received from said channel.

14, A device according to claim 1, comprising a detector for
detecting a change in the bandwidth of said at least one channel and operable to
request a corresponding change in the data rate, and wherein the device is operable,

upon receipt of said request, to set a delay, and 1o issue a reference frame within said

delay.
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15. A device according to claim 14, operable to issue said

reference frame at the end of said delay.

16. A device according to claim 14, operable to issue said
reference frame at the occurrence of a largest detected interframe change within the

time delay.

17. A multiple stream creator for receiving a data stream at a first
data rate and converting said data stream into a plurality of data streams at a plurality
of data rates, said creator comprising an input for receiving said data stream at said
first data rate, and a plurality of outputs, each operable to receive said data stream at
said first rate and to output said data stream at a predetermined rate individually set
for each output as a series of autonomous units having a duration, and wherein said
duration is one of a group comprising a fixed predetermined duration and a duration
dynamically changeable in accordance with bandwidth conditions in a transmission
channel.

18. A multiple stream creator according to claim 17, wherein said

outputs each comprise data buffers.

19. A multiple stream creator according to claim 17, comprising a
data stream processor for processing said data stream received at said first rate into
said plurality of autonomous units, said autonomous units being synchronized blocks,
thereby allowing said output streams to be mixed in said transmission channel to

produce continuously usable output.

20. A multiple stream creator according to claim 17, wherein said
received data stream is in an uncompressed data format and wherein said data is
compressed into a compressed data format independently for each one of said output

data streams.

21. A method of sending a datastream over a variable bandwidth
channel comprising modifying a quantity of data to be injected into the channel to

accord with a measured capacity of the channel, said method comprising the steps of
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compressing the datastream, using an algorithm having compression
parameters, to produce a plurality of compressed datastreams each comprising
reference frames and delta frames, each compressed datastream produced by using the
algorithm together with different parameters, and

synchronizing reference frames between the compressed datastreams so that

combinations of said compressed datastreams can be sent via said channel.

22. A method according to claim 21, wherein said step of
synchronizing reference frames is carried out at intervals determined by a dynamic
status of said channel bandwidth.

23. A method according to claim 21, wherein said step of
synchronizing reference frames is carried out at predetermined intervals.

24, A method according to claim 21, wherein said combination of
said compressed datastreams is selected substantially dynamically to match the
measured capacity of the channel.

25. A method according to claim 22, wherein a change in
bandwidth of a channel causes a request for commencement of a new autonomous
unit, and wherein said request causes initiation of measurement of a time delay, and

wherein a new autonomous unit is commenced within said time delay.

26. A method according to claim 25, wherein said new

autonomous unit is commenced at the end of said time delay.

27 A method according to claim 25, comprising the step of
determining the largest delta frame during the time delay and sending a reference
frame, to initiate said new autonomous unit, in place of said determined largest delta

frame.

28. A tool for controlling receipt of media file data over a

network, wherein said media file data is available at a plurality of quality levels, the
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tool comprising a quality selector to enable a user to select between said different

quality levels for receipt.

29, A tool according to claim 28, wherein said media file
comprises a plurality of data groups and wherein each quality level is a different
balance between quality levels of the plurality of data groups.

30. A tool according to claim 28, wherein said quality selector
comprises a slider operable to be moved along a scale, the position of the slider on the

scale indicating a quality level.

31. A device for streaming of media file data to be sent over at
least one channel having a dynamically variable bandwidth, substantially as

hereinbefore described with reference to the accompanying drawings.

32. A multiple stream creator for receiving a data stream at a first
data rate and converting said data stream into a plurality of data streams at a plurality
of data rates, substantially as hereinbefore described with reference to the

accompanying drawings.

;. A method of sending a datastream over a variable bandwidth
channel comprising modifying a quantity of data to be injected into the channel to
accord with a measured capacity of the channel, substantially as hereinbefore
described ﬁfith reference to the accompanying drawings.

34. A tool for controlling receipt of media file data over a
network, substantially as hereinbefore described with reference to the accompanying

drawings.
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IDS CERTIFICATION STATEMENTS

THIS IDS 1S BEING FILED UNDER 37 C.F.R. 1.97{b): {check one box}

Within three manths of the filing date of a national application cthar than 2 continued prosscution application undar
O 15300,
[:l Within three manths of the date of entry of the national stage as set forth in 1.491 in an international

application.

Before the mailing date of a first Office Action on the merits, In the event that a first Office Action on the merits has bean
O matled, please consider this S under 37 CF.R. 1.97{(¢) and see the statement under 1.97 (e} or charge deposit ascount
50-2091 the fee specified by 37 C.F.R. 1.17(p} if such statemant s not selectad in Secton 1V,

B Beiore the maiing of a first Office Action after the filing of a request for continued examinaton under 1.114.

THISIDS IS BEING FILED UNDER 37 C.F.R. 1.97(c):

After the pencd specified in 37 C.F.R. 1.97(b) and before the mailing date of any of a final action under 1.113, a notice of
allowanoe under 1.311 or an action that ciherwise closes prosecution in the application, and accompanied by,

Ll
{71 a statement specified in 1.97(e) as subsequently provided in this IDS; or
[} the fee set forth in 1.17(p).

THIS IDS IS BEING FILED UNDER 37 C.F.R. 1.97(d}:
After the period specfied in 37 C.F.R. 1.97(c) and on or after the mailing date of any of a final action under 1,113, a notice of
aflowance under 1.311 or an achion that otherwise closes prosecution in the application, but before or simultaneous with

[ ] payment of the issue fee, and accompanied by a statement specified in 1.87(e) as subsequently provided in this IDS and the
fee set forth in 1.47(p.

Statement under 37 C.F.R. 1.97(e) (check only one box)

The undersigned hereby states that:

Each item of information contained in the 1DS was first cited in any communication from a foreign patent office in a
counterpan foreign application not mare than three months prion to the filing of this 105,

Mo item of information contained in the IDS was cited in & communication from a foreign patent office in & counterpant

foraign application, and, to keowiedge of the person signing the cerbfication after making reasonable inguiry, no ilem of
[ ] information contained in the 103 was known to any individual designated in 37

C.F.R. 1.58{c) more than three months pror to the filing of this 1D3.

Statemnent under 37 C.F.R. §1.704(d)

The undersigned hereby states that each item of information contained in the information disciosure statement: (i) was first
eted in any communication from a patent office in a counterparn foreign or intermational application or from the Office, and

[ ] this communication was not received by any individual designated in § 1.56{c) more than thirty days prior to the filing of the
information disclosure stetement; or (i} is a communication that was igsued by a patent office in a counterpart foreign or
international application or by the Office, and this communication was not received by any indwidual designated in §
1.58{c) more than thirty days prior to the filing of the information disclosure statement..

CONCLUSION

It is respectully submitied that the claims presently on file patently distinguish the present invention from each of the
references cited in this IDS. The references aited in this 108 are being ciled only in the interest of candor and withoul
any admission that they constitute statutory prior art or contain matter which anticipates the invention or which would
render the same obvious, either singly or in a8 combination, to a person of ordinary skill in the art. Furthermore the
tiling of this IDS shouid not be construed to be an admission that the information citad in thiz IDS 5, or is considered to
be, materia! to patentability a3 defined in 1.56(k). In sdditon, the filing of thiz DS should not be construed as a
raprasentation that a search has been mada,

If the Examiner has any questions concarning this 103, the Examiner @ requested o contact the undersigned at the
telephone number associated with Customer Mo, 70560, If it is determined that this IDS has been filed under the
wiong rule, the PTO iz requested to consider this IDS under the proper rule, with a petition f necessary, and charge
the appropriate fee to Deposit Account No, H0-2031,
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PATENT COOPERATION TREATY

From the INTERNATHNAL SEARCHING AUTHORITY

PCT

To:
BRIAN C. KUNZLER
8 EAST BROADWAY, SUITE 6800
SALT LAKE CITY, UT 84111 WNOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY. OK THE DECLARATION

R T .
AN 0O 7608 ey momi e 12 DEC 2008

Apphcant's or agent's file relerence
; Easa e IRT A N : 4
2082 2 APCT » e TR FOR FURTHER ACTIO Se¢ paragraphs | and 4 below
Internutionsl filing date

Imernational applicancn Mo
fday manth year) 21 April 2008 (21.04.2008)

Applicant MOVE NETWORKS, INC.

1 The applicant is hereby aotified that the imemational search report and the wrinen opinion of the International Searching
Authority have been cstablished and are transmitied herewith.
Filing of amendments and statement under Article 19:
1 he apphicont s entitted, of he s¢ wishes, 1o amend the clmms of the miernational apptication (see Rule 4a);
When?  The ime limii for fling such amendmems is normully two months from the date of transmittal of the
imte prationel scarch report.
Where? Dircetly 1o the International Burenu of WIPO, 34 chemm des Colombeties
1201 Gieneva 20, Switzerland, Facsimile Mo +41 22 740 14 35
For more defailed instructions, see the notes on the accompanyving sheet

2 {j The ppplicant is hereby nolified that no internationsl search repon wall be established wnd that the declaration under
Article | 7{2){a) to that effect and the written opmion of the International Searching Authority are transmined herewith.

i I:I With regard to the profest apamst payment of (an) additional fee(s) under Rule 40.2, the applicant is notified thay:

the protest wogether with the decision therenn has been transmitted 10 the Intemational Bureaw together with the
apphcant s request o Jorward the fexts of bath the protest and the decision thereon 10 the designated Cffices,

no decision has been made yet on the protest; the applicont will be notified as soon as o decision 15 msde.

