- e3eD@@N$B@Bf bD6DTD[ e ; 5 July 2002 APPARATUS AND METHOD FOR PREDI CTI VE 4/(;
TI ME STAWPI NG OF | SOCHRONOUS DATA PACKETS 5 FI ELD OF THE | NVENTI ON: The
present invention relates to the field of transmtting infornmgtipmdeet ween
devices. More particularly, the present invention relates to thefield of
transmtting tine sensitive information between devices over an | EEE

1394- 1995 serial bus network. 10 BACKGROUND OF THE | NVENTI ON: The | EEE

1394- 1995 standard. "1394-1995 Standard For A High Perfornmance Serial Bus."
is an international standard for inplenenting an inexpensive hi gh-speed
serial bus architecture which supports both asynchronous and isochronous
format dat apgARANES ANLS ME THOOCRUROPREDSC QL oy THE STANFING ORX ESOCARINODS DRTA PACKETST S

whi ch take place such that the tine 15 interval s between significant

i nstances have the sanme duration at both the transmtting and receiving
applications. Each packet of data transferred isochronously is transferred
inits own tine period. An exanple of an ideal application for the transfer
of data issochippgust YyprahENgsoff om a video recorder to a television set.

The video rec er records Irnmages and sounds and saves the data in discrete
chunks or packet s Thahesant ieention eelateieto thehbeld of wamsmisting Rfrmativh betwsket |
representing period

during that f%ggeperlo&ﬂagmaggﬁ% %%&Bﬂ%%h8¥%iu§&+g?g%ﬁggﬁhﬁ$wgﬁ%F
1394- 1995 st anuRétivd ipfuunatioe hetween davisepnevsy prl ESEEA% 1199 eserinln eksvofior

i sochronous data transfer between applications. A six bit channel nunber is
broadcast with the data to ensure reception by the appropriate application.
This al l18ws B b 2 JOMoncurrently transmt isochronous data
25 across the bus e EEEE w_cﬁ. wmtamaonma 109 ASSABIPER A g Wlkbh gl data
transfer operations which take place as soon as possible and transfer an
amount of dat%eripk Bk "ds g inteeatioep] stapdasd fos dmplementing en freppEngsigobigh-g98d sarighdar d
provides a higg ax%ﬂﬁé%@hré wcﬁlsuﬂg,eﬁs bAk asvaalﬁs&qpmgécmn&ls%ﬁﬁk S8 WhikeReSs.

t hereby providing a universal "I/O connecti on. | 394-1995 30
standard def i lpeebrogows dsta teansferstogs ealctime 6‘?‘“Sfi€?§e‘”‘aﬁp‘la¥‘%ﬁlﬁqec§ﬁ§‘ thfdheppe

el'i m natyisng t;hRrARGR % sxgqnﬁ@aapingﬁﬁéek RiveliRe ﬁma\a%fahoxdatgdomlhe @aﬂsamhﬁg aal og
data before it s transnmitfted across the bus. Correspondin a_receiving

appl i cati on iRtEVIRGYRIGANORS. ofach packsl of qafadmnffﬁréedble&chromﬁslyaﬁgw&mi in #8661 66*
*G-2* 5 Jul gwrPfe petida, Arbdidmple | of ah r&aleafpgn@u&oform Bl dfefdal i cBRANBY
anal og data to dlgltal data. T cab%& wre,ﬂ1 the | EEE 1394- 1995
standard is VEMWA P fAmapvidsozecop Vst gEh ehhepiider ireserdenisrores {nagep and

connect such geids Caﬂas savlébmb QRS it ax@crble cheite dr adardetf emv\ﬁai:ofremc:a lEheh ifahsfers
| 394- 1995 bus the bus i active. |If a device ?4 renoved

the bus Wwill ® Ha“gf}t REEENg the image e S%‘t&‘fiée‘i"fd%|°f’e"fad}m‘{ef‘é\’f§rﬁ°f‘ ekt a
bet ween t he tthanm&»qbes:bu gr diigﬂﬂsbv e RdElEsidnSseC OTIR IBEEAd9A 19900 padrd @ i ty W th

a uni que addre on th ? ture. Eact}Lr .
arc xtecmre prow e multip e channels for isochronous data transfer between applications.

A six bit channel number is broadcast with the data to ensure reception by the appropriate
application. This allows multipie applications to concurrently transmit isochronous data
25 across the bus structure. Asynchronous transfers are traditional data transfer operations
which take place as soon as possible and transfer an amount of data from a source to a
destination.
The IEEE 1394-1995 standard provides a high-speed serial bus for interconnecting
digital devices thereby providing a universal I/O connection. The IEEE 1394-1995
30 standard defines a digital interface for the applications thereby eliminating the need for an
application to convert digital data to analog data before it is transmitted across the bus.

Correspondingly. a receiving application will receive digital data from the bus. not analog
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node provides an identification ROM a standardized set of control
registers and its own address space. The | EEE 1394- 1995 cabl e environnent
is a network of nodes connected by point 10 to-point |inks, i68dulyd00g a
port on each node's physical connection and the cable between them The
physi cal topol ogy for the cable environnent of an | EEE 1394-1995 serial bus
is a non-cyclic network of multiple ports, with finite branches. The
primary restriction on the cable environnent is that nodes nust be
connected together without form ng any cl osed | oops. 15 The | EEE |394-199S
cabl es connectatpand svilf dgeefdre potdis reflufred regonvesorielog datadn digiieltdatan CThg gele
termnators. }dahacs tK@I&@[UMﬁb@P%Fnd%QE Gery Ahifl A& hdARY Go BHLL dudli& POTLS
at its physical connection. The cable and pdrts act as bus repeaters

bet ween t he neabtes upad tgicaleeitsachadeyicay | Beviess randde added amrremeved | feonpiny HEEa|
connection at ; 2Ackhol BAEwhiCh B&Ss e Ot IBviee ROLS Rideb e;ng@atd't J‘bds‘l%flc- a
resynchroni zer and an encoder. Each of the ports provide 20 the cable nedia
i nterfaced i nt henmitematically teaonfiguigdiselé & drangmittiop date dbetavgen thp ¢hea rekistinganodes

| ogi ¢ provide : he : [,Zer kes
recei ved dat agsrtﬁ’?‘ggée&(g%%éé edlog%l}t?aefng‘irytVglhlaanglm enag;r{%%e({sneﬁgtg ‘gtst%r;at&gé'syEr?% roni zed
to a | ocal cl oede rrowidesge idgptifidagoraREM. e atahdandizogdisethofreonthd registiss affhies @yicoder
takes either dafa pﬁhg]g transmtted by the node or data received by the
resynchroni zer, Which is addressed to anot her node, and 25 encodes it in
dat a- st robe f or mat THedEEE 13 b9 sable eadionment tihe n¢t@pik of 30des cogBcted by avinbus.
Usi ng these cqn " %31% Leal WeYe TN

physi cal ?(Eoi nt % o- q@%{%tmcgdgglgl ogyte%n?&t}ﬁﬁggdgasb gmehﬁ\%‘it)drngﬁﬁér?tﬁa]?llﬁﬁ%ﬁgb%/t?vrg%nual

br oadcast bus themhildis physicak pppelpgstifop yherriabla envitonpentof g IEER 1334stfrseriphbes if s
acconpl i shed akh: . Ry : t S

conneeti on. r aLoh BRI deAbA S TulE sy Bin PE BEnBRE R prhly RABhATn e
data out of 3@ablglanvispnmdngisghéiapdesarustbe gapngcted dogsHps Withgut famingony glesedwhen
transmtting jggehronous data between two devices, each packet of

