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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 encodi ng apparat us.
Conpressed vi deo signal generation and transmi ssion systems may operate on
several |evels of sync@xqm Qs o y called
asynchroni zation. For exanp ﬁog Em mg%;

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
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prot ocol , s be furth rocess ansport
packet s for Orans r%\/gs?!)%ck fﬁ%nqtiﬁéhsapogﬂgnﬂagﬁﬁg@%vl% ApRATaliSYi si on
mul ti pl exed Which shotdetsignalois cubstanviatlyo frequéaty RRUegeto alBfockbacket i zing
and nul tipl egqgﬁgl rﬁYaOéné&}‘i g%ggﬁgrgg@ ne in ' a nutually, synchronous

.-fashion, which nay synchronous with the conpression
operation. The transp ‘Pmpﬁﬁ té"‘([‘?\ﬂ’leﬁllﬁé‘la ng¢nerglionedndr traotsmission

t hereaft er byssempl inay dperﬂcmdenfﬁaltreﬁﬁwncﬁsh ﬂclﬁfon'if'eﬁl&?‘é The rmdim
my or na 5l or mentioned systens. At
thé recei zermﬁég ﬁﬁtrs éru(ﬂg}a? r}%‘!%d%/ a\gkéﬁﬁ l%'b'np s&dampigathe ¢ s
usual | 'y nece®dd GLOI%P eshieny, Appatatus swﬂéyb@emctﬂpamﬁe styrheah;tono@ry Wi th
their inverste theotdrioal Eeint oraperdf eheRBrGe ahdweslgﬂ Qe ifHla P! the

system | S/ aReoR SyrRREARRLAN| Fhd Mof Bifeathr s Toha ot Vimmeits L0
their count éﬁpﬁ?ﬂ‘%ﬁ%ﬂsﬂéﬁsmm@d drtna @artitelar dsigaab rpressol sRaghdapr ovi de
video signal MREGNY, S6iRaj BOofurte? proceRsdd il (Pandpdt \ﬂagﬁ&ssf&nal source
at the Comrﬁﬁﬁﬁﬁissmg 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
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



synchroni zed wi th associ ated audi o. Synchroni zation of the vidgo/aydio
deconpression portion of the systemmay be acconplished by i rrsﬁré 20@"!
the encoder, presentation tine stanps within the conpressed . video/audio
signals, that indicate the relative ti nme< of producti on/ reproduction of
respective segnents of signal. Such presentation tinme references, PTRs,
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and conti nui gpd 'F’r?é“lffé&éy wver nodem nust of course operate at the precise
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t he constrai t hat t ractic to,mnmze
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appar at us f orspopadicallyg dl“i'fa‘ aeeond ails tharteratedbsffermgoimtusuellyes in a

conpressed VighflayelYordee ea%ea%ba@h.hgan%yrtﬁerae{:&&lﬁ&g&f fdh
|nterrred|atela S|9a the transpor nu ex layer of a
mul ti-layered® 8\8}%9%5 &P‘H é?g??dl‘“s‘FW at éh%ofﬂtﬁehtl tfgr ﬂﬁéh@ncodl ng
end of the smeeﬂnws modubnd&flews nivéth Ithecbmm&nleﬂmnﬁié/%dfﬁetab%ys'fem
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schedul e. Provision is Hies@rgsen I%meﬂ,qlud@ AeH uts & eyystamanandg
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 tré.nspbrt or multiplex
- layer of a multi-layered comipressed video signal. 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




preconpressed count val ues when preconpressed video signal is incorporated
inthe signal. In a further enbodinent, at signal transm ssion |ocations
where the conpressed video signal may be queued, provision isﬂnﬁﬁp 2993
nmeasure the tinme, in counts of clock pulses of a systemclock Tre s
of the time the signal is delayed, and to access and update the
differential count values in said transport packet with the val ue of the
del ay neasurenent. In an enbodinment at the receiving end of the systema
counter, simlar to the counter at the encoding end of the system is
responsive to a controlled receiver clock signal to provide count values,
and t hes . i - i of
The count'yar e BunTR iijer and RRs R lnchicPBpel @Al (licd § denBrardhlghalion:
and di f f eerdrel thel reeejvericlackisignal.are accessed from-3 S E P 2003 -3 the
received transport |layer and used with the receiver count values to
generate a signal to control the receiver clock signal. According to the

