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I nvention relates to a nmethod and apparatus for 5 providing a clock
signal at a signal deconpression apparatus, which clock signal is

- -substantially frequency |ocked 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 exbsple, the actual conpression

apparatus will be synchronized, at Ieast in part to the vertical frane
rate of the .source wg.?%m ( ﬁ synchroni zed to the "
col or’ subcarrl er. Once ’r]n B 4nd formed into a
parti cul ar signal protocol, > mﬁl Almay be further processed

into transport packets for transm ssion. The transport packets may be
time division mltiposednyediibidaeldibs b QB aitd Mfpapiadofc Sour ces.

The packetizin and pl.exi,n 0 In a nutually
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“conpressi on wp&iapim sipimal tis swbpantiallya fiequencywiekhertomal ¢liopkexed or not)
may thereaftg;rgnbp a@qppgdcggm m@@@mfor transm ssion of the data. The

nodem nay or | not erate nchronously wth, the prior nentioned
systens. At the recei cf}ngrp %?fty}T ﬁﬁonﬂﬂgﬁ‘ | EEDSTR O, 481 Frapymis

conpr essed sEXpiens mmay pperatrusnl geyerabsiaels of rynchivsizafioni ¢0s  subsyst ens
operate Iffyncﬁéxihﬂgslsinbré/\ﬂﬁrbpéﬂnji‘léaﬂd@/%%cﬁiéﬂ%hﬁﬂ %%ﬁﬁ:ﬁg{é tRé ement s at

t he -encodln yst h onous, oper t| In t.his case, in
general , xﬁgg%oﬁ%%k%ﬁ bwg' F‘é"%ﬁrg ly cl ose

to the sarre m)thepequr%wi Msmﬁe@fr tb@mmanﬁcesmgéstmu By exanpl e,
t he decorrprsnaom u!lﬁnﬁeﬁvtcﬁ(thé’ldiﬂﬁr SuBfdticA! OR6: IMEBilieapdalte as
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15 , it may be further processcd into “transport *packcts for
transmx_ssmn. ‘The transport packets may be time division
multiplexed with packets from other video or date sources. The
packetizing and multiplexing may or may mnot be .donec in a
- mutaally synchrbnous fashion, which may or-may not be
20 synchromous with the coinpression operation. . The tramsport
packets (whether muitiplexed or not) ‘may thereafter be supplied
" to & modem for transmission -of the datz. The modem may or may
- mot operate synchronously ‘with the prior mentioned systems.
At the receiver of .z fully mnuitiplexed transmitted
25 compressed signal, it is usually mecessary .that the various
subsystems operate synchronously with their inverse function
counterpart clements .at the encoding ‘end of the system.
Synchronous operation in this case, in general, may mean that the -
‘Tespective subsystems operate -extremely close to the same
30 frequencies as their counterpart subsystems. For exampie, the
decompressor should provide video signal at the same frame rate
" as provided by the video signal source at the compressar, and
synchronized with associated andio. 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 videofaudio signals, that indicate
the relative times of productionjreproduction of respective
" segmen:s of signal. Such presentation time references, PTR's, may
be used to compare the timing of associated -audio and video




vi deo/ audi o deconpression portion of the system may be 35 acconplished by
I nserting, at the encoder, presentation tine stanps within the corrpressed

. video/audio signals, that indicate the relative tines of

producti on/ reproduction of reSpectiv_ez_segrrents of signal. Such
presentation time references, PTR's, “may be used to conpare the timng

of associ at ed | 0o and vi deo -2- naI S r synchroni zati on purposes
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program cl ock ref er ef&aanplecemdiodgmenitn ofthe qwesent invention may
Telate to 2 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 muitipiex layer of a multi-layered
compressed video signal.
According to a first aspect of the present invention,
there isprovided 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 incindes further count values, said apparatus comprising: a
~ source of said transport packets inchuding transport packets
baving said count values and further count vaiues; a controlled
oscillator, responsive to a control signal E, forproviding 2
receiver system clock; aTeceiver counter arranged to count pulses
“of said receiver system clock modulo K; means, Tesponsive to the
- occurrence of transport packets including said count vaiues, for
storing count values. ontput by said receiver counter; means for




periodically obtained froma counter arranged to count nodulo Pte, (K a
positive integer) pulses of :an encoding systemclock, and which includes:
further count val ues, said apparatus conprising: a source of said :
" transport packets |nclud|ng transport packets having said count val ues
and further count values; a controlfed oscillator, responsive to a

control signal E, forprOV|d|ng a receiver systen1c|ock a receiver

count er ar mehgevingconnhvahdssad furtheaicouns satues Tropsseid cl ock nodul o K:
means, . -r esﬁ?ﬂﬁfﬂdﬁﬁ&k&f?&n@%ﬁ#&ﬁﬂ% &f sﬁé&%f%g sgé‘éilgéieéﬁlﬂtm' uding said ;

count vaI ue toring cou val ues. out recelrLver counter;
means for X rlémuépuhbymémem&ommrmdtme élaués from said
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out put by s recei.ver unter an espondi n unt val ues an
further couffl BEASTEERE, s%nfﬁrqlr%iggﬁg*:é S!gk %lfslﬁg S‘Eﬁeratl ng said
control sigesdtroBedfoacildemyrol ling said cont roI 1ed oscillator. According

