- 1 - -SYNCHRONMATI ON ARRANGEMENT FOR A COVPRESSED VI DEO SI GNAL Thi s
invention relates to a method and apparatus for 5 providing a cl ock signal
at a signal deconpression apparatus, which clock signal -is substantially
.frequency locked to a dock signal at a encoding apparatus.

Conpr essed video signal generation and transni ssion systens nay operate on
- several levels of synchronization or 10 perhaps nore properly called
asynchroni zation. For exanple the actualjconpression apparatus will be
synchroni zed, at Ieast in part to the vertical franme rate of the source
video signal, and it al so be synchronivrd to the color sub carrier.
Once the video signal 6%33651 QNARBANGEMENDFAORGAr ti cul ar si gna
protocol, such as 15 NPEG 1, COMPRESSEDNIDEGSIGMAdcessed into transport
-packets for transm ssion. The transport packets may be tinme division
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transport paGkRick £MBRI{iSkalN4 &awc@«eﬂl rfrétftlehcyrddcliedeteal ERckbe supplied
to a. nodem for tra sm ss n of F&ﬁata e modem nmay or may not operate
: synchronousl G\H‘lh ed systens. At the receiver of a

fully nultipl eXed trangmmmsqu;prseg%@dgsﬂmm and jERnSMIgSioY
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to the vertical frame rate of the source video signal, and it may
also be synchromized to the colar subcamrier. Once the video signal
" is compressed and formed into a particular signal protocol, 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 dome in a
- mutnally synchronous fashion, which may or may not be
20  synchnnums'wnm the coinpression 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 synchromously with the prior mentioned systems.
At the recciver of a fully muifiplexed wransmitted
25 compressed signal, it is usually necessary 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 operdte -cxtremely close to the same
30 frequencics 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
synchronmized with associated andio. Synchronmization of the
video/audio decompression portion of the system may be
35 accomplished by inserting, at the encoder, presentation time -
. stamps within the compressed videofandio signais, that indicate
the relative times of production/reproduction of Tespective
" segments of signal. Such presentation time references, PTR's, may
be used to compare the timing of associated audio and video



30 frequencies as their counterpart subsystens. For exanple, the
deconpressor should provide video signal at the sane frane rate as

provi ded by the video signal source at the conpressor, and synchronized

wi t h associ ated audi o. Synchroni zation of the video/audi o deconpressi on
portion of the systemmay be 35 accefplished by inserting, at the encoder;
presentation time stanps within the conpressed video/audio signals, that
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communicating a compressed video signal comprising: generating a time stamp; -

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

receiver.



According to an enbodi nent of the present invention, there is provided an
apparatus for synchronizing at | east a portion of a conpressed video
signal receiving system which processgs a conpressed sicrnal occurring in
transport packets of conpressed video signal wherein identifiable ones of
said transport packets include program cl ock references including count

- val ues peri odi cal d nter tranged to count nodulo K

(K a positiv ntJééceor?B%{qa%en];bogméer?tgncgafeﬁ?j" 5‘9’5‘?[ cl ock., and which
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responsive t.o h#f occurren e of transport packets Efd count
val ues, for lglc 1 cte ST Tk asTEenpas 1mslugang cogntivabrescount er; means
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transport-p ts and respon t 0 successi Ve ed coun ues

out put by smg&’é)@é?vgﬁn%?gﬁsQ‘ﬁ§%°%éprmg@’5§%n¢1@©hmnd/al ues and
further counvhichl metndeofinsaied cbﬁ@@?b@ﬁés s gl P?afﬁ'i:s% %gia' d

cont rol S|g@§%g%§ f.or ontroa{ sald ontrof'l'ed. osci ator ccordi ng
to another & %ﬁfﬂdo%aﬂ?@ ‘? i [TapsROTE Naskgtsovi ded a

- met hod ‘f or bayigsand zongt aﬁlﬁmsﬁda‘apm’drlmfv@uég@égﬁﬁﬁﬂeﬂl deo signal
receiving s essed.video si.gnal occurring in
transport pgékgﬁhﬁgTﬁ%%ﬁ&ggggggibﬁagsng ﬁﬂgﬁgidﬁg &F@Hh have provi sion

for includi RECHYRS Wsﬁewmmknaummvemmnmeamalﬂ tytol dorimfptAkEON Ay

i nclude clo ences and sal t ransport
packet s .ncﬁ*ﬁé?‘ﬁ%?%fé?‘é?fgﬁ'ﬁ%ﬂ‘é?&%@%@é@fm%@ or
absence of SGFrUrTENsEie rmmma:hkdﬁngtshai co’(mtkahm‘sef@ﬁces said -
et hod_compsiosmgchiin: ShRREs Bhipd Y kdld el digusRALL RAGKELS B, corpr essed
vi deo signal; providing a recerver sys em C N %s vari ed
responsive to a control signal E, generating recelver clock ref erences 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 i nesence 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 sinm at the transport | ayer
according to a predeterm ned schedule. Provision is also made in the
enbodi ment to include values | epresenting preconpressed count val ues when
preconpressed video signal is incorporated in the simal.ln a further
enbodi nent, at signal transm ssion |ocations where the conpressed video
signal may be queued, provision is nmde to neasure the tine, 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 wth the value of the delay neasurenent. In an
enbodi nent at the receiving end of the system a counter, sinmlar to the
counter at the encoding end of the system is responsive to a controlled
receiver clock signal to provide count values, and these count values are
sanpled at tinmes related to the arrival of the count val ues enbedded in
the transport layer. The transmtted count and




