1 SYNCHRONI ZATI ON ARRANGEMENT FOR A COWPRESSED VI DEO SI GNAL Thi s
invention reldtes to a nethod. and apparatus for 5 providing a clock
signal at a signal deconpression apparatus, which clock signal. is
“substantially frequency locked- to a clock signal at a encoding
‘apparatus. Conpressed video signal generation. and transm ssion systens
may operate on several |evels of synchronization or 10 perhaps nore

properly call ed asynchroni zation. For ex np the actual, conpression
apparatus will be synchronized, at: |ea$ in part to the: vertical frame
rate- of the source video signal,. and.. it may also be synchronized to

the color subcarrier. @M@m@mg@mmmrﬁssed and
fornedinto a. particular si gPahEI e MIDEYHiGRAI1® MPEG 1, it may be

further processed into transport packets for transm ssion. The transport
packets may be tinme division. nmultiplexed with. packets from other video
or data- sources. The ﬂpacwsnwmgrms toulat metkod mgdnegpasatesafomot be
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. provide vide §%1 e1¢ol icks PRevithedvigge tvignali deo
si gnal . sourmacamprbsedoam damned mml a parncular signal protocol, such as
15 MPEG 1, it may be further processed imto 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
- mutuaily synchronous fashion, which may or may not be
20 synchronous with the«‘compression-: 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 synchronousiy with the prior mentioned systems.
' At the receiver of a fully multiplexed transmitted
25 compressed signal, it is usuaily necessary that the various
subsystems. operate synchronously with their inverse function
counterpart elements: at the cncodiug end of the system.
Synchronocus operation in this case; in general, may mean that the
‘respective subsysiems 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 aundio. 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:
 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.. Synchronization of the video/audio
deconpression. portion of the system may be 35 acconplished by inserting,
at the encoder, presentation time stanps within- the conpressed

- video/audio signals, that. indicate the relative tinmes of
production/reproduction of respective2-segnents of signal. Such.
presentation. tine references,. PTR's, may be used to conpare the timng
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Exampie embodiments of the present invention may
relate to 2 system and apparatus for inserting differential time
codes or count values in a compressed video signal for
- establishing svnchronization of an intermediate layer of signal
such as the transport or multiplex layer of a multi-layered
compressed video signal.
According to a first agpect of the present invention,
there is prewded 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
mclude program clock references including count values
periodically obtained from 2 counter arranged to count moduio K,
(K a positive integer) pulses of an encoding system clock, and
which includes forther count values, said apparatus compzising: a
- source of said transport packets including transport packets
having said count values and further count values; a controlied
osciliator, responsive to a control signal E, for providing a-
receiver 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




vi deo signal wherein identifiable ones of said transport packets incl-ude
program cl ock references including count val ues periodically obtained from:
a counter-arranged to count nmodulo K, (K a positive integer) pulses of an
- encodi ng system cl ock, and which includef further count val ues, said
apparatus conprising: a source of said transport packets |nclud|ng
transport packets having said count values and further count val ues; a
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ref erences ﬁﬂﬁlﬂfﬁﬁﬁwﬁ F@Pgﬁc‘ifs %éﬁaggﬁe&’ oY rléﬁgp‘)(}fft packet s
i ncl udi ng finctdi aﬂgﬂm fd fagmadtiuh cwhmigatxhﬁl,aw Hsf@mnmtmn m@ayence of
o' o8 e gt A L
si gnal ; pr otiastspgrtapaciateiinelndingt Bratcamdt &lagsnindge atsng/éim ed ’
Lgﬁ ﬁflnfl éve bPedncE VY RdentieddfPatd cﬁ%kefé"i‘ei’&gcéfﬁﬁ& \8{d flPnér M ef erences by
' clock references, said method comprising the steps of: providing
transport packets of compressed video signal; providing 2
. receiver system clock whose timing is varied responsive fo 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
module K counter is clocked responsive to a system clock, and
- selected ones of count valuesprovided by the counter are
- embedded in the signal at the transport layer according to a
predetermined schedule. Provision is also made in the
embodiment o include values Tepresenting 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 gueued, provision is
- made to measure the time, in counts of clock pulses of a systen
clock frequency, of the time the signal is delayed, and to access-




