- 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
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actuai compression apparatus wxl be synchromzed at least m part
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



respective subsystens operate extrenely close to the same 30 frequencies
as their counterpart subsystens. For exanple, the deconpressor should
provi de video signal at the sanme frane rate as provided by the video
signal source at the conpressor, and synchroni zed with associ ated audi o.
Synchroni zati on of the video/audi o d@conpressi on portion of the system may
be 35 acconplished by inserting, at the encoder; presentation time stanps
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ti mes of productlon repr od , respective egrre ts of signal. Such
pr esent ati GAERHY r ef er ences, PTR s, may be used to conpare the tim ng of
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conpr essedkitd@smeallagpractical t&ﬁ@@hﬁwmu@&mﬁﬁe%s@f the present
i nvention, there is. rOV|ded %% onnunlca i ng..a conpressed V|deo_

si gnal conpri sing: € TRPRRALIDNGHHORIPERer ti ne

_ fst alrrg, f orrolag taﬁfynammdf@pmfmmgmﬁ dmfmnﬁfﬂﬁuﬁﬁch ond data

i el ds proyisiona ont ai ni ng _sai st amp. an urther tinme stanp
respecti veﬁff ‘g?fn%ﬂﬁ % m%ﬁﬁﬂﬁﬁ‘g’g’rgﬂﬁgfﬂ ng the presence or
absence ofc:sia}mulshm naza:hts:anﬂ dniteemetiate iayenpf sigm@di d first and
second dat ke tlvely i ncl udi ng
headers an %’lpa% oad éﬁéyﬂs%?lai%eg%ggggfgm R}Qgg%%east in part the
contents womaraﬁspéan eo agoabnes of said payl oads include a segnent of
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- packet s atommiubica@eiaVvesmpressed 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.



2a 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 clock references including count

- val ues peri odi cal d nt er arranged 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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t ransport r sai d count val ues
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signal E, fo OIBPWSEFlng BEEUVBRE &) STERSPETo PRk atsr e evmpregsednt er
arranged 1o viden!sipuABRheptin Richi 8E51Y Ghe ¥Rk ﬁjaﬁgﬁblg%%'kg: K, means,
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responsive t.o i}}ff occurren e of transport packets 5§d count
val ues, for lglc 1 cte ST Tk asTEenpas 1mslugang cogntivabrescount er; means

for -3 - reericvically Qﬁbt@ind@'fb@lﬁ zﬁ@@uﬁtﬁﬁﬁ?ﬁngg&l@%o}ﬁ P%fo&r{l%\'ﬁgfa'd

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
control si gr&gtl%%g f.or ontroﬁ 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 p?%&%[ﬁt\@%f%g%h%@ﬁ%é@%%”g ’gﬁ%ﬁioﬁ% &ﬂg@ﬂ have provi sion

for includi RECHYRS Wsﬁewmmknaummvemmnmeamalﬂ tytol dorimfptAkEON Ay

i nclude clo ences and sal t ransport
packet s .ncﬁ*ﬁé?‘ﬁ%ﬁféﬁ‘é?fgﬁ'ﬁ%ﬂé?&%@#@é@%%%&w 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 with
t he. value of the delay neasurenent. In an enbodi nent at the receiving end
of the system a counter, simlar to the counter at the encoding end of
-the system is responsive to a controlled receiver clock signal to provide
count -val ues, and these count val ues are sanpled at times related to the
arrival of the count val ues enbedded in the transport |ayer. The

transm ttedreitting Audl VhM AN Ao cotal ViRl rofipSaRped from ¢ he

recei ved transport used ' wth the receiver count values to
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video 5 encodln OCK recover appar at us
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mul ti pl exi ngorpgawerativg 3236 ddnttdl §i8RRESENEdMSoAH]IfaY ghfgpment  of
mul ti pl exed datﬁﬁfrom |fferent sources. 1 OFI GURES 3 and 5 are bl ock

di agrams of CaFFelAdaSGHIAIEodi nent s of clock recovery apparatus for use
W th transm tt edheeRizas a8skhd dletddihadndof 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
inciuding auxiliary information, which anxiliary 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 absencs 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 aiso made in the
embodiment to include valnes Tepresenting precompressed count
values when precompressed video signal is incorporated in the

~signal.in a further embodiment, at signal transmission locations
where the compressed video 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