differential count values are accessed fromthe received transport |ayer
and. used wi'th the receiver count values to generate a signal to control
the receiver clock simal. -5 - BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE
‘1 is a block diagramof a conpressed video 5 encodi ng/ decodi ng system
incorporating clock recovery apparatsus enbodyi ng the present invention.
FIGURE 2 is a block diagram of signal nultiplexing apparatus useful in

representin Mﬁﬂﬂ% %%?, 1 .f f erent sources.
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1 OFI GURES 3 and 5 are bloc odi ments of clock
recovery apPRDEPOE HagKels aDATERPPRINSNTOL FRGFESBIVSl B SEedGBY data.

'FI GURE 4 Ism@s%ﬁfﬁﬁtﬁgrm%c@t&%oﬁt& bRl RE# ALY | ncl uding a
system for augnentihg tfmn erencgis 15_included wthtn the nultipl exed

signal. FI VY ughdnd %ﬁe@z@mg IS g P Hh SIS TBRSRHA PBSKELDI| ock and

an auxi | i ar Yo peiahtinbaRa Wontd10§ikn al, E, for contrb[BdEsSid s a Row chart of
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According to another embodiment of the present invention,

- there is provided a msthod for synchronizing at least a portion of
a compressed video signal receiving system-which processes &
compressed video signal occurring in transport packets of
compressed video signals ones of which have provision for
including auxiliary information, which auxiliary information may

- inclunde clock references and further clock refereﬁces, 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
-Teceiver sysiem clock whose timming is varied responsive o a
control signal E;' generating receiver clock references by counting
pﬁlses 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
Tesponsive to at least said ciock reference being present and said
teceiver clock references. '

In an embodiment at the encoding end of the system a
modulo K counter is clocked responsive to 2 system clock, and -

. selected ones of count valuesprovided by the counter are
embedded 1n the signal at the transport layer according to a
predetermined schedule. Provision is also made in the
embodiment to include valnes 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 sigpal may be guened, provision is

-made {0 measure the time, 1n counts of clock pulses of a system
clock frequency, of the time the signal is delayed, and to accass



invention may be practiced, which systemis a conpressed digital video
signal transm ssion arrangenent. in this system video signral froma
source 10 is applied to a conpression elenent 11 which may include a
"notion conpensated predictive encoder. 25 utilizing discrete cosine

transforns. Conpressed video signal “Tfomthe elenent Ills coupled to a
formatter 12. The_formati.er :r%g?es the conpressed vi deo signal and other
~ ancillary dabg updse 3 SOYFH valnes st sr1sHanspe 4 standard
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or the transnissio I POSES.. e .t.ransport .packet ich normally occur i
at a non- unirPS’r"r:ﬁqré'{i@ggrs&%ﬂ@ PTG Bo'gntrﬁlglwcgfhﬁsf %%r%h provi des $
out put dat a valtués aed shinpded at timespelamt dochedurcivet of ¢hefdounitent use of a
relatively k t LSS a I - tais
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A syst em dogifferetil @uhtdaRics ke GlstdRgdSrEf @e rbeeivaeraniportTateh aff udeh With the
apparatus, at l|east including the transport Er ocessor. This clock wll

operate at EEcgivgrcommt vajuss inegrdgrata atigna] togonighths repiverslegaiigmal. As shown
herein, however, it is used to generate timng 5 information. The system
clock is coupled to the clock input of a counter 23 which nay 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§
O intervals. These count values are denoted presentation tinme stanps, 1
PTICs, and are included in the conpressed video signal streamby the ;.
formatter 12, and are used by the receiver to provide |ip-synchronization
of associ ated audio and video information. 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, FMs, and are enbedded as auxiliary data i
Wi thin respective auxiliary transport -packets. ;




The systemcontroller 21 is a varia' hie state machine 20 programed to
coordi nate the various processing elenents. Note that the controller 21,
t he conpressor 11 and the transport processor 13, may or nmay not operate
“synchronously via.conmon cl ocking arrangenent as |ong as proper

i nt er conmuni cation is provi ded bet wdea processing el enents. 25El enents
16-26 of FIGURE 1 conprise a receiving end of the transm ssion system
wherein the nodem 16 perfornms the inverse function of the nodem 15. Data
front the nodem 16 is applied to an inverse transport processor 18, which
provi des conpressed video signal formatted according to the system 30
protocol, to the late buffer 17. The rate buffer 17 then provides the
conpassed video signal to the deconpressor 19 on demand. The deconpressor

responsi ve o the conprBRER DEGSPPYIUICbFYIeDRA g- conpressed vi deo
signal for display oan&ﬁ]Jg,ew ce Zg or stgrage etc., in.an
appropriate device. lﬁc&c diaggam | %I“?H‘Wd’@ge@m s from

the andl ¥ ny cneedinpidecodiaga, syam cntempraimgnalieck orerosyst eqppatnak

generator 27emboayil thggfa@ggomvrcgwy ve to these signal s generates a
systemdirk si gnar

east t ransport processor |
operation. This syste%‘i@iﬁg@ﬁl pl o‘t} agnal multiplexing _
apparates useful in representing thc development of multipiexed

- data from differsnt sources.
10 FIGURES 3 and 5 arc block diagrams of alternative
: embodiments of clock Tecovery apparatus for nse with
transmitted compressed video data.
FIGURE 4 is 2 block diagram of signal muitipiexing
apparatus including a systsm for angmenting timing Teferences

15 included within the multipiexed signal.

