;€3e$: 68TT], w= A METHOD OF MAI NTAI NI NG A WINENEY OF DATA b MY 2002
VH TE ALLOW NG BANDW DTH DEPENDENT QUALI TY EN#t il ot e Appl i cations
This application is related to the copendi ng appl#dgati on "Dynam ¢ Data Rate
Adj ust nent W9 WBP42ai n Throughput OF A Tinme Varying Signal " Ber/USH72R65 ~ | -
filed Field of the Invention The present i i ains to the field
of the transfer of data over a bus. Mre spgmmmw@mﬂm%e pr esent
invention relates to nmethods of transferring an m ni num | evel of
data suppl emented by quality inprovements. Backdf®¥#Hd Digital systems
continue to process escalating quantities of signals representing video,
audi o) and other tinme varying phenonena over |imted bandw dth

comuni cation channels. Typically, such time varying signals are
transferred via at |AMETHOP GHhMAINTAINGNG A MINIMUMLBVEES@RIDA A conponent
whi ch al so handl es Si@ﬂﬂi’[“?'\ﬂﬂl@ﬁi ﬁw.ixﬁ_ﬂﬁéﬁﬂ%ﬁ gnal

sources nmust conpete I*n"an envi ronnent ere bandw dth i's a precious
comodi ty Consequent|y) sustai ni QYAIITINENBANCEMIINTa time varying signal
over the shared signal lines) to a processing systemoften requires a
conprom se between bandw dth shari n&@gﬂ% Si %naJ quality. That is, either
the peak signal quality suffers in ARPUEANODY r ve adequat e bandwi dth for
ot her devices, or the tinme varying signal unduly nonopolizes the avail able
bandwi dth. -1 14 1~§=Y M 4572 / 1/.22445,.0ne j.nst ance
where this problemari ?guss alpéﬁi%ﬁmtl gar%lg{pg?o” ﬁﬁg%dgggﬁw%%ﬂ%'ﬁﬁna UFal data
type (i.e. notionDaaRae Adinsanentilio Mdintaiodhranghpis Of A BimoWanyingrSignad't em
Transferring nmoti @eryiggo from a gipgleo peripheral device = to a system
menory requires periodic acCess to the bus which couples the nmenory to the
peri pheral. Depending on the desired quality |level of the notion video) a
substantial portion of the total busicldafdw Idvdhdory be consuned by the video
transfer. At tines, this nmotion video transfer can have a del eterious
effect on the performance of other devices which seek access to the bus. At
other tines, a portionTbé prdsentdnrecinkianpertding tdthedildioh theayanséeradfndasmmused. | n
sone prior art syg{&PhusOMEk s &iﬁ@ﬁ@mmgig?sﬁhmbéﬁﬁ%'r&a{eﬂoﬁﬁ etﬁofo t he

bus) relying on the yser or the syst ner to caonsi der er the
syst em can adequa@NSieTRRE SRrATEER ‘%‘Hm‘ﬁﬁéc"&gegg%ssyp?l‘?m?%d HYs padity
over-utilized, anémploseéhisr devices have limted buffering capabilities or
require real tine access) data may be %oct.0 Eaen if there is no data | o0ss)
bus over-utilization may cause noticea ?ﬂf NCT eased | atencies for bus
transacti ons such as input device response or network access.

Digital systems continue to process escalating quantities of signals

representing video, audio, and other time varying phenomena over limited
bandwidth communication channels. Typically, such time varying signals
) arc transferred via at least one shared signal line or processed by a
component which also handles signals from multiple devices. The various
signal sources must compete in an environment where bandwidth is a
precious commodity.
Consequently, sustaining communication of a time varying signal
over the shared signal line(s) to a processing system often requires a
compromise between bandwidth sharing and signal quality. That is, either
the peak signal quality suffers in order to preserve adequate bandwidth for
other devices, or the time varying signal unduly monopolizes the available
bandwidth.



Some prior art protocols) through the use of interrupt signals or ot1h@rMAY 2002
urgent bus request signals) allow a device to quickly seize bus dom nation
firom a nonopol i stic bus agent such as a video peripheral. These

i nterrupti oNg)I¥o¥Eever) often have no particul ar known | at en®gTAIS97/22445
bandw dt h. Thus, the video peripheral does not respond by adjusting the
bandwidth it seeks to obtain. As a result, the video transfer may be
abruptly altered and the video quality degraded to an unacceptable | evel.

Et her prior art bus protocols provide a guaranteed bandw dth dedicated to a
certain device. One exanple is the isochronous transfer node of the

uni versal serial bus (USB), discussed in the Universal Serial Bus

Speci fication Revi si on Qnd,instamweamherk6 thif 9fGbleay airisablie frr anankfetrirlg a

Cor poration of Sa | 3 |dea
bul k transfer rmderyoﬁ ﬁ(ﬁ{sﬁa@dﬁrﬁﬂg@u@ed{%& 55?04{’%%&%%‘%%5 ng’tms(t}ér ant ee
any particul ar date@mpuigrsyssemy a“msfeumgymtema\néwtjromraewm periphemk fevicenpde

-2 1 ~ h3~~Y Z~G¥ ;WQsR8 slethed P&Iﬁé&s&%&g%&sﬁﬁﬂﬁtbxﬁu@ﬁﬁﬂtﬁﬁ j8s Heni mum

data t hroughput, and the i ochro ous léran pr o |d S 3 i; ? fixed
bandwi dt h regardl 8§79 CIPFPP ﬁsonng‘r" r ty feveh of gie

t echni ques tend t anodvnopidedza stubaaxkria:k ,porivar of umetqtmaiusqb@kimq«)] may fiei | to

guarantee a mni sfer, T r do not
adequatel y addr e%ﬂgﬂﬁi Eé%dfc %Jt%%r% he’ﬁbdems yqﬁgsﬁéﬂo& Yslla&; tl'?"Xsc%ua I'ty over
signal lines with Hametd;éqwmgrsloﬁ@asorbé@awsfennm Qfooth@tdetvmms#mh s¢elfnal s at

a guaranteed m ni RYERYYRHelbhs! AU Rthe? HARSCE Porbyn D@ FVAIIABTD BAY BERIWidth
transfers as bandw dth availability permts. Summary A net hod and appar at us

for transferring JBYACPEHY WS ng a continuous natural data type over at

| east one si gnal line iIa sdmaq)hbbadsystdmsaﬁmefwﬁm midst $imiphe wdit 61 adeesd

nmet hod) si gnal a pr.e I 0 I a type
are request ed. Enhgrﬁ}geeg g’éif"g on Elgﬁgrsqgﬁé%\;}(sgm?%%g #E%Q%béég waﬁ"iry | evel
are al so request edhe »mm c@h@dmmhpaccgﬂumdmwlabw gecessesi ghfathegauskist s

representing a di %QE@B&&SQE#&‘%&M&H‘&&QE%WWM% %a?mﬁdé@eor' S
detected) the plurality q dat a gg@éts and ura

|
enhancement data PSRURELTS él‘%"%?ﬁﬁ%ﬁt‘i’?é@jm% 'orfs‘tef‘df:?"’?% ’Fé‘@éi%]&sﬁfé?‘& on of

t he conti nuous natoyverutiliation ﬁmpeausénsmhlﬂmmfcabéiﬁaﬁhaemt bu$ wendattidhs
i ncl udes a pr ocesso COUﬁ? tg_a controller g%/cg?s processor bus. A signal

source coupled to P‘H‘éaﬂg (?IV}C&ICSBPBVO&@?W&“‘@ val ues representing a
time varying signal. A Sesopyoramyprasocals thisughrtbe asef iatsrruphsigndatarol | er

contains a data r gesir érﬁ%ds”?eqﬁ:@:{t gxgmaesmow adaé\acé E&r&uﬁdldse%@@%u‘éa“ abl e
bandw dt h channel s, and a recei ving roUt or receivj ngp Ig ckets

fromthe fixed baﬁ&W‘B"t"ﬁ“éfﬂiﬂﬁé‘P H?}'Sgﬁh‘ésrﬂ,g@ﬂ'esf‘l’f’ h'as & ¥idea perd %&ri abl e
bandw dt h channel .intélreptieprhovadven ofted shave nao r padadar dambwan lateumyi ree for