i sochronous data is tine-stanped with the current bus tinme of the cycle in
whi ch t héS packet TheJEEE| 19942%2 cables gonpeshpertsdagether om differeat pydgndEash porie

recel ving _deV'irféﬁxdbﬁeﬁwhﬁat&r@ftfa%&%iv@ﬁéﬁh@sim&af}%é?_é_cl&@_}odb Sarl R GRltlpYe pHins aafded by
the receiving device and the data is lost. This is especially true when
transmtting Physical epapestioni the qable\pad porty avbassun genepteis betyemthe nades 9 t t i ng

frames of Vi dgguidd 2sindlBfogidal Bifs. TRE ke MysicdlRofrReRInVAR dadhi RS ficRllesthimt 3r have
to be received within a recogni zed boundary of tinme as co(;gared to the tine

stanp val ue ofofhRoriaiRigption Ipgie-aerepynphypnizes apban gcodaie Epphhefdhs BorsEideed

out si de 9f t higg daeld MebdfaYintedthte iR WhiR the ABR dofncdRP & Rhhekted] Th@hURGH@Nd not
processed by the receiving device. The value of this tine stanp is acquired

fromthe cycl &g pravidesgicesseio thq\pysfonthe pade:  HigJpsynehronizes ipsciacei R idath-

mai nt ai ns t he sgdbelefbtidedYsta bitdBd gRhierdes REebits ERhfone®td 4 HBal klck &&Husé BY
i ncludes a second count field and a_cycle count field which together form a

val ue repr esef plieHNSWjhinthe npdre | Ehe epppder takes|cihey drigdeing tappEstditi B8 on
eaCE carry fr QB&@OerM? receplell sszﬁhe}‘&@hdmgzmhmm i€ a0drtsed tofa;n@thé} rioﬁe,lzhﬁ&jlat ed on
eac transition Ihe, syst Cl OCK. the transjt n t he al ue
within tﬁg cyéPcé’g‘E?f‘f E‘e‘ia‘¥?"é’§g}"i“§‘a‘et§h‘é?“s’ﬂ‘55‘%9°I?SSt“'I“Fe{E$‘3§| ‘385"&{’%%%&% ts field
Wraps arou gd tTLﬁingemefae G(ﬂﬁbdnﬁ_ﬁs, W&Ldaae%?sﬁﬂan}:c%nh@tisyﬁhx.@émmmph]fyisiedl PoinStodpotnt

I ncr enent ed. e . va W thin.t e cycle O et | e | S. fracti al . art
of the currentonolog¥ H?ﬁﬁ&ﬁ@e ERMLORMERARR atVf‘&HEW?‘{CF%Q“M‘ﬁ‘é{’%ﬂ? i-’ifﬂe%{’ﬁ’ogly L‘g‘?“'r

appl i cation widyaisivfiiesyiiede Thisheaappblished bokiRksl dedtrékived BE ofloredTithdus
time fromthe@g}/cle time regqgister, _thgn | oad ihe (lzu rent bus ti n(‘F val u

into the pack SaHCAnPeRt QR " SYP%‘é"%‘& £ dgf9 &4 2 {95 qlqekend Hygatipg dis data out o

30 all of the other ports from the physical connection.

When transmitting isochronous data between two devices. each packet of

isochronous data is time-stamped with the current bus time of the cycle in which the packet
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serial bus to the receiving node. Wthin the transmtting node, there can
be a substantial 7?0 delay between the tine in which the current bus tine
value is sent fromthe cycle tine register and the time at whixkly2é02
application receives the current bus tinme value fromthe cycle tine
register, inserts it into the packet and actually transmts the packet over
the I EEE 1394- 1995 serial bus network. If this delay is significant, the
current bus tine value received by the application nay be obsol ete and
outside of the appropriate boundary of 25 tinme, by the tinme the packet is
act ual | y transis ttangnitted alfgiongedived tyrthnsndiiving devieeck dhtescotrect sgclelitcpackieds by
the receiving I : i b S n . r
ensuring that % }ellch@fndﬁgelﬁagg?k%?%%% {!e%B:g a?%%g?\%ggg %)?/t 't qufgg%pg{élélﬁ'n%&devi ce
Wi t hi n t he appmbgr iransaitiier yidesr dataowhich iseveryriiney stositiveh aWherhieansmittingt feanes of
properly proce I ik I { ived Uthinl & 30
further needediﬁg(ggmr/fé{léggré{%Eééégagﬁgcg&?%gﬂ%gﬁfr}%re }’%%ﬁ%gg%hvg current bus
ti me val ue3 cor ressgniged ibagpdaty afignezastcompared wrtbaniime stomp ghlue gbthh packetudf hacket s
froma node on I = 19! ' ; L R :

THE | NVENTI ON: T p%cggg'}f t%gﬁt%'?}ez’g?%ct%ﬁ%ae%“?éﬁérﬁe‘hg t%g‘r‘r’bdﬁruyé the ﬁ?@fggﬁa’s"%@@%ﬁget S
transmtted ovdiscaaded|aEEBotBOEsstd BB thearedentinguiesicaet wor k, an appl i cati on,

which is to send a r . n . cecel M. node,
Flrst tranemts a nonaresf it SEUBARRERaARYEARBE e hffe B Matlifhen 0t
packets. Pref etrafsinjtting Hevice. whiok hmantrinsghelaurnipass kigtesfonm kedeu The cpaletimof  vi deo
data. Fromthesg:. duc ' i §0 b 08, i

Val ues i thi n (AL AEE KB ohACaAREN £l eRuRPhaL Yhich el Tors SR
Using these obraresenting iheecugentrepcleallbiesycle vadueaip icraseented on cadhatrafiom
presentation ti.g, %ﬁ‘%e‘t'%elfdpr'l'hg‘%gae qﬂ'&e@ gglﬁqggpéagd l@)ﬁ eBJhat%mi{)ﬁ ?%he %@nﬁc’@&c@' ned

time 10 stanp value froma transmtted video frame I's use calcul ate the
present ati on t Omghe wansigioy pflerche yalyeewirthin ie cyedle pffsel Aok is efual toalPds, ththeadet

wi thin the tragsityQYeiCratdG6uddls 06 e 10 Wit u ko@isf rane is
cal cul at ed. thgtﬁm\?atrﬁe |Hs ¢ en&i‘ nsgrzt e%ﬁﬁy ?h%gaﬁ%{nﬁgagﬁ%ngﬁunngéel?ﬁe ap
header fod5t heifcramentegadhevalyd whhin thereyelefoffsetefieldhid atfhastidnabpast ¢fgheseument o t he
transmt queue §ofoldh@ B, SV rdrmitt doRCEIN b dpdHRsRn W GodeElRE 139415
1995 serial bus n_ect’yvorEs.?c I n .acct(gr dlgrn&g‘gg vz\ln?dtlﬁ I}(gne I?Jil{»‘h?oe(;tn ol?l_ﬁri%?smliehventi on,
there is provi Gelicgiorepisbebtein heaqueantiup Hege drop the cyalg time fegistes thendped ¢ dat a
to be transm t tegent GRS |dMek fld&he bRR& oA trakshA A pAckitNFedhPTERE 0I99-1D6ANE
before the frame of data to be transmtted; obtaining a time stanp val ue
fromthe previ stigl pysifrdhe weaidpgnedengVithie theitispsmiding aodes thety qapde pisuistagtinl st anp
val ue; andpi NSQgjhy Bawtdhand LifR ity FhidR tHetuRerdtB8s i@ WBuOls B@ttfont e Rfle time
transmtted. In accordance w th another aspect of this invention, there is

