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 ssian. The transport packets be, ti ne_division
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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




35 acconplished by inserting, at the encoder, presentatigq:ﬁ%pe t anps
within the conpressed video/audi o signals, that i ndi cat 4° Fepya Ive
‘times of production/reproduction of respective segnments of signal. Such
presentation tinme references, PTR s, ma2- be used to conpare the timng . of
associ ated audio and video 16 February 2006 -2 signals for synchronization
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system cl OCkI‘elaPe to a system 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



whi ch includes further count val ues, said apparatus conyrising: source
of said transport packets including transport packets nﬂ&&%hﬁgggﬁw6count

val ues and further count values; a controlled oscillator, responsive to a
control signal E, for providing a recei2aer systemclock; a receiver
counter arranged to count pulses of said receiver systemclock nodul o K;

Teans, T espongiri6viry bbant easués aRACthér B08RPNEIRES kRN da1gl udi ng sai d
count values, for s or@hsggs gggnt val ues out put by. said recelver counter;

means for 16 EEEWNQAE pa FESPODSI tQ SUCEERIIERY peQrethgorbE t her count

val ues from saiges oh't%ﬁﬁBS)_réaia%lé;%We@BQuﬁ&ﬁ% ic\é?rééﬁ)cﬁ&tﬁﬁ sgdidel y stored
count val ues outpu espondi ng said count

y s recei ver coynter. and cor
val ues and f GPUREY Bﬁﬁtalﬁaﬁlfégel' connt yajues dreporaidolrarspert paskefdner at i ng

sai d control fgi gealeratingfsdidautitrol lsig"t&hl?@,@or%ﬁt&‘@ll‘iﬁg saggi | lator.
According to %&gg&g asplict of the present invention, "there is provided a
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receiving system whi ch AYQHEI8EI0% s660RE S5pRet \IIRe gf&@;ﬁk iRGEHEONNG i N
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satd el ock el S Teferenced, Shid method comprising the Steps ofs providing oo
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
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recei ved 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 bl ock diagram of signal, nultiplexing
apparatus useful in representing the devel opment of nultiplexed data from
- different sources. 10 FIGURES 3 and 5 are bl ock diagrans of alternative
enbodi nents of clock recovery apparatus for use with transmtted
conpressed vi deo dat a.




FIGURE 4 is a bl ock diagram of signal multiplexing appalr%tlbls I n ding a
system for augnenting timng references 15 included wt ﬁi T TR tipl exed
signal. FIGURES 6 and 7 are pictorial diagranms 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
systemin which the invention may be pracgi.ced, which systemis a
-conpressed digital video signal transm ssion arrangenent. In this system
video signal froma source 10 is applied to a conpression elenent 11
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transm ssion. 16 February - system cl oc provi des ¢ occki ng
signal to opefmttodimests B chacka Tpapwenys apRAratus shorj Hee Wity t he transport

processor. Th;ias;sﬁ{iqeu_ w’olgﬂlp;@p@grdatei_@b aldthxed frequency su_ch_ as 27 MHz for
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' 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.




two | atches 24 and 25. The latch 24 is conditioned by mg Edeo ® urce to
| at ch count val ues on the occurrence of respective fra fﬁ e%

These count val ues are denoted presentation tinme stanps, PTR s, and ar e

i ncluded in the conpressed video signal streamby the formatter 12, and
are used by the receiver to provide lip-synchronization of associ ated
audio and video information. The latch 25 4is conditioned by the transport
15 processor 13 (or the systemcontroller 21) to latch count val ues
according to a predeterm ned schedul e. These count val ues are denoted
program cl ock ref erencds, systmsclogkd2ar praviviesd ¢éerking signal targpefatea wit hin
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signals gen nous w h at |l east the 16
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applied 1150 tpceseri 18T (c1y She Bys i e tesllerd 219 @oldteR! céngt iliesy of
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




appropriate processing elenents. Refer to FIGURE 2 which il]ustr S
apparatus which 5 may be included in the transnission ﬁéf&hﬁ“ﬂ@’?@?

exanpl e. The nodem may receive data froma plurality of sources, which
data is all to be transmtted on a common transm ssion channel. This may
be acconplished by tinme division nmultiplexing of the various signals from
the various sources. In addition the nultiplexing 10 may be |ayered. For
exanpl e video programs, Pi, may be generaled in different studios, and
coupled to a first nmultiplexer 55. These prograns are tinme division
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plurality of signadesS; iaretimgedivdisigny mutiplexed 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.