Feconstr vt od of guaneRREC Thud e ViBn FEUMIEEIRES nBAGSEIM by bR we
Fi gures PCT/ US97| bandwidihis speks seebrainn vertresit, the viddorsansigr mytbp ahagpﬂwf
exanpl e and not ahtu&i{aﬁaﬁwa&%fdbw&ﬁo%uak&c@s&emeﬁy' ng drawi ngs.

Figure 1 is a flowhar ustr ohe net hod he present
Other prior art bus protocols provide a guaranteed bandwidth

dedicated to a certain device. One example is the isochronous transfer mode
of the universal serial bus (USB), discussed in the Universal Serial Bus
Specificaion Revision 1.0, January 16, 1996, available from Intel
Corporation of Santa Clara, California. The USB protocols also provide a
bulk transfer mode which fills in unused bandwidth but does not guarantee
any particular data transfer rate. Unfortunately, the bulk transfer mode
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invention. Figure 2 illustrates a system which perforns video processing
according to the present invention. Figure 3 is a flowhart illustrating
one nmethod of the present invention used for video processing in the system
of Figure 2wd¥eizesd2ed Description The present invention provpchessarpeishod
and apparatus for maintaining a mninum|level of data quality while

al |l owi ng bandw dt hdependent quality enhancenent. In the foll ow ng
description, numerous specific details such as particular signal |ines)
signal types) bus protocols, and bus hardware arrangenents are set forth in
order to provide a nore thorough understanding of the present invention. It
w Il be appreciated, however, by one skilled in the art that the invention

nosy be practiced d&ﬁd&l(%!braﬁtééh rfipRfirh idatadBioaphut, drid Bié MREhioR6E PGS fer

specific lines of code have nqt heen sho in detail..in qrder not to
obscure the i nvent'f’%‘gﬁpr Yfgg%o'gYa%‘t"ﬁ&hﬁﬁ)‘\“ﬂ@‘w‘ﬁmﬁ?ﬁst"ﬁgu%ﬂ 2209 h t he
i ncluded functional desHuisppriansgnahitahsflretealinligues aeridial eweopolitd thenewessar y

code w thout undug,gxper] ol . -'-%g]n]r" [ he
benefits of both gsgsur ec?c%@ﬁ%mgpﬁagﬂ;gu an?fe{)l{é‘hdw t l{agglpéei%&hegr?ﬁscf&
enhancenents. |n aEhese PRAGIEE SUFEMs dpao wately podressithonreed 30 abtaintthe best
representation of pysGelelsighdOgialifabver 3lgnaidlirts tiheflitatRg ldada Bedaatd @dy over a
shared signal |ine or hus.,. The transfer . 1 4 NAY. CF)Z V\@QQI 452

PCT/ USO7/ 32445 onldp PREBRYESSERIR A 7 Byerapeldpiniyia Qvalik i) ehaBBeeily e n on
t he bus, thus | eawualitysntipfovement transfiecvds dairdwidth avhiledilitg perntitss t o gai n

meani ngf ul access. The transfer al so takes advantage of otherw se idle
bandw dt h when ot her devices are dormant. Figure 1 illustrates one nethod
of the present invention. A portion of Bamm#Mth necessary to nmaintain a

m ni mum qual ity signal is reserved in step 105. This bandw dth may be
reserved on any conmunication line) such as a bus qQr network conmmuni cati on
channel as long as the ‘%o‘ﬁﬁ‘ﬁﬂqlc"é’gl GRPRHR Fomgqngn& TEPTESERE n? anpunt
of bandwi dth to beontmmiuy adufabidar sy oved apleasti one. sigmat lins és deschibédae Ipr esent
invention, a digit ' [ ' HEES red a
representing the n@%?fﬁ%%géﬁgﬁ%?%%ﬁa%@fmg‘n ’%gﬁ%rﬁ%{eﬂ%nt d%c?geg%néﬁﬂ%rovi des
i ncrement al i npr oweRaRHoYSs tnatury RYReuFe Gigangsted. siEphancenmepie datp haskets at e
data partition caprbAdiAgah thpeded Glaligy 160 AR Adbaeqedlel. WReMRe rdteiphsf &1t . For
exanpl e) a video |rirl?rg]§ n?¥ b§p‘§%t' oned byéﬁub-sa Ilng Eluch that the
coarse |evel signdiwaliyofsignal packets represeifing ALisCHe, FeeMeRLPL P EBRUMONT | ng t he
i mge, and enhanceamirdl died aypeyist dovertdad; ahd plubality of isignal sistangackétecamd as

avai | abl e bandw d ' I ' ' al | ows
a coarse repr esental |_054%g%&aan§%r%%apﬂ%§%)§mg%c§nceg &g%@ggﬁuﬁg% Q%Iata can
be transnitted nayepdonefdhe contigupus nagsal datatyge. chosen partitioning) the

m ni num qual ity signal Algfstenh 8f theHrésehcifivéntion ifdluded Q. préfessdr cobisledtgmal dat a

is received in step 115, .enhancenent data for, quality jnprovenent .is then
requested in step C?’Qﬁoﬁ?cﬁrbgf%P%F?f’r H%udﬁsgﬂﬁaﬁ)@é%#plfgﬁg S PURIEEt ed to
fill any otherw serovidesedighandaloeit kepreséning as simei vagyinp esifnajhedt ngmery t y
signal for the giv j taf | i: f the
portion of enhancéﬁgﬁlﬁwép@%ﬁ%@‘?&rﬁs@éB%ﬁ%ﬁ%’éﬁ@é&@é’genﬁSpon
ot her devices whi grquesingdathizomdixed and xatiable bandwidth chanselsand @reeaidngiat a i s

being transm tted hikife@r %Mgr@g}{d p&k@ﬁ%ﬁ%@ﬁx&ﬁbﬁndﬁﬁddﬂ&m bh&d in a
series of transfer franes which i1ncl ude both Sl%lghﬁ d Feri;h cenent data.
gz“'@ 0