' FIGURES 6 and 7 are pictorial diagrams of a transport
block and an auxiiiary signal tramsport block.

, FIGURE 8 is ‘a flow chart of the operation of the
wansport processor of FIGURE 2.

20 FIGURE 1 illustrates a typical system in which the
invention may be practiced, which system is a compressed digital
video signal transmission arrangement. In this system, video
signal from a2 source 10 is applied to a compression element 11
wiich may inciude 2 motion compensated predictive encoder

25  nutilizing discrete cosine transforms. Compressed video signal from
the element 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 Intcrnationaic De Normalisation). The standardized
signal is applied to 2 transport processor 13, which divides the
signal into packets of datz and adds certain other data to provide
somec noise immunity for the transmission purposes. The .

' trapnsport packets, which normally occur at 2 nom-uniform ratz ars

35 .appiied to 2 rate buffer 14 which provides output datz at a

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




to the receiver systemcontroller 26 to control the timng of appropriate
processing elements. Refer to FIGURE 2 which illustrates apparatus which 5:
may be included in tthe transm ssion nodem 15 for exanpl e. The nmodem may
~receive limm froma plurality of sources, which data is all to be
transmtted on a conmon transn155|0§'channel This may be acconpli shed by
time division nmultiplexing of the various signals fromthe various
sources. In addition the nultiplexing 1 0 may be | ayered. For exanple

vi deo prograns, Pi, nay be generated in different studios, and coupled to

a first nmultiplexer 5 T Secigﬁg ans_ar tlimi‘.dIVISI nrrultl | exed
according to known t r Ry a%oﬁkglguflé “The si gnal ;
Si, and ot hasuchoof ctbcsagpmlaslsa 3t feastn i@t:huhll&Sﬁsommrampm ed to a
second | ay eyl cldep! Wro&@uz"\ﬂeﬁeﬂii&& B?'s%c@asaﬁ'ﬁ NIHBEfgi Vi Sion
mul ti pl exed acco di ng kno S I ques and pre eterm ned schedul i ng.
Final ly, w R %?S‘@ Fndmidl o1 BTy RE a furt her |

form of ful tmﬁom:mmg Tht ssystem m&b@xu&mg:m}cd &k ahe mofﬁomubfofc@mrer cials

20 inserted cbﬂﬁ&r@?%lﬁ&h'\ﬁ&?rb@'arﬁhg%ﬁ & Uond: TR4ARL M ngerted bet ween
segnents of Ilvehp; o,ii ction monis' se,latter cases |é8%s presuned
| s

In_th
that the corfftBle T UGS YRR, PUEPYL ﬁy 1Rgs SRR 7% 8 with
respective RWER kached Ptlami 25n Thedaksis 24nie cnhémlém:d éiyaﬁr;t Paleos of the
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e live yaterial ardin e flits | S i ca not cream
probl end ChedBtE¥Rl heeﬁ}eaﬁo @‘F’ﬁnﬁﬁ"\ﬁl £ r%“ﬂ[fg nﬁ?st ructing the
deconpr essorstamps, ePTR!S, tand iare tivcladodsim e . ct@m&mﬁemﬁﬂ@hﬁ k of

correl ation debueen e rafRiRst and snlPlard | BRAPEYt SeRitetvef akl y 30 di srupt

the rate buffer:) se trans rt 0cess.o | enent s ,of receiver system
do to | oss m m‘Pﬁ éﬁ) o ?‘ﬁF "?‘fll *°s assumed that !
- the transporinformations or TS iawhlﬂiles a‘-ondittmptiem’n@ca‘g‘pmpaﬂus simlar in
oper ati qry t OpdoRessdt Sty 6t tﬁyléys@:%@ﬂﬁoﬁé 2’19’ 125 1a18iP Aol tvRiesPr Obl em

(ra)élsf)faitymv:ahl n a g}{ltlﬂﬁl exedj iz%ste% a %rg gﬁ toghcl)tlse a%?g%ta
plurality ofdmmimng|donbm§$an¥cs,oPﬁmﬁm dnd cardegmbeddetl 8¢ gnal
buf fering Wi&ﬁaﬁh%ﬂylﬁiﬁxﬁxﬂsﬁmﬂve anxiliary transport packets.

_ The system controller 21 is a variable stats machine

20 progrzmmed to coordinate the various processing clements. Note
that the controller 21, the compressor 11 and the transport

| processor 13, may or may not operate synchronously via 2
commor clocking amangement as lomg as proper
intercommunication is provided berween processing eiements,

25 Elements 16-26 of FIGURE 1 comprise 2 receiving end
of the transmissior system wiiersin the modem 16 performs the
inverse function of the modem 15. Data from the modem 16 is
applied to an inverse iransport processor 18, which provides
compressed video signal formatied according to the system

30 7protocol, to the tate buffer 17. The rtate buffer 17 then provides
the compressed video signal to the decompressor 19 on demand.
The dscompressor, respomsive to the compressed video sigmal
generates nop-compressed video signal for display on the device
20, or for storage etc., in an appropriate device.