i nvention, thapeeorfliagpta ieldavertionppizarat igs Pfayidegdr 80 appajates HonpeEdisadavi deo
si gnal CQémbﬂééétﬂvide@siﬁﬁ’élrcﬁﬁlpﬂéin§9”pr essed video signal; counter circuitry
for generating tine stanps; "a ttansport processor for a) dividing said
conpr essed vi AS6USEGhapMpigserdderFigRalof data no larger than a

predet erm nedc&ﬁrﬁ&ciu@hitr@%rq ratih@ o stanhiader s i ncluding data fields
identifying at least In part the ~contents of respective transport packets;
c) form ng auditlangpert precesseRforon provisionally including first and second
dat a bl ocks I L fviged iql) f i

stanp, respec%?vde“ﬁg"?é e e e i3t SR o R Y S TR
conpr essed vi dedredejerainedsige; provi ding first and second flags respectively
exhi bi ti ng r epPaEIhiNG tlansSdrt REAIRS ildudind Hhaididd RN HSCR8asiah baft et and
second data blocks; d) including said one tinme stanp in"said first data

bl ock only for <&@nkents ofdesgactivp tranarprriraFkRiSi ts respective first state and

including sai gy fiaihiRg aukilidy ité@idlioh Préviishally including first and second data blocks
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.



second data bl ock only for said second flag exhibiting its first state; and
e) form ng transport packets respectively including-a header and a payl oad,
wherein sai'd payl oad includes a segnent of conpressed video sigr glggrpl

of said payl oads include said auxiliary information. -3 SEP 200 B
DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a bl ock di agram of a conpressed

vi deo encodi ng/ decodi ng system i ncor pedai-i ng cl ock recovery appar at us
enbodyi ng the present invention. FIGURE 2 is a bl ock diagram of signal

mul ti pl exi ng apparatus useful.-in representing the devel opnent of

mul tipl exed data from dig gt pRSGAPEION ? WWMSS are bl ock
ocC

di agrans of alternativ | rents, o recovery apparatus for use
with transmitted comﬁ@i@g 3| Hed Block lﬂlEQJREoﬁ 4 sompsessed viidggr am of
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pictorial diagra kK and an auxiliary signal transport
bl ock. FIGURE 8 is a fﬂ@UBﬁaﬁt ivf bleskogiagaamonf signalentultpleping processor

of FI GURE 2.apf a@hlﬁ Jusbhhluihr Fepfesenting GRE ﬁ%%ﬁﬁdléht"‘"ﬁfc Badiifplexdlyention
may be practd d stem s ' a conpressed. "digital video signal
transni ssi on B;tg 5 néhﬁfs e1qn{ SAPECSSystem video signal froma source 10 is
applied to a conpreSS|EiGURIESWISnmﬁ15 atei blookayliagramsd of aalerhative '

ted f .
compensat ed giBAiEhbE SRCERRE: dbbILA) ABpHLaLChE a5, Qg 2ns! or e

Conpr essed from I's cou a formatter 12.
The for mat t FANEPIY e§°me§¥ﬁ1’p ‘§’§é)d datdeo signal and other ancillary,

data according to sorEIGURE4 py &t btsdk d aﬁﬁowgilﬂanﬁilﬁpwﬂg devel oped
by the Interga{d Ona ifXARMAKEAR Wsledh A %ngenzt?&g' ®Bming references
included within the multiplexed signal.

FIGURES 6 and 7 are plctonal diagrams 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.



(Organi sation Internationale Dc Nornalisation). The standar di zedat§% ZQO§
applied to a transport processor 13, which divides the signal

of data. and adds certain other data to_provide some noise immnity for
the transm ssion purposes. The transport packets, which nornmally occur at
a non-uniformrate are applied to a rate buffer 14 which provi des out put
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the transpoRECOIGiRg etk predetesmingd aefiedule. opThese commthvalusssase vi a a
denoted program clock references, PCR's, and are embedded as
: auxlllary data within tespecnve auxiliary transport. packets.

