-3 S E P 2003 -1 SYNCHRONI ZATI ON ARRANGEMENT FOR A COVPRESSED VI DEO S| GNAL
This invention relates to a nethod and apparatus for provi di,n% sSEPO?GU'?t
signal at a signal deconpression apparat Uf, whi ch cl ock si gnal *
substantially frequency |ocked to a clock" “signal at a encoding apparatus.
Conpressed vi deo signal generation and transn ssion systems may operate on
several |evels of sync@xqm Qs o y called
asynchroni zation. For exanp ?%O%ggé)gx

aratus will be
synchroni zed, at least in pa

P Pae rate of the source
video signal, and it may also be synchronlzed to the col or subcarrier.

Once the video si gnal This éoratesseeland ﬁoora”%%thﬁﬂoaﬁ%pﬁé#drﬁwsar for! 9nal
e r :

prot ocol , s be furth rocess ansport
packet s for Orans r%\/gs?!)%ck fﬁ%nqtiﬁéhsapogﬂgnﬂagﬁﬁg@%vl% ApRATaliSYi si on
" nul ti pl exed Whigh }@é@q‘kstssgmalom substantiatiyo frequaat e keuegeto albfsckpacketi zing

and nul ti pl ex{eRal rmya% 6%‘1 ne in ' a nutually, synchronous
. - fashi on, WhlgC nay . 8?%61 'synchronous with the conpression

operation. The transp ‘Pmpﬁﬁ té"‘([‘?\ﬂ’leﬁllﬁé‘la ng¢nerglionedndr traotsmission
t hereafter bRyssempl inagy dperﬂcmdenfﬁaltreﬁﬁwncﬁsh PhcRloniPfidiptér The nodem

may Gr may r| or ntloned systenms. At
t he recei vermi;g ﬁﬁtrs éru(ﬂg}a? r}%‘!%d%/ a\gkéﬁﬁ l%'b'np s&dampigathe ¢ s

usual Iy neceé GLOI%P CEHONy APpataus swﬂéyb@emctﬂpamﬁe styrheah;tono@ry Wi th
their inverswe theotdrtioal Eeiiné oraperdf ehé RABFEe ahdweslgﬂ OdRP e PT Lhe

system | S/ aReoR SyrRREARRLAN| Fhd Mof Bifeathr s Toha ot Vimmeits L0
their count le‘ﬁpﬁ?ﬂ‘?%ﬂsﬂ@fmfommd dRtmp Qarutlmlardagnabrmaﬁaml,s hﬁuhda@g g\lj:’ glg
\;;![ dfﬁeségﬂgrgﬂ{m :?ﬁlgrfﬁaﬁ w?ggfﬁzegd %ﬁgﬁgﬁggﬁﬁﬁﬁd\ﬂggﬁ% k&i‘?onl zation
of the vi deo 3 (choﬁﬁ\“3 fitSo Mk ebes mendivigiare
acconpl i shedmijtiplesedt with pax:ketse fmmodﬂrer pideverala@n sbuftRs. The
packetizing and multiplexing may or may not be done in a
mutially synchronous -fashion, which may or- -may not be
_synchronous with the compressmn operation. The transport
packets (whether multiplexed or not) may thereafter be supplied
"to a modem for transmission of the data. The modem may or may
not .operate synchronously with the prior mentioned systems.
At the receiver of a fully multiplexed transnutted
compressed signal, it is usually necessary that the various
subsystems. operate synchronously with their inverse function
counterpart elements at the encoding end of the sysfcm.
Synchronous operation in this case, -in general, may mean that the
respective subsystems operdte extremely close to the same
frequencies as their counterpart subsystems. For example, the
decompressor should provide video signal at the same frame rate -
as provided by the video signal source at the compressor, and
_synchronized with associated audio. Synchronization of the
video/audio decompression portion of the system may be
accomplished by inserting, at the encoder, presentation time
" stamps within the compressed videofaudio signals, that indicate
the relative times of producuonlreproduguon of respective
segments of signal. Such presentation time references, PTR's, may
be used to compare the timing of associated audio and video



stanps within the conpressed . video/audio signals, that indicaje E&Sue
relative tinmes of production/reproduction of respective segrrE'nésS 20[']"!

signal. Such presentation tinme references,  PTR s, may be used to conpare
the tining of associated audio and video23 S E P 200..1 2 signals for
synchroni zation purposes and for proper sequencing and continuity. The

recei ver nod t t reci se freque as the
transmtti ng%?o@ﬁ fcﬁe \gre"foqlrlrg@[gér@ 8?@:%8%% ?‘98 ﬁ LHf@pBﬁa%eé]“Ie\éE% | oops
responsi ve t@nd héWHH&PHtted carrier frequencies for generating
synchronous cl ock signglhe. r&e166F GRbéh PRy okh&\%wbtb @t "
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transport packeti zj aratu tends t,0,be so a re corrp cated for
tWo reasons. %‘fﬁ%ls?l f@ﬁ“?g Yndt Bl HaBISE%E‘H‘ﬁjaF‘QgE b&egeiyes ggodems
sporadi cal | y typ’iwallsreamchcs phhst Fokedblddeyr irdgpossiveual | the ertpkalaed

bet ween t he o o st.be.-made to

I nsure that the r at eg%ﬁ%&lggngﬁ?ﬁgﬁép{uﬁf‘%&ﬁg&ﬁ%w% {Jigf’nk 8b&“a\’\§t h the
constraint that the buthachpenizadpn @6 theaimultiploking iaad aro transpoitze

manuf act uri npacketizing appaes@Rt tdduetbl BB 56hR%ARt! thdteS LOMINEHRE for
appar at us for |nsert|ng ffgéliesnt.lal time cogdes or, count values | n

conpressed vi W9 TEAPY Loisi thatn IWyR AL iTBAY oe aﬂ%’""mg
i nt er medi ate8paya;hcmﬂy.5| @ird secomd ais thae tatenbyffetringr isvwsuallyex - | ayer of a

