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. This invention relates to a method and apparatus for
providing a clock signal at a signal decompression apparatus,
which clock signal is substantially frequency locked to a clock
signal at a encoding apparatus. '

Compressed video signal generation and transmission
systems may operate on several levels of synchronization or
perhaps more properly called asynchronization. For example the
actual compression apparatus will be synchronized, 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 protocol, such as
MPEG 1, it may be further processed into transport packets for
transmission. The transport packets may be time division
multiplexed with packets frem other video or data sources. The
packetizing and multiplexing may or may not be done in a
mutually synchronous fashion, which may or may not be
synchronous with the compression operation. The transport
packets (whether multiplexed or not) may thereafter be supplied
to a modem for transmission of the data. The modem may or may

 not operate synchronously with the prior mentioned systems.

At the receiver of a fully multiplexed transmitted
compressed signal, it is usually necessary that the various
subsystems operate synchronously with their inverse function
counterpart elements at the encoding end of the system.
Synchronous operation in this case, in general, may mean that the
respective subsystems operate extremely close to the same
frequencies as their counterpart subsystems. For example, the
decompressor should provide video signal at the same frame rate

. as provided by the video signal source at the compressor, and

synchronized with associated audio. Synchronization of the -

video/audio decompression portion of the system may be

accomplished by inserting, at the encoder, presentation time
stamps within the compressed video/audio signals, that indicate
the relative times of production/reproduction of respective
segments of signal. Such presentation time references, 'PTR's, may
be used to compare the timing of associated audio and video

e
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“ Conpressed video signal generation and transm ssion systens may

oper at e~-on several |evels of synchronization or (.E‘gr nore properly
call ed asynchroni zation. For exanple the 10 actu i on appar at us
wi |l be synchronized, at least in part to the vertical franme rate of
t he sourcegy, g foHd I S g&é}{ | he col or
subcarri erméﬂg‘gg @r{ gghggo szhﬁoﬁa%urpo?essacag@plr@gsé r%g%Teérﬁgggﬁ}%to a
parti cul ar andge@mtintdtbcol , such as MPEG 1, it may be further
processed into transe! coasi et Smb@em! must 'GF"&Bhe QigerafEh%ttﬂﬁ‘Sport
exed, W t ckets fr

packets may be di vi ot her
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packets (wﬁg{‘?er rr%ﬁ‘f tgﬁ gggiﬁ%yﬁﬁereﬁh e %’&gu%irgﬁggsoort 20 to a
nodem for transmi ssi Sunohmmeauanaothhae lexjingr andy or transport

packetizing apparatus tends to be somewhat more complicated for

two reasons. The first is that multiplexed data may be arriving

10 sporadically. The second is that rate buffering is usually

employed between the modem and the decompressor, and

provision must be made to insure that the rate buffer. neither

overflows nor underflows with the constraint that the buffer be

kept as small as practical to minimize manufacturing cost.

15
-The present invention is apparatus for developing
synchronization of an intermediate layer of signal such as the
transport or multiplex layer' of a multi-layered compressed video
signal. At the encoding end of the system a modulo K counter is
20 clocked responsive to a system clock, and the count valued is
embedded in the signal at the transport layer according to a
predetermined schedule.” At the receiving end of the system a
similar counter is responsive to a controlled receiver clock signal
and the count value of this counter is sampled at the arrival of the
25 count values embedded in the transport layer. The differences of
successive sampled count values of the receiver counter are
compared with the differences of ' corresponding successive values
of the embedded count values in the transport layer to provide a
signal to control the receiver clock s1gnal
30 -
BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a block diagram of a compressed video
encoding/decoding system incorporating clock recovery apparatus
embodying the present invention.
35 FIGURE 2 is a block diagram of signal multiplexing
apparatus useful in representing the development of multiplexed
data from different sources.
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not operate synchronously with the prior mentioned systens.

At;"the .xeceiver of a fully multiplexed transmitted conpressed signal,
it is usually necessary that the various 25 subs &gate '
synchronously with their inverse function counterpart elenents.at the

encodi ng end_ of the Synchronous .operation i,n thi.s case, in
general , may mean thi%ia[ﬁ]ghs 3 an‘iieip"é'& 6@@1‘39 QFQWQ?oﬂé?rgﬁé‘VSxtrenel y
close to tembxaliments of felegkerecoverys apparatus ofort aspamtitlsubsyst ems. For
exanpl e, t%nsﬁﬂttedde&&&pég%%g; ‘?ﬁg%;ﬁg%.ow de video signal at the sane

€0 signal source at the conpressor,

frame rate as S{IC J Sou ) >
and synchroni z6dGIWRE 4sisoai block diagram ef isignalnmudtiplexing t he

vi deo/ gudi gnASERERT ARSI 04 t sy¥TeRt M%ﬁ;ﬁfﬁﬁdgmmn% referéfiééyp! | shed
by inserti ng, at t he encoder, Qresentati,on fl nme 5 stanps wthin the
conpr essed1RGIYE84 2 FtRins thea ,t‘tPi%?Ee nigBate - the relative times of

product i on/reproduct IRIGIWRESespandi Veare pictorial diagrams of a transport
block and an auxiliary signal transport block. ,
FIGURE 8 is a flow chart of the operation of the
10 transport processor of FIGURE 2.

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

15 signal from a source 10 is applied to a compression element 11
which may include a motion compensated predictive encoder
utilizing discrete cosine transforms. Compressed video signal from
the element 11 is coupled to a formatter 12. The formatter
arranges the compressed video signal and other ancillary data

20 according to some signal protocol such as MPEG, a standard
developed by the International Organization for Standardization
(Organisation Internationale De Normalisation). The standardized
signal is applied to a transport processor 13, which divides the
signal into packets of data and adds certain other data to provide

25 some noise immunity for the transmission purposes. The
transport packets, which normally occur at a non-uniform rate are
applied to a rate buffer 14 which provides output data at a
relatively constant rate conducive to efficient use of a relatively
narrow bandwidth transmission channel. The buffered data is

30 coupled to a modem 15 which performs the signal transmission.

A system clock 22 provides clocking signal to operate
much of the apparatus, at least including the transport processor.
This clock will operate at a fixed frequency such as 27 MHz for
example. As shown herein, however, it is used to generate timing

35 information. The system clock is coupled to the clock input of a
counter 23 which may be arranged to count modulo 230, for
example. The count values output by the counter are applied to
two latches 24 and 25. The latch 24 is conditioned by the video
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used to.conpare the timng of associated audi o and l%j"' egg
signals for synchroni zati on purposes and f®dr p@?ssequenci ng

source to latch count values on the occurrence of respective frame
intervals. These count values are denoted presentation time
stamps, PTR's, and are included in the compressed video signal
stream by the formatter 12, and are used by the receiver to
provide lip-synchronization of associated audio and video
information. The latch 25 is conditioned by the transport
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
auxiliary data within respective auxiliary trans;)or_t packets.

The system controller 21 is a variable state machine
programmed to coordinate the various processing elements. Note
that the controller 21, the compressor 11 and the transport
processor 13, may or may not operate synchronously via a
common clocking arrangement as long as proper
intercommunication is provided between processing elements.

Elements 16-26 of FIGURE 1 comprise a receiving end
of the transmission system wherein the modem 16 performs the
inverse function of the modem 15 and the rate buffer 17
performs, in effect, the inverse function of the rate buffer 14.
Data from the rate buffer 17 is .applied to an inverse transport

_processor 18, which provides compressed video sigilal according

to the system protocol to the decompressor 19. The
decompressor, responsive to the compressed video signal
generates non-compressed video signal for display on the device
20, or for storage etc., in an appropriate device.

The inverse processor 18 also provides PCR's from the

‘auxiliary transport data, and control signals to a system clock

generatof 27. The clock generator responsive to these signals
generates a system clock signal synchronous with at least the
transport processor operation. This system clock signal is applied
to the receiver system controller 26 to control the timing of
appropriate processing elements.

Refer to FIGURE 2 which illustrates apparatus which
may be included in the transmission modem 15 for example. The
modem may receive data from a plurality of sources, which data
is all to be transmitted on a common transmission channel. This
may be accomplished by time division multiplexing of the various
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and continuity. The receiver nodem nust of course operate
at*the.. precise frequency as the transmtting nﬁ?ﬁgl ? ver nodens 5
typlcally i ncl ude. phase | ocked | oops responsive to ? mtted
carrier frequencies for generating synchronous clock signals.

