20 Oct ober 2004 -1 Met hod For Conmuni cating Audi ovi sual Progranms Over A
Communi cati ons Networ k Background of the Invention This i &%&etaben2G0d| at es
to the transm ssion of transm ssions having relatively high bandw dth
requi renents, such as audi ovi sual prograns. More particularly, this

I nvention relates to a nethod for transmtting such progranms using a
cont ent - based conpression schene and viewi ng such conpressed prograns. Wth
the increasing popularity of on-line conputer networks, such as the
Internet, it has becone increasingly conmon to transmt audi ovi sual

prograns, = such as , rivietigl Pér Cohgitinetin AR Ral PLS h net works.
However, because of the Iigivtgfe andw dt%. of sucﬁl net rar s, and

particularly the limtation Qnmupieations Ngtwereki ons to the network, it
takes a long tine to transmt a programwth its full content. For

exanpl e; at g@gﬁ E gﬁ . of 28,800 bits per second, it could take up
to about 45B§*€E di.q < JRGGH ven a three- or four-mnute audiovi sual
segnent with sound aRefsfnnentiomrdlates td the dranMaission Hf GeARMRSShORERE NN ques
are used t o @htePhi unt Lof ta.to be trangnitted in

i ‘ﬁgﬁ b hABUAR ro enﬁmbﬂ{chr%saﬁ&ogﬁgﬁ RragiMsgdeShave to

connection wth diQvi sual proyrans,
dat e produc&atticalasly; fisinyantion ielatesrty armethpd for tTmemitting sudhyprogranish@inat a i s

found in tha cshbapbaraicorprabiohRendhOH ARwa R %anlggéﬁg@%og%&%bj gcused

there. In addition, W htﬁs.been, observed that” users

forgiving of quality"dtriieineeasing Ropylasiey of onrline sompwier setwiodss, suclrast hose
caufsed bySalttdai Internetpithas beame in&fb@ﬁngpjr%ﬁimh@wﬂ lgadsﬁlitbﬁldw.&ta? dﬁgﬁﬁ%’
perfect. So c . .conpressing the, video portion atterpt to
reduce . theggcrlffp%nl?g{éigygg%e;e%séﬁq %&F%%@ﬁeﬁsr"ﬁpré‘?t%kﬁtﬁ%‘t”eﬁ‘ﬁiyché%ﬁﬂ of ina
| oss of shaithglémied bandyeitith of such hetwarks; land gariculzelymbe Bm@tagbns dfafsset 0 t he

previous fr ; RN, ' . m.one frame to the, next.
Still other %%Ewﬁﬁ&?ﬁért% certgrlkf’lm?'@g?fdgggg8%ﬁ8tn§fl§ff"t1arpé9ﬁf8ﬂ‘t‘f’§h Hised
t

solely on a fyll cange ©F gxpmple; jt acconnestionsppedof 2&8R0 bitspeatiseqmddit coelgar dl ess
of 1ts cont eie g sbot 4L haluenetasif At R68RL. S BIRSinfDhR bRl f
these 1 echuged i ieirad MiiBe wifmam 51 on to ailow the user Lo
wat ch the program i nVariew compression teelinifueasie tdas atbmpedoGBing hoe
R 0 0l & G BNk CRIBLAAR ] Sl 0SS bkt nct !

such techniques have to date produced less than satisfactory results. The majority of

the data is found in the video portion of the program, and thus efforts have focused

there. In addition, it has been observed that users tend to be more forgiving of

quality deficiencies qaused by video compression than those caused by audio

compression; users expect audio to be substantially perfect.

Some techniques for compressing the video portion attempt to reduce
 the amount of data sent for each frame, but that may result in 2 loss of sharpness or

detail. Other techniques compare each frame to the previous frame and only

transmit the changes from one frame to the next. Still other'techniques drop certain

frames completely, frequently based solely on a fixed interval -- i.c., every nth frame

is dropped, regardless of its content and its relationship to adjacent frames, This last

technique results in video having a "jerky" appearance. And still, none of these

techniques allows fast enough transmission to allow the user to watch the program in

real time, or at least to begin watching the beginning of the program while the

remainder is downloaded, or to scroll through the program in any reasonable way
before it is completely downloaded. |




before it is conpletely downl oaded. 20 Cctober 2004 -2- Mre recently, a
conpressi on techni que has been based on-sel ecting video f2aewbas20d4
function of their content. In that technique, certain frames are extracted
automatically based on their content and are retai ned, while the remaining
frames are discarded. For exanple, scene changes, fade-outs, and vol une
changes in the associated audio channgl oul d bg :/Jvﬁefl to ihndi cateI i b

i nportant frames. Those frames would be Fetaine ile others wou e
dlnTs)car ded. The only eXMEptewhtly apnmpyession teelatauambasheon based ca selscting video

action, whi chirmnel g H RIS 156ie '&@nﬁéﬁﬁ']ﬁQ?z%trt@%uﬁdé“%eﬂ[tﬁgvﬁ;&%ﬁfoagg e()%rag[:ted
SO cant RS e oD ALY el 50, SR Ve, SOE o Tl

necessary, whliscandkidngFaruetaraple0spenes shatpes,c fieimous mﬁewuxb@%hahgesdwnh@ad

e eal Tt e, SR ST ABMAPAARRATCRE] BERET o LAYt Tpbiis P g i Pl "

conpr essed, agoqlﬁé);e @taéﬂﬂﬁethe dthens waubtibe dischrdeAeThb ohlyt glxdeptlm: m)gﬂlt be a

t hroughout thgg Qﬁﬁﬂﬁﬁmvﬁfg 21 % ) &gw'oﬁ%dclﬂmln‘?z}r@dsceﬁé c ggsdreglzltmg in

desirable to be aple Py, oV a téc nlque or viewrn
audi ovi sual PPIGr 2?%%“1 S%ntt %S‘réh%‘ep%} t P ismsmitied, Sﬂhthab %(Bncﬂmrﬁgofl‘tbe

user to scroI"blghiﬂaaugkﬁﬁmv%umhgv@troqgr@éeaMOre downl oadi ng is conpl eted.
Summary O The Invent provi de a techni que