multi-Iayere pIHyeds e | I 3t encodi ng
end-of the s%snt(‘.iem aa %gw}‘élg ﬂléo‘&ﬁa&e‘r‘l |arshd§:ggkggegin§?§§nsm Veirpg a system

clock, and sdTQ¥ISiAN Hmust 'E‘ﬁ ‘@Ba'ﬁtt%dl‘ﬁ'é@ #ithegraie bhgeéo@%tt@f are
enbedded in toverflomgnalorauntdeefléwenwitl tthe agenstesiner iatJtte baxfpé:ew erm ned

schedul e. Prqy I 0 a entl

preconpresse ouéi)gt1 §n§ 1f a§so\k#g%&f)gr’leééc))n&llriess«§§ thlggagﬁlﬁﬁ‘ﬂ | ncor por at ed
in the signal. In a furTh?erPféﬁﬁdeﬂmtmlhtf%atgﬁatO a r@ﬁtﬁfﬂsan@n | ocati ons
where the comppasstes ﬂo:de@sa-tm@aulﬁamhm auw%dearey Sduftit valusRdm (£
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differential’ 1ggﬁymed;g¢qjégy¢rn of signal such as the transport or multlplex
- layer of a multi-layered compressed video s1gna1 In an
‘embodiment at the éncoding end of the system a modulo K
counter is clocked responsive to a system clock, and selected ones
of count values provided by the counter are embedded in the
signal at the transport layer according to a predetermined
schedule. Provision is also made to include values representing
.precompressed count values when precompi*eésed video signal is
incorporated in the signal. In a further embodiment, at signal
transmission locations where the compressed video signal may be.
queued, provision is made to measure the time, in counts of clock
pulses of a system clock frequency, of the time the signal is
delayed, and to access and update the differential count values in
said transport packet with the value of the delay measurement.
In an embodiment at the receiving end of the system a counter,
similar to the counter at the encoding end of the system, is
responsive to a controlled receiver clock signal to provide count
values, and these count values are sampled at times related to the
arrival of the count values embedded in the transport layer. The
transmitted count and differential count values are accessed from



said transport packet wth the value of the delay neasurenent. |In an
enbodi nent at the receiving end of the systema counter, simlar to the
counter at the encoding end of the system is responsive to agﬂp)znﬂ?r
recei ver clock signal to provide count values, and these count™ va ) e
sanpled at tines related- to the arrival of the count val ues enbedded in
the transport layer. The transmtted count and differential count val ues
are accessed from-3 S E P 2003 -3 the regeived transport |ayer and used
with the receiver count values to generate a signal to control the
receiver clock signal. According to the invention, there is provided an
appar at umgf @aﬁ%&wwpaﬁ I&yer SRAREEFRAN thE rféeav?% S vAEh gthBiate a ighdthCe of
conpressed video signal; * counter circuitry for generating tinme stanps; a
t r anspor £oprdthegseriverglock)sianali di ng sai d conpressed video signal into
segnents of data no larger than a predeterm ned size; b) form ng transport
headers including data fields identifying at least in part the contents of
respective trARepdiNg fPadhtiBvendipns dherenig alpvidedap) peppasatyat fosnproviding a
provi si oe@,ht,aésgéuz\l,igga 8gndiichtorigéng: second data bl ocks for containing one of
said time stanps and a further tTne stanp, respectively, said further tine
stanp bei ng ralsavisg of porapregsedhedecidessed vi deo signal ; and providing
first and sec i LYe L Vi b dd Ng respective first states to

i ndi cate the g@@ééﬁn@gﬁ'ggﬁ%f%ﬁﬂaﬁgﬁﬁEﬁﬁ%‘idata bl ocks: d) including said
one tinme stanp taASRAL Broeesset foflat a bl ock only for said first flag
exhibiting itgyr I } t nala IR '%f"#”fg‘ ; tef stanp
in said secoﬁ)d cﬁ&ﬁ{ﬂﬁ@tgﬁiggiér%é]rl%se}ﬁo\?&ioa?lgﬁgle@fgn aéssgg(ﬁ?t%ﬁﬁ ﬁgde,;rttfg |arst
state; and e) fdiredetgrminectheiddrt packets respectively including a header and
a payload,  WRLrigining diafs Py headbrs M daam@%nﬁgina%mgséﬁﬁ%aw figo
signal and ones of Said payloads include said auxilrary information. -3
SEP 2003 - 3a BRIGntantsfmesprctye CANSPPRt PBARIFINGS FIGURE 1 is a bl ock di agram
of a conpressgf fyindlRY auRisrp tHrov i8R QrdVIGorIs HRMdindCREPHPdBAd Bh@Mocks

recovery apparatus o o . )
for containing one of said time stamps and a further time stamp, respectively,

said further time stamp being related to a further compressed video signal; and
providing first and second flags respectively exhibiting respective first states to
indicate the presence said first and second data blocks;

d) including said one time stamp in said first data block only for said first flag
exhibiting its respective first state and including said further time stamp in said
second data block only for said second flag exhibiting its first state; and

e) forming transport packets respectively including a header and a payload,
wherein said payload includes a segment of compressed video signal and ones
of said payloads include said auxiliary information.



enbodyi ng the present invention. FIGURE 2 is a block diagram of signal

mul tiplexing apparatus useful in representing the devel opnment of

mul ti plexed data fromdifferent sources. FIGURES 3 :and 5 are_l osEPSzﬂoa
di agrams of alternative emnbodinments of clock recovery apparat usvf

with transmtted conpressed video data. FIGURE 4 is a bl ock di agram of
signal multiplexing apparatus includirgaa system for augnenting timng
references included within the nmultiplexed signal. FIGURES 6 and 7 are
pictorial diagrams of. a transport bl ock and an auxi liary signal transport
block. FIGURE 8 is a fl gyppH® F gransport processor
of FIGURE 2. FIGURE 1 I@gﬁeﬁ;{esaty a systemln ich the invention
may be practiced, whi sgel agcgmpaessedi videosi gnal

transni ssi orerokingéivending nsy:hbsn S rattfeoclovkon@bofegm FHpRdhee 10 is

applied to i ch may include a rotion

conpensat edacpr{r‘\[ggngﬁ%e en@erceiggi'ﬁr| %P?I 3 di screte cosine transfornmns.

