16 February 2006 -1 SYNCHRONI ZATI ON ARRANGEMENT FOR A qgﬁﬁgﬁiﬁygadngEO
SIGNAL This invention relates to a nethod and apparatus TOr provi ding a
cl ock signal at a signal deconpression apparatus, which clock signal is
substantially frequency |locked to a clock signal at a encodi ng apparat us.
Conpressed video signal generation and transm ssion systens nmay operate on
several |evels of synchronization or 10 perhaps nore properly called
asynchroni zati on. For exanple, the actual conpression apparatus wll be
synchroni zed, at least in part to the vertical frame rate of the source
~video signal, and it nayS YRCHRGNIZZYHEAN MRBANGEMENT ROR &r subcarri er.
Once the video signal is comiiXPRESSED VEDESSIGNAL a particul ar signal
protocol, such as 15 MPEG 1, it may be further processed into transport

packets for transm ssi . The transpoft ckets be tine division

nul ti pl exed with ’pgcke?Eh’fsr SRY St r\?F"cﬁﬁg(a}Sr adéﬂegﬁé%lﬂ §Ppaﬁ’é9§e‘tqrzi ng and
mul ti pl exilng pegvidingreay chotk ségudnat ian signatudeadmpresgionhmpparaus,ashi on,

whi ch may or 2 S £ LESSI perati on.
The transport@;p{;;f;l;g(Izéel?gE E\Egga.lhgs} %ﬁ?{i‘gﬁg e%&lg%%‘{]?ogrr%}?ttﬁe?eégpf%r be ‘
supplied to 8 eth RoPNEPAURENABBAGMST the data. The nodem may or may

n](c)t O]E)elr i’it e synphr onousCysn‘l@rb#Eetlha&idéd; osiglﬂahtg’mbgﬁkiglysﬁmrst:raﬂmidgeo[{ ﬂ:ei ver
of a fully mu X r t S . l:b 1 s usually
YRR Bl R Re RS sefital MREESC O sl hBhtralibn, Br o i 7

necessary tha )
i nverse fluhct perhapsomarer peeperly caadleds agynehrenigation. ngFendexsmplee thy/ st em
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respective supsystens operate extrenel,y close’to. the. same 30 frequencies as
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15 MPEG 1, it may be further processed into transport packets for
transmission. The transport packets may be time division
multiplexed with packets from other video or data sources. The
packetizing and multiplexing may or may not be done in a
mutually synchronous fashion, which may or may not be
20 synchronous with the bomprcssion 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 transmitted
25 compressed signal, it is usually necessary that the various
subsystems. operate synchronously with their inverse function
counterpart elements at the encoding end of the system.
Synchronous operation in this case, in general, may mean that the
‘respective subsystems operate extremely close to the same
30 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
35 accomplished by inserting, at the encoder, presentation time
~ stamps within the compressed video/audio signals, that indicate
the relative times of production/reproduction of respective:
' scgments' of signal. Such presentation time references, PTR's, may
be used to compare the timing of associated audio and video




vi deo/ audi o deconpression portion of the system may be CO | shed by
I nserting, at the encoder, presentation tine stanps w ﬁﬁi@gl{uﬁg})}c(@ﬁpressed

'video/audi o signals, that indicate the relative times of
producti on/reproduction of respective -skegnents of signal. Such o
presentation time references, PTR' s, may be used to conpare the tim ng of
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pur poses and 0{. proper sequencing ‘and “continuity. T nodem must
of course opEPBHBULY-the precise frequency as the transmitting modem

Recei ver nodenms typi c@hkyrecBiterdaodeas tnusickohRenspérspanshye to the
transmtted _carri %{r fr%uenci es forgﬁgnerat | ag s(y#chr.onous al ock signals.
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mul tipl exed data be arriyi n%é}qsﬁggra | ca(#l(ré. The seﬁomd IS that rate
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~ establ i shi ngsw%qu V7 HGRCHINA A4S (TARE FAebUFIETINg & UsPallygnal ~ such as
t he transporé¢mpioyed bepween dxemomiera and the Hagengstessonmimbsed vi deo
~signal. According.to a fibrst a gﬁ():]t of tﬂf Q[besent | izentum, there is
provi ded an B]i?pvdglaﬂlhgu}%r S 1DF G that| leat%bb]g T BHISF a conpressed
video si gnal overdbows @Wﬁ%@fﬁlmsmimfﬂ@é@%ﬁrﬁint@fh@lﬁ!’théiﬁﬁl Vf\‘iﬁ peal
occurring in transport. packet conpressed video signa erein
Cdonti 1 obl keeas SRalL B8 maaﬁe%&q Hﬁ%&ﬁ{’éfé IZIEag }Bgdgj%sém ¢l ock
references including cexatmplaleiabodigiemsiofathleypdifeait iagdehtomn mppunt er
arranged to by torrgds%ls?erﬁ’ and apparatus for inserting differential time
codes or count values in a compressed video signal for
- establishing synchronization of an intermediate layer of signal
such as the transport or multiplex layer of a multi-layered
compressed video signal.