4. Reminders
Shortly afier the expiration of 18 monihs from the priority date. the inernational application will be published by the

tmernational Burean. [ the opplicant wishes to avord or postpone publication, a nobice of withdrawal of the niemational
application, or of the priority claim, most reach the International Bureaw as provided in Rules 9086, | and 90bis. 3, respectively,
before the completion of the technical preparations for international publicotion,

The applicant may submit comments on an informal basis on the wrinten epinion of the International Searching Authority 1o the
Internatipnel Bureau, The Internouonal Bureay will send o copy of such comments 1o all designated Cfices unless an
international preliminary examipation report has been or is to be established. These comments would also be mades available (o
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the pnority dawe, but only in respect of some designated Offfices, a demand for international prefiminary
cxaminatin must be filed if the applicant wishes (o posgpone the eniry o the national phase until 30 moaths from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the prionty date, perform the preseribed
acts for entry into the national phase before those designated Offices,

in respect af other designated Cxfices. the time limit of 30 months (or later) will apply even if oo demand is filed within 19

mianths.
See the Annex to Form PCTABRSAGH and, for details aboul the applicable tune limits, Office by Office, see the POT Aoplcans's

G, Wolume |1, National Chapters and the WIPO [niernet siie

Name and matling address of the 154°J8

r Apthornzed officer:
Mal Stop PCT AN 1ISAUS ‘

Lea W. Young

Commissiane los Pabents
PF.Q. Boa 1450, Aloxancdiia, Vagma 223131450

Fucximile Mo, 5732733200
Form PUTHSASZY (lanuary 2004

PET Helpdesk: 5713724300
PCT OB ATLETI-TITA

{3d AAFEL O accompanying sheel}

]
Date In to 8V FE- /‘" IZ.'{: .fJ ——
Dncketed bu: J¥I4€

Revieser o Ty e e e g

Seut Tl hy SV EFan: T
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PCT

INTERNATIONAL SEARCH REPORT
{PCT Anticle 18 and Rules 43 and 44)

Applcant’s or agent’s file reference FOR FURTHER see Form PUTISAZZ0
2082 24PCT ACTION ag well ag, where applicable. item 5 below.
{Earhest) Prioray Date fame meanihveart

International filme doie fdayv momidean)

International applicaton Mo
| 2% Agol 2008 (Z1.04.2008 )

PCT/US 08/581035

19 Apri 2007 (10.04 2007}

Applu;.‘!nl
MOVE HETWORKS, INC,

Ths smtemabional search reporl has been prepared by this infernational Searching Authontly and (& transmeiied (o the apphcent
poccording o Article T8 A copy i beng iransmitted to the International Burea,

This international search report congisis of & tolal of i’ thesis
I:I It is also sccompanicd by o copy of each praor art document cied in this repor

1. Basis of the report
. With regard 1o the language. the international search was carried out on the basis ol

[_E} Ihe iternational applicatien in the Tpnguaage in which it was fled.

D atranshation of the imernational applicatnon inwe which i the language of
a translartion furnished for the purpascs of international secarch (Rules 12.3(2) and 23 .1(b}}.

b. D Thes mternational search reporl has been established (nking into socount the rectification of an obvions mistake
authorized by or notificd 1o this Authority under Rule 21 {Rule 43 65is{a)),

c D Wath regard to any nucleotide andfor amine acld Sequence disclosed in the international application, see Box Mo |

2 I:I Certain claims were found unscarchable (sce Box No. 1)
3 [:I i nity of invention is ncking (sec Hox Mo, 111}

4. With regard 10 the title.
the text 5 approved as submited by the applicam
I:I fhe qext has boen estoblished by this Aothory e read as follows

3. Wuh regard Lo the abstract,

the text s approved as submitted by the applicant

D the text has been established, according to Rule 38.2(B). by thig Authority az it appears in Box No. IV, The applicant
may, within onc month from the dotc of mailing of this international scarch report, submit comments 1o this Authorty

fi. Wilh regard in the drawings,
a  the figure of the drawings 1o be published with the abstract is Figure No. 4 i

D a5 sugeestcd by the applicant
as setected by thes Authority, because the applicant failed 1o sugeest a figure;
[E 35 sclecied by this Authority, because this figure better characterizes the invention.

h D e of the figures 15 o be pubiished with the abstrsct

Farm PCTASAZIO (st sheet) (Aprl 2087
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INTERNATIONAL SEARCH REPORT International appiication No.
PCT/US DE61035

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GOBF 15/16 (2008.04)

USPC - TO9I227
According to Intermaticnal Patent Classification (IPC) or to both aational classification and IPC

B. FIEL.[YS SEARCHELD

Mimmem decumentation searched (classification system followed by classification symbols)
USPC: TooR22T

Mescumentanion searched other than minimum documentanion 1o the exiem tat such documents gre snciuded 0 the ficlds searched
USPC; TOWZ01, 203, 223, 227, 228, 238, T15/738, T44, 748, 968

Elecwrene daty buge consulied dornng the internationzl scarch (name of dat base and, whore procticable, scarch ierms wsed)

PubWast{PGPE USPT USOC EFAB JFAB) Google
Search Terms Ussd: content acquisition, resiient, netwarks. 1op., directive handiing module, comenl acquigition module, directive server,

narhéecre conmestion, remabe host edc

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Catcgory* Citation of document, with indication. where appropnate, of the relevant passapes Relevanl o clam Mo,
¥ US 200S01EE051 A1 (SNEH) 25 Augus! 2006 (25.08.2005), para [0095), para [0055]-{0057], 1-38
para [3121}-[0136), paro [0185)
¥ US 20030014664 A1 (KASHYAR) 16 January 2003 (16.01.2003), pare [0101] 1-36
A US 20080206246 AT [WALKER) 14 September 2006 {14,08.2006) 1-36
4 |
[:] Furiher documents are listed inthe continuation of Box C. El
* Speewl eatcgorics of cited documents: T ~T taer document published afier the intermarional fling dte or pricrily
A" document defining the general sisie of the an which is net considered dule and not 10 conllect with the appluabion bul ciled to stund
the principle or theory underlying the imventian

o b of particular relevanco
“E”  curher application or pyient but published on or after the miermaional - <X document of parcular relevasce; the cliimed mvention cannot be
iling date congidered novel or cannot be considered to involve an inventive
o d:g;ml M;]uh mﬂ mﬁw rk_n.il:h&:n plignwrlv';-rlm{stur whwhht,'; step when Uit document s taken abone
ciied to-estabiesh the publication; due of anadher cHatoR of Ol ¥ document of particuls relevance. the claimed invention cannol be
sprcinl reacon fas ‘m"ﬁfﬂ} cufisdered lnmvulu an mvenlive step when the document 15
7 decument reformng 0 an ol dizclosure, wse, exhibion of other combingd with one ar more other such documientg, such combinalion
meand beimg abvicas ooa peasnn kelled i lhe an
*FT dosamett publiched prios b the infematonal Gling date but lster than 5= derument member ofF the same paient family

the prority date clzimed
Dt of the sciusl complction of the imernational search

25 Navembar 7008 (25.11.2008) 12 DEC 2008

Authorized officer:

Drare of mailng of the internotional seurch repon

rame and mailing address of the 1SALIS

Maal Stop PCT, Attn: 13AUS, Commissoner for Patents Laa W, Young
P.O. Bm& 1450, Alexandria, Virginia 2237 3-1450 . T
Fapxile Mo, 571-273-.3201 T GOE SR

Farm PCTASAR G {sccomd sheet) { Apnd 2007
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PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

Tea:
* BRIAN C. KUNZLER
8 EAST BROADWAY, SUITE 600
SALT LAKE CITY, UT 84111 WRITTEN OPINION OF THE

PCT

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 438i5.1)

Drae of mailing

(ay iy 12 DEC 2008

Applicant’s or agent’s file reference

FOR FURTHER ACTION
Sec paragraph 2 bolow

2082.2.4PCT
R I O T S e i e e e L
International application Mo | Imernationgl Hhng date dday sk vears Prascersty date falay modeh yeuri

PCT/US 08/61035 JEI April 2008 {21.04.2008) 19 April 2007 (19.04.2007)

International Patent Classdlication (1PChor both nﬂu:;l.ﬁl classihcatwom and PC
IPC(8) - GOBF 15/16 (2008.04)
USPC - 708/227 N L

Applicant  MOVE NETWORKS, INC.

1. This opinion contains indicetions relating 1o the Inllowing items
E Box Mo, 1 Basis of the opinton
D Box Mo 11 Priarity
E] Bex Mo, 11 Mon-estebhshment ol opinion with repard 1o novelty, inventive step and sidusinal apphicabiliy
[] Boxme.1v  Lack of unity of invention
E Box Me. VY Reasoncd stmement under Rule 4386 ak) with regard wo novelyy  imventive siep or imdustrial applicabifoy;
citations nnd explunations supporiimg such stalement
D Box No V| Certain documents cited
l:l Box No. V1 Certain defects m the infermational application
I:I Box Me VIHIT Cemaip observaiens on the internzional application
2. FURTHER ACTION
If a demand for internationsl preliminary examination 15 made. this opinion will be considered to be a written opmion of the
Iriternstional Prelimmany Exanumng Autharite 00FE A7) except that this does not apply wheoe the spplicant chooses an Authority
other than this one 1o be the IPEA and the chosen [PEA has nonfied the Imemetional Burcuu under Rule 66, |dinibh thar written
apinions of this ineemational Searching Authority will nof be <o consifered
1f this apinion is, a3 provided above, considered (o be p witten opinion of the IPE A, the applicsnt i invited to submi o the IFEA
n wrillen reply togetber, where apprapriate, with amendiments, before the expiration of 3 manths fram the date of mailing of Fonn
PCTASAZ20 or before the expiration of 22 months from the priority date, whichever expires lawr
For funher options, see Form PCT/ASA220
3 For farther detasls, see noted 1o Form PCTASAZ 20
MNume and mailing sddress of the 1ISAMIS | Date of campletion of this opimen Authonized officer:
Mait Siap PCT, Atin: 1SA0IS Lae W. Youn
Commigsioner for Panis . [}
P.O. Bux 1450, Aleasrdria, Viegina 22313-1450 26 November 2008 (26.11.2008) BT e B i 300
Facsimile Mo, §71-273-3201 FCT 0P, 5T1-372-1774

Form PCTASAZAT (cover shest) {April 2007)
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WRITTEN OFINION OF THE Internatronal application Mo

INTERNATIONAL SEARCHING AUTHORITY
PCTAUS DEAG1035

Box No. | Basis of thiz opinion

1. With repard to the langueage, this opinion has been ¢stablished on the basie ofr

the imernational application inihe language In which nowas fled.