“pul ses of said receiver systemclock; detecting the presence 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 generating said control signal E responsive to at |east
sai d clock reference being present and said receiver clock references. In
an enbodi nent at the encoding end of theisystema nodulo K counter is

cl ocked respeasiptuté 9he deFferential 86kt athesSkl Spdeanpperopaciestnt val ues

- provided by the counter edded in the signal at the transport |ayer
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recei ver clagdves ciialtis torgenérte aoitnat to\ahieishe ROEvérvhsek sigaant  val ues are
sanpled at tines related-to the arrival of the count values enbedded in
the transport |layer. The transmtted count and differential count val ues
are accessed fromthe received transport |ayer and used with the receiver
count values to generate a signal to control the receiver clock signal

BRI EF DESCRI PTION OF TH EDRAWNGS FIGURE 1 is a bl ock 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 -nultiplexing apparatus useful in representing the devel opnent of
mul ti pl exed




data from di fferént sources. 10 FIGURES 3 and 5 are blrock di agrans of
alternative enbodinents of clock recovery apparatus for use with
transm tted . conpressed video data. FIGURE 4 is a bl ock di agram of signal

< mul tiplexing apparatus including a systemfor augnmenting timng
references 15 included within the mutiplexed signal. FIGURES 6 .and 7
are pictorial diagrans 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 systemis a conpressed
digital video signal transm ssion arrangenent. In this system video
signal froma source 10 is applied to a conpression elenment 11 which may

i nclude a notion conpen d r.. 25 LLizing discrete 3
cosi ne transforns. @g%@aﬁ%ﬁiﬁﬁ%@ﬁ% g8l enent 11 is 1
coupl ed, to a. fornmattdGURE IThe af blomkt diagramr efaagempressedovideessed vi deo ¢
signal ard oéfwydiagdicbbas fom ARRGPobsidd G5 gl p.{_;g;aemk such
as. MPEG a g@ﬁgga?ﬁkt e\% Ei&%gg % thelgl nt erér)lat i onal cOrS?ni tion for ’
St andar di zat B0 85 n PERC PN ViP5 at i onal e De Norrmal i sation). The
standar di zed signal TSGAEPEi%ds tobloak dirgsamt ofpsigoalswitipiexinghi ch di vi des |

the signal apgarafclbulofn dRfple @RGxAL dhic CREVAbPMOAN VT dRliBpldkeRr OVi de
Sone noi se | ni t%Pfgrfthe Ll Q0 ssi'on pur poses. The trangport packets. :
whi ch nor mal ot HEoRb MRS orm rate are 35 applied to a rate buffer .

14 whi cH $rovi des out pUGURES Htand Sehes ibledky dingramsaof altareatienduci ve to
efficient usempbdBnémsabf (@bdk 1R36VEW Rippdvdre! ot NaRSWidgsi on channel . The
buf fered dat? S .ti\g(gpl ed to a,mdem 15 which perforns the signal
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FIGURE 4 is z block diagram of signal multiplexing
apparatus including a system for augmenting timing references

15 included within the multiplexed 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 2 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 inciude 2 motion compensated predictive encoder

25  utilizing discrete cosine transforms. Compressed video signal from
the -clement 11 is coupled to a formatter 12. The fommatter
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 Normailisation). 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 parposss. The :

~ transport packets, which normally occur at a nom-uniform rate arc

35 .applied to 2 rate buffer 14 which provides output data &t a
-relatively constant rate conducive to efficient use of 2 relatively

- narrow bandwidth transmission channel. The bufféred datz is
coupied to 2 modem 15 which performs the signal transmission.
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clock wll
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_systemclock is coupled to the clock input of

rmciudirmg-the transport
operate at a fixed frequency such as 27 MHz for
is used to generate timng 5 informtion.
.a

processor. ~This
exanpl e. As
The

counter 23 which may be

arranged to count nodulo 230 , for _gxanple. The count val ues output by
the counter are applied to .two |atches 24 and 25. The latch 24 is

conditioned by the video source to |atch count values on the occurrence
of respective frame 10 intervals. These count values are denoted -
presentation time stanps, PTR's, and are included in the conpressed video !

signal stream by thekfsysmxnt eilocﬁ.zz.z aprovides tloekiinigy sigha!l teopevals to
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" as proper interco ation |sl{)er§02}/’|a et ween pr cessing el ements. 25
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El enents 16-S9B7%t 1 cgugy, &'&c@?\’ﬁ Enft TEIPFHES ni ssi on
system \Mﬁ!erenmrv.ﬁe nifie=se 1 6o fvahws ah:edcnnmir geedeptasianoimeof t he nodem

15. Data, %? q,e”&xi'c@éré in8RikLCth txﬁc aébdx <€ videad proocessor

18, which prOVI ressed deo n majt ed accor |ng to the
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according to a predetermined schedule. These count values are
denoted program clock referemces, PCR's, and are embedded as
. auxiliary data within tespective auxiliary iransport packets.