Synchr oni Z?i?‘ngfk %oﬁthhMﬁBﬁ§)‘dd&9c@d“d oh idd"i@ﬁﬁprthe multlgg&iﬁ i zi ng

appar at us t at nDr |1 cated redsons. The
first is tAy i’ﬁ f"fyrﬂrs‘i'ed it ﬁxﬁ’ﬁ‘? Pi H’r"?ﬁfamf' g’poml % 1y. The second
i s that ragendratédrinndifferemuatidios, ande edl ﬁmewmstthmlﬁpmrand t he
docompressge. ffese groBhitls BT VR IRC BRI Sl SO 212
buf f er Sbe knownk égnhniquesisand propided: asas seuneensignat Spnuf act ur| ng cost.
15 THRePsiERaNtS {,N4Ed Lother ISP iFMMS SLT Y cb@r g
sources are applied to a second layer multiplexer 56, wherein the
signals S; are time division multiplexed according to known
techniques and predetermined scheduling. Finally, within the
10 respective programs themselves, there may be a further form of
multiplexing. This multiplexing may take the form of commercials
inserted into program material or of stored material inserted
between segments of live prodilction material. In these latter
cases it is presumed that the commercials or stored material has
15 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
unrelated to the real time PTR's and PCR's of the live material.
Regarding the PTR's, this will typically not create problems
because the video signal will include parameters instructing the
20 decompressor to re-initialize to new signal. Conversely the lack of
correlation between the stored and real time PCR's may totally -
disrupt the rate buffer-inverse transport processor elements of a
receiver- system do to loss of synchronization.
In FIGURE 2 it is assumed that the transport processor
25 53 includes a multiplexing apparatus similar in operation to the
- distinct multiplexers 55 and 56.
A further problem exists within a multiplexed system.
In order not to lose data at respective multiplexing sites if data
concurrently arrives from a plurality of sources, it is necessary to
30 provide a degree of signal buffering within the multiplexers.

These buffers will impose a delay T X 5t, where 5t represents a

jitter component. Assume a program transits 100 multiplexers

(an exaggerated number to accentuate the problem), and each
- multiplexing adds 1 sec. £ 1 usec. of delay. The end to end delay

35 is 100 sec. + 100 psec. of delay. The 100 seconds of delay is of
little consequence to the decompressor because the compressed
video and thus the PTR's have undergone the same delay. The *
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synchroni zati on of an internediate |ayer of signal such as t he
triansport or multiplex layer of a nmulti-|ayered comgpfr S}ﬁ)d A(sdeo
signal. At the encoding end of the system a nodul o t’g is 20 cl ocked

responsive to a systemclock, and the count valued is enbedded in the
signal at tg h éesgﬁ'r]sldeﬁyﬂ{usi‘cﬁé’rﬂdb%ﬁﬁdﬁta or erssdpieerd@caae schedul e.
At the receivi tema ar counter 1S responsive to

a control | & f@cdnaﬁrolibtfdﬂwsﬂy‘né!ﬂdefﬂo“and t he count value of this counter
o samled at the af mgsrood filBtaltes st ShBRYMERF bied rBedifer 1 anspor

rovel ver cGURR TERRBOTatr. o ol it SRDRGIER, fhe  GARHROTS( PERESESPondi ng
success§ \ée ey Uss locatedoh?éﬁldt ﬁm‘?adcme qsnféférl 3671 ngséhdl: nglt Paﬂﬁpmt Iayer
}3% EILO\S:ESEIQ?W“G{P %a@%@hlém § be fcuréd in rece:i%ver '
rate buffer. Data from the receiver modem is coupled to an
inverse transport processor 32, and an auxiliary packet detector
31. The inverse transport processor 32 separates transport
10 header data from the respective transport packet payloads.
‘Responsive to the transport header data, the processor 32 applies
video signal payloads (designated here as service data 1) to, for
example, decompression apparatus (not shown), and auxiliary
_ data (designated as service data 2) to the appropriate auxiliary
15 data processing elements (not shown). The PCR's residing within
the auxiliary data are routed and stored in a memory element, 34.
The auxiliary packet detector 31, which may be a
matched filter arranged to recognize the codewords designating an
auxiliary transport packet containing a PCR, produces a control
20 pulse on the occurrence of transport packets containing such data.
The control pulse is utilized to store within a latch 35, the count
value currently exhibited by the local counter 36. The local
counter 36 is arranged to count pulses provided by a e.g., voltage
controlled oscillator 37. The counter 36 is arranged to count
25 modulo the same number as its counterpart counter in the
encoder (counter 23).
The voltage controlled oscillator 37 is controlled by a
low pass filtered error signal provided by a clock controlier 39.
The error signal is generated in the following fashion. Let the PCR
30 arriving at time n be designated PCR, and the count value
concurrently latched in latch 35 be designated L,. The clock
controller reads the successive values of PCR's and L's and forms
an error signal E proportional to the differences
E = |PCR, - PCRy ¢y | - Ly - Ly 4l
35 The error signal E, is utilized to condition the voltage controiled
oscillator 37 to a frequency tending to equalize the differences.
The error signal produced by the clock controller 39 may be in the
form of a pulse width modulated signal, which may be rendered
_‘K
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FI GURE 1 is a block diagram of a conpressed video : encod| ng/ decodi ng

system i ncorporating clock recovery apparat us ?y 7% the present
i nvention. 3 5 FIGURE 2 is a block di agram of "signal
mul t i pl exi ng apparatus useful in representing the devel opnent of

mul tipl exegp an anall®g serr6P Fighhll byr fnplenmendag. the low pass filter 38 in
-3 analog components.
The constraints on this system are that the counters at
the two ends of the system count the same frequency or even
5 multiples thereof. This requires that the nominal frequency of the
voltage controlled oscillator be fairly close to the frequency of the
frequency of the system clock of the encoder..
"~ The foregoing approach provides rather rapid
synchronization but may .introduce a long term error. Long term
10 ermror LTE is proportional to the difference
LTE = IL, - Lgi- IPCR,, - PCRyl
where PCRg and Lo are for example the first occurring PCR and the
corresponding latched value of the receiver counter. Nominally
the error signals E and LTE will vary in discrete steps. As such,
15 once the system is “"synchronized" the error signal will dither one
unit about the null point. The preferred method of
synchronization is to initiate control of the voltage controlled
oscillator 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 term
20 error signal LTE to control the voltage controlled oscillator.

In order to accommodate the delays, T X &t, incurred

in the multiplexing process, the transport processor at the encoder
creates an auxiliary field within an auxiliary transport packet
which contains information relating to variable delays. Provision

25 is made for modifying this variable delay information at
respective multiplexing locations. Refer to FIGURES 6 and 7.
FIGURE 6 illustrates pictorially a transport packet of the type used
in the High Definition Television System developed by the
Advanced Television Research Consortium. This transport packet

30 includes a prefix which contains, among other things, a general
identifier to indicate to which service the payload contained
within the packet is related. The field CC is a continuity check
value included for error check purposes. The HD field is a service
specific header which specifically: defines the payload. For

35 example, if the particular service is designated to provide
television programming, respective payloads of the transport
‘packets of that service type may include audio data, video data, or
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FIGURES 3 and 5 are bl ock diagrans of alternative enbodi nents of cl ock

recovery apparatus for use with transmtted cor@;_esg &jrg deo dat a.
FIGURE 4 is a block diagram of signal multiplexing g at us i ncl udi ng
a system for augnenting timing references . included within the

mul tipl exegelikﬂ'aﬂuxigﬁrcy data. The HD! HdRFIhs? ﬂf’dga@s (R “ﬁagpggL ardi agrams

of a transpor nd an auxili aqﬁl sl gna ransport
FI GURE 8 |panlqad)vaﬁa:fer oﬂlet ipardpulagt paekesi the 10 transport processor of

FI GURE 2. FIGUREFWGtﬁEs&aﬂeU Esﬁhﬁ&fi ﬁ?idﬁetcaﬁméﬂsmu%dék whi ch
t he I nve tlon may b ract V\:hl o stem1s a co Essed digital
video si gn@BXt F%ﬁ(sﬁila i o R apnapxiliary, wapsport; pagket may

5 include one or more auxlllary groups, depending on the amount of
data included in respective groups and the current system
requirements. In the transport packet illustrated in FIGURE 7
there are two auxiliary groups containing data related to the
program clock reference, AUX1 and AUX2. The auxiliary group

10 AUXI1 includes data related to variable delays and the group AUX2
includes the PCR per se'. The respective groups include an
auxiliary group prefix and an auxiliary data block. The. prefix
includes the fields MF, CFF, AFID, and AFS. The field MF is a 1-bit
field which indicates whether the data in the packet is modifiable .

15 (1 if modifiable O if not). CFF is a 1-bit field which indicates

' whether auxiliary data is defined for this group. AFID is a 6-bit
field which identifies the type of auxiliary data contained in the
group, e.g., time code, scramble key, copyright, etc. AFS is an 8-bit
field defining the number of bytes of auxiliary data contained in

20 the group. .
| The AUX1 group is shown as being modifiable and- the
AUX2 group is shown as not being modifiable. AUX2 data is

shown to be PCR data i.e. the program clock reference. The AUX1
data is indicated as DPCR data which is an acronym herein for -

25 differential program clock reference. The PCR data is captured

- under control of a scheduler which controls the transport
processor in the encoder. DPCR data is captured as will be
described with reference to FIGURE 4.
The FIGURE 4 apparatus is exemplary apparatus of a

30 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 FIFO. Data is stored therein when program data arrives
and the multiplexer is currently accessing a different input bus.
Thereafter, according to the scheduling of the multiplexer, the

35 program data is read from the buffer store 67.