According to a first aspect of the present invention,
there is provided an apparatus for synchronizing at least a portion
of a compressed video signal receiving system which processes a
compressed signal occurring in transport packets of compressed
video signal wherein identifiable ones of said transport packets
include program clock references including count values
periodically obtained from a counter arranged to count modulo X,
(K a positive integer) pulses of an encoding system clock, and
which includes further count values, said apparatus comprising: a
source of said transport packets including transport packets
having said count values and further count values; a controlled
oscillator, responsive to a control signal E, for providing a
recetver system clock; a receiver counter arranged to count pulses

- of said receiver system clock modulo K; means, responsive to the
- occurrence of transport packets including said count values, for
‘storing count values output by said receiver counter; means for




(K a positive integer) pulses of an encoding systemclo %’F gnd Lﬁ%i ch
I ncl udes further count val ues, said apparatus conpri si na: i cg of said
transport packets including transport packets having said count val ues and
further count values; a controlled osciZal-ator, responsive to a control
signal E, for providing a receiver systemclock; a receiver counter

arranged to getiévity 86fint ¥alued dnOCRALNGY coYA! YAIGEFromDMIHO K means,

responsive to the occutrence of transport packets I ncludipg said count
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and further ¢oppenéahtifnp Jdidnedard] sIANEPE, forasdiRirslliAL saggner ati ng said
control signal, E’li%é’%pﬁﬁfl't rolling said "controlled osclllator. According

to a second S9p&&Q #sent invention, there is provided a method
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absence of sgbehpileRgd dtiebesicas]fodesa ftwhich Rive ﬁ@@iﬁéﬁ@fence& sai d
met hod conpr pgi;kets .0of conpressed

1 sijing.t he st.eps .. provi di ng, .transpar
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counting pul ses of salg recei vg. Sy, temna ock;%éig ecting the presence of
said first aHanspeshpacksatsincingding Tast and seeond dlags mdicatingither ni ni ng
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sai d clock r&lsicRekersBERS, $pidsmethadcampyising the steps of: providing

transport packets of compressed video signal; providing a

- receiver system clock whose timing is varied responsive to a
control signal E;‘ generating receiver clock references by counting
pulses of said receiver system clock; detecting the presence of
said first and second flags, and if said flags are detected,
determining the presence or absence of said clock reference and

- said further clock reference; and generating said control signal E
responsive to at least said clock reference being present and said
receiver clock references.

In an embodiment at the encoding 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 in the
embodiment to include values representing precompressed count
values when precompressed 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




recei ver clock references. In an enbodi nent at the enco th
systema nodulo K counter is clocked responsive to a sgég‘gbl%a%ﬁ?fs and

sel ect ed ones of count val ues provided by the counter are enbedded in the
signal at the transport |ayer according2be a predeterm ned schedule.
Provision is also made in the enbodinent to include values representing
preconpr essednﬁq}ﬁﬂateVﬁieuéﬁ'fEf@ﬂlﬂr E6OAPYARSSH iy SERP tﬁa t'ﬁadl&?tor por at ed
in the signal. rt her ﬁﬂbﬁg@({l nment, at signal transrrlla?ﬁl on Iocatl ons
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val ue of ther@l@éﬁbr@@ék@@?ﬁﬁl to o&[ﬂ@@hﬁ‘ﬁ't%lhe@t an&hﬁeé@%@u\ﬂtng end of
the systema counter, sim

un the e ng end of the
system is r¥& ?%S@Wpiea tl”iﬂelse'if:(i F%{: ? QFW@Q (&c@’r%@g?% provi de
count val uesyahisk ERfFRIdENM thy @t (ﬂ*tQaﬁéfmTﬁé tfindriRed ®aiteshd o the
arrival of tagﬁcount val ues enbedded in tqﬁ transport |ayer. The
transmtted grenfdal capnf ¥ales are 856R8SSAUY are accessed from 16.
February 2006 .3 the received transport |ayer and used with the receiver
count values to generate a signal to control the receiver clock signal.
BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a block diagramof a
conpressed video 5 encodi ng/ decodi ng system i ncorporating clock recovery
apparatus enbodying the present invention. FIGURE 2 is a block di agram of
signal multiplexing apparatus useful in representing the devel opnent of
~multiplexed data fromdifferent sources. 10 FIGURES 3 and 5 are bl ock
di agrans of alternative enbodinments of clock recovery apparatus for use
with