€ of the |nvent|onh
for view ng conpresse V%ﬁ)’&fd }Sﬁﬁl NP aNgien J810gHush 3 conpessipn scheme as
transmitted, ddsctibedaltd cloivmipadnthe lmmplete comppdsked plugedig lbefd}e oeBtdahevigw afeam

before downl ct _of .the

i nventi on, ﬁ&gg{&é pr vaf@hfﬁn flal | t O@@]ﬁﬁé %%,M\}llaggbaegﬁ (i %?ﬂog?falweﬁ‘fl%r am
at a station Efpg@f@oﬁrﬁﬂm@m’sﬁ‘?ﬂa@ls ﬁb@)ﬂ\@fﬂ(b@nﬂ doyrdgaded, badkthsadhlityato scadld
station, sai dthedibhewt theplogPiAGEAMR: BEWhIEdIREN &hplee@NPr i Sing a video data

stream said video data stream eL ng, tr conpressed format in
whi ch frames deter ni nég ‘B‘l‘ﬁi\? Fréglpe'ioagﬁ’ g‘}#@f FQ:QFRE’é‘?Q Ralschuifpee for VigwaRE ar e
retai ned and tmmpmssedeﬁﬂmmmﬁptagrdlﬁs/@slgbe}s efe lﬁl@uﬁm%&E@ whie am?]vsl@grtﬁed
sai d program 0 icatin i,C rames
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of each frane is to begin, said nmethod conprising the steps of

est abl i shi ng ﬁlﬁﬁﬁl‘&%?‘l‘h‘e%%ﬁﬁbn

Embodiments of the invention provide a techmque for viewing compressed
audiovisual programs, as they are being transmitted, while allowing the user to scroll
through the entire program before downloading is completed.

In accordance with a first aspect of the invention, there is provided a method
for receiving an audiovisual program at a station of a communications network and
playing back said 'at said station, said audiovisual program having content
comprising a video data stream, said video data stream being transmitted in a
compressed format in which frames determined to have greater significance than

. other frames are retained and frames determined to have lesser significance are
discarded, said program further being accompanied by a table indicating which
frames are present in said compressed program and a time offset at which display of
each frame is to begin, said method comprising the steps of:

establishing a pre-fetch interval;

requesting, at said station, transmission by said network of data to fill a pre-
fetch queue having a duration commensurate with said pre-fetch interval;

when said pre-fetch queue is full, requesting, at said station, transmission by
said network of additional data from later portions of said program.



requesting, at said station, transm ssion by said network of data to fill a
pre- fetch queue having a duration commensurate w th sai 2(p0etobatafii4
interval; when said pre-fetch queue is full, requesting, at said station,
transm ssion by said network of additional data from|later portions of
said program 20 Cctober 2004 2a In accordance with a second aspect of the
invention, there is provided a nethod of .comruni cati ng audi ovi sual
progranms over a conmuni cations network, - ZAd pl ayi ng back said prograns at
a station of said network, said nethod conprising the steps of. analyzing
content of said auydi ovisyal pr.ggram c I essi sai d audi pvi sual program
as a function of i%cc%cﬁipg%t‘mﬂ-g acéggg?@%gge%o?fg&‘gsﬁﬁn%ég% ISCBWB’icf ng a
t abl e i ndi catmhetbodif cdonpouticatig afdisaisdalpprograam aver picos@ninitations aiethvork,
conpressed pr. rgﬁl@] as .t L] L, . i gl rk in ..
associ ation va&)i tQ alﬂgg%%grr%?‘gg]é&%&g?32?%%1&@2%@;{1%“{%% %‘@grtﬁ\ﬁ?ao aroreRiyne

station; and !Bepéps PRig at said station, for request fromsaid network, data

referenced in Saiﬁatﬁﬁigeco%%er@o?h'ﬂﬂtahﬂﬂ)v%al"ﬁio gportion of said program
said data originates in.. In agcordance wth a third aspect of the

i nvention, there iOTIEHINEHIGRUOWSHal NTagram an 3 factiongpisaicheententite vasate
program over ax t grams network and downl oadi ng sai d audi ovi sual

d
program at a station of said network for .storage on. a.,data storage nedi um
for remote pl aybaccl?fnpg]é‘i’%iar}%bl r%%ﬁé% r‘fﬂ“‘%bi??%ﬁ}nsi AL PRSI P JFeIef yo of
dat a st reans,sashicompe¢dsed program samd trosndttags seid: tddepoegsistig aktw@kstinone
of said data : L $SI ver said network; receiving said
aﬁ%dcgﬁf& WEh %g cgf@gggggﬁf ﬁgo%gatﬁ 9

program at sal ation and ) ne’ of said other data streans;
storing on sai d d#xamsnipg sgd talldiatisaid slatiospansk essed data stream and any

id other dat | ' :
2004 3 Br1 ef Descrt ot ot it ity 0 AR BLAE St i SBR et be g

tion of the D . ] . :
advant ages of@dHa ]ier%§ @r{{}pggpq,@ﬁ whigh portion of said program said data originates in.

In accordance with a third aspect of the invention, there is provided a method
for transmitting an audiovisual program over a communications network and
downloading said audiovisual program at a station of said network for storage on a
data storage medium for remote playback, said program having content including a
plurality of data streams, said method comprising the steps of:

compressing at least one of said data streams before transmission over said
network;

receiving said program at said station and discarding one of said other data
streams;

storing on said data storage medium said compressed data stream and any
said other data streams other than said discarded data stream.



apparent upon consideration of the follow ng detail ed description, taken in
conjunction with the acconpanyi ng draw ngs, in which |ike20 &teber2(ifs
characters refer to |like parts throughout, and in which: FIG | is a
schematic diagramof a client/server network architecture wth which the
met hod according to the present invention may be used; FIG 2 is a
representation of a nedia table used with the present invention; FIG 3 is
a representation of a user screen interfage of a preferred enbodinent of
viewi ng software inplenenting the present invention;, FIG 4 is a flow

di agr am showBgefap&icaintion o?thd Deavifew Nng software of FIG 3; FIG 5 is a
fl ow di agram™Show ng di rent of the nethod of the present
invention; FIG 6 is afpeayecmd@thamobissisiand advitages of ét inuérition witladi ng

schene  accoragpagnt epdnhRnBideREsh of ﬂt\éefBHb@ﬂtTg d:e'taﬁed?ieéc?l ‘i"ioﬂ't?ité‘% dj;agram
showi ng det a| | rragg i n routine of