The system controlier 21 is a variable state machine
programmed to coordinate the various processing elements. Note
that the controller 21, the compressor 11 and the transport

| processor 13, may or may mnot operate synchronously via a
common ciocking arrangement 2§ long as proper
intercommunication is provided between processing ciements,

EBlements 16-26 of FIGURE 1 comprise a receiving end
of the transmission system wherein the modem 16 periorms the
inverse function of the modem 15. Data from the modem 16 is
applied to an inverse tramsport 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 non-compressed video signal for display on the device
20, or for storage etc., in an appropriate device.

- The inverse. processor 18 also provides PCR's from the
auxiliary transport datz, and control signals to a systzm clock
generator 27, The clock generator responsive to these signais
generates a system clock signal synchronous_ with at least the
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20, or—for—storage et¢.,"in an appropriaté dévice. 35 The inverse.
processor 18 al so provides Pats fromthe auxiliary transport data, and
control signals to. a systemclock generator 27. The cl ock. generator
.responsive to these signals generates a system clock signal synchronous
with at least the -7 transport progessor operation. This system cl ock
signal is applied to the receiver systemcontroller 26 to control the
timng of appropriate processing elenents. Refer to FIGURE 2 which
illustrates apparatus which 5 may be included in the transm ssion nodem
15 for exanple. The nodem may receive data froma plurality of sources,

which data ifa dnt o@@sstdf ﬁé@d qrm@sg%ﬁ@madka@ﬁgmswip fsannel .

This nmay be_acco I shed b Vi S nultl of the various
signals front? h‘g \r%f’bvﬁ %”5&"& Cé’““l“rlnlera qcﬁe&r?un?‘f" ’{Ing 10 may be

| ayered. For aprespiateyiptecessingy relamens. may be gener at ed in different
studi os, and COUD' ed tﬁeﬁrftbrFIGURE 12 |vehe el 11165trat§§1€hfi$aﬁtmﬁﬂﬁ§hare time

di vi si on | ti xed nown techn i d as a
sour ce &%ﬁap“% Be Hbﬁg&é% ‘r?éir"?gﬁ F‘% gf@:' €. eﬂbm ot her
15 sources amodgsm| ey T@“H’csé%nMyérlemY p?fechss Wﬂ%éﬁﬁ?the
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mul ti pl exi ng signals dkemt te VeFipuDfsogEatfer cltapdditiyn MW@&NW% program
material 10r @haptier tdyered.erFad exameld edded qirvgramss &ymmmtys bof |ive

Pommer o QPS”B&EGE%%?%&%&E%%?% AL, 08°Eabia 5, 2 B RAIRRe]
PTR 5. and PLISs. ThesenPEOSRMS! aitc S iPiRtoT, HEPHERIs3M01EWE 8 or ed
materi al W | Iknlpgrn Yetlitiighat add tproviied asla tsonrePIignal §1d PCR' s of the live |
mat eri al Regardi ng th%@ﬁ?g&m _f};h,i §n&’i éthett ¥M@|§i'wtsi?%ﬁﬁﬁeotﬂ&obl ens ;
15 sources are applied to a second layer multipiexer 56, whersin the
signals §; are time division multipiexed according to known
techniques and predetermined scheduling. Finally, within the
respective programs themseives, there may be a further form of
muitipiexing. This multiplexing may ks the form of commerciais
20 inseried imto program material or of stored material inserted
between segmeuts of live "producﬁdn material. In these latter
cases it is presumed that the commerciais or stored material has
been pre-encoded ‘with tespective PTR's and PCR's. 1In this
instance the PTR's and PCR's of the stored material will be
25 unrelated to the Teal time PTR's and PCR's of the live material
' Regarding the PTR's, this will typically not create probiems
because the video signal will inciude parameters instructing the
- decompressor to rte-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 2
. Teceiver system do to loss of synchronization.
In FIGURE 2 it is assumed that the transport processor
53 inclndes a meltipiexing apparatus similar in operation to the
distinct multipiexers 55 and 56.
35 A further problem exists within 2 multiplexed system.
- In order not to lose data at respective multiplexing sites if data
concurreatly arrives from a plurality of sources, it iz necessary to
provide 2 degree of signal buffering within the multiplexers.




