- 1 - SYNCHRONaATI ON ARRANGEMENT FOR A COVPRESSED VI DEO SI GNAL Thi s

I nvention relates to a nethod and apparatus for 5 providing I cl ock signal
at a signal deconpression apparatus, which clock signal is substantially
frequency | ocked to a dock signal at a encodi ng apparatus. Conpressed

vi deo signal generation and transm ssion systens nmay operate on several

| evel s of synchronization or 10 perhaps nmore praperly called

asynchroni zation. For exanple the actual conpression apparatus wll be
synchroni zed, at least in part to the verkical framer rate of the source
video signal, and it nay al so be synchronlzed to the color subeatrier.

Once the vi deo si gnal E?Eﬁm &rticular signal
protocol, such as 15 MP 3 Eéj Iilf’?l essed into transport
packet s for transm ssi on. The nsport packets nay her tinme division
mul tiplexed with packets from other video or data sources. The packet|2| ng
and nul ti pl eX| ng may ofThisyinvertidre relgnes ito & methoddnd apprsAISNEWs f ashi on,
whi ch may 0 A\ig Qe 3Qk5§i Ezhr QPQU%lﬂﬂm&BﬁggékmheﬁﬁpﬁﬂuQPerat'On The

‘transport pac exed, or . not ereaft be supplied
to a rmdemfo\’“’ﬁ df‘ sf’ g’ﬂﬁfﬂa} frﬁﬂ éﬂfeﬁa ﬁ% not operate

synchr onousl| ysighnahh at he qncndmgrmppamnmd systenms. At the receiver of a fully
mul tiplexed transm ttegompressed video signal generation and transmission
systems may operate on several levels of synchronization or
10 perhaps more properly called asynchromization. For example the
actual compression apparatus will be synchromized, at least in part
to the vertical frame rate of the source video signal, and it may
also be synchronized to the color subcarrier. Once the video signal
is compressed and formed into a particular signal profocol, such as
‘15 MPEG 1, it may be further processed into transport packets for
transmission. The transport packets may be time division .
multiplexed with packets from other video or data sources. The
packetizing and multiplexing may or may not be done in a
- mutually syncmonous fashion, which may or .may not be -
20 synchronous with the compression operation. The tramsport
packets (whether multiplexed or not) may thereafter be supplied
. to 2 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 muitiplexed 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 opcranon in this case; in general, may mean that the -
* -respective subsystems operate cxtremely close to the - same
30 frequencics as their counterpart subsystems. For exampie, the
dccémpressor shouid provide video signal at the same frame rate
as provided by the video signal source at the compressor, and
synchmmzed with associated andio. Synchronization of the
video/andic decompression portion of the system may be
35 accomplished by inserting, at the encoder, presemiation time =
 stamps within the compressed videofaudio 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




25 conpressed signal, it is usually necessary that the various subsystens
operate synchronously with their inverse function counterpart el enents at
t he encodi ng end of the system Synchronous operation in this case, in
general, may nean. that the respective subsystens operate extrenely cl ose
to the sane 30 frequencies as their cogpterpart subsystens. For exanple,

t he deconpressor should provide video ¥ gnal at the sane frane rate as
provi ded by the video signal source- at the conpressor, and synchroni zed
with associ atsghadiior synchyeninatim pupesss and ferrsopérdeanenstioandeconpr essi on
portion of thgmgﬁﬁffn1nay be 35 acconplished by inserting, at the encoder,

presentation tinme s 'arLPs within the conpressed video/audi o signals, that
indicate the relative

hevEecenter BsIEEUSho T €pverioRarait $he piesisect i ve
segnents of a}eﬂ;[ﬂehqy UG ﬂ%@ﬁﬁﬂﬁh@&h&[ﬁﬁ.ime{@frm&mmygﬁmﬁmm@a be used
to conpare th i m f associated audi o and video .-2- signals for

synchroni zat i SWPQ%%@QPéﬁ?fPPB?lV%F% ﬁ@éﬁi’%ﬁ’c‘?%ﬂa{f‘iﬁq@gﬁﬁgﬁty.

The receiver gepglathgystcl@bnoaitlsck sipaslat e at the precise frequency as the
transmtting nodem R eicﬁ_r .n%dems tﬁﬁépi@ Ijé%.i ncrlcrde hase | ocked | oops
responsive to the tra Rz, Pfpe iy ﬁB e SFHS%RQﬁati ng

sygchr o?ous phadadtiziigapplasatus tends to be Synehhaimartdompliohterier twib t i pl exi ng
and or transpor etizi : . e

conpl i cated %E}ngl%e%@gﬁgﬁaﬁﬁ@ﬁipﬁ%}g{d ‘?@Qﬂ%ﬁ&n‘%{f Wifi%@(&é‘%&g%l?% may be

arriving spoflddiseednd/is thateraseboffcring st usanlly stploydd betimpgnitke usual |y

enpl oyed bet ; I Sd nmust be
made to i nsu?@ﬁéﬁgﬁ? ﬁ%@%@ﬁ%ﬁ#ﬁ’r n th{es‘r?&g{\?{él’rs * O\gflgsa[ei%gér‘ 11E%‘ggrf | ows with
the constrai thatibarate heffouneidhericridpws aor undgrfloss withghd cal to ninimize
manuf act ur i ng,£Q&fint that the buffe@%ﬁ%@a@%ﬁﬂ'aggﬁcﬁcﬁftotlﬂﬁniﬁﬁfése”t I nvention

may relate to a system and apparatus for inserting differential tine codes
or count val GeEufdctiagadflessed video signal for establishing