Inthis -5 14 emont\Ragksts fogy thsovapehie hag TRt eps
110- 125 are repeatalsd ¢ontains 4 Reomsirdcidn foltne fog RBimbinirgz e tsignblephckers ahadp | 30.
Thus) as a whol e, jhe,.signal and enhancenent d f the segnent are
received in a par (Ht‘?gfh PEINS} ?C?(Etar%g’ i cogist{\gc&e%las[xﬁ% sequenti al
transfers. Alternately, the requesting and receiving steps may be
rearranged according to the protocols of a particular signaling system For
exanpl e, in sone systens, both data sets nmay both be requested before any
data is received.
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Wien the end of a segnment is detected in step 130) all of the signal dde MAY 2007
has been received, and at |least the mninmumquality inmge can be
reconstructed. Since the mninumquality inage data (the signal data) is
transm tted¥@t99306dnst ant bandwi dth, the end of the segnent RGHUBY 2d&Sect ed
by a tiner or a data or transfer frame counting nmechanism Alternately, the
end of the data segnent could be detected by a special nmarker packet
detected in connection with the receiving data Once the end of the data
segnent is reached) both the signal data necessary for the mninumquality
representation and a portion of enhancerrent data are available. At this
point, a received version of the original nal_is reconstructed as shown
in step 135. This is acconpli shéiﬂewcmpnp gietigures gnal and enhancenent
data in a manner conplenentary to the partitioni ng techni que used to
transmt the data. As eV| ousl.y di scussed variety of well known
t echni ques may be used SPWF%I%’&P??'HS&I ‘CEEMW ﬁ’é"t’?ﬂ]&@i‘/‘&ﬁo‘of t he
signal . After rectinsfatioein thefigirefoftheg aEidinpahyifg R, returns to step 110
where the transm ssion of a new segnent begins. Thus, continuous signals
such as video and audio may be transferred using the nmethods of the present
i nvention since a m ni Kigurgdas & flpwshayndllusirating] angyecthedef the gresenthi n a fi xed
interval. During j{Rgnfiénced interval, a variable anount of enhancenent data
al l ows i nprovenent of the mninmumquality signal. Remaining enhancenent
data whi ch cannot be transmtted within the fixed interval is sinply

di scarded. As a resuItanmatZixnuma&ssig@tafn whigh peifermsovides pdcedsingst t he

m nimum qual ity | eveI atg %‘? 1 4 MHY 2002 WO 991 30452

PCT/ US97/ 22445 An e>?5 5’ § P> g'céggci“hg system whi ch i npl enments a net hod
of the present invention is illustrated in Figure 2. Alternate enbodi nents

may conmuni cate with SWLP%QHhB%h%’WIH%%%W&Eﬁ?Q *thcggn or ot her

shared conmuni catjon ¢ S Inste strated system
a vi deo source, vinyeBtiempssd forvigeo p@g@ﬁsmwwessa@temmum ‘bandwi dt h™ and
consunes additi onal avail abl e bandwi dth on a bus Z32 dependi ng on the
demands of other devices on the bus 232. By way of the reserved bandw dt h,
the systemthus guarantees a constant frane rate with at |east a m ninum

i mage quality. In one specific casePetailed Bessrip@h i s a Uni versal Serial Bus
(USB), and the video data is transmtted using the isochronous and bul k
transfer nodes. In thig context, the net ho s of the ent |nvent1| on
advant ageously al | ow a ¢ JEesent dRyenfign Proy B’e %ﬁi“m%‘o PRIALE PBast a
mninum quality | maﬁitaxmhg\aemﬁﬁmuﬁxhevcmcﬁsﬁﬁtquaﬂmewhilemllbwmgobarmmaﬂﬂ limted

to a USB i npl emengatl Q r be
used in a system Parars sty SifeeSpal R Saltal BRonni Bl
standard whi ch i sspacifisrdethily shalynsmparticolar SlmaalIlEEE. m&@wsop@cmrotqcnls: act, any
communi cation |i ”End"ﬂhscﬁ‘a:&%&‘éviﬁmﬁgé?ﬁé’ﬂud&@ SECREH AL Al &\Providel 4 At ON

dependent bus allocations can enpla dvant ageousl y .t he present 1 nvention.
Conhsequent |y, thethospes %@%Eﬂf@q Peseph Apvegnes. oﬂ% &’ﬂl e APPBGRtedont r ol | er

to a network or caewmca loﬁ@%ldll@ﬂ&ﬁfﬂi’&ﬁrt ﬂ[ﬁt&h@ﬂh%ﬁiﬁ%ﬂmésefbbaém&wdl s a
shared bus archltec ure c‘# agsfer f ranes of atal*n1 3‘?‘ k gﬁcond

| ong. Each USB daf”é PHAIHSR SPEFYY ‘a}lﬁc QHheT Rstanehs, SPECIpG Wncsiof €CRfent ¢ ypes
of packets. A hoshaweart bednl showg 20dqaibin atder nat coobscote thaakventiomi Blost r ansf ers
set-up) data, it'ﬁir:!' r; ?]Ibd&mgﬁgu nt er r upt
packet allows dev?ig{i to g‘éﬁﬁgﬁdo%p \L’lgf Q@‘égﬁﬁ&g‘)ﬁgﬁ%ﬁbﬂ ssAIO%l!ss dat a
delivery. The i sobhrblaiisnplerernt die nepmsedwmqwsdt&egmramw bandwi dt h
and delivers data in am&%&%ﬁ@%&&@wﬂeh@&stui&”ebcrﬁﬁk?t'dfy both ghdred node

transfer prOV|des l.oss- 1 es at Lver th of .the
transfer is not gi&f %ﬁ e@‘gf}%aésﬁ’ d&eﬁ%‘t‘se“F?ﬂCFmes R EPSArdance g ¢
bandwi dt h on the kith.the preseht idventior GligiDraHésanabdn BT cbidinbon? AdthraNo one of
t hese protocols alo n.r st e signal -
quality at tinmes ?Q%Hﬁﬁ%ﬁg%ﬁhmﬁﬁggﬁlona B§¥bg%rgqg§253§§a'ﬂgﬁiﬁ%ﬁ$qual|ty
| evel when there is substantial bus actiw4ty. If the ' isochronous node is
used) a mnimumquality level will be assured; however) additional
bandwi dt h which is available during idle bus periods renmains unused.
Further, if too nmuch of the available bus is reserved for an isochronous
channel ) ot her devices nmay experience undue delays in transferring data. If
the bul k node is used) other devices can nonopolize the bus and | eave
little or no bandw dth for a video signal. As shown in Figure 2, sone

devi ces conpeting for access to the bus 232 include a tel ephonic interface
device 224, a printer 22b, a nouse 228) and a keyboard 230. Bus accesses by
any of these deV|ces can inpact the bandw dth available for bulls transfers