D a translation of the intcrnational application into which is the lenguage of a
translation furmshed for the purposes of intemational search (Rules 12.30a) and 23.1(b))

D This opinion has heen esteblished ltking inlo account the rectification of an obvioss mistake suthoorzed by ar notificd
to this Authority under Rule 91 (Rule 43845 1{n))

L]

1. With regard o any nuclcatide andior nming seid sequence disclosed in the internotional application, this opmon has been
established on the basis af

A 1ype of materiol

[j nsequence fisting
D tableis} related 1o the scquonce hsung

b foemat of materal

D an paper
m

B i elecuonic form

&, time of flingAfurnishing
E:i comained m the internaticnal apphicaton as filed
D filed together with the international application in electronic form
EI furnished subsequemnly w this Awthority for the purposes of scarch

d D fo addehition, in the case thal more than one version or copy of a sequence listing anddor tableds) relating thereto has been
filed or furnished, the required stntemeniz that the information in the subsequent or additronal copies s identical o that
i the applicatian as filed or docs not go beyond the application as Nilcd, as appropiiate, were furnished.

5 Addinonal comments:

Form PCTASARZY (Box N ) CApril 207)
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NG T
WRITFEN OFINION OF THE Inwmationisl spplicetion No.

INTERNATIONAL SEARCHING AUTHORITY PETAIS DAB10IE
Box No. ¥ Reaspoed statement under Rule 4386 1{a)i) with repard to aovelty, inveative step o industrial applicability;
citations and explanations supporting such siafenment
I.  Sumement

Movelty (M} Claimsg 138 R YES

Claims il o N
Invennive step (15) Claims None YES

Claims 1:38 N
industrial applicability (14) Claims 15 YES

laimg Hone N0

2. Citations and explanations’
Claims 1-36 (ack an inventive step under PCT Arlicle 33(3) a3 being obvious over US 20030188051 A1 {Sneh) in view of US

OO A6 A (Kashyap)
Ragarding claim 1, Sneh discloses an apparatus 1or resibant conten? scguisition (content. para [0005)), the apparalus comprising: a
directive handlog module configuned 1@ implement a diective (directives, para [0055]) whensn the disgclive defioes iequitements for
astablishing localng, and mamiaining & network conpection (maintain downicad siale, para [2097]) and a content acguisition module
eonliguoed o acqoire content over a nelwork accarding to the directive (contén] acquisition, para [HE81]) Sneh does nol expressly
discioze maintaining & nebwork conpeckon with @ remote host, Keshyap lesches maintaining a retwork connection wilh o remole host
{remote host, paca (0101]) 1 woula have been obvious to one of ardinary skill in e an at the tme of the applicant's invention to madify
the method of Snek to inchuede maktamng o netwark connedclicn with o remote host as laught by Kashyap because for the advamnjage of

expanding ihe matwork beyond immecdiale syswams for contant acquisition.

Regarding claim 2, in the combination of Sneh and Kasnyap, Sneh further discloses the content egguisition module is further configured 1o
frangmil & directune Server Quary o a rective sarver (GA Sarver, paca [01.36])

Ruegarding claim 3, in the combination of Sneh and Kashyap, Snah further disciosas the directive handiing module is funher configured 10
receive the directve from the directive server (direclives, para [00S85])

Regarding chaim 4, in the combinabicon of Soaeh and Kashyap, Sneh luther discioses the content acquisilion moduke is futher configured (o
jocate the content, autharize the content, relneve the contant, display the content. and report statstics in accordance with the directive
{content acquisiion, para [DU81]).

Rogardmng claim §, in the combination of Sneh and Kashyap, Sneh further discioges a directive sever moduie configured fo maintakn & list
af diroctive snrvars and o seflec! a directive server for each direclive request (CA Senver, para [0138])

Raegarding claim 8, in the combination of Sneh and Kashyap, Sneh further discloses a server stalus module configured 1o mathain a
statue Indicator for each of a plurakly of conlent delivery network servers [stalus, para [D188]),

Regarding claim 7, in the combmation of Eneh and Kashyap, Sneh further discloses a broadeas! module configured o roadeast content
avallability over a network such that a second apparatus acquires the content from the apparatus over the natwork (contenl acquisition,
para [0031]).

Regarding claim &, in the combination of Sneh and Kashyap, Kashyap turther discloses a diccovgry module configuied o discovar
availabbe content an the netwerk such that contont iz acquired from a second spparatus (ramate host, para [0101])

Regarging cleim 9, in the combination of Sneh ond Kashyap, Kashyap furiher discloses the directive g further conligurad o identify a
plurality of packup remata hosts fremote host, para [0101])

{Beee Supplamenial Box)

Form PCTASAS21T (Box Mo Vi{Apnl 2007
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WRITTEN OPINION OF THE Internatnal applicaiion Mo

INTERNATIONAL SEARCHING ALTTHORITY
PCTIUS 0881035

Supplemvotal Hoy

I ease the space in any of the preceding boxes s nor sulficicnr.

Continuation of
Hox Mo Y — Reasoned stalement

2. Citations & explanations:

Regarding claim 10, Snah disclotes a system for resikent content acquisition {content, para [(KJ05]) the eystem compising: & client
module in communication with 8 network (modules, pare [G121]-]0127]). the cient modulo comprsing: o direchiva handling module
configured 1o implement & ditective (directives, para [C0SS5] J; wharomn tho difective defines requsrernants for eswabliehing. lacating. and
miaintaining a network connaction imeintain download state, para [J097]); a content acquisition module configurod to acquire conlen| ovar
the nelwork acconding 1o thae directive (cottont acquisition, fara [D081]); whorain the contont acquisition module & funther configured to
communicate B directive servar query with o dirgctive server (CA Servor, poara [T138]); and wherein the directive server s configured to
parse the content requast and generale a cirective In responsa to tha content request (CA Server, gara [0135]). Snch doas not cxpressly
disclcse maintaining 8 network connection with a remaote host. Kashyep leaches maindaining a nobwork connechon wilh @ remode host
[remicte hosi, para [0101]). It would have been obvious o one of crdinary skill in the onl at the time of the applicant's invention o modify
the methad of Sneh to include mamtinng a nebsork conneetion with @ rermote host as laught by Kashyap because for the advantage of

expanding the network beyond immediale syslems for content aoquisition,

Regarding ciaim 11, in tha combination of Zneh and Kashyap, Sneh furthber discloses the dirsative handling anodide 15 further configured o
recame the direclve from the directive server (directives, para [0055]).

Regarding claim 12, in the combination of Sneh and Kashyap, Sneh funher disclosas the content acquisition module s further configured
1o locale Bw conteni, suthanize the contand, retriswe the content, display the conlént, and report stalistics n acoordance with e dveclive
{content acquisition. para [DB817)

Ragarding ciaim 13, in the combination of Sneh and Kashyap, Sneh lurther discloses a directive server module configured o malntain a
list of direclive servers and 10 selec! a directive server for sach directive request (CA Server, para [0136])

Regarding claim 14, in the combination of Sneh and Kashyap, Sneh further discloses a server siglus module configured 1o mainiain &
siatus indicator for each of a phurality of content dedivery nelwork sevvers (Slatus, para [0188])

Regarding claim 15, in the cambinatan of Snen and Kashyap Sneh further discloses & broadcast module confliguned o broadcast content
avatlabsity over s iocal nebwork such thal a spcond apparalus acquires e contend from ey apparatus over e nebsovk (content
actuisilon, para [B081]). ]

Reganding clalm 16, in the combmation of Sneh ang Kasnyap, Kaghyap (uniher discloses B discovery modube configured 10 giscover
mvailable conlenl an o netwark suech that content is acquired from a second apparatus (remole hosl, para [0101]).

Regartding chvmé 17, #5 and 33. Snah discloses 4 method, Computer program product. and apparats for resdiant content acquisithan
[content, para [(005]), compiising. impiemenling a girective (direclives, para [0055]); defining fequirgments fof iccating, establishing. and
mainta:ning a nabwork cannacilon (maintain downdcad siate. para [C09T1) and acquining conteni over 8 network according to the diractive
(content scquisition, pars [D021]). Sneh doos ool expressly disciose maintaining a notwork connection with @ remate host. Kashyap
teaches maintaining a natwork connecson with a remote host remote host, para [0101]). it would have been obvious lo one of ordinary
gkill in the @l ol the bime of tha applicant’s vantion o modity the method of Smeh o inchade maintaining 5 nabwork connection with a

remate host as teugnt by Kashyap for the advantage of expanding the network bevond immadiate systems for content acquigition.
Fegarding claims 18 and 28, in the combinalion of Sneh and Kashyap, Snab further discloses rapsmilting 8 dirgctive server guarny 10 8
direclive sorver (CA Sarver, para [01346])

Ragarding clakms 19 and 27, In the combinaten of Snah and Kashyap, Sneh further disciozes receiving the directive from the directive
gerver (CA Servaer, para [0136]).