provi de a degree of signal buffering within the rrultipl bruary
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jitter conponent. Assune a programtransits 100 nultiplexers (an
exaggerated nunber to accentuate the problem), and each nmultiplexing adds
1 sec. 1 gsec. of delay. The end to end delay 5 is 100 sec. 100 gsec. of
del ay. The 100 seconds of delay is of |itfl-e consequence to the
deconpressor because the conpressed video and thus the PTR s have
undergone the sane delay. The t 100 gsec. of jitter nust be accommobdat ed
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(desi gnat ed hé&ideqande thus dh %iali’ng) have, underganee thesiame delayaprBes idon

apparat us (notl08hpwey., ofinjdttdt xhustaby achdindmbdeeidI0at slfe aheSQEMIdep data 2)

to the approp e auxiliar dat a ssing el ements (not shown). The
PCR s resi di na"\ifetrhn?ﬁyt‘?l‘éc I‘?'ar'ﬁ“@éﬁ are routed and stored in a menory

el ement, B@. The auxili &i gurea Sk élustaitectorfi3t, embodimerty obea ae2bivent ched

filter arranggiell GekBROGILEE i uﬁ?dgeg%ﬂﬁngﬁé gllikatzp{}&gapcs eﬁuéé{sh?fy

transport packet ai i ng a ces a ¢o
occurrence of ‘??‘Yaﬁ%ep egrl-ﬁﬁlfr#lt% uffem ldatia. theTpignabmathy t@ul se is

utilized to Sfchm:md Nanablbatiéiay%whiélﬁ xﬁﬁylnbe #RueRdC #h I ¥ Ir¥céivbt bi ted
oul ses. proyi iRty attel. PRt he “okieR] Fogdin of FHBPITe 98nc”Coun e
36 i s arrhfgednyesrseotranspensd precesser s¥de andrbor ausiliary packetedptectorount er
in the 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 (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




encoder (counter 23). The voltage controlled oscillator % hs co&g&olled by
a 35 lowpass filtered error signal provided by a cIocQ J?

The error signal is generated in the follow ng fashion. Let the PCR
arriving at tinme n be designated PCR, and the count value concurrently
llatched in latch 35 be designated Ln. The clock 16 February 2006 -7
controller reads the successive val ues of %pR s and L's and fornms an error
signal E proportional to the differences E=~ JPCRn - PCRn- |'| - ILM-

Lu- I | The error signal E, is utilized to condition the voltage controll ed

5 oscill atolr oriteolerf r@aueuwlshegéﬁsm tvﬁlllfﬁiuafiF@RtshgndiUsf%@d‘Wmf ns Tpe
error signal pfo cl ock control l.er e inthe formof a
pul se width no dcgf%rds 'bar'laﬁ PEpRiiong tBeLl'f ﬁﬁ&% Ce?o an anal og error
signal by inplenenting the IcEr\Fpebléngnl’rPéiRn’SBH-dLnarIau dg conponents. 10 The
constraints Onrﬁ@'éTérygiﬁ{HIaEeli hﬁilliéﬂet&%ﬁh?ﬁ?n %c G&?%éc""%?ﬁ%ﬁcé?f the

system count t he requency or even reqw res

that the neni riCiH#EFy HCSP oF HFgmengy) B‘é}@éﬂ&:dﬁt PBWI&P dhe; diffarencese fairly
close to the fTheuanay signdlhproducedulenaie oflocheconsslter d9oalayobet fif the

encoder. 15 T or egoi p C e h p ne ation
but may int rogl%cgn a?l gnggltsgr%ig@ E'P‘p‘f‘i%‘:?g ?&"ﬁi g.‘?%‘? rb%g chgSﬁ' I onal
to the differe9can gmaleg erer.signgh by ipglementingrthe ot o2 temd8Lm are
for exanpl e thendlogstconssoridntsg PCR and the 20 correspondl ng | atched val ue

f th t No | E LTE |
"h di'sor ot d steps. A sibH Cobtralnnooif i sl P Hiagn s GounNSs it or
signal will . ditheetwonendunift theb systenhecounlt | theosame filequencyf err edemet hod of
synchroni zat i %ult?g%@ {Herbb At eﬁf&‘é&@ﬁxré’% thB€ 1e! ﬁ@lﬂ‘?n 0 q%hlgﬂ 3f5ltl%e

oscill ator u5|n e error 5| one unit
error signal EYOliage crafollgd sﬂﬁqlgﬁtqfob?h@lﬂgecbﬁct%t % figequaney ef rihe

signal LTE to ﬁredjlwmiy fofletheolsysem alosk afl e @ueodent or .