Conpressed vi deo. si grfdiGYREN2 L‘hé bloskediagrami of cogmalethultipkexing nmat ter 12.

The for mitt@ppa@ﬁ(@ngﬁ%fﬁlhﬁlncqgﬁf@%ﬁﬁﬂ 'tﬁeodév&@ &itd Jtt bl ﬁigsk ary,

data accord o sog Fﬁq‘fal ﬁrot oco such as n& stan a evel oped

by the Inter fgfg atPBHfSSor St andar di zati on (Organl sation

| nt er nati onal e Dc Nor nERGYREBS P :andhf steablizvkdidiggrans ofiadltdraadpel ied to a

transport pr [ a ets of data. and
é}ﬁtﬁﬁaﬁﬁeﬂé o‘f’”bﬁi?:kd rﬁb%&j %Raﬂtgg for @tsgygﬁﬁgf

adds certaln 0 provi ol se i mmu t he
transm ssio ﬁﬁ?rﬂé@@ c?ﬁﬂ’wﬁf‘é’nsb@qo fladRet s, which normally occur at a
non-uniformrate are EYPURRI 4 65 a bhidk Hﬂi rém bf hﬂhﬂﬂflﬁ [djﬁsﬁ out put

data at a o] ci.ent se of a
relatively ﬁ%{% af Xngﬂﬂgbg %l g%é%ﬁ'é iﬁ?@fng T"lguﬂﬁf F%élééﬂ“ifét ais
coupl ed to dnebeded 1withia cthe pfétlftwlmiedhélmaé-nal transnission. -3 SEP 2003
4 A systemclock 22 prRIGURES!@@INT &idpidiotial WHREAs of a transport

block and an auxiliary s1gnal transport block.

FIGURE 8 is a flow chart of the operauon of the _
transport processor of FIGURE 2.

FIGURE 1 illustrates a typical system in wluch the
invention may be practiced, which system is a compressed digital
video signal transmission arrangement. In ‘this system, video
signal from a source 10 is applied to a compression element 11
which may include a motion compensated predictive encoder
utilizing discrete cosine transforms. Compressed video. signal from
the clement 11 is coupled to a formatter 12. The formatter
arranges the compressed video signal and other ancillary data
according to some signal protocol such as MPEG, a standard
developed by the International Organization for Standardization
(Organisation Internationale D¢ Normalisation). The standardized
signal is applied to a transport processor 13, which divides the
signal into packets of data and adds certain other data to provide
some noise immunity for the transmission purposes. The
transport packets, which normally occur at & non-uniform rate are
applied to a rate buffer 14 which provides output data at a
relatively constant rate conducive to efficient use of a relatively
narrow bandwidth transmission channel. The bufféred data is
coupled to a modem 15 which performs the signal transmission.



much of the apparatus, at |east including the transport processo §Eph2‘03
clock will operate at a fixed frequency such as 27 MHz for exarrgl

shown herein, however, it is used to gengrate timng information. The
systemclock is coupled to the clock input of a counter 23 which may be
arranged to count nodulo 230 , for exanple. The count values output by the

gount}er a(rje applied tA s?rtﬂ@nt &ﬂ@é@ﬂﬁdpr@ﬂfﬂﬁ%ldﬁk@né adi ﬁ31240|§ pdi ti ;)ned
y the vide 0 n occurrence of respective
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stanps, PTRIBis &kd:karvallr npbmleohtr a fibed cfwrpmasyemoh deoz'summ fost ream by

the formatt and .a e t Iy edPi&V
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25 is condi IHEBHBANEY. ¢ e ﬁ&%ﬁbr‘}!mkprl%@@ﬁlﬁlﬁd 18 t(hGr clask inptteof gontrol | er
21) to |at chomﬁuntm/atlvh&fh rﬂ@yﬁwlaﬁ\ﬂtntg@dat@rdﬁﬂmteﬁl@dﬂw Zdhedyl e. These

t | | PLR
Chates acbclhfle. S HbEORO IR bRt b7 S SERIer pré sinelingr 80 “packet s
The system bﬁﬂth&heé d1and 25.. Theilabdhe 24t is eondithomeel byr dgr anddesl t o
coordi nate gégrcéatd %%ctpr&ﬁt‘i‘ﬁst/&lﬂ ¢! SHBRES oc %cé &t réglb%cﬁq'@t Faner 21

t he conpr essar. 1‘é ancigﬁ5 e transport processor ? not operate
synchr onousiBEYa}s G0 IFONNE XRIHES altes B §53nqab‘r@@ tlfﬁ% pr oper

|]r1t er comrunstaatps;nP’I‘R sr aud dexd lﬁmlwdedldiw Qt}esc&tmgreslsedreﬂ‘d%o Hegents 16- 26
of FlI GURE _; % system
wher ei n thesm) ?}(g?t%é# lfglaﬁﬂe%%’ SFH % ét@%gb?ﬁ@? dem 15. Data
fromthe moBEMT G ‘EP Slﬁ pehrogizatiom of; gsseciated eﬂd@p andr wideosor 18, which
provi des cixformmsion. vrtlrhe RitglnadS fier seddicidned chby dthw tfaﬁ:s Bt system

t | t t 1 th
b oased Bromtstf £y oy (B, Mt Al 247 (o' fasll ol rov' ues
deconpr essoRCCOIding nta A predetermingshynchedule. vi %os%l@mﬂt vghmeralees
non- conpr es&edowdd?ﬁogtﬂﬁabldcw réfcrPhcR¥, PCRAS 88T 4R ¢ ed’ g5 Storage

B s 11 o RRHIRY IS, SRNES rodporyl Suiinly CRRReAres parkes. o o
system cl ock generat EI'rh62§ystEma admmllqeﬁérmt @ variable rstasee ma:ltxhese
signal s programmed to coordmate the various processmg elements. Note -

that the controller 21, the compressor 11 and the transport

processor 13, may or may not operate synchroﬂously via a

common clocking arrangement .as.long as proper

intercommunication is provided between processing elemenits.