Respective transport packets of the program data
include auxiliary groups containing PCR and DPCR data. Note that
the value of the PCR data is determined relative to the timing of

—_—
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15 signal froma source 10 is applied to a conpression elenent 11

whi'ch may include a notion-conpensated predictive ﬁ oder, utilizing

di screte cosine transforns. Conpressed video signal %ﬁ)r?ﬂ 075 the el enent
11 is coupled to a formatter 12 The -formatter arranges the corrpressed

d d oth | dat d t |
such as npiks " raoSpRf et ' Stalitel. dhg, AikH4 dithing oifEeBiARA Dol on
f or St anda/higzaPChn data, v(hmgamtpat |hyn thet multiplexer) end)e beorinaerrent i on) .

Th t and d 3, which
ivi dea s pdd Wiftug, of BiIAElaYe ifohtredlale & doRfERah OF aprRASTn D N C

e signal “Into ds cert er data to
provi de 25 the smmdtipleixing i pnmass y The delyt tims T sij ot takepowe trarnkie
transpo t p whi ch _nor occu upiformrate are
applie Ee k‘é‘!@%ﬁ‘?ﬁq igqu Bﬁééeglﬁ’gﬁi data, to,;subsequently) ot vel y -

const ant r@beremndu@ VTS, efAlncmmh pakket rddtedtorel61, arrangedr tov

bandwi dth 14 208"Me ' SR uthaH¥a® of traﬁslpa?es‘rlcelgetg aégntafmng DPCR ' data, is
coupled to the program data input bus. This detector functions to
reset and enable a counter 62 to count pulses of a local clock 60.

10 The local clock 60 may be a crystal oscillator having a frequency
which is very close to the encoder system clock frequency, or it
may be frequency locked to the encoder clock as per the operation
of the FIGURE 3 or 5 apparatus. A further auxiliary packet
detector 63 is coupled to the output bus of the buffer store 67,

15 and is arranged to store current count value output the counter 62
in the latch 68 when the auxiliary packet containing the DPCR data
emerges from the buffer. At this time the output of the counter
will exhibit a count value, in units of cycles of the clock frequency,-
of the transit time through the buffer of the particular packet.

20 Note, if a plurality of auxiliary packets are likely to occur in close
proximity, such that more than one may be concurrently
transiting the buffer 67, the auxiliary packet detectors must be
arranged to detect and respond to the first occurring packet.

The auxiliary packet detector 61 also provides a

25 control signal which is applied to condition a latch 64 to store the
DPCR value contained within the auxiliary packet. This value is
applied to one input port of an adder 65. The local count value
stored in the latch 68 is applied to the second input port of the
adder 65. The adder 65 sums the DPCR data from the current

30 auxiliary packet with the local count value to provide an updated
DPCR value DPCR'. The program data from the buffer 67 and the
output of the adder 65 are coupled to respective input ports of a
2-to-1 multiplexer 66. The multiplexer 66 is conditioned by the
auxiliary packet detector 63 to normally pass the program data.

35 However when the DPCR data contained in the program data
emerges from the buffer, the multiplexer 66 is conditioned to pass
the updated DPCR' data from the adder, and then sthch back to

passing data from the buffer 67.
_—
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30 coupled to a nbodem 15 which perforns the signal transnission.
A System cl ock 22 provides ¢locking signal to oper g ' ch of the
.apparatus, at l|east including the transport procesg%?A &7 07§r'llj'h| s cl ock
wil] ‘operate at a fixed frequency such as 27 Mz for exanpl e.

ot e oL Doue et i, HigHHse SN 35 Fcbhdiiibhed? f phi¥ SR 82 may
be arrangedfrom the raddesd the 28tpuyt Stgnal from ethemaidder qorresponds \tal ues
out put by Prth 'BPOR! datd dohtained ih¥he! dhkilfAry’padkét phus The latch
24 is condltlone e, VI eo
the count xalue in the counter 62 when the DPCR data emerges
5 from the buffer. The data substituted 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 auxiliary
packet detector be programmed to only change program data in
~ accordance with the appropriate modifier flags, MF, of the
10 auxiliary groups. |
Referring back to FIGURE 2, the transport processor 53
will establish the DPCR auxiliary groups and normally insert a zero
value for the DPCR data corresponding to new programs. Recall
however, that stored data from the digital storage media 51 may
15 be inserted between segments of live data, and that the stored
data may be pre-encoded with PCR and DPCR codes. When the
~ transport processor 53 is to insert stored data between segments
of live data, it accesses the PCR code of the stored data and
subtracts this PCR value from the count value currently exhibited
20 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 values in the stored data inserted
between live data now contains a reference to current time. This
process is illustrated in the flow chart of FIGURE 8. which is self
25 explanatory
The use of the DPCR data in a receiver is illustrated in .
FIGURE 5. In FIGURE 5 elements designated with the same
numerals as elements in FIGURE 3 are similar and perform similar -
functions, except that the function of element 32 has been
30 modified. The modification involves including adder 45 arranged
to sum the corresponding PCR and DPCR values arriving in
associated auxiliary groups. The sums provided by the adder
correspond to the original PCR value augmented by any transit
delays incurred in multiplexing for example. The sums are placed
35 in memory 46 where they are available to the clock controller 39
as corrected PCR' values for system clock synchronization.
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4’( ] fl f{ i Iatch count val ues on the occurrence of respective franme
i nterval s. es are denoted present agi st anps,
PTR s, an Tﬂ B ” “M!l! the conpressed video si igzrfgi‘lQ gymgtream by t he
focrmatter 12, and are used by the receiver to 5 provide

i p-synchrgm%s-on of associ ated audi o and vi deo [ nformat ion. The
latch 25 is conditioned by the transport processor 13 (or the system .
controller 21) to latch count val ues according to a predeterm ned
schedul e. These couni. vYidess sigaal compeessien appapatus otharactesizedences,

PCR s, and,@re enbedded as 10 auxiliary data within respective auxiliary

transport ckets. The systemcontroller 21 is a variable
st ate nmchi ne p?oﬁ?‘&ﬁﬁeﬂ(})ooﬁdﬁdﬁwﬁgéﬂt he various processing
el ements. Note a source (22) of a clock signal;

a counter (23) for counting said clock signal modulo N,
where N is an integer; ' -

means (24) for selecting ones of count values provided
by said counter as Presentation Time references, which
Presentation Time references are associated with predetermined
segments of said video signal;

' compression means (11,12) for compressmg sa1d video
signal and hierarchically formatting compressed. video data with
said Presentation Time references included;

means (13,25) for periodically selecting further count
values provided by said counter as Program Clock References;

a transport processor (13) coupled to receive
formatted compressed video data including said Presentation
Time references from said compression means, for segmenting
said compressed video data into transport packets including
‘transport headers and wherein said Program Clock References are
included in ones of said transport packets; and '

means (14,15) for conditioning said transport packets
for transmission. :

2. The apparatus set forth in Claim 1, characterized in
that said transport processor includes means for determining -
instances when said Program Clock References are to be selected
by said means for periodically selecting further count:-values.

3. The apparatus set forth in Claim 1, characterized in
that said transport processor forms transport packets of
compressed video data and auxiliary transport packets including
said Program Clock References, and includes means for
interspersing said auxiliary transport packets with transport
packets of compressed video data.

—Hﬁ
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21, the conpressor 11 and the transport processor
perate synchronously via a 15 RooARNMg7,¢15cking
arr

as pr oper i nt ercomruni cation is prOV|ded bet ween
processing el emants El ements 16-26 of FIGURE 1 conpri'se a
rﬁcer ving end of, tAp i:raansrfoﬁ tu;mizn wigee least ahportmiemﬂa per f or ns
I nverse CL ﬂ‘; t t Qﬁs 7 20
per f ormns, Fﬂmaf? tlhgg ﬁ@é‘%@ regg 151 oR7d q?hgﬁlrlél s’f) é Dat a

fromthe rabmpuais‘edr video ssigppl | @eturoingn mmmnsportrms kets of processor
18, whi Cht Oartawrégs%&orﬁ%ss% ﬁ;&%br%b%d A di ik (E)ort phékéfse system
d

pr ot ocol ressor responS|ve to the

eco
conpr essed“&hlﬂbo‘@l ICQ‘!J“ ‘?ﬂiﬁaﬂﬁnﬁg&‘ flam,ascgnafer; o
di spl ay Onaﬁaﬂgéévt@%ount m&ﬁulwth opulsésrafy ancencoding aysam)rolmckat e

? ﬁ\él % Where M is an intiget,"¥&id> apPaPitic Rharaltdizga Phyy! des PCR s from
a source (17) of transport packets including
compressed video transport packets and transport packets which

include said count values;

-a controlled oscillator (37), responsive to a control
signal, for providing a receiver system clock;

: a receiver counter (36) arranged to count pulses of

said receiver system clock modulo M;

means (31,55), responsive to. the occurrence of
transport packets which include said count values, for storing
count values output by said receiver counter; and '

means (38,39) responsive to the differences of count
values in successively occurring transport packets which include
said count values, and differences in corresponding successively
stored count values output by said receiver counter for generating
a control signal, E, for controlling said controlled oscillator.