- o
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In the processing systemof Figure 2, the host controller 220 and a
processor 205 are coupled to a processor bus 210. The systemincl udes a
medi a readi ng device 235 such as a disk drive or a ROMdrive. Al so often
used with t‘ﬁg_?’%@/“ﬁ emis a conputer readabl e nedi um 240 whi AFTIYSIZEES
enbodi nents contains software prior to its being stored permanently on a
hard drive or read into a nenory 250. The nenory 250 is al so coupled to the
processor bus 210 and may further include decoding or other traditional
menory interface logic. During system operation several routines conprising
device software 262 are | oaded into nenory 250 fromeither the conputer
readabl e nmedi um 240 or a hard driv not, sh The .devi ce software 262
includes a data r@& ergstcr‘fc&ft‘?%o'bgﬁfhgéoﬁla?vﬁﬂ%{@%@P’b‘{]w‘fig‘u?rf rcqbeeg% "nd a
reconstruction roleaving seffi®ienTbandrmadeh fgr other deymes iton gaimehdaningburaccess.
configuration roui,0esh £ yhie] aﬁ9ﬁtég@%f%zﬂk%¥§g?&c g&ﬁcﬁﬁhﬁ héh bdlgy bus 232.
The nenory al so contalns an operating system and an application 256
whi ch requests daﬂ@“‘?ﬂséfﬁcmp‘erati ng system 258. A bus driver 254
understands the protocpigurefl 1t {lRstiiss S nittfddi o8 Bl pre@sit Mhvdhrion.NOAL
controller driver 252. '~ -8 . &l 4 MAY 2002 MO, 991 30452 PCT/ US97/ 22445 The
bus driver 254 i nPPHAROf bpdwidthsngcgssapysto maigtain g mipimum qualiey signal |5 1 pe
devi ces on bus 23@&sgrvedisinnetapgbh®nt Thitithandwiddndnayatba teasenved eon ranyt i nes

whi ch pass data paﬁhﬁ p i i 2. 1o their
respective device SO F@/ﬁ%@?%é%@g{s a?%lﬁt%gﬁ“gﬁ ?M&fﬁyfﬁ%ﬁcﬁ Rrerfaces
wi th the hardwar elogg ashéhengemmynigatian lise protocolsTiadowos tceaaint amPRdrofdr i ver
252 handl es t asksbgididifito BeRYGved R APel6d oftde.cONt rol | er management. Wil e
vari ous operations are functionally grouped into bus driver 254) host
controller driver 252, _operati syst em.258). devi,ce software. Z6 etc., .
these | ayers may not iﬁoa}’fc &@g}%c %&csﬁx}me‘gﬁ Og’e?)gfgé'fﬂzﬁ?mﬁ‘}%m n%%cﬁ ment of
'lt)hedp_r Sfﬁnt anensm inelhdesrsignal y data rﬁc?mﬁq Qinm '.I nmmmhmgtz]@tser Yﬁ
andwi and pro S . . . o the
host controller 2%0., c\xmgﬂy\%&%eo hg(g]t |s1 énsgede%l y t.%gﬁrg‘f)pl I catlon e286, a
request is rel ayefuniBum@alyeygnal.n Jhe RBProptiate data partitins Gan Be PrEOIRSE ce
sof tware 262. hAs ﬁh@g\&ciaxﬁq@ds%ua&ﬁmfinﬁ;ujcgmemr) e;EEhipldQV\ii_ﬂﬁ)h_ﬁ'ﬁgEWy? 26(2
opens an isochrongus endpqi.nt_at t vi deo, source establ i.s a_pipe (an
i nt er process connﬁ%??&??’g“a b%e%’ﬁéf’ﬁ{"? % SYER Y @%F?erév@m;%\%?@h handl es
signal data for tfrectionmifrtheriotpl pixetsyrepresenging rthaimage, ahd eshappersdd datahe devi ce
softvare 1 equest SeRRAKLIGHERL iRARMINE! Hebl S 5ARAHE Manbi@idin Hcrsts number
(N) of signal datd packets per bus tran F_er rame. These packets transmt
the portion of th&lemasly, arsehsriechniaye vehich allows g coaste isprseatationtdf & nage i s
mai nt ai ned. 1 n st sipnad idbe érhanded whthiadditiondd daean Beganshittddanay b ssed.equest

can be granted. If thepe are other resery i sochronous pi for data such
as stereo audio, the rEEfESES ‘J\}E%S{;osﬁgp%%%gﬁ’t"gﬁ‘?c&r 5‘"{“{{25%2%{,@%{'%
bandwi dt h nust bedatedurequtsted is stoprd 10.n Afterthe 3imal daiteeis reaginsdtin atepl 19dssi bl y

theé reduction are i ih@%l% i s driver
2 5 4 and the banevvl ﬁﬁcﬁg%?gr \%ESI A thlﬁfscnﬂp%iﬁ%%&?gggﬁr ﬁloil}}s{ dat a
buffer 270 i s pasBederably; eroughcnbancement daga,is auestefy Onfi Y ABeMisnous
bandwi dt h reser vegnused ®afiBvidee taif dsveing B6 Righes tfuabicy Nigrab feMtBQlivén at t he
vi deo source in st.%) 325. This estg%l)ishes a ﬁlﬁr . ;Eoi legleY Z~02 V\Q 99/ 30452
PCTNS97/ 22445 pi pu8hdr FPIH-AD Lt i SrPSPAYEARY o i i3t Fat B0 n°handwi dt h
avai l ability per negimnceindmtiidta dztived irf Stey 1257 tipatslyattperas ioh othen sievioest r ol
routines is avall gl {iafe HeotdifiuRbadoiCciaRf TR0 WHRIAHeCHRIis dR4fE
Typically) buffer passing is pertorned by passing a pointer to a section of
menory reserved fBaAnsOHHed-buffer; however, buffer nmanagenent can be

acconpl i shed in a vari g ¢he¥dmbodafiért] #EpmeBONGRSis dahsiiRd eRadhoest , bul k
and i sochronous data s first tranrferr 0 e sized bgffer . .The data

. d.to,pa
is then transferr BAn< framesayhich mefude bo f‘gréarlé‘"%é'fﬂﬁ‘f"éc"?"i“h ptag optiat i on and
reconstruction into a unified buffer. In glternate enbodi ments, shorter or
| onger buffering sequences could be used. "Wth the appropriate pipes in
pl ace and the appropriate buffers reserved, the transfer of video
information fromthe video source 222 to the device software 262 begins. In
step 330) N isochronous tokens of video signal data are requested for a bus
transfer frame fromthe video source 222. The received signal data
represents a fraction of the total pixels in a single video frame and is
stored in the isochronous data buffer 270 as shown in step 335. In one
enbodi ment a sub-sanpling of regularly patterned pixels is used to define
the mninumquality inmage. In other enbodi nents, pixel averaging or other
conpression can be used to represent a certain set of pixels, as long as
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driver 254 allows other devices sharing the bus 232 to transfer 14 MAY 2002
i sochronous) control, interrupt) or even sone bulls data over the bus 232.
Dependi ng on which devices are active, a variable nunber of bul k tokens

will remai nwoabmbte for use by the video source 222. The buscwusswwiroidber
sends this variable nunber of tokens to the video source in step 340. The
recei ved bul k data represents an additional fraction of the total nunber of
pi xels and is stored in the bulk data buffer 272 in step 345. If the end of
a video frane is detected in step 350, the processing of the received

signal and enhancenent data commences. If the end of a video frane has not
been reached) a new bus transfer franme is transferred -10 1 4 MAY 2002 WO
99/ 30452 PC T/ US97¢mborimen; sieps h0Wi2Shars repsatgd gntilabe nd OfShe BEMENE &5 er ence

to Figure 1, the ed‘él‘c&édﬁastté;ﬁﬁﬂf eThig, 388 Wikle, hﬁe g@hﬂ%actnhxncankhmﬁa a data
or transfer frane foount' mechani sm. or aa:gﬁlr ker @acket cal |. a
plurality of bus t é“rgﬂ}cf‘hﬁ’i?smﬁ"dk"éj o2 Raraile] Jransier GRePFisig ‘e‘t“ﬁ