the buffer 051%5169%[2H’éthgh%?ccﬂ”@anﬁng%ﬁ’mgs’ |1%W§1°§‘dﬂ@rfﬁf‘3r@0¢ epateterst at i on
of the contenefcruﬂﬁmmpartsagmulghédteand inoglsielgt i N accor dance WIth the i mage

sel ection routine of f.l ow di agram 'a met hod
according to the i nveﬁtl olnlzc?fS%ﬂgT%tﬁG‘fl@gr& %f?o?lt?\?\%%‘l‘r 05t aﬁWBWCﬁ"C
renovabl e medvithwhish the swiheg ascomdingetotheprebart &ivention B&?Gfelt@éd :on Detailed of

the Invention The pre t Vi d e.formof a viewer
that allows a user tgﬁ\’ilzeivsvr&p@ ?éa}ﬁlrra{sti é’%g&eﬁg%ﬁ%‘; réls g‘thﬁpf‘?f@ Dhanner
descri bed abdl¥entigny transmtted across a | ow bandwi dth network to the
user's conputer. The Fi@VEfs ar@fare&éiﬁatidﬁvﬁ%tdseps&éénq rfa@éaosz?ftre Oér? vi ew the
sel ected frarre amin, or are transnmni gnd to hear
the corresporft 3"3?% Vg‘t‘l'ﬁﬁﬁé‘PﬂWWI’E“E@Y?ﬁ'ﬂ’é‘@géhﬁp@seﬂéllweﬂ@mapt|oned the
cl osed captioning preFHb.abisy v dlageant bisdwiny OferaloRoS@R ARy sH@k AU}

the viewer digpl gy (rather than overlaid on the video I nmage %s I n the case
of television'réeceiver equipped with a closed captioning decoder). In
accordance with the E¥pprissdiondingtdnoshaieiag aippeferrabembodiident 6f B8 aekthod

captioni ng da;f@hé’rﬁﬁsglemmg lpul ated to increase its readability (e.g.,
whi | e broadcast cl osed ca traditionally all in upper case

| on| n
letters, the closed ch gta rage oving atpeeferred buffer loading scheme
according to the present invention;

FIG. 7 is a flow diagram showing detail of a preferted embodiment of
the image selection routine of the buffer loading scheme of FIG. 6;

FIG. 8 is a schematic representation of the contents of an image buffer
loaded in accordance with the image selection routine of FIG. 7; and

FIG. 9 is a flow diagram of a method according to the invention of

storing an audiovisual program on a removable medium for viewing at a remote
location.

Description Detailed of the Invention

The present invention is implemented in the form of a viewer that
allows a user to view programs that are compressed in the manner described above
and transmitted across a low-bandwidth network to the user’s computer. The viewer
of the invention allows the user to view the selected frames of a program in order as
they are transmitted, and to hear the coﬁesponding audio channel. If the program is
closed-captioned, the closed captioning preferably is also displayed in a separate
portion of the viewer display (rather than overlaid on the video image as in the case
of television receiver equipped with a closed captioning decoder). In accordance
with the compression method described above, the closed captioning data may be
manipulated to increase its readability (e.g., while broadcast closed captioning is
traditionally all in upper case letters, the closed captioning data here may be




20 Oct ober 2004 -4 converted to | ower case letters with capitalization
where appropriate). In addition, the user can, substanti2d Ogtober 2004 ti ne,
browse ahead in the program and see representative video frames from any
portion of the program These results, and particularly the ability to
scroll through the entire programand view any portion, could be achieved,
of course, by downloading to the wuser station the entire conpressed
program However, that would be tinme- cansum ng and an ordinary user woul d

not be inclined to use such a system Instead, in the viewer enbodying the
i nvention, the audio Eota and, if used, the closed captioning data, are
streamed to PHECHFS IR IO GasedRiteraMith Gapitalizatipn whes, ammnret&)hén wddition, dat a

streamis dotirlwaden, axﬂistHndhngattahytthﬁc IUBU@QMEH mﬂﬂ@g@d}g‘gﬁﬁg g@bOf . X' deo
roduced by the

data is cont[gQ] ccor.danc l.a tabl
known corrprege f%sﬁgtgéﬁ%g d%PéﬁaB}eFS'&?f? Bnyaﬁ?ﬂ‘/‘@“ ogﬂlé PIGgIaa table |ists each
video frane in the colfpsesselis,andgaaicubn, thessifigralbpil thioilghttlf‘émfrél of f set
fromthe begj aredvvnloae . on requests
fromthe vi eagilkﬁs}g ?%?égﬁa@a}?(&{ Efr(lialg‘la% %Ye% (o’ I‘B’é‘fﬂjﬂadé’é% fothe m
First, the vigsnstation e entise ﬂ@mg@ssesi ps'qgrhnnlféwwwfer ahﬁ3v01ﬂ6be tiben to fill a
"pre-fetch" ceiteuHs pre-fetch
c n%h'[fld ht?bl%'i‘ﬂad' ﬁselr%hiﬂ t i’ 1951@%8&3 Elgng sggtg;n mea\%ant to

durati on, so,that efore takin care

do, the vi ewH’rt@&??%r"@"r?%‘“&s‘%%@émﬂ%ﬂhe %‘-ldéo @ﬁé@ﬂnd:agumdx thh cldsed next few
seconds or rrca:pﬁoamg(ddm awaréameqho@wvabwa@ub%nﬁﬂsz lnRéQQthTﬁ%héQId%&r €

continually [Qrs .1 tat u he pre: fetch queeand returns

downl oad addi 5‘r1lmfl? g%@ %ﬁf’éi??cf;ﬂréh %1’(”1"9@1%rat ion of frames in the
queue falls beI ow a tTHreedtvoildadids of videp daaﬁdlﬁfn&oﬁé@lmﬁéﬂd%h&“&utﬁ%a”es in
fromother portyaidle; Sty me RIKIT RoRSid S it b aboreariiea  n

from ot her portions of ram
t he program MeHER eblglists eack Vsi@bérﬂtrmnttbe oompmebsed pra@ms and, pl’@ﬁ:rﬂﬂsbﬁts’:lm