transmtted conpressed video data. FIGURE 4 is a block ﬂi %F)am 05 0§i gnal
mul tipl exi ng apparatus including a systemfor augnenti 8 t HPFP@ (I)' ferences
15 included within the nmultiplexed signal. FIGURES 6 and 7 are pictorial

di agrams of a transport block and an auxiliary signal transport bl ock.
FIGURE 8 is a flow chart of the operation of the transport processor of
FIGURE 2. 20 FIGURE 1 illustrates a typicahk.systemin which the invention
‘may be practiced, which systemis a conpressed digital video signal

transm ssion arrangenent. In this system video signal froma source 10 is
applied to a thmpeesbiedn teinspertt ldyer whilc bsediywithc thelereaeiver i coumonpensat ed
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2006 -4 A sysf 16-'@@”220 pf L’dé§°€Y%klaﬁﬁa§4t% ory s p¥itht e nuch of the
apparatus, at tdmﬁmueaclmly\@sg&tp videos _iuth. pr ocessor. This clock w |l _
honever, it is used to HRIORI &8 & R Whesbi,of ST mufifudil 00"
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modul 0 2305, §f¥luded within the muitiplexed signal.
' FIGURES 6 and 7 are pictorial diagrams of a transport
block and an auxiliary signal transport block.
FIGURE 8 is a flow chart of the operation of the
transport processor of FIGURE 2. |
20 FIGURE 1 illustrates a typical system in which 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
25 utilizing discrete cosine transforms. Compressed video signal from
the element 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
30 (Organisation Internationale De 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 a2 non-uniform rate are
35 applied to a rate buffer 14 which provides output data at a
relatively constant rate conducive to cfficient use of a relatively
narrow bandwidth transmission channel. The bufféred data is
coupled to a modem 15 which performs the signal transmission.




exanpl e. The count val ues output by the counter are appli to | at ches
24 and 25. The latch 24 is conditioned by the video sodp?gbﬁuﬂ%qﬁgh count

val ues on the occurrence of respective frame 10 intervals. These count

val ues are denoted presentation tinme stanps, PTR s, and are included in

t he conpressed video signal streamby the formatter 12, and are used by
the receiver to provide |lip-synchronizati4gn of associ ated audi o and vi deo
information. The latch 25 is conditioned by the transport 15 processor 13
(or the systemcontroller 21) to latch count values according to a
predet er mi ned schedul e.A THstemcelosk 31 proyidese clepking etigpalo e aonasneck

references, F%@ﬁ%ﬁ,omﬂeaa?pﬂmﬁsqdﬂd 18st ﬁi@lhﬁir@{ ¥hélagranspdrbi processeect i ve

auxiliary trapsport pac s. The sys}.emc ntroller é% I S ﬂ v |§€rlne state
machi ne 20 phBSrSloFBa L QR Ahtelvhd TEIVANY svevass?hdBlignts. rote
that the contexaniple. 21As tshewrohpereias drowdverndt tiseusedans pgerterater Godagor 13,
may or may NGhrORGIAE STRE YIRSl |18 @ouaﬂé@&”"[ﬂnth%l RSk hpt ' GngemEnt as

| ong as proper i1ntercomuunication I's provided between pr ssi ng el enents.
25 El ements 18uen23F may ohe rakanged: 4@ cfaumtgmedylo &%ﬁt-h@rt ransm ssi on

s[%/st e][n wher ﬁidkab'ﬂ?cn?gﬂm ounervaues dutput ibyv elie ourbfeat b acpblibhetdmdtlegn 15.
ta fromt noge, 0] | egwt o Iwerse tirans { [0cessSor ,
whi ch provi dgt 0 6‘%?%2&%&“& gg‘o gp&ngl?&f o%}ﬁnﬁ tcg&dg&%%e?igﬁ)xgﬁ}?ov@cg system
30 protocol, sosrctidor datchbeduntr valuiesTae thet ecoudreree of respeciveviraeme t he

conpr esseg) Vijdegvaisgnalrhkge t i €GRRRECaAO dehota FHes&mtdtion Thene
deconpressor, respo g to the conpressed video signa .gener.ate ‘
non-conpresse%a‘&‘ipaem%éﬂndf are¢ df‘é@ﬁjaa bh ReCUBRTSESd 20U SIEBR! st or age

etc., in an aqywamprbytthedéoimater332and nverssedpbyc des aecdi¥enltso provi des
PCR s fromt FHN: t QRIS and to, a system
cl ock gener o ?ﬁ%.hﬁﬁéﬁﬁgﬁ%{gﬁfgﬁirﬁ Oa?sso@i'ﬂgccf i aﬁc! Pfied

L X ‘responsive to these signals.
generates a spéemnationck Teglaieh siidsr spedisionednbyt thee sk2nspe 16 February
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according to a predetermined schedule., These count values are
denoted program clock references, PCR's, and are embedded as

. auxiliary data within respective auxiliary transport packets.
The system controller 21 is a variable state machine

20 programmed to coordinate the various processing clements. Note
that the controller 21, the compressor 11 and the transport
processor 13, may or may not operate synchronously via a
common clocking arrangement as long as proper
intercommunication is provided between processing elements.