FIGURE 4 is a block diagramof signal nultiplexing apparatus including a :
system f or augnenting timng references 15 included w thi n the multiplexed ]
signal. FIGURES 6 and 7 are pictorial diagrans of a transport bl ock and
"an auxiliary signal transport bl ock. FIGURE 8 is a Row chart of
the operation of the transport prorc‘:‘dant of FI GURE 2. 20F| GURE 1

illustrates a typlcal systemin ich t I nyentjon nma ractlced
~ which syst e@bis @%I%P%&Wl‘@gﬁe%%ﬁﬂ m% g
ar r angenent wi}tﬁthféltﬁali?wme (3232 Iﬁ?ﬁg‘@eﬂéﬁ{ﬂﬁ m%diﬁ%ex% mppgl efl to a
conpre55|on enen ic i ncl ude a noti.on, conpensat e ictive
encoder Flmﬁg%nﬂl&‘éf@%%%ﬁmﬁ@m@ﬁ oY %@g si gnal
fromthe Sl Qﬁgrﬁndoﬁhﬁ @ﬁdn’éieﬂleth gteﬁpr” IBidspbndide ﬂjfwcbgtmmader =ranges tlhe
conpressed video si nd .ot her anci ata accgrding to sone signa
prot ocol sudf® ’s%é%gjxﬁ %’Fﬁr{& LR e?% e‘t;’h%mfﬁ? lF‘Ii!)thal -
Or gani zat i owvaloes Stesampied at time8@skzledawi thatarorval mféhnammnal e be

pr ocessor 1 %ﬂ#ﬁﬁ%ﬁ%@ﬁ%ﬂﬂ%@% isks e tufe ROBRERAE o,

certain ot hgifeeatial dofntRiaRéh B aBEd¥Bed TRdE thel roTBNUd N poFt 14yee aﬁd 38 Wik $heON
purposes. The transport packets, which normally occur at a non-uniform

rate are 35TeAPINET cOHNtvEIugS FozeacTBty F HEnal 4o wrehhpreseivercdodsiigat data at &
relatively constant rate conducive to efficient use of a relatively narrowi
bandwi dt h transni ssion channel. The buffered data is coupled to a nodem 15 }
whi ch perforns the signal transmssion. -6 - A system dock 22
provides clocking signal to operate much of the apparat us, at | east

i ncluding the transport processor. '




This clock will operate at a fixe.tl frequency such as 27 101l z for
exanpl e. As shown herein, however, it is used to generate timng 5

i nformati on.” The systemclock 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 |atches 24 and 25. The
latch 24 is conditioned by the video source to |atch count values on the
occurrence of respective frame 1 0 intervals. These count val ues are
denoted presentation tine stanps, PTICs, and are included in the
conpressed video signal streamby the formatter 12, and are used by the
receiver to provide |lip-synchronization of associated audi o and vi deo

i nformation. The latch 25 is conditioned by the transport 15 processor 13

(or the system controllgaﬁg:bm ‘W‘B@% gor di ng to a

pr edet er m ned schedul %3 g;@rﬁecoungﬁ’éc@g1 s are B'Anote program cl ock
references, FMs, and p n“fi"é%pect ive
auxi | i aryS t r gnegsiing/depadingt sysEm Bgmnpmmg rcdbtierre%bvegf aappataas hie

state machi nem¥ddpind r@;rgj;:te%cgﬁrcqtﬂﬁte t he varr ous processing élenents. ;
Note that the control he ¢ essor nd the transport processor :
13, may or may not op d’frraoﬁ%kr Wc rrﬁﬁﬁa]cﬁ?é l&Zing, r angenment

as long as pﬁﬁpﬁr&tusnﬁléﬁﬁkbmmrﬂe@atswnn§ tbcodmtﬁdpﬁenw\ﬂﬁanmlnp&s&dng

el ements. 25Gh@grds dfifstbnOfsduk&ddRE 1 conprise a receiving end of the

transm sgpon system dem 16,perfqQrns the inverse function of
t he m)de?nb15 Dat a f\r,\%ﬁgﬁ‘lﬂgéﬁoﬁ bg‘ﬁﬁl a@m ﬂ FFBRILEE t r ansport
processor 18emuedirhens oof déecicmapowsechppm dognale fdtimatt ed accordi ng
to the systemalmpidd OsdthprdsQed NQidedt egdf fer 17. The rate buffer 17 then

ooty essor 1 oo onc TTIURE. £ 400 ik alierir o Bengnalaleatis oo
non- corrpr ess @ppwatitso intigding faorsydi=p| dyr amghieatidev tiedngOreferenkes St or age
etc., ing §” $RE10AEY | WitRindKé Chiultipiexed 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
deveioped by the International Organization for Standardization

30 (Organisation Imternationale 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.