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

t he

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




In order to accommopdate the delays, T St, incurred in tg; nult exing
process, the transport processor at the encoder 30 credf §b Ilary
field within an auxiliary transport packet which contains |nfornat|on
relating to variable delays. Provision is nmade for nodifying this variable
delay information at respective nultiplexing |ocations. Refer to FI GURES 6
and 7. FIGURE 6 illustrates pictorially a,transport packet of a type
simlar 3 5 to that used in the High Defi AP ti on Tel evi si on Syst em devel oped
by the Advanced. Tel evision Research Consortium This transport packet
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par ¢ cul ar et CEppld, e (Fapritflar BECREY 8 BesikRBtndC I8 BN 2o ng,
respectived pa;dlomsomfptogammn@oorupcgmkemykﬁadsh@tf e irasporpe nay

include audi opdatas §f 4R Iehvdce Hype' ﬁda?t %lﬁ&é'idcﬁbh&'ﬁt ayidéhed4i®, fore!l d
t hus indicatesS .the pargl cul g‘&iﬁp the,.parti cul ar packet.

r
FIGURE 7 ill ug"cl?%deéuéllﬁ‘éfngﬁgr ﬁﬁ?@ht us c Ingtigates (e, past q y dat a.
The payl oad opaplvaduxypé afqr thaqmucularaphekemay i ncl ude one or nore

auxiliary groups, depe ERCE’I 4 ﬁu@@fé@t O{rfm%? é&%c?d@ﬂ{dhnlﬁiiﬁ?@sct ive

groups and the current s stem requirene ranspor

i | lustratld ipugd @EIREdm t hEhe Bﬁf)ﬂoﬂ\mfalﬂﬂl Fﬂ&ﬂ%r@@p%?%nﬁ%ﬂkﬁi ngadat a

related to thencldde %xswr&mxfdreckumifaey SA% Adihg"\Ii2 thd hndunti bFary
group AUXI in Iudes O var g cys and .t he gr oup AUX2

Pnel ndes. t he Befiged | wrhreesps%%%tswparsa HE, SUEERRt oY T ary aroup
prefix and anresqmrdmemy dédlina thé ctc:imsp“ﬁhte packéd xllustm:ﬂeddas EIG-UREe ds

G e 6 i, o S g )
CFF is a h2bi P“?ﬂ"é{“dc\lﬁ‘ﬁlgﬁe SR Cat xi [itgr yaYetiaTy S8R i ned for
this group. ARUXiIsicléddy tdatd irelatedvtoc haridblet délays dhid thepgroup AUKRI ary
data containeg, ijyd'¢ne 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




- .nodify th

group, e.g., time code, scramble key, copyright, etc. nl?zfeﬁ 206) t 25
field defining the nunber of bytes of auxiliary data co

group. The AUXI group is shown as being nodifiable and the AUX2 group i's
shown as not being nodifiable. AUX2 data is shown to be PCR data i.e. the
program cl ock reference. The AUXI 30 data is indicated as DPCR data which
is an acronymherein for differential progPamclock reference. The PCR
data is captured under control of a scheduler which controls t he transport
processor in the,encoder CR data is captured as w]l be .described with
reference to FREY °4m‘§5‘P%rFFSG§I¥Er°4“ PACETU8E & @%%Pbr‘ﬂlp'ébﬂ’&sat us of
a portion of @heraifftarheaceotdingl etxeuhccsclmdtﬂmgsmfvwha mmblti{plReer?. the