nunber of iterati omumfuasmﬁcrﬁm}té}ﬁﬁlcmthemcpemmgdndw’nemﬂmcpsnd@oba‘ rama S
conpl ete, the dat h f re erm ned
fraction of a totac o] éﬁﬁé&z’g‘gl g’bﬁggim?%orsd’faéz%c"ﬁgggr es g Sa’?“’g‘n g&lthe

vi deo source 222. asplatimsome systerbsi hath datd fess nﬁiifzbqﬂepqtem]nc%ethhcfawdl tional
fraction of the t%@‘daﬁ%%c&\}c&' the video frame. In one enbodi nent) the

i sochronous transfer pr des an |mage deci mated by four horjzontally and

by four vertically. ThatVhesthegnd of ﬁSE&’B?’V‘%‘W‘%NSF@%O&%HO?@Grslg%lr| zont al
pi xel s is transm tdad had besnndeyeivéd, and s ddusome uainthaim qualityr mmpEedanest) t he

v oo sl 1)1 i des! RIS, KB 565 LS AU Rghrie Vol o
present. If bulls Mdmt@tahapgnmbmlétﬁ taetra:éoftbamnmtbm ke deiecsed
suppl enent s the i SQCRRRPMS M&)nﬁﬁﬁy%ﬂgcéd}ﬁngﬁ%ﬁ'ﬁﬁérﬁnﬂt@xﬂw e two. A

second pass of bull’s, data restores the |mage to 'l resol ut Unl ess few
ot her accesses to $MeChthe d3ta: srE™meRF iCAYD: bre ?‘?%?%Péra 6P°°é?Jg‘PVKFF Dackel frane)
al | pi xel s necessadéteciddl in chihertistewith triYecetving dtd. i kel y to actual ly be

transferred to the bulk buf l.ural ity .of, rengini,n
(untransfeaed) pixels a?% e%&%‘ggfy‘ %ET%FWF% l&(S%hce‘%{ebqthnﬁ%eggg?#n ‘g{aep 355,
the remaini ng pi xehesessaryederarthe tminmuuwm| qualityt kpresenitatorf rande agpertion of

approxi mated. In typbtinchedla S dvaitiold ARYHIE PBIRNA Secelvll SveriidH ox iRt i ng
and/ or further data, prigcesa ng or transferrin may occurhigncu&{lently to or
f ion

interl eaved with tPRef TeLQRTTICH o pS ABp$eRi I§cHni ques
such as interpol ataonampbshedl bglcbg),buﬁﬂg d\atssgnalemid emhmaemcnmmbm & Sethnéro

gentrate values fo The o) tin Jetg or

reconstruct the f|£°é?pl%1§%"§gﬁg @gfzr“s OBg'lg Emmgug nge x%pgﬁé)é%rocess to
t he data reducti onpreviohsly qissusseédanyoofoe vasietypof well kng\naltwmmc& maystieer r ed
via the isochronougsRi g§- mchgargggmf}%wgnav,gggggnﬁégog%gqp,g,zsﬂgggg/ USRfdr2 2445

The pixel information for t te video 1mage is thféransferred to a
frame buffer 274 i¥censgpctpnoof g ﬁ%ﬁ??’ﬁnﬂ‘%ﬂ?‘h@r "rﬁ‘éﬂi‘s Be sigpy1 19 \yherg thene
buffer stored in tﬁ@sﬁﬁmn)bfaﬁﬁwg’cgﬂ%y lk&gm% video frame ' buffer storing

data for pending displ on a nonitor. acti o he i xels (fromthe
i sochr onous dat a buffe?‘}%“st HERRHYS BWQ?JSp?‘S‘f | 85 vfu?cé’maf'% “SP kmﬁ’éttgac

buffer)) and the rmfamdgxsaquh@mamobfph«pmscranevctrmpn@anCIcya pinitmuned i nto

data groups such asﬁ}% 0

ori gi nal physical a‘?ua?é{ gnr?pgta&?ﬁgé#@g?gg&?ce elﬂtgr?&%ra |onaﬁk§ata
transfer techni quelftesyali avapiablgampupip mb@cm@ltﬂa%@ﬂow&iwv&c@m

buffer. Steps 330 miiRuGiquile Spall hnémﬁﬁmg ieAhd@idErnynt  ARE hii ézﬁhotalﬁkdl tional
video frants as |ong as Vlgﬂ%ﬁl“é gfxe‘g f\Lequlr d Th the ﬁnt

i nvention nai ntain \' Antgryph 15, Soply (isges

bandw dt h- dependentomginadust sigresh hansmissioh .of Bhdeadi el mamutumeqvknin)qwm may
appropriately be ug gl,t mai ntain video or other tinme varying signal
throughput in a variety of buses or other signal lines. Wile certain
exenpl ary enbodi rents have been descri bed-&nd shown in the acconpanyi ng
drawings, it is to be understood that such enbodi nents are nerely
illustrative of and not restrictive on the broad invention, and that this
invention not be limted to the specific constructions and arrangenents
shown and described) since various other nodifications rnay occur to those
ordinarily skilled in the art upon studying this disclosure.
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-12 ~ 4 SAY zoo2 VWat is clained is: 1. A nethod of transferring a' § MAY 2002
digitized data signal representing a continuous natural data type over at

| east one signal line, the nethod conprising the steps of (a) requesting

si gnal dat aMSh¥k843 representing the continuous natural dataPEYPEITRR4G

m nimum qual ity |l evel, the signal data packets containing a first fraction
of the digitized data signal; (b) requesting enhancenent data packets for

i mproving a quality |evel of the continuous natural data type, the
enhancenment data packets containing an additional fraction of the digitized
data signal; (c) detecting when a plurality of signal data packets are
received for a discrete tine segnment of the continuous natural data type;
and (d) approxi mating 4 examalecdd preoessingsystem whick dmplepgbis method &f dat a

type fromthe pl ugRl presenPinvendbnal ildRkRed 3¢ Fegipreand ti@mleUerabddiverds
enhancenent data packets fromthe discrete tlﬁpgﬁg\r&en The met hod of

t., 2. .
claim1l wherein t F&YnETHBYIC e OS8R FOPEFFS ¢ WKy WAELESFNGT st ep of :
recei ving a pl ur abthey sldred canrsfirdcatibn ghamelscasttad ofanbier I therlusimaedidi ng a

reserved bandw dt (Q:&%%ét %Qﬂde%nﬁ)u?cev%ée?)géﬁx&%?%,d}c@crg&r LigQp ggﬁt gfurality

of signal data pa elng transm he“feserved ndw dt h

portion and the pbandyighyans canstragscadditinnaljayailable dredwiddepng brarksi tt ed

using the variabl geRaBMy ¢ e BAMAARID other HRGCEBSNAR tiis 23 AT Bydwifsf €i n the
reserved bandw dth portion is a(ﬁhl ochronous data pi pe and t%%lvarl abl e
angu ptﬁ

bandwi dt h porti onteJeseryd Haystem thys.suagantees a sonsanti fame fier ei n t he
conti nuous nat ur alidiat Rastyspaininfuntinvigd@@alitygnal and the discrete segnent is

a video frane. In one specific case, the bus 232 is a Universal Serial Bus (USB),
and the video data is transmitted using the isochronous and bulk transfer
modes. In this context, the methods of the present invention
advantageously allow a video frame rate to be maintained with at least a
minimum quality level; however, the present invention is not at all limited
to a USB implementation. One similar proposed bus protocol which may
be used in a system implementing the present invention is the Fire Wire
standard which is under development by the IEEE P1394 project. In fact,
any communication line which allows bandwidth reservation and utilization
dependent bus allocations can employ advantageously the present
invention. Consequently, the appropriate controller varies from a local bus
controller to a network or communications interface.