Thus, the fi {ShpaVGNeer: t e end
of the programp Theﬁ?ecggmggeg%%ﬂ rog#gé %gﬁ]‘?%@ﬁ’l&?gﬁ? 1@@?@@
about the ni GAFAYGHS trom g&ed@?\&?ﬁsoiftW@rqaé%berébmaﬂwlsf bqngdmuload¢d dmiaymbe

sel ected f roﬁirafbdlwtwéxhémfw f@ﬁéstﬁufﬁ&@nt"ﬂé/méshﬁé}%ﬁl kG ogL amy,t hen
one- quarter 8 user omsed

e begi nni n
forward, t hefig&i\%osu ?ﬁac ?% Eaé ‘% %‘é’ RFft S%tﬁh 39"&"1‘1P&’b‘1°éh% hefortaking
preferably cearclof agy boowsing ﬂmsnseranamgrlanu‘tordo theevigige soft@aRehR k& PepRear

audi o from t he REPUEEHaRRtd Rkt Blw §28nd! Q9L AT (Ellétprgfctch duration) of the
program. The software continually monitors the status of the pre- fetch queue and
returns to download additional frames when the cumulative duration of frames in the
queue falls below a threshold.

As long as there are sufficient frames in the pre-fetch queue, the viewer
software begins to download advance frames from other portions of the program so
that the user can browse ahead in the program. The frames are selected to minimize
gaps in the program. Thus, the first advance frame would likely be selected from
near the end of the program. The second advance frame would likely be selected
from about the middle of the program. The next advance frame would likely be
selected from about three-quarters of the way through the program, then one-quarter
and so on. In the beginning, then, as the user browsed forward, there would not be
much advance video available (the audio preferably can be streaméd fast enough for
the user to be able to hear audio from the browsed portion of the program), but as
time passes, a significant portion of the video will be available for browsing. Again,
the primary concern of the viewer software preferably is to maintain the pre-fetch

.queue of images, with advance loading of video frames taking place in the
background as time permits.



time passes, a significant portion of the video will be available for
browsi ng. Again, the primary concern of the viewer softwal©ctbef20dbly is
to maintain the pre-fetch .queue of images, with advance | oadi ng of video
frames taking place in the background as tinme pernmits. 20 Cctober 2004 -5
The | oading of the pre-fetch queue preferably is not nerely a seri al

| oading of frames fromthe nedia table. Rather, the system preferably
monitors the condition of the network cdnnection and adjusts its downl oad
requests accordingly. For exarrple at tinmes of high network denmand, the
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audi o track If3dmg ff fraudes tom es'iﬁ‘ﬁ@‘é(ﬁ%m?rt Rﬁ’ihﬁﬁéhe systems prefierablyimardtorothe t he
syst emksof t }AmrehqwrecbfeiﬂlalnEWMQMbﬁineclﬁﬂﬂ‘ahd E&yu&k} litld d%wfnfc%.‘fﬁ'c ue?ﬂs%&ﬁl{r%
networ k per er .or not thereiwas ‘s 1%8nt
time to st oppisoagl ﬁly\%?é%ﬁeg%%ﬁ @r{eﬁ W@ﬁc@edﬁ%@qaﬁ%}i tordovnipasali ng
advance fr affége V‘t’lfl in¢rease; dbthedime meckases subfideralyf, tlﬁﬁﬂ@m&?rn@t b@ﬁm'e%'g, t he

h I
Glration of & honiond i noAl FARICEe ARG RS ailimsed o ¥ Skt gmse

pre-f et ched, WB Besituation é@%ﬁfﬂe{lh sofpupreipeefbrablyf wamtdsknew b ot dp & ﬁran@dvanc e
| oadi ng couls;ﬂn@: SEW TR peHYrmae | but cauld al so
be based on of rmttrlcg %f i eiﬁld d&t@ﬂ?ﬁ%%&lhg Iﬁ%%&qﬁerﬁé”aé&u ot her
attributes c g @’Pdg‘f P& framgs i“'ﬁo EfﬁcfétCh&PG%@}%ﬁtmb@adMVmwser i nput
\t/\ﬂrf)ugp t he frames.i Hithe flm&]?qlilretdl‘te laa@u\&ﬁm&@&%&longrth@%s'?em'ﬁﬂght@% le,
ile frames 0 e orj nconpressed progr ased on
scene changes@ (ﬁ?ﬁ% %@Eégag r§ J% 9 SAFT B’ ﬁﬁ)}y RIGTCA e e faich awese, ek t ai n
ki nds of sctwe ear of framestttbe pre-fetehed, maybelen@m@@ changes may be
preferred for advanc I ndu sc
changes, viz., sce nee%r#e{ngesﬂ%efgé{ﬁ%s S%?ecfe?loﬂ%F g% r%'?% ﬁmgﬁﬁpmeob?sf‘gﬁfﬂﬁyas
panni ng or Z%Fheﬁgt)’m@f’faéllpcéﬂﬁ@%\hﬂ%‘éoﬂl alse ba beseal dnyothechaitytesgwhicameay, | f

h attribuégsb fe d
vedia tab e“%:;jg?“sg‘% Gl crpoa S oot Be tterifich I AHARE obald

but prefera IOQ&SF%PHHEEO‘Eﬁé %Bfqulllit9rf%‘65’ oitbpvigyenseferandarbpth. nBge
stream pref exanily, white frami§ ﬁxersenbteﬁdfdmﬂfb &iglﬁél%ﬂ\ébl%}ﬁf%&s ‘?;fr8§-Qm| HRLy t he

it oo S SO S SR i ot
t hr oughout t fleScerogfanges avet ofirs b eng.glrue keeng eharnds hixytdeereferred for advance
: loading over so-called "camera-induced" scene changes, viz., scene changes
resulting from camera manipulation (such as panning or zooming) of an otherwise
substantially unchanging scene. If such attributes are to be used, they would have to
be included in the media table.