Regarding claims 20 and 28, 0 the combination of Sneh and Kashyap, Sneb further discioses locating the conlent, authonizing the canbant,
rotriaving the content, displaying the content, and reporting statistics In accordance with the divective (coment acquisition. para [0081]).

Regarding claims 21 and 23, In the combination of Sneh and Kashyap, Sneh further disclesas maintaining a sl of direclive servers and
seiesting a dimclive server for sach directive request (CA Server, para [0136]).

Reganding claims ¥2 and 30, In the combination of Sneh and Kaghyap, Sneh further digcloses malntaining a status indicator for each of a
pluratity of content delivery network sorvers (slaltes, para [018B])

Regarding claims 23 and 31_in thie combinntion af Sneh and Kashyap, Kashyap lurther discleses broadepsting conton! avaiability over o
focal natwork swch that a second spparatus aocquires the content from the apparatus over the network (remote nost. pars [0101]).

Reganding claims 24 and 32, in the combinalion of Sneh ano Keshyap, Keshyap further discloses discovenring available content on
nebaork swch inal confent & Bédured fiom & second apparalus (remobe hosl. para [D101]).

{Swe Nuxl Supohemental Box)

Farm PCTASAZIT (Supplemental Box i {Apri] 2007)
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WRITTEN OPINION OF THE Intermational Applicstion No.
INTERNATIONAL SEARCHING AUTHORITY PCTIUS 08/61035

Supplemental Box

In caze the space io any of the preceding boxes Is not sufficicn.
Conirmuation of;

Preceding Supplemental Bux

Box Mo, V - Resgoned statemsnt

2. Citations & explapaiions.

Regarding claim 34, Snah disclotes an apparstus o restunt content delivery (conlent, pang {0005]). the system comprsing: a parsing
moduke configunesd 10 receive 2 conen: request from a source and iertfy content information (modutes. para [0121}-{0127]) & response
modude configuned o generate a dickve in responrse 1 the content infonmalion [disectives, para [0055]), wherein the direchive dafines
requiramans for asiablisheng, locating. and maintaining a8 network conneclion (maintgin dowrload state, para [0097]) and wharein the
response mddile s uiher configured o communicalo the direclive with the sow'ce (content acqumsabon, para JD0ET]),  Sneh does nol
expressly dizcioge mainialning o nawwork connecticn with 8 remole host, Kashysp ieaches maintaining a network connection with a remole
hoat [remole nast para [D101]5. L wowld have been obvious 1o ona of ondinary skill in the at at the bme of the appiicant’s svention o
madity the methed of Sneh o include maimaining & network connection with a remote host as laught by Keshyap because for the
advantage of expanding he Rwark bayand iImmediate sysiems for contant acqguisiton.

Regarding claim 35, in the combination of Sneh and Kashyap, Soeh lurher disciosas the content infomation is selecled frem a group
congisting of hos|, domain, conten request source, paih, and coment namae [content aoquigiion, para (00811}

Regarding claim 38, in the combDination of Baeh and Kashyap, Bneh Turthar discioges he responss modube is furthers configuned o updale
and communicate the directive with the source (CA Server, para [0136])

Clams 1-36 have industrial applicatility as defined by FCT Asticle 33{4) because the subject matter can be made oF used In wdustny.

Farm PCTASASDT (Suppicmental Box| {April 2007}
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PATENT COOPERATION TREATY ~ECEWVED |

. T — S =T — —_ i
From the INTERNATIONAL SEARCIHING AUTHORITY i NOV 1 @ 7n0=

Te

PCT:

LESTER J VINCENT | G AMELY. SOMOLOPE, TAYLOR: & JAENAN
BLAKELY, SOKOLOFF, TAYLCR & ZAFMAN - | SUBKVALE
LLP NOTIFICATION OF TRANSMITTAL OF

THE INTEEMNATIOMAL SEARCH BEPORT AND

12786 QAKMEAD PARKWAY
SUNNYVALE, CA 24085-4040

FHE WRITTEN GPINION OF THE INTERNATIONAL
SEARCHING AUTHORILTY, OR THE DECLARATION,

(PCT Rjilc 44..]] _ N 2008

{late |f1|ba.|lln“ { Ly ; rips
I";:I"d}'-"i;nmph‘_\rewj Woer R B aille]
Applicant™s of agent's Hile roference o '
E6532P0CGAPCT FOR FURTHER ACTION  See paragraphs 1 and 4 below
| Tnternational application Ne. inernatinal fling date 1
PCTMAUS 08/08281 felsipfmoni rar) 01 August 2008 (01.08.2008)

Applicars MOVE NETWORKS, INC.

-

=

'I'hl:, .lﬁﬂl damal 1% ]Ii‘.‘ﬂ'.'l:”‘} ncefred that the mermatwnal scanck II'.'1.II'I:I".. and e writien |;E\-mn-n of thie hilurhﬁlnmulf Smﬁrrlulm
Authonty have boen catsblished and are ransmitted horowith.

Filing of pmendments and statement under Article 19
The applicant i ennitled, ol he 5o wishes, 1o amend the clims of the miemanona! apphcoiton (see Kule 46);

When?  The tinee bimit for Ghing such smendments 18 normally vwo months from the date of wansminal of the
witernational search repart.

Where?  Dyrectly o the intersational Busess of WIPL, 34 chermin des O ullm’!hl.':tl:a
1211 Geneva 20, Swiverland, Facximile Mo.: <41 22 740 14 35

Fur mere detailed inafructions, sce the netes o the accompanying sheet

b

D The applwant s heiehy sotifivd that oo micoastions] search repon wall be establinhed and thae the declisretion unider
Asmicie 172 a) o that effecand the written upinion of the Imemational Scarching Authurity are oransmited herewith.

D With regard do the profest against payment of (ankadditinnal fee{s) under Bule 90,2, the applicant is nonfed that;

the protest together with the decision thereon s been tranemitted 10 the International Burean wpether with the
eppircom s request 1e forwurd the wexts of bodh the protest und the decision thereon w the designated Offices,

!:I nar degisson has been mede yet on thie protest, the applicont will be notificd 45 scon a3 & decision is made.

Ryeminders

Shortly after the exparation of 18 moenths from the priority date, the mcmational spplication will be published by the
Intemgtionel Burcau, [ the applicent wishes o avind or postpone poblication, a notice of withdrpwal of the imernational
application, o of the prosiry olam, wust reach the International Burcaw as provided in Rules 908&is. | and S, 3, respoctively,
befone the coemplonion of the wekiniea! preparations for nernanonal publication,

The apphicant miay subnit comments on an informal bazig on the written apinion of the Internatienal Searching Autherity 1o the
Inernotionel Burcen,  The Inemancnal Buresn will send o copy of such comments o all designated Offices umless an
tenational prelicnnery exammasticn report has Been o 15 10 be watablished, These comnents would alsa be made available ta
the public bur nat befors the expiruten of 30 months from the priorine dote.

Within 19 monthe from the pronne date, byt ondv in respect of some designeted CHTices, a demand for imemanonal prelininary
exominunen must be filed of the applicant wiches o posipane the entry mio the netianal phose wntil 3 mosths from the poenty

date (in some Offices even later), otherwise, the applicant must. w ithin 10 muenths fron: 1he priurity Jate. perform the preseribed

acts far entry imto the notional phase before thise designated Cifices.
bn redpedt of elljer designaed Offices, the tirne limy of 30 months (or Juter) well apply fven of ne demand is fled within 19
months.

Seethe Anncx 1o Form PCTABME] and, for demils gbout the apphiceble pme Jirmits, Office by OfTice, sec the FCT . -dpp.ffanr:.
Crurde, Voluree 11, MNanooal Chapters sod the WIPOE lnternet Gite

e

f}f;"

Mame und mmling sddyess of the 1SA/US | Authorized u‘l’f';.dr"f F{ /// ‘-/D"'"--..,

Ml Shop FOT, A IGARS

Caymimasssonar lor Feignts
PG Bog 1480, Alesandein, ViEeging 22ETE- 1480 POT Sk 6745704000

Faisimile Mo, S71-E75-3001

PTG ETFTR T 4

Form FOTASAZI0 (January 2004}

S DATE IN TO FOREIGN DoCKETING | | [11/05
{E'r 70 Fly DOCKETED BY

REVIEWED BY
DATE OUT

fiee moles o accompandyirg skeet)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

Ta!

LESTER J. VINCENT PCT

BlLAKELY. SORKOLOFF, TAYLOR & FAFMAN
LLP NOTIFICATION OF TRAMSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND

1279 CAKMEAD PARKWAY

SUNNYWVALE, CA 24085-4040 THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OF THE DECLARATION

CPOTT Rule 44.1)

sy 05 NOV 2008

Applicant’s ar agent's fils reference
8532 POOSaPCT FOR FURTHER ACTION  Sce paragraple |and 4 below

Internutional spplicanon No, .I_m.i:.'.r.r-'.'ati.nlml filing date
PCTUS OB/QEERY raici) monick fvear) 01 Augusl Z008 (01.08.2008)

Applicsmt MOVE NE TWORKS, INC.

I E e i lactiured vs h-rlrh} noalifiedd thiar the spbe rostnal seatclh repart gnd the writen gpunn of the Intermanonal Sg;lch]nu
Authonty lave been estabhahed and 2re transmutted herewath.