The system controller 21 is a variable state machine
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 synchronously 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



comon cl ocking arrangenent as . long.. as proper intercommuni caa ngszg[B
provi ded between processing elenents. Elements 16-26 of FIGURE _:

conprise. a receiving end of the. transni ssion systemwherein the nmodem 16
performs the inverse. function of the nodem 15. Data fromthe nodem 16 is
applied to an inverse transport processor-18, which prOV|des conpr essed

vi deo signal .formatted according t.o the_system protocol, to the rate
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- techniques and predetermined schcduling. Finally, within the
respective programs- themselves, there may 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.



techni ques and predeterm ned scheduling. Finally, within the ;gssg‘cp[m
prograns., thenselves, there may be a further formof nultipledi

mul ti pl exing nmay take the.formof comrercials inserted into program
material or of stored material inserted -Between segnents of live
production material. In these latter cases it is presuned that ' the
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31. The inverse 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 (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
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
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




Figure 3 illustrates a first enbodi nent of a receiver clock rege eﬁfﬂpiz$g3
In this enbodi nent, the transport. processor may be | ocated ah®a f

rate buffer 17, in the signal path, to. elimnate variable delays t which
may be incurred in the receiver rate buffjer. Data fromthe receiver, nodem
I's coupled to an inverse transport processor 32, and an auxiliary packet
detector 31. The inverse transport processor 32 separates transport
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by the |ocal analog ecoBgomnpmes. ocal counter 36 is arranged to count pul ses
provided by a e.g., vol tﬁﬂ%onﬁﬁﬁir{@'bfr?rgteﬁrﬁCi}%t?ﬁa%r@%hamﬁcceliﬂﬁérrs3@( 'S

arranged to cpunt rmd#ho tg}e sanme nu _I'ts counterpart counter 1n the
encoder (courtfgrt¥@)ends, of, the systergcouny ¢ |EeQIensy PE €W/ rol | ed by

a |ow pass fmlltéples thereof.si Thid reqoiredethatytte monvislal cﬁaqu@d?el?rot?:@he The
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error signal n [4N hawi | . stl€ riving
at time -n bgﬂ@gggﬁﬁ%&?géﬁé&hggﬁﬁ \%&%ée)% %ongﬂ%ﬁ‘gﬁg yof g‘!‘%hed in
latch 35 be dEaqupneye@fLthe system wleck of dhp ememlery controller reads the
successive values of POFhé Ritdgbiy ajshrb@Elsprévides r Rither wapid E

proportional &g hPsnidhlibe" 6F TMay introduce a long term error. Long term

error LTE is proportional to the difference .
. LTE = ILy - Lol - PCR, - PCRyl

- where PCRg and L are for éxampl«_a the first. occurring PCR and the -
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 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




E=I1PCRnr - PCRo-1 1 - ILn - LII.Il The error signal E, is utilized to
condition the voltage controlled oscillator 37 to a frequency eS‘EPGZBGB
equal i ze the differences. The error signal produced by the cloCk
controller 39 nmay be in the formof a puBse w dth nodul ated signal, which
may be rendered to an analog error signal by inplenenting the | ow pass-
filter 38 in anal og conponents. The constraints on this system are that

the count er scofttainieRe Wiligneties paskethis gglatashn cBhnt fielde Glarke 4 raapuimuity or
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vol tage controlled oscillator, be fairly close 'to the frequency of the
frequency ofsetrﬁbcesﬁg’F‘élrﬂ%ﬁW@Q%f“’{‘W@ é ‘E}é’&raﬁyTﬁ{Shf"GF eHisi rPQYE%S’r- oaEfr
provi-des raté¢xamphei tf tbynpirticulatseovicbuis mieyignated dac pravideng termerror.
Long term ef.ljos: ' | 0 - L. | e LTE=1Ln - LO1-
IPCRn - P el%‘éﬁrﬁ&%ﬁ g%ﬁﬂ{_@‘a?ggﬂ%?“%x}r?&[é;ﬁm&ﬁms .a.nsgge rring PCR
and the - cor Paeksdhoeih ghat aeevied pcumay inpkidecsudicedataunideo data oal |y
the error sigigded GuriltaryTGat.! | TH8" D ield SRisLtifdRRRAS th gfilar ONCE