Elements 16-26 of FIGURE .1 comprise .a receiving end
of the transmission system wherein the modem 16 performs the
inverse function of the modem 15. Data from the modem 16 is
applied to an inverse transport processor 18, which provides
compressed video signal formatted according to the system
protocol, to the rate buffer 17. The rate buffer 17 then provides
the compressed video signal to the decompressor 19 on demand.

. The decompressor, responsive to the compressed video signal .
generates mon-compressed video signat for display on the device
20, or for storage etc., in an appropriate device.

The inverse. processor 18 also provides PCR's from the
auxmary transport data,. and control signals to a system clock
generator 27: The clock generator responsive to these signals
generates a system clock. signal synchronous with at least the



generates 'a system clock. signal synchronous with at least the_- ?zqqa
2003 transport processor operation. This systemclock signal is aa)

the receiver systemcontroller 26 to control the timng of appropriate
processing el ements. Refer to FIGURE 2 whilch illustrates apparatus which.
may be included in the transm SSI on nodem 15 for exanple. The' nodem may

receive datafromg‘m%tgurallty sourceﬁH whi ch dat1 is all to be
transnmitted SH"§PE PCESSOhsHEHBA: chHHSefysiem slogksigaalais mpnliathed by

time divi SI ofo nhlet rpdedxengysfent heontesllaues so graltsoll HM tidghgy agfi ous
sour ces. gﬂ%&bﬁgté hgr cdB a%mc)# eéllcg&?l}tgay be | ayered. For exanple video

programs, P| Fent studios, and coupled to a
first nultiplexer e dopFHgURTS Arwehidhndllustvates o:rppmhtusphkéuelﬂ

accor di ng t 0 mkpayn menfaieuqﬂe&han&aﬁéms@m @8den> Q8! $6r %

signal S1, and other source si q P t her, sources | ed to
a second Iayéﬁl t e X&FCE, ﬁﬁe?’éqrﬁ fhB “réﬁ[g}hd?f SQUICESe W WS E‘}S| on
mul ti pl exed dscall chonbet raksmised t(ﬂcramcqnﬂnoandammmuﬂr rohaadek chEHiY i ng.
Finally, wit fih?ytﬂ@ adc® %Heﬂe%pﬁ/r Qﬂﬁ@ 15Heﬂﬁﬂ{ f"e%%mkhg ethgagﬁ.ﬁl%é}?

further formo s mul eX| hef
commrerci al s F&%"éﬁt 8’ of P&nﬁQﬂ{F@?l aI [noad 1°§lt She omultiplexing i nsert ed
bet ween segnanay bé layeredpr oBer examplet eikleal prdgrah{seslei,lmhgrebe cases it is

presuned that C or has 1 encoded
W th respect Ig/ene}%?& i dﬁlﬁggé S%d"?)ﬁ ﬁﬂj %ﬁé@n@e 4 ﬁgs &ug PCR s of
the stored meteri ahewmw@@amanar@l sinae diyisios multipléxed msabedmgdto PCB' s of
the |ive mat dfnoawn teBBOR{udsNand h@ro?’f&ds ast i §oifcle! si@ﬁ@l ${.y not create

probl ens . because the e wi LI _j.ncl ude par.anet e nst ructing the
deconpressor to re-ini ﬁlgﬁ %iénﬁ he\ﬁ"gl B“'ﬁlr S%ﬁ@éﬂ%‘é $h PBEI?"@
correl ati on (souneem arbeapplieddo andecamd lnyer mRGRiplerey It adHeyemdltBe upt

the ' rate bufipgilsi BYe4Re i HiRNibn PhiA %d%@éﬁ'&'iﬁ %o &noWif el Ver
systemdo to Iogs of “synghronj zati gn. S assurred that the

transport prd€g E’&“"SSSH nOFeRRsermingd tﬁcbpé!ﬁiﬂg apﬁﬂ?a&b{ss“mmﬂl ahe i n
operation to mespectivstprograms! thexhselees, themndnap. be a further form of

multiplexing. This multiplexing may take the form of commercials
inserted into program material or of stored material inserted
between segments of live production material. In these latter
~cases it is presumed that ‘the commercials or stored material has
been pre-encoded with respective PTR's and PCR's. In this
instance the PTR's and PCR's of the stored material will be
unrelated to the real time PTR's and-PCR's of the live material.

. Regarding the PTR's, this will typically not create problems
because the video signal will include parameters instructing the
decompressor to re-initialize to new signal. Conversely the lack of
correlation between the stored and real time PCR's may totally
disrupt the rate buffer-inverse transport processor elements of a
receiver system do to loss of synchronization.

In FIGURE. 2 it is assumed that the transport processor
53 includes a multiplexing apparatus similar in operation to the
distinct multiplexers 35 and 56.

A further problem exists w:thm a multiplexed system.
In order not to lose data at respective mulnplexing sites -if data
concurrently arrives from & plurality of sdurces, it is nccessary to
provide a degrec of signal buffering within the multiplexers.