synchroni zation of anpg RRGMBSEmearesf BE psésenfinvelion amyliegté r ansport

or multiplex |ayer of aao_rru ti-layered .coigﬁesse.d vi deo i%nal i

Accor di ng t o !a# S¥siERrand,apRasatus fesimserting BHereaal fips codes OpFgiityed a
system for pralicding cangaomedssdsh si'gdﬁﬁfosb_ga_blismhgsyﬁcﬂ_&oﬁizad?lbxoi meansI for
generating tinme stanps, for use . n synchronizing a receivar ock signal;
transport pr 35‘@%@5‘?1_6_ a_ec]%iyﬂ???lg?alf _ Enaﬁ ?ﬁﬁﬂ%’&&?r%‘[@%?ﬂ%m of which
i ncl ude payl oddanuifi-lmgertdoamppressddvidedsignsl. gnal and transport headers
identifying respective , Olr A i A f- said forned
transport packets, sai%P@Lr}g%sdtt%a%a%ggﬁcfﬁathg@%@gﬁﬁxgﬁgﬁ’ﬁ%} Msaid further
data field forovided adystgm foripigvidinfor rempressedvideedigmalt i me st anps of

anot her conplrsseftrizbd®y. Mk Al mk \eimpOloriRER Vi ng and

- processing sald _transpo pac ) ccording to an epbodi nent of
the present SYRAHONGHIE & Feaeavarslonkosigad aRSROShRTOSESFOT CHELBINGHr oni zi ng at

Ip(ragzgsgego;t i(forrp-r Ss dﬁ@f?r n*glléag’ccgr rigfn | in - Fgﬁﬁ%gﬂd%g?féﬁi?morhi:gnpr essed
vi deo si gnal CRREFESS Wﬁgﬁ’tﬁlgm‘ﬁ@m@ %Eg%ﬂle'éé‘?ra ii&%‘r@%ﬁl@sﬁfé@k’@t s include
payloads, and for including in ones of said formed transport packets,
said time stamps and a further data field, said further data field for

including timing information related to time stamps of another

compressed video signal; and a receiver for receiving and processing
said transport packets. _ |

According to an embodiment 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



-2a- programclock references including count val ues periodically obtained
froma counter arranged to count nodulo K, (K a positive integer) pul ses
of an encodi ng system cl ock, and which includes farther count val ues, said
apparatus conprising: a source of said transport packets including
transport packets having said count val ues and further count val ues; a
controll ed oscillator, responsive to a2s8ontrol signal E, for providing a
recei ver systemclock; a receiver counter arranged to count pul ses of said
recei ver system clock nodul o K; neans, responsive to_the occurrence of
transport padiegan plockdefegennss dnduding cpantwalucs periedisalingbemasdt val ues

out put by saifyheG&junesr b8%o cHBANROHRN0 K (X a hkikive hfefe) Pulies val ues
and further count values fr n1§§|d transport ckets and rgﬁﬁon5|ve to
ke <§y b
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successi vel y Gagragodingfiystean g adwhiglyinghidgs fathsncopn ter and
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east a portion.of a conpressed video signal .r Vv c
processes a gsﬁayggggﬁmgﬁkg ’gfaﬁgwﬂ65WH%Fi &ng%fh}gﬁggz¥@&%gﬁ%%@s of
conpr essed virdedvai gstens climksnoduleti cinchs, ecspoosivs ito thd eccuirencedf ng
auxiliary infQr ' [ auxi.!i ' I ' cl ock
references aﬁ%nﬁﬁé#E@?k%$g§ﬂug@#§9gk%g§?%gﬁgﬁggﬁaﬂgygﬁ%%%ﬁgbgggkets
i ncl udi ng fi rstputriy sed pegivdraguntendingans kg t he presence or absence of

- said clock references and said further clock references,  said nethod

conprising the steps of: providing transport packets of conpressed video
signal; providing a receiver systemclock whose timng is varied
responsive to a control signal E generating receiver clock references by
counting 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
said clock reference being present and said receiver clock references.
In an enbodi ment at the encoding end of the systema nodulo K counter is
cl ocked responsive to a systemclock, and sel ected ones of count val ues
provi ded by the counter are enbedded in the signal at the transport |ayer
according to a predetetutined schedule. Provision is also nade in the
enbodi ment to include val ues representing preconpressed count val ues when
preconpressed video signal is incorporated in the signal. In a further
enbodi nent, at signal transm ssion |ocations where the conpressed video
signal may be queued, provision is made to neasure the tinme, in counts of
cl ock pul ses of a systemclock frequency, of the time the signal is

del ayed, and to access -4 - and update the differential count values in
said transport packet with the value of the delay neasurenent. In an
enbodi ment at the receiving end of the systema counter, simlar to the
counter at the encoding end of the system is responsive to a controlled
receiver clock signal to provide count values, and these count val ues are
sanpled at tinmes related to the arrival of the count val ues enbedded in
the transport layer. The transnitted 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



-5 - BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a bl ock diagramof a
conpressed video 5 encodi ng/ decodi ng system i ncorporating clock recovery
appar atus enbodyi ng the present invention. FIGJRE 2 is a block diagram of
signal multiplexing apparatus useful in representing the devel opnent of
mul tiplexed data fromdifferent sources. 10FI GURES 3 and 5 are bl ock

di agranms of alternative enbodi nents of3-cl ock recovery apparatus for use
with transmtted conpressed vi deo dat a. FIGURE 4 is a bl ock
di agram o; Si ge@ieving ddumlt eglhggaﬁ@ﬁw@nﬁuhﬂfélu&f ﬂgn:gses'&sﬁaﬁgpdmr augnent i ng
timng references 15 incl ude 1 thin t tipl exed signal | GURES 6 and
7 are pi ot or i SRR ARAREPERSIe {0 Segaiiy Sy Stk bRy Ues ot Pat Y oi gnay
transport bl oskid receiver countdsl dBdRBr&spsndinglseid aivat valuks theé fagplkeerat i on of

the transport cRhi TR 8 Jal dHRspiort SRR sbndrhlig bhRl &Rl L YP! Cal

systemin whiCr _ . _
signal, E, for controlling said controlled oscillator.