because the video signal will include paraneters instructing the
deconpressor to re-initialize to new signal. Conversely the |ack of

correl ation 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 FLEQURE 2 it is assunmed that the

transport processor 53 includes a nultiplexing apparatus simlar in
operation to the distinct nultiplexers 55 and 56. 35 A further problem

- exists -within a nultiplexed system In order not to |ose data at
respective nultiplexing sites if data concurrently arrives froma
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"~ Figure 3 i r at es rst_e i men eceiyver ock. regenerator.
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rate buffer btuffes rmajneomrgkw empamiderflow. el i mi nate vari abl e del ays which ¢
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- payl oads. R@ﬁﬁﬁﬂﬁb@aﬁﬂﬂbhﬁehﬁnﬁrﬁ%ﬁ ﬁlﬁ dgd idahded tilethdeesiveor 32
applies video sg}&;ga IBai'/l desi nat edoggre as seh_ﬁl ce d data 1) to, for .

& feceiver modem is

15 inverse transport processor 32, and an “auxﬂmry packet detector
31, The inverse tramsport processor 32 separates ransport
header data from the Tespective tramsport packst payloads.
Responsive t¢ the transport header date, the processor 32 appiies
video signal payloads (desxgnaxzd ‘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 Tesiding within
the auxiliary datz are tonted and stored in a memory clement, 34.

The auxiliary packzsdetectorf.’wi whick may be z

25 'matched filter arranged -to recognize the codewords .designating an
auxiliary transport packet containing a2 PCR, produces a coatrol
pulse on the occurrsmce of tramsport packets containing such data
The control puise is utilized to store within a latch 35, the count
vaive currently exhibited by the local counter 36. The local

30 counter 36 is arranged to count puises provided by a e.g., voltage
controlied osciliator 37. The counter 36 is amvanged to count
moduio the same nnmber as its conntcxpm counter in the
encoder {counter 23).

- The voitage controllied oscillator 37 is controlied by a

35 low pass filtered emor signal provided by a clock controlier 35,
The error signal is generated in the following fashioh. Let the PCR
' arriving at time ©n be designated PCR, and the comnt value
concurrently latched in lawch 35 be designated L,. The ciock



20 exanpl e, decoﬁpression apparatus (not shown), and auxiliary data —
(deS|gnated as service data 2) to the appropriate auxiliary data
-pfocessing el ements (not shown). The PCR s residing within the aUX|I|ary
.data .arc routed .and stored in a nenory elenment, 34. The auxiliary packet *
detector 31, which may be a 25 matcled filter arranged -to recogni ze the
codewor ds. designating an auxiliary transport packet containing a PCR
produces a control pulse on the occurrence of transport packets
cont ai ni.ng such data. The control pulse is utilized to store within a

| atch 35, the count value currently exhibited by the |ocal counter 36

The | ocal 30 coakBlief réﬁa.a, &h@rguée&%ftct Qaﬁﬂgnéf RS Sarke 2 9Rd sg*m@
voltage controlled agscil Iﬁator {Ch r.36 1s arranged to count

modul o the s&fe HERRENS tpgoﬁ%‘iﬁ‘ﬁ’fl%}r p‘&r PEACEH the encoder (counter
23). The vol tage control |l edE esdPCRyt-0PTHg- i 6-8ant Lely ed by a 35 | ow pass

s Bgﬁgfaere{jq?‘ﬁsh%a si V"‘idqg (Blache CoolRftd the Voltige cohoUgh O S Opl
GRALLENF (37 16 oy Hepinngls (g P CPRIAy e s SUESRRFS: ch 35 bo

desi gnat e
desi gnat ed L T}Ehemroszgnalgprmhmdob)r ether cladk ¢dmraller c3% shase beakmabe of PCRs