Associ ated wit [ tf Edlﬁs [ b regtore 67 which my be
a FIFO Data i r%ﬁ?ﬁfat?ﬁgr g@r‘? en gr&oé)?g%rdg{ofaga??l ves 16 Febr uary 2006
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data is read fr,omt f 67.. Res ctlve .aNspor, ackets .of the
progr am dat a 5[tf°nc 02 gh ipcfrf}{/) (%ﬂ“?)dﬁsd éﬂ% A aE; (ﬁﬂ 0f  Note
that the val udmftramoﬁcmaﬂaea ccsntdmlagmhr@daumhaxy viiming t infotmationg. of

the transport ﬂ‘h%qicﬁoﬁ‘étﬁ' 151&] exe;()@t“’r?g' tRY S bhipi s VFB?’/ 1H”crr?frhi s PCR

data, when output p e In érror é/l f@i any
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brocess. g dplmbhipeding® racéksen Tﬁetﬂaﬂitﬁmethe'*b'"gtf Rliefl @ rdnjeuised to

dat a o SuBs quent’l corrett such errors. An auxiliary
packet det ect othe dmiffear stongad used (ﬂetmodlﬁyhdm)thCReldam o subanqqlmrdy

backet's cont ai phgePRGR: dgfrBys. | SARCQURIIBHY! Pabitt BERRIGH B! frr

Thi s detector Punctl ns to reset an countef 6 L(S gunt puI ses
of a local clo8Rtesd. theTpecyrgenge of oUpRnsRY ts, COR{AIRING &P R| das 8avi ng

a frequency . ebiupled fo Mheyprigeam datd hﬂp@mmder "Fhist dereclop cfunictionsercy, or
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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




of the FIGURE 3 or 5 . apparatus. A further auxiliary p 0 ector 63
is coupled to the output bus of the buffer store 67, ﬂ%lﬁebr‘%wgﬁ)éed to

store current count value output the counter 62 in the |atch 68 when the
auxi | 1ary packet containing the DPCR data energes fromthe buffer. At this
time the output of the counter wll exhibit a count value, in units of
cycles of the clock frequency, 2 5 of the-transit tinme through the buffer
of the particul ar packet Note, if a plurality of auxiliary packets are
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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




packet det ector be programmed to only change program da in 15 or dance
with the appropriate nodifier flags, M-, of the auxi|i§3§%§?896§ﬁg :

Referring back to FIGURE 2, the transport processor 53 wll establish the
DPCR auxiliary groups and normally insert a zero value for the DPCR data
correspondi ng to new prograns.. Recall 20 however, that stored data from
the digital storage nedia 51 nay be inserted between segnents of |ive
data, and that the stored data may be&lpre-encoded with PCR and DPCR codes.
When t he tran%ﬁgrt Broceﬁior 53.%@ ggRLniﬁrt stored 8aba bet ween, segnent s
of live data, G¥TEPLYSIR Nfieopsido fYafe VESPEUCHaPl W BR_ISYbt r act s
thi s PCR val uaddlapminberreduin meltipdexingr 6ot lexamphe.bi (Thd stpst e placeder 23
and! or latch ;25 ragn c d ' ' to the
DPCR val ue in lt?l he auxr| i4§r %B%%kg{cg g‘féo{vﬁﬁelgg{éortgd%a%% %lejﬁﬁg\[/!/g

val ues in the &t 6PEECIS é’d{lﬁséﬁﬂil@é fore syetsm |Gloek gutnghnovization.ai ns a
reference to current tine. 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 elements in FIGURE 3 are simlar and performsimlar
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 val ue augnented by any transit delays incurred in

mul ti pl exing 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 CLAIM5S 1. Apparatus for
synchroni zing at | east a portion of a conpressed




vi deo signal receiving system which processes a conpres ign ccurring
in transport packets of conpressed video signal wherei ﬁg%ﬁﬁﬂ@fﬁ%& e ones

of said transport packets include program cl ock references including count
val ues periodically obtained froma ceddter arranged to count nodulo K, (K
a positive integer) pulses of an encoding system cl ock, and which includes
further count values, said apparatus @é¥bi si ng: 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 prodidi ng\paarﬂté@eﬁo(/@wn@mwngoatd@ast a podlipsi olep eampressed

arranged to Gaefkigadl &R8ivi s°y§1!eﬁ1 WARR! @6es§¥§ ed&rfﬂré%%gd EHHQPB&: ﬁmgnﬂans

respon5| ve to the occurrence’of transport et s 1nclu sal count
val ues, for YRRFACHgPaHENst of eamijressag: Ydeo @ggngbwbemaeo@ﬂab@)gn@%pf sarvdans f or