According to another embodiment of the present invention,
there is provided a method for synchronizing at Ieast a portion of a '
~ compressed video signal receiving system which processes a compressed
video signal occurring in transport 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 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: providing
transport packets of compressed video signal; providing a receiver
system clock whose timing is varied responsive to a control signal E;
generating receiver clock references by counting pulses of said receiver
system clock; detecting the presence of said first and second flags, and if
said flags are detected, determining the presence or absence of said clock
reference and said further clock reference; and generating said control

- signal E responsive to at least said clock reference being present and said

“recerver 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



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 elseviEnt 11 which may include a notion
conpensat ed predictive encoder 25 utilizing discrete cosine transforns.
Conpressed video signal fromthe eleaent 11 is coupled to a formatter It
The formatter arranges the conpressed video signal and other ancillary

dat a accordi té&%é @hﬂﬁmﬁﬁﬁ dgkdtdeveloped
by the Int er%gq g’rﬁ%?g%es ?}on 2? taﬁ%}aragﬁasgg@ @ ation
| nt er nat i onaWettDélmﬂlim Dféhﬁdi@ YHBC IS BIaHFR} ncj lied to a

transport prg eﬁe%%'ixg}% eﬂ’&"o?*ih@'sgkf’éﬁ éBSuﬁteﬁnﬁimﬂﬂfmm@haﬁﬂm‘fatdata and
er SO

adds certai n ot t o provi

me noi se’ i n|t ?$
transni ssi orthsueRRRAER e SHBIID p B KESPONSHY ]11 occur at a
non- uni formfe%re?v@:r@io%isa | o provits abembulies, idd dheshoptnyi des out pu

data at a relatively co nt rate C ClV o eff of a
rel atively nﬁﬁﬂ%%’ﬁﬁ&ﬁé@ﬁ U IRES; g"i" g’r?n a%h@%f@e@@d dant is
coupled to avm@@renaﬁemcbmmmmmaamgmammémm ande -
A system clock 22 provides clocking signal tq oBerate nmuch f t he

appar at us, aliffdrentiot cqunicyaliersisee 295esSed Bom s fecqly laffleﬁlag Egeg pthihe |
operate at a _fixed f hown herei n,
hgmever |tr??“mruﬁm{gﬂggﬁgéIﬁﬁﬁpa%%mﬁzo5@%¥%§%é§%§%paﬁﬂgﬁ%§§ten1cIock is
coupled to the clock input of a counter 23 which may be arranged to count
nodul o 230, for exanple. The count val ues output by the counter are
applied to two latches 24 and 25. The latch 24 is conditioned by the video
source to latch count values on the occurrence of respective frame 1 0
intervals. These count val'ues are denoted presentation |linme stanps, FMs,
and are included in the conpressed vi deo signal stream by the formatter
12, and are used by the receiver to provide |ip-synchronization of
associ at ed audi o and video i nformation. The latch 25 is -conditioned by the
transport 15 processor 13 (or the systemcontroller 21) to | atch count

val ues according to a predeterm ned schedul e. These count val ues are
denot ed program cl ock references, PCR s, and are ‘enbedded as auxiliary
data wi thin respective auxiliary transport packets. The system controller
21 is a variable state machine 20 progranmmed to coordi natée the various
processing el ements. Note that the controller 21, the conpressor 11 and
the transport processor 13, nay or may nhot operate synchronously via a
common cl ocki ng arrangenent as |ong as proper interconmunication is

provi ded between processing el enents. 25El enents 16-26 of FIGURE 1
conprise a receiving end '




of the transm ssion system wherein the nodem 16 perforns the inverse
function. of the nbdem 15. Data fromthe nodem 16 is applied to an inverse
transport processor 18, which provides conpressed video signal formatted
according to the system 30 protocol, to the rate buffer 17. The rate
buffer 17 then provides the conpressgd video signal to the deconpressor 19
on demand. The deconpressor, responsive to the conpressed video signal
generates non-conpressed video signal for display on the device 20, or for
storage etc., in an appropriate dévice. 35The inverse processor 18 al so
provides PCles fromthe auxiliary transport data, and control signals to a
system cl ock generator 27. The cl ock generator -responsive to these signals
generates a system cl ock signal synchronous with at |least the -7 -

transport processor opera}l ' | l.is applied to the
recei ver system control I@%ﬁ%ﬁ%ﬁﬁf}m&%ppmpri ate
processi ng el enents. REIGUREL ! AsGuRHoRk vdiagihani bf ustompresseapprdeat us which 5
may be ing Udcﬁféoﬁfhé/h@c&diﬁgsé‘}s&&hpﬂnﬁﬁﬁ'ﬁ‘&'aﬁﬁ f@focﬁx*'i‘éﬂﬂx% Qﬁpﬂaﬁﬁm may
recei ve data frg%ﬁgoﬁha |t§ .sour ces, WhICh data 1s

transnitted off T (Bl ?ﬂsépgﬂlt&ﬂﬁnnel This may be accorrpl i shed by
time divi SI on nul ti pl eKIGYRES 2thea\kdmb®agnagnaf$i§uabmmlﬁ@1mg ous