35 The inverse processor 18 aiso provides PCR's from the
aunxiliary transport datz, and control signais to 2 system ciock
generator 27. The ciock generator respomsive to these signais
genmerates a system clock signal synchronous with at jeast the




-8 - These buffers will inpose a delay Twhere St -represents a jitter
conponent. Assune a programtransits 100 nultipl exers (an exaggerated
nunber to accentuate the problem, and each nultiplexing adds 1 sec. |
"ssec. of delay. The end to end delay 5 is 100 sec. 100 tact. of del ay.
The 100 seconds of delay is of little consequence to the deconpressor
because the conpressed video and thus the Firs have undergone the sane
delay. The |1QU p.sec. of jitter must be acconmobdated or el se the decoder
buffer may overflow or underflow. 10Figure 3 illustrates a first

enbodi nent of a receiver cltv-k -regenerator. In this enbodinent, the
transport pr&@ESBYR PERFSHST| epsaaten.ahddds iystene ciegke sigrfal as 4fpiiddn t he

signal . -pathe the ﬁdcmdiniﬁm\ﬁard@%ﬁé%et@y@ phiredl RY t@ngNefirred in the
receiver rate_buffer romthe receiver nodemis coupled to an 15

I nver se trangggfqpr&t&égg&ssgtg %% nEAHSauxi | | ary prket detector 31. The
i nverse transport  procBsisrio3BicEBE: & exhich sillupmates appdmtusiawkichkr om t he
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ata e processor a o_signal _.payl oads si,gna ere as
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and auxi | i ar ys cat aw%gngmu@ 28 8 cRPIIYR EANIMISSIPN nbm ophksat e ;
?lﬁx' i arly datzﬁac?orw&'éébﬂ@hﬁﬁeﬁnﬁﬁlé ﬁn{cﬁ%gﬁw\ﬂﬁuﬁﬁm Eldf thel Q&gfuﬂghwthl n
e auxiliar a ut nd_stored in e
auxiliar %ﬁ%‘%“ e&gﬁlt (5? %dlo ‘%%ﬁ) b@ ﬁﬁ’?%f%% F%xé?g ar r anged
-to reco |Q| 7 A e daesied o sF %§F§‘HH¥§ ntded wosFmsa s, MahPsor t packet
cont ai ni ng ag&ﬁ&medoﬂucaaﬁe@nmmm& mnldseoegsteahﬁa QCEHEY afflep m‘xe{rransport

pad= contai ni hedata The cotrol ulse | |I|zedt re wthin,
a latch 35 e c S PAPRRETR # e fﬁ?ﬂ t%%l‘ug :&eﬁeaq:c nter 36.
The | ocal lawwn declygapes aﬁéarrgm oyrtoup sEmabryi ded by ae.g.

vol t age cont roI | ed osciHheagigial 33y, I;k& 61®61 sBiirce Osifala 13,2 70Me é@egount
ol © LS SR B s Ml ﬁ%%%"%@iwwoﬁ% C°derﬂi‘$8?’?’2&eﬁy
a 35 | ow passsighaisefpdireriime @ivifien padiplesed mecerdinpdk kBdWweol | er 39. The |
error signal geshiRaekahRd M&mﬁeﬁ'%&%ﬁﬁéhlwtﬁmpﬁe
respective programs 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 maierial. 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 nunreiated to the real time PTR's and PCR's of the live marerial.
Regarding the PTR's, this will typically not create probiems
becauss the video sipnal will imclude parameters instuciing the
. decompressor 1o Te-initialize to new signal. Conversely the lack of
correlation between the stored and real time PCR's may totally
30 dismpt the rate buoffer-inverse iransport processor eclements of 2
. Teceiver system do to loss of synchronization.
In FIGURE 2 it s assomed that the fransport processor
53 incindes a multipiexing apparatus similar in operation to the
distinct multipiexers 55 and 56.
35 A further problem cxists within a multipiexed system.
' In order not to losc date at Tespective multiplexing sites if datz
concurrentty arrives from a plurality of sources, it is necessary to
provide 2 degree of signal buffering within the multipicxers.




arriving at tlne n be designated PCRn and the count val ue concurrently
| atched in latch 35 be designated Ls. The clock -9 - controller reads t he:
successive values of PCRs and L's and fornms an error signal E

‘ proportional to the differences E 1PCRu - PCR | - La - La_i -1 The error :
signal E, is utilized to condition the voltage controlled 5 oscillator 37
to a frequency tending to equalize the differences. The error signal
produced by the clock controller 39 may be in the formof a pulse width
nodul ated signal, which may be rendered to an anal og error signal by