25 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
applicd to an inverse transport processor 18, which provides
compressed video signal formatted according to the system

30 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 non-compressed video signal for display on the device
20, or for storage etc., in an appropriate device.

35 ' The inverse processor 18 also provides PCR's from the
auxiliary 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




to the receiver systemcontroller 26 to control the tlﬁlg% roprlate
processing el enents. Refer to FI GURE 2 which illustrated ﬁ&%@ﬁ Swhich 5
may be included in the transm ssion nodem 15 for exanple. The nopdem may
receive data froma plurality of sources, which data is all to be
transmtted on a conmon transmi ssion channel. This may be acconplished by
time division nultiplexing of the various ¢signals fromthe various
sources. In addition the nultiplexing 10 may be | ayered. For exanple video
prograns, Pi, may be generated in different studios, and coupled to a
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to a second | appropniktel pprocessif@, olbmeatn the signals Si are tine division

mul ti pl exed accordi ng t R KOV FICRSRR guethiandl E%&g@se%@d}ﬁﬁsswmwl I ng.
Finally, wwthin t elsa gtlve pr ogr ans emse ves e my be further
formof milt ™% ngnc vied inythg ﬁF@@F‘HﬁS‘ﬁﬁymoﬂ@é“t% PHrexagipl Eomﬁlem al's

20 inserted lm:zniq@nogfagrrwmwlcwtaofroﬂf aStpbi gﬁ%ersloal-cesns@hichddataet ween

segments of | dyct S C i t 4-S:.presuned
thgt t he comTégr/%lglug %‘? %?@ng[uﬁn?erl a M&ﬁ gtt(ﬁfséo%ncgl%gﬁ%l sP
respective PTRiay died apcemplished t by stlmpnﬂt‘ahm ﬂh’é‘twlﬁgaﬁﬂ theRvarions t he
stored materi gignild fré@ Zhe Wkt @dmtdest hemr ﬁaauidrrr&hETHumﬁesdu@CR s of

t he | t | |1 HRY t t

pr gbl ;\ég eggrlffgye qehigdxc/éa}ﬁ‘gl ng:ot)na’f VPCL aév'grﬁxgps ?’T&,Crﬁgy l?f?'?r ug'[ ?ﬁget he
deconpr essor fgenexatédi ini ahffm—:emosmdmﬁl amd| coupled etcs @l firshemulaighexdr

cor el ation besweomid® pebgrastt ARl e alviboa TRIBPIBLS Sbabiding ol ST upt

the rate bu”ig_l nverse tr ‘fE—‘F ssor e erren rece ver system
do to | oss of X8oWdht ‘Eﬂ??%ﬁ“ IH" 3 §°P€°°a§ Yhat the transport

processor 53 includes Theusighpl Sxi F@ldabﬂfdi'aimﬁ'célﬂgﬁﬂs $;» fopwer atlieen to the
mui i pl el sgBRERE are apPliEa° R dsepal et MuRrhIERbE S Eniteif el ng
sites if dat amgnals S are time division multiplexed according to known
techniques and predetermined scheduling. Finally, within the
respective programs themselves, there may be a further form of
multiplexing. This multiplexing may take the form of commercials
20 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
25 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
30 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 55 and 56.
35 A further problem ecxists within a multiplexed system.
In order not to lose data at respective multiplexing sites -if data
concurrently arrives from a plurality of sources, it is nececssary to
provide a degree of signal buffering within the multiplexers.




concurrently arrives froma plurality of sources, it is ggc ssar

provide a degree of signal buffering within the rrultiplé e qgébruary
2006 -6 These buffers will inpose a delay T St, where St represents a
jitter conponent. Assune a programtransits 100 nmultiplexers (an
exaggerated nunber to accentuate the problem, and each multiplexing adds
1 sec. 1 gsec. of delay. The end to end dgl.ay 5 is 100 sec. 100 sec. of
del ay. The 100 seconds of delay is of little consequence to the
deconpressor because the conpressed video and thus the PTR s have
undergone the THEE Bfey%. willCihipoddd SRS 'IOf'H(Pt \ﬂ'icr@‘-‘@tt ﬁ%egg&gnyndat ed
or else the decoder buffer may overflow or undef ure 3
illustrates athrqrstcomrtmmmentAmmc r & cpiogeam atmktsré@@nﬂndtlplcxem this