~sour ces. ai‘itﬁE' amumht r@pR%biSng theRievERphRYE! 66 mﬁﬁ’ir?c}
vi deo progra é’ ener ated i n di fferent studi os coupl ed to
a first rrultlr% P SPM5GEans are tine dIVISIOI’l nul ti pl exed

accordind G o known tecHIﬁEfBEzS dndngrioviardeblock diagrams cof sltggmativsl . The
signal Si, ar[gng‘g&iﬁ{eng)qfc@l&kg%c%, n#&ghgtﬁﬁrugéﬁﬁﬂrces are appl i ed
to a second qugr HUHICF())lR?[;(!‘ecgse vidhe e|
IHGKHBEJ413ztbkxﬂ:dnqpnn:ofsugwd:nuhqﬂmnng
apparatus including & system for augmenting timing references
15 included within the multiplexed signal.
' | FIGURES 6 and 7 are pictorial diagrams of a wansport
block and an auxiliary signal transport biock. ,
FIGURE 8 is a flow dmmtofthecnznnnnlnfthe
transport processor of FIGURE 2.

20 FIGURE 1 illustrates a typical system in which the
'nnunuun11nay be practiced, which system is a mmmpnmsed 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 emcoder

25 unhzmg discrete cosine transforms. Compressed video signal from
‘the element 1113¢anﬂadin 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 Intcrnationale De Normalisation), The standardized

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

* transport packets, which normally occur at 2 non-uniform tate are

35 applied to a rate buffer 14 which provides output datz at a

-relatively constant rate conducive to efficient use of a relatively
- narrow bandwidth transmission channel, Tic bufféred datz is
~ coupied to a2 modem 15 which performs the signal transmission.



signals Si are tinme division multiplexed according to known techni ques and
predeterm ned scheduling. Finally, within the respective prograns

thensel ves, there nay be a further formof multiplexing. This nultiplexing
may take the formof comercials 2 O inserted into program material or of
stored material inserted between seggents. of |ive production material. In
these latter cases it is presuned that the comercials or stored nateri al
has been pre-encoded with respective PTIt's and PCR s. In this instance
the PTR s and Pa's of the stored material will be 2.5 unrelated to the
real time Prit's and PCR's of the live materialL Regarding the FIR s, this
will typically not créatsysismlsiesks 2Bepaenides fdosking Signayrial OBFRIC | ncl ude

parameters Iﬂﬁ;&:hust 'tﬁg iﬁ}faﬂ@@om@rﬁmrm&mf@ ithé tzraispaﬁ procBssbrsi gnal .
Conversely t aiglfé orrel at .on %d\/\%?g t he st ﬁn%?é time PClt's
may totally 38tqFOFPk ¥ r?é’ef‘ﬁ’t’e“ bif IR f ssor

el ements of exareplei veks sbemrrhms‘-m,ohqlwsehfltsb}nﬁwdom £50¢181¢. tming I n
FIGURE 2 41 ifoaasidied Tyl u@nsmbbuﬂa@c&s&@r cﬁﬁkll uees a

mul ti pl exi ng_appar at,us ,si,m | ion to . th Itlplexers
55 and 56. 33%?&5? ?‘he?’hb?tb%%(l gﬁﬁattﬁlﬁ %tnﬁﬁ%ﬁl pq exe gl[rgtem

order not toekampledatBheatconas pabuesveoutnuk tp3pithsigoyntart aus Applisd:

concurrent |y g6 ladass f2|4ouﬁda253| UTRd Ilitehomqetmﬁﬁsuouad b? tnee.e&wry to

EL?&?E %ldle gree of iﬂg@al buf @Pl nw% in th rrula#tgesgmq{v% &m?e These
10 mtervals Thesc count valnes are denoted presentation time
stamps, PTR's, and arc included in the compres_sed video signal
stream by the formatter 12, and are used by the recewver to
provide lip-synchromization of associated audio and video
information. The latch 25 is conditioned by the tramsport _
15 processor 13 (or the system controller 21) to latch count values
according to a predetermined schedule. These count values are
denoted program clock references, PCR's, and are embedded as
amxiliary data within respective auxiliary tramsport packets.

o The system controller 21 is a variable stats machine
20 programmed to coordinate the various processing clements. Note
‘that the controller 21, the compressor 11 and the transport
pracessor 13, may or may not operate synchronously via a

common clocking arrangement as long as proper
intercommunication is provided between processing clements,

25 - Elements 16-26 of FIGURE 1 comprise 2 receiving end

| ‘of the transmission system wherein the modem 16 performs the

inverse function of the modem 15. Data from the modem 16 is
applied to an inverse framsport processor 18, which provides
compressed video signal formatted according to the system

30 protocol, to the tate 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 sigmal for display on thc- device
20, or for storage etc., in am appropriate device.

35 : The inverse processor 18 aiso prov:dcs PCR's from the
aoxiliary transport data, and control signals to a system clock
gencrator 27. The clock gencrator responsive to these signais
generates a system clock signal Synchronons_ with at least the




jitter conponent. Assune a programtransits 100 nultipl exers (an

exagger ated nunber to accentuate the problen), and each nul ti pl exi ng adds
1 sec. 1 itsec. of delay. The end to end delay 5 is 100 sec. 100 p. sec.
of delay. The 100 seconds of delay is of little consequence to the
deconpressor because the conpressed.yi.deo and thus the Yin have undergone
the sane delay. The - 100 tam of jitter nmust be accommpdated or el se the
decoder buffer may overflow or underflow 10Figure 3 illustrates a first
enbodi ment of a receiver clock regenerator. In this enbodi nent, the
transport processor may be | ocated ahead of the rate buffer 17, in the

signal path, . r el RV CHl Lediihd t he
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auxiliary dat g pg b8 4 MYmibBA"¥nsmilio RafindieSiTHiog Wi Lhin
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recogni ze thesigndswirmsthdesamm |sngrcm adri iddisign tthanmplupiepiagk et

cont ai ni ngpa. rrﬁ?Rbcpf H-gaes ForCeimple e%e Ryrdthe PSCmayaRce of - transport
packets contai ni'fng su gﬂécrc-rhe control Fsr |s utl zgd to.store within

a latch 35, tBenes@isd Wa %‘uﬁ?’é’?ﬂsl’y"“%? &8 1A (St TBRPIAS Nt er 36,
The local 30 G§uUNtFhes3bpioprans angedmto divisicn pultipsxel azcodingpitoa e. g.