Filing of amvndmenis and statement under Acticle 19
i spplicant s et led, of be so wishes, o smend the chinms of the imematienal applhication (aoe Rufe 46}

The ume hmn for Bhing such amedmens 8 romoally two momhs fion the date of mansmittal of the
international search teport.

Whore?  Deectly to the biematonal Hurean of WIECY, 34 chomin des Colomibetics

1211 Geneve 20, Switzeriand, Factinule Moo +41 22 740 14 35

Fur more detailed instyuetiong, see the notes on the accompamving sheet

When?

2. D The spplicent 15 henehy notified that noomeermotonal search pepoart will be esinblizhed ond tha the declaration under
Artcle 1 T{EHa) o that e oot and the wantten opiraon of the nernational Searching Authonity arc tansaiied herewith,

D With regard to the jorotesd aganst peyment of (an)addiional feels) under Rule 40 2, the spplicant is neufied than

the profest together with the decizion therean has been ransmiiied to the Imemational Buresy together with the
spplicant’s request 1o forward the texes of both the protest and the decision thereon 1o the desipriated Offices.

D no decision hag been made vet on the proest; thie spplicant will be notified ax soon a8 & decizion s made,

4. Reminders
Shortly afer the capiration of 18 months from the pricrity date, the international application will be published by the

Internutional Buresu. I the applicant wishes to avend o postpens poblicanion, o notce of withdrawal of the intematicnal
application, af ¢f the praonity clam, mist reach the hierustional Bureay as provaded i Rules $bis. | amd Sk 3, respectively,
before the complenon of the technieal preparations for internetione] peblicarion,

Ihie appiicant may sebmit comments on an informs] bacie on the written opision of he Infemational Searehing Aunthony 1o the
Iernaticnal Bureay,  The Intermstione] Burcaw will send » copy of sueh comments to all desipnated Offices unless an
itermaeidnal probiminary exananation repo has Bees 4o g 10 be estabiisbed, These comnments would also be made avarluble 1o
the public but not beface the expiranon of 30 months from the prionny dare.

Witkin 1 monrhs from the pnonmy date, but only in reipect of tome designated Offices, a demand for intemationsa) prelimniny
examinziion must be Bled ol the spplicant wighaes 1o sostpang the eotry mee the padonal phase until 30 menths fom the pnoenty
alater i seaee LN Nces even aten), athenwise, the applicant must, within 20 moenths froon the pronty date, pecorm e presonbed
aets for entry into The nanons | phase betore those desipnared Ontices

in teapeci af other desigmancd Offices; the nme om of 30 months (o ey will spphy even f oo demand o6 Sled withe 18

mniha,
e the Annex o Form PCTARSO 1 and, for dewnils about the spplicabie nme lmiis, Offce by Office, see the Pvl'."i"zr,r-pu'urmr".;t

Gurddde, Vilwne |, Netone! Chaplers and the WIPC Interne: site.
" 3 I s r
e . iy ;: 5 i .,:-
& Ll

Pd

ol

P il
Py e

Namt and mailing sddress of the ISAUS Autharrzed offic '/?/,’jfgfrf e
{,-'['@ﬁ.uﬁ ke L

Mail Slop PCT, Ak 12AUE
Cosmmmas sionegr 'or Fatents
P 0L Box &S0, Alnapninri, Vinginin 223131450 T Hekdiak: B P-4 500

Focsimmbe Mo, 8571-273-3200 BOT GHP: 67 1-5T4 FTM
Foom PCTVISAALZ0 Danuary 2004]

(oo nowes an accompranying sheel)
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FATENT COOPERATION TREATY

PCT

INTERNATIHONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applwent’s op upent s fle reflerence FOR FUKTITER see Form PUTASAZ20
ES2PPONSPCT ACTION a3 will as. where spplicable, em 2 bolow,
Ir|'|1.-||1.":.[:-:'|.*"_.ad n]ﬁ:;i;hn—.\:ﬁ:- o "_‘;ITL'-I';;I.;(;EI,,'.-[T;?"M' e fd:_;.-m-:..m.hl_".'r:rj_?_.:;;-rh,u'\.‘!} Fr:nnﬁ-' [ame m"a_p}lmmﬁ-}.;arl. T

| B Augus) PO0Y 106 DE F007)

FCTUS OBACEZET 07 Augue! 2008 (01,06 2008)

Apphicant
MOVE NETWORKE, INC

Thix imemational search repon his been prepared by this Inwmational Szarching Authoriny and 18 pansmiaiied 1o the applicant
aceording 1o Arncle B A Copy is bring transmitied o the Intermational Burcat

This imemations! scarch repon conaizsiz of awsisl of ____ﬂgf sheets.
D s aklso I.tl.'mi".r.aruﬂd !:l:'!I R (rfnan:h s arl .I'!Hl'llrl_'.l.',"lﬂ eifed o thias report

1 Basis af the repart
With regard o the lamguage, the internatjone] search was corried our o the bagis of:
E the intemanional apphication in the languape in which it waz filed,

D wtraslation of the imeraatenal gpplicstea inie
B trunsluliim furmished for the Plrpess cf mtermpnona! search (Bales 32 3ta) and 22, 0{b))

b. D Thes mmternmbionsl scarch tepat hag been esteblished faking mto sccount the rectificatien of an obvious mistake
uuthonzed By o notifisd oo rhis Anthoney ender Bule 91 (Rule 43 6bhista))

< [] Wik regand 10 sny nuclestide ond/or smino acid seguence disclosed m the miermunonal apphication, see Box Mo 1

&,

which is the lenguage of

2 D Cortzin claim: were found unkearchable (sce Box No. 1)
3 D Uniry of invention is lacking (see Box No. N1

4. With regard 10ihe tithe,
E the text is approved as submitted by the spphcant
D the text has been established by this Authoriny 1o reud ws follows:

5. With regard to the abstruct,
thie teal & approved as submmined by the applicant.

D he 1ent has hoen esblished, secordimng to Rale 28.2{k5 by shs Authonny as 0 appears s Box Moo IV, The spphgan
may. within ong month from the date of meiling of this intemistional search repon, sebmit comments to this Authesiny,

6, With regard wr the drawings, =
s the fpure of the drawings w be pubhshed with the wbatract 15 Figure Ne. 1 s
assugppested by the applicant.
&8 selevicd by this Awthovity, because the applicens feiled to supggest o figure.
D gz selecied by thes Authonty, becsuse thie figure belter characténiees the tnvention.

B D none of the Tigures 1510 be published with the abstract

Form POCTASAR 10 {first sheet} fApnl 2007)
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INTERNATIONAL SEARCH REFORT Imernational application M.
PCT/LS DRAOSEET

A ULASEIFICATION OF SUBTECT MATTER
IPC{B) - GOBF 15/16 (2008.04)

UEPC - 708/237
Accarding 1o Inlernational Parent Clazgificanon (1PC) or 1o bath aetional clasaficanon snd [PC

Mimaraem ductmentaton sevrohed (Clanificalion fystem foliowed by classification syvmbols)
USPC. T0aeM

Doeymenaion seorehed odlee than oo m decumeniatog @ e exoed thel such docwsenis arénc huded in the fielae searched
USEC: POLR0E, 207,218, 225, F30-235

|-.n.1mn:. data base consuiled uiu' r.g the u.l:tr“ntmr:l.. search tnatne of dats fise and. whene practicable, search toomes ued)

Electronc Databases Searchid. FobWEST (POPE USPT USOCEFAL JVAB) GoogeScholar

Ecatch Towrms sed: sligamiiole, aG:q‘rﬁvF Rireker, rrwlls ekl Plieeleate, 'dlhﬂsi'lll‘hr'q;_ S, @0are, LOlih, ETreArmeng vaiBEcme s,
fiber, bhock, simuicoding, iemeine, Hve honzon, relings, pom, mute etc

[ B, FIFEDS SEARCHED

G, DOCUMENTS CONSIDERRD 10 HE RELE vm-rr

gy Citatiom of d{:nm:-,nt, wath indicsnon, where spprapnote, of the relovam pussapes Relevant 1o claim Mo,
_"1"_ 7 TS 200502625 A3 (MAJOR el el ] 26 Novomber 2005 (2411, 2005) {shared aulhor 126 =
Enliit COCUMEn!, expecially. Abztract, para [O085), (0047 [C072]
¥ ruement, B Page One PR, "Move Networke Clises $17.2 Milion In Frst Roune VC Funding,” | 1-28
Move hetworks, Inc. Press Boiveses, OF Febroary 2007 (07,02, 2007] [retreved 12 October
7O0R (1210, 2008)] Relreved fram the Intermel. <URL;
nipffareoa. move Ivpressipress? 00T GE0T Bimils
erling document, espocially: pg 1. pera 4-0
¥ LIS PO0RAE T AB4 AL (JARMAN) 07 Doecember 2006 (07.12.2006) 4-B, 12-13, 17-18, 2724
gntirg oocumeent, espocaily: Aostract, para [001G], (B01E], [(K6GE]
A tove Metworks, “The hew Generetion Vdeo Pubisning System,” 11 Apnl 2007 (17042007} 1-26
et ved TS Oclamel 2008 (13.10.2008)). Raineved trom the Internet. <URL:
Rl wewwe o ve ne otk comewp-ronienbuptasd s o e lwerks publshing sys e m pdfs
1
oo e
[:] Further gocumens are liseed inthe continuation of Box-C. D
' Specisl f“'-'!"'-“"-" of chied documents: T fater docurment published &k the micyisatonst Gl date of pocit

A" dovumen! defining the pencral sune of the &n which is nor Considored date nnd nasl mcorfhot will the applicaion bol wied o (T
10 b of peurncular mlt"?:.n:: N the principle or theary enderlying invention