The Universal Serial Bus is a shared bus architecture which
) transfers frames of data one millisecond long. Each USB data transfer
frame includes as many as four different types of packets. A host
controller 220 provides a control packet which transfers set-up, data, or
status information to devices on the bus 232. An interrupt packet allows
devices to be periodically polled and allows loss-less data delivery. The
isochronous mode of transfer reserves a guaranteed bandwidth and
delivers data in a guaranteed amount of time. Finally, a bulk mode transfer
provides loss-less data delivery, but the bandwidth of the transfer is not
guaranteed because bulk packets fill in otherwise idle bandwidth on the
bus.



14 MAY 2002

5. The method of claim4 wherein the plurality of signal data packets
represent a fraction of a total nunber of pixels in the video franme, the
plurality of enhancenent data packets represent -13 1 4 MAY 2002
addi ti onal WPRB&S2and wherein step (d) further conprises theCBUSI/ 20445
approximating a plurality of remaining pixels fromthe plurality of signal
data packets and the plurality of enhancenent data packets fromthe

di screte time segnent to conplete the video frane. 6. The nethod of claim1l
wherein the step (b) further conprises: requesting a first pass of
enhancenment data representing a first additional fraction of the digitized
data signal; and requesting a second pass of enhancenent data representing
a second additional frdewneaf desetpretodolyirlone ean rgalissicaliyypravide thet ighdst r st pass

s completed 7. pESEHIAT Qi) Aldihd SMRUEDE LHRRGRThEUAHSGELS Al data
ype is an audio signal and the discrete segnent is a fixed interval o
time. 8. The met h%‘HgB‘chﬂ ic"\%é‘?shéT‘n‘}‘?rﬁe‘ss‘[r‘T‘gﬂa’C%é by afBEYcodhbrtses t he
steps of (i) requissthrogord mbdsts ukedech Rdnehwnt ignakiryaleivelt will adadsite; i f t he
first fixed bandw ugntity Jds.top |arge _then reguesti a_second

smal l er fixed ba\rll\ﬂ’a‘\g/{\nb ‘g’t"'ﬂ %ftc}}é]r?fl %t%@dy?ﬁmwﬁ’é%h%t?vgﬁglﬁa‘?‘%?gi lﬁile%sefcﬁl mum

qual ity level forremginsomuséddoirthiar.|ibtonl mochi ofgthp amatleblé busde pesakedfojual ity

| npr ovenent s, theamgwmén&&mrahﬁanemweﬁﬁ&&nﬁa fckpér%c@ﬂﬁt?\ﬁ“ﬂelﬁ% in

i sochronous endpoint _tQ conmupicale wth a video source; openi ng a bul k

endpoi nt to conmiAnsirEngdaty, Hithe bylkaaodedsused, other dexigegan ReNAROBZEyc hr onous

tokens fromthe vihd®os aepR; livléldr mehaidaiiiR forarviddd ggnainber of bul k request
tokens to the video so#é%ﬁ?wthe var i ncm
|

le n er dependi gl_ on avai/l abl e
bandwi dth: () recei vi 1S RIS & SOE e Rces qrueng fOr 46Cess P 1 ¢ he
vari abl e nunber diusmhndadaammmnﬁc interfiaess gavieee224p atpiater 226 abmeuseunber  of
bul k request tokejpg 4@H E‘g&)'.”% Q%bésk&ﬂlz)t gM# %?%Q@gi@ﬁ%&oght he

- ey
i sochronous data packets and the bul k data pac ecel ve( erewmth to
reconstruct a vi d8Ptnihegdandwidiy availablefor transfers by the video camera

222,

In the processing system of Figure 2, the host controller 220 and

a processor 205 are coupled to a processor bus 210. The system
includes a media reading device 235 such as a disk drive or a CD ROM
drive. Also often used with this system is a computer readable medium
240 which in some embodiments contains software prior to its being
stored permanently on a hard drive or read into a memory 250.

The memory 250 is also coupled to the processor bus 210 and
may further include decoding or other traditional memory interface logic.

) During system operation several routines comprising device software 262
are loaded into memory 250 from either the computer readable medium
240 or a hard drive (not shown).

The device software 262 includes a data request routine 264, a
data receipt routine 266, and a reconstruction routine 268. The memory
250 contains well known configuration routines 260 which configure
devices attached to the bus 232. The memory also contains an operating
system 258 and an application 256 which requests data via the operating
system 258. A bus driver 254 understands the protocols of the bus 232
and interfaces with a host controller driver 252.

—-8—



1 4 MAY 2C02 the mninumquality level. 10. The nethod of claim?9 \Mle’?éW 2002
the step (~ further conprises the step of: (i) repeating steps (c) through
(fj for a plurality of bus frames until an entire video frame is assenbl ed.
11. The net MA99P0462 ai m 10 further conprising the step of: (WPCIMEPRatddng
steps (c) through (g) to provide notion video at a constant frane rate. 12.
The nmethod of claim 10 wherein a fraction of a total nunber of pixels of a
video frame are received as isochronous data packets and step (e) further
conprises the steps of: (i) requesting a first pass of bulk quality

| nprovenent packets if the first pass of bulk quality inprovenent packets
has not been requested in a prior iteration, the first pass of bulk quality
i nprovenent packets conTbé busndgivan2Stiochidemcienf seadtésame obutites taibred tonunber
of pixels; and (i1t debickln bisSh3nASHud Snah Qe ?&nu@?%&%g\er &econd

pass of buI k quality i rrproverrent packets contal nin remai n t he
total nunber of pi%eEARES which pass %PH%WO%PWTRP@‘W‘@SW"S‘%BU{@)nf urt her

gormr Ibeefs t helzt e%?cxﬁmr %ﬁﬁ%dlﬂ?d&hbéﬁf%@ﬂo%cd%ﬁcmei 8rivdt 282 ltmchr onous
ata buffer t hod, of cl aim t her conpri si storing
the variabl e nunbelf‘ G50 Ph gtke o 1598&’&2”?% Eo%u(fqgﬂ%g zgﬁffef}.P %3 The

met hod of claim 130cmtrellm drig¢re 2529 hafdles hasks cowpr as apetdie settedplepfand( i )
transferring pixel éin%ﬁérrmatn'ag lLomthe i sochronous data packets to
regularly patterned entries e frame buffer; (ii) transferring pixel
information fromthe bueileyerEoysapeetions e dunpsionally grosped 1tq hus frvere

buffer; and (iii) zasmrmst BSitoller &hmlzsaald;beﬁuﬁgsigzéxh 258, debick! lsafrivhre Of
remai ni ng pixels i

16. Th hod of
0O el S L ek v, 1 i, A e Rt e Ak
the pixel informatémbodimem bhehbupresaiat mveaiok e bsly mqilmk\eaxplappaipnhtp of

remining Pl Xel s aheEARSELEE Guldfal! AP oiie TbR BRHRS

arranged accordi ng el r oriqlnal i cal e vi eo sour ce.
available bandw1dth to thc host controller 220.