and L's and fmfmof@weﬁuieomaugm.&aﬁao Rl OB Qnﬂyh%cd'fnﬁéfé&ces E =

PCRa - P h t
Icond| tion thé®v#t ta;S‘@'Lo%(?ﬁ'fqroF‘lgéﬁl geggkrecln”é'?{(?% g‘f’ E‘B“';g‘ﬁsueﬁ Ehed tnding

to equalize tdsalaf f¢@mpasents. The error signal produced by the cl ock
control |l gg 39 may be '%Ehéonsftfﬂiﬁ@sotfmatﬂi’éjl tgmdgtg HRduhat &fhngd@ngd . wWhich
(1T ter 361 n 6t £ B bR, S/t &4 ”aé!ﬁb#w”p{req”%%ﬂﬁg%i}%'t em are.
that the courmalms:lw memfx \Aﬂ‘iamdsqmcs Hbat ytbe emeroinaht frequensynef fthequency
or even nmul tyghags eREGIMd ofBilRaréCBdi FARY! BRket i3 O Heddbady QFUMRCY Of
the freguency of the system clock of the encoder.
] ‘The foregoing approach provides rather rapid
* synchronization but ‘may imtroduce 2 lomg term error. Long term
error LTE is proportional to the difference
LTE = Ly - Lot - IPCR,p - PCRol
vﬂune'Pcnhyandjgganzfbrcmanuﬂc‘mm first occumring PCR and the
20 comesponding latched value of the Teceiver counter. Nominally
the emor signals E and LTE will vary in discrete steps. As such,
once the system is “synchronmized” the error signal will dither one
unit about the null point. The preferred method of
synchironization is to initiate control of the voltage controlled
25  osciliator using the emror signal E until .2 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 osciliator,
 In order to accommedate the delays, T & 5t, incumred
in the multiplexing process, the tramsport processor at the encoder
30 creates an auxiliary field within an anxiliary transport packet '
- .which contains information relating to variable delays. Provision
-is made for modifying this variable deiay information at
respective multipiexing locations. Refer to FIGURES 6 and 7.
FIGURE 6 illustrates pictorially a transport packet of a type similar
35 to that used in the Higk Definition Teievision System developed by
. the Advanced Television Research Consortium. This trangport -
packet includes a prefix which containg, among other lhings‘, a
-general identifier to indicate to which service the payioad




vol t age-controt

frequency of the system clock of the encoder. 15 The foregoi ng approach
provi des rather rapid synchronization but may introduce a |long term
_error. Long term error LTE is proportional to the difference L TE 9 - u
- 14 -. 1 PCRn -'PCROL where PCRO andLp.are for exanple the first occurring
PCR and the 20 corresponding |atched value of the -receiver counter.
Nominally the error signals TE and. _ TEw Il vary in discrete steps. As
such, once the systemis "synchronized" the error signal will dither one
unit about the null -point. The -preferred nmethod of synchronizationis to

initiate contr t he. v .ta ont rol I of Us e error
signal E unt?qn%lgcﬁn\gqgm %“F[%ﬁg% b {g?ge Zﬁlehi%i st Rgﬁnﬁl@ and
then to swi t@heckt ‘oaluhemeé!ededr erheﬁpbr@cﬁférmsorTi@l g fieldEstd control

the vol tage s‘diﬂidcokﬂ)ﬁiﬁésﬁeddc@tﬁhmhl ﬁp&fiﬁ@ﬁll Qdﬁﬁfdan'ﬁwl%hﬁohhe dRkays, T
8t, |ncurred in the It| exuglgigrocess ort Brocessor at the

ns
encoder 3 0% %%'tce Fitey o d?%gﬁateﬁ U Py aFy transport
packet whi chteéeﬁmnns:rpgrmng.oﬁcﬁwcmpngarbadar péblhe deaRsgeyt Provi si on