I mpl enent i ng e low pass_ filter 38 in analog conmponents. 1 OThe
constraints 'Sgﬁ:%P'éﬁ?ﬁs‘b’éhmthhtdqlﬁé ’E(}"&Gng’erﬁ Dege B EBPEHFNhds of the

system count jittee nEﬁ?qU il 2€vh8 U3 lmrﬁﬁh iRk acquires
that the no naI fég%uegxp t he voltaecotﬁtrol OSCI| at or befalrly
close to the'# f FR?EF B RS} E’;‘?’é’&m'c ’ék“cg‘f t he
encoder. 15Tmuléipicrggi R@Saripsaach o 8e¢.defs delay heThe apddtosgnd Hetayi zat i on 5

but may ifntradyos sée. m’l%";ﬁi&@ %Er&’ia LO"FH#"I@B%&MH ol‘—'(ﬁldyﬁxdobppo” i onal
to the di ffehence LTE- Lei Ean PCRo. and Lin ef for
exanpl e the HEHSCHEEGHER P HBC‘E’HE’“’SS‘“ cause the Comipress

video and thus the PTR's have undergone the same delay, The =
100 psec. of jitter must be accommodated or olse the decoder
buffer may overflow or underflow. ‘
10 Figure 3 illustratzs a first embodiment of a recasiver
clock Tegenerator, In this embodiment, the transpert processor
may be located abead of the rate buffer 17, in the signal path, 10
eliminate variable delays which may be incurred in the receiver
rate ‘buffer. Data from the receiver modem is coupied to an
15 inverse tramsport processor 32, and an asuxiliary packet detector
- 31, The inverse tramsport processor 32 scparates transport’
header data from the Tespective tramsport packet payloads.
Responsive 10 the wansport header data, the procsssar 32 appii.s
video signal payloads (d..s:gnated here as service data 1) to, for
20 exampie, decompression apparams (not shown), and auxiliary
- data {designated as serwice data 2) to the appropuiate aunxiliary
datz processing elements (not shown), The PCR's residing within
the auxiliary data are routed and stored in 2 memory clement, 34.
The auxiliary packet detector 31, which may be 2
25 omatched filter arranged -to recognize the codewords designating an
anxiliary wansport packet comtaining 2 PCR, produces z conirot
puise on the occurrence of tramsport packets comtaiming smch data
The conwol pulse is uiilized to store within a latch 35, the count
vaiue cumrently exhibited by the iocal coumter 36. The local
30 counter 36 is arranged to count pulses provided by 2 ¢.g., voltage
controlied osciliator 37. The coumter 36 is arranged to count
modulo the same number as its counterpart comnter in the
encoder (counter 23).
‘The voitage controlied oscillator 37 is controlled by 2
35 low pass filtered error signal provided by a clock controlier 39.
The error signal is generated in the foliowing fashion. Let the PCR
‘arriving at time. n be designated PCR, and the count vaiue
concurrently latched in lawch 35 be desigmated Lp. The clock




- 20 correspondi ng | atched value of the receiver counter. Nomnally the
error signals E and LIE will vary in discrete steps. As such, once the
systemis 'synchroni zed" the error signal wll dither one unit about the

" nul'l point. The preferred method of synchronization is to initiate control
of the voltage controlled 25 osci | I8tor 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 _ LIE to control the voltage controlled

" oscillator. In order to accommpdate the delays, T at, incurred in the

mul tipl exi ng process, the transport processor at the encoder 30 creates an

auxi | iary fi eparolign madsa thea ShoeRSsive n yplues HalkR's vamdch'scand dpmes
i nformation el akbNGig mv%zﬁ,wwa% thi2r diffsreibed S made for nodi fying
e

this variable delay infor re tlt/ rrul%‘El p| exing locations.
Refer to FIGURES 6 and 7 userh eg"“p drially a transport

packet of a tEhsecmpmisignal B5 is gutilirad @tse:@nﬁmqmehq-lwghagbfcpnmum
Tel evi si og be%&ﬁm&ezel QPQQ ey

ot her thi ngs 1 GURES B, I “dﬁoe%t%o%%“@f“ 2 ”ta' ’yf‘g‘éﬁg

-10 - cont ai rfémvxﬁiﬁ Hl Puiiﬁe“pdﬁkmodﬂiﬁﬁél sigoal, Whick ME’dbCCTtesda‘cdont inuity |
check val ue igcinldgaide0ler®ir’ densh@¢ KiriblcBRifthy e 16V Hdse! Mltdrs 38 mervice

specific heaqﬁ i & f| cal ly defines the payl oad. For exanple, if
t he particul ar sogwgchelggggalém gnated to provide 5 tel evi si on pr ogr amm ng,

respect i V& payl oads of Thtieconssmainisron pliy rystempfare hipat $be Josatery p& may
i ncl ude audi ahgafsid exideeer dﬂéas sfim bt Ctheabathnt | feyudaldor then HD fiel d

FORE 7 11 Rppiiied hEeBt ?y%ﬁ‘?%s%y’%ﬁ? B %‘?‘ﬁﬂﬁ‘isﬁ‘i@%ﬁ.?ﬁ Eﬁet $ data.
The payl oad ovolege sepntrelied, aseillasgrobe fritiveciosnytol by drrgueary of

auxiliary grmmg?pgpqh@g;ﬁﬁﬁkﬁoﬁowﬁmsﬁaa& i ncluded in respect ive
groups aq&the currant stem regui renent.s. fransport partn

Il lustratéd in FI GURE ﬁ%’ml?’& ‘b‘bﬁ alnlng dat a
rel ated to theynchronization but may introduce 2 long 1erm error.