HEY eariier ppplicarion-or puen s pukhshed gn oo alieg tee iniemational =X ahwgment of parnculer refevance, the clained mvention canol be
filing dite consdered noivel o cennot Be considered o nvelve an mventve
L™ docoment which aay throw doublh da poisigy <aamis ) i whech i siep when the docwaws! i taken slone
cived IP cyishiish the publicarion dwtc of anofer cilation or b K dacurient ui’pﬂ.rncuiu: relevance, the claimed invention cannot be

yprom! s (a3 spectfied) cunsideied Woivelve &0 fendive iy whan e docusiom b
0% docureen peferming o an orl discloore wse, exhibifon e othear e orrbined will onie s miore other sech docemeniy, sench o minhinanon
FICATE Hing obvieus 1ok peraen skilled o ko an

BT documentpabhshed prior i B iMemanonsd g aote but loes than s oiment memther of the some paient famil
the pebarity dewe clsimed bod ERp 2l ¥

LCade of the actaw! completion of the intermemonal search Drate of nmelmyg of the international seavch repart

14 DCiclobwr 2008 {148.10. 20083 EI S NF{U ?Fﬁﬁ
Mame and mziting wddress of the 1SA/LE i U Autharized olficer- ﬂ ;cﬁf' M:ﬁ ¢ Ta
Wil Srap FCT. A ISAUS, Commizsoner lor Pelonts
= 3 i e 214
B3 i.m'." 1AED, Alxandna, Vgt 223141450 S
Facsimile Mo, &71-273.32M POT Q58 ET1275.TTTA

a

Formy POTASALZ W isecond ahect) (Apnl 2007)
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FATENT COOFPERATION TREATY

From the
INTERNATIONAL SEARCHING ALTHORITY

To:
* LESTER [ VINCENT PCT
BLAKELY, SOKODLOFF, TAYLOR & ZAFMAN

LLP WRITTEN OPINION OF THE
1278 OAKMEAD PARKWAY INTERNATIONAL SEARCHING AUTHORITY

SUNNYVALE, CA Ca0BE-a040
[PCT Rule 43bis.1)

|| i, 05 NOV 2008
| FORFURTHER ACTHON
‘ Sec paragraph 2 below

Applicao s o agent’s Ok cfvienee

BEZZFPO04PCT
l:rl'lcrm;iau] upplic B1iz:-:' ‘\':.u ) Indernptiomal filmg dote felaympnshivoar l l-'-riw'h:. date faayimunthdear)
FPCTAIS DBAOSZE 151 August 2008 (07,08 2008) 0B August 2007 (08.08.2007)

Interatipnel Pawent Cheslicauon (FC)or both sasicrial classifcaion and | PC

IPC(8) - GOGF 16/16 (2008.04)

USPC - 708231
Appheant  IMOVE NETWORKS, INC.

1. Tie opminn containe isdications telating to the following iemms:

Box Mo | Basis of the opion

Box Mo 1l Erienty

Mon-esibiishment of opiron with wegard to novelry, inventive step and sndusinel apphcabihiy

Baos Mo 11

Box Me. IV Luack of unity of invennion
Reasoned staterient under Rude 83805 Tial 0 with reard s nevelty, inveniive siep of industmal applicabiling:

Box Mo, V
cata s anl 1."![-"!!1:““}”6 -ti-l-lrpi"lll'lg sl sty

Box Mo, V] Cenem documents cited

Box Mo, VI Cenamn defects i the imtermebione b aprplicatton

000 ROOOR

Box Mo, VI Cenam olservations on the internetons ] applicaign

FURTHER ACTION

IT & dernand fur imtermaenonal r:;-hrmrmr? exuinirabon o aod, thae epmmae will be comtidened o be oo wrarien upiniurl. ol the
Internanonal Freliminary Examaning Authonny (CTPEA™) éxcept that this does not apply where the applicant choozes an Authoriny
wiher then this one o be the IPEA grd the chosen IPEA has nouficd the Intersansnal Bureay under Rule 66 1 4e(D} that writier
opimens of this International Svarching Authonity will not be a6 conzidered.

M 1his opmeon 1, e provided sbove, consadered o be a wntten apimaon.of the IPEA, the applcant i myvailed o skt e the IPEA
a written reply wpether, whese sppropriste. with amendments, bofore the expiration of 3 menths from the date of mading of Fean
PCTASAZZ0 o bofore the expiration of 22 mgstis hom the poarity dete, whichever expires later.

*a

For further options, sce Form POTYISAZZ0,

3 For further detgils, see notes 1o Form PCT/ISA220

i’
o
a

: = -
i 4
Name and ineiling sddress of the 1SAS | Date of curmplenon of thie upinen At T g o =
WA Flop PO, ARRT IS5 / L Y%hﬂﬁ""’
1 H

Commigsioner e Fanks 1 =
P& Bow 180, Apaangna, Vegeas 22013-2 460 H Sl bk 10euel) PO P itips ETVETEAN0

Fuesimie WNo. 5712733201 PET DEF: B70F73. 77T

Form PLTTASASRRT {oovier sheet g Aprnl Z007)
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WRITTEN OPINION OF THE Inwerrmnenal spphicerion Mo,

INTERMATIONAL SEARUCHING AUTHORITY
BEOTILE 08405287

Hua N, |1 Haxin of this up::ni.nn

1. With regard 1o the longuage, this opinion hos been esoblished on the bass of

the miermatienal spple aton mthe fanguage mowhich it wae filed.

D a ransivtien of the inwmavonal applicanion inta N which iz the lengeege of a
wranstation turnished for the purposes of mternational search (R Ul T2 M2) and 23, 1{b})

bl

D Tz spamiun Hae been estabbabed tnhimg mto secount the reciification of anebyvicons misteke suthooced by ur ni fied
1o s Agithortty wndcr Bolc 91 (Rl 43k i{and)

3. Wb regard to any. mucleatide and’or wmino acid sequende disciobod o the tormational spphoation, s opoaon Les been
catablished an the Dasis of:
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Internationsl Searching Authority (Rule 46.2).

Where a demand for imternationa] preliminary examination has heenfis filed, see below,

How ¢ Either by cencelling one or more entire claims, by adding one or more new claims or by amending the text of one
or more of the claims as filed,
A replacoment sheet must be submitted for each sheet of the clums which, on sccount of en amendment or
amendments, differs from the sheet originally filed.
All the claims appearing on & replacement sheet must be nmnbered in Arabic niimerals, Where a claim is
cancelled, no renumbering of the other claims is required. In ull cases where clzims are renumbered, they must be
renumbered conseculively (Section 205¢b)).
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Letter (Section 205(bj):
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VIDEO ON DEMAND SERVER SYSTEM AND METHOD
TECHNICAL FIELD

This invention relates to a technique for efficiently providing video on demand while

maintaining bandwidth constraints of a fixed channel.

BACKGROUND ART

Present day Video-on-Demand (VoD) systems typically transmit Constant Bit Rate
(CBE) video. Transmitting CBR video does not achieve the same efficiency as transmitting
variable bit rate (VBR) video for equivalent long-term average bit rates. Transmitting multiple
pre-recorded VBR-encoded video programs over a constant bandwidth channel has problems
since the sum of the instantaneous bitrates required by each program can sometimes exceed the
total available bitrate. On the other hand, broadcast applications employing real-time encoders
use statistical multiplexing to exploit the instantaneous bitrate variations between multiple
programs being carried on the same carrier or transponder. The encoders operate in real time to
enable the system to constrain the total combined bit rate for all programs so as not to exceed the
channel capacity over a given time window. Each video program has an associated complexity
measure. A central controller dynamically adjusts the bit rate allocated to each video program
based upon the relative complexities.

There now exist devices known as “video transraters™ thal operate to reduce the bit rate of
video streams within a common compression standard, such as MPEG 2 for example. Present
day transraters often experience difficulties when converting between constant and variable bit
rates. Such transraters also can experience difficulties when trying to alter the bit rate for bit
streams that have many scene changes, or a large number of I-Pictures.

Scalable video encoding, which permits dividing a video signal into a base layer and one
or more enhancement layers, can also address bit rate issues. Several methods of scalable video
encoding exist, including spatial, SNR, temporal, data partitioning, fine grain scalability (FGS),
frequency scalability. The MPEG-2 and MPEG-4 video compression standards include several
scalability methods. Using scalable encoding requires both the transmitter and receiver have the
same ability to implement different coding algorithms, thus introducing additional complexity.
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Thus, there exists a need for a technique for managing variable bit rate video on demand

that obviates the disadvantages of the prior art.
BRIEF SUMMARY OF THE INVENTION

Briefly, in accordance with present principles, there is provided a method for transmitting
a plurality of pre-coded programs having different bit rates across a fixed bandwidth channel.
For each program, at least two, and preferably, a plurality of different bit rate representations are
generated. Control information is provided at each of a plurality of successive time windows for
each bit rate representation. The control information provides a bit rate and a quality measure

during each time window. The control information enables selection during cach time window

15

20

25

30

of a bit rate representation for each program to maximize the quality of the selected

representations while not exceeding the total available channel capacity in that time window,

BRIEF SUMMARY OF THE DRAWING

FIGURE 1 depicts a block schematic of first preferred embodiment of a Video-on-
Demand server architecture in accordance with the present principles;

FIGURE 2 depicts a block schematic of second preferred embodiment of a Video-on-
Demand server architecture in accordance with the present principles; and

FIGURE 3 depicts a block schematic of third preferred embodiment of a Video-on-

Demand server architecture in accordance with the present principles.