When video data is needed by the application 256, a request is

relayed to the operating system 258 and then to the device software 262.
As shown in step 305 of Figure 3, The device software 262 opens an
isochronous endpoint at the video source establishing a pipe (an inter-
process communication mechanism linking software layers) which handles
signal data for the minimum quality representation. In step 310, the
device software requests a particular bandwidth corresponding to a fixed
number (N) of signal data packets per bus transfer frame. These packets
transmit the portion of the image assuring that at least a certain quality
) image is maintained.

In step 315, the bus driver 254 decides whether this request can
be granted. If there are other reserved isochronous pipes for data such as
stereo audio, the request may not be accepted, and the requested bandwidth
must be reduced as shown in step 320. The request and possibly the
reduction are repeated until the request is accepted by the bus driver 254
and the bandwidth is reserved. At this point, an isochronous data buffer
270 is passed to the bus control routines.

With the isochronous bandwidth reserved, the device software 262
opens a bulk endpoint at the video source in step 325. This establishes a

o



17. A system which processes a tine varying signal, conprising: a 14 MAY 2002
processor; a controller coupled to the processor by a processor bus; a

signal source providing digital values representing a discrete segnment of

the time valM@ #¥§0&2gnal , the signal source being coupled to PABUSHMI2A4S | er ;

a main menory coupled to the processor and the controller, the main nenory
containing therein: a data request routine for requesting a first fraction

of the digital values froma fixed bandwi dth channel and a second fraction

of the digital values froma variable bandw dth channel; a receiving

routine for receiving a plurality of signal packets fromthe fixed

bandw dt h channel containing the first fraction of the digitg%lvalues and

for receiving a plPtReaifPR \FORYNUNRIEN: Hethe 5BRARSEREN AR WhAY Bandwadta; o
portion of the seaoithbilitageimits. ofA bilke ddiaghdffer 272 passed r6Mhd bes \¢ahitrabl e

bandw dt h channel ; _and a r struction.routine for, conbini the plurality
of signal packets r%a[}f'cf ﬁeavgﬁ%%fqrfvmﬁ Oghlﬁérhcc?gﬁ%fm}ﬂ%%?‘gdé}% forma
reconstructed signal. I&picaHy, ufter gassig sl parfortgd Wyepassing tahpoipleutahi ty of

si gnal packets reREQRANS MAlmbiYRERrRk Br [Haf BltfdrMROGe A abidtfek mifigemdr &l i ty
of enhancenent packets inprové the first 1mage quality, the ti varying

signal is a notiofa®iRfedcqryplished dm tvaEew o tipegle adngisal Ins Wge” franme
of the notion vi dembsiigmsl, bulld and Reckiyrduerianfis firgi farsterfed! tohgige GRRBT i Si Ng:

' I i al | ] th troll to the si , -16
T 4"VAY 2002 viher SPTEEn M Ralad® piR Barar e Cindneet Srel SR ke R 68 o o
pi pe, and wher ei ncoinbinaton ande rdsensiweitinh ithaanatified tuffenl k Inathepatpe. 20. A
machi ne readabl e m'ﬂHm&’%gﬁd’%Bgl°?‘§§rb§gfr§ﬂﬁ%§%’§§%§?“&m%#%a machi ne

conprising: a data request routine. ) rrst fraction of a
plurality of digital v a¥itla ghe appropriate pipes in place and the appropriate buffers

reserved, the transfer of video information from the video source 222 to
the device software 262 begins. In step 330, N isochronous tokens of
video signal data are requested for a bus transfer frame from the video
source 222. The received signal data represents a fraction of the total
pixels in a single video frame and is stored in the isochronous data buffer
270 as shown in step 335. In one embodiment a sub-sampling of
regularly patterned pixels is used to define the minimum quality image. In
other embodiments, pixel averaging or other compression can be used to
represent a certain set of pixels, as long as additional data can be used to
enhance the final image quality.
After the isochronous transfer of the video signal data, the bus
) driver 254 allows other devices sharing the bus 232 to transfer
isochronous, control, interrupt, or even some bulk data over the bus 232.
Depending on which devices are active, a variable number of bulk tokens
will remain available for use by the video source 222. The bus controller
sends this variable number of tokens to the video source in step 340. The
received bulk data represents an additional fraction of the total number of
pixels and is stored in the bulk data buffer 272 in step 345.
If the end of a video frame is detected in step 350, the processing
of the received signal and enhancement data commences. If the end of a
video frame has not been reached, a new bus transfer frame is transferred
~10-



representing a segnent of a time varying signal froma fixed bandw dlr!f MAY 2002
channel and a second fraction of the plurality digital values froma

vari abl e bandwi dth channel; a receiving routine for receiving a plurality
of signal pNk¥¥452rom the fixed bandwi dth channel and for rBEBUSPHEPI4E
plurality of enhancenent packets fromthe variable bandw dth channel; and a
reconstruction routine for conbining the plurality of signal packets and
the plurality of enhancenent packets and for perform ng signal

approxi mation for the segnent of the tinme varying signal using the first
and second fraction of the digital values to forma reconstructed signal.
21. A nethod of transmtting a franme having afpl urality of pixels,

conpri si ng: transHacenRghyith stepr 0. Aqdisqussed 1prefseeore taFigyne di wesgd #ff i r st
plurality of pixela ¥aisB@Strdrid ndyfberadibcétl 6 d Bmeb) ardtal by uRhsf&r ke i N the
frame using a fi rst%t t l,?e whi ch grovkdes an all ocated bandw dth, the
fraction being def@ CW}{ ReoA PHKER R Handwi dt h: transmitting a second
plurality of packets cdiypidallyapleraligyaidibds pansfealframes ofakpiugal sivgdd uigiso of t he

frame usingasec%gi t -c-and. | hI (mg ' | X alues in
the frame using the %?@F%ﬁuur_af?ﬂlsp%oﬁgpégﬁb.ﬁégé% an %%(E"gmgféconax
plurality of pixelthesyidgesframe iy Rempletgnthe data imhige risedhoencys buffer@ 24 f urt her
cecond packet i ypeicnis & plladiericibh 6f RIBRIE s AR A Eng o 1

s P yp i.ni | D ity pi xel val ues

frame using the sé%??&lﬁﬁeikggthF)?’!SEPS%’#ﬂegﬁng the third plurality of pixels

in place of approxi mat iThg datasigiitlecbulk keffer\23R veigresents 7an adllitbnAl¥acBOR2f 23. The
method of clai m 24 wagk 6L Hghd 1ad £EREP 18 onk  ARRhbrd: e Mg oug OTPT i sES

t he steps of:

transfer provides an image decimated by four horizontally and by four
vertically. That is, one in every four vertical and four horizontal pixels is
transmitted. If only this isochronous data is transferred, the video quality
is low, and although the objects that make up the image would be
recognizable, high frequency components of the image would not be
present. If bulk bandwidth is available, a first pass of bulk data
supplements the isochronous data, reducing the decimation to two by two.
A second pass of bulk data restores the image to full resolution. Unless
few other accesses to the bus occur during the transfer of a given video
frame, all pixels necessary for the video frame are unlikely to actually be
transferred to the bulk buffer 272. Thus, a plurality of remaining
(untransferred) pixels are necessary to form a complete image.

In step 355, the remaining pixels necessary to complete the video
frame are approximated. In typical task switching environments, this
approximating and/or further data processing or transferring may occur
concurrently to or interleaved with the receipt of additional data.
Approximation techniques such as interpolation, averaging, or data
replication may be used to generate values for missing pixels. The routine
used to approximate or reconstruct the final missing pixels performs a
complementary process to the data reduction technique used to develop the
signal data transferred via the isochronous pipe.