to a second aspect of, the present invention ﬂg_;e IS - OVI ded a net hod

for synchronizing at “MeHEAILE 384 $ePRY 25BERh EE&E’GW e
recei ving sthetrens phovitdan smsisesl for synginesderhgy atkmss agrationcefirring in

transport p, have
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- informati onccm!pres 0c$lgcm1 mf:amngem uanspmmrpwk otk references,
and said tg % gﬂ Hﬂ ?éhﬁa%?ﬁ%%ﬁlfggs I ndi cating

t he presenpe sence o sald erence said further clock
ref er ences, uwéu INgyaY mﬁt@aﬁ@mh@ tepaxgiarypndormangn may
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Gener at | ng. FEBEPUEDAIGEK IRCNEHRECHS AR DR égaéﬂcmm ot Bq recei ver
syst em cl ockresdatecin ditkente & agansieciirefepditbds 15d s@iddfigdiegnd flags, and
if said fla ar%ﬁfdet ect edmd%fttﬁog‘géﬂ r{g@gg esence or r%l%%gfnce of said
cl ock-refer grences, 8 < Cps oL p g
: transport packets of compressed video signal; providing a
Teceiver system clock whose timing is varied responsive to a
control signal 'E;' generating teceiver clock references by counting
puises 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 X counter is clocked responsive to a sysiem clock, and
. selected ones of count values provided by the counter are
embedded in the signal at the transport layer according to a .
predetermined scheduie. Provision is also made in the
embodiment to include values representing precompressed count
values whern 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 pﬁlses of 2 system
clock frequency, of the time the signal is delayed, and to access:




said further clock reference; and generating said control signal E
responsive to at |east said clock reference being present and said
~receiver clock references. In an enbodi nent at the encoding end of the
systema nodulo K counter is clocked responsive to a system cl ock, and
sel ected ones of count values provided by the counter are enbedded in the.
signal at the transport . .l.ayer .according.to a redeterm ned schedul e.
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i ncor por at in the  si | n further enbo n t siana
transhi sei ofergebtinaEit At e Frentia Potutl SR Lo 58 ORI A queued,
provi si on ithe asmdeiing emdaciite system n, rasponsive © afcodtpulkepul ses of a

system cl qeke EAUERE 0l (NG HHIE Lhen S| oAk LaadGEaYERanand Lo access

and update the eren ( values in sard transport packet wth
the val ue ofaluge agesappled stionearelatedde Webaaival nf e cowet recei ving end
of the syskaihes et il fid AarsBol fait TR wdhsmitied e end of

the system 1s responsive to a contro d recelver clock signal to

provi de codifferangibicesnt \mhets brresecssaliidm thealecggedaramsgatipyednd isdd wigistheel at ed
to the arrival of the}co nt %ﬁlueszﬁnbed%§g in the tr nsggét | ayer. The
transnit t eBFFSESEIOUNRUSE G eFRt § Hpnal f rnth g decePeclapc 88 from t he
recei ved transport |ayer and used with the receiver count values to
generate a signal to control the receiver clock signal. _5- BRIEF
DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a bl ock di agram of a conpressed

vi deo 5 encodi ngi decodi ng system incorporating clock recovery apparatus
enbodyi ng the present invention. FIGURE 2 is a block di agram of signal

mul ti pl exing apparatus -useful in representing the devel opnent of

mul tiplexed data fromdifferent sources. 10 FIGURES 3 and 5 are bl ock :
di agrans of alternative enbodinments of clock -recovery apparatus for :use:
with : 1

g




transm tted conpressed video data. FIGURE -4 is a bl ock diagram of signal
mul tiplexing apparatus including a systemfor augnenting |imng
_references 1.5 included within the multiplexed signaL FIGJRES 6 and 7

.are -pictorial -diagranms of a. trapsport block and an auxiliary signal
transport block. FIGURE 8 is a fl ow’chart of the operation of the i
transport processor of FIGURE 2. 20 FIGURE 1 illustrates a typical system
in which the invention nay be practiced, which systemis a conpressed.
digital video signal trarismssiou arrangenent. In this -system video
signal froma source 10 is applied to a conpression :elenent 11 which may
I ncl ude -a notion conpensated predictive encoder 25 utilizing discrete.
cosine transforms. Conpressed video signal from the element 11 is coupled,
to -a formatter 12. TheBRIEFBDESCRIPTIDNOETHEBRAWINGESsed -vi deo si gnal ;

and other ancillary ofdi | l.ssuch as NPEG
a standard dev I&Sﬁﬁjﬁql{]teﬁgt&?on gogﬁga%géﬁg%f} vided