error LTE is proportional to the differsmce
LTE = L, - Lgi - PCR, - PCRgl
where PCRo and Lo are for exampie the first occuming PCR and the
20 comrespomding laiched vaine of the recsiver counter. Nominally
the error signais E and LUTE will vary in discrete stzps. As soch,
once the system is "synchronized” the error sipnal will dither one
unit about the null point. The preferred method of
synchronization is to imitiate comtrol of the voltage controlied
25 osciliator using the error signal E until 2 one unmit 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 controlied osciliator,
 In order to accommodate the delays, T =T 8¢, incurred
in the mniltiplexing procsss, the tramsport processor at the encoder
30 creates an aunxiliary field within an auxiliary tansport packet
~ which contzins information relating to variable delays. Provision
'is made for modifying this variable deiay information at
respective multiplexing locations. Refer to FIGURES 6 and 7.
FIGURE 6 illustrates pictorially 2 transport packst of a type similar
35 1o that used in the High Definition Television System developed by
. lhe Advanced Television Research Consortium. This transport
packet includegs a prefix which containg, among other things, a
- general -identifier 10 indicalr to which sezvice the payload




15 progran1c|ock reference, AUXI ancL AIM The auxiliary group AMJ :
i ncl udes data related to vari2hie, delays and the group Al TX2 includes the !
PCR per se'. The respective groups include an auxiliary group prefix and
an auxiliary data block. The prefi>c<)1 i ncludes the fields Mg, aFF, API!),
and APS. The field MP is a 1-bit 70%iel d which indicates whether the data |
in the packet is nodifiable (I if nodifiable O if not). CEP is a 1-bit
field which indicates whether auxiliary data is defined for this group.
AFID is a 6-bit field which identifi'es the type of auxiliary dam contained :
in the group, e.g., tine code, scranble key, copyright, etc. AFS is an :
8-bit 25 fi etohifilvbdri wihinhehepatier wfrdigteds Fheafisid iCT s datentwgityai ned in

t he group. g le and the
AUX2 group i €5 o\\'/\%m%ls&%’f el ng rmdﬁlhl a%i !%%%e%ﬁ Iéﬂjl)gi E]g\%naeto be PO
data i.e. th%ﬁ"ﬁ?cﬁg%ﬁﬁl vehigh capec \Befinzs thst paylead.ndifeat ed as
DPCR dat a whexdmpia, & ther pmmultar eeumné@rxsddésftgnmaﬁlml ppod@ar n cl ock

ref erenc T, e r I er whi ch
control se'ri he@?‘g%&?poﬁr B{??)n'gglgj g S Rggg)ta&? ?ﬁdﬁ%ﬁ{?ﬂ I'S captured as
will be descPres Wi aﬁe%ﬂéﬁcwmwmu CuHeo 4888 &Fat us i s
exeg}oldaer)é zziptmimi 2 Ugaxifiagy piakd.i OThe (HDN dabd ﬂhhlebllm:ﬁdaml ﬂieepgﬂ:}cc;m ts ShO\é\/n7
in th.r ut busses is a buffer store
whi ch may bepéﬁﬁ%ﬂ%‘p@ f&l tne @Breg%rt gé:éﬂ.% when programdata arrives
and the nultipl exer i flm MlugEatess pnFanspert Macket Wiighydngudes
Thereaf t 0, aefitiacy ko The p@jiewldmgmomkﬂﬁryrummpm&hmaprogram

data i s read:. t f §§?£§ ? Anhsport
packet s of tHIeJi%?go Jr;|l§mggat[“8{;c ncl u agroqpsary gr ougs con a| n ng and
DPCR data. NEg@ frpindedcin, IEIRECHYS { BROYRSR2AA! HS SUFSRETHFWEH rel ative to

the timng ofrecrdiﬁ:mmﬂspaﬁtmaaﬁkﬁpueprp@kat nid@ea Uit FIGURE 71 ng

i nformati on. E?!HMJF ! m(“l ¥|g§ ybeln
error by?’\él rtt%%&o#zany de ays :%wéed of%géign on_ of Sl gnal sinloO:;¢
the mul t { pl e PFOEFaw slocks UXe. t n BT SHORPt he buffer |
store is usedkmzrmmst HetaDEmndaioa\tammw nth/ thergroay AUCID errors.

An auxiliary. %1 %ﬁ} t%ﬁcﬁ% urrence of
transport pafire s cont al nlé“ ata |s co ‘5% eg%r ogram dat a
[HuEilisEy

i nput bus. T cEICHP B8 2t AUPELALYS bYRe Breiinter 62 to
counltI pul Seﬁzﬁcﬁu&eslﬁfb fiklis KMEY) CFB)QQI-m;&hn@IAE& Myidbmzscﬁeylshnl

osci | I'at g e ader stem
cl ock frggue%?gw rit’, may he Tre uenc?ﬁ?ﬁogﬁe%% ég?%g eﬁ%o nra‘bc1 gck as
per the oper i Brmedifiaie © dunet ‘SEFSISaEp ARG indiRatRsxi | i ary
packet whether auxiliary dm‘ls uanneci for this gronp. AFID is a 6-bit

field which identifies the type of auxiliary dare contained in the
group, ¢.g., time code, scramble key, copyright, etc. AFS is an 8-bit
.25 field defining the number of bytss of aexiliary datz comtained in
the group.
The AUXI group #; shown as being modifiable and the
AUX2 group is shown as not being modifiable, AUX2 data is
shown to be PCR data ie. the program clock referencs. The AUXI
30 data i3 indicated as DPCR data which is ap acronym herein for
differential program ciock refersnce. The PCR data is captured
under control of a schednier whick controls the transport
processor in the encoder. DPCR data is capiured as will be
described with reference o FIGURE 4.
35 - The FIGURE 4 apparatus is exemplary apparates of a
: portion of one of the multiplexer circuits shown in FIGURE 2.
"Associated with Tespective input busses is a buffer store 67 which
may be a FIFQ. Dai is stored therein when program data arrives