A further problemexists within a multiplexed system [In order nngﬁdﬁne
data' at respective nultiplexing sites if data concurrentl y"'aar S

a plurality of sources, it is necessary tqQ provide, a degree of signal
buffering wthin the nmultiplexers. - 3 SEP-2003 6 These buffers will | mpose
a delay T &, where bt represents a jitter conponent. Assume a program
transits 100 nmultiplexers (an exaggerated nunber to accentuate the

probl en) ; andhesgbuffienst wplleinpeseadddelay’ Te& 5t] wherecSt akepdeseays aThe end

to end del ay.:,J .. 10 ec. of delay. The,10 econds .of delay is

of little Zb‘ﬁdsezqégﬁlﬁéﬁ%ﬁ}t't hé‘gﬁzlé%‘?‘rpar é%ré’(gfa‘)éeé%ﬁf'sgétstar c&ﬁ‘gﬂﬁgg’é?fs vi )cgleo

and thus the(RTReXaggevatedndemglere to haccemteatdelthy . pibtdemm), 14001 sach of jitter

must be accopmd q@gngr afd$9 tsgg. g_ep 8k Pbtﬁe‘@y. M YR ftboaﬁmew;ﬂerf'ow
odi ment cl oC n

Figure 3 illustrates a first e a_ [ ecei ver K™ regener at or,
In this enbodfi tH:Se% He 100 e850ret dphagce : r_1 pads sfatleldyaltegi of the
rate buffer littlei Bohkeydngralio Peie . ddcompmleb o dedaudé | Y Tdi@hR¥sed Whi ch

T2y be | nour §58kd el Pl L YPTR AT MHideBhondhe LLGE dligy! CoReYEL,  Modem

is coupled tQ an inverse trans 0Pt Process cket

detector 31.108huseey ef siitter anugobe neassamweateb oreplacaths decadepor t
header data bu@fert hfay CGRAEIIW Cof M@fRPlow Packet payl oads. Responsive to

(dosi gnatod here a5 seRJEUE dailusiaes. arBrst BRBAABONYCED frecarsh
appaL atus ( nmlqdf\cmgpngmtdr.auﬂhl thisy fnﬂmschn'(ede,s itbeau?dsgerts prwm;)ﬂat aTﬁZa
L2 1, 20PN, TS i R0 PRESGUG: TR (Ghf D g I |
el enent, 34. #*@“é&@(lﬁféﬂ}lepééi@ts adiicht Brays be \ipsurernin fhea reeivened
filter arrangett bufferccDgi iﬂ)mhﬂlecod@é@éld&n;d@érhgmtdidﬁ@lﬁlstoaﬂﬁi ![ ihgry
L nerr Pk HAaBR oEhiorPIoc Py AIGTly RO ARG <o
utilized to stlor e et inMersel Axanspes, praecssonnd2 separatesurtranspopt exhi bit ed
by the |ocal headetedalb frdme theCdspeetive! tandpore mickepropayfoadsount pul ses
provided by §&dnsive to?¥e transport header data, the processor 32 applies
' video signal payloads (designated here as service data 1) to, for
example, decofﬁpression apparatus (not shown), and auxiliary
data (designated as serwice data 2) to the appropriate auxiliary
da_ta processing elements (not shown). The PCR's residing within
the auxiliary data are routed and stored in a memory element, 34.
The auxiliary packet detector 31, which may be a
matched filter arranged ‘to recognize the codewords designating an
auxiliary transport packet containing a PCR, produces a control
pulse on the occurrence of transport packets containing such data.
The control pulse is utilized to store within a latch 35, the couat
value currently exhibited by the local counter 36. The local
counter 36 is arranged to count pulses provided by & e.g., voltage
controlled oscillator 37. The counter 36 is arranged to count
modulo the samé number as its counterpart counter in the
encoder (counter 23). .
The voltage controlled oscillator 37 is controlled by a
low pass filtered error signal provided by a' clock controller 39,
The error signal is generated in the following fashion. Let the PCR
. arriving at time n be designated PCR, and the count value.
concurrently latched in latch 35 be designated L, The clock




controlled oscillator 37. The counter 36 is arranged to count gnagpk%gm
sane nunber as its counterpart counter in the encoder (counter T
voltage controlled oscillator 37 is controlled by a |ow pass filtered
error signal provided by a' clock.controllfer 39. The error signal is
generated in the followng fashion.. Let the PCR arriving at time -n be
desi gnated PCR, and the count val ue concurrently latched in latch 35 be
desi gnat ed L&ontradet|iseds -the srreasios valussnef RCRIs reddE's hadsfomessi ve

val ues of PCinS e !Hgﬁaprei lﬁﬂfﬁ@iuoﬁﬂi 2" e Sdlﬂﬂe?énc%sproportlona' to the
di fferences E = | PCRn CRE B) l%‘ l Th [)or signal E, is
utilized to condition the | T*a ecgm'tpgl | AE'BII ttor 37 to a frequency
tlendlkng to eld}lal ep@rt signal fEelsermﬁBccd le&:mdiﬂbnsuf@n&gltﬁg@cbtﬁﬂfbl ibédd t he I
cl ock contro e, i Wi negdul at ed si gnal,
whi-ch may be rsgirr%I 2r81e § an?ra {cﬁffgﬁ’n i %ﬂﬁgyz? Ce eI AS the T ow
pass fil ter Fthe ﬁITQin&Ig@@l duedos t%Y theTe aonwrallar s'3§brmah||$e dpsthen ar e

that the coumbahsofta ;Sdl@etwmtﬁnﬁodlﬂaie'ﬂesﬁgfﬁqe@mﬁnhéﬁ%sa?&dérﬁﬂuency
or ' even | tiples. thereof equHIes t hat the, nofi nal

of
the vol tag(r:{eo -aleg %%8‘“%‘&% by e IPRiGMontiRg e, [oW hpass, éﬁ@éﬂggng t he
frequency of améogysompcmmsa of the encoder. The foregoing approach

provi des rather rapid ]qw(‘c%g@amgl fala ﬁﬂ% ”%E@%%ET@& gpﬁn&?g % rror.