artl

the systemig_ " chronigzed", the error signal wll dither é(ﬁ)e uni't about
the null poi ﬁ?ﬂ%ﬁe%"%f@’r the n%?rﬁld’d‘?%fpa%gﬁhchroni zation is to initiate
control of the voltageFtGDIREI T cidlustsatéd laatransperingathet evhioh Richindds E

o he”,n° oL e, T Spont 11 oSBT g RS g
control | ed o¥tHEatQRC 9 MPTge AUKHiaryc BRONRSat deponding| ey sther ammunti abur r ed
in the nultidhexiingludedc dasrespectiveagspaps and ahesourrent tdistancoder
cont ai ns- 1 nf SquirABEnis, " fh th ok e BACSE) ARRE Dl PIEURE 700",
modi fyi ng t hter¢apredmo auxdliannigronnsi eentainings déta irelated| ta ghexi ng
| ocati ons. Repfegrano didék/REferned|d AUX 1 FAgdREUSKA.! | PRE ' abBslinhyClpobugl |y a -
transport PageksOladladP Sk Vb 16 varkditl diege ddk VB Hodl ROKE tom
‘ 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
field whict indicates whether the data in the packet is modifiable
(1 if modifiable O 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
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



t he Advanced TeI evi sion Research Consortium This transport packet |§§ ﬁﬂfﬁ
a prefix which contains, anong other things, a general |dent|f-r s

i ndi cate to. which. service ..the payload.g _3 S E P 2003 .g contai ned
within the packet is related. The field CCis a continuity check value
I ncluded for error check purposes, The HD field is a service specific
header whi ch spkabti ealltiplaehi esurfentpaydceassinfoa debterk input bhe

Pespective papldttedy SEroAREt RePLOldding (of THLORORBIeREE £ IR "y
i ncl ude audi obtram Wagedsdegad, foom the dltléﬁbratamrbl &y data. The HD field
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the current s s n t illpstrated in
FloRe 7 thol® SRl LR Seonthidile 'hETRERN a0 HiRng ipkEIANGE, o
program cl ock Thés é’r@?ﬁcéamAUXhﬂhrfdﬂmﬁ@y the multiplexer, grayupe AUXIromcl udes
data rel ated b9 Vﬁiﬂ@bifeaﬁﬂ@M&y@ﬂﬂchﬂ@dgﬂﬁé‘pt&%ﬁtedtﬁﬁ{ WEesignlfs PR per

se'. The respective gr oups include an auxiliary '8 pref |>§Inand an
auxi | i ary dat he|raekiplexiagppeaqess. | dbeudelay: Heng i sﬁli/FtakﬂFFto f@angit and -

packet 1 s modrl) SBEEee e *Snsééff G, Oy WP IR Oy bifqley "

whi ch i ndi cat 69ITegh ek rﬁﬁiﬁﬁl i &y anxdlianys Ri'@kphe@tmr.t Hils gﬂ'@n@cd ABI D i s
a 6-bit fiel detdtCihe’ bdeiirbhée oft ltﬁnts of ﬁc%'ééﬁt’ﬂmﬁgt DPCR @413°

Gig
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group. The AURasedrant qnablmamomtcbeﬁ?hgomﬁtl gblsesamﬁ:l at hecal AlEk ofGwup i s
shown as not HgieNgodMdelobRPES- mAY¥Be IRIGysal 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
. 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




shown to ' be PCR data i.e. the program clock reference. The AUXé @m@n
I ndi cated as DPCR data which is an acronym herein for differert as
clock reference. The PCR data is captured under control of a schedul er.