_ 5. The apparatus set forth in claim 4, characterized in
that said means for generating said control signal, E, includes
means for calculating said control signal, E, proportional to:

E =f(|PCR,, - PCRy_1! - IRCV,, - RCVp_4l)
where PCR, and PCR,.; are successive count values occurring in
Jransport packets and RCV, and RCV,_; are corresponding stored
count values output by said receiver clock.
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auxi | i and control signals to a system clock
géherafﬂ“m mﬂmﬁ”“mm@generator responsive to thB A SEPAlss 30
gener ates a syst@m &l o€k signal synchronous with at Teast’ the

transport processor operation. This system clock signal- is applied to

the recei ;/er system Gom'lrhfé I a?diu&osdtofﬁrtl@hnt bmhi I8, nahﬂfact?rgng n
appropri a rogessi ng el.emen ic
i |l ustrat e‘j‘agpﬁﬂi aMfangh fox, 5?“9‘39'1%& sadd; ﬁ%?‘ﬁﬂleélgﬂﬁr %’ tﬁ"&ﬁ?ﬁ ssi on nodem

15 for examgladeshe ~  nodem may receive data from a plurality of
sources, which data ¢ tp‘%@q Q, jEgnsm ssion
channel . This meangefozcgfgbprfgocﬁﬁgf v%!i‘ﬁé’g I sIon nu t| pl exi ng of

t he vari ousorrespond to a count value occurrmg m a transport packet |
occurring at system start up and a corresponding receiver count
value respectively;

' means for calculating a control signal, E', proportional
to: '
E' =f( PCR, - PCRyl - IRCV,, - RCVj)
means for selectively providing said signals E or E' as
control signals for controlling said controlled oscillator,
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- 5- signals fromthe various sources. |In addition the multiplexing él
may be |ayered. For exanple video programs, P[err] fqglg¥h75 gener at ed )
in.different studios, and coupled to a first nultid$éxer 55. These
praograns are time division nultiplexed according te 5 known t echni ques
and provided as a source signal S[err]. The signal- Serr],

200 Sher source o1 snal s SRk ROk fhftbiscLosti oo @7 pPlied to e
Apparatus for developing synchronization of an
intermediate layer of signal such as the transport or multiplex
layer of a multi-layered compressed video signal, includes at the
encoding end of the system a modulo K counter (23) which is | _

5 clocked responsive to a system clock (22), and the count valued is
‘embedded (13) in the signal at the transport layer according to a
predetermined schedule. At the receiving end of the system a
similar counter is responsive to a controlled receiver clock signal
(26) and the count value of this counter is sampled (18) at the

10 arrival of the count values embedded in the transport layer. The
differences of successive sampled count values of the receiver
counter are compared with the differences of corresponding
successive values of the embedded count values in the transport
layer to provide a signal to control (27) ‘the receiver clock signal.
15 '
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signals Si are ti.me division nultiplexed according to known techniq
and predetermned scheduling. Finally, within the 10 respective prograns

t hensel ves, there may be a further form of mul tiplexing. This
ITUI"[I pl exi ng may take the f.orm of conmercials i nserted into program
material or of stored material inserted bet ween segnents of |ive
production material. ~In these latter ‘1/5 cases it is presuned that the
comercials or stored material has 15 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 unrelated to the real tinme PTR s and PCR s of the
live material. Regarding the PTR s, this wll typically not create
robl ens © because the video signal will include parameters instructing
the 20 deconpressor to re-initi, 'z&to' new si gnal nversely the | ack
of correlation between the sis and real tine s may totally
di srupt the rate buffer-inverse tf process a nts of a
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recelver systemdo to Ioss of synchroni zati on. In FI GURE 2
Jdt s assumed that the transport processor 25 53 includes a nultiplexing
apparatus simlar in operation to the distinct multiplexers 55 and 56.
A further problemexists within a multiplexed system In order not to
| ose data at respective nultiplexing éb%fs I f data concurrently
arrives froma plurality of sources, f1 S necessary to 30 provi de a
degree of signal buffering within the multiplexers. These buffers w |
i npose a delay T [err]t, where [err]t represents a jitter conponent.
Assune a program transits 100 nultipl exers (an exaggerated nunber to
accentuate the problem, and each mul tiplexing adds 1 sec. 1
[err]sec. of delay. The end ey 3 5 is 100 sec. 100 [err]sec. of
del ay. The 100 seconds of dela ggC%F /52 littl e consequence to the
deconpressor because the cornpres video and thus the PT ave
under gone the.sansogslay.'ﬂ%gENERATOR ' _ cg

VID 33 p
ENCOED%FI —| TRANSPORT 1
PROCESSOR
51 S \<56
ny —L.p
DIGITAL DIGITAL ™*
STORAGE |[@— READ
MEDIA ~ |conTROL MUX |
ﬂ |
Sn
60, | -
LOCAL 62 AUX | 83 FIG. 4
CLOCK H¥iC : PACKET '
- COUNTER | | | peTecT
AUX : 63 ¥
PACKET LATCH
DETECT
7 - '
64 85 . -
61 yd . . 66
| TATOH DPCR
DPCR
r67 '
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BUFFER | DATA OUT
PROGRAM
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WTITE

This Sheet Has Been Replaced




el se the. decoder
17, in

Figure 3 illustrates a
In this enbodi nent,

cl ock regenerator.
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must be accommopdat ed or

. may be | ocated ahead of the rate buffer

of jitter
under f | ow.
5

path, to

100 [err]sec.

may overfl ow or
port processor

t he signal

¥

-

fifst enbodi nent of a receiver

- 6-
~ butfer:
the trans

) . ]
€ Oid e
| uaTouINoD
> l dL
AHOWIN ﬁ
cviva )} i,
30IAH3S - PR, 5 S . W3AON
: b (11 [« ] OSSR — —  Nou4
tvivd SO
FOIAYIS e
HOSS300Ud
1HOdSNVHL ISHIANI
e
6
. AV 4 )
HITIOHINOID | . . TETRTY]
o1 K HOLV1 |« ~] aauoivn
1 . 1g” | HOLD313a
s 1 xnv
8t 1>
§
4d1 OXOA |«Iv U3INNOD | 9t
NO010 WIALSAS

" i



el im nate variable del ays which may be incurred in the receiver rate

_buffer. Data fromthe recei ver nodemis coupled to an I nver se
transport processor 32, and an auxiliary packet detector 31. The
I nyerse transport processor. 32 separates transport 10 header data from
the respective transport packet payloaqE; Responsive to the transport
header data, the processor 32 applies vi deo si gnal payl oads .
(designated here as service data 1) to, for exanpl e, deconpression
apparatus (not shown), and auxiliary data (designated as service data

2) to the appropriate auxiliary 15 data processing elenents (not shown). .
The PCR s residing within guxiliary data are routed and stored in
a nenory el enent, 34. ™ The auxiliary packet detector .31,

whi ch may be a mat ched {id arranged to recogni ze the codewords
desi gnating an- LI : : Ll roduces a
control 20 pulse or the occ e—of—trarsport—packet-s—cont=atm g such
dat a. o '
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The control pulse is utilized to store within a latch 35, the count

val‘ue currently exhibited by the |ocal counter 36. The | ocal count er
36+ s arranged to count pul ses provided by a e.g., voltage controlled
osai | lator 37. The counter 36 is arranged to count 25 nodul o the sane
nunber as its counterpart counter 5?5? encoder (counter 23).

The voltage controlled oscillator

s controlled | ow pass -
filtered error S|gnal prOV| ded by a cl ock controllﬂg' 6 - The error

signal is iz trhe—fot T oWy Cer the PCR 30 arrf §j
time n bel B8S atetgﬁ %I%Lerr] and theﬁgg"sj val ue copcurrent %b
| atched in latch 35 be designated L[err]. The cl ock control |l er reads
the successive values of PCR's and L's and forns ~an error signal E
proportiopal to the differences : Elerr] IPCRIerr] -
PCR err]| PFIEE[DeerCtHID[ errAUX13 5 AUX2error [se@mmbeH s AXmi zedECO
condi ti on centroted—=—_ oy
o" 1..’; “‘ .-.-h-. -
- L) - S— \\\.
MF : CFF : AFID : AFS : DPCR ‘ax
- - ‘..
1:1:DPCR_ID : DPCR_SIZE : DPCR | ~.
FIG. 7 0:1:PCR_ID : PCR_SIZE : PCR
INITIALIZE f;,c; £;
RED
rrocese ™ e erone
LIVE DATA? PACKET
' ACCESS
GETNEW| - . STORED PCRg
DATA v
*’ ' ACCESS COUNT
FORM NEW VALUE
TRANSPORT Y
|_PACKET SET STORED
R DPCRg TO
PASS TRANSPORT DPCRg + |PCRg - COUNT]
PACKET ' _ ‘
' PASS MODIFIED
A STORED TRANSPORT
PACKET
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CLOCK APPARATUS FOR A COMPRESSED VIDEO SIGNAL
This invention relates to a method and apparatus for
providing a clock signal at a signal decompression apparatus,
which clock signal is substantially frequency locked to a clock
signal at a encoding apparatus'. ' '

. Compressed video signal generation and transmission
systems may operate on several levels of synchronization or
perhaps more properly called asynchronization. For example the
actual compression apparatus will be synchronized, 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 protocol, such as
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 synchronous fashion, which may or may not be
synchronous with the compression operation. The transport
packets (whether multiplexed or not) may thereafter be supplied
to a modem for transmission of the data. The modem may or may
not operate synchronously with the. prior mentioned systems.