St andar dizatRGRA! ?CO 1B FYSIERh ANCORRPTAtng Rlﬂ%ﬁpg@f%n)appm@s
st andar di zec:mBodyiag tiee gmgkesd iheemgiokr ansport processor 13, which i

divides the signal |ﬁm@c§e§§a%1ﬁggt&a %‘i’ds? r{nﬁh@ gr data to

pr ovi de sone noi se. %TTPHI t transm ssi O

transport peRARBFELS WRIER Ny ﬁ&PW"B‘EEﬁr thy ‘&Vﬁ%ﬂ?‘%ﬁ'ﬂtf 8?%@3’%@ e 35
appl i ed to -adatat frohufdifierdat sburdespr ovi des output data at a relatively

ransm o8 on channel TR0 ?gﬁéﬁr%a%%e?@ki%‘éﬁzﬁ%' b oy Pandu ot
per f or ms the"'%"g%&?c“ﬁsr aﬂ’fs %“& JReOvesyY ADBYRBe &8k Withpr ovi des cl ocki ng
signal to opﬂmsmxtwdcftomip:tehmzhpmml&xaat | east including the transport
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15 included within the multipiexed signal.
' ' FIGURES 6 and 7 .are pictorial diagrams of a transport
block and an auxiliary signal transport block.
FIGURE 8 is ‘2 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 2 compressed. digital
video signal {ransmission arrangement. In this -system, video
signal from a source 10 is appiied to a compression clement 11
whick may include a motion compensated predictive -encoder

25  utilizing discrete cosine wansforms. Compressed video signal from
the ciement 11 is coupled to 2 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

: signai is applied to a transport processor 13, which divides the
signal! into packets of data and adds certain -other data to provide
some noise immanity for the transmission purposes. The

' transport packets, which normally occur at 2 nop-uniform rate .are

35 zpplied 10 a rate buffer 14 which provides output datz at a

-relatively constant tate conducive to efficient use of a relatively
- narrow bandwidth transmission channel. The bufféred datz is
. coupied to 2 modem 15 which performs the signal transmission.




counter 23 which may be arranged to count nmodulo :230 , for exanple. 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 val ues on
" the occurrence of -respective frame_10 intervals. These count val ues am
.denoted presentation tinme stanps, @TRS and are included in the
conpressed video signal streamby the formatter 12, and are used by the
receiver to provide |lip-synchronization of associated :audio and video . |
information. The latch 25 is conditioned by the transport 15 processor 13

(or the system contr | 1 ) t &?ﬂxb% rgé'&g 0 a
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bet ween pro e&gﬁ,tu |se a

- -receiving engi ﬂ]h% transm“s%lon iﬁm\/\hereln Yrﬁ) 6 perforns !

- the inverst&¥¢ t}ﬁ@i‘?’%@"fo?‘“@hes HDWE t38 °‘f"rd6‘i’t?‘i% rﬁ‘ ®is applied
to an inver seurts awspach qucessoss b  thdi leupreave drfsrcspmqmefmnb vi deo

si gnal {g@r ﬁ?isa t Tate buffer |
17. Thelga{%& %g%ﬂg#l%%g]ﬁ ésys&gngi%)%r sse VI de%llam nal to the
deconpresso?@@somﬁaﬁ& ArFy dngh E&ﬁm‘?e FORIESS tsbg”ﬂ%e conpressed !
vi deo si gnaktmganby aﬂhesfonmmmohhrnndealrcvm i ghealreémvcrdrcspl ay on the :

devi ce vihif' 1t q_gg Eidtia ogﬁ& ‘inddﬁ\ﬂ:&e 35 The
i nverse pr essor ov g%% ¥ auxi | ary transport
data, and coMer@At %‘i“gn a‘ig?%t%?ﬁ PB'H&PTQ' FFFPFY . The cl ock
gener atbf r gsgmeserv @3t (ort mgyswm&bmﬂogbnezh)t &3 Mysomm wdlgek si gnal
synchronous gz lihy Aty | £35fedbiimined schedule. These count values are
denoted program clock references, PCR's, -and .are -embedded as
. auxiliary data within Tespective auxiliary transport -packets.
The system conwolier 21 is 2 variable state ‘machine
20 programmed to coordinate the various processing clements. Note
thai the controiler 21, the compressor 11 and the wansport
| processor 13, ‘may or may not operate synchronously viz a
common clocking arrangement :as long .as proper
intercommunication is provided between processing clements.
25 Elements 16-26 of FIGURE 1 comprise a weceiving end
of the transmission system whersin 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
30 protocol, to the Tate buffer 17. The tate buffer 17 then provides
the compressed video signal to the decompressor 19 on demand.
The decompressor, responsive to the compressed video signal
generaies nop-compressed video signal for display on the device
20, or for storage eotc., in an appropriate device.
35 - The inverse processor 18 also provides PCR's from the
: auxiliary transport datz, and control zigmais to a system clock
generator 27. The clock generator respomsive to these signais
generates a system clock signal synchronous with at least the




-7 transport processor operation. This systemclock signal is applied to
the receiver systemcontroller 26 to control the timng of appropriate g
processing el ements. Refer to FIGURE 2 which illustrates apparatus which 5
“may be included in the transnm ssion,nmbdem 15 for exanple. The nodem nay
receive data froma plurality of soarces which data is all to be
transmtted on a common transm ssion channel This nmay be acconplished by
time division multiplexing of the various signals fromthe various
~sources. In addition the nultiplexing 10 may be |ayered. For exanple V|deo
programs, Pi, may be generated in different studios, and coupled to a
first multi piBREHOTt PFOCINAE APSFHEE: and N SYHeMeciocy sigsal At Fappiiedx ed
accorfll g% t oto KROWecti@eh BiyEleRs caﬂdonee\aafi@d c%‘ﬁn%i Sﬁarlgﬁmsg gfal S1. Thel d?
si gna a) | rom ot her sources are applie
to a second Aggl%mtftgw&%&%%% g#ge in -the signals Si are tinme