Viewer software embodying the present invention optionally, but
preferably, also includes the ability to display a secondary image stream, preferably
in a different portion of the viewer screen than the primary video images. Such

- secondary images might be, for example, advertising which appears periodically
(regularly or irregularly) -.throughout the program, and which might be geared to the
particular scene being displayed at the time in the primary image area. For example,
if a particular product is being used by a character in the program, an advertisement
for that product might appear. Alternatively, advertising geared to the particular user
may appear. Or general advertising may appear. In any case, the secondary image
data stream would have to be downloaded with its own media table which directed
the viewer software when to display which image.



particul ar scene being displayed at the tine in the prinary inmge area. For
exanple, if a particular product is being used by a char%(bOeimbeerQOHe
program an advertisenment for that product m ght appear. Alternatively,
advertising geared to the particular user may appear. O general
advertising nay appear. In any case, the secondary image data stream would
have to be downl oaded with its own nedia table which directed the viewer
sof tware when to display which image. 20 6Cct ober 2004 -6 Both the primry
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clear that tBgstfifention, at remote locations on a laptop computer or other portable device.
For example, the program could be viewed while traveling on an airplane. While the
user would not be able to listen to the audio track, he or she could view the
representative frames and read the closed captions. In an airplane environment or
other public locations, use of the closed captions rather than the audio track has the
added benefit of not disturbing fellow passengers.
This additional aspect of the invention makes clear that the term
“audiovisual," as used herein, refers to a program that has a video component, and
one or both of an audio component and a closed captioning component. Thus, there
might be no audio in the aundiovisual program.
The invention will now be described with reference to FIGS. 1-9.
Methods according to the present invention may be used in any
environment in which an audiovisual prografn is transmitted from a source to a user
station over a transmission medium having insufficient bandwidth to transmit the
complete program (i.e., the program with all of its video frames present), even with
compression, in real time. The invention may conveniently be described in the
context of the architecture shown in FIG. 1, in which the audiovisual program is
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measur ed format 20, shown in FIG. 2, has four "columns" 21, 22, 23, 24, Each entry in
column 21 would contain the identifier of a particular video image. Each respective
row would thus contain information regarding that particular image. Column 22, for
example, would indicate the temporal offset for the image - i.e., the time, measured
from the beginning of the program, at which the image is first displayed. This
assures that the image is correctly correlated to the audio track, which preferably
begins substantially continuous playback at a temporal offset of zero. The image
will remain displayed until the temporal offset of the next image is reached, at which
point that new image, assuming it is available (i.e., there was no network difficulty
that prevented its retrieval), would be displayed. If the new image is not available,
then preferably the current image remains displayed until the new image can be
retrieved, or until the temporal offset for still another image is reached.
Alternatively, a blank screen or an error message, such as "VIDEQO NOT
AVAILABLE AT THIS TIME," may be displayed.
Column 23 identifies the closed captioning data, if used, that should be
displayed with a particular image. However, because a particular video frame may

be associated with several frames of closed captioning data, a separate table may be
used, ahd column 23 could be omitted.
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Interface 30 also preferably has two slide controls 36, 37. Slide control
36 preferably controls the volume of the audio portion of the program when played
back. Slide control 37 preferably allows the user to scroll to a different portion of
the program. Slide control 37 thus preferably would move, on its own, as the
program progressed, to indicate the current position in the program. Preferably,
indicia (not shown) are displayed along the paths of slide controls 36, 37 to indicate
their functions and their levels or positions. Slide controls 36, 37 are preferably
actuated by the user using a mouse or similar pointing device that controls a
displayed pointer 38. Buttons 39 may be provided for functions such as PLAY,
STOP, SEEK and QUIT. Other functions may be available to the user using pointer
38, either through other graphical controls (not shown) in other areas of viewer 30,
or through menu items on menu bar 32 (which may also have keystroke equivalents
accessible from the keyboard of the user station).

FIG. 4 shows the operational flow of software implementing the viewer
embodying the invention. The system accepts mouse clicks or similar inputs at 40.
Depending on where on the screen the mouse is clicked, a different message will be
sent into message queue 41 which ultimately is processed in message queue
processing stage 42. If the message is a play message (at 43), the system sends a
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or not the dp®cesdiofi Gadfer manager 48 continues to perform network read function 406 to

load advance frames. At the same time, the system continues to monitor for user
input into message queue 41.

If the video content to be played is not in buffer 401, the audio and
closed captioning data continue to be played from buffers 402, 403 while the
network read process 406 loads the necessary video frames. As shown by arrows
407, when the system is operating in this mode, buffer manager 48 continually
alternates between display process 405 and network read function 406.

The flow of the method according to the invention is diagrammed in
FIG. 5. At step 50, the user causes the system to connect to the server that hosts the
program to be downloaded. At step 51, the system first downloads the media tables
associated with the program, and uses those tables at step 52 to allocate sufficient
memory to buffer the program. At step 53, the system loads the media buffers with
the data to be played, 6ptionaliy under the partial control of user input 54 as

discussed above. At step 55, the data are played and the system returns to load
additional data at step 53.
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‘ system loops back to test 65. Once test 65 determines that all images for the play
period have been loaded, the loading process ends at 68. While FIG. 6 shows the
loading of closed captioning data before audio data, audio data could be loaded first.
However, video data will preferably be loaded last.

FIG. 7 shows, in expanded form, a preferred embodiment of the image
selection step 66 of FIG. 6. At test 70, the system checks to see if it has sufficient
images to fill the pre-fetch queue. If not, then at step 71, the system requests from

- the server the next image to be displayed that has not yet been downloaded. If at test
70 the system determines that the pre-fetch queue is full, then at step 72 the system
finds the largest time gap in the images it has downloaded from the remainder of the
program, and at step 73 it requests the image closest to the middle of that gap. The
selection of image for step 73 might be adjusted based on image attributes input at
74 based on a predetermined profile or on user inputs entered in advance. As a
result, the image selected might not be the very closest one to the middle of the gap,
but rather one of the closest ones, also meeting the defined attributes, At test 75, the
system checks to see if has received all of the images identified in the media tables.
If it has, execution of step 66 ends; otherwise the system loops back to test 70 and
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the system lecaxopsidnasfistdpsd @smtins, Once test 65 determines that all inmages
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time indicated at 809f thetremainingiraBes, fimmes802a8pkpsdteeihe Gist PladiéSH hdS
|t Eg !s g a;[M _e?hb')'/ l;:)i-bglrfn, argi ilg gs‘@al%ﬁy hER ERFbARY. tltq %déi[iglrlr,e framot; S'F,hc?os%:[stqgrthg rames,
middle otf rt‘i'ne gapxbctween the end of the pre-fetch queue and the end of the program,
has been loaded, as has frame 800, about midway betweén frame 87 and the end of
the program. The remaining gaps are those indicated as GAP1, GAP2 and GAP3.
Of those, GAPI is the largest, so according to the invention the next frame to be
loaded should be frame 835, at about the middie of GAP1, although user or program
preferences for particular types of images (e.g., true scene changes over camera-
induced scene changes), might result in frame 86 being loaded first.