provi ded a met RegpiERne thgling 3tpwhicd the erpligatiah grceiyest the PyirertbRsAighearapre dom they  of

packets conpri gidl@tiinb eepiske@Pitiseds it iG@tRdtpakdt A AenldllfRraisditd @hel RiCkeR oRAGLt O
be transmtted within the streamof data by transm ttltngl a previous packets
2

obt ai ning a ti ABEBLAM! A seren! Protrtwark HrtBisidelay ispugnidiqanty Bie shigerd Seseims Halvfy

the time val ue réteive@by tHe abplivRic BMPbYsblbte andBElsilid St bifSoprAR HolnBryvar ue
into the ﬁacket, to be transmtted. In_accordance with yet a further a}gpect

d ) . !
of this iAvent i85, by fhetime; the paokey IHpqiuAlly dgnsipitindy FRYEIn® thertransaited packes 1@ %t r eam
of data i ncl udigpgarded®Bythékdctivingfdedgcket s conprising the steps of:
transmtting one or_pore dummy pggtgets froma transmtting node, 30 wherein

g .
each of the dummy pXdREf gegdsds «beti and @pParatselos eusHPe BRt RN FRIBF LRk ng a

cg:r_en_t ti [nﬁ atwiMpi gaé@teiaéd:tag %S&@ﬁmg%viﬁﬁm?m&czﬁ??ﬁ)phgte bbtﬁﬂ&@ioﬁfti?‘ﬁiin order

obt ai ni ng e assqci ate ime stanp val ues from the du packets; ,
cal cul ating a thawhe\parksis %Proaefbam@@se@ BY ihe receiingniayice anddt discarid dthhys
packets usbng FurlieMBecdtizR Methddofl and Apparatdh for Predibting tBOOZreRl R itigieSladoe
transmtted packet whjch is a nunber of packets before the packet t E?—‘ﬁ
transmitted wi tRIFFFPEIENESIP tReagriat ripgmigsion ﬁgg?fhm@wmkeeﬁ deon s BEEne
packet to be triagpsmdstedal:bugnd transmtting the packet to be transmtted
fromthe transmtting node to a receiving node. 5 In yet another aspect of
this invention, there is provided an apparatus for transmtting a stream of
data including a plurality of packets conpfdsing: a transmtting circuit
for transmtting a plurality of packets within the streamof data froma
transmtting node to a receiving node, wherein each of the packets has an
associated tinme stanp value representing a current time at which the packet
is 10 transmtted : and a control application for obtaining the tinme stanp
value froma previous packet calculating a tinme value for a packet to be
transmtted a nunber of packets after the previous packet using the
obtained tinme stanp value and inserting the tine value into the packet to

L T T Y . . B L T T




15 In yet a further aspect of this invention, there is provided a nethod of
transmtting an i sochronous stream of data froma transmtting node to a

recei ving node over an | EEE 1394- 1995 serial bus structure, the isochronous
stream of data including a plurality of packets grouped into on B;(ﬂgre
frames conprising the steps of: transmtting one or nore dunmy g& Q% from

the transmtting node to the 20 receiving node, wherein each of the dummy
packets has Q@MMMMI ue representing a current time at
whi ch a correspongdjn t.] nsm . I [0 ' val ue
for a packet to bgn P giaeggdrl%fig%%gl?ttg’rlé Ft%@%dgém]é%éng)g% Qgﬁﬁsp%gléeiéngmgs@lu%%gg?anp

val ue from aapMEEEAB94YI 905 aeisdli Busedtvasik ket application, Svidch isdesendfa for@ammadss
before the packet to be transmitted within the streamof data: 25 inserting

the time val ifochioneus fta neckets t @ wecivingnagder fied transmith arymbergof dempycket
to be tragsm 28 LI R t P : d
Fepeat i nep ot Samen o Fbiriing G Ribbr'Sr PRRs BrotbiBbir Tk PRRARE: e
of data. BRI packoESGkkdUip Qrdnfds ofHEddoRAMANEGSmM 8esd-dgmney dacketsytdierappbeatmnbl ock
di agram of an_| EEE, 1394- 1995 seri al bus network including a uter system
and & vi deo ChRahe g A valHes iz (B Comippp e Oaavsapﬁ%_ls?t e hedien ot
conponent s Otaac%hhﬁacﬂ‘(@f.' RYSiRS 148 LtMindd tiﬁgastamg v]atlle)(, %Qoaﬁ)tpﬁhﬁ}{fn?cﬁculates a
illustrates a format of ah | sochronous data packet for ‘transm ssion over an
| EEE 1394- 199fesematiad timesvalat Wor kachFlagafsmme id bedtanshisteda Therabédinesf timeCl P

header field within ap isochronous .dat acket. 5 Figure.5 illustrates a
{1 ow di adf ams i nE Fena FrRaRORG TR SaBRis iredp ralchibe GR argsehlgton e
i sochronous gataviledRme IAGE B ShnhBer o Erapies hRsAdSs I8 A BRI ARt @leus.Bnce
present invention. Figure 6 illustrates the transm ssion of a stream of

i sochronous eduesentagivndimavalugifosg framgisivalculatedd thatyalpie imthen prsededibnthet he

PREFERAED. ENECHIREAT 4 i G ok AT, L Rk e el i e i o

bus network ksamltotiengamdmétoqieut €ir tRnsinitioand tie réceleing eade beerithe IEERIS894t ed
in Figure 1. The cpngut er ;é(?tem 10 i ncludes an associ ated di splay 12 and
i s coupl &8 t d99heeripl BN WAB: a 14 by the | EEE 13941995 serial bus cable 16.

Vi deo data and as j . th ' : t he
comput er 10 over pacEEEed 3 GisGPEEbr Hft HERid Mokt BTRGABRFE frchbellc 1 0¢
t he i nternal cslonfptingatiseofalochfor admmxt ef daty st berirdnbmited ¢drysisireg thd steps Bf:gur e
2. The conputer system 10.inc] ude central cessor unit, .20, a

i 1 menory. SOnSIR AR B AT betare 08 SeBie P (el EeEte: @V e
1394-1995 10 jfat ﬁ&ﬁﬁ@glue 'fgﬁy te viodd fraim@UR&thikiag Whd@ie RYIR LRGBS tihRNA

bidirectional system bus _ _ _ )
20  stamp value; and inserting the time value into the frame of data to be transmitted.

In accordance with another aspect of this invention, there is provided a method
of transmitting a stream of data including a plurality of packets comprising the steps
of: calculating a time value for a packet to be transmitted within the stream of data by
transmitting a previous packet, obtaining a time stamp value from the previous packet

25 and determining the time value using the time stamp value : and inserting the time
value into the packet to be transmitted.