DETAILED DESCRIPTION

Before proceeding to describe the technique of the present principles, the following

terminology will prove helpful:

T is the time interval over which the system optimization is being contemplated
C is the total channel capacity available in time frame T

P is the total number of programs

pe (0, P-1), is the index of a particular program

N[p] is the total number of representations of program p
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nfp] e (0, N[p] =1) is the index of a particular representation of program p
r{p, x] is the bit rate of representation x of program p during T
gl p. x] is the quality of representation x of program p during T

FIGURE 1 depicts a first preferred embodiment of a Video-on-Demand server
architecture 10 in accordance with the present principles for transmitting pre-encoded CBR
and/or VBR. audio/video programs over a fixed bandwidth channel 11 having a total channel
capacity, C. The server architecture 10 includes a plurality of multirate stream generators 12,
12, ...12p,, where P is an integer greater than zero corresponding to the number of separate input
streams. The stream rate generators 124-12p; each pre-code a corresponding one of the programs
Program O, Program 1...Program P-] at a plurality of different bit rates. Stated another way,
ecach multirate stream generator pre-codes the corresponding program to yield at least two or
more different bit rate representations. A representation can include a particular stored encoded
bit stream, or a combination of various portions of different encoded bit streams. A storage
device 14, typically in the form of a single disc drive, a Redundant Array of Inexpensive Discs
(RAID), or a plurality of RAIDs, serves to store the pre-coded representations generated by the
multirate stream generators 12¢-12p ;.

Each of the multirate stream generators 12¢-12p; generates control information for each
time window T of for the corresponding one of Programs O to P-1, respectively. The control
information for each time window T for each representation of each program includes an
indication of the bit rate of that representation and a quality measure, such as the peak signal-to-
noise ratio (PSMNR) of the representation. A central statistical multiplexer (“stat mux™) 16
receives the control information for cach representation. At each successive time window T, the
stat mux 16 selects a representation for each program to maximize the quality of the transmitted
programs while maintaining the total bit rate at or below the total capacity C of the channel 11.

The lowest bit rate representation for each program should not exceed a prescribed value
such that the sum of the lowest bit rates for all programs will not exceed the channel capacity for
each interval T. In this way, at least one representation of each program can undergo
transmission over the channel | |, Requiring the lowest bit rate representation for each program
to have a peak bit rate of C/P or less can achieve this constraint. Other methods exist that meet
the cc:-natraintﬁ r[ p,0] £ C for all time windows T of all programs. Typically, advance

p=0

knowledge does not exist as to when playback of particular programs will commence. Therefore,
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enforecing capacity restraints becomes easiest by requiring that the hit rate limit of the lowest bit
rate representation be the same for all time windows T of a particular program.

The process for the maximization of the overall combined quality can occur in several

P=l
different ways. In all cases, the constraint z Hp.nl pll = C must remain met for all time
=l :

windows T of all programs. A minimax approach can satisfy the constraint by choosing n/p] for
each p € (0, P-1) to maximize the quality of the minimum quality program (i.e., minimizing the
maximum distortion.)

The minimax approach can be implemented by sorting the control information for cach
representation of each program so that the quality and bit rate index increases monotonically
increasing with the index. The change in bit rate for each step (referred to as the “delta (A)”bit
rate) is then stored. The stat mux 16 begins with the lowest index for each program
representation and computes the total capacity S. The stat mux 16 the selects the program
representation at the lowest quality and checks if adding its delta bit rate to S exceeds C. If the
addition of the representation does not exceed C, the index for that representation is incremented,
and process is repeated. Once C is exceeded, the representation with the next to lowest quality is
checked to see if adding its delta bit rate to S exceeds C. The process is repeated until no
increment in any representation can be made without exceeding the channel capacity C.
Alternatively, the total quality of all programs could be optimized by maximizing the sum of the
individual program qualities which involves solving the following constrained optimization

problem:

p-1

max E_q[p.n[p]}: subjectto 3 rlp,n[pllsC
= ps=l =il

It is also possible to optimize the product of the individual program qualities in the following
manner:
i P
max Hq[p,n[p}]; subject to Er[p,n{p]l <C
A weighted average can also be used, in order to provide different classes of service for different
viewers.
The multirate stream generators 12¢-12p.; can use several different methods, or a
combination of methods to form multiple representations of each program. In all cases, a random
access point, such as an intra-coded (I) frame should occur at the beginning of each time window

T, for each representation, so that for each timme window T a different representation can be

Ex. 1018-1985



10

15

30

WO 2004/025405 PCT/US2003/028275

-5

chosen without causing drift. Each representation can use either CBR or VBR coding as long as
the capacity of the lowest bit rate representation meets the total channel capacity constraint.

In a first method, a multirate video encoder encodes each program at several different bit
rates into several independent bit streams. Each different bit rate bit stream serves as a different
representation. FIGURE 2 depicts an architecture 100 for carrying out this method. As seen in
FIG. 2, a multirate video encoder 110 serves to encode a corresponding program to yield a
plurality of different rate representations. A separate one of transport packetizers 112,,
1125...112p.; each packetizes a corresponding representation. The multirate encoding performed
by the multirate encoder 110, and the packetization performed by the packetizers 1124-1125.;
occurs once, not necessarily in real time, prior to storage in a storage device 140 similar in
construction to the storage device 14 of FIG. 1.

Selection of the representations stored in storage device 140 for output in real time occurs
in response 1o a signal received from a selector block 150. The selector block 150 identifies the
stored representation for output in response to a request from the stat mux 160 for a particular
representation. Upon receipt of the signal from the selector block 150, the storage device 140
supplies the selected packetized representations to the stat mux 160 for output.

In a second method, purﬁnns of the several different bit streams are combined to yield
additional representations of a program. The presence of random access points at the same
location in all bit streams of a program (as would naturally occur at scene changes) or the use of
fixed group-of-pictures structures, permits the combination of compressed data from different bit
rate streams at random access boundaries to form new representations. No need exists to store
each representation independently, as long as the ability exists to generate each representation
from the data that is stored. Consider the following example where T is one second, the data is
coded at 30 fps, and 1 frames are inserted every 15 frames, yielding three different bit rate bit
streams, designated as Bit stream 0, Bit stream 1, and Bit Stream 2, respectively. Each bit stream
constitutes a separate representation. An additional representation can be formed which uses
Bitstream O for the first 15 frames and Bitstream 1 for the second 15 frames, and so on,

Assuming alignment of the random access points with the transport packets, the server
architecture 100 of FIG. 2 works well when the transport packetization occurs in advance.
FIGURE 3 depicts a VoD server architecture 200 better suited when the random access points do
not necessarily align with the transport packets. Referring to FIG. 3, VoD server architecture 200
includes multirate video encoder 210 for generating a plurality of different bit rate
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representations for storage in a storage device 240 similar to the storage devices 14 and 140. The
representations stored in the storage device 140 exist as un-packetized bit streams.

Selection of the representations stored in storage device 240 for output in real time occurs
in response to a signal received from a selector block 250. The selector block 250, similar in
nature to the selector block 150 of FIG. 2, identifies the stored representation for output in
response to a request from a static mixer/multiplexer 260 for a particular representation. Upon
receipt of the signal from the selector block 250, the storage device 240 supplies the selected
packetized representations to the static mixer/multiplexer. A packetizer 212 packetizes the
output stream of the static mixer/multiplexer 260 for output on the channel (not shown).

Representations also can be formed by switching between stored bit streams for non-
reference pictures, such as for video codecs (not shown) that inclpdf: pictures that are not used as
reference pictures for predicting other pictures, such as MPEG-2 B frames or JVT non-stored
pictures. Each non-reference picture can be selected from a different stored bitstream without
affecting the quality of subsequently coded pictures, as the non-stored pictures are not used for
prediction. Complete elimination of a non-reference picture in a representation can also oceur.
Each non-reference picture could be switched individually, or groups of non-reference pictures
could be switched together, allowing for many possible total bit rate representations. The
multirate stream signal generators 125-12p.; of FIG. 1 can choose to limit the number of possible
representations to send to the stat mux 16 of FIG. 1 to choose those with significant differences
in quality and bit rate. It is not necessary for each representation to be independently stored in
storage, but a table listing the location and length of each coded frame can be stored to simplify
generation of the representation when needed. It is also possible to store multiple bit rate bit
streams only for the non-stored pictures and only store a single version of the reference (I and P)
pictures, which can significantly reduce storage requirements.

With the VoD server architectures 100 and 200 of FIGS. 2 and 3, respectively, the stat
mux 160 and the static mixer/multiplexer 260 generate a bit stream corresponding to the selected
representation. If individual pictures are not transport packet aligned, the architecture 200 of
FIG. accomplishes transport packetization after the generation of the bit stream for a particular
representation. Otherwise, the VoD server architecture 100 of FIG. 2 FIG. 2 will work well.

In accordance with another aspect of the present principles, scalable video coding can
occur by the use of a scalable video encoder (not shown) to form a base layer and one or more
enhancement layers. Any type of scalability that which employs the base layer for motion

compensated reference picture prediction in order to avoid drift can be used, such as frequency
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scalability, FGS, SNR scalability or temporal scalability. The lowest bit rate representation
corresponds to the base layer. The peak bit rate of the base layer must be such that when the bit
rates of all programs’ base layers are summed, the channel capacity C is nnt'émmdnd for each
time window T. Other higher bit rate representations will correspond to the base layer plus some
portion of the enhancement layer. This approach requires that the video decoder support the type
of scalability used. The VoD server architecture 100 of FIG. 2 is used upon inclusion of an entire
enhancement layer in a particular representation. The VoD server architecture 200 of FIG. 3 is
used if portions of an enhancement layer are used in a representation.