retrieving cegmdporalpd8cet@nAcifisd t&@éraﬁp%ckv?éfgieeﬁcésr QH&@]&% cduhf

packets and responsive to successively stored count out put sai d

recei ver couRe&diGay cotinessoNE raurel arargesk tovequnt sasiily Kufk I@eIPOSdib’Gnt
val ues from madddrf p@SSPBF bin RARkGHS sfyefeng%@k aéﬁdmm.%ﬁ' iHCIGAEY Fibihe ol

for controlling said controlled oscillator.” 2. The apparatus set orth in
cl ai m 1 wher ¥il¥FSs 52 appaiausi@mprigivger at i ng sai d cont rol signal, E,

includes: means farsog&@mf@bmraﬁﬁbsn@aa@ts W%iddlﬁ% ﬁémpwrptaa@ts F.Q\Hggis s¥jgl ues to

forma correct ed count val ue; neans for calculating said contr signal, E
propor t i onal SQut velues gnd fnbef cewrtrvalugs; [a contratiosh qeciliator, respongiuer & EPCRN

and CPCRn_1 @&drfirol §|§ﬁé]®$dr\{)?o\ﬁd?ﬁd3%&%999¥§iém%ckes and RCVn and RCVn_1 are
correspondi ng stored count values outpu sal d receiver clock. 3. The

appar at us set f or & feGeaives (caumenar@nged;ta C‘@Hﬂhpiﬁ‘é%n@f Faift recetyabsYsitery cgkd count
val ues and fmphiigk;count val ues conprises an adder. 4. The apparatus set
forth in claim1 wherein said identifiable transport packets incl ude
header data whi chMegshtesRensivet tortbe peeyrencesefi teansgont Paekais ynchaiing $ad

transport pagdipt §albé§3|f&%r§1§'d3uﬁtq}émes\6%'tﬂﬁf§¥ sa@'?&e‘ﬁf@r%oﬁ@r”s , responsive

to the occurrence of transport packets 1ncluding said count val ues
conprises a nat cWeans ifer eatrigvifig gevrdcyaluep gaf diurberdepuniayalyes from said

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




5. The apparatus set forth in claiml| wherein said neana Hp% 5 %ﬁngEVIng
count values and further values fromsaid transport pac &de

controller responsive to header data in respective transport packets for
generating timng signals; a demultiplexer responsive to said timng
signals and said transport packets for selléctively passing data in said
transpackets occurring in 10 predeterm ned | ocations; and nenory neans for
storing data setaacmdm;edcyetpmmd shid mhdvajmmlatridrﬂa@«aeansa redfoasiap fathat us set

cont rol st gnal EriEes SirkaRest PRGR dldily R BRSSP B d
I denti fiabl e tmacsgditer foaddedting isaid heddeindealer data which i dent | fy t hat
respective said transpogt, a%%gl%rtfs |Sggl y eésg‘:l’ad'}‘f?g‘g'f‘; é‘ﬁ!ssa’ C'Fﬁ%ﬂs Z)O i d

means, responsive to'the urrence o P | sai d
count val ueb coelpevisesouat veﬁ@asrmtid’hmbrfvaluee frofmaraidckednsport parketsi cbnipeiacker dat a;

and wher el Satd realend o FERELRIN ARG M HSRC AN LN oRGU R 12l ves

fromsaid transport "pac a control res
data in respectgleve'ahngatnslp@slgn@ackets for generating timng signals; 25 a

domul 1 pl exer 1 eSPORSiNR 3R doleh 0oL ANing WA d BRSPS IcponPoCke!

for selectively passing ransport S occurring
‘predet ermi ned Ipeekets das sefeciedlhd presket siataarid waido transpakats f occusting iing dat a

sel ecti vel yopa e'ﬂ?ﬁm%&"ldia%@“érﬁd pl exer. 30 8. A nethod for synchronizing
at least a por |on a conpressed video signal receiving system which

processes a conpr es8emon m@wsSfP@siamng dde geleflivglyinassaddnsisst dempalimleres. of
conpressed video signals ones of which have provision for including
auxiliary information, which auxiliary information may include clock
references and furtBer clcapnaeiuy seldesh imelain 4iferther inskigingtanpatstes for 35

i ncluding fi rsjomsﬁmqafdlégﬁop%apgt| ng the presence or absence of said
clock references and said further clock references, said nethod conprising

the steps 1%}‘: 1 6 February 2006 14 provi di ng transport packets of
conpressed video signal;The apparatus 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 ding a receiver systemclock whose timng is varieq6&%381n ﬂﬁ% to a
control signal E;, generating receiver clock references by countlng pul ses
of said receiver 5 systemclock; detecting the presence of said first and
second flags, and if said flags are detecggd, determ ning the presence or
absence of said clock reference and said further clock reference; and 10.