In accordance with yet a further aspect of this invention, there is also provided
a method of transmitting a stream of data including a plurality of packets comprising
the steps of: transmitting one or more dummy packets from a transmitting node,

30  wherein each of the dummy packets has an associated time stamp value representing a
current time at which a corresponding dummy packet is transmitted: obtaining the
associated time stamp values from the dummy packets; calculating a time value for a

packet to be transmitted after the dummy packets using a time stamp value from a
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The interface circuit 28 includes the physical interface circuit 42 for
sendi ng and receiving comuni cations on the | EEE 1394-1995 serial bus. The
physical interface circuit 42 is coupled to the canmera 14 over the | EEE

| 394-199S serial bus cable 16. In the preferred enbodi nent of tg? gggéfnt
invention. the interface circuit 28 is inplemented on an | EEE 1 % -T1995

interface card within the conputer system 10. However, it shoul d be
apparent to thiedeuskitrangmiticd napket which ot number of packgls defqre dhg packgt toabe be

i mpl enent ed wi.thj F . t ] i er,
el udi ng. bui T TRt 6T R MeletR S GERRL P bR [FOETC
mass storage tesiniteed3Zandeyankimittingl ehelqricketfto ve draanditted fmnaieatramthitting fiodg any
one or nore of magnetic, .optical or nagneto-optical 20 storage technol ogy
or any ot her W#dF$AVNENAERs storage technol ogy. The system bus 34 contains
an address; bus for r i i t :

system bu? 34 al solnfﬂéglﬁlgglsepgis at g?ghfss ffﬂgerxﬁ{orné%{é;??‘iﬁ%w%%ltg@%g %gté%hfg%d
anong t he CPUr&Bmitting mestreamembr gatdOincludmgy iad phiratipoof) fa2kets hmmmsmgst or age
device 32 and the.i.nterface circuit, 28. 25 The . conputer system 10 is. also
Coupl od o a VRN CIUEaE (o s aimiingdd PRAHIG OF Fartede pH B Y O Oedh Hedho
keyboard 38, #h8 dRYSEniftthe@hle! (3€a ASSRGALSEL, AiiféiaYeadR of thE pk@eRORITar38 1 S
coupled to the CPU 20 for "all ow ng a user to input data and control .
commands i nt cassomated time stamypy yaksen representingny exutrienin simenraiu svhicho thes padkgplied t o

t he keybogrd 38 for smanipul atin r.aphi c 4 mages.on .t he displa 2 as a
cursor” oo r oo Bb 4P JfRBLS o BARAD My Gt SBLEYahE AEn "

vi deo mul ti pl g¥viens padkef, tcalouliting Wi time daludibrcd ﬁhdkei W Be transisitted @thubbepofi deo
anplifier 26. The video anpliller 26 drives the display 12. The video

nul ti pl ex andpaskets @lier therrrayipny packenung He obtaived simsl ytamp vabg andripagrting 5

5 July 2002 pi St O ' de LSl

sui tabl o for HEEm PR BLPIE bR 10 Bo HaBERUIFERIoL. 68 B AShErRuflRNTs o,
for transm ssiroaRmitvel an | EEE 1394- 1995 serial bus network is illustrated

in Figure 3. The format of the data packet also conplies with the |EC 1883
st andar d.1%The dat a® &#fge Hurthen aspeehehithis wventione thetprissIAYIdedy & methadnBEr of
byt es of dat i b ks L o i i 1@@@ it i n
the CP headggﬁs%mﬂgﬁ%tﬁgﬁﬁe (?hIOng ghgaonrlltdgicdr?g&j{rﬁ% éc%gﬂﬁg nuﬂg&eer Q%%I%\A%W(éﬁgt he
i sochronous pacleetver antlEERs %t EXPS seniel bGosligudtire] thecisodhadmsis tskreamrefndadet i on
code for the .glalgxget. For&'h,so hrﬁ)egous da(ija (gacketsb tEI]e t Code fielt cont ai ns
ei ther a val UZCSHINRIR RIBralyy obprgkey SRouRrq i ARSI RO HHmel FF e e PSR £ 1 ag
used in some @pRkAnS@itiifH Hnk CorS e AMNAE phél@td Fom ithe tlagshiingRbde to the

i sochronous packet with some application specific event. The sourcelD field
cont ai ns 29 siRcdving\npdae whersine sacht ofhdetdvenipn perkess haamapfopiatey dwacstamp t he
node which is AN t cket. . Tha .val u j o] C er
fields dependvat(%l?f:a{E %Keﬂzs%l{rlﬁl ¢ oﬁ rr? %elﬁg{éat 3t 8’2‘?‘%13 ?gﬁé%ob{i@ﬁ ?‘%ﬁlﬁqﬁeb%gcﬁgg
The data fi el @ansivittqal: @alenliating aningé nslué fier £ padkento batrandositted) aftér the aluaimy t ed
in the packet. p format of the CI P, header within an isochc[)on(i{és at a, packet
i s illustrat cRfCKFS BSEgra tme YRR VRlueHEO®) PHRYS, Transdigehpreke] 3idhisa? ns
the source noggnbd odifei9fhekdte the BOAE: b IRGARARrCd! NeinbPthd liflafh 6P NS 2
val ue representing the size of the data block i n quadlets. The FN field
cont ai ns 20 f riasdrfiog) theuihe value pnteghe packgt tchbe ramsbattedf trdpamitti@ the pekest itoit o

whi ch a source packet is divided. .The C field contains a val ye
Fepresent i ng FHETRs Forh e iy baE PG bR O BB Resteps >
equal i ze the §t#@ Mbt falRetdiivigl esthdadnde RitREMEe sttdant BEJJEN fiel d indicates
that the source packet is not divided, then the QPC field will contain a
val ue equal to zero. The SPH flag represents whet her or not the source
packet i ncl udﬁ ﬁ%ﬁéﬁlﬁﬁ#ﬁbﬁ‘ﬁfh@bm%ﬁ%ﬂ flag is set equal to a
| ogi cal "one"—%!rwr *

30 Figure 1 illustrates a block diagram of an IEEE 1394-1995 serial bus network

including a computer system and a video camera.
Figure 2 illustrates a block diagram of the internal components of the

computer system 10.

-4ga -



25 the source packet does include a source packet header. The rsv field is
reserved for future extension. The DBC field is the continuity counter of
data bl ocks to detect a |oss of data blocks. The FMI field includes a
format identifier which identifies the format of the packet. gp EEEXkLeId
is a format dependent field and depends on the format of the pac {?

SYT field is used to synchronize the transmtter and the receiver. 30 Wen
transmtting i socHignodsillysiratess dermat af EoEsoctanous obitas padke! fasutgansessismk
the SYT field_incl for the presentation tine of the
frame. The rgﬁgr%ﬁﬁgﬁiggk'ﬁ§§§ %@@ P%: ?gtanp val ue to ensure that the
data is presented Figdrbynlliditatesth fordadof ¥ CIOBaded ficRL vithRUidRbdhrOhovsidam f or
video data. ?.s discussed above, if the frane does not fall within the
correct boundﬁﬂ?tof time, the receiving device will discard the entire
frane. OI’ der t (Fl élérlﬁ gtt'lﬁlés ;%]lﬁgwt (il (511 l%g %—%% El‘m"dq&écfjﬂ ealt\?&vel tlme
approprla e tine st a on o rese I'nvention

cal cul at es t kenipime m)t:hnmousakime fwmés asctorsmgdbn@eapmfemﬂedremtﬁodﬂmmmyoﬁaiea
frames. A data franme consists of a nunber of isochronous packets. The
number of i s®ESFYABYRBECkets per frame is dependent upon the type of data
peing sent. 1Nt ol Mhdiffes de %hgnfsglaﬁ%f%%e% &t $bAPb Uk VB Rimes
digital video. Afte the irst data franme is sent, a tine stanp of the | ast
packet sent dafcladieg & nnmberf ofatmmmy frafmes preeeding theractual sideakrames.a new ti ne
stanp value or presentation tinme is 10 calculated for the first packet of a
video frame which is a nunber of frames ahead of the frame from which the
time stanp value was obtained. In the preferred enbodi nrent of the present
invention. the presentation tine is calculated for a video frane which is
four franes. or one less than the preferred nunber of dummy franes, ahead
of the frame fromwhich the tine stanp val ue was obtai ned. Once cal cul at ed,
this presentation tinme value is 15 witten into the SYT field of the CIP
header of the first packet within the appropriate data frame and sent to
the transmt queue for transm ssion over the | EEE 1394-1995 serial bus to
the receiving node. A flow diagram of the steps involved in predictively