'3 5The inverse processor 18 also provides PCR s fromthe andllny
transport data, and control signals to a systemclock generator 27. The
cl ock generator responsive to these signals generates a systemdirk signal ;
> synchronous with at least the -7 - transport processor operation. This
system cl ock signal is applied to tRe recei ver systemcontroller 26 to
control the timng of appropriate processing elenents. Refer to FI GURE 2
which illustrates apparatus which 5 may be included in the transm ssion
nodem 15 for exanple. The nnden1nay receive i m fron1a plurality of

sources, which data igs all to an ed on n transnission
channel . This may be Lﬁﬁ‘ %‘Rg‘ﬁ%y |%°§F‘6’ﬁ ﬁ‘ﬁ i B RFFRF of the
various si gmuch bf et Ap pazatuSOlm lmatcwiudmgam mqurhelrmssupl exing 1 0
may be |ayerggh chek W’Hﬁe&aﬁé' gep HOYfaiien snﬁEYast? aRerfked in

different studio d d t.o flrst ul. xer 55. These prograns
are time di VFePB ?? mﬁ %ﬂ(’g&e o 8‘%?5%0%%\}&%“?&8@& grow ded
as a soufce isiogmations Thbe sivgtem <8pck dndcosphesi todbe cdoxi inpat s:fg. from 3
other 15 soubgRer P widBhi Ayt Be ari@2ad Wl 0ant Hbddie!| EXer £026, wherein the |

signals Si are t Vi si on | tiplexed, according to kno echni ques and
pr edet er mi n&F2TEP uﬂ‘ n'af %m% RYt RS FRUNEL & & mﬁ%%r‘&ms i
t hensel ves, mhekmhmy%@nd J‘Zﬁurtﬁhc iatem24f isrgbudisiossd iy, thiEhikiesul ti pl exi ng
may take th%oﬁﬁfc”ld)flaﬁ:ﬁ”%ﬁﬁt' Jhfues on the occurrence of respective frame

10 intervais. These count valuss arc denoted presentation fime
stamps, PTR's, and arc inciuded in the compressed videe signal
Steam by the formatter 12, amd are used by the tecerver to
provide lip-synchronization of associated aundic and video
information. The latch 25 is conditioned by the wansport

15 oprocessor 13 {or the system comnwoller 21) to latch count values
according to a predetermined schedmle. Thess count values are
denoted program clock references, PCR's, and are embedded as

: 'aunhary data within tespective auxiliary transport packets.
The system controlier 21 is a variable stats machine
20 programmed to coordinate the various processing clements. Note
~ that the controller 21, the compressor 1! and the wansport
| 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 fumction 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

i’



20 inserted into program Material or of stored matesinl inserted between
segnents of live production nonis' In these latter cases it is presuned
tthat the comercials or stored /Pat.:rift' has been pre-encoded with
“respective PTR s and PClts. In this_instance the Flits and Pat's of the
stored material will be 25 unrelated to the real time Flits and PCR s of

the live material. Regarding the flits, this will typically not cream
probl ens because the video signal will include paraneters instructing the
deconpressor to terillitiniir to new signal. Conversely the |ack of

correlation between the stored and real tine PClts may totally 30 disrupt
the rate buf FE@RSPYFY cPEESEICARASORUO 0C38S Aysehe mbonks signah iseappliagh system

do to loss oto SﬁiBCi’Hc%Ne%a%’s% controlier 26 ﬂoncEﬁ:%E'RﬁeznkﬁmFSoﬁssun‘?d that
t he transpor rocessor_5 | udes a .mul tipl exing apparatus simlar in

operation toapﬁﬁo‘%}"ﬁ ACPTRITYS eﬂﬁg? IS 55 and 56. $5A further problem
exists within a nulti pRéfCédtOs ERE [<h vemighrillyswaes dppamtus twhig