=di vi si on rrul tiplexed Pa‘?fébr‘@jlwmkﬁo ich AMwSITaiRrc SPBREYSr B&Yer i ned

Eched]yl i rtﬁ _ abbymcmaaﬁl m teie mmﬁbnvmm:ﬁgwnﬁrtdsmﬁbve%st hﬁre]c may
e a further A8m & m{rl P Lgke the form
of commercia FIOQ{E | nserte %ﬂprograa}r#rrate I a ollf i‘ﬁé&%g . materl al

inserted be nt%é{j:rr&@%m PRV %mtmmaﬁlem@mph tﬁé@e | atter
cases it is maqsweedcédmpimhhé b nﬁmecﬁms:oﬁrnﬂﬂ@%iedmgatofrml vadeus been

pre- encoded C{H Veaidd 8 he PTR s
Pve and Bp i»pa{aarsrq”%“ Farapiamile. Vit gar%stg gf el
typically npgeﬁéﬁﬁ& ipr differest sheitewjsand hﬁmpldEQoSagﬁﬁt Wuldxpiemal ud_e I
Conver sel y t 0a:| sk sareldame a8 ThE: Hirslch #ﬁﬂhﬂoreg&wg £ time PCR s
may totally @GH’“SF‘H-%(‘“ é’rﬁﬂgﬁérx‘? ri’véP%‘@ct?l%%lp it processor ‘i
el ements of a recei vemmgmmsm Amd lober sdursy BiguadniSzafioan.other FI GURE . 2
't is aspymed bhat LN HhARPRY" L B8RS 8f/er multipiexer 56, wherein the i
signais S5; are time division -mmultipiexed according to known
techniques and predstermined scheduling, TFinally, -within the
Tespective programs themseives, there may be -z further form of
 multiplexing. ‘This multiplexing may take the form of commercials

20 imseried into program material or of stored 'material inserted
between segments of Iive production material. In these lamer
cases it is presumed that the commercials or stored material has
been pre-encoded with Tespective 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 fime PTR's and PCR's of the live material.
Regarding the PTR's, this will typically not create problems
becanse the video signal will include parameters insuucting the

- decompressor to re-initiaiize to new signal. Conversely the iack of
correlation betwesn the stored and real time PCR's may totally

30  disrupt the rats buffer-inverse transport processor clements of 2

 receiver system do to loss of synchronization.
In FIGURE 2 it is -assumed that the Z2nsSpoft processor
53 inciudes a multiplexing apparatus gimilar in opemnon o the
distinct ultipiexers 55 and S5€.

35 A further problem exists within 2 muitipiexed system.
in order not to losc datz m:rcqxwﬁveznnhﬁﬂmﬁng.ﬁﬁm-ﬂ'dﬂn
concurrently arrives from a plurality of sources, it iz necessary to
provide 2 degree of signal buffering within the muitipiexers.



53 includes a -nultiplexing :apparatus simlar in operation. to the j
dirstinct multiplexers 55 and 56. 35 A further problemexists within a 3
mul ti pl exed system In order not to lost data at respective nultiplexing
sites if data concurrently arrives froma plurality of sources, it is
necessary to provide a. degree of §ﬁgnal buffering within the

mul tiplexers. s These buffers will inpose a delay T " &, where fit
-represents a jitter conponent. Assume a programtransits 100

mul ti pl exers (an exaggerated nunber to accentuate the problem, and each '
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Figure 3 i | 1ouk §tsenBodi e fdeéa-!fec:@}ﬁvéﬁ 0|9k de\@¥ener at or.
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rate buffer ﬂt{l

na a [ arlab e delays which
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modem i s couyifee ang Hwsithe m%@wpaﬁﬁ%ﬁmﬂpr‘%éé@ﬁrd@ﬁ af@eah auxili ary
-packet det ecl(@fF usad. uﬂ'fjﬁtarrmﬁrss% aceompsodataa Qcﬁmrthe&&&ca&k &ar?t ez
transport ve transport packet payl oads.
Responsi ve to e@aﬁ%‘%&ﬁ headérﬁagﬁﬁ‘% t he processor_ 32 applies video
signal 1fhyl oads (desFigwaecd Risgams goiipsic embadiment 0b 2 FERSiPEr exanpl e,

decormrezsl OﬁanWgahmxdmOtiﬁf&!m)amﬁﬂﬁnml |the yans@aia k@n?t ed as
servi ce data %a r i v ta.p. enent s
(not shown). &b%s r esi m%fav&\n&t ﬁg'hgbhﬁ%‘[ 1JXI %‘Fy&%ggi%ﬂg outed and
stored in a iable  dgdays TwRich may dey ethecTeed¥eT which may .

be a 25 mmat c{-nel Eﬂff&efbaﬁ_rﬁﬂﬂﬁdhg tﬁcemeg&b:a@ntﬁecs@ﬂmdﬁndem gnati ng
-an auxl'é' AYnloekde® HHRCDbre PIFKEEsEONA Bhi Yad LaeziHRiryP HRAUGC BeraediONt T O

31. The inverse ansport processer 32 separaies Tansport
header data from the Tespective transport packet payloads.
Responsive to the transport header data, the processor 32 applies
video signal payioads (designated here as service data 1) to, for

20 example, decompression apparatus (not shown), and auxiliary

| - datz (designated as serwice data 2) to the appropriate auxiliary
data processing eiements (not shown). The PCR's residing within
the -auxiliary data are Touted and stored in 2 memory clement, 34.