embodi ment, thgptg Eiedor mn}?&tleo?ﬁég[g( %ikﬁﬂf % tRgefate
buffer 17, int | m nat | may be
incurred int H’éhl?‘é’i@%\? ag&%{ SBﬁirf ftel HSPat Squ\i’iﬁ ’th‘? ét'i‘ér #Yis
coupl ed toSan 1&5100nsa:rsie 100apsqordf delages The BOO s@ﬁ&rﬁloﬁl&elldy a$ yYofpacket
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pul ses prbdi déaverge atrangporty proceseor chht aod| ad ewsiliaryt packt. detsstaount er
36 is arranged1to THeNinverse transport processor 32 separates transport
header data from the respective transport packet payloads.
Responsive to the transport header data, the processor 32 applies
video signal payloads (desngnatcd here as service data 1) to, for
20 example, decompression apparatus (not shown), and auxiliary
data (designated as serwice data 2) to the appropriate auxiliary
data 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
25 matched filter arranged ‘to recognize the codewords designating an
auxiliary transport packet containing a PCR, produces a conitrol
pulse on the occurrence of transport packets containing such data.
The control pulse is utilized to store within a latch 35, the count
valuc currently exhibited by the local counter 36. The local
30 counter 36 is arranged to count pulses provided by a e.g., voltage
- controlled oscillator 37. The counter 36 is arranged to count
modulo the same number as its counterpart counter in the
encoder (counter 23).
The voltage controlled oscillator 37 is controlled by a
35 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




nmodul o the same nunber as its counterpart counter in thqg gcodei count er
23). The voltage controlled oscillator 37 is controlled J% uagg ? W pass
filtered error signal provided by a clock controller 39. The error signal
is generated in the follow ng fashion. Let the PCR arriving at tinme n be
designated PCRo and the count value concurrently latched in latch 35 be
designated La. The clock 16 February 2006 - controller reads the
successive values of PCRs and L's and forns an error signal E
proportional to the differences E = IPCRo - PCRu-t I - IL, - Lu-tl The
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but may introd@c@naaldng ewom Wendr by bnplemsniinge therlowrpass filterpdst inal

to the differeqfdopTeobponentdl- IPCRn - PCRO where PCRO and LO are for

exanple the first occurrjng PCR and the .20 correspondi ng..l atche al ue of
t)riemr)ecei \}g)r lzounter. uNo ‘%é:lolr?“a’t‘ﬁé o s ssiyéﬁ"é’i'sgrﬁ I gEhIeEc\ﬁi“P erga‘i“yu in
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error signal Hreqishdyhof the sSysteah dieck hef e epcollbg | ong term
15 The foregoing approach provides rather rapid
synchronization but may introduce a long term error. Long term
error LTE is proportional to the difference
: LTE = L, - Lol - [PCR, - PCRyl
where PCRg and Lo are for example the first occurring PCR and the
20 corresponding latched value of the receiver counter. Nominally
the error signals E and LTE will vary in discrete steps. As such,
once the system is "synchronized" the error signal will dither one
unit about the null point. The preferred method of
synchronization is to initiate control of the voltage controlled
25 oscillator using the error signal E until a2 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 T 5t, incurred

in the multiplexing process, the transport processor at the encoder
30 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
35 to that used in the High Definition Television System developed by
~ the Advanced Television Research Consortium. This transport
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 oscil %; rder to
accormodate the delays, T St, incurred in the multipl & ﬁﬁ“ﬁﬁ%@ t he
transport processor at the encoder 30 creates an auxiliary field mnthin an
auxiliary transport packet which contains information relating to variable
del ays. Provision is made for nodifying this variable delay information at
respective nmultiplexing | ocations. Refer tg FIGURES 6 and 7. FIGURE 6
illustrates pictorially a transport packet®of a type simlar 35 to that
used in the High Definition Tel evision System devel oped by the Advanced.
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whi ch i ncl udepaylbadawypd i fory tlkatpartiChbarpputhketd of an auxiliary transport
packet may inelude onepReoRat o Aklrhalsy Ol R ERRAE DRIA" sdifaarount

of data included in respec rou em reqw rements.
In the trldspauxilisagkdata; | | The rl@ﬁ)ﬂﬂa rpﬁ:|acwr@<ﬂlw h@ﬂ@sml’é PagkehURRY i ar y

groups cont ai fidl@déladme dt! m&é h@xi‘lﬁgy gioups O WepBhéingClon’ eheraneent HEXI and
es data rel.ated to variable delays and