r|eSpe|ct It Ve ][%:iy nicexmﬁd& tlﬁ%tfuﬂ&hazs?,ﬁﬁpw&ﬂ{ g gdrr e¥8sp $cr Ormzl
pturality o SOI‘CES s n S (0] a _degree,Qr, Sjgha .
buffering w % h?aﬂuft'tccb‘icex %md aaigg ‘gfu gs’v\n hld'f e a delay :
Twhere St -répralbdnt be drgusptted @@nﬂommnommmsalqm cuannels r 3ME ts 100 ;

rm: EI p: exers X2 hﬂfbdnwbaﬁmt Qix??s@&m:ﬂﬂ Riﬂrighgﬁ?ano%ﬂd eacigo
mul ti pl exi ng el a e is
sec. 100 tac';fgna% ]f&é\%a © fﬁ‘ggﬁ%og c%dsy%faﬁﬂ% uip?

consequeh@e frBay e éﬁ‘&fﬁ‘bre QM EXpapky sad F‘hé’@%ﬁe dngy #€o and thus the

Firs have undgmegitedtiie difisRnt ehdtos, Td k6kb lﬁdsﬁﬁa ﬁ&sﬂ nhdieipiexest be
accommodat ed_,ﬁ] J'l.ge theodecoderngé%jﬁé‘ %&ow or AN erflow
10Fi gure 3 il ust s PROFPe 2 ms c@ﬁe\‘;
techniques and provided as z source sigmal Si.
The signal Sy, and other source signals S;, from other
15 sources are applied to a secomnd layer multiplexer 56, wherein the
signals S; are time division mmbtipiexed according to known
techmigues and predstermined scheduiing. Finally, within the
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 betwesn 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 is assumed that the KansSport 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 w losc datz at Tespective multiplexing sites -if date
concurrentty arrives from a plurality of sources, it is necessary to
provide 2 degree of signal buffering within the multipicxers.




cltv-k -regenerator. In this enbodinent, the transport processor may be
| ocated ahead of the rate buffer 17, in the signal. -path, to elimnnte
vari abl e del ays which may be incurred in the receiver rate buffer. Data
~fromthe receiver nbodemis coupled to an 15 inverse transport processor :
32, and an auxiliary prket detector-81. The inverse transport processor 32:
separates transport header data fromthe respective transport packet
payl oads. Responsive to the transport header data, the processor 32
applies video signal payl oads (designated here as service data 1) to, for

20 exanpl e, SSI on. appar at us, (not__shown), auxiliary data
(desi gnated @'sd‘é{ié MPpasg %H@labp?%rﬁtat’%h%gﬁ F%"d’égé processi ng
el ements (no mamseﬁﬁ nthe Pllskumer §Sigh gﬁ,ﬂw sﬁst b?oaimﬁ pRkyrsdata are ¢
routed and stored |n %?ge ement, k@Eﬁ )r(wga t detector ¢
31, which ma{@h&F*EEH BHE%”‘F fo @ccsnpuatey g codewor ds |

desi gnat i ng omil@pigkingaagdst lassportl packeot ddn}'al 'ﬁhmg;ﬂd RCEnd sietajuces a
control pul sg 9pp s&e OqpUNERC S Aethy ANTRATOCPRLoRA0BE Waltiy§ SiCh data.
The control %ul se is utilized '&P gta%r%e wi t hi anTénlat h 35, the count val ue'
currently exHiF (GHISERAenRE I TesssT f SUPERFAELr 36 is
arranged to uigoet aplithuss tipy RARlechdyy amndergone vibk t saape delayr ol ThedZosci | | at or
37. The countigp @Blcl Bf o w&%tt&%wmﬂewarhasém QeRRE as _its ;

count er part %B*mt er in t encoder Eﬂunt er 23) - The
vol tage cont PBHEEJBBE PYSTEOSY of7 WdeTHA; of | ed by a 35 | ow pass filtered
ereF]g;atSiegafiln provi ded Higue ?I niﬁkstmmm ro| kst egﬁzodﬁhenemfoa =ogivat Insbe
ge3| gnat ed PC}?n ?@ ﬁ%ﬁtwv&}ﬁ;ﬁg% fﬁ hed i % tch 35 be
desi gnated LB& ¢ I %lﬁ?&%‘?%s? » ¥l ues of
PCR s and L' siisxdatovasatin delays whimb| mEy pbopactiredair s tieeeidef f er ences
rate buffer. Data from the teceiver modem is coupled to am
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 andstore_dinamemnrydcmcnt, 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