At the receiver of a fully multiplexed transmitted
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
respective subsystems operate extremely close to the same
frequencies as their counterpart subsystems. For example, the
decompressor should provide video signal at the same frame rate

. as provided by the video signal source at the compressor, and

synchronized with associated audio. Synchronization of the
video/audio decompression portion of the system may be

'accompllshed by inserting, at the encoder; presentation time
_ stamps within the compressed video/audio signals, that indicate

the relative. times of production/reproduction of respective

.. segments of signal. Such . presentanon time referenccs, PTR's, may

be used to compare the. tmung of associated andio .and:. video . -
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to an analog error signal by inplenenting the |ow pass filter 38 in

anal og conponents. The constraints on this system are that
the counters at the two ends of the system count the sane frequency or
even 5 multiples thereof. This requires that the nom nal frequency of

t he voltage controlled oscillator be fairly close to the frequency of
t he frequency of the systemclock of the encoder. The
f oregoi ng approach provides rather rapid_,_ synchroni zati on but may

i ntroduce a Iong termerror. Long term10 error LTE is proportional to the

G e — A RN e
occurring PCR and taemtinuity. correspondi ng | at ched value of the receiver
Cf““t er AsNom Ra' 'ﬁ; ltﬂée r8ediger Sheaés nEus%ndf LJcﬁxféel bperate dtntld screte
?ﬂ te EZr Onesuc 'precise ?requencySXs the. transn'}/ltt?ngr Orrﬁ'o%l ”i{ecc%”e%r moddigs !
5 typically include phase locked loops responsive to the transmitted
carrier frequencies for generating synchronous clock signals.
Synchronization of the multiplexing and or transport
packetizing apparatus tends to be somewhat more complicated for
two reasons. The first is that multiplexed data may be arriving
10 sporadically. The second is that rate buffering is usually
employed between the modem and the decompressor, and
provision must be made to insure that the rate buffer neither
overflows nor underflows with the constraint that the buffer be
kept as small as practical to minimize manufacturing cost.
15
The present invention is apparatus for developing
synchronization of an intermediate layer of signal such as the
transport or multiplex layer of a multi-layered compressed video
signal. At the encoding end of the system a modulo K counter is
20 clocked responsive to a system clock, and the count valued is
embedded in the signal at the transport layer according to a
predetermined schedule. At the receiving end of the system a
similar counter is responsive to a controlled receiver clock signal
and the count value of this counter is sampled at the arrival of the
25 count values embedded in the transport layer. The differences of
successive sampled count values of the receiver counter are
compared with the differences of corresponding successive values
of the embedded count values in the transport layer to provide a
signal to control the receiver clock signal. :
30 '
BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a block diagram of a compressed video
encoding/decoding system mcorporatmg clock recovery . apparatus
émbodying the present invention.
35 : FIGURE 2 is a block diagram of signal multiplexing
apparatus useful in representing the development of multiplexed
_ data from dlfferent sources, - -
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unit about the null point. The preferred nethod of synchroni zation is

%o initiate control of the voltage controlled oscillator 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 term20 error signal LTE to
control the voltage controlled oscillator=3- In order to
accommodate the-delays, T [err]t, incurred in the mul tiplexing

T ol d w thin an il ary CRORES, 2 a8 OBk g ey rmt | &

_ ) spor acke | contaimns information
relating to varﬁ‘ﬁB?@'H%‘FéyQ.f &%@i ISHYEsY appardiyy it%Br“f‘r"Dd\"f ing this
\éa][l ablt e gia&éégm%mngéd?oooatprcssed vidspedtata.e nul tipl exi ng | ocati ons.

efer to an : I LI t ' '

transport packet of the ,tlg-/IGeqlt}g‘eg ﬁUﬁEbﬁ,lch #ﬁg}ﬂ?gﬁﬁﬁgﬁﬁhy : ’éfhgvi si on
Syst em develbopetpparatuse includingdgasystemyeiosy RYBBIE L HBNERGERRENCEM Thi s
transport packefnchded Nwithiestte Rheftiplexed csigaaht ai ns, anong ot her things,

a general FIGURES 6 and 7 are pictorial diagrams of a transport
block and an auxiliary signal transport block.
FIGURE 8 is a flow chart of the operation of the
10 transport processor of FIGURE 2.

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

15 signal from a source 10 is applied to a compression element 11
which may include a motion compensated predictive encoder
utilizing discrete cosine transforms. Compressed video signal from
the element 11 is coupled to a formatter 12. The formatter
arranges the compressed video signal and other ancillary data

20 according to some signal protocol such as MPEG, a standard
developed by the International Organization for Standardization
(Organisation Internationale De Normalisation). The standardized
signal is applied to a transport processor 13, which divides the
signal into packets of data and adds certain other data to provide

25 some noise immunity for the transmission purposes. The
transport packets, which normally occur at a non-uniform rate are
applied to a rate buffer 14 which provides output data at a
relatively constant rate conducive to efficient use of a relatively
narrow bandwidth transmission channel. The buffered data is

30 coupled to a modem 15 which performs the signal transmission.

A system clock 22 provides clocking signal to operate
much of the appardtus, at least including the trans_port processor.
This clock will operate at a fixed frequency such as 27 MHz for
example. As shown herein, however, it is -used to generate timing

35 information. The system clock is coupled to the clock input of a -
counter 23 which may be arranged to count modulo 230, for
example. The count. values output by the counter- are applied to
two latches 24 and '25. The latch 24 is conditioned by the video
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identifier to indicate to which service the payload contai ned

within
’Fhe packet is related. The field CC.is a continuity check val ue
i ncluded for error check purposes. The HD field is a service specific

header which specifically defines the payload. For 3 5 exanple, if the
particul ar service is designated to pr0\ﬂ4de t el evi si on progranm ng,
respective payl oads of the transport packets of that service type may
i ncl ude audi o dausce iodéatcataunbrvalues on the occurrence of respective frame

intervals. These count values are denoted presentation time
stamps, PTR's, and are included in the compressed video signal
stream by the formatter 12, and are used by the receiver to

5 provide lip-synchronization of associated audio and video
information. The latch 25 is conditioned by the transport
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

10 auxiliary data within respective auxiliary transport packets.

The system controller 21 is a variable state machine
programmed to coordinate the various processing elements. Note |
that the controller 21, the compressor 11 and the transport
processor 13, may or may not operate synchronously via a

15 common clocking arrangement as long as proper
intercommunication is provided between processing elements.

Elements 16-26 of FIGURE 1 comprise a receiving end
of the transmission system wherein the modem 16 performs the
inverse function of the modem 15 and the rate buffer 17

20 performs, in effect, the inverse function of the rate buffer 14.
Data from the rate buffer 17 is applied to an inverse transport
processor 18, which provides compressed video signal according
to the system protocol to the decompressor 19. The
decompressor, responsive to the compressed video signal

25 generates non-compressed video signal for display on the device
20, or for storage etc., in an appropriate device.

The inverse processor 18 also provides PCR's from the
auxiliary transport data, and control signals to a system clock
generator 27. The clock generator responsive to these signals

30 generates a system clock signal synchronous with at least the
transport processor operation. This system clock signal is applied
to the receiver system controller 26 to control the timing of
appropriate processing elements. ,

Refer to FIGURE 2 which illustrates apparatus which

35 may be included in the transmission modem 15 for example. The
modem may receive data from a plurality of sources, which data
is all- to be transmitted on a common transmission channel. This
'may be accomplished by time division multiplexing of the various

This is the replacement sheet

06 AUG 19%

Date:



related auxiliary data. The HD field thus indicates the particul ar

payl oad type for the particul ar packet. FI GURE 7
illustrates a transport packet which includes auxi liary data. The
payl oad of an auxiliary transport: packet may 5 include one or nore
auxiliary groups, depending on the anount of data included in
respective groups and the current system requirenments. In the
transport packet illustrated in FIGURE 7 _g_ there are two auxiliary
groups containing data related to the program cl ock reference, AUX1

el ays and the SERRS HORS (e” variquP, SRicPhe MORABOHOT e TRBIGBIEKEN | ve
groups include may be layesad.i aFgr gxamplpr video programsauRj, | mayybelat a bl ock.
The prefix  gdidtatdd®in' dftrdreht Stubfos, da upted ' o Vritst E1dpiRker ¥ 1 5
55. These programs are time division multiplexed according to
5 known techniques and provided as a source signal S;.

The signal S;, and other source signals S;, from other
sources are applied to a second layer multiplexer 56, wherein the
signals S; are time division multiplexed according to known
techniques and predetermined scheduling. Finally, within the

10 respective programs themselves, there may be a further form of
multiplexing. This multiplexing may take the form of commercials
inserted into program material or of stored material inserted
between segments of live production material. In these latter
cases it is presumed that the commercials or stored material has

15 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
unrelated to the real time PTR's and PCR's of the live material.
Regarding the PTR's, this will typically not create problems
because the video signal will include parameters instructing the

20 decompressor to re-initialize to new signal. Conversely the lack of
correlation between the stored and real time PCR's may totally -
disrupt the rate buffer-inverse transport processor elements of a
receiver system do to loss of synchronization. '

In FIGURE 2 it is assumed that the transport processor

25 53 includes a multiplexing apparatus similar in operation to the

' distinct multiplexers 55 and 56.