the aroup AQ ibetie@d"incteseed ey “BRuPerARd; U, Shriche FUBR i nel ude an
auxiliary gr omqmrmﬂeMsandnaMaMaﬂsp@rty paaket bllnsikateﬂlhm PFEIURE i7ncl udes
e, el MG S, iy Sy e iR B LT
if not). lGFF PEOgFam Si‘l’c ir eéle'Wﬁ |36'§t %rﬁfoﬂléta i's
defined for tANEXgr ncduddy-idata s'elht_ﬁd tllot variable delays and the group AUX2
: includes the PCR per se’. The respective groups include an
auxiliary group prefix and an auxiliary data block. The prefix
includes the fields MF, CFF, AFID, and AFS. The field MF is a 1-bit
20 field which indicates whether the data in the packet is modifiable
(1 if modifiable 0 if not). CFF is a 1-bit field which indicates
whether auxiliary 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
25 field defining the number of bytes of auxiliary data contained in
the group.
The AUXI1 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.e. the program clock reference. The AUXI
30 data is indicated as DPCR data which is an acronym herein for
differential program clock reference. The PCR data is captured
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.
35 The FIGURE 4 apparatus is cxemplary apparatus of a
portion of one 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 thercin when program data arrives




© _process.

field which identifies the type of auxiliary data contai %g__d I n tg(? group,
e.g., tine code, scranble key, copyright, etc. AFS is an o} % el d
defi ni ng the nunber of bytes of auxiliary data 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 cl ock
reference. The AUXI 30 data is indicated as9bPCR data which is an acronym
herein for differential programclock reference. The PCR data is captured

under control of ,a_ ,sche ‘gul r which cont [yol s the trangﬁ) processor in the
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The local clock 60 may be a crystal oscillator having a. frequency
which is very close to the encoder system clock frequency, or it .
may be frequency locked to the encoder clock as per the operation
of the FIGURE 3 or 5 apparatus. A further auxiliary packet

20 detector 63 is coupled to the output bus of the buffer store 67,
and is arranged to store current count value output 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,

25 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, suck that more than onc may be concurrently
transiting the buffer 67, the auxiliary packet detectors must be
arranged to detect and respond to each occurring packet.

30 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

35 adder 65. The adder 65 sums the DPCR data from the current
auxiliary packet with the local count value to provide an updated
DPCR value DPCR'. The program data from the buffer 67 and the
output of the adder 65 arc.coupled to respective input ports of a




may be frequency | ocked to the encoder clock as per the gg@ atlo of t he
FIGURE 3 or 5 apparatus. A further auxiliary packet 20 dat&btig

coupled to the output bus of the buffer store 67, and is arranged to store
current count val ue output the counter 62 in the latch 68 when the
auxiliary packet containing the DPCR data energes fromthe buffer. At this,
time the output of the counter wll exbgbit a count value, in units of
cycles of the clock frequency, 25 of the transit tinme through the buffer of
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65. The | ocal u t t | atch 68 is applied to the second
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current auxiliary pack®thefi the tpaltiplexer Guds cendidored JooPask data updat ed
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the auxiliar yBgc ?éteﬁ%{?’% pﬁ grggﬁwfavg? &H? E?%ilgfe ?GET ga%nzltrll t he
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by the mul ti phedRiry6Grbaps§.hus the prior DPCR data corrected for its

transit Referring back to FIGURE 2, the transport processor 53
will establish the DPCR auxiliary groups and normally insert a zero
‘value for the DPCR data corresponding to new programs. Recall

20 however, that stored data from the digital storage media 51 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

25 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 siored data, The new DPCR values in the stored data inserted
between live data now contains a reference to current time. This

30 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 5. In FIGURE 5 elements designated with the same
numerals as elements in FIGURE 3 are similar and perform similar

35 functions, except that the function of element 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




time in the buffer 67. Note, it is recommended that the gixi&l i ara%@ packet
detector be programred to only change programdata in 1% ot 98 with
the appropriate nodifier flags, M-, of the auxiliary groups. Referring
back to FIGURE 2, the transport processor 53 w | establish the DPCR
auxiliary groups and normally insert a zero value for the DPCR data
corresponding to new prograns.. Recall 20 however, that stored data from
the digital storage nedia 51 may be i'dderted between segments of |ive
data, and that_the stared data P re-encoded wi th PCR and DPCR codes.
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and/ or IatchqBS. %ﬁ'terttg(r)ls%%e?rlg Jioﬂré nglisoafvﬁp élnc )Egdgis? ?g?Cs',Pé.‘?H}gPé‘ﬁc@to t he
DPCR val ue i n ah&omgstad HGR paaluess for sysgar slock Symehsonizaéomew DPCR
values in the stored data inserted between |live data now contains a
reference to current tinme. This 30 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 5. In FIGURE 5 el enents designated with
the sanme nunerals as elenents in FIGURE 3 are sinilar and performsinilar
35 functions, except that the function of elenent 32 has been nodified.
The nodification involves including adder 45 arranged to sumthe
correspondi ng PCR and DPCR values arriving in associated auxiliary groups.
The suns provided by the adder 16 February 2006 -11 correspond to the
original PCR value augnented by any transit delays incurred in

mul tiplexing for exanple. The suns are placed in nmenory 46 where they are
avai lable to the clock controller 39 as corrected PCR values for system
cl ock synchroni zation. 16 February 2006 -12 CLAI M5