2 0 detector 63 is coupled to the output bus of the buffer store 67, and
Is- arranged to store current count value output the counter 62 in the

| atch 68 when the auxiliary packet containing the DPCR data energes from
“the buffer. At this time the output,of the count= will exhibit a count
value, in units of cycles of the ded “frequency, 25 of the transit tine
t hrough the buffer of the particular path= Note, if a plurality of
auxiliary packets art likely to occur in close proximty, such that nore
than one may be concurrently transiting the buffer 67, the auxiliary

Dacte: dgﬁﬁtﬂ{eﬁ BRI Shulk® 1ﬂcﬁa¥t9§dm:qet&eéssﬁrgd ar aﬁpmd:tmpetaaﬁsolccurrl nlg

packe uxi i e rol signal .

which is appmﬁr‘f%‘ %‘(F&gfcﬁﬂﬁ ¥ PT% %’8%%&2‘8@3 gr‘%t#“@&% %e cont ai ned

wi thin the aumidgramydasacikercatihifepmyatnge buffespppreed’t o one i nput port of an

adder 65. The | ocal coggg%éﬁgﬁée;ﬁ;@g&t_lﬂc btk ﬁﬁ)g;smamka ed to the
h

second i nput. port, of t 5_adder d dat a
fromthe g"r’?t ?1[] ay & Wefowuﬁghe oca‘{ count val ueogg%ir ovi de an |

updat ed DI CK Sl ueiu@mmec TR plasyriamdgeermisadomisties bofther iBma® t he

e o Ul P e 1 o oyt Be x|

o-1 mul tiplexer iple y uxi liary

packet det ectb.s1 c&)dﬁﬁrrﬁ L&?ggﬁyeq‘groté?@%&%e am%&ovbvgvxgr g&ﬁgn t he
. DPCR dat a contbau wizgiei of tang @i@m dAncurres drerigecomension (98 alsrit t he

mul ti pl ex | S 0 Pag; det-ed sPR t m t he
adder, gb Mﬁﬁgﬁc i%c %@Egasm n%gagfwfu#ﬁo%_he bu% qg g?ﬁﬁto

When t he mul t it eaffer Gffores isc aped ttnomaukhfp tha SBPQB! dathr mnsuh:r-qaddéy , t he
out put signal f Den adegt C %ﬂ@ﬁﬁﬂﬁrtﬁcﬁ 8ie aseRief giheargﬁ(ﬁd
contained in t Og&geu§lﬁ ary packet plus T e count val 61,#1 he counter
62 when the DRCRHIDA SWEFIGESS (9l RAFPOF, PREKS i M the .
DPCR data by tdvapled! to phemgﬁﬁucﬁ.mhuq:mhhuqorl'ﬁns mwatfancmn%m ed for

its transj g ngcdﬁt ulder $®R chint grmended Libat gohe

auxi liary ect or be programed to0_on chapge, program data in 15
accor dance wi t i feeal siedkn 60 mEYnSe| £ g;ys;qlanbsgﬁlw P‘g éﬁ‘i‘?‘f’?

gr oups. which Ref egmyi ﬂ@sbawkmwdﬂdadBE s?steﬁheidz:kafmqucncyprmcﬁssor 53
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20 dctectur 63 is c:mpled to the output bus of the buifer swre 67,
and is arranged to store current count value output the counter 62
in the latch 68 wher the anxiiiary packet containing the DPCR data
emerges from the buffer. At this time the owtput of the countsr
will exbibit 2 count value, in uonits -of cycles of the clock frequency,

'25 of the transit time thromgh the buffer of the particular packst
Note, if 2 plurality of auxiliary packets are Hikely to ocour in close
proximity, such that more than onc may be concurrsntly
fransiting the buffer 67, the auxiliary packet detectors must be
arranged to detect and respond to- each occurring packet.

30 The auxiliary packet dewctor 61 also provides a
control signal which iz applied to condition a latch 64 to store the
DPCR value contained within the auxilisry packet. This value is
appiisd to ome input port of an adder 65. The local count vaiue
stored in the latch 68 is applicd to the sccond imput port of the

35 adder 65. The adder 65 sams the DPCR data from the current
auxiiiary packet with the local count value to provide an updated
DPCR valuc DPCR'. The program data from the buffer 67 and the
_output of the addcr €5 are ;:.ouplcd to rcspcctwc input portg of 2




20 however, that stored data fromthe digital storage nedia 51 may be ,
| nst at ed between segnents of |ive data, and that the stored data may be
~ pre-encoded with FCR and DPCR codes. Wen the transport processor 53 is to.
i nsert stored data between segnments.,qof live data, it accesses the PCR code
of the stored data and 2.5 subpar-Ls“this PCR valut fromthe count val ue
cuirently exhibited by the counter 23 and/ or latch 25. The transport
processor then adds Ibis difference to the DPCR value in the auxiliary
packets of the stored data. The new DPCR values in the stored dat a
i nserted betm®eh mMIWaﬁﬁow%ﬁ%ﬁlK@Weﬁ@r%n@@@m&%ﬁ Bhitht i ne. This

30 process Ia&xﬂiw%sdc&becadwcxbheéilwmm Opass! B Iad:w s self
expl anat ory.