ti me stanping isochronous data franmes according to the preferred enbodi nent
of the present invention, is illustrated in 20 Figure 5. The flow chart is
entered at the step 50, when an application within the conputer 10 is
preparing to transmt a stream of isochronous data to the video canera 14.
At the step 52 the application attaches the dumry data franmes to the

i sochronous transmt queue. Each dummy data frane consists of a nunber of
dummy | EEE 1394-1995 i sochronous packets. The nunber of dunmy packets per
data frane is determned" by the 25 type of data being sent. At the step
54, the application starts to transmt the dummy frames fromthe conputer
10, over the | EEE 1394-1995 serial bus network 16 to the video canera 14.
In the preferred enbodi ment of the present invention five dumy data franes
are sent before actual data franmes containing actual video data are
transmtted to the receiving device. Alternatively, any appropriate nunber
of dummy data frames can be 30 transmitted by the application. At the step
56. the application waits until it receives
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notification that a dummy data franme has been sent. 5 July 2002 After
the first data frame is sent, the application obtains the tinme stanp val ue
of the last packet in this data frame fromthe | EEE 1394- 1995 3 pfignbexe
circuit. Fromthis tinme stanp value, the presentation tine for the first
real packet within the first actual data franme is calculated at the step
~8. The first actual data frame will be the sixth frame to be sent and w |l
be transmitted after the five dumry data franmes. This presentation tine
value is cal cul ated USInt the follomnno ecwatlon PresentationTine = ((# of
Durmy Franes - DETA ek ol g T
Present ati onTi neFac Qggggrl time
I ength of each dat aA}EBEogEEI Fﬁg{&fll:ag%t rans%lll?tg%g@%&l?g:sgéﬁbgﬁ%ﬁég%&Jdﬁﬁed

mul ti plyi ng t heompiitresystem andpdeoerme sadustated indrigwad a The qempuss symm 10

i sochronous tr t r time
15 per packet oAy ® bl THPEy 1PALE oul 3P AORIAINE |1 I GEE P
1394- 1995 &pecilPytipldns catiel DaV wlEe émm assmeérvgtawrw&hu@etwwm Yiflgsl i ed by
a value equal ka0t hishe bhfludd10 AUTRE(EH LB4T0Ys dahPndslcaflegsbel ng sent,
in order to add an appropriate tinme value representing the nu er of
transnitted franmes BHeélaskdingranecfithaintental ermponenihof the corputer syt 14 il illestraiad
obtai ned and_t Repfrane ﬁfarcowpmehsyhbﬁ 1RifRGRIL 2Ll fsao so %mt@ Oa main
cal cul ated. The TrnmeStanp value I's the tinme stanp value retrieve "from t he
transmi ssi on ofmegopt & jaoideo maesiest 22iatmhash Stafaﬂ%lé%’@r?’arﬁed aFtHER h94f199%t act ual
video frafg. ! ekl BembamR, Mibdiblehto %g@ﬂ%y & GorlBfiofl 6 el o s9£te,ﬁ h s st

i sochr onous pac et sent in I rst frane. erred
embodi ment of tThe lfmfé@‘éﬁfcultr?\?émllidsﬁthe @h}’s}ﬂak W@f@iﬁcqﬂéulé 621 f?ﬂr Svralnmeanﬂrrmwr!se

cycle time of thﬁmhﬁ%atnohsS&F!HE‘?E!%'%dla@b?'seréﬁﬂ&s Imtphesmfal rn&frfaswmwn ks is
25 used as the TineStanp val ue. %ﬁﬁ fset value wthin the cycle

time of the | aspuniesde ficorspges lﬁa(t,vreretﬂle 139}4 19R& sqrial bys cebjﬁﬂ? 1hr Biewraferedot

used because 0Qhﬂso&dﬁ@ntw%eprésbxﬁhmleh@onpaﬁKﬁt&rfdcé cREM 28§ j rﬂlﬁ&q%dt&x mAceel ate
the presentation tine of packet. The offset tinme wthin the cycle is
not necesdary tlé94cb?9éuntsnff@etcﬁé withisstbe eerppust sysione 10| Howewst| itishewidebe @ppageat
apparent to thQseoskidileg G 1l amﬁata{etm{en@& rBg mgd%e%pxre}a@m@aﬁcvmslﬁ teycl e
time could 30 alternately be used as the_ TineStanp val ue, The

Present at i onTi FRRBYEGYSIFE 18 ig auyt Qsherjappropfiatesmagner, é’&&‘?ﬁ’@rhﬂﬁ%‘%%l‘@gﬁ%l chis

used to change cirbit éridThe MoK it4€lf.] ThOmAR S&%@@Wlb@jﬁmw RSRAE Bdth GRed | ME.
The val ue of the PresentationTi neFactor is dependent on 5 July 2002

the specific i r‘i‘ﬁql gmaveble media dFiee ) qne@éwredqfénqgaetgzygﬁt@ﬁll qrmg@%ﬁf)tﬁa on and
per f or mange storage technology or any other available mass storage technology. The system bus 34

contains an address bus for addressing any portion of the memory 22 and 30. The system
bus 34 also includes a data bus for transferring data between and among the CPU 20, the
main memory 30, the video memory 22, the mass storage device 32 and the interface
circuit 28.

25 The computer system 10 is also coupled to a number of peripheral input and output
devices including the keyboard 38, the mouse 40 and the associated display 12. The
keyboard 38 is coupled to the CPU 20 for allowing a user to input data and control
commands into the computer system 10. A conventional mouse 40 is coupled to the
keyboard 38 for manipulating graphic images on the display 12 as a cursor control device.

30 A port of the video memory 22 is coupled to a video multiplex and shifter circuit
24, which in turn is coupled to a video amplifier 26. The video amplifier 26 drives the

display 12. The video multiplex and shifter circuitry 24 and the video amplifier 26 convert
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characteristics. The PresentationTi neFactor value is conposed of two
conponents and is cal cul ated using the foll ow ng equation: >

PresentationTi neFactor= tdiff + Transm ssionDel ayLi mt The t diSflulyw2002e
represents the difference between the actual cycle tinme when a packet is
transmtted and the cycle tine that the hardware actually reports that the
packet has been transmtted. The delay between the actual cycle tinme when a
packet is transmtted and the 10 cycle tinme that the hardware actually
reports that the packet has been transmtted is determined by the specific
har dwar e i npl epizeltdatai stowed infthe hidechmerdewa 28 (& tAstensigmlsrsitabienfon gset iyethadisplay  t i ne
that the packeﬁ was transmitted, then the tdiff value is equal to zero. The
Transm ssionDel@yLinmt value is equal to the maxi mum nunber of cycles

al l owed for a packet farmabef dnrisneliondus eldta pgckehior aardingsion den ad dBEE 39471908

val ue i s descr] ' . Gl i aital VCRs"
for specific h el?ga/%drsg‘ e{yn’w %e@lmé ﬁ It‘%‘%? Oﬂl’%lfés}rn\z}tza gygg %Eé;la T gm%@& s

m croseconds owith tredECchB8P egndahcEhet datr bn%bénldabm@ms & ivatee Tepregeatingithat ed f or
a data frane, A S e X
presentation t.““n*é&\’/gfh’g“r‘g Wr |‘?@n&?€%ggq?ﬁ an@ﬁg{chgﬁ%\mtg% ?tﬁog%g iwgtgin thhem

i sochr onous dahadq:rac’lﬁetchmnnltféaﬂlmemmtamsttm chatuet natsliea of whivh thefisochfraostpegke6 t he
data 20 frane | n ' ver
the | EEE 1304- FOBRNER: {11 PERE ehchidpe R forcitl fr A P SRR