1. Apparatus for synchronizing at |east a portion of a ﬁgpgesse V|deo
signal receiving system which processes a conpressed S|3 I'ng in
transport packets of conpressed video signal wherein identifiable ones of
said transport packets include programlél-ock references including count
values periodically obtained froma counter arranged to count nodulo K, (K
a positive integer) pulses of an enc@&ﬁ#ﬂssysten1clock and whi ch i ncl udes
further count values, said. apparatus conprising: a source of said
transport packets |nclud|ng transport packets having said count values and
further count val lles; APRAIUSOIr Sandyenizingtalrleastes montisinvel accampressedr ol

signal E foyig8p Qg f&eﬁmpes%few%h&wr@éesew%o EREGs skfll ﬁ&!ﬂﬁ% M ans,

arranged t o count u ses O sal d receiver syst em cl ock
r esponsi ve tHafﬁﬁP@ﬁowlfPtBe@fc@)"@?reﬁeQn‘é!ﬁ@? wigrat whersir identifiableyoses @f saidunt

val ues, for ghRIORJ peokEN ML SHrEgaRH told $ f’fb%n&?‘sc%aﬁdln%%h?rvald’é%ans for

retrieving count values and further count values from sai transport

packets and P¥&sifny potainedslien e spyniery agargesotocenunt magloek. Blieppesity  sai d
recei ver COUM&erPpUssObf @ﬁmaa.ﬂg s?@l!e?h CRLRL anPWHRA i Qdééimr{ﬁ@r csmtnt

val ues from sal d transport packets for generating sal contr signal , E,
for contr ol ¥3lygp. §aﬁdcﬁp€6'fﬂqsd}°|"§tﬂ'st5‘§<:| | lator. 2. The apparatus set forth in

claim 1 wherein Sa'séuféﬁ%?%afdoﬁ‘ansﬁgﬁ%é@ﬁété‘g'tcﬁﬁir@ t?émbsﬁl aéueﬂ@ﬁéwnfsa.d
i ncl udes: neans for conbining sald count values and further count values to

forma corr&R4EyaliesAnd, firher cawdnlyes; & sontaligd iasgilatar, drespensivel tospgnal , E
proportional cérﬁrolﬁgnélEfdr%?@%ih&g%eivdbys‘teﬁ]%@ékf ROV' i1 ) where CPCR' and

CPCR -1 are successive corrected count values and RCV' and RCV' 1 are
correspondi ng st of EFeIE5 GRENRATRIgET P (RouNbRuIses of ekt iopiver sYstRR.CTagk The
apparat us segob@bliidd in claim2 wherein said neans for conbining said count
val ues and further count values conprises an adder. 4. The apparatus set
forth in claim1l WeBPDiTASRAISYE tadhe ocrumence of tmansper pagkatr indluding saide

neader dat a ulig Dallde N fefinghBint BRRBGIB(R LY 8 4@V BbuiAEY 2006 13

transport packets include said count values’, and said means , responsive
to the occurrenc®edns feraraliiRying saeleYaues @nddiurbers apuntcwlves ramysaid

conpri ses a transport packets and responsive to successively stored count values output by
said receiver counter and corresponding said count values and further count
values from said transport packets for génerating said control signal, E, for
controlling said controfled oscillator.

2. The apparatus set forth in claim 1 wherein said means for
generating said control signal, E, includes:

means for combining said count values and further count values to form a
corrected count value;

means for calculating said control signal, E proportional to:

E=f( |CPCRn¥CPCRn-1| - |RCV,~RCV,4| } where CPCR, and CPCR,; are
successive corrected count values and RCV, and RCV,,.; are corresponding stored
count values output by said receiver clock.

3. The apparatus set forth in claim 2 wherein said means for
combining said count values and further count values comprises an adder.

4, The apparatus set forth in claim 1 wherein said identifiable
_transport packets include header data which identify that respective said




mat ched filter for detecting said header data. 5. The ag%aggt us forth
in claiml wherein said neans for 5 retrieving count v ¢0T3hY rther
val ues fromsaid transport packets conprises: a controller responsi ve to
header data in respective transport packets for generating timng signals;
a denul ti pl exer responsive to said timng ddgnals and said transport
packets for selectively passing data in said transpackets occurring in 10
pr edet er m ned ItmamdrbpmketamdziummardycdmaamUémrarﬂtgard' mgardatrespﬁﬁbueéld el y