. S| [nadle for pRed cfet”c&rgaﬁalialR &waﬂeltglqie %;Ncmé Cﬁﬁ@éltﬁla,ahidebeﬁmﬂ({rvet
mul tipl exing location ef er rates
pictorially a&"a §ﬁy %gﬁ‘et%})’ ég &r'ﬁgllzg mc?‘%%@ﬁ“%&#‘%%éd in the
hi gh Defi ni tpe}"lolél é\Pesﬁm’\ By s parricalaze IP@B%@F by the Advanced. Tel evision
Research Consortium BIGUREATSHRstratdd?akaandpiit Wheken wiiied iicivbeh

cervi co 1o pRoHaR, Satb" O3 aivisde ot ﬁannaﬁw&%em e bpsrt A b M
field- CC |sllwi%®1tQMUﬁtyﬁn0w@@NWumuﬁ§l sispandisg errthe emeBRt ®irposes.
Thel HI 5) leglrﬂaéf)S(;ﬁciuaeaVirp?emth: ésrmdeﬁdwﬂiechumclé vtk | Y ?gfl pgil gge
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there are two a.nnimy groups contammg
15 program clock reference, AUX1 and AUXZ. 'Fhe auxﬂmry group
AUXI inciudes data related to 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 O if not). CFF is a 1-bit field whichk 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, ¢.g., time code, scrambie key, copyzight, etc. AFS is an §-bit
25 field defining the number of bytes of auxiliary datz comtained in
the group.
The AUX! group is shown as teing modifiable and the
‘AUX2 group is shown as not being modifiable. AUX2 dam is
shown to be PCR data iec. the program clock reference. The AUX1
30 data is indicated as DPCR .data which is ap acronym herein for
differential program clock reference. The PCR data is captured
under control of a scheduier whick 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 exempiary apparams of a2
. pamon of one of the multipiexer circsits shown in FIGURE 2.
. “Associated with respective input busses is a buffer store 67 which
may be a FIFO._ Data is stored therein when program data arrives




packets of that—service typemayTnctude audi-odata, —video data, or
related auxiliary data. The HD field thus-indicates the particul ar
payl oad type for the particular packet. FIGURE 7 illustrates a transport
~ packet which includes 10 auxiliary. data. The payl oad of an auxiliary
transport packet may include one ornore auxiliary groups, depending on
the anobunt of data included in respective groups and the current system
requirenents. In the transport -packet illustrated in FIGURE '7 there are !
two auxiliary groups containing data related to the 1.5 program clock
reference, AUX1 and AUX2. The auxili ary group AUXI  includes data rel ated
to variable detdhybe anyltithexeyr duFuRteBLlY | ICEPFRE & Fféf PIER! pBpus dus. The |
respective grouggafds! stQrding o/ Xinkei acheduimgpopriné i mudtipleaer, atei | i ary data -

lﬁ/::olclé aTgeblp{ efix g?%cfla\l,]\??e%#é]% I‘Jgakigés dﬁicrchgrc 5I D, and AFS. The field

f@ éhe data in the packet is
modi fiable (I if nodi Reapeive |FappoOft BEESFEsO e p PEOFREE $4thi ch

. ndi cat es 5 whiidhgle atikhly @duptatconiainniel PORdadd DROR sdayz ouNoteABdD i s a

6-bit f Id hide A& LS t ty t d the |
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field defini nghe Heﬁnsﬁmfbéﬁdf%f CRT AR TYE Ca‘tﬁ?‘iq‘?%'r }“H‘é‘tga Bd in the
group. The AUXhig PO dage, Slen. ompubehy ghemittiphixer, aray bhein AUHQ grOUp is

' fﬂgmgrogfarrkofslbggkl &f 8€§H¥egé%eﬁ%ﬁig%agata 'S mJPcogteselg CR daia
which is po aciiemyultiprxaig proressdi Mher dntalyahmr@gbﬁt dhbek tﬁettmse‘-nce The
ransport pr dbedubier §nis G688, TERRRAITE é%ﬁ%tf?“ ﬁﬁ%éﬁl%ﬁf?#t“e :
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nmplary app 2
n FaRE 2.7 Kthg Rp b eans SRS it SR TS EiRedidr FuBUERT ST OTe 67 |
15 esct and enable a counter 62 to count pulses of & lccal clock 60.
The local clock 60 may be a crystal oscillator having a frequency
which is very close to the encoder system clock frequenmcy, or it .
may be frequency locked to the emcoder clock as per the operation
of the FIGURE 3 or 5 apparatus. A further auxiliary packet
20 detector 63 is coumpled to the output bus of the buffer stors 67,
and is arranged to store current count value output the counter 62
in the latch 68 when the auxiliary packst containing the DPCR data
emerges from the buffer. At this time the output of the coumfer
will exhibit a2 count value, in units of cycles of the clock frequency,
'25 of the tramsit time through the buffer of the particular packet.
Note, if 2 plurality of auxiliary packets are likely to occur in close
preximity, such ihat more than onc may be concurrently
transiting the buffer 67, the auxilisry packet detectors must be
arranged to detect and respond to each occurring packet.
30 © The auxiliary packet detector 61 alse provides a2
coatrol signal ‘which is applied to condition a laich 64 to store the
DPCR value contained within the auxiliary packet. This value is
applied to onc imput port of an adder 65. The local count value
stored in the latch 68 is applied to the sccond imput port of the
' 35 adder 65. The adder 65 sums the DPCR data from the cument
- auxiliary packet with the local count value to. provide an updated
. DPCR value DPCR'. The program date from the buffer 67 and the
output of the adder. 65 are ..;;oupioé: to respective input ports of z