64) if there adﬁa pokets,dht tCofle énlésommhelmet hvadusofli daon Of. Tt sy fiabd batains a

transmtted. 1 S 56
through 69 ar e S Rh T RA il bS8 RN BE el i eSO
cal cul ate an app¢mmap@k¢m§mmtapmwamanﬁeew@ eyentf dihe satelP frldecohtainsa aix

obtai ned time t%ﬁ val é" E vd? p‘i’x%éaﬂ?deﬁtlf?ﬂ%%&eto‘?% f HoREGnith) xsct?ankrﬁmﬁ)%{he

frames before resentation tine value 1I's g
cal cul at ed. Onc@ketlif fkrvahe?slnahfeothg&mém%t 6¢lgs depend ont therfroniatand dheadataghsingd t o

the transmt dghihudalf RARERL! Pk dta LR iP BEtne Lol L AP dard Béing
transm ssion of a stream of |sochronous mes including a nunber of durmy
frames prétedi trgnsiiéedan theatacket.deo frames is illustrated in Fi gure 6. 'The
{1 ve dumy 30 1rameg B 82ne by ni0. 205508 LA HOABH LUE SHRRRRS LYY

before the actual v 90 and Fromt m%‘a arres 80
82, 84, 86 andFasre 4 hsyx@wm Séﬂ hagdercthe (sm Heldsonthias fhe seusert tdp dlA valueref thal ues

for the actual ﬁs@r&!n%h@d@srh‘éﬁﬂétl fRell Q&téiﬁstaivaﬂerr%?r@emﬁ@ tﬁ’@ﬁ&r 6fQﬁéida1a9blockS
Jul'y 2002 in det al ove presentation tine value for the actual frame
90 is cal cul at éxqudiersg Fhad™N figld certaipsr fr%ﬂtlaren'@mearqweeaemlng)rhetnrq@bﬁ qf etagummy

frame 80. y60r r grRRNNGHidh a EdiccHaBSE RIS AN Th T VA ontAs Jbﬁxe%ﬁﬁé&@ﬁlmg
actual frame 92 is calculated using the tinme stanp val ue obtained fromthe

second dummy f fthersumder ofcdyeuny gredisie @ddsaiia g iseHica pakst (arayalize dhe dzerqf dhpediyided
cal cul ated, t higata B{GRRE N Al 1NN FibId THid40s Wit (R sWhirkd peRket i WA divitRd Sich the @pé of
the QP header of the first packet within the frane. The renaini na@packets
within the frafgldayid coptais-asy bRl it zex0-c B/ 2RH flag Epresimtprivicthgl ohnat s seVFs ent

bus tine of th%a&)fﬁ'n@lu&e@ a%hr%@FécR& }feﬁd%FTEThe'SS}f}[ ﬁsgsmsstte%dan 18 ¢82idaN®ne" when
presentation time value for a tframe is calculated and witten intgo the SYT

field of Bhe Cilie uige @rcket doss nelifdea saurqernapkeh iraddl. (The ryvelidld igmeshrved fos dutdts

node' s transm tex@ikfdhe mrmm HBIANG S icOMtin@NL EouhiRLof dakbbldck 4 dBa $6E bBdatdUS

to the receiving node e ropriate ti
gocks The r2’eldaigcplu er) a format 1derm3ﬁer which identifies the format of the

packet. The FDF field is a format dependent field and depends on the format of the

packet. The SYT field is used to synchronize the transmitter and the receiver.
30 When transmitting isochronous data over an IEEE 1394-1995 serial bus netwotk.
the SYT field includes a time stamp value for the presentation time of the frame. The

receiving node uses this time stamp value to ensure that the data is presented within the



This process is repeated for each data franme in the stream of data until
all of the data franes within the stream of data have been transmtted from
the conputer 10 to the video canera 14. In this manner, by cal%xhilp200%y t he
appropriate tine stanp value for a 1 S frame and inserting that value into
the SYT field of the CIP header of the first packet within the franme, the
application ensures that when received by the video canera 14, the franes
of video data will be properly processed and not discarded. The preferred
enbodi ment of the present invention is used to transmt isochronous data
over an | EEE 18@zctb98dareof tine rsvidee tdabor ldsfdisowssed abovd. ithe frapp doesapi fal
within a 20 pe (mP‘ i . i i houl d
be apparent to@ﬁ@gléeg I L%eogﬁ?a#p?ftltgmgt% rtg'%g?&gta%g[cgr“é@gﬁ cly\ﬁlége"l rfgltr?mgan be
used to transmit tilwerdesersieahad dedrahsmaittebdamuicipdokia splrptine émeamnpt wWo
appropriately u r ure
Chat “ahen rever an o R ARELLEE b S TR e ATHLERE L BBk B BEFL T
whi ch t he iraneendmg@amkétr offdushentyadalastramean dndata &sane Winsists of & hemparef er r ed
enbodi nent of R&0t ThdWiHet ire
frame is cal cu?sg?né% Bﬁ gtten I nt omﬁo‘%&l (r)&sstﬁg(aegs *Q%Sﬁagep%n%m%mf&
shoul d be appatypatof tigga being sent kinl e ol rvidepe data frarmacantuqei sinetestrame <|>frdr$t4t| on
can al so be USgel OARBAROREY B trkint 1 EnSh HR BLdrRAEIal B dnelr

whet her or not ey are part of a VI ranme present 1nvention as
been descri bed fiame iohtainedf Fspr ¢his v@u%mgultlmmwlmluemorWMn tigedet ails to
facilitatg,the Maﬂeﬁéﬁo?%'tﬂ& Q%EQF Db ARl GRicls LRNHE BFAARA o n{jﬂ f the
operation of tRe T avention. QUch reference hereln o specific e odi ment s
and detail s t hémmeffromswhic themirersthad tatue| wasiobtainkd hmhpere&&red lembadiméntef the
appended her et - \M be. - ; lled in
the art that nglffiséf"? é“\gte‘%d(%’ﬁ‘st%?rﬁg/eg’%‘éanﬁ%égla %{Sn&tf& ﬁ%tegg %éeon%r&“ gg}gﬁ 'SSH&”

i | lustration wiftamestor degplasstthanghe pisfermed aurshsr of timamm frames eheasfl of e framé‘mn on.
5 July 2002 CLALNR terifd &bl vRud wadotiRhddobRE czflallaﬁw ahid gl?seﬁtaﬁbd'?ﬂné/ #igeis for
a frame of data to be transmtted conprisin a. transmtting
a previ ouds f r aneitieing thetS¥d" fieldabthe LIk headert ﬂh?eﬁltstmq withinghe gppropptaidaeng a
time stanp val yGnb L 1hE BYlRiSublABPirantilistion 6 GRJTERENG 010! & phal Ue
using the time stanp value;and d. 1 nserting the tinme value into the frane
of data to be to BAseeetvingdiode. The method as claimed in claim 1 wherein the
step of determ ni ngatfg, &1hé¥§n\6§llﬂé%teb§m9&m iR Pl diYel A it RBnRing L déRronous

representl ng a time for transm ssion of
data frames according to the preferred embodlment of the present invention. is illustrated in

20 Figure 5. The flow chart is entered at the step 50, when an application within the
computer 10 is preparing to transmit a stream of isochronous data to the video camera 14.
At the step 52. the application attaches the dummy data frames to the isochronous transmit
queue. Each dummy data frame consists of a number of dummy IEEE 1394-1995
isochronous packets. The number of dummy packets per data frame is determined by the

25 type of data being sent. At the step 54, the application starts to transmit the dummy
frames from the computer 10, over the IEEE 1394-1995 serial bus network 16 to the video
camera 14. In the preferred embodiment of the present invention five dummy data frames
are sent before actual data frames containing actual video data are transmitted to the
receiving device. Alternatively, any appropriate number of dummy data frames can be

30 transmitted by the application. At the step 56. the application waits until it receives

notification that a dummy data frame has been sent.