vol tage cont ghbes Exthid &kom roviBd ORI S5urdd signad! SANged to count
nodul o the sane nu %J aacen(rgfart count er, tg ncod r _(counter
1 offier; SOUESs, "b@ ow pass

23). The voltage contro
filtered BﬁrO&omaahrcp&pythdobaz secohdclayep nhultiplexer 336, Whersim rthe si gnal
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predstsmnncd scheduling.  Finally, within the
respccuve progréms themseives, 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 productidn 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 Teal time PTR's and PCR's of tho live material
' Regarding the PTR's, this will typically not create problems
becanse the video sigmal will include parameters instructing the
- decompressor to Te-initiaiize to new signal Conversely the iack of
correlation between the stored and real time PCR's may totally
30 disrupt the rate buffcr-inverse transport processor elemenmts of 2
. teceiver system do to loss of synchronization.
in FIGURE 2 it is assumed that the transpoit processor
53 incindes a muitiplexing apparatus similar in operation to the
distinct multipiexers 55 and 56.
5 A further problem cxists within a multipiexed system.
" In order not to lose data at respective multiplexing sites -if data
concurrently arrives from a plurality of sources, it iz nccessary to
provide 2 degrec of signal buffering within the multipiexers.




concurrently latched in latch 35 be designated L. The clock -9 -
controller reads the successive values of PCRs and L's and forns an error
signal E proportional to the differences EIPCRn - PCR jlILL,aLa.! I The
error signal E, is utilized to condition the voltage controlled 5
osctllator 37 to a frequency tendi nggto equalize the differences. The
error signal produced by the clock controller 39 may be in the formof a
pul se wi dt h nodul ated signal, which may be rendered to an anal og error
signal by inplementing the |low pass filter 38 in anal og conponents. 1 OThe
constraints on this systemare that the counters at the two ends of the
syst em count These dafiers madjuamnpyscor deiy Tutlz Bpl wherthtr egresdiitts 2 r equi r es

that the nom fre uencyo t he vol tage contro]l oscikl.lator be fairly
close to thel ??céq ﬂ STUIRG fo P EEA™ ¢ g %7 ﬁg% %Qla&?sthe

encoder . 15TKenfmegumgi appnbacho pamamt&erdmhprohiapi,das#nmibm zation
but may Intrmﬁglcaxd BBd§ emb@r&or sb@nttdS eu‘hgrenhlﬁ fid RiepROr ti onal

(0,1, 0 LS50 skl fog ey BSE9) 148" Sl ) 5 G 7l
little conscqueucc o the dccomprcssor bccause the compressed
video and thus the PTR's have undergone the same delay. The %
100 gsec. of jitter must be accommeodated or else thc decoder
buifer may overflow or underﬂow

10 Figore 3 illustrates a first cmbodlment of a teceiver
clock regenerator. In this embodiment, the tramsport proccssor
. may be locatad ahead of the rate buffer 17, in the signal path, to
climinate variable delays which may be incumred in the receiver
tate buffer. Data from the receiver modem is coupled to an
15 inverse wansport processor 32, and an auxiiiary packet detector
31. The inverse transport processor 32 scparates transport
header data from the respective transport packet payloads.
Responsive to the transport header data, the processor 32 apphes
video signal payloads (dcmgnated here as service data 1) to, for
20 example, decompression apparams (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 clement, 34.
The aoxifiary packet detector 31, which may be a
25 omawched filter arranged -to recognize the codewords designating an
auxiliary transport packet contaiming z PCR, produces a control
pulse on the occurrence of transport packets containing such data.
The control pulse is utilized to store within a latch 35, the count
vaioe currently exhibited by the local counter 36. The local
30 counter 36 is amranged to count puises provided by a e.g., voltage
controlied oscillator 37. The counter 36 is amranged to count
modulo the same number as its counterpart counter in the
encoder (counter 23).
: The voltage controlled oscillator 37 is comtroiled by a
35 low pass filtered error signal provided by a ciock controller 39.
The crror signal is gencrated in the following fashion. Let the PCR
-arriving at time n be designated PCR, and the count vaiue
* . concurrently latched in lawch 35 be designated Ly, The clock