may be a FIFO Data is stored therein when programdata arrives -H and
the nmultiplexer is currently accessing a different input. bus. Thereafter,
according to the scheduling of the nultiplexer, the programdata is read !
. fromthe buffer store 67. Respective transport packets of the program data :

5 include auxiliary groups containifg-PCR and DPCR data. Note that the
val ue of the PCR data is determned relative to the timng of the

transport packet containing the auxiliary timng information. This PCR
~ data, when output by the multiplexer, may be in error by virtue of any

delays [ ncutgdy dfugngqqﬁg&;tegm - %uﬁipﬂ&?érsﬁﬁnxslgoﬂdlﬁgﬂwtﬁ Phexi ng

- process e dela t tagntotra Sit fer store is used
to nodi fy tREXDEIR PRAKS { S8 cfoetft I‘EP“‘E’@MEE?S %W‘@Ws a0 auxil i ary
packet det eGligweveslwhen rieg@PTR datet emitained oc ks rprogmnofdata ansport

packet s conty rgRﬂfLa CER O AaTa) ToTpaa ) i t bus.
Thi s detect O?A%}gnct I ons Lb%gf -r? e%g%htgﬁgk&;;gomo cgount erg& 9, 0 count.
" -pul ses of dhe gipated SBCB0 ﬂa""l’ffé"‘?‘o%hél agd4iese mr?& W;sf‘hl

oscill ator hmesing dfta fmuﬁacbuffemkﬁ‘hh is very close to the encoder

system cl ock frequencyy of E;ﬁ_éjgf % %eg;uggﬁamogggeg basd @gencoder

cl ock as per_the operat | o aratus. A further
auxi | i ary pa&R@ they a&é?’éc FHPYRi S 8% éﬁ? I‘f’é‘ggﬁtcﬂﬁfesﬁﬂgd%f %the buffer !

‘store 67, athd sma:frﬁmgé:l?(ﬂﬁ datar eomtainednin ¢thn muxiliary epashicp piust he count er
62 in yhe Sl {ﬂiﬁé‘ kh&@%hhegraz RAGAE e PPCRNAAG ErierddfOR dat a
errergesfromthe LS tl the. outp e, coun w | |
exhibit a colfA® GBF‘-"Fn Ft@a%fs“g o#j ‘ﬁ% ﬁ% r‘}Zl?arg éﬁcy, 2 5 of
the transit mtrq:itﬁroﬁ@mst tiaxsh tiid qnmfmmummdpmas r2agte, if a
plural ity of gy bRl ouPREKE]S: MG hi KelkcdimBBAM duil eluexiliepxi M ty,

such that nore than one nay be concur,rent | transiti n %Pgsjffer 67, the

auxi | iary paPRdet AaRtphr ¢ RISErHRmeY, 19 Y ?Wt@’a Bnd to each
occurri ng pastirdande W alxidppaoyripec ketdifier diagey ME, alf stheprovi des a :

- auxiliary groups.

Referring back to FIGURE 2, the transport processor 33
wﬂl establish the DPCR anxiliary groups and nommally 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 betwesn segments of live data, and that the stored
datz ‘may be pre-encoded with PCR .and DPCR codes. When the
transport processor 53 is fo imsert stored data between scgments
of live dats, it accesses the PCR code of the stored datz and

25 subtracts this PCR value from the count value currently exhibited
by the counter 23 and/ or latch 25. The iransport processor ‘then
adds this difference to the DPCR value in the auxiliary packets of
the siored datz. The mew DPCR valnes in the stored data imserted
between live datz now contains a referemce to current time. This

30 process is iliustrated in the flow chart of FIGURE 8. which is self
-explanatory.