-11-



requesting a first bandwidth to be the allocated bandw dth; and if tlhe MAY 2002
first bandwdth is too |arge, then requesting a second snaller bandw dth to
be the allocated bandwi dth. -18 . A& A A . AN. A A . A AN ALC Au. A AO. A

_AF5. A3. A3. W9 BBMAS/ INY' o] + +rzr}xsni d_2Z] ca] ca] ca] ca] ca] caPERS7/22445
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are merely illustrative of and not restrictive on the broad invention, and that

this invention not be limited to the specific constructions and arrangements
shown and described, since various other modifications may occur to those
ordinarily skilled in the art upon studying this disclosure.
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109%& () -* ké)l /'} Qéqjugﬁf\n%~si§lila@ﬁata packets representing the continuous natural data type at a
minimum quality level, the signal data packets containing a first fraction of the
digitized data signal;

(b) requesting enhancement data packets for improving a quality level of the
continuous natural data type, the enhancement data packets containing an
additional fraction of the digitized data signal;

(c) detecting when a plurality of signal data packets are received for a discrete time
segment of the continuous natural data type; and

(d)  approximating an enhanced version of the continuous natural data type from the
plurality of signal data packets and the plurality of enhancement data packets

from the discrete time segment.

2. The method of claim 1 wherein the method, before step (¢), further comprises the step of:

receiving a plurality of transfer frames, each transfer frame including a reserved
bandwidth portion and a variable bandwidth portion, the plurality of signal data packets being
transmitted using the reserved bandwidth portion and the plurality of enhancement data packets

being transmitted using the variable bandwidth portion.

3. The method of claim 2 wherein the reserved bandwidth portion is an isochronous data

pipe and the variable bandwidth portion is a bulk data pipe.

4. The method of claim 1 wherein the continuous natural data type is a video signal and the

discrete segment is a video frame.

5. The method of claim 4 wherein the plurality of signal data packets represent a fraction of
a total number of pixels in the video frame, the plurality of enhancement data packets represent
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6. The method of claim 1 wherein the step (b) further comprises:
requesting a first pass of enhancement data representing a first additional fraction of the
digitized data signal; and
requesting a second pass of enhancement data representing a second additional fraction of

the digitized data signal if the first pass is completed.

7. The method of claim 1 wherein the continuous natural data type is an audio signal and the

discrete segment is a fixed interval of time.

8. The method of claim 1 wherein the step (a) further comprises the steps of:
@) requesting a first fixed bandwidth quantity; and
(i)  if the first fixed bandwidth quantity is too large, then requesting a second smaller

fixed bandwidth quantity.

9. A method of maintaining a minimum quality level for motion video while allowing
bandwidth dependent quality improvements, the method comprising the steps of:
(a) opening an isochronous endpoint to communicate with a video source;
(b)  opening a bulk endpoint to communicate with the video source;
(c)  requesting N isochronous tokens from the video source;
(d sending a variable number of bulk request tokens to the video source, the variable
number depending on available bandwidth;
(e) receiving N isochronous data packets;
@ receiving the variable number of bulk data packets in response to the variable
number of bulk request tokens;
(g)  approximating additional video data from the isochronous data packets and the
bulk data packets received therewith to reconstruct a video image having at least
-14-
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the minimum quality level.

10.  The method of claim 9 wherein the step (f) further comprises the step of:
(i) repeating steps (c) through (f) for a plurality of bus frames until an entire video frame

is assembled.

11.  The method of claim 10 further comprising the step of:

(h) repeating steps (c) through (g) to provide motion video at a constant frame rate.

12.  The method of claim 10 wherein a fraction of a total number of pixels of a video frame
are received as isochronous data packets and step (e) further comprises the steps of:

)] requesting a first pass of bulk quality improvement packets if the first pass of bulk
quality improvement packets has not been requested in a prior iteration, the first
pass of bulk quality improvement packets containing an additional fraction of the
total number of pixels; and

(iii)  if the first pass is completed, requesting a second pass of bulk quality

improvement packets containing a remainder of the total number of pixels.

13.  The method of claim 9 wherein step (e) further comprises the step of:

storing N isochronous data packets in an isochronous data buffer.

14.  The method of claim 13 further comprising step of:

storing the variable number of bulk data packets in a bulk data buffer.

15.  The method of claim 13 wherein step (g) further comprises the step of:
1) transferring pixel information from the isochronous data packets to regularly
patterned entries in the frame buffer;
(i)  transferring pixel information from the bulk data packets to other entries in the
frame buffer; and
(iii)  approximating pixel values to fill in a plurality of remaining pixels in a frame
-15-
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the pixel information from the  bulk data packets, and the plurality of remaining pixels are
transferred to the frame buffer as data groups arranged according their original physical relation

at the video source.

17. A system which processes a time varying signal, comprising:

a processor;

a controller coupled to the processor by a processor bus;

a signal source providing digital values representing a discrete segment of the time
varying signal, the signal source being coupled to the controller;

a main memory coupled to the processor and the controller, the main memory containing
therein:

a data request routine for requesting a first fraction of the digital values from a fixed
bandwidth channel and a second fraction of the digital values from a variable bandwidth channel;

a receiving routine for receiving a plurality of signal packets from the fixed bandwidth
channel containing the first fraction of the digital values and for receiving a plurality of
enhancement packets containing at least a portion of the second fraction of the digital values
from the variable bandwidth channel; and

a reconstruction routine for combining the plurality of signal packets and the plurality of

enhancement packets to form a reconstructed signal.

18.  The system of claim 17 wherein the plurality of signal packets represent an image at a
first image quality, the plurality of enhancement packets improve the first image quality, the time
varying signal is a motion video signal, and the reconstructed signal is one frame of the motion

video signal.

19.  The system of claim 18 further comprising:
a universal serial bus coupling the controller to the signal source,
-16 -
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a data request routine for requesting a first fraction of a plurality of digital values
representing a segment of a time varying signal from a fixed bandwidth channel and a second
fraction of the plurality digital values from a variable bandwidth channel,

a receiving routine for receiving a plurality of signal packets from the fixed bandwidth
channel and for receiving a plurality of enhancement packets from the variable bandwidth
channel; and

a reconstruction routine for combining the plurality of signal packets and the plurality of
enhancement packets and for performing signal approximation for the segment of the time
varying signal using the first and second fraction of the digital values to form a reconstructed

signal.

21. A method of transmitting a frame having a plurality of pixels, comprising:

transmitting a first plurality of packets containing a first plurality of pixel values for a
fraction of the plurality of pixels in the frame using a first packet type which provides an
allocated bandwidth, the fraction being determined by the allocated bandwidth;

transmitting a second plurality of packets containing a second plurality of pixel values of
the frame using a second packet type; and

approximating missing pixel values in the frame using the first plurality of pixel values

and the second plurality of pixel values for the frame.

22.  The method of claim 21 further comprising the steps of:
receiving a third plurality of packets of the second packet type containing a third plurality
of pixel values of the frame using the second packet type; and

using the third plurality of pixels in place of approximating missing pixel values.
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if the first bandwidth is too large, then requesting a second smaller bandwidth to be the

allocated bandwidth.
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