20 corresponding | ateted val ue of the receiver counter. Nomnally the
error signals E and TEE will vary in discrete steps. As such, once the
systemis "synchroni zed" the error signal will dither one unit about the
nul | point. The preferred nethod of synchronization is to initiate control
~of the voltage controlled 25 oscilla@er using the error signal E until a
one unit dither occurs in the error signal E, and then to switch to the
use of the long termerror signal LI'S to control the voltage controlled
oscillator. In order to accommodate the delays, T St, incurred  in the
mul ti pl exi ng process, the transport processor at the encoder 30 creates an

auxiliary fietshtitiifedi 228 RN sddcBEsyvel rﬁmoar m*ﬁehnd/\'fl,ﬁh&ofﬁ:ﬁisns

|nfornat|onrelat|ngto |able deI Pro is made for nodifying
this variabl €2 ?Wﬂﬁ'ﬁ% éﬁﬁ% et“lcﬁf exi ng | ocations. Refer

to FI GURES 6 and 7. FI GURE E=P| W@iﬂat@@nér&nalﬂnyi a transport packet of
a type sinil aﬂméiﬁd? &Jgam l@eﬁ uRiibdae tli"&ihd?ﬁifm rﬁaalﬂn.ta '&iﬁ'tﬁiii%ﬁ System
devel oped y Ad\é’?i] | evi si on searc sor This transport
packet in >5°wﬁ| E‘B‘?ﬁyaf‘?fﬁnén'ﬁ’n gﬁlﬂﬁ &CEC}ener al

i dentifier: toThfn@IrterSQnal prodiced b}erﬁwcelachecmﬁﬂm‘dw may -bec imtthe ned
within the pagks ofsa.r;ﬁheéeﬂxdtﬂhaoam&tai ria$, WIS thayitey fdiReted/al ue

i ncluded for grror check gsf%z The rﬁﬂ" |eId S 12 serwﬁﬁF pﬁﬁLflC

" header which ©Hak;3alog) By, L ¥ BXalpie " Ft ‘
particul ar seandleg cgmegm ed to provide 5 teI evi si.on progranm ng,

respect | vegpayl oads of Wéecbfz%ﬁﬁﬁr bnpﬁﬁgeéﬁmﬁﬁ ﬁﬂ%a‘tha‘ieth\é' EsurtyidCamy
i ncl ude audi o,dat a w& (96 r rel at egl auxi | data. The HD field
[ I

thus indi cat e FXO 1B © (ﬁth AT AT ¥ Packet .
FI GURE 7 i || usmitipies thereafnspbhis pequimes thiak ciirei nomjunadsfrequency of the

voltage comtrolled oscillator be fairly close to the frequeacy of the
frequency of the system clock of the emcoder.
15 The foregoing approach provides rather rapid
* synchronization but may introduce 2 lomg term error. Long term
error LTE is proportional to the difference '
\ LIE = IL, - Lot - IPCR, - PCRol
where PCRp and Lo are for example the first occumng PCR and the
20 corresponding latched wvalue of the receiver counter. Nominally
' thcetrorsignalsZEandL‘IEwillvaryindiscmcstcps As such,
once the syste.m is "synchronized” the error signal will dither one
upif about the null point. The preferred method of
synchronization is to inmitiate control of the voltage controlied
25 oscillator using the ervor signal E until a one unit dither occurs in
the ervor signal E, and then to swiich to the nse of the long ferm
. emror signal LTE to control the voltage controlled oscillator,
|  In order to accommodate the delays, T I &t, incurred
in the multipiexing 'ptocesé,' the tansport 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
Tespective multiplexing locations. Refer to FIGURES 6 and 7,
FIGURE 6 illustrates pictorially 2 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 containg, among other thingg, a
- general identifier to indicate to which scrvice the . payload




10 auxiliary data. The payload of an auxiliary transport packet may

i nclude one or nore auxiliary groups, depending on the anount of data

i ncluded in respective groups and the current systemrequirenents. In the
transport packet illustrated in FIGURE 7 there are two auxiliary groups
containing data related to the 15 pi16gram cl ock reference, AUXI and AUX2.
The auxiliary group AUL includes data related to variable delays and the
group AUX2 includes the PCR per se'. The respective groups include an
auxiliary group profix and an afitillaty data bl ock. The prefix includes
the fields IvlF, CFF, AHD, and AFS. The field MPis a 1-bit 20 field-which

ind cites mhether t he I n the C | S 1.i lable O
if not). CFF°% ?“!ﬁdt“‘fl Tlglh\ﬁ/n? grgﬁ%d \Aﬁﬂ%jﬁ{ecrl‘?gdlzjgl |ar{'{?n§9§h§
defined for tcheek gabupincinded §owac5cqm checkepurpppsse e dHP i figldsist e type of
auxiliary datganqedispesieit hBaddiewiich Bpee lfiball t ienasodies paglcadbl &deey,

copyright, etc S'i n |t 25f|eldd t e r of bytes of
anTiiiary dat“'é%fﬁ tﬁé‘ge Wr&ﬁ'éla‘br% %We%i roup é} own as bei ng
nodi fi abl 8 anelevision AMNZTEMOUPS gesmmmmmadﬁepﬁgth@odrwwte AUX2 dat a
is shown to DR-PLR gRhRarl Servidte P Ghay inbRak itﬁﬁ@r&tﬁ,e viddee diddXlor30 dat a

br ogr am ¢l 33@&[{%&@@@% Eib&a?@a@ 0 s Blielal dhe sty 3
schedul er whipalylainttype sfor htet parietar Mébssor in the encoder. DPCR data
is captured as W || bepfisgRE edivdddiet of W bﬁdﬁﬁclﬂ indfuliBe Fl GURE