The auxiliery packet detector 31, wiich may be 2

25 omatched filier arranged to recognize the codewords designating an
auxiliary transport packet containing a PCR, produces 2 control
pulse on the occurrence of tramsport packets containing such data.
The control pulse is utilized to storc within a latch 35, the commt
valpe currently exhibited by the local counter 36. The local

30 counter 36 is amranged to count pulses provided by 2 e.g., voltage
controfied osciliator 37. The counter 36 iz arranged to count
moduio the same number as its counterpart couater in the
encoder {counter 23).

: The voltage controlied oscillater 37 is controlled by 2

35 low pass filtered error signal provided by a ciock controlier 39.
The error signal is pencrated in the foliowing fashion. Let the PCR
‘arriving at time n be designated PCR, and the count vaiuc
concurreatly iatched in latch 35 be designated L,. The clock



- pul se on the occurrence of transport packets containing such data. The
control pulse is utilized to store within a latch 35, the count val ue
currently exhibited by the | ocal counter 36. The |ocal 30 counter 3.6 is
" arranged to count pul ses provided bg a e.g., voltage controlled

oscillator 37. The counter .36 is arranged to count nodulo the sane
nunber as its counterpart counter in the encoder (counter 23). The :
vol tage 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 follow ng fashion. Let the PCR arriving at tine n be
desi gnat ed PERBTkd Tands cHgnsucisriies valweyof RERYy apditleheand fomms ch 35 be

desi gnat ed IchrBresigmtkE promml ke thé edififerédiessuccessi ve val ues of g
PCR s and L's and forns gr L opeg E[pr porjlt?l oinal to the differences:
E JPCRn - PCRQt | -an- ‘éerro’P si gnal Yis utilized to

condi ti on thghﬂ‘fcﬂfi"&géi%htﬁollﬂ adilizel gwcronditior U veltager corjrRitas, t endi ng

to equal ize bmmotrf:evemc@ssr hibficye hefding N alg uarxﬁslttﬁedmmréﬂ&sclock

control ler 38y f ul ate S|g whi ch :
may be rendere ermglgﬁnci)’ %ﬁe P?g?cskbfon%%ﬂ%ggg pass
filter 38 i nforangf o@ E@ﬁﬁ smogpt ﬂP@ signalt reehighsmes bhi gerdaye@m are
that the coumt emsamilogt-&fot \igrdidby Gingibmenting afie Clawnt akd"lffilﬁe@m finequency |
or even -nulhiy e% F‘E‘%;‘F”q‘f“ This requires that the nom nal frequency of :
the vol gge con roI oscillator be fairly close to the frequency of the:
f requenci/ of the systchi%[COBRIAIMS ke tRiscEVem 25 that thy SGBRISE Mproach

provi des r.at itier twapeﬁlds &;fnﬁhf apiat cmbuhel:rmmd f@ye o bﬁiﬂ ter mwh
Sotnac o, S NPT 0 1l FgpgR00 o 0
corr espondi n§olage ‘Rﬁi@eoﬁ illages e daitercle®une cbe Nograsgy| 9f thtie error
si gnal s E andregibngy lofVvetey siyhieth Siockt &f Stiepencdiersuch,
15 ‘The foregoing approach provides rather rapid
- synchronization but may introduce 2 lomg term error. Long term
error LTE is proportional to the difference
LTE = L, - Lot -PCR, - PCRol
where PCRg 2nd Lo are for exampie the first occumming PCR and the
20 corresponding laiched value of the recsiver 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 mmll point. The preferred method of
synchronization is to imitiats control of the voltage controlied
25 oscillator using the eror signal E umtil 2 one unit dither occors in
the crror signal E, and theu to switch to ths nse of the long term
_emor signal LTE 1o control the voltage controlied oscillator,
In order to accommodats the delays, T T 5t, incurred

in ‘the ‘multiplexing process, the wtansport processor at the encoder
30 creates an auxiliary field within an auxiliary transport packet
-which contains information relating to variable delays. Provision
'i1s made for modifying this variable delay information at
respective multipiexing locations. Refer to FIGURES 6 .and 7,
FIGURE 6 illustrates pictorially a2 wansport packet of a2 type similar
35 to that used in ‘the High Definition Television System developed by
. the Advanced Television Research Consortiom. This trangport
packet includes a prefix which containg, among other ‘things, a
-general -identifier to indicale to which service the .payload