T'or systems which use encryption for contents right management, the VoD server
architecture 100 of FIG. 2 does not require any decryption or encryption in real time, as
encryption is added to the transport packetization process done in non-real time and entire
encrypted transport packets are stored and transmitted. The VoD server architecture 200 of FIG.
3 requires that encryption be performed along with transport packetization in real-time.

VoD programs generally include both audio and video. As audio bit rates are generally
significantly lower than video bit rates and are also generally at a fixed bit rate, there is less
advantage to be gained by selecting from different pre-encoded audio bit streams by the stat mux
16 and 160 of FIGS 1 and 2, and the static mixer/multiplexer 260 of FIG. 3. A user likely will
find the switching of audio quality during the viewing of a single program disturbing. The total
channel capacity C can be considered to be totally consumed by the video channel; assuming that
a single bit rate audio stream is also sent for each program, Alternatively, the above-described
methods can also be applied to audio, where multiple representations of andio programs with
different bit rates and qualities can be generated.

A video player (not shown) that works with the VoD server architectures of the present
principles will contain a video decoder (not shown) and some storage for buffering. For the
particular program being received, the data can arrive at a non-uniform data rate, but with the
requirement that the data corresponding to time unit T will arrive any time within the T time
window. The video player must have the capability of buffering and delaying for T. An upper
limit on the maximum bit rate that can be transmitted for a given representation of a program for
a time window T can be pre-determined to limit the decoder complexity and decoder buffer size.
The decoding buffer is generally a requirement of a video decoder, e.g. MPEG-2 levels sets
buffer size particular requirements, and the combination of T and the bitrate may be chosen to

meet it.
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Fast forward and fast reverse tracks for each program can also be stored at the VaD

server. They can be stored at a single bit rate, or at several different bit rates, and allowed 1o

adapt as is done for the normal play program.
Determination of the time window T length is based on several factors. T should be as

large as possible to get the most statistical multiplexing gain, but small enough to constrain the
delay at the video player for start-up and switching between normal play and trick play streams.
T should be small enough to meet decoder requirements.

The foregoing describes a system and method for efficiently providing video on demand

while maintaining bandwidth constraints of a fixed channel.
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CLAIMS

1e A method for transmitting a plurality of pre-coded programs having different bit
rates across a fixed bandwidth channel, comprising the steps of:

generating at least two different bit rate representations of each program;

providing control information at each of a plurality of successive time windows T for
each representation of each program, the control information for each successive window
indicating a bit rate and quality measure for a representation of a corresponding program; and

during each time window T, selecting a representation for each program such to
maximize the quality of the selected representations while not exceeding a total available

capacity for the channel.

2 The method according to claim 1 wherein the step of generating at least two
different bit rates representation further comprises the step of generating for each program a
lowest bit rate representation having a peak bit rate not greater than C/P where C is the total

channel capacity in time T and P is the total number of programs.

& The method according to claim 1 wherein the step of providing the control
information further comprises the step of establishing the peak signal-to-noise ratio (PSNR) as

the quality measure embodied in the control information.

4, The method according to claim 1 wherein the selecting step further comprises the

step of selecting a representation for each program which meets the constraint

-1
i r[p.n[p]] = C for all time windows wherein:
p=0
C is the total channel capacity available in time frame T;
P is the total number of programs;
p € (0, P-1), is the index of a particular program;
N{p] is the total number of representations of program p;

nfp] € (0, N[p] =1) is the index of a particular representation of program p; and

r[p, x] is the bit rate of representation x of program p during T
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5. The method according to claim 4 further comprising the step of choosing each
program’s representation n[p] € (0, N[P]-1) to maximize the guality of the program p that had

the minimum quality.

6. The method according to claim 5 further comprising the steps of:

(a) sorting the quality information for with the bit rate and guality measure monotonically
increasing with an index value;

(b) storing each bit rate increment (delta) and quality value for each index value;

(c) beginning with a lowest index value, computing total capacity S for program
representations selected thus far for such index value;

(d) selecting a program representation at a lowest quality measure;

(e) checking whether the bit rate increment of the selected program at the lowest quality,
when added to the representations selected thus far, exceeds total channel capacity, and if not

(f) incrementing the index value; and

(g) repeating steps (c)-(f).

7. The method according to claim 1 wherein the selecting step further comprises the

step of selecting the representation for each program such to maximize a sum of individual

F=1 F=1
program gualities by solving max Eq[ p.n[pl); subject to Zr[}’, nlpll=C
o p=i il

wherein ,
C is the total channel capacity available in time frame T;
P is the total number of programs;
p € (0, P-1), is the index of a particular program;
N[p] is the total number of representations of program p,;
n[p] € (0, Nfp] -1) is the index of a particular representation of program p;
r[p. x] is the bit rate of representation x of program p during T; and

g[p, x] is the quality of representation x of program p during T.
8. The method according to claim 1 wherein the selecting step further comprises the

step of selecting the representation for each program such to maximize a product of individual

program qualities by solving
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P-1 F=1

max [ [ gl p.nlp]); subjectto 3 rip.n[pll<C
Akl p=0 p=l

where,
C is the total channel capacity available in time frame T;

Pis ﬁ'm: total number of programs;

p € (0, P-1), is the index of a particular program;

N[p] is the total number of representations of program p;

nfp] € (0, N[p] —1) is the index of a particular representation of program p;
rip, x] is the bit rate of representation x of program p during T; and

g[p, x] is the quality of representation x of program p during T.

9. The method according to claim 8 further comprising the step of applying a

weighted average to provide different classes of service for different viewers.

10. A system for transmitting a plurality of pre-coded programs having different bit
rates across a fixed bandwidth channel, comprising the steps of:

means for generating at least two different bit rate representations of each program;

means providing control information at each of a plurality of successive time windows T
for each representation of each program, the control information for each successive window
indicating a bit rate and quality measure for a representation of a corresponding program; and

means for selecting during each time window T a representation for each program such to
maximize the quality of the selected representations while not exceeding a total available

capacity for the channel.

11.  The system according to claim 10 wherein the generating means and control
information providing means collectively comprise:

a plurality of multirate stream generators, each associated with a comresponding one of the

plurality of pre-coded programs.

12.  The system according to claim 10 wherein the generating means and control
information providing means collectively comprise:
a multirate video encoder for encoding at least two bit rate representations of each pre-

coded program.
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13,  The system according to claim 10 wl;.erein the generating means and control
information providing means collectively comprise:

a multirate video encoder for encoding at least two bil rate representations of each pre-
coded program; and

a plurality of transport packetizers, each serving to packetize the bit rate presentations for

each pre-coded program.

14. The system according to claim 10 wherein the selecting means includes a static

multiplexer.

15. The system according to claim 12 wherein the selecting means compriscs:
a static multiplexer; and

a transport packetizer for packetizing the selecting representation.

16. The system according to claim 10 wherein the selecting means generates for each
program a lowest bit rate representation having a peak bit rate not greater than C/P where C is the

total channel capacity in time T and P is the total number of programs.

17. The system according to claim 10 wherein control information providing means

establishes quality measure in accordance with a peak signal-to-noise ratio (PSNR).

18.  The system according to claim 10 wherein the selecting means selects a

Pl

representation for each program which meets the constraint Zr[ p.hl pll = Cfor all time
pe=l

windows where:

C is the total channel capacity available in time frame T;

P is the total number of programs;

p € (0, P-1), is the index of a particular program;

Nfp] is the total number of representations of program p;

nfp] € (0, N[p] —1) is the index of a particular representation of program p; and

r{p, x] is the bit rate of representation x of program p during T.
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19. The system according to claim 18 wherein the selecting means chooses each

program’s representation nfp] € (0, N[F]-1) to maximize the quality of the program p that had

the minimum quality.

20. The system according to claim 10 wherein the selecting means selects the

representation for each program such to maximize a sum of individual program qualities by

solving:
Pl P-1
max » gl p.nlpll; subjectto ¥ r{p.n[pllSC
all 2o P
where,

C is the total channel capacity available in time frame T;

P is the total number of programs,

p e (0, P-1), is the index of a particular program;

Nfp] is the total number of representations of program p;

nfp] € (0, Nfp] —1) is the index of a particular representation of program p;
r{p, x] is the bit rate of representation x of program p during T; and

q[p, x] is the quality of representation x of program p during T.

21. The system according to claim 10 wherein the selecting means selects the

representation for each program such to maximize a product of individual program qualities by

solving:
Fe=] . 1
max [ alp,nlpll; sublectto S rip,nlpllS C
Rl p=l =0
where,
C is the total channel capacity available in time frame T;
P is the total number of programs;
p € (0, P-1), is the index of a particular program;

N[p] is the total number of representations of program p;

n[p] & (0, N[p] =1) is the index of a particular representation of program p;

r{p, x] is the bit rate of representation x of program p during T; and
g[p, x] is the quality of representation x of program p during T.
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1 22.  The system according to claim 10 wherein a weighted average is applied to
2 provide different classes of service for different viewers.
1
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ABSTRACT OF THE DISCLOSURE

A Video-on-Demand Server architecture (100, 200, 300) transmits a plurality of pre-
coded programs having different bit rates across a fixed bandwidth channel (11). For each
5 pmgrﬁm, a generator (125-12p.4, 110, 210) generates a plurality of different bit rate

representations for each program, Each generator also provides control information at each of a
plurality of successive time windows T for each bit rate representation. The control information
provides a bit rate and a quality measure during each time window T. The control information
enables a statistical multiplexer (16, 160, 260) to select a bit rate representation for each program

10  during each time window T to maximize the quality of the selected representations while not

exceeding the total available channel capacity.
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