Ci oo o) ShovikEiTH BURE oThe Aeyladhefaeh Ty, rebin mskR Bi o' 7
buf f er st or e ifizindbi ot rcn‘a;ndve zuxrihm @auies,l écpgnémd Onhéwelaﬁwmér? program
data arrives gam included in Tespective groups and the current system -
requirements. In the transport packet illustrated in FIGURE 7
there are two auxiliary groups containing data Telated to the
15 program clock reference, AUX1 and AUX2. The auxiliary group
‘AUX! inciudes data rciatcd to variable delays and the gromp AUXZ
incindes the PCR per se'. The respective groups m;:ludc an
auxiliary group préfix and an anxiliary data block. The prefix
incindes 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 which indicates
whether auxiliary data is defined for this grouwp. AFID is a 6-bit
field which identifies the type of anxiliary dawm contained in the

group, ¢.g., time code, scramble key, copyright, etc. AFS is an 8-bit
25 field defining the number of bytes of auxiliary data conmned n

the group.
: . 'The AUXI group is shown as being modlﬁahicandthc
'-AUXZ group is shown as not being modifiable. . AUX2 data is
shown to be PCR data ie. 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 capturcd
under control of z scheduler whick controls the tramsport
processor in the encoder. DPCR data is captured as will be
described with reference to FIGURE 4.
35 ~ The FIGURE 4 apparatus is exemplary npparams 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 FIFQ. Data is stored therein when program data arrives



and the nmultiplexer is currently accessing a different input bus.
Thereafter, according to the scheduling of the nultiplexer, the program
data is read fromthe buffer store 67. Respective transport packets of the
program data 5 include auxiliary groups containing PCR and DPCR data. Note
that the value of the PCR data is deflerm ned relative to the timng of the
transport packet containing the auxiliary timng information. This PCR
data, when output by the nultiplexer, may be in error by virtue of any

del ays incurred due to contention of signals in 1 0 the nultiplexing
process. The delay tinme T St taken ta transi.t the ? ff er; St Is used to
nodi fy the DPGQddéhfa“tlB“Bm'édéeﬁ?‘lTﬁn or RERFS1BEch ‘8 “}gﬁl a‘&% liary
packet detect orhcr&]fm,ara&meug two Manhcdhhnmczfuthoem@twfcxm.aﬁmOrt

packets contai 4B §8!2ag' frofiPRkehulfe: lie PEOr am data input bus,
Thi s det ector ctions to reset and %‘E‘a e.a counter 62 0 count
pul ses of a | ocal cl ockR@(Pw‘FHE FaRsRon| BREEED %91 osci | | at or

having a fBequablde . auRiitdty | groups yconkaiseng (Pﬂﬂnenén}aﬁﬂgr dst,ast é?ﬁt%ltb%,t
frequency, or | E ﬁ@é&b‘@ fﬁé ugaey id 0&'%5&1 tiRaeRcRdaie @il ¢fs per the

operation of t appar at us. ther .auxili ket 20
~ detector 63 |stbéo§|§¥l%m>f§ d’alcﬁét FRBRIIRE S Hl'i‘aﬁjf? &?%%%%and i s
arranged to st’pmg PORI @41k, cehiont oquMebpumpumMMCmunney l:@zm $TE06e | at ch
68 when the a ,_ﬁgé’t(ﬁaﬁgﬁtdéi &itdh% BDQB’m‘éﬁhaneHP%ﬁg%%isfhpmthe

buffer. At th| tpu e counter wl | exhibit a count val ue,
in units afp Cyﬁieemuﬁiplbhagcﬂlmbsa‘ reﬁiuerrtrgiay 2o (T £hedtt 1akaBi 0 EAREL t hr ough

t he buffer of the rtlcular a f I f

packets are | |¥P€I9 & SOurts |$F gl g’f‘%&'. tnhdgt?begc al%lﬁgt‘qﬁg&gehﬁgn one
may be concurremird:gt suchnsumrsng Me

detectors nust 4 de:m:ﬁ mrdamglmacket

30The auxili ar et ector 6 d {&I 'cﬂﬂ | ch | S
applied to coxiY"éHHeiF‘g &F %‘8‘%568?‘2‘ ﬁﬁ% m 88% %“Ijll[ al ned Wi t hi
the auxililafy psekabd c‘ﬁlabisa uad:mmtms 62p e iconnt puisae afnp Jecdofieckdlan adder

65. The | ocal ak SEOI- &@Qﬁﬁ]cm@w adfmguﬁﬂcg second
i nput port of t @% d%@kﬁ@ g

adder, 65.s omthe
current auxili I &% ety \ﬂl?*ﬁ" {® o"'&’é‘?“‘{%uﬁséﬁ| &_ﬁ,{ ﬁow de an u‘g)dat ed
DI CK val ue’ DPChidy bhefrequemcanicsdesdf toorthe henceder elocky 28 neett He gotmte

the, adder 65 @fqpaGaERiIeE § bl SSAMREEME. | AP FirtiRer iwxilibrya packet

20 detector 63 is coupled to the omiput bus of the buffer store 67,
and is arranged to store current count value output the comnter 62
in the latch 68 when the amxiliary packet contmmng the DPCR data
emerges from the buffer. At this time thie output of the counter
will exhibit a count value, in units of cycles of the clock frequency,

‘25 of the tramsit time through the buffer of the particular packet. |

' ch,rfaplnrﬂityofanxﬂizrypackctsmlikclyto'occmincioscr
prexzm:ty, such that more than onc may be concurrently
transiting the buffer 67, the auxiliary packet detectors must be

: arranged to detect and respond to- cach occurring packet.

30 The auxiliary packet detector 61 aiso provides a
control signzl which is applied to condition a latch 64 to store the
DPCR value contained within the auxiliary packet. This value is
appiied te onc input port of an adder 65. The local count vaiue
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 curmrent

- auxiliary packet with the local count value to. provide an update.d

- DPCR vaiue DPCR'. The program data from the buffer 67 and the
output of the adder 65 are . couplod to respcctwc mpnt ports of a




-12 - 2-to-1 nultiplexer 66. The multiplexer 66 is conditioned by the
auxi |l iary packet detector 63 to normally pass the program data. However
when the DPCR data contained in the program data energes fromthe buffer,:
the nultiplexer 66 is conditioned to pass 5 the updated DPCR data from
the adder, and then switch back to p&3sing data fromthe buffer 67.