A further problem exists within a multiplexed system.
In order not to lose data at respective multiplexing sites if data
concurrently arrives from a plurality of sources, it is necessary to

30 provide a degree of signal buffering within the multiplexers.

These buffers will impose a delay T X 5t, where 8t represents a

jitter component.. Assume a program transits 100 multiplexers
(an exaggératcd number to accentuate the problem), and each .
multiplexing adds 1 sec. + 1 psec. of delay. The end to end delay

35 is 100 sec. + 100 psec. of delay. The 100 seconds of delay is of
little consequence to the decompressor because the compressed
video ‘and thus the PTR's have undergone the same delay: The + - -~
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field which indicates whether the data in the packet is nodifiable 15 (1

if nodifiable O if not). CFFis a 1-bit field which indicates whet her
auxiliary data is defined for this group. AFIDis a 6-bit field which
identifies the type of auxiliary data contained in the group, e.g.,
time code, scranble key, copyright, etc. AFS is an 8-bit field

defining the nunber of bytes of auxi I'iséry data contained in 20 the group.
The AUX1 group is shown as being nodifiable and the AUX2 group is
shown as not bRO ngserndof ijitkdre musivXBe datcommodated siroelset thendepaferdata i . e

Wi ch o an pRags el PEFNON So Gliertlom LR 7o Mo ol ook reference, -
The PCR data is captureligure 3uildestratent 2 ofirsst embodiment «of anregeivemt r ol s
the transportciock r_@%é‘ﬁéi%%&r. | It fifis ©BAMIGFimeRECRE atrdnkSort aptdbessorns Wil |
be deSS C”mbag'db\clavI c.'t]carte(,a earh%g eOE‘OthEI %{eREbéffer 17, in the signal path, to
eliminate variable delays which may be incurred in the receiver
rate buffer. Data from the receiver modem is coupled to an
inverse transport processor 32, and an auxiliary packet detector
31. The inverse transport processor 32 separates transport
10 header data from the respective transport packet payloads.
Responsive to the transport header data, the processor 32 applies
video signal payloads (designated here as service data 1) to, for
example, decompression apparatus (not shown), and auxiliary
data (designated as service data 2) to the appropriate auxiliary
15 data processing elements (not shown). The PCR's residing within
the auxiliary data are routed and stored in a memory element, 34.
The auxiliary packet detector 31, which may be a
matched filter arranged to recognize the codewords designating an
auxiliary transport packet containing a PCR, produces a control
20 pulse on the occurrence of transport packets containing such data.
The control pulse is utilized to store within a latch 35, the count
value currently exhibited by the local counter 36. The local
counter 36 is arranged to count pulses provided by a e.g., voltage
controlled oscillator 37. The counter 36 is arranged to count
25 modulo the same number as its counterpart counter in the
encoder (counter 23).
The voltage controlled oscillator 37 is controlled by a
low pass filtered error signal provided by a clock controller 39.
The error signal is generated in the following fashion. Let the PCR
30 arriving at time n be designated PCR, and the count value
~ concurrently latched in latch 35 be designated L. The clock
controller reads the successive values of PCR's and L's-and forms
an error signal E proportional to the differences
E = [PCR, - PCRy.{ | - Ly - Ly.ql
35 The error signal E, is utilized to condition the voltage controlled
oscillator 37 to a frequency tending to equalize the differences.
The error signal produced- by the clock controller 39 may be in the
form of a pulse width modulated signal, which may be rendered
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The FIGURE 4 apparatus is exenplary apparatus of a 30 portion of one of

the nultiplexer circuits shown in Fl GURE 2. Associated with
respective input busses is a buffer store 67 which may be a FI FO
Data is stored therein when programdata arrives and the nul tipl exer
Is currently accessing a different input bus. Thereafter, according

to the scheduling of the nmultiplexer, the 35 programdata is read fromthe
buffer store 67. Respggt_ive transport packets of the

program dat a i ncl ude auxiliary groups containing PCR and DPCR dat a.
Note that the value of the PCR data . s d?.terni'lneld rel at'itxzﬁ t%sthe
timng of to an analog error signal by implementing the low pass filter in

analog components.
The constraints on this system are that the counters at
the two ends of the system count the same frequency or. even
5 multiples thereof. This requires that the nominal frequency of the
voltage controlled oscillator be fairly close to the frequency of the
frequency of the system clock of the encoder.
The foregoing approach provides rather rapid
synchronization but may .introduce a long term error. Long term
10 error LTE is proportional to the difference
LTE = IL, - Lot - IPCR,, - PCRgl
where PCRg and Lg are for example the first occurring PCR and the
corresponding latched value of the receiver counter. Nominally
the error signals E and LTE will vary in discrete steps. As such,
15 once the system is "synchronized" the error signal will dither one
unit about- the null point. The preferred method of
synchronization is to initiate control of the voltage controlled
oscillator 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 term
20 error signal LTE to control the voltage controlled oscillator.

In order to accommodate the delays, T t 8t, incurred

in the multiplexing process, the transport processor at the encoder
creates an auxiliary field within an auxiliary transport packet
‘which contains information relating to variable delays. Provision

25 is made for modifying this variable delay information at
respective multiplexing locations. Refer to FIGURES 6 and 7.
FIGURE 6 illustrates pictorially a transport packet of the type used
in the High Definition Television System developed by the
Advanced Television Research Consortium. This transport packet

30 includes a prefix which contains, among other things, a general
identifier to indicate to which service the payload contained
within the packet is related. The field CC is a continuity check
value included for error check purposes. The HD field is a service
specific header which specifically defines the payload. For

" 35 example, if the partictilar service is designated to provide

television programming, respective payloads of the transport
‘packets’ of that. sefvice type may include ‘audio data, video data, or o
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-9- the transport packet containing the auxiliary timng i nf or mat i on.

This PCR data, when output by the multiplexer, may be in error by
virtue of any delays incurred due to contention of signals in = the

mul ti pl exi ng process. The delay tinme T [err]t taken to transit 5 the
buffer store is used to nodify the DPCR-Bata to subsequently correct
such errors. An auxiliary packet detector, 61, arranged to detect the

occurrence of %emé@%ﬂﬁﬁaﬁy%aiawﬁf@ rimgplei’a?&h@@t fditftes the PREHRIALGK O
t he program data np(ilt us. IS detector tunctions to reset and
enabl e .a count faydoad otypsuder pthes parigular) gagkete) ock 60. 10 The | ocal

clock 60 may be a crystalFIGURE at ¢Hubeatesga arhngsprengacket which includes
auxiliary data. The payload of an auxiliary transport packet may
5 include one or more auxiliary groups, depending on the amount of
data included in respective groups and the current system
requirements. In the transport packet illustrated in FIGURE 7
there are two auxiliary groups containing data related to the
program clock reference, AUX1 and AUX2. The auxiliary group
10 AUXI1 includes data related to variable delays and the group AUX2
includes the PCR per se'. The respective groups include an
auxiliary group prefix and an auxiliary data block. The prefix
includes the fields MF, CFF, AFID, and AFS. The field MF is a 1-bit
field which indicates whether the data in the packet is modifiable
15 (1 if modifiable O if not). CFF is a 1-bit field which indicates
whether auxiliary data is defined for this group. AFID is a 6-bit
field which identifies the type of auxiliary data contained in the
group, e.g., time code, scramble key, copyright, etc. AFS is an 8-bit
field defining the number of bytes of auxiliary data contained in
20 the group. _
The AUX1 group is shown as being modifiable and the
. AUX2 group is shown as not being modifiable. AUX2 data is
shown to be PCR data i.. the program clock reference. The AUXI
data is indicated as DPCR data which is an acronym herein for
25 differential program clock reference. The PCR data is captured
under control of a scheduler which controls the transport
processor in the encoder. DPCR data is captured as will be
described with reference to FIGURE 4.
The FIGURE 4 apparatus is exemplary apparatus of a
30 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 FIFO. Data is stored therein when program data arrives
and the multiplexer is currently accessing a different input bus.
Thereafter, according to the scheduling of the multiplexer, the
35 program data is read from the buffer store 67.
Respective transport packets of the pfogram data
include auxiliary groups containing PCR -and DPCR -data: "Note that-
the value of the PCR data is determined relative to thé timing of
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which is very close to the encoder system clock frequency, or it may
be frequency | ocked to the encoder clock as per the operation of the
FIGURE 3 or 5 apparatus. A further auxiliary packet detector 63 is
coupled to the output bus of the buffer store 67, 1 5 and is arranged to
store current count value output the couster 62 in the latch 68 when
the auxiliary packet containing the DPCR data energes fromthe buffer.

At this time t f 1 ter . i 1 1_.exhi bj.t . t , i
ni to of oyl eansy Heboft, AdReC Hililpine e xRy iiniRe HiBemsfiast "
the buffer of tHeispRER datar whenk eutprtobyNthee multipiex¢niraryt be dn emorl i ary

packets are |ikgf wiieOBf Uiny Hetdy ‘fncurre%pdl?('tg" E¥ntention bhastiF k€ir han
one may be concurrently trarsiti ng.t e buffer 67, the auxfFliary packet
€

detectors nust the multiplexinggprocess.deThetdelay timepdhdtt &t taker ito stransit
occurring pack

provides a 25 e@‘gnp%flers%taﬁ%lisvdf‘ﬁeghwgmgg p’: Iéigé %/%p @gﬁatlg?ﬁeg&%fﬂg%“@&s? o]

store the correct such errors. An auxiliary packet detector, 61, arranged to
detect the occurrence of transport packets containing DPCR data, is
coupled to the program data input bus. This detector functions to
reset and enable a counter 62 to count pulses of a local clock 60.