"E 1PCRu - PCR I - La - La_i | The error signal E, is utilized to condition
t he voltage controll'ed 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 nndglated signal, which nay be rendered to
an anal og error signal by inplenmenttng the IOM/pass filter 38 in anal og ;
components. 1 OThe constraints on this systemare that the counters at the:
two ends of the system count the sane frequency or even nultiples thereof.
- This acquires that the nom nal frequency of the voltage controlled
oscillator be fairly close to the frequency of the frequency of the system

cl ock_ of th&oawelderereadss e sherassivt nyalgprefaPhFos apddbs and Herms api d

synchr oni zat iz@nefei sipivali Bt W‘,wl Qﬂgﬁ{geﬁfff%ﬁgﬁs Long termerror LIE
is proportional to the diff prLTE - E’CROl where PCRo and
Lin are for exanple the fi cuPtln CfRan %B 0 correspondi ng

| at ched val uelhsf enrpe signadi Eelis dmimeér tﬂ mnﬁmm yht‘t tveltage songbledl s E and

LIE will gar yostilathrS gUete astfea@en @qmﬁeswa{ﬁ nees.

" synchr oni Zecdinﬁehe err.or ‘gﬁt er one 0?‘65 out &)‘ge nkﬂ poi nt .
The preferre %‘ Ztgtl ?dfo quy t % he
vol t age cont rfertheef 2513!;!#‘@ widtho maduiakpdt signak, r which geey bE mwtitrcd one

unit dither aecaf Snblbg féﬁ'c@réx@haisbgrﬁ:hpﬁmenﬁﬂé e o OpAaWi fildy B8 fphe use
of the | ong tmeréoq_, 88 LIE to control the voltage controlled
oscillator. I'n order acc Trm)date the delays, T at, incurred :

10 The constraints on this sysiem are that the counters at

the two ends of the system count the same frequency or even
multiples thereof. This requires that the nominal frequency of the
voltage controlied oscillator be fairly ciose to the fregueacy of the
frequency of the system clock of the encoder,

15 ‘The forsgoing approach provides rtather rapid
synchronization but may introduce 2 long term emror. Long term
error LTE is proportional to the differsmce

LIE = L - Lyt -PCR, - PCRy!
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

.. the 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




I n the nultlpIeX|ng process, the transport processor at the encoder 30
creates an auxiliary field -within an annum transport packet which
contains information relating to variable delays. Provision is nmade for
“modi fying this variable delay i nformation at respective nultiplexing

| ocations. Refer to FIGURES 6 and ﬂ FIGURE 6 illustrates pictorially a ;
transport packet of a type simlar .35 to that used in the H gh Definition
Tel evi si on System devel oped by the Advanced Tel evi si on Research
Consortium This transport packet includes a prefix which contains, anong
other things, a general identifier to indicAte to which seat the payload
-10 - cont ai coamained hivithioh ehep pakied: n'sswlataat e@heTheid i ds GCcomtimuieont i nui ty

check val ue fgzgg fa o h serV| ce
speci fic header Kﬂﬂqﬁ Ig%ie‘g |€0§ %J [ ne es%ay Déﬁj Eig?d eliaagw‘p

the parti cul #FVEgr Wesdir s d?f@vﬁeﬂ@vpélf@?ﬂpr GF arrm ng,
respective pagdmpids @fthrehgatﬁwﬁ&pe&rtrwﬁrxkrééﬁgﬁmﬁhmt pS@m'Zet ce type may

i ncl ude di g e [ y HD field

t hus |nd?3éat esg?&e p rgwfgﬁaﬁ 8E§ht%pg ?igiﬁh% o artlcuﬁ ar packet .

FI GURE 7 i || BRqkess &F thaf rsReiser {YPp eyt uHnds, qudie Yigea §4tRi &y dat a.