whi ch controls the transport processorl iI'n the encoder. DPCR data is
captured as will be described with reference to FIGURE 4. The FlI GURE
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counter 62 t count % S a,%I Poca r&é% cot%%ﬁ@fi cal cI ock'&éo may
be a crystal %%Ilm the! %ER} ﬁa a nP u‘ént?yfec%mﬁ‘dieg U@tyﬂ@l gygiliaryt he -
encoder syst packttodetéctequbucprcogrammw mﬁw drdyf chang Progesade datd inhe

- A
Furtner auwe oot AUERE et AT %J%%f %ﬂﬁupﬁp@aéﬁé“if t he
buffer store H#“ noBYAPEr r anged to store current count val ue output the
counter 62 Referring back to FIGURE 2, the- transport processor 53
will establish the DPCR auxiliary groups and normally insert a zero
‘valué for the DPCR data corresponding 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 5. 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



in the latch 68 when the auxiliary packet containing the DPCR data
emerges. fromthe buffer. At this time the output of the count§ SEPI2003
exhibit a count value, in units of cycles of the clock frequency, of the
transit tinme through the- buffer of the particular. packet. Note, if a
plurality of auxiliary packets are 1i%ely to occur in close proximty,
such that npre than one may be ﬁp rently transiting the buffer 67, the
auxiliary p%?&ce‘iPO&at Q¢ ies orgdpal, rY@H&ea“EWCBé? &Y MY e sdnd to each
occurring phdiet .inFameduid |maltyplpanigetfotedentiphe. 6 1ThE squms O&ficdglgac%d control
si gnal which-| [ ondi fi ahgh 64 tore the val ue
cont ai ned \c/i\nﬂt h?en[ﬁ?ﬁje %x‘%ﬁ?ér W#acﬁggt&#ﬂ%bgcvg L}égl Sloc&pﬁwt(gailpb(@]e i nput
port of an adgefreesd MHeR| owdiiex dont sysé¢meclekosguchronitaidmt ch 68 is
applied to the second i nput port. of the adder.-65. The adder 65 suns the
DPCR data fromthe current auxiliary packet with the. [ocal count val ue,
to provide an updated DPCR value DPCR!. The programdata fromthe buffer
67 and the output of the adder 65 are coupled to respective input ports of
a - 3 SEP 2003 _10_ 2-to-1 nultiplexer 66. The nultiplexer 66 is
conditioned by the auxiliary packet detector 63 to normally pass the
program data. However when the DPCR data contained in the program data
energes fromthe buffer, the nmultiplexer 66 is conditioned to pass the
updated DPCR data fromthe adder, and then switch back to passing data
fromthe buffer 67. When the multiplexer 66 is conditioned to pass data
fromthe adder, the output signal fromthe adder corresponds to the sum of
the DPCR data contained in the auxiliary packet plus the. count count
value in the counter 62 when the DPCR data energes fromthe buffer. The
data substituted for the DPCR data by the nultiplexer 66 is thus the prior
DPCR data corrected for its transit time in the buffer 67: Note, it is
reconmended that the auxiliary packet detector be programmed to . only
change programdata in



accordance wth the appropriate nodifier flags, M-, of the auxiliary

groups: Referring back to FIGURE 2, the-transport transport pre@ r
will establish the DPCR auxiliary groups and nornally insert agis;ép 2ﬁaae

for the- DPCR data corresponding to new prograns. Recall however, that
stored data fromthe digital storage nedia 51, may be inserted between:
‘segments of |ive data, and that the stored2 data may be pre-encoded with
PCR and DR des. When the transport processor 53 is . to insert stored
data between -segnents of live data, it accesses the PCR code of the
stored data and subtracts this PCR value from the count value currently

exhi bited, by t 3. and/ or |arch 25  The transport processor
then  adds ¢ i LopeRRTYoRbroindf Eombiesr 8 ided ShndliBnREF | ar y"packet s of
the stored dat @ solihe (de)ofldebRdrested akicorsigrat st ored d_?_tha inserted between
i ve data now ' reference to current tine. IS process is
illustrated i n%gﬁét%tgg%ﬁgh(g?)[{%ge'ﬁr&qﬂiﬂ@? %ﬁﬁ“@ﬁr is self explanatory. The
use of the DPCR tcatspoit prevesseébd)dor is illustrated in FIGJIRE 5. In FIGURE 5
el enent s desi gnat
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val ues for syst enfioccontkiningnode ohsdidtimenstamps aidE Rurled &mb2stamp, respectively,
said further time stamp being related to a further compressed video éignai; 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 biock 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 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