once the systemis 'synchronized the error signal will dither one wunit
-about the null point. The preferred nmethod of synchronization is to
initiate control of the voltage controlled -25 oscillator using the error
"signal E until a, one unit dither o_qy_rs in the error signal E, and then
to swwtch. to the use of the long teérm error signal LiE to control the

vol tage controlled oscillator . In order to accommbdate the delays, T :"
St, incurred in the multiplexing process, the transport processor at the
encoder 30 creates an .auxiliary fi eld within an anxili ary transport :
packet which contains information relating to variable :delays. Provisi on;
i s made for coptiifsd rvjthini thevpadksblie xddtag. | Thorheldi 68 at 2 coppdtyi ve ;

o e e Gy U utlel T R 1 st st
ﬂl gh Defi n?/tsFBﬁcﬁ' & &?agﬁfst“&ﬁibe?% & {?bﬁg% i?&d;degﬁrel evi si on

Resear ch Coresemuieymif The splﬁmnbposmimckedaﬂmdmg ‘Brqyidef | X whi ch

containsg arf@ﬂﬁuﬁbﬂebré ingd redf B@ﬁ@é péﬂ%ﬂ&é fderltnd Oﬂiﬂl‘ﬂ;bﬁat e to which
service the | oad cont | ned W th| he acléé is.related. The
field CCis ft PEJPF Scﬁ*ﬁ%%?%ltﬂ@yl W& edt Fr ofidesy plF poses.

The H) fi elngldted amxsham datas peiie (HDh8altb thwhiipticass ctbei paicyliatef | nes t he
payl oad. ForpaR¥aimbge fdr the ﬂ@ﬁ&ﬂﬁkﬂ fek@rvice is desi gnated to provide :
5 tel evision progra a | oads of t po ackets of §
that service type may k?ﬁyl{ﬁspég %atggt%;tqﬂsggg E‘ﬁ‘f 3 W 1th éq‘c; %‘g
auxi | i arlyf deauxilidtye dHE_f | Thel payhead rmefi ent-asxiiipey qmspot;upmket pagy oad type |

for the partjseildfdr oRECKEImors! %ﬁa?y Mﬁ&rﬁEﬁﬁcﬁn&r@d‘%&Qrén&ﬁﬁkéﬁ whi ch
includes 10.auxiliary, data. The oad ofda aUXI | 1 ar}/:st ransport packet
may i ncl udedBhetBsiudst 40, IRSPPPUY g’@"@?ﬁ anount of

data i ncl udetqum&ctlwengrmmomq:aclw cﬁlmmzdsysFmREqﬁl rements. In
the -transpofferpasktw iﬁh&%‘ gga Fddfi’ﬁﬁm% dabe i th WheauXi I i ary :
groups coptal ning - SAL2 rerSbaleil%e 6d AUX2. The auxiliary sroup
AUX! inciudes data related to variable delays and the group AUX2
incindes the PCR per s¢'. The respective groups include .an
auxiliary group prefix and an auxiliary data biock. 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 mnodifiable
{1 if modifiabic 0 if not}. CFF is 2 1-bit Tield which indicates
‘whether auxiliary date is defined for this group. AFID is.a 6-bit
field which identifies the type of aoxiliary data contained in the
group, €.g., time code, scrambie key, copyright, etc. AFS is an 8-bit
25 field defining the number of bytes of -auxiliary datz comtained in
the group.
The AUX! group is shown .as beinmg modifiable and the
-AUXZ group is shown as not being modifiabie. AUX2 data is
shown to be PCR datz ie. the program clock reference. The AUXI1
30 data is indicated as DPCR data which is an acronym herein for
differential program ciock refersmce. The PCR data is captured
under control of a scheduier which controls the tansport
processor in the sncoder. DPCR data is captured as will be
described with refersnce o FIGURE 4,
-35 The FIGURE 4 apparaws is exsmplary apparatus of a
-~ portion of one of the multipiexer circuits shown in FIGURE 2.
- Associated with respective imput busses is a buffer store 67 which
may be a FIFQ. Data is stored therein when program data armives




15 program cl ock reference, AUXI and AUX2. The auxiliary group AUXI
I ncl udes 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 i|ncludes the fields M-, CFF, AFI D, %
and AFS. The field MFis a |-bit ? D Reid which indicates whether the data§
in the packet is nodifiable (I if -nodifiable O if not). CFF is a ’
i-bitfield which indicates whether auxiliary data. is defined for this
group. ATMis a 6-bit field which identifies the type of auxiliary data
cont ai ned ‘i n gnAe thed nAtifpiched - ist bﬂﬁcﬁﬂ@eacmkm@bhedd{&gmnECWI ghi., etc. AFS.