The payl oad piad au&hhqarmrarmwcﬁb nm&enhumdidacésum paricwiamor e

auxi liary grﬁ@&‘d d%@”%ﬁ%@%ﬁrﬁ@uﬂ%ﬁé@ f data included in respective
C

groups and t urr eqw re In the transport partn
illustrated in Fl GUREFE Waaxmw Faskpss Wiy ARHPAE dat a
related 10 thm;ﬁr)prdm_ammb ibﬁ &liﬁﬂme aﬂitﬁlspéfﬂ\r‘pa&& iliary

group AMJ in ta §| ﬁt | €4 gg| g Al TX2
i ncl udes theg@%ﬁpeg&ser e resp ve gf ou Lm(%I gﬁe an aUX|tIu| ary group
prefix and aﬁa@um pdeqd o ESHFHER. grmarsmae i e FEFBESYSWEL f i el ds ME,

aFr, APIL) . eeshifiendhe I ddubfiypon paist liffrie! i WISURH i cat es
whet her the O if not).
CEP is a_ l1- b:&?érgle d%l%%@gmgﬁé%wry dat?a I's defined for |
this grolp. APegmmscipcs. Fersprs| Gk cand ddAKE FOXNE SFOURuXi |iary - .

dam cont ai ne AWKt iehgdszudatacrslated t ioTBragiabies dem nﬂue tkeyaro @pm}-m etc.
AFS is an & hlgs HIskg Map 80 1 BRe"HIBEL:W S el VEh | 20y et

contained in e group
' gmuppreﬁxsndananxﬁxarydatabioch The prefix

mciudes the fields MF, CFF, AFID, and AFS. The field MF is a 1-bit
20 1feld which indicates whether the dat in the packet is modifiable
(1 if modifiable O if not), CFF is a 1-bit field which indicates
whether auxiliary datz is defined for this gromp. 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




The AUX1 group L shown as being nodifiable and the AUX2 group is shown as
not being nodifiable. AUX2 data is shown to be PO data i.e. the program
cl ank reference. The A UX1 30 data is indicated as DPCR data which is an
“acronym herein for differential prog?rn clock reference. The ?CR data is
captured under control of a schedul’er "which controls the transport
processor in the encoder. DPCR data is captured as will be described with
reference to FIGURE 4. 35The FIGURE 4 apparatus is exenplary apparatus of
a portion of one of the multiplexer circuits shown in FI GQURE 2. Associatedg

Wi th respectiyg ilfdUhuldtiphsas isS carkuftheraceeainy Q7 difitreh: apebeug. ' FI FO

Data is st t h wh | '
current 1y accluuts wepripE 71T, Sehfulldy 6P ane ARRBISRrT iy Py NP S
schedul i ng of prdgeamudate plseraad, frave ¥Wrodrdferdsto % read from the buffer

~ store 67. RepRefdchive rARBRAT tpd2Reisets ht p @agn dat a
include a | I lar gé‘g{iﬁs cont.ai ni n PCR a g DE% te B@Ehatthe val ue |
of the P {ngiyde P /EH Isef% E‘ ‘he transport "

packet cont a| mmgahlhenfa@m ?@%ﬂmrﬁﬁnéetqw%ﬁlﬁvc T?n CPERIREL0), when
output by theyaldinzdhérteh acﬁé@yc@@mmzﬂsr nRE kil wendly anforthakieys

i ncurred due c ent i 0 f si 1 I | exing cess. The

delay tine T g‘{&\ﬁ% B "&pﬁ%sb%ﬂp? “@oﬁ’%ﬁ grl sg}é ocm)gl fy the

. DPCR dat a to dybsiEgpaeof Ia;ayc@kamtmsmﬁdedn@rtg COMCTELON quaaugnpiécwet

det ector, rr erofi- ¢ ets
tor, , L. 014 @gsgxgngcg?(sﬁ%&g LhgOueHy BRECTOL bt AgRAPTD RAK

cont ai ni n “hé program d_ta i nput
det ect or functth@rtmfie@ st&crfssesccartd m&e the OPCOR edaw21a aubmnqul ses of

a 1=1 clock 6 acID[_ Qah étyggébmgsqgil | ftfpehard Ng a
frequency whic a very ose to e encoder, S stem.c. ocbp ncigI or it
. may he freqm he cREFTICBCE Y P‘Eﬁé 5%% of the .
FI GURE 3 or 5 m&ﬁatmahe Arb eiamumﬂntahgs. péﬁketdmﬁodeﬁnachms & is :

coupl ed t r to tore_%
o unt v ue Ou:{?iﬁ?oatcbﬂﬁtc? ter 6% E? EM qieaoed. Lo o

current c he coun Ia c en the
auxi | i ary packeie deast &0t meYDPEera J8hYE Wlntgh BEEY At this
time the outpukhieh isheexgvoulmw 10 ke exdvodet sgstemmiackafmquenay w its . of

cycles of the rﬂﬁ?kbcf rffb%ﬂ@ﬂ&y’lockcd to the encoder clock as per the operation
of the FIGURE 3 or 5 apparatus. A further auxiliary packet