CLAI M5 Apparatus for providing a conpressed video signal conprising : a
source (50) of conpressed video signal; counter circuitry (52) for
generating tine stanps; a transport processor (53) for a) dugdSEPsZﬂﬂg
conpressed video 'signal into segnments of data no |larger than

predet erm ned size; b) formng transport 12§aders including data fields
identifying at least in part the contentS of respective transport packets;
c) formng auxiliary information provisionally including first and second

data bl ock l¢C (el id tine stanps and a further tine
stanp, r esggg%él?\%l %ﬁ ?dsrngeg%P TS'B feﬁg%d t§ %ﬁ% Séqngﬁﬁ' ‘%?8%0'?(@83&3&%0% a5 faid {urider
conpr essed timeddamg; andadets said sequmd\iadito thdidatespreadrsbese eaiadufithardind ﬁﬁrﬁ??t ively
exhibiting respective first states to .indicate the presence said Tirst
and second data bl ocks; d) including said one tine stanp in said first data
bl ock onl y4f or Jaeappanasts set &gth iexhinbiltfumigeriidudiggpecti ve first state and
including said f retJ sia i n.sali second data bl ock only for said
second flag exh|‘at)é|i’opP%gmciEIJ EE qri%qr&gttgﬁf gaid WeéfOPBFWﬁgv'p?%ﬁ@ﬁéﬁi anch whresiry
_resloegt ively i neaidd're]lcrgpart MMBBcélaacbea_ sw;lt@mii ,stan(vjm&bﬁi B tﬁa]?isgo,pa@%kaldof %aid

i ncl udes a [e vi de i gnal ..and  ones of said 'payl oads

i ncl ude sa{%&gﬁg%f)%? ¥ Cf%%? %@ﬁ?ioef{’.dqﬂaugeérg‘?ﬂéd Qﬁ'ﬁasrtaoﬁ‘ﬁzmgbﬁheft@“@ﬂgfit RagHehiof 1
wher ei n Isarsaidcfwmareuom@sau Mdpofaugnalgmqmreaaeicagd uhml?a& 1Paig %rmférfiiﬁfe'dstﬁqnp; y
systemclo Vi Qg ulses: a gcounter for counting said cloc
pul ses md%ﬁ%g% S\%dcegreggwlﬁ# d"&ﬁﬁ%&&?ﬁe*ﬁm&% ef Ype sEMRydi cal |y storing
count val ues provided by said counter. 3. The apparatus set forth in claim
2 further including: a source of transport packets of said further
conpressed video signal; and wherein said transport processor accesses a
time stanp froma transport packet of said further conpressed video signal
and includes said tine stanp fromthe transport - 3 SEP 2003 12a packet of
said further conpressed video signal in the second data bl ock as said

further tinme stanp; and sets said second flag to indicate presence of said
further tine stanp.



4. The apparatus set forth in claim1 further including: a source of
transport packets of said further conpressed video signal; and BW&EP ﬂﬂos
said transport processor accesses a tinme stanp froma transport packet of
said further conpressed video signal snd i ncludes said tinme stanp fromthe
transport packet of said further coﬁ% essed video signal in the second
data block as said further tine stanp; and sets said second flag to

i ndi cate presence of said further time stanp. -3 SEP 2003 -13
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receiving end of the system a counter (27) is responsive to a

controlled receiver clock 31gnal and the count ‘value of this counter
is sampled at the arrival of the time stamps embedded in the :
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are retrieved from the signal -and combmed to-'form a corrected
time stamp. The differences of successive . sampled count values

of the receiver counter dre- compared ~ith thé differences of
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