Is an 8-bit ef f dat a

cont ai ned i nznﬁ%kgﬁxbtfg wiég,%\!lﬂx%gr%gd{gﬂ%mg Ofbméasmgl :p“f@i gﬁ%ll able and
the AUX2 gr qupgrasm sirsivis axsadofropaithg Bekier i serees7.auxe. data is shown to
be PCR data it. the prﬂgf;ﬁd&h@boﬁhnﬁpbﬁr pacieets Tdsfemogfmﬂaeam s indicated

as DPCR d h -n_f t r cl ock
“reference; Thgck‘@ﬁ s cagfv'ur ed Jn‘deﬁ%o}%‘t da&l'sche%l g‘[m whi ch
controls -t heth‘t‘:r‘aaig?)d?ftth pPeRedlath 15 nOYRETIRGE R Ve DSOS 41BIRES O apt ur ed

as will be dgscidaRgsbry ﬁitk&ef@flﬁﬁm&ngoﬂfd GuiRRizty ﬁfmiigexrﬁbﬁzmm;
apparatus 1s Vﬁﬁf”?{;geéﬁép%&t Bleele by Bgtﬂlﬂﬁﬁ%ﬁgmxor&%agfbé% bt 1 pl exer

circuits sho ectiv | nput usses is a
buf fer store BY virkerof gay ctréaﬁs FPW"M te con nt RErBELRIHARN program

data arriyves reé“?{?@ kﬁgc%@ e¥Rk ﬁéiag%gnfli BCCESS AP wdanditf f erent

I nput bus. ng tot duling of the nultiplexer,
the program tet buffer rseard !’srnsnd he rlmfdﬁxarr st ammégpmqum ansport

packets of theg,pLoge S ‘phék%ftchtSét@tlpSiC%hﬁ 8dng PCR and
DPCR dat a. No %& &{%

vaue ftheP als det.er -relative to
the tining of rtf’ﬁ?a the AGEPFFRCD I?F‘g&g#ﬁﬁr t%;
i nformation. cdigpled F\@Rﬂﬂamgmherthmnt ti;ust ha‘hmldcmt@xéuncm

error 15 reset and enable a counter 62 to ‘count pulses of a lccal clock 60.
' The local clock 60 may be =z crystal oscillator having 2. frequency
which is very close to the encoder system clock frequency, or it .
Tnay be frequency locked to the encoder clock as per the operation
of the FIGURE 3 or 5 apparatus. A forther guxiliary packet
20 detector 63 is couplied to the output bus of the buifer store 67,
and is arranged to store current coumt vaise output the counter 62
in the lawch 68 when the auxiliary packet containing the DPCR data
emerges from the buffer. At this time the outpat of the coummter
will exhibit 2 count vaiuve, in umits of cycles of the clock frequency,
‘25 of the tramsit time through the buffer of the pariicular packst
Note,xfaplmahty of auxiiiary packets :are likely to occur in close
pmmmzty suck that more than onc may be concurrently
wansiting the buffer 67, the auxiliary packet detectors must be
: arranged to detect and respond to-each occurring packet.
30 The anxiliary packet detsctor 61 alse provides a
control signal which is applied to condition 2 laich 64 to store the
DPCR value contained within the auxiliary packet. This value is
applied. to ome imput port of an adder 65. The local count vaime
stored in the laich GR is applied to the second imput port of the
35 adder 55. The adder 65 sums the DPCR data from the cumremt
anxiliary packet with the local counmt value to provide an updated
DPCR vaiue DPCR'. The program data from the buffer 67 and the
output of the adder. 65 arc .coupled o tcspcctwc input ports of 2




by virtue of any delays incurred due to contention of signals in 10 the
mul tipl exi ng process. The delay time T ''' fit taken to'transit the
buffer store is :used to nodify the DPCR data to subsequently correct
such errors. An auxiliary packet dei;ctor, 61, arranged to detect the
occurrence of transport packets containing DPCR data, is coupled to the
program data input bus. This detector functions to 15 reset and enable a
counter 62 to count. pulses of a local clock 60. The local clock 60 may
be a crystal oscillator having_a frequency which is very close to the

encoder sys¥déeniciudtiviexequ@hcy Ther multipleagr 16 iy cppditignedobketlet o t he
encoder cl ogixifigryP Packe depaitst 163 to Chotniflly I fadRbthd programpatnt us. A

the buft 3?*@1“%@ 3‘91%65‘?1“2 HEeRs éﬁgegﬁf@‘f %?Qihgu?‘t %ﬁ%ﬂegﬁgi Pyal 6 out put.
the count er cBEreasniToRe thet baffes memuln@hwﬁwgrsoq@aww denpasni ng the |
DPCR datp — eieup@aed 'DFCRNeadtdf frof thé dddes, hidmbéh Swithpbhciofiot he counter

will exhi b|t .cou e of cycl es of the clock frequency, '25¢
of the tran? mgt '%%‘ %&oﬁ%%qf‘#g&b§7fer of the particular packet. Note,

if a plurality of audWhemripepaulipiexgr 04 iif cpapdidonsdc o pass-d83e
proximty, gk ﬁzbaiddm,r aht he@manesighyl Beors OmeUaddsit byrresgondsi to ng t he

buf fer 67, the.a [ det ect and
respond to é‘écﬁ“ tr@%@ggg{gw%gg%e Ml%ﬁﬂ&gaﬁ%qd%t ector 61
al so prb¥i débe &DHBR)H{!MI I%ﬂBﬁa‘Fch A iCMBESH Latch 64 |
to store théroddReR tfate cmtaﬂamedumhhmi E&emaamdrnawan@ckm This