10 The local clock 60 may be a crystal oscillator having a frequency
which is very close to the encoder system clock frequency, or it
may be frequency locked to the encoder clock as per the operation
of the FIGURE 3 or 5 apparatus. A further auxiliary packet
detector 63 is coupled to the output bus of the buffer store 67,

15 and is arranged to store current count value output the counter 62
in the latch 68 when the auxiliary packet containing the DPCR data
emerges from the buffer. At this time the output of the counter
will exhibit a count value, in units of cycles of the clock frequency,
of the transit time through the buffer of the particular packet.

20 Note, if a plurality of auxiliary packets are likely to occur in close
proximity, such that more than one may be concurrently
transiting the buffer 67, the auxiliary packet detectors must be
arranged to detect and respond to the first occurring packet.

The auxiliary packet detector 61 also provides a

25 control signal which is applied to condition a latch 64 to store the -
DPCR value contained within the auxiliary packet. This value is
applied to one input port of an adder 65. The local count value
stored in the latch 68 is applied to the second input port of the
adder 65. The adder 65 sums the DPCR data from the current

30 auxiliary packet with the local count value to provide an updated
DPCR value DPCR'. The program data from the buffer 67 and the
output of the adder 65 are coupled to respective input ports of a
2-to-1 multiplexer 66. The multiplexer 66 is conditioned by the

" auxiliary packet detector 63 to normally pass the program data.

35 However when the DPCR data contained in the program data
emerges from the buffer, the multiplexer 66 is conditioned to pass
the updated DPCR' data from the adder, and then switch back to
passing data from the buffer 67. '
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DPCR val ue contained within the auxiltary packet. This value is

dpplied to one input port of an adder 65. The |ocal count val ue stored
inthe latch 68 is applied to the second input port of the adder . 65.
The adder 65 sunms the DPCR data fromthe current 30 auxiliary packet with
the local count value to provide an updated DPCR val ue DPCR . The
program data fromthe buffer 67 and the out put of the adder 65 are
coupled to respective input ports of a _;5_2-to-1 nultiplexer 66. The

mul ti pl exer 66 is conditioned by the auxi liary packet detector 63 to

normal |y pass the prograr,data. wever when the DPCR data contai ned
in the program data %gﬁﬂrg@s m‘ﬂlélj_h!??#é 66+ f%rcondmom ttoppasedags i s

condi ti oned to fpoms the addeérhahepdatman Figadl flonn theoaddére cor@eponddcdtot hen
switch back 10 we sumPEFThEIDPER ddid f@&:ﬁ&n%ﬂf [if'né”, duxiliary packet plus
the count value in the counter 62 when the DPCR data emerges
5 from the buffer. The data substituted 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 auxiliary
packet detector be programmed to only change program data in
accordance with the appropriate modifier flags, MF, of the
10 auxiliary groups.

Referring back to FIGURE 2, the transport processor 53
will establish the DPCR auxiliary groups and normally insert a zero
value for the DPCR data corresponding to new programs. Recall
however, that stored data from the digital storage media 51 may

15 be inserted between segments of live data, and that the stored
data may be pre-encoded with PCR and DPCR codes. When the
transport processor 53 is to insert stored data between segments
of live data, it accesses the PCR code of the stored data and
subtracts this PCR value from the count value currently exhibited

20 Dby 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 values in the stored data inserted
between live data now contains a reference to current time. This
process is illustrated .in the flow chart of FIGURE 8. which is self

25 explanatory.

The use of the DPCR data in a receiver is illustrated in
FIGURE 5. In FIGURE 5 clements designated with the same
numerals as elements in FIGURE 3 are similar and perform similar
functions, except that the function of element 32 has been '

30 modified. The modification involves including adder 45 arranged
to sum the corresponding PCR and DPCR values arriving in
associated auxiliary groups. The sums provided by the adder
correspond to the original PCR value augmented by any transu
delays incurred in muluplexmg for example. The sums are placed

35 in memory 46.where they are available to the clock controller 39 .

' as corrected PCR' values for system clock synchronization.
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10- T en the multiplexer 66 is conditioned to pass data
‘from thﬁ‘ haetders out put signal fromthe adder corresponds to t he
sum of @At ai ned in the auxiliary packet plus t he count
val ue | 62 when the DPCR data energes 5 fromthe buffer. The
dat a substl the DPCR data by the

-11-
CLAIMS:

1. Video signal compression apparatus characterized

a source (10) of video signal;

a source (22) of a clock signal;

a counter (23) for counting said clock signal modulo N,
where N is an integer;

means (24) for selecting ones of count values provided
by said counter as Presentation Time references, which
Presentation Time references are associated with predetermined
segments of said video signal;

compression means (11,12) for compressing said video
signal and hierarchically formatting compressed video data with
said Presentation Time references included;

means (13,25) for periodically selecting further count
values provided by said counter as Program Clock References;

a transpdrt processor (13) coupled to receive
formatted compressed video data including said Presentation
Time references from said compression means, for segmenting
said compressed video data into transport packets including
transport headers and wherein said Program Clock References are
included in ones of said transport packets; and

means (14,15) for conditioning said transport packets
for transmission. '

2. The apparatus set forth in Claim 1, characterized in
that said transport processor includes means for determining
instances when said Program Clock References are to be selected
by said means for periodically selecting further count values.

3. The apparatus set forth in Claim 1, characterized in
~that said transport processor forms transport. packets of
“compressed video data and auxiliary transport packets including -
said Program Clock Reéferences, and includes means for
interspersing said auxiliary transport packets with transport

R .- -packets. of compressed video data.
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mul tipl exer 66 is t?ﬁg het or DPCR data corrected for its transit
time in the buffer as %“@émmnded that the auxiliary

packet detector be pr y change programdata in

accordance with the a fler flags, MF, of the 10 auxiliary

gr oups. Referr| ng back to FIGURE 2, the transport processor
53 w Il establish the DPCR auxiliary groups and normally insert a zero
val ue for the DPCR data correspondi ng tqpnew prograns. Recall however,

‘that stored data fromthe digital storage nedia 51 may 15 be inserted
e TR e T I T 8
is to insert stcomgpredstd \hdeweergnaégrwni\ang systefn | whizhdgiracesses agcesses
Coun v o r AL AR AP bbb a0
transport proc&9sepressed, video signal mterspersed with transport packets
which include count values penodlcally obtained from a counter
arranged to count modulo M, pulses of an encoding system clock
where M is an integer, said apparatus characterized by:
a source (17) of transport packets including
compressed video transport packets and transport packets which
include said count values;
a controlled oscillator (37), responsive to a control
signal, for providing a receiver system clock;
a receiver counter (36) arranged to count pulses of
said receiver system clock modulo M;
means (31,55), responsive to the occurrence of
transport packets which include said count values, for storing
" count values output by said receiver counter; and
means (38,39) responsive to the differences of count
values in successively occurring transport packets which include
said count values, and differences in corresponding successively
stored count values output by said receiver counter for generating
a control signal, E, for controlling said controlled oscillator.

5. The apparatus set forth in claim 4, characterized in
that said means for generating said control signal, E, includes
means for calculating said control signal, E, proportional to:

E =f(|PCR,, - PCR,.1! - IRCV, - RCVp.1})
where PCR, and PCR,_; are successive count values occurring in
transport packets and RCV, and RCV,_; are corresponding stored
count values output by said receiver clock.

L
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adds this difference to the DPCR value in the auxiliary packets of t he
Stored - data. The new DPCR values in the stored data inserted bet ween
| i ve d#ihis Sheet HasBeeh RepRcdcef erence to current tine. This - process is

Il

i1 lustrat f chart of FIGURE 8. which is self 2 5 explanatory.
The use o in areceiver is illustrated in FIGURE 5. In
FI GURE 5 el enents desi

ated with the sane nuneral s as elenents in
FIGURE 3 are simlar and performsimlar functions, except that the
function of elenent 32 has been 30 nmedi3iH ed. The nodification involves
I ncl udi ng adder 45 arranged to sumthe correspondi ng PCR and DPCR
val ues arriving in assodhat epparatis iser foghourpclaifies s ¢charagterviede dn by
t he adder r o) e I.9k0al ne ny
transit de?lgE s&?%cﬁlgra Fe‘g lfdr}ll ﬁﬁﬁ%&%ﬁﬂgﬁﬁ@? §§h§§aﬁgﬁgﬁ Ehgfugé&r?g are
placed 3 5 in !Mfy*ﬁ¢95:46 where they are available to the clock controller

39 means for storing count values PCRg and RCV(y which
correspond to a count value occurring in a transport packet

~occurring at system start up and a corresponding receiver count
value respectively;

means for calculating a control signal, E', proportional

to:
E' =f( [PCR, - PCRgl - IRCV,, - RCVj)
means for selectively providing said signals E or E' as
control signals for controlling said controlled oscillator.
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as correct ed PCR values for system cl ock synchronization.