20 det=ctor 63 is coupled to the output bus of the buffer store a7,
and is arranged to store current count value output the counter 62
in the latch 68 when the anxiiiary packet containing the DPCR data
emerges from the buffer. At this time the owtput of the countsr
will exhibit 2 coumnt vaiue, in mnits -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 amxiliary packst. 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 sums the DPCR data from the curremt
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




25 of the transit tine through the buffer of the particular path= Note, ifi
aplurality of auxiliary packets art likely to occur in 'close proximty,
~such that nore than one may be concurrently transiting the buffer 67, the .
auxi-liary packet detectors nust be z Lranged to detect and. respond to each
occurring packet. 30The auxiliary p tket detector 61 also provides a
control signal which is applied to condition a latch 64 to stare the DPCR
val ue contained within the auxiliary packet This value is applied to one
i nput port of an adder 65. The local count value stored in the latch 68 is
appl i ed to £he@-teautidlexgsubbporinommekipigeTfhids coriitoped fyddke 65 suns
the DPCR dataaxfifeyn pdige€ Wdteitor 26X tol aloymBH§ kpdssWitieh bgamh@qadmcount val ue |

67 hnd the dhrEe Eﬁﬁ’% ﬁﬁ%&&ﬁm«e@%%ﬁ% S el 8 | nout port s
of a 2-to-€m¢¥‘ﬂ¢st ifrore xi@e bafferhdhenmultipiexar 666isi goaféwenpqi ovwe®2®y t he

- auxiliary pagkeipideieDPTR' 63a£a0fﬂﬁﬁ N Yddds ané heR ! STEHN thakae However

when t he DPCR data on%al ne‘g ﬁ&ﬁh‘f ogram-data energes fromthe buffer,
the multipl Le5 8644 Fo ée{jass 5 the updated DPCR data from
the adder, and then sWiheshthsagrultiplgrers bhgisdaendifipoed ti9e PRSH Haiz 67.

When the rmlf&m}al ﬁiéehcri:@& | GieC oaght Qx@@ﬁltf@nﬁaﬁﬁz dla&sr fduemspmisacddgr t he

out put Si gn rom rres ne ata
contained in hse“"éL?E @I aﬁ p%c %qog?sﬂ% %ﬁh 8" a%ﬁ 0e DE@he counter .
62 whenlthe @smuaat‘almng EPBRtET heZ mhqneﬁhe m:ﬁﬂﬂsﬂﬁg’tﬁ%ut ed M the?
DPCR dat a byjrbie thiglbffed. €XEhe Gﬁisuh&uﬁ;@@efuprmemﬁdedﬁta cer ected for

its transit ti in.t r67
auxiliary pat l %f&? %‘gg %%e@ @6‘%?%/ § nge grgﬂ‘%&{]a in 15
accordance wimig mhélﬁabpffépr%t ebﬁﬁﬁl 1§ & recommengad tigt aamam ary
groups. packet dB?:fdiézf iR pragiamhmed tdRniyY, clidhget pRIMFROr Wal @gessor 53

w |l est |ISh DP UXI|Ia r oups~an §_ert a zero

val ue f(} t h® Ha gf%’%ﬁ% Sﬁﬂg&ﬁ %F ~all 20 however, :
t hat stored mmogmpe d| gi taI storage nedia 51 may be instated between
segnents of live dat aRepdinshdhack R TIGURE d9ifkhe RocRSedsy with :

gg{?aaggt\?gglr? des. ewﬁé%ans rt processor mo in ert Steogtegred
data and vaiuc for the DPCR data cow'spondmg to new ‘programs. f
20 however, that stored data from the digital storage media 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 data, it accesses the PCR code of the stored datz 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 stored data. The new DPCR valoes in the stored data inserted
between live data now conmins z tefercunce 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 iﬁnstrawd in
FIGURE 5. In FIGURE 5 clements ‘designated with the same
numerals as clements in FIGURE 3 arc similar and perform similar
35 functions, 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