The use of the DPCR data in . 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 f{functions, except that the function of clement 32 has been

' modified. The modification invoives including adder 45 arranged -
io sum the corresponding PCR and DPCR values arriving in
_ associated auxiliary groups. The sums provided by the adder




control signal which is applied to condition a latch 64 to store the DPCR
val ue contained within the auxiliary packet. This value is applied to one
i nput--port of an adder 65. The local count value stored in the |latch 68
- is applied to the second input port of the 3 5 adder 65. The adder 65 suns
the DPCR data fromthe current auxiiBi-ary 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 -12 2-to-1 nultiplexer 66. The multiplexer 66 is

condi ti oned a Lar t rusl ss the

pr ogr am dat gyﬂ%—ﬁg’%nd 9 V\}.]I %{WQ@E@{ %“ggc%?\ lgié?%g Eﬁ ﬁﬁe%‘rlﬁgr am dat a
ener ges fronfigiAes bBF‘F%‘Pd lﬂhéﬂﬂﬂp’ﬁxm% F sempiecorfdict PHRE e PieRE 5 the
updat ed DPCRin e@édriofy AP tWieradgiey  arandviiluble stoi tieh chaek chtrolpas3¥ng dat a

fromthe buffer h It 6 to pass data
fromthe add& co?ﬁ:gt%ei{g% f rgﬁ%%'ﬁ gio&%er cgréde‘s%plgb%ds to  the sum

of the DPCR data contai ned |n the auxi liary packet plus 10 the count val uei
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 progranmed to only
change programdata in 15 accordance with the appropriate nodifier flags,
MF, of the auxiliary groups. Reerring 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 progranms.. Recall 20
however, that stored data fromthe digital storage nedia 51 -nmay be

i nserted between segnents of |ive data, and that the stored data nmay be
pre-encoded with PCR and DPCR codes. Wen the transport processor 53 is
to insert stored data,  between segnents




of live data, it accesses the PCR code of the stored data and 25 subtracts
this PCR value fromthe 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 nmiary packets of the stored. data. The new DPCR
values in the stored data inserted _jhetween |live data now contains a
reference to current tinme. This 30 process is illustrated in the flow
chart of FIGURE 6. which is self explanatory. The use of the DPCR data in
a receiver is illustrated in FIGQURE 5. In FIGURE 5 el enents desi gnat ed
with the sanme nunerals as elenents in FIGURE .3 are simlar and perform
simlar 3 5 functions, except thaﬁ Elﬁd unction of elenment 32 has been
nodi fied, The nodification invol i di ng adder 45 .arranged to sum
t he corresponding PCR and DPCR val ues arriving- in associated auxiliary
groups. The suns provided by the adder -13- correspond to the original PCR
val ue awgmeid @ginley iany transit delays incurred in nmultiplexing for
exanple. The sunms are placed in nmenory 46 where they are available to the
clock controller 39 as corrected PCR values for system clock :
synchr opi zat %O%teh%r gfﬁ?&@ a%ﬁ?rés;&d@ﬁ@éd@ﬁuﬂ Shardeterfzed)byt €m for providing
a conpréssed video si gna c%arac erized by: neans for generating tine
stanps for useanfEygenbratng Zinng sampeded ver inc$yvokrongingnalrecelveambyssr t
processor circuitry for form ng transport packets, sone of which include
payl 0ad$88#t sai d conpressed video signal and transport headers identifying
respective pg%hQafSprodddorf efclit¢! faflifhehihg RRSorobadtyd shakn@tiwhicanspor t
packets, said tinme stanps and a further data field, said further data
field farchidecpayttiadg of isaidnepmpregsed ideoovigna g dgnsnyrt hendest idApEYBE anot her
f fgﬁ;gi?&%ﬁ%‘@%@%&é)%a fgrnlqlcﬁldgﬂ%cl ! orf Eo¥géidrfgﬁ§édvfr£}gp81@%aa£e?s? 5% ng said
time stamps and a further data ficld, said further data field for including timing

_ information related to time stamps of another compressed video signal; and

- areceiver for receiving and processing said transport packets.