If the user decides to scroll ahead in the program, in the preferred
embodiment he or she will hear the correct audio and see the correct closed
captioning (if provided), as those preferably can be streamed to the viewer
substantially in real time. However, depending on how many images have been
loaded, the user may not see the correct image. Instead, either the closest image to
the time point selected, or alternatively, the closest image preceding the point

selected, will be displayed, depending on the particular implementation of the
method of the invention.



resent frames al ready downl oaded but not yet viewed, while those that
;(rag bl ank have not yetybeen downl oaded. The pre-fetch duz@Ocwbern 2004
represented at 804. The first priority of the method according to the
invention is to load all frames that nupt.be displayed within pre-fetch
duration 804, and as seen, frames 81-83, which fall in that period, have

I dy been | oaded -gnd_nmke up.the pre-fetch queue, Once frame 81 has been
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?%gggl 2|t r;%'g,pn ; Fetggggg{?%gs%e e%g;egén 1s fully downloaded, ¥he user can scroll through the

program and see the intended image with the selected audio.

Although the invention achieves its greatest advantage in the context of
a low-bandwidth network as described above, the invention can be used even in 2
network with high enough bandwidth to transmit full-motion video, to facilitate
scrolling. Previously known full-motion video networks would require several
seconds to fill the required buffers before resuming playback after a scroll by the
user, during which time the user sees a blank screen. The present invention could be
used to retrieve representative frames from different parts of the program, so that
during scrolling, the user would see those frames, which could be a guide to
selecting an interesting prdgram segment to view.

While the invention has been described in connection with the primary
video stream, similar techniques can be used to download the secondary video
streain.

In accordance with another aspect of the invention, a user can download
a program to a removable medium such as a floppy diskette with a capacity of 1.44
megabytes. In that aspect of the invention, the program is downloaded with images



correct face. Therefore, the preference for downl oadi ng advance i nages
m ght be set to load |ong shots of the-entire group, ratHedctohar2004
i ndi vi dual close-ups. Alternatively, the viewer can be set up to display a
bl ank screen or an error nessage. |In another enbodi nent, the media table
could include for sone or all franes an indication that that frame is
simlar to a previous frane, and the system would know to display that
previous frane if it were unable to | oad. {he correct frame in tinme. In yet
anot her enbodi ment, the nedia table could include voice print information
for each partjci i.n:a-talk show and then i, he video inage i s not
avai |l abl e, t h%ﬁcﬂ%grﬁaﬁgﬁidbg R 1%8“%%@??2@% “étH[T tée BRirG; virdes) Bi)rq?@a@lﬁeaj vi deo
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techni ques cap he, used 1.8.4 l.oad, t he secgndary video, strea n
accor dance vm'aétbh anot.ger a§t51 lg\gﬁm&g Play ac’lkhjgﬂ'f‘? Bﬁﬁé%ofdg%m"@aﬁﬁoruébmwabas a
programto a ﬁ“BrﬁﬁV&M&C@@bﬁiﬁm&wﬁmfd{m eorfiprogspyl plogekimtit dowhloRdel siadagi ty of
1.44 nmegabyt®swidgh that aspect of the invention, the programis downl oaded

with images 20 Cctober 2004 - 13 and cl osed captioning, but w thout audio.
For while the entire Wdes lf,gqeglitb@f adechpique for viewing compressed audiovisual

programs, as they are being transmitted, while allowing the user to scroll through the
entire program before downloading is completed, has been provided. One skilled in
the art will appreciate that the present invention can be practiced by other than the
described embodiments, which are presented for purposes of illustration and not of
limitation, and the present invention is limited only by the claims which follow.



programincludes significantly nore data than either the audio or closed
captioning portions, deleting the audio portion of a profy@anobepogssed as
set forth in the above-identified copending application frees up the right
anount of capacity to allow storage of the programon a floppy di skette.
Vi ewer software operating in accordance wth this invention can be used to
view the programon, e.g., a portable conputer in places such as
ai rplanes, trains, etc. The nethod accordjng to this aspect of the
invention is diagrammed in FIG 9. At step 91, the nedia tables for the
program are down) oaded. Next,  at step 92, based on the data in the nedia
tabl es, the g&‘i%“@@fbé@!@?aﬁ’-omthe server, the closed captioning data
for the program Agaipn Alflefddt [ t he system step 93
(OF e e Eh ol 2N

requests, fromthe.server, thE |ma?e, ata, A and

cl osed- capt i onTHE HYERUP0S PG 2 Rlay ingeDack seid 4o gramtab ssid etatied) said al ong wi t h
the nedia tabdesisvahpropraat Ravsg Got¥nttddentsBINe! vi | correct
image wWith the. Y80k cl 08 .%aé)t i[(I)n d P}rﬂisn\gé%?g&f)g%é?&%aﬁﬁ’%ﬁ%d@%%op@& of
the invention, ?ﬁe.ugfarﬁgg 4 13 corurpisef Sopniah gnwhichframesaletdrminetd to have
conpressed praseatemsignifichnen Kuachierfrantss dre retdhebmbirarhididetdtnihed §960e t hat -a
techni que f Onadtheh [.ovi sual rograns, as they are being
transmtted, lﬁFfﬁkgﬂfﬁgﬁﬁffﬁg&u@ﬂéﬁ%'e?bsfﬁrpfagtsﬁ&{ﬂ@ﬁmffhg‘m]éﬁg@m@ program
before downl G4EPTBANIEd ébarﬁa%éq indicating whiehnframen/ird pekse¥in saididohfpeessél the art
the dos L??L?é@%‘ﬁb“‘i%ﬁdtgi‘?%‘gf’?ﬁ% /HAENLI0 oF O gl BT} heBsalg Methoa | "

i |1 ustration “SAPTBE Be St°Ps 6d't ati on, and the present invention is linited
only by the claims whestiblishingavpredBichhepal; 2004 - 14 The invention clained
is: 1. A nmethod for r%%ei ing_an. L{diovisual, program at a station of a
comuni cati ons net wor KRS %1‘3%‘35 Hi0, transrpisyipn §Y spid aetworkdf detatto Gitl,a sai d
audi ovi sual Protptelmeene hayingendeatiorccomimeduige avit ﬁ@gr@%@h%ﬁté sai d

video data stream bej : rthed in.a ressed format _in which franes
determ ned to have . g%"gg[tl Eeirlagfé;}neltu%l} cillé:ﬁl%és f"ﬁ]g?qb‘[aﬂg’rg’ flSaidestatione ret aj ned and
frames det er AfaReRissionPxaaid neswer ofsidgitidniat date rotthiater @bitRins fof 8418 prédirn.

di scarded, said program further being acconpanied by a table indicating
whi ch frames are pr eﬁe&fh in s(gi' d conpressed programand a tinme offset at
whi ch display of each fiPaA¥thed ofrlaeyl wherin sidsienod requosting siditpprahéatst eps
of : comprises:

examining said table; and

selecting, for request, data referenced in said table as a function of
which portion of said program said data originate in.