Long term er or LT Bfrtlonal tot ere
oo < Perothersre Bidt 3o ha YRR ¢uty |S@mq1 quensy or (B Ve ring PCR
and the cor nnﬂhquds ntheréol. chThis aleqeires thae thec eiontinat ofregeencyNwt the | y

th o

the system i o g rBRtoliEd, UhcHlaldh %e by gﬂ’a FGS fog ?‘fﬁfi’f"@%ﬁcﬁf (B8hout
the null. poi rfFGQWYpPéf@WéHSmr@QC off t 9n§h¢Qﬂﬁl‘zat ionis toinitiate
control of the voltage ’p}wtirdtbggﬂl rbh@ﬁoprmuag fdlﬁeﬁrfa?lidSI gnal E

?gtltlheauggeof [[%fgg‘{)(y[%g{l?gcﬁﬁ{ ttsae’ &' lgl!lgqnt%rm er1or. S, te q teh

error LTE is proporttonal to the difference
' LTE = ILy - Lol - PCRy, - PCRol

where PCRo and Lo are for example the first. occurring PCR and the -
corresponding” latched value of the receiver counter, Nominally
the error signals E and LTE will vary in discreie steps. As such,
once the system is "synchronized" the error signal will dither one
unit about the null point. The pteferred method' of
synchronization is to initiate coantrol of the voltage controlled
oscillator using the error signal E uatil a one unit dither occurs in
the error signal E, and then to switch to the use of the long term
error signal LTE to control the voltage controlled oscillator.

In order to accommodate the delays, T X &t, incurred

in the multiplexing process, the transport processor at the encoder
creates an auxiliary field within an auxiliary transport packet
which contains information relating to variable delays, Provision

is made for modifying this variable delay information at

respective multiplexing locations. Refer to FIGURES 6 and 7.
FIGURE 6 illustrates pictorially a transport packet of a type similar
to that used in the High Definition Teievision System developed by’
the Advanced Television Research Consortium. This trangport
packet includes a prefix which contains, among other things, a
general identifier to indicate to. which. service -the payload




error signal LTE to control the voltage controlled oscillator. In order to
accommpdate the delays, T 8t, incurred in the multiplexing px%csﬁp 2@@3
transport processor at the encoder <creates an auxiliary field W n an
auxiliary transport packet which containg-information relating to variable
delays. Provision is made for nodifying this variable delay information at
respective nultiplexing locations. Refer to FIGURES 6 and 7. FIGURE 6
i|lustrates %Wal“{la“a thea paplentt ipaelatad.of ThetKipld §iGriisas ccmmnmtyhat

used. in thechdcghveRid Mélugpd fbe! @I\fbﬁ'&i%ck ﬁ@d% Bs.d9yg! Pﬂ? . the
Advanced Tel eV| Si on Re ear,.ch Consgrcihl um tra&ngort faéf(n& udes a
prefix whi ch®EEH%irRES! M&dﬁf h&RL hlsﬂﬁ‘él yg@ﬁ p m?elﬁﬁy qagk ¢ Bor

i ndi cat e to.exdmple, Herth¢ cparticuber paptioadis- d3signatd &@O%rogldeont ai ned

within the n heck val ue
i ncl uded fofl%g&%ﬁtg}&gh%ﬁﬁ%ﬁﬂmng réél;ﬁécqﬁgcfd@l[%a&so & r}§ )\éﬁa eC| fic
header whi chPaGkeds folcdhay SQ@HP%e@P@h@%W@MC Ebdlo eiaaa;pmeq atde or
particul ar seslxfede ausiliay dast. edTh@ H@\ﬁaa thisiR¥icataN thE GHrRBTI#9-

respective p s,of t e ans ackt of that service type may
I ncl ude audlﬁgﬂg’flg PGPy {‘ gum liary data. The HD field

thus indi cates the par FIGURE 7psll,dsuaﬂes ytperafmpotthpaplaeu mciithr inghedet .
FLCURE 7 1] skl §Sddut ra"l‘ﬁ@‘)%é}{lBﬁﬂkEf A mlh&y HERT Pt HackBl Yn ta. The

payl oad of ap ei iary trans nor e aX|I|ary
gr oups, depemﬁ Hé" oG Y &‘PRﬁ?nta“?SF laféfaﬂﬁo‘ﬁ?fcl ﬁ'ﬂ&l‘qiﬁgr%p@@t amounyr of) ps and
LP&J&Er;em dymt dncheizd irnmeespective - gheups akbahe pement dystéint (rjat ed Ihn

to the
program cl ocﬁéﬁl%@e{r‘l@g %&b%ﬁn%pﬁ#'? ﬂ&%%?‘ga‘g gg? EXZ i ncl udes
data rel at edthegeyare dWe auxilgey grouppecoptgimngudita irelated cto tthe PCR per
se'. The resp %’i rane cjockinefdrefite|dA N1 aakiAUXN2, OTReP aﬁﬁﬁf

S 110, SRRt Ae M8 eyl o, O, e b R e

AFS. The fi e
packet is noindlndes dhe BCR pepasef.i aflhe rtespective)groops mlwdelalm t field

whi ch i ndi cagggiliatyepheip Préfiki ahd SRt AudifiafipfddigdbloRk, t Pite PreHR: AFID i's

a 6-bit includes the fields MF, CFF, AFID, and AFS. The field MF is a 1-bit
field which indicates whether the data in the packet is modifiable
(1 if modifiable O if not). CFF is a 1-bit field which indicates
whether auxlhary data is defined for this group. AFID is a 6-bit -
field which ‘identifies the type of auxiliary data contained in the
group, e.g., time code, scramble key, copyright, etc. AFS is an 8-bit
field defining the number of bytes of auxiliary data contained in
the group.
_ The AUX1 group is shown as being modifiable and the
AUX2 group is shown as not being modifiable. AUX2 data is
shown to be PCR data i.c. the program clock reference. The AUX1
data is indicated as DPCR data which is an acronym herein for
differential program clock reference. The PCR data is ciptured
under control of a scheduler which controls the transport
processor in the encoder. DPCR data is captured as will be
described with reference to FIGURE 4.