CR da recei i's |Itedinl§'
o B 5 | Heyeysrevien, HE HPE add gﬁ%’t‘%‘&% "t{chﬁ%%%%’ s hs
el ement s |nW@EREf®f%1r@=sb#fﬁc& the amaltipiexar A6 sisnrprditivnsd f ionpessons,
- except that th@eyddaeat DPCIOf det-e TRith :Qb% haserbaan (e Switeh bRRe wpdification

i nvol ves i ncl udl ng,.add o sum-the corresponding PCR and DI CK
val ues arrl\ﬁ d‘%@ % tﬁg éﬁggf i oups The suns provided by the !

adder -1.'3 - corres%ﬁd ﬂwm@@@gﬁn porondifigaed ignBRteday any
transit del a¢smi BeUhfi@st, | heMakitpi! Shemial from ﬁi&afiﬁki@r chidrspodds ase ?l aced

corrected P m%éf?&i“@%ﬁ’%‘%%ﬁ ?&%ﬂgdytn%ﬁ SR PRI\ B e s
cl ai medlils: theAcoust adpeofinc AnRET i 6% @oﬁhﬂm d@!&e@nsﬁagﬁm
conprising: gepctal bied tThe &dtdn@bstitated for the DPCR data by the :
multiplexer 66 is thus the prior DPCR data corrected for its transit
time in the buffer 67. Note, it is recommended that the auxiiiary
packet detector De programmed to oaly change program data in
15  accordance with the appropriate modifier flags, MF, of the
- anxikiary groups.
‘Referring back w0 FIGURE 2, the transport procsssor 33
wﬂl -establish the DPCR anxiliary groups and normally insert a zero
‘value for the' DPCR data comesponding to new programs. Recall
20 however, that stored data from the digital storage mediz 51 may
be inserted betwesn segments of live datz, and that the stored
data may be pre-encoded with PCR and DPCR codss. When the
transport processor 53 is to insert stored data between scgments
of live datz, it accesses the PCR code of the stored data and
25 subtracts this PCR valoc from the count vaine 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 swred data. The new DPCR vaiuoes in the stored data inserted
between live data now conwins a teferemce to current time. This
30 process is fllustrated in the fiow chart of FIGURE 8. which is self
explanatory.
The use of the DPCR data in & receiver is ilinstrated in
FIGURE 5. In FIGURE 5 clements ‘designated with the same
numerals as clements in FIGURE 3 arc similar and perform similar
35 functioms, except that the function of clement 32 has been
modified. The modification invoives inciuding adder 45 amranged
to sum the corresponding PCR and DPCR values arriving in
~ associated auxiliary groups. The sums provided by the adder




providing a further time stanp; formng auxiliary information
including first and second data fields provisionally containing said tine
stanp and a further time stanp respectively; providing first and
second flags indicating the presencg or absence of said tine stanp and
said further time stanmp in said first and second data fields,
respectively; form ng packets respectively including headers and
payl oads, wherein said headers identify at least in part the contents of
sai d packets and ones of said payl oads include a segment of conpressed

vi deo si gnalccm‘ustpmrésmofthsamgxpaiyﬂ’&%isvalncl agpmsed h,ux-myl wansit nf or mat i on;

recel Vi ng s a , SS Sl at said
recei ver a,i:ga}g ioaTEpiklE @%‘ EOATHY, R R %@o SI GNAL |
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i nt er medi at ead ayfrecetl PORIakalasc foassysiem t ¢claok poyrchesnisadoni pl ex 5 | ayer of

a multi-layered conpressed video signal, includes at the encoding end of
the system apparatus (13,23,25) for including a

)




time stanp reference, such as a count value froma nodul o K counter (23),
and provision for a. differential time stanp which may be updated by the
transit tinmes of respective (e.g., 10 multiplexing) circuits as the signal
transits such circuits. At the receiving and of the systema counter (27)
is -responsive to a controlled receiver clock signal and the count val ue
of this counter is sanpled at the arrival of the tinme stanps enbedded in

t he transport layer. The tine stanps and the differential tine stanps
1.5 are retrieved fromthe signal and®conbined to forma corrected tine
stanp. :The differences of succesal ye sanpl ed count values _, of Jai

"receiver counter are Conpared Wth the :differences of _ correspondi ng
successive corrected tim sinips CLARMSi de a signal -to control the
receiver clock signal .20 Figure 1

‘What is claimed is:

1. A method of communicating a compressed video signal comprising:

generating a time stamp;

providing a fllﬁher time stamp;

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

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

forming packets r_esﬁectively 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 said receiver.