When the nmultiplexer 66 is conditioned to pass data fromthe adder, the
out put signal fromthe adder corresponds to the sum of the DPCR data
contained in the auxiliary packet plus 1 0 the count value in the counter

62 when the DR gﬁ Qﬁ&iggﬁﬁ@t@;gﬁxgﬁ 6&@nptﬁjf§r 6 Tﬁ‘%oqm:zﬁ&'b?'lwt ed fisr

the DPCR dat& [ t ta corrected'

for its tran8pxi Waichf“t 69 . nREPalY | Ras?s‘h?emd #2t hat t he
auxiliary paﬂwcvd:etxﬁfdrpnh@amwgmmmnmnmuy thi aprograme adptam data in 1 5

accordance w.th r.opr S a r
groups. mcréc@Rﬁ%gr{r) rtlﬁg {"g&&k”?g H‘%ﬁ@&%gﬁgf tcrogglsd&ﬁd i gggsgr 53
will establithe ﬂﬁéﬂ@CﬁPQBX|¢4%r§F°§? shpsaddes avg tagn §“?£?ge Yero val ue
for the DPCR]PQQ;E @uwnmmgmﬁbmam prograns. Recall 20 however, that

stored data fromthe Gidept ween
segnents of |ive dat a%gééa{hﬁapﬁpﬂgﬁﬁzgred gl%mu&ﬁg ﬁ%ﬁ oded with ?2CR
and DPCR codéesm thenaddes, tthanapdnt egledtar WS 2 °Fo°9 t®8red data

bet ween SeQ”ﬁ!iE Suff ofltﬁe DBC& datd cencdasddSntthe :B‘iﬂmpdpaokbt tpfes st or ed

data an bt ract f o v e nt |
exhi bi tg]d ?#eh %tu%?i an ﬁ(%#% gzcgggﬂ#%ﬁh& e?:'{p-)é&cesgor t hen
adds this d| Tfmetheéﬂtfﬁeft he’l‘hspéﬂta/ém@ﬁﬂ Hex iﬁ&a E‘E of the

stored dat a. xﬂiﬂﬁp&%&m\mhﬂﬂhelmbhé}Bméﬂademmbém i mmaen live
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packet detector be programmed to only ¢ gc program
15 ‘accordance with the appropriate modifier flags, MF, of the
- anoxiliary groups.
 Referring back to FIGURE 2, the transport processar 53
wﬂI establish the DPCR auxiliary .groups and normaily insert a zero
“value for the DPCR data comresponding to new programs. Recall
20 however, that stored data from the digital storage media 51 may
be inserted between segments of live dats, and that the stored
data may be pre-emcoded with PCR and DPCR codes. When the
LTansport Processor 53 is to insert stored data betwesn segments
of live data, it accesses the PCR code of the stored datz and
25 subtracts this PCR value from the comnt value currently exhibited
by the counter 23 and/ or lawch 23, The transport processor then
adds this difference 1o the DPCR value in the auxiliary packets of
the stored data. The new DPCR values in the stored data inserted
between live data now contzins 2 reference to cumrent time. This
30 process is illustrated in the flow chart of FIGURE 8. which is seif
| explanatory. '
The usc of the DPCR data in & receiver is ilinstrated in
" FIGURE 5. In FIGURE 5 clements designated with the same
. numerais as elements in FIGURE 3 are similar and perform similar
35 functions, cxcept that the function of ciement 32 has been
‘ modified. The modification involves iiciuding adder 45 arranged
to sum the corresponding PCR and DPCR values amvmg in
~ associated auxiliary groups.. The sums prov:dcd by the aﬂdcr .



The use of the DPCR data in a receiver is illustrated in FIGURE 5. In
FIGURE 5 el enents designated with the sane nunerals as elenents in FI GURE
3are limlar and performsimlar 35 functions, except that the function
of elenment 32 has been nodified. The nodification involves including adder.
45 arranged to sumthe correspondi nggPCR and DPCR val ues arriving in

associ ated auxiliary groups. The suns provided by the adder - 1 3 -
correspond to the original PCR value augnented by any transit del ays
incurred in multiplexing for exanple. The suns arc placed in nmenory 46

where they are available.to the gl contraoller rect.ed PC121

val ues for szfr&ﬁ?%dgéR Q&fn&ﬁ%&?ﬁngﬁﬁoﬁ?&"- %ﬂéﬁe&%il pfg %tﬂgﬁé&cl aimed is:
1. A system f @elaysoicgtieg an conhipdeneg fardexamapignal Thensemetasei plaecdy: neans
for gener ating bRyl AEPIHER! HiESC ate SUSHIEON ZhGisck QERIdlisr Ghock
stagnat, as corrected PCR' values for system clock synchronization.



transport processor circuitry for formng transport packets, sone of which .
i ncl ude payl oads of said conpressed video signal and transport headers
_identifying respective payl oads, and for including in ones of said forned
transport packets, said tinme stanps and a further data field, said further
. data field for including timng inforgation related to tine stanps of

anot her conpressed video signal; and a receiver for receiving and
processing said transport packets.

CLAIMS
What is claimed is:

L. A system for providing a compressed video signal characterized by:

means for generating time stamps for use in synchronizing a receiver clock
signal;

transport processor circuiiry for forming transport packets, some of which
include payloads of said compressed v1deo signal and transport headers identifying
respective payloads and for including in ones of said formed transport packets, said
time stamps and a further data field, said further data field for including timing
information related to time Sté.mps' of another co'mpresséd video signal; and

- a receiver for receiving and processing said transport packets.