valtie ' ot or SRRt Y I HHE the Bty e odﬁ'%e@é%%%%%T Pt 0 e
35 adder 65 tmhdn@gebuifer sﬁ?ms Fﬁ@’ I:PGQ Trocmmensied gk e awbATYa uxi liary |
o i e e+ oy, s
are . ggelp “f"énsr%@? %‘g qﬁﬁh #@%ﬁnﬂa MEO {”PL&i mul ti pl exer 66. :
The mul ti pl auxiligy iggowvphdi ti oned by the auxiliary packet detector 63 to |
normal |y pass the promegmidat Back to FIGURE 2, the transport processor 53
will -establish the TPCR auxiliary .groups and mnormally insert a zsro
‘valge for the DPCR datz corresponding to mew programs. Recall
20  however, that stored datd from the digital storage media 51 may
be ‘inserted between segments of live data, and that the stored
datz may be pre-encoded with PCR :and DPCR codes. When the
trapsport processor 53 is to imsert stored data between sepments
of live data, it accesses the PCR ‘code of the stored datz and
25 subtracts this PCR valoe from the couwnt 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 wvalues in the stored data inseried
between live data mow conmins a referemce to currenmt time. This
30 -procsss is ilinsmated in the flow chart of FIGURE 8. which is seif
explanatory.
The use of the DPCR datz in 2 recsiver is iliustrated in
FIGURE 5. In FIGURE 5 ciements -designated with the same
nomerals 25 clements in FIGURE 3 .are similar and perform similar
35 functions, cxcept that the function of slement 32 has been
' modified. The modification invoives including adder 45 arranged
‘to sum the corresponding PCR and DPCR values arriving in
~ associated auxiliary groups., The sums provided by the adder




However when the DPCR data contained in the programdata energes fromthe
buffer, the multiplexér 66 is conditioned to pass 5 the updated DPCR data
fromthe adder, and then switch back to passing data fromthe buffer 67.

When the nmultiplexer 66 is conditioned to pass data fromthe adder, the

out put signal fromthe adder corregggnds to the sumof the DPCR data :
contained in the auxiliary packet plus 10 the count value in the counter
62 when the DPCR data energes fromthe buffer. The data substituted for
the DPCR data by the nultip|lexer 66 is thus the prior DPCR data corrected;
for its trafemespandmo- the omiginglf PeR galuagpgmented dyr sRbAfAMSHed that the

auxi liary pebiyetidered o Reltpiegngmisdckanpi.y Thangmspaegpigedata in 15
|

accordance with. the appropriat,e nodifj ags, inl 1 ary
groups. Ref éFrﬁnﬁEmE%c t‘HRﬁ“cﬁﬁﬁgw%d" t Vghg{)ﬂrcagés ﬁgfk/fdﬁ%céggggpg‘g?g wil |
est abl i sh t e CRORIEAURCR' avaiuey dopSyswn fdodta| Ypchmesinetion. zero val ue for
:the DPCR data corresponding to new prograns.. Recall 20 however, that
stored data fromthe digital storage nedia 51 may be inserted between
segnents of |ive data, .and that the stored data -may be pre-encoded with
" CR and | DPCR codes. VVWben 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 PC R value :fromthe count val ue
=currently exhibited by the counter 23 ;and/ or latch 25. The . then

adds this difference to the DPCR value in the : of the stored data. The
mew DPCR values in the stored data inserted between |ive 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 FIGJURE 5. In FIGURE 5 el enents.
-designated with -the same nunerals .as elenents in FIGURE 3 are simlar
and performsimlar 3 5 functions, except that the function of elenment 32
has been




nodi fied. The nodification involves including adder 45 arranged to sum
the correspondi ng PCR and DPCR values arriving in associated auxiliary
groups. The suns .provided by the adder -13- correspond to the original
PCR val ue augnented by any transit delays incurred in nultiplexing for
exanpl e. The suns are placed in nenory 46 where they are available to She
clock controller 39 as corrected PCR values for system cl ock
synchroni zation. 14 CLAIMS Wat is,glainmed is: 1. A nethod of
comuni cating a conpressed video signal conprising: generating a tine
stanp; providing a further tine stanp; formng auxiliary information
including first and second data f{i,el provisionally containing said tine
stanp and a further time stanp r &% providing first and second
flags indicating the presence or absence of said tinme stanp and said
further tine stanp in said first and second data fields, respectively;
f or mi ng Wt ketlgimedspect i vel y i ncl udi ng headers and payl oads, wherein said
headers identify at least in part the contents of said packets and ones of
sai d payl oads include a segnent of conpressed video signal and ones of
said payl oadg mb@bddecAmbnicatind 4 t@nprebRti Qid¥BLsiA] cdig@iind:Ng sai d packets
at a receiver, and processing said packets at said receiver.

generating a tume stamp;

providing a further time stamp;

forming auxiliary information including first and second data fields
provisionally contaimng said time stamp and a further time stamp respectively;

providing first and second flags indicating the presence or absence of said time
stamp and said further time stamp in said first and second data fields, respectively;

forming packets respectively including headers and payloads, wherein said
headers identify at least in part the contents of said packets and ones of said payloads
include a segment of compressed video signal and ones of said payloads include said
auxiliary information;

receiving said packets at a receiver; and

processing said packets at satd receiver.