generating said control signal E responsive to at |east said clock
reference bei ng Pprvidinthirangariparkets etemressedyideorsii@lences. 9. The net hod

set forth in cl aip%vﬁdiﬁq"%t@%éivém@s@ﬁ %ckhﬁwo%beﬁ?ﬁihgﬁé Qhfid réspbR&G Y& Cl ock
reference in response 1o a flag’indicating the 15 presence of a program

cl ock referencenral ©ignal Ehsport packet, and generating said control signal E

responsi ve 10 at gbRasing Mcbivel Afdex fRRTEARACS, BothiRb dunskeof Salieelivar o ock

reference. 10. The nethod set forth in claim9 further including the steps:

20 retrieving Waled épdck reference in responsive to a flag indicating the
presence of a pr@g{er%feﬂ}gclr{écﬁeééfcércﬁ%ﬁj fifdt 8nd %éébﬁﬂgﬁatgspéﬁd(ﬁtéaid fidds! &4l N9

said further cloc erence If present, fromsaid transport packet, and
generating saidetedefl.rol signal E responsive to at |least said clock 25

reference, stor e@e@%ﬂin@?ﬁ@?ﬁgérﬁ% ﬁ?gséﬁéﬁf%gﬁeﬁgoﬁqgfe@cﬁqa%grs\%:\uﬁ%rﬂférock

reference if present. s set forth inc erein said
control si gnalclodk refefencgeansk at ed proportional to: 30 E =f ( | CPCRr-CPCRn_1

|- 1 ROW-pRCVN_gdng $4d CHR el EREEponsiva"tE o WEEPSSY Hock QaRldied Cl ock
references, anqg%%rr?tm?re c? ock ré@gr encrgffonastlr\{d ?@m and Ré\/I(E: _ argg
corr espondi ng beihgquesssit aad said recgives slotk/mferenersk ref erences. 35
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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.

35




ABSTRACT OF THE DI SCLOSURE Apparatus for devel opi ng Syﬂ%@eﬁﬂ@a&#ddﬁn of an
I nternmedi ate | ayer of signal such as the transport or mul'tiple ayer of a

mul ti-layered conpressed video signal, includes at the encoding end of the
system apparatus (13,23,25) for including a tine stanp reference, such as
a count value froma nodulo K counter (23), and provision for a
differential tinme stanp which nay be updated by the transit tines of
respective (e.g., nultiplexing) circuitl¥®-as the signal transits such.
circuits. At the receiving end of the systema counter (27) is responsive
to a controlled receiver clock signal and the count value of this counter
Is sanpled at the arrival of the tine stanps enbedded in the transport

| ayer. The tine st%ﬂﬂgﬂgﬂglﬁggég fPB @FQENTiﬁ@RSPanpS are retrieved from
the signal and conbi ned*tYH¥ YOPFRCPEINAYi ne stanp. The differences of
successi ve sanpl ed count values of the receiver counter are conpared with
the differences of correspoAdSTRAUT OFFHEDISULIGSYRE ti me stanps to

provide a signal to C%f)ﬁ&]atﬁpeforre(d\gbé/l%rpir?gl Oscyiﬁc?lirg:rlllazlation':io uge 1
intermediate layer of signal such as the transport or multiplex
5 layer of a multi-layered compressed video signal, includes at the
'encodin_g end of the system apparatus (13,23,25) for including a
time stamp reference, such as a count value from a modulo K
counter (23), and provision for a differential time stamp which
may be updated by the transit times of respective {e.g.,

10 multiplexing) circuits as the signal transits such circuits. At the
receiving end of the system a counter (27) is responsive to a
controlled receiver clock signal and the count value of this counter
is sampled at the arrival of the time stamps embedded in the
transport layer. The time stamps and the differential time stamps

15 are retrieved from the signal and combined to form a corrected
time stamp. The differences of successive sampled count values
of thc”_, receiver counter are cdmpared with the differences of
corresponding successive corrected time stamps to provide a
signal to control the receiver clock signal.

20

Figure 1