15 previous franme and any franmes between the previous frane and the frane
of data to be transmtted, to the tinme stanp value. 3. The nethod as
clainmed in claim1l wherein the time value is inserted into a fsiJist2002cket

of the frane of data to be transmtted. 20 4. The nethod as clainmed in
claiml wherein the previous frane is transmtted four frames before the
frame of data to be transmtted. 5. The nmethod as clainmed in claim1l
wherein the previous frane is a 25 dummy frane. 6. The nethod as clainmed in
claiml1 wherein the time value is a presentation tine value. 30 7. A nethod
of transmtting a gifteetnfiodt detatfimame iciendiirgppicatian edtaihsythotimparkegtvalue of the

conprising th teps, of.. a.. calcul ating.a fJ | ue.for. a. packet.to be
transmtted wi thPRAEHE ﬂ%‘f gaet ?ﬁ“g? lflraglttge S;Et ﬁé}g‘é%&f ffni'fl?iaceac’bclugv?f)%h‘bsat&eét,
obt ai ni ng a tistnp vahe. thS pdadényatidd) Gizhe Soratki fivsa tddepdck @ mwithirethp fiew naust dpaclagke and

determining the ti val ue usi t ti val.ue - and b. inserting
the time val ué® Fﬂf‘gs?%ﬁ t‘sea%‘f?e?gnt ’%ﬁ“ﬁ&ﬁs@fﬁ%. W":l)lt%. thel'ﬂétﬂrﬁfpﬁc}ﬁ%‘ééem
claimed i cl anthwill b eassmittddhdiesthe fivo lum@ay dath &faing  Thik prEemadibi 8me Falue is
conpl eted by addi t he t.i st.amp val ue of the previous packet to a val ue
representing acagfﬁ%dﬁfmgilﬁﬁg »\g%q"g%atfo& a number of packets between the
previ ous packet and the packet to be transmtted. 10 9. The nethod as
clainmed in claim8 whergin fhe. packet e transmitted is part of a video
frame. 10. The net hod algmsce ?F?Pe@"?ﬁ éiéa%rﬁ‘@%g“rag\eﬁ'lbhe packet to be
transmtted is a first packet w thin DaeFraneXeoTihrehnmgth) HoTikikStadprret hod of
transmttjng a stream of data includi pl ur ality of packets conprising
t he stepsfoof a. transmtting one or r%%%’ﬁﬁfﬁwek%éets froma transmtting
node, wherein each of the dummy packets has an associated tinme stanp 20
val ue represent,| curyrent ti at. which or.respondi.ng, d acket is
{Fanem tred:  brieqdbr AR imdrsth g e RuhChhe FRER o SRR ey
packets; c. catashated agl @ chicutged/ by msltiblyingahgmakiet of Bodheonbuspuskstd e dataf t er

t he dummy packgts usjn i e stamp. value froma.previously. transmt.ted
packet 28 whi okt irRaeebtalf i BiRol pber RS BE BoupoRyY i PR Y e
Wi thin theg strgapadkbt idatfixed dalud pes @adkenay dedveibéd inahe/ EHHHEe1 394410893 dpecifieatibet t o
be transmtted.; r Lt t he K tQ rapsm tt r,om t he
Cransm tti ng. o Raranohdfiebdd 0ul R RATEE by bQallE ehlgP LS hoh Wil
claim 11 wher enumbehef gmuiedsa fuhrhdés beingvent sihroedemtapfdddat apppeatgtimeyade | nt 0 one

or nore frames, -13. 3 I%p‘g i [: [m 12
wherein the stIgBrse;eg%mgo?la%gUPger%g%énasih gﬂcf df or egg#tpg&tﬁggg%g#%%%&n&ggl@? frame.
14. The net hodstasp vdled wascbbtamed land the fmatfer ehich thia @restrepioonfimea$ beih@at i ng a 5

time val IS t i : f] f -
transm sglfb on o?‘?‘{aﬁtltaeghﬁﬁ’ﬁ?r{mﬁmﬁp%c l‘get l\éﬁ%g'?n V\e/:asg%%eﬁag&pﬂre ggf%u%c}ngﬁ}tert%hssmn%ssﬁned
packet and t heofyaprkepustmacise withiarasteta frame. tior theefinst agmakviderpiraesl the TimeHemme
previously trapsimit badi RAHEEcle thre of I 1RGSR fabidt Wl e GlRbihbf

wherein the tine value is a
frame. Within the preferred embodiment of the present invention, only the cycle count

T

value from the cycle time of the last isochronous packet sent in the first dummy frame is

25 used as the TimeStamp value. The cycle offset value within the cycle time of the last
isochronous packet sent in the first dummy frame is not used because only the cycle that
the packet is sent is needed to calculate the presentation time of the packet. The offset
time within the cycle is not necessary to calculate the presentation time. It should however
be apparent to those skilled in the art that the value of the entire cycle time could

30 alternately be used as the TimeStamp value. The PresentationTimeFactor is a factor in
units of isochronous cycles which is used to change the time stamp value into an

appropriate presentation time. The value of the PresentationTimeFactor is dependent on
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10 presentation tine value. 16. The nethod as clainmed in claim15 wherein
the stream of data is isochronous data. 15 17. The nmethod as clained in
claim 16 wherein the transmtting node and a receiving node aggy bed
toget her by an | EEE 1394- 1995 serial bus network. 18. The method as cl ai ned
in claim1l7 wherein the tinme value is inserted into an SYT field within a
Cl P header of the packet. 20 19. An apparatus for transmtting a stream of
data including a plurality of packets conprising: a. a transmtting circuit
for transmtting a plurality of packets within the streamof data froma
transmtting nedepécficinpReRhtdidhCna odR vamhiae & sl iedkhehtidamd Pedkiaficchas
an associated tjne stanp aLue regrﬁse ting a current tine at which the
packet is tran§taaceggics. gﬁﬁ fysentpuppimelcior Xaps S £0mBRsed 8 OoBIPRISHE PR ti me
stanp val ue fr etdard @WgQhs follawiglequagiah:cul ating a tine value for a packet
to be transmtted a nunber of packets after the previous packet using the
obtained tine 30 stanp value and inserting the tine value into the packet
to be transm tted bef or erdsdiatipalikRFactod= BEff tH BASHidlbabe b ihftansm tted. -14
5 July 2002 20. The apparatus as clainmed in claim19 wherein the
transmtting circuit also transmts the packet to be transmtted after the
time value is RS 8lué RhRsdnbahPAEKRhceitiddR tHeQRiubIycid Riglel withiaQfackebis2 1.
The apparatus as cl ai maél I n claimég r\gg‘erein the tine value is a