The FIGURE 4 apparatus is exemplary appdratus of a

pottion of onc of the multiplexer circuits shown in FIGURE 2.
Associated with respective input busses is a buffer store 67 which
may be a FIFO. Data is stored therein wlien program data arrives




field which '|dent|f|es the type of auxiliary data contained in th
e.g., tine code, scranble key, copyright, etc. AFSis an 8-bit = gﬁg %ﬂﬁa
defining the nunber of bytes of auxiliary glata contained in the group. The
AUX1 group is shown as being nodifiable and the AUX2 group is shown as not
bei ng nodifiable. AUX2 data is shown to ' be PCR data i.e. the program
clock referenmed thbenAllMplextat & Icﬁlrtd’ldlycmdsﬁﬁgDECHhMaie@rtV\mpfﬁh bds an

acronym her ei r i ff kQg ck enc The PCR data is
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processor in PErancsaes .isDred deam ﬂtc daxsferr étbr&sf)\h Il be described with
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portion of ong f the | t El exer clfcults é soci at ed
with respecti V’é? R Fux e8TqUPSCoRtatpg P QI?\ dafay Blots tharo

Data is storethet ahei mfwien Pifogtam ldatlateamimcbsrclatl\&a $oEthB daddg t8f and the
mul tiplexer ig.c S IflpLe t ereatter,
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of the PCR data is determned relative to ' n_tl_n%h e transport

packet cont ai Hithgnekiplexiagl peecessi mig iekayr kisne oh |takﬁCR0d£ttaasltV\hen :

tput by th I e YriaYg ue Of del a
?ﬁcgrjredyduee{%gjcﬁgrffér Ffogﬁ %?ﬁg@cf" tél rsnei{dlr%f’j tHg D)Squi p‘l?%tg %‘Pﬁ%ﬁ%‘ﬁﬁhe
delay time T ©Prregt sugheRrnoss.t réﬂsmﬂxlhh‘é’ acket dateeteri $lysamangedei fy
t he DPCR dat adb&o@u@&e@ueﬁ&bucc CofT HRekp éﬁCba&é@réontﬁmlﬁgXUP(ﬁtydﬁﬁckﬁt

detector, det ect e Joccurgence t

cont ai ni ng DP &@g% @w PEREREY ‘{33 3 0puh OIS oy é{q “O‘Fﬁl

det ector funcrésstsand enableia anumtenaﬁﬂ goacouninpulses 2of @ kmahtclbcbtﬁ&.es of a
,local clock Qe 108 LRER! 66 41 SosciaR! b ﬁgk frgé éergeérng a

JETREINR N o RO e )
: may be frequency locked to the encoder clock as per the operation
of the FIGURE 3 or 5 apparatus.” A further auxiliary packet
. detector 63 is coupled to the output bus of the buffer store 67,
and is arranged to store current count value oufput the counter 62
in the latch 68 when the auxiliary packet containing the DPCR data
emerges. from the buffer. At this time the output of the counter
will exhibit a count value, in units of cycles of the clock frequency,
of the transit time through the buffer of the particular packet.
Note, if a plurality of auxiliary packets are likely to occur in close
proximity, such that more than one may be concurrently
transiting the buffer 67, the auxiliary packet detectors must be
arranged to detect and respond to each occurring packet.

The auxiliary packet detector 61 also provides a
control signal which is applied to condition a latch 64 to store the
DPCR-value contained within the auxiliary packet. This value is
applied to one input port of an adder 65. The local count value
stored in the latch 68 is applied to the second input port of the
adder 65. The adder 65 sums the DPCR data from the cuirent

. auxiliary packet with the local count value to provide an updated .
DPCR valuc DPCR'. The program data from the buffer 67 and the
. output of. the adder 65 are .coupled to respective input ports ,o,_f, a




of the FIGURE 3 or 5. apparatus. - A further auxiliary packet dé @ﬁn
I's coupled to the output bus of the buffer store 67, and is am rs t 3

store current.count val ue output the co%nter 62 in the latch 68 when the

auxi | i ary packet containing the DPCR ddt¥s energes. fromthe buffer. At

this tinme the output of- the counter w Il exhibit a count value, in units
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value for thc DPCR data correspondmg to new programs Recall
however, that stored data from the digital storage media S1 may
be inserted between segments of live data, and that the stored
data may be pre-encoded with PCR and DPCR codes. When the
transport processor 53 is to insert stored data between segments
of live data, it accesses the PCR code of the stored data and
subtracts this PCR value from . the count value currently exhibited
by the counter 23 and/ or latch 25. The transport processor then
adds this difference to the DPCR value in the auxiliary packets of
the stored data. The new DPCR values in the stored data inserted
between live data mow contains a reference to curreat time. This
process is illustrated in the flow chart of FIGURE 8. which is self
explanatory.

——_ . _The use of the DPCR data in a receiver is illustrated in
FIGURE §. In FIGURE 5 elements designated with the same
numerals as elements in FIGURE 3 are similar and perform similar
functions, except that -the function of eclement 32 has been
modified. The modification involves including adder 45 arranged
to sum the corresponding PCR and DPCR values arriving in
associated auxiliary 'groups. The sums provided by the adder



accordance wth the appropriate nodifier flags, M-, of the auxiliary
groups: Referring back to FIGURE 2, the-transport transport p+§c8Eser2663
will establish the DPCR auxiliary groups and normally insert a zero value
for the- DPCR data corresponding to new prograns. Recall however, that
stored data fromthe digital storagel¥redia 51, may be inserted between
"segnents of |ive gata, and I hat ﬁgﬁ%stored data(ggy be pre-encoded with
PCR and DPCRTEGHLLY {pethic pEiziRtl, rY2lYeo BBRGALEE Y any; §ransifer t st or ed
data bet wealelapegneatrsd of multipldatry fot acerples The RERs cadeppicedhe

stored data,a t hi val firo e coynt val ye rently
exhi bi ted quﬂﬁ{gal&guﬁ?é&ﬁ%. Iﬂzfﬂglcﬁ rg‘f%if%mczg tif%ecwgng?)%trr?ﬂﬁlf gtb;assor
then adds ashicergrigderRpBe wabuehdoprgRtaml akockn syhehromizatiorar y packets of
the stored data. The new DPCR values in the stored data inserted between