db d d t t t | furth
nel uding apparedEpero el ea el e 38 ot e ghprees g5 7.
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sel ectively pag%g ) sa|délafgoy;hlrru"flerj1 lexer. 30 8. A method for synchroni zi ng
at | east a portion memrsc@ﬁwségrsﬁqrmgﬂai@@elgctgﬁbnpas@eﬁetpman:gd@whmmm| ch
processes a conpressed video signal occurring in transport packets of
conpressed vi deo si nals ones of which have provision for including
auxiliary informati - whiec#PRaiptis pekforth it erimnd ifgthemingludingcanpaeatey ek

ref erences andlmatsggrte,ﬁ]lg%lg({oﬁ{r&rsfd}%pg and said transport packets 35
including first and second flags indicating the presence or absence of said

clock ref&?ences and said further clock references, said nethod conpri sing
the steps of: 16 Fgbruarye 4pPftatl set forth in claim 1 wherein said identifiable

transport packets include header data which identify that respective said

transport packets include said count values, and said means, responsive to the
occurrence of transport packets including said count values comprises a
20  matched filter for detecting said header data; and
wherein said means for retrieving count values and further count values
from said transport packets comprises:
a controller responsive to header data in respective transport packets for
generating fiming signals;

25 a demultiplexer responsive to said timing signals and said transport
packets for selectively passing data in said transport packets occurring at
predetermined locations in said packets; and

memory means for storing data selectively passed by said demultiplexer.

30 8. A method for synchronizing at least a portion of a compressed
video signal receiving system which processes a compressed video signal
occurring in fransport packets of compressed video signals ones of which have
provision for including auxiliary information, which auxiliary information may
include clock references and further clock references, and said transport packets

35 including first and second flags indicating the presence or absence of said clock
references and said further clock references, said method comprising the steps

of:




provi di ng transport packets of conpressed video signal; prouyidi

recei ver system cl ock whose timng is varied responsivelgggénmgggyﬁol

signal E; generating receiver clock references by counting pul ses of said
receiver 5 systemclock; detecting the prgsence of said first and second
flags, and if said flags are detected, determ ning the presence or absence
of said clock reference and said further clock reference; and 10
‘generating sai d ®sding transpaePackeategframnrossedyidee sigwakt sai d cl ock

reference bei ng piefgh RBEvEASEtdrS CRIckShhdsk OfHing 6§ SLEEE BSspoflsivd s amet hod
set forth in claim8 further 1ncluding the steps: “storing a receiver clock

reference in resyehsignalE;a flag indicating the 15 presence of a program

cl ock reference | A RSRA rad i t we gnal E
responsive to at 'g}aggg%ﬁd;‘ai d g?o%}%ﬁk@z%r%'?%%cgﬁgﬁ%ﬁ@?g@é%sgﬁ gager%gdi"“\!/%r cl ock

ref erence. 910.5y¥i¢8 deehiod set forth in claim9 further including the steps:
20 retrieving Saigheehifthe! GEEARACH doll fiSPBATSbUhdl fagd. ARG daRfisal 4y ¢ he
presence of adj)ro ramclock reference In a transport packet; retTieving
said further %%qued,ef erence if present, fromsaid transport packet, and
generating said thiRlnashd PR &J&% LV, I j 25
r ef erence, storegeﬂsaar!a@ nlgecepvgr3 cl oc g?e ee‘?é%@eaécgr{gézéé}cg%ﬁrst%ﬁggﬁ% rock
reference if gRokdeigfence;1andThe met hods set forth in claim 10 wherein said

control siqgnal, b BAtRA sRIAPebigiNale 19 at RAsEsaill clock ref

[ CPCRr o- CPaRn- | 1| S RRAEEGIR SRRAPE reo@Bive G ol Pt clok roerence e
conbi ned cl ocloeingrpsesant end saig rerefvgr chaek ref¢rendes: ef er ences, and RCVD and
RCV' | are correspondi ng successive stored receiver clock references. 35

9. The method set forth in claim 8 further including the steps:
storing a receiver clock reference in response to a flag indicating the
15  presence of a program clock reference in a transport packet, and
generating said control signal E responsive to at least said clock
reference and stored said receiver clock reference.

10.  The method setforth in claim 9 further including the steps:
20 retrieving said clock reference in responsive to a flag indicating the
presence of a program clock reference in a transport packet;
retrieving said further clock reference if present, from said transport
packet, and
generating said control signal E responsive to at least said clock
25 reference, stored said recesiver clock reference, and said further clock reference

if present. -

11.  The methods set forth in claim 10 wherein said control signal, E,
is generated proportional to:
30 ~ E=f(|CPCR\—CPCRy.1| - [RCV,;—RCV,.4| )
' where CPCR, and CPCR,.; are successive combined clock references,
and further clock references, and RCV, and RCV,: are corresponding

successive stored receiver clock references.
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