present ation vHPEmitEdand thecyele tms 1Ay the,hasdyare-ayually, sperss thatdheRasketibagbesnt i ne
for transm ssi @ansefittddnerhe dBlae bet@tenBe kdbiiad clrf BE Whé e pRk&VE RaEmRARE kAd thand
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met hod of trandhs YAlSHg o3 HPEHEG % GfYata froma transmitting
node to a receiVvi ngomeds: Rreefitadon tifdEls cABN4ted 00 daarfrade, hikSdasd fraind ¢ahebe t he

i sochronous str.eam of da i ncl udi a plural.ity of. packets qgr i, Nt o
one or nore fr 35‘82&%5‘& fg‘gfhﬁétef’ ﬁg’ @?8‘6?“ 1on Jé@e g"‘.ﬂuet Fe‘mgﬁf £t ?fﬁ%gfg? 0f‘ﬂ)r e
dummy packet s fiecfirsttiboehion@us siata tphdkegeanatied twithinhthe des Ghve.ngt thodep GRhler ditn
each of the dummy. RARKELSA%, AR ARSRCLALEE LB, SIATR VAL terd SRERERt T Ng 2
current time at Which a correspondl ng aumry pac?e s Eransmit t ed:

serial bus network. It is then determined. at the step 64. if there are more data frames

=

within this stream of data to be transmitted. If there are more data frames to be
transmitted. steps 56 through 62 are repeated for each frame to be transmitted in order to
calculate an appropriate presentation time value for each frame from an obtained time

25 stamp value from the transmitted frame which is four frames before the frame for which
the presentation time value is being calculated. Once all frames are appropriately time
stamped and attached to the transmit queue. the operation is finished at the step 66.

The transmission of a stream of isochronous frames including a number of dummy

frames preceding the actual video frames is illustrated in Figure 6. The five dummy

30 frames 80. 82, 84. 86 and 88 are transmitted successively before the actual video frames 90
and 92. From the five dummy frames 80, 82. 84, 86 and 88. the application calculates the

presentation time values for the actual video frames within the data stream. As described
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present invention, the time stamp value for an entire frame is calculated and written into
the first packet of the frame. It should be apparent to those skilled in the art that the
present invention can also be used to appropriately time stamp multiple individual packets
whether or not they are part of a video frame.
The present invention has been described in terms of specific embodiments
30 incorporating details to facilitate the understanding of the principles of construction and
operation of the invention. Such reference herein to specific embodiments and details

thereof is not intended to limit the scope of the claims appended hereto. It will be
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31 10%08& () - @10%08 () - 010%0% () - S/ 10%0& (t) - KKKKKKKFLLbC 10! !
a. transmitting a previous frame before the frame of data to be

transmitted;
b. obtaining a time stamp value from the previous frame;
10 c. determining the time value using the time stamp value;and
d. inserting the time value into the frame of data to be transmitted.
2. The method as claimed in claim 1 wherein the step of determining the

time value is completed by adding a value representing a time for transmission of the
15  previous frame and any frames between the previous frame and the frame of data to

be transmitted, to the time stamp value.

3. The method as claimed in claim 1 wherein the time value is inserted
into a first packet of the frame of data to be transmitted.

20
4, The method as claimed in claim 1 wherein the previous frame is

transmitted four frames before the frame of data to be transmitted.

5. The method as claimed in claim 1 wherein the previous frame is a

25  dummy frame.

6. The method as claimed in claim 1 wherein the time value is a

presentation time value.

30 7 A method of transmitting a stream of data including a plurality of
packets comprising the steps of:
a. calculating a time value for a packet to be transmitted within the

stream of data by transmitting a previous packet, obtaining a time
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previous packet and the packet to be transmitted.

10 9. The method as claimed in claim 8 wherein the packet to be transmitted

is part of a video frame.

10. The method as claimed in claim 9 wherein the packet to be transmitted
is a first packet within the video frame.
15
11. A method of transmitting a stream of data including a plurality of
packets comprising the steps of :
a. transmitting one or more dummy packets from a transmitting node,
wherein each of the dummy packets has an associated time stamp
20 value representing a current time at which a corresponding dummy
packet is transmitted:
b. obtaining the associated time stamp values from the dummy packets;
c. calculating a time value for a packet to be transmitted after the dummy
packets using a time stamp value from a previously transmitted packet
25 which is a number of packets before the packet to be transmitted within
the stream of data:
d. inserting the time value into the packet to be transmitted : and
€. transmitting the packet to be transmitted from the transmitting node to
a receiving node.
30
12. The method as claimed in claim 11 wherein the packets within the

stream of data are grouped into one or more frames.
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"10%&' ()- F nhfbe&of pacBethkOddedn) tHBAir00ipesly trantfiftedOpacket and the packet to be

transmitted to the time stamp value from the previously transmitted packet.

15. The method as claimed in claim 14 wherein the time value is a

10  presentation time value.

16. The method as claimed in claim 15 wherein the stream of data is

isochronous data.

15  17. The method as claimed in claim 16 wherein the transmitting node and

a receiving node are coupled together by an IEEE 1394-1995 serial bus network.

18. The method as claimed in claim 17 wherein the time value is inserted
into an SYT field within a CIP header of the packet.
20
19. An apparatus for transmitting a stream of data including a plurality of
packets comprising:
a. a transmitting circuit for transmitting a plurality of packets within the
stream of data from a transmitting node to a receiving node, wherein
25 each of the packets has an associated time stamp value representing a
current time at which the packet is transmitted : and
b. a control application for obtaining the time stamp value from a
previous packet, calculating a time value for a packet to be transmitted
a number of packets after the previous packet using the obtained time
30 stamp value and inserting the time value into the packet to be

transmitted before the packet to be transmitted is transmitted.
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5 21. The apparatus as claimed in claim 20 wherein the time value is a

presentation value and is calculated by adding a value representing a time for
transmission of the number of packets between the previous packet and the packet to

be transmitted to the obtained time stamp value.

10 22, The apparatus as claimed in claim 21 wherein the packets within the

stream of data are grouped into one or more frames.

23. The apparatus as claimed in claim 22 wherein the control application
only calculates the time value for a first packet of each frame.

15
24. The apparatus as claimed in claim 22 wherein the stream of data is

isochronous data.

25. The apparatus as claimed in claim 24 wherein the transmitting node
20 and the receiving node are coupled together by an IEEE 1394-1995 serial bus

network.

26. The apparatus as claimed in claim 25 wherein the time value is inserted

into an SYT field within a CIP header of the packet to be transmitted.

25
27. A method of transmitting an isochronous stream of data from a
transmitting node to a receiving node over an IEEE 1394-1995 serial bus structure,
the isochronous stream of data including a plurality of packets grouped into one or
more frames comprising the steps of:

30 a. transmitting one or more dummy packets from the transmitting node to

the receiving node, wherein each of the dummy packets has an
associated time stamp value representing a current time at which a

corresponding dummy packet is transmitted;
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d. transmitting the packet to be transmitted from the transmitting node to
the receiving node: and
€. repeating steps b-d for a first packet within each frame within the

stream of data.

10
28. The method as claimed in claim 27 wherein the step of calculating a
time value is completed by adding a value representing a time for transmission of the
number of packets between the previously transmitted packet and the packet to be
transmitted to the time stamp value from the previously transmitted packet.

15

29. The method as claimed in claim 28 wherein the time value is inserted

into an SYT field within a CIP header of the packet to be transmitted.
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