3. The method of claim 2 wherein said selecting step comprises:
analyzing at least one of (a) performance of said communications
network, and (b) availability of data previously requested from different portions of
said program; and

choosing data, for request, based on said analysis.

" 4. The method of claim 1 further comprising the steps of:
playing back contents of said pre-fetch queue; and
as said contents of said pre-fetch queue are played back, requesting, at
said station, transmission by said network of data to maintain said pre-fetch queue.

S. The method of claim 4 further comprising accepting, at substantially

any time, user input for selecting playback of one of said later portions of said
prograrm,



establishing a pre-fetch interval; requesting, at said station,

transni ssion by said network of data to-fill a pre-fetchiylletobert?dditng a
duration commensurate with said pre-fetch interval; when said pre-fetch
queue is full, requesting, at said station, transm ssion by said network

of additional data fromlater portions of said program 2. The net hod of
claim1l wherein said step of requesting additional data conprises:

exam ning said table; and selecting, for.equest, data referenced in said
table as a funhction of which portion of said program said data originate

in. 3. The nethod of lm@j in sai.d selecting step conprises:

anal yzi ng at | east or?g @?%é?%ﬁf‘ﬁ%%ih@&f%? S%‘ﬁiaﬂd‘gﬁﬁﬁﬂrﬂfewmmt K,
and (b) avai Ilﬁﬁtppﬁytb@fd@tatsaemevi ously requested fromdifferent portions
of said program and choosing data, for request, based on said anal ysis.
4. The met hod of cl ai7m ]hefurther conprising the steps of: playing back
contents of said pre-f ierneihed ef claimi6 adeein said ahleasttane athex alath soeemf et ch
queue are pl ayethbriackudit gauesti ng, at said station,” transm ssion by said
network of data to maintain said pre-fetch queue. 5. The nethod of claim4 .
further conprising accepting, at substantially any tinme, user input for
sel ecting pl ayback of. e méthsdoficlhiad 6fvhegdit sa0%t RhstHe Sthd? dRE & m20

QOct ober 2004 T . of claim 1l wherein said audi ovi sual program
conpri ses at ¢ ggfsg%ge%?@gggﬁgtdg%stream 7. The nethod of claim6 wherein

said at | east one other data stream conprises audio data. 8. The nethod of

claim6 wherein saidoats heasld m__conprises
cl osed- capti oni ng dat a.A9. A n@?ﬁg@‘ﬁ%@%@%ﬁ%ﬁ%&%ﬁﬁgom R hal prograns

over a co RRIGHONS detiek, angdilaying backsalshpiogramsatprssgionnaf satid a st ati on
of said netvmtworkssaid nfehdtDsbrRiEHy b REpt B Steps of . anal yzing content of
sai d audi ovi sual program . . .. :
: analyzing content of said audiovisual program;

compressing said audiovisual program as a function of said content to
create a compressed program;

compiling a table indicating which portions of said program are present
in said compressed program and transmitting said table over said network in
association with said compressed program;

examining said table at said station; and

selecting at said station, for request from said network, data referenced
int said table as a function of which portion of said program said data originates in.

10. The method of claim 9 wherein:
said audiovisual program comprises audio data and video data; and

said compressing step comprises compressing said video data and
transmitting said audio data in a substantially real-time stream.

11. The method of claim 10 wherein said compressing step comprises
compressing said video data by analyzing significance of frames, retaining frames
expected to have greater significance than other frames, and discarding frames
expected to have lesser significance than other frames.

12. The method of claim 11 wherein said step of analyzing significance
of frames comprises examining frames for one of (2) a scene change relative to
adjacent frames, (b) a fade, and (c) a change in volume level of andio associated with
said frame relative to audio associated with adjacent frames. -



conpressing said audi ovi sual programas a function of said content to
create a conpressed program conpiling a table indicating2Bcobheri0di ons of
said programare present in said conpressed programand transmtting said
tabl e over said network in association with said conpressed program

exam ning said table at said station; and selecting at said station, for
request from said network, data referenced in said table as a function of
whi ch portion.of said programsaid data-degi-ginates in. 10. The nethod of
claim9 wherein: said audiovisual programconprises audio data and vi deo

data; and said conpy®sshog, rqg conpressi ng said video data and
transnitting said audi o dat aeﬁiogpbzg%%sftlztﬁﬁpgﬁ HEH& ti me stream 11. The

met hod of claim 10 V\h‘é‘}l%li"_}m&aitﬂ)l%b}ﬁiﬁﬂéigs whictsframpe camprdsemsin sgi@pr essi ng
sai d video dabmphgsanproyainnsncei aileldiReNSInty HEANPSe LFALNL NG, franes

expected to qu greater significance than othe rame E&Pdi ng
frames expected to have | esser significance than other franes. 12. The

met hod of claim 11 whesmssittisgisdidshsie @Pa@aﬁkﬁakaﬁpﬁé&'&i ﬂ;g& ce of frames
conprises exam ning franes for one of (a) a scene chandge Telative to

adj acent franes, (b) a fade, and (c) a change in volune |evel of audio
associ ated with sai #.f Thermethedatf iclatmt I3 fatttérccongmieigdonth E‘é;sir% A agRN!
e

o
frames. 20 gi@pﬁsa@%sﬂ&iﬁeﬁrhe nmet hod of claiml 1 furtRer conprising:
conpiling a table indicating I'ch franmes are present in said conpressed

programand a tine offset at which display of each franme is to begin; and
transmtting said tam,e'm@mgglrogoqglasﬁilq‘g% rogram. 14, The net hod
of claim 13 fcg{néggers tcon%gsi ncPJ conpr.essi I’% sgﬁgﬁﬁg%lgé’gglgmsgpgﬁﬁpsai d
transmtting Step: - TENSHNgRORogs of sud sble audiffpentiimesai d t abl e
conpressing step conprises transmtting portions of said table at
different tinmes. 16. f,cla] further conprising transmtting
a second visual pr.o{;érl:g%h ‘gﬁ%&nlgg\ﬂ?ﬂﬂ@g @@%W% trgisguttiagma segondrhe

met hod of cl XisHrlErogmer dong withdaid axdsovisual pogairep conpri ses:

17. The method of claim 16 wherein said transmitting step comprises:
compiling a table indicating which frames are present in said second
visual program and a time offset at which display of each frame is to begin; and
transmitting said table as part of said second visual program,

18. The method of claim 9 wherein said selecting step comprises, at said
station:

establishing a pre-fetch interval;

requesting, at said station, transmission by said network of data to filla
pre-fetch queue having a duration substantially equal to said pre-fetch interval;

when said pre-fetch queue is full, requesting, at said station,
transmission by said network of additional data from later portions of said program.

19. The method of claim 18 wherein said step of requesting additional
data comprises:

examining said table; and

selecting, for request, data referenced in said table as a function of
which portion of said program said data originate in.

20. The method of claim 19 wherein said selecting step comprises:



conpiling a table indicating which franes are present in said second visual
program and a tine offset at which display of each frane 1&Ottob&etfi)d; and
transmtting said table as part of said second visual program 18. The

met hod of claim9 wherein said selecting step conprises, at said station:
establishing a pre-fetch interval; requesting, at said station,

transm ssion by said network of data to fill a pre-fetch queue having a
duration substantially equal to said prejhetch interval; when said
pre-fetch queue. is full, requesting, at said station, transm ssion by said

network of additional data fr?m | ater portions of said program 19. The

met hod of clai m 18 whEPei&alepstorsridp) pestirmentanef satitidnmmnsicatichat a

conpri ses: exewonkendga) avdilabiliey ofdda sRNRREIE t, data

referenced igaia%irg%rﬁﬁlbgﬁdzas a 11?§:Jnctia(l)?1 of F\Xhi%%%%grf{ﬁ@g&g?e%ﬁogmﬁﬁsc?& am
a I,

said data origi 0. The nmethod of claim 19 wherein said selecting
step conprises: 20 Ccthobeing 20@4for tdquemabysei 0 saild angBsts, one of (a)

per formance of said conmuni cations network, and (b} availability of data
previously requested fromdifferent portions of said program and choosing .
data, for request, bEbef rsthedfod transmitgigsan atdiovisunb plosgarf @kel 4 ansni tting an

diovi sual i cat i . d downl oadi id
audl ovi sual péragiuABatvRd néwoﬂ@ﬁﬂ%vﬁﬁé%ﬁ%ﬁa@fé%@éﬁf%ﬁ pgqgg?mrggﬂggéﬁagn gg; a

audi ovi sual W%r am Et a station of )

storage nedi W TE gk Lo3Ea OB a dRta sterper mpdiogy fanTdraste pipyback, gaitl i ncl udi ng
a plural ity pfogtahhasingeanient maludiufEe! fLklinP ONRid Skddhs! 94 flaRS: Of

conpr essi ng %méﬁﬁﬁ%il{)en&emofai d data streans before transm Ssion over

sai d network; recelrving L2 "program at said station and di scardi ng one of

said other data streampresing aleasi g afisaidaiath dahmsYefsrd dandBdiidmosai d
conpressed dgidnstygRMm and any said other data streans other than said
di scarded data stream 22. The method of claim 21 wherein:

receiving said program at said station and discarding one of said other

data streams; and

storing on said data storage medium said compressed data stream and
any said other dat_a streams other than said discarded data stream.

22. The method of claim 21 wherein:

said plurality of data streams comprise an audio data stream, a video
data stream and a close-caption data stream;

said compressing step comprises compressing said video data stream:

said discarding step comprises discarding said audio data stream; and

said storing step comprises storing said compressed video data stream
and said close-caption data stream.



said plurality of data streans conprise an audio data stream a video data
stream and a cl ose-caption data streamn -said conpressi ng %t @ptobenrdiditses
conpressing said video data stream said discarding step conprises

di scarding said audio data streamy and said storing step conprises storing
said conpressed video data stream and said close-caption data stream 20
Cct ober 2004 -18 Method For Communi cating Audi ovi sual Prograns Over A
Conmuni cati ons Networ k Abstract Audiovi sUl- prograns are transmitted over a
| ow- bandwi dt h network in a conpressed formin which the nunber of video

frames has been reducefididod ' s siapificant anes. The user sees a
series of still inmages accomﬁgh?%%ﬂggﬁagggédéﬁﬁlvlql LPELAME 0 channel . The
A

frames are downl oaded to theQFEA Camumuwications Netsiogked t o assure, first,
t hat the nextAbsradtr anes necessary for viewing are present, but also so

—

that the user can scrglgl.throt:grhout the programeven as it is being
downl oaded. This is atddifyisehegerymsiare Sensiaiiad ouer aigwbandwidth natwhbrk if or

the progr amammipressed éopuest whichyhd MEnbEOF vileY FRNRE h%QBEéﬂat{eguceﬁ%g then

downl oadi ng t V] : ased on requests fromthe viewer software,
whi ch has accsg%gtl%{%dsgg?lg%%geﬁl Sf'cﬂ’i“’r 5T SRS @sepraieicstidk imnges ancemperying at ed
wi th which awdiapppently swlbaudio chammet.t Tier Rrameedsre dosnlalb®td e GO 96 Jd ames
needed | mrediqatighyd (st frsk e ARVRLD RO YRNSE ) FATRS RaSeT O L e T

si gni fi cance., Fi lgur e €S necessary for viewing are present,
but also so that the user can scroll throughout the program even as it is being

downloaded. This is accomplished by first downloading the full audio for the
program portion requested by the user’s viewer software, and then downloading the
video frames based on requests from the viewer software, which has access to a table
indicating which video frames are associated with which audio portions. The
software uses the table to download frames needed immediately, as well as to
download advance frames based on their significance.

Figure 5