| ive data now contains a reference to current time. This process is
illustrated in the flow chart of FIGJRE 8. which i's self explanatory. The
use of the DPCR data in a receiver is illustrated in FIGJRE 5. In FIGURE 5
el enents designated with the same nunerals as elenents in FIGURE 3 are
simlar and performsimlar functions, except that -the function of
clement 32 has been nodified. The nodification involves. including adder
45 arranged Jo sumthe corresponding PCR arid DPCR values arriving. in
associ ated auxiliary groups. The suns provided by the adder - 3 S E P 2003
-11 correspond to the original PCR value augnented by any transit del ays
incurred in multiplexing for exanple. The suns are placed in' nenory 46
where they are available to the clock controller 39 as corrected PCR

val ues for systemclock synchronization. - 3 S E P 2003 12 CLAI M5 Appar at us
for providing a conpressed video signal conprising : a source (50) of
conpressed video signal; :



counter circuitry (52) for generating time stanps; a transport processor
(53) for a) dividing said conpressed video 'signal into segme_ng’ssi %a no
| arger than a predeterm ned size; b) formng transport header P a
data fields identifying at least in part the contents of respective
transport packets; c) formng auxiliary information provisionally including
first and second data blocks for containing one of said tinme stanps and a
further tidﬂiﬁganp, respectively, said further time stanp being related to
a further conpressed video signal; and providing first and second fl ags
respectively exhibiting respective first states to .indicate the presence

said first; and blocks: d) incluyding said gne tinme stanp in said
first data bl oc':&%%g%l?gs @ﬁﬁ’%g@:'w b F?@Ppe?f%V' %&ﬂ&@t"f’ﬁ‘@”?'ﬂg'respecti ve first
state and i ncl wougces(@Dploff aoniphessetlivideoslignap i n said second data bl ock only
for said secon exhi bi.ti its first state; and e) formng transport
packet s respecg‘io%t%C]F%@bu@%@gge%ﬁ% ﬁg'ﬁdStamﬁﬁyl oad, wherein said
pay: oag i ncl ludestrans_pe@pmmgls;n‘r (53)rfpr esses_ vi deo si g_rll_ﬁl and ontes of t s?i dt ]
payl oads inclu id auxiliary information,.2. ' e apparatus set for
PRl ot m 1 wherdi 17eiecksld chifbresket SBR oTRL it spamaiioy o teganiran &
conprises: a systpemdetecuikefl @izepr ovi di ng cl ock pul ses; a counter for

[ [ . ' Nt ; f
per ot cai 1y b PHURSTEPUAHege; BYH RS d5ye Tefh Hetffes =t Baerimpan e
appar atus set f ord¢dntents of @specivé trahdport patketsdi ng: a source of transport
packets of said,f r..C ressed. vi dea .signal ; and_wherein sajd transport
processor acceg; ei&él’l:'ém iaﬁéﬁé@dﬁ@ﬁ‘m %(°Y'?'8H§Bd?‘?'“%a%ﬁ@ﬁ aggseg%ﬂc{oéth%,b{qqg?
conpr essed vi deo foi gaathiningdonenof saie sirsastdmipl randsa aunthef time $thep! raapearely, - 3

SEP 2003 12a packgf jd r. compressed. video signal i.n the second
data bl ock as sai é;at'? ﬁj;r%h%gb%ets%{égg?!g%g@%o Eugthg’é?%“%'gﬁ%ﬁ%‘"ﬁg?odﬁ'gf@’ and
i ndi cat e presenceprofidingifiistfandt $eeond iflags sdspeptivety. exhitdtiraprRspadtive fststites th i n
compr essed vi deo s P preeh i’ e A IERBRY boBHicdsS cacsor accesses a
time stanp from anecinding paid opadivet stimms i daid ffirstt deta Iockporlg Sed syiddfet gagnal
and includes sai i it AR .packet. of said further :
conpr essed Vi deod‘?s’zlthclizjl:{rftg‘lQ>s'|E n tHéeé@g]g{r)%%t%é%g‘%ﬁﬁ%@%ﬁ%ga@ﬂ“ﬁh?r&r?%éﬁa"m lpesaid
stanp; and sets sggodd datadrhetkidrigfor said sdcarat flagpdibitingdtsdststatet ndr t her tine
st anp. e) forming fransport packets respectively including a header and a payload,
wherein said payload includes a segment of compressed video signat and ones
of said payloads include said auxiliary information.

2. The apparatus set forth in claim 1 wherein said counter circuitry for generating time
stamp comprises:

a system clock for providing clock pulses:
a counter for counting said clock pulses modulo K, where K is an integer; and
means for periodically storing count values provided by said counter.

3. The apparatus set forth in claim 2 further including:

a source of transport packets of said further compressed video signal; and

wherein said transport processor accesses a time stamp from a transport packet of
said further compressed video signal and includes said time stamp from the fransport



-3 SEP 2003 -13 SYNCHRONI ZATI ON ARRANGEMENT FOR A COMPRESSED VI DEO SI GNAL
ABSTRACT OF THE DI SCLOSURE Appar atus for devel oping synchroni zati on of an

intermedi ate | ayer of signal such as the transport or nulti pl_ea S@?q)m a
mul ti-layered conpressed video signal, includes at the encodiNng="¢n

the system apparatus (13, 23, 25) for incl 325 ng a time stanp reference, such
as a count value froma' nodulo K count (23), and provision for a
differential time stanp which may be updated by the transit tinmes of

Cirou ts, RECKRor sl iinlR SHBRSE VL SucBlin U8 Shopabyoh v albBitiere
to a cont tolel ssempearei sets said eedorslifigndd inalivdtd presermendf suil fuhdttimidétampount er
is sanpled at the arrival of the time stanps enbedded in the transport

| ayer. The tine stanps and the differential tine stanps are retrieved from

the signal 4and Jba abparatlstset fothrin alaior fetiethelidinge st anp. The differences

W th the di 17er anpule st PBtnoBsEi Rel S EPpbRstd e ot pirand waason o

provide it sigmaid transporitprodesstreacseests artined eBln(s fronah -tranisPsrt Hadket of said
further compressed video signal and includes said time stamp from the transplort packet of
said further compressed video signal in the second data block as said further time stamp;
and sets said second flag to indicate presence of said further time stamp. |