2.5 subpar-Ls this PCR valut fromthe count value 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 d J;a inserted between |ive data now
contains a reference to current ti "This 30 process is illustrated in
the flow chart of FIGURE S. which.i s sel f expl anatory. The use
of tin DPCR data in a receiver is jilted in FIGURE 5. In FIGURE 5 el enents
-designated with the sane nunerals as elenents in FIGURE 3 are simla' r
and per f or m cirmespond 305tﬁmmﬁgxnﬂs?@cmﬁhctt@ntmdfhm@myoumﬁit el ement 32

has been nod} g%Fagi cl n rranged
to sumthe correspo-rE:%ﬂ=JTl]'gC13i %&%P \ﬁ?ﬂé?rl \?:ﬁb g}l%dg&r (‘.J))zciiéﬁ
auxi l i ary gri$uf$morke uﬁ’é“"ﬁi dheHade b§"""c‘ "ac}Se fhe ° 3""1u egé)ond to

t he ori gi nal asPchireaded e PAR) mediues foy @fmmransktsﬁfdhmzadmurred in

mul tipl exing for exanple. The suns are ?laced in nmenory 46 where they are
avail able to the clock controller 39 as corrected PCR values for system
cl ock synchronization. 14 CLAIMS Wat is clainmed is: 1. A nethod of
comuni cating a conpressed video signal conprising: generating a tine

st anp;

t




providing a further time stanp; formng auxiliary information
including first and second data fields provisionally containing said tinme
stanp and a further time stanp respectively; providing first and
second flags indicating the presence or absence of said tinme stanp and
said further tinme stanp 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 payloa&@ i nclude a segnment of conpressed

vi deo signal and ones of said payloads include said auxiliary information;
recei ving said packets at a receiver; and processing said packets at said
receiver. -15- SYNCHRONI ZATI ON ABRABIMIENT FOR A COVPRESSED VI DEO SI GNAL
ABSTRACT OF THE DI SCLOSURE Apparatus for devel opi ng synchroni zati on of an
intermedi ate | ayer of signal such as the transport or nultiplex

‘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.



5 layer of a nulti-layered conpressed video signal, includes at the
encodi ng end of the system apparatus (13,23,25) for including a tinme stanp
ref erence, such as a count value froma nodulo K counter (23), and
provision for a. differential time stanp which may be updated by the
transit tines of respective (e.g., 10 nultiplexing) 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 ggrival of the tinme stanps enbedded in

t he transport layer. The tine stanps and the differential time stanps
1.5 are retrieved fromthe signal and conbined to forma corrected tine
stanp. : The differences of succesalye sanpled count values _, of Jai

recei ver count m@W@WWWdW?&ences of _ corresponding
successi ve correct ed COMBRESSER YIDEQ,SIAHde a signal -to control the
recei ver clock signaL .20 Figure 1

ABSTRACT OF THE DISCLOSURE

Apparatus for developing . synchronization of an
intermediate layer of signal such as the transport or muitiplex

5 layer of a multi-layered compressed video signal, includes at the

encoding end of the system apparatus (13,23,25) for inciuding 2
time stamp refersnce, such as 2 count value from a modulo K
counter (23), and provision for a differential time stamp which
may be updated by the transit times of respective {(e.g.,

10 mulfipiexing) circuits as the signmal transits such circuits. At the
receiving ‘end of the system 2 counter (27) is responsive to a
cnuubﬂad"nxxmwn'ckmk;supud,Amd:ﬂwtznmnlwndnc of this counter
1sksunpkﬂ.atthz:anuud of the time stamps embedded in the
transport layer. The unw.smnqm andtﬁm‘&ﬁﬁmuuuﬂ time stamps -

15 are Teirieved from the sigpal and combined to form a cotrected

time stamp. The differences of muxxsﬁht-sanqﬂcd count vaiues

ofihc-nmeunn~connux.zuseanqnned*wﬂh ﬁm differences of

conequuhng successive cmuunzd_tunennmmpsﬂn provide a

signal urcnnunl1hz'nxenmaxﬂnck.mmmaL

20

Figure 1