-14-

CLOCK APPARATUS FOR A COMPRESSED VIDEO SIGNAL

ABSTRACT OF THE DISCLOSURE
Apparatus for developing synchronization of an
intermediate layer of signal such as the transport or multiplex
layer of a multi-layered compressed video signal, includes at the
encoding end of the system a modulo K counter (23) which is
5 clocked responsive to a system clock (22), and the count valued is
embedded (13) in the signal at the transport layer according to a
predetermined schedule. At the receiving end of the system a
similar counter is responsive to a controlled receiver clock signal
(26) and the count value of this counter is sampled (18) at the
10 arrival of the count values embedded in the transport layer. The
differences of successive sampled count values of the receiver
counter are compared with the differences of corresponding
successive values of the embedded count values in the transport

layer to provide a signal to control (27) the receiver clock signal.
15

Figure 1
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CLAI MS: - 1. Vi deo signal conpression apparatus conprising: a
Source (10) of video signal; a source (22) of a clock signal

a counter (23) for counting said clock signal nmodulo N, where N is an

i nt eger; means (24) responsive to the tinme of occurance of franmes of
said video signal for capturing ones of count values provided by said
counter as presentation Tine references PTR, conpr essi on nmeans
(11,12) for conpressing said video signhal and hierarchically formatting
conpressed video data with said Presentqy%on Ti me ref.erences included in
sai d conpressed video data : '
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a transport processor (13) coupled to receive formatted conpressed vi deo
‘data including said Presentation Tinme references from said conpression
means, for segnmenting said conpressed video data into transport packets

i ncl udi ng payl oads of said conpressed video data and Presentation Tine
references concatenated with transport headers; means (13; 25)
responsive to the timng of transport packets for periodically capturing
further count val ues provided by said counter as Program C ock References
PCR and . wherein said ProgranlcquyGF@ferences (PCR) are included as
auxi liary data exclusive of said conpressed video data in the payl oads of
ones of said transport packets; and nmeans (14, 15) for conditioning
said transport packets for transm ssion. 2. The apparatus set forth in
Claim 1, wherein said transport processor (13) forns

FIG. 2
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and i ncl udes neans for

3/6

This is the replacement sheet.
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i nterspersing said auxiliary transport packets with transport packets of

conpressed vi deo dat a.

transport packets of conpressed video data and auxil i ary transport packets
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3. Appar atus for synchronizing at |east a portion of a conpressed video
Signal receiving systemwhich processes a conpressed video signa
occurring in transport packets of conpressed video signal having

i nterspersed therewith transport packets payl oads which include count

val ues PCR periodically obtained asynchronously with said video signal
froma counter arrange to count nodulo M pul ses of an encodi ng. system
clock where Mis an integer, said apparatus including; a source
(17) of transport packets including conpressed video transport packets and
transport packets which include said cofmé val ues PCR a | ocked

| oop including a controlled oscillator (37) which is responsive to a first
control signal, for providing a receiver system dock signal; a
recei ver counter (36) arranged to count pul ses of said receiver system
clock nodulo M
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means (31), responsive to each occurrence of transport packet which
si gnal ,

includes said count val ue,

PCR or

sai d apparatus characterized by:

the currently received count val ue PCR,
said second contro

si gnal

for storing at

currently output by said receiver count e?/®and

which forms an error signa

provi ding a second control
nmeans (34) for storing at
means ( 35)

| east

responsive to

| east the count val ue RCV
a controller
fromdifference between the current count val ue

(39)

RCV and a predeterm ned previously stored count value RCV and a difference
between the currently received count value PCR and a predeterm ned
previously stored received count value PCR, and

appl ying said error signal

as said first control

means (38) for

si gnal

to said controll ed

osci|lator. 4. The apparatus_set forth in claim3, wherein said neans
for generating said first a 4
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L3

control signal E includes neans for calculating said control signal E
proportional to: E=f( |PCRlerr]- PCRerr]| - | RCV[err] - RCV[err]|)
where PCR err] and PCR err] are successive count values occurring in
transport packets and RCV[err] and RCV[err] are correspondi ng stored count
val ues output by said receiver counter. 6/6 '

PREFIX | CC{HD PAYLOAD EC
pReFIX| cclHD |  Auxt AUX2 ceoce ’[ AUXn | EC
VT —
MF : CFF : AFID : AFS : DPCR
{ 1:1:DPCR_ID : DPCR_SIZE : DPCR f
FIG. 7 0:1:PCR_ID : PCR_SIZE : PCR
INITIALIZE FIG. 8
rroces T
LIVE DATA? N >
PACKET
ACCESS
GET NEW STORED PCRg
DATA F
y : - ACCESS COUNT
"FORM NEW . VALUE
TRANSPORT - ¥
PACKET - SET STORED
Y DPCRg TO
PASS TRANSPORT DPCRg + [PCRg - COUNT|
PACKET | ‘
PASS MODIFIED
'STORED TRANSPORT |
PACKET
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13’ } .; The apparatus set forth inclaims 3 and 4, wherein said twess ¥
for erati E i ncl udes: means for storing

count values PCR err rr] whi ch correspond to a count val ue
occurring in a lﬂ HI U H occurring at system: s~ta:rm§m-uw,and, B
correspondi ng !! | ue respectively; AE] :r?évém‘sﬁ‘ f‘éa'_ﬂ‘ 3G
cal cul ating a cont roI signal E proportional ta: ged ... é;
PCRlerr]| - [RCV[err] - RCV[err]|) vvhere1PCR[err

val ues occurring in transport packets and RCV[er
count val ues output by said receiver counter.

aTe-tzgf(BB ¥ es«p@ndl ftgﬁstqr ed
:-,__ civpot F?rrr J tO .p Xﬁnd ;

'3;‘-’*‘;'_?3'5:, E1AY
CLAIMS :- BECEIPT 3[.[1

1. Video signal compression apparatus comprising:

a source (10) of video signal;

a source (22) of a clock signal;

a counter (23) for counting said clock signal modulo N,
where N is an integer;

means (24) responsive to the time of occurance of frames of said video signal for
capturing ones of count values provided by said counter as presentation Time references
PTR;

compression means (11,12) for compressing said video signal and hierarchically
formatting compressed video data with said Presentation Time references included in said
compressed video data

a transport processor (13) coupled to receive formatted compressed video data
including said Presentation Time references from said compression means, for
segmenting said compressed video data into traﬁsport packets including payloads of said
compressed video data and Presentation Time references concatenated with transport
headers;

means (13,25) responsive to the timing of transport packets for periodically
capturing further count values provided by said counter as Program Clock References
PCR; and ’

wherein said Program Clock References (PCR) are included as auxiliary data
exclusive of said compressed video data in the payloads of ones of said transport packets;
and .

means (14,15) for conditioning said transport packets for transmission.

2. The apparatus set forth in Claim 1, wherein said transport processor (13) forms
transport packets of compressed video data and auxiliary transport packets including said
Program Clock References, and includes means for interspersing said auxiliary transport
packets with transport packets of compressed video data.
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6. The. appW@_t__f_Ml ainms 4 and 5, wherein said control signals

E andE™ are IirOVi ded successively for controlling said controlled

oetttacor | )Y AN O 0

* c L

12

3. Apparatus for synchronizing at least a portion of a compressed video signal
receiving system which processes a compressed video signal occurring in transport
packets of compressed video signal having interspersed therewith fransport packets
.payloads which include count values PCR periodically obtained asynchronously with said
video signal from a counter arrange to count modulo M, pulses of an encoding system
clock where M is an integer, said apparatus including;
a source (17) of transport packets including compressed video transport packets
and transport packets which include said count values PCR; -'
a locked loop including a controlled oscillator (37) which is responsive to a first
control signal, for providing a receiver system clock signal;
" a receiver counter (36) arranged to count pulses of said receiver system clock
modulo M;
means (31), responsive to each occurrence of transport packet which includes said
count value, PCR or providing a second control signal, '
said apparatus characterized by:
means (34) for storing at least the currently received count value PCR;
means (35) responsive to said second control signal for storing at least the count
value RCV currently output by said receiver counter; and
a controller (39) which forms an error signal from difference between the current
count value RCV and a predetermined previously stored count value RCV and a difference
between the currently received count value PCR and a predetermined previously stored
received count value PCR; and
means (38) for applying said error signal as said first control signal to said
controlled oscillator.

4, The apparatus set forth in claim 3, wherein said means for generating séid first
control signal E includes means for calculating said control signal E proportional to:

E=f( | PCRy — PCRy4! - | RCVa- RCVas1 )
where PCR, and PCR,.1 are successive count values occurring in transport packets and
RCV, and RCV, are corresponding stored count values output by said receiver counter.
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5. The apparatus set forth in claims 3 and 4, wherein said means for generating said
control signal E includes:

means for storing count values PCR, and RCV, which correspond to a count value
occurring in a transport packet occurring. at system start up and a corresponding receiver
count value respectively;

means for calculating a control signal E’ proportional to:

E’=f( IPCR.— PCRy| -1RCV, - RCVq})
where PCR, are successive count values occurring in transport packets and RCV, are
corresponding stored count values output by said receiver counter.

6. The apparatus set forth in claims 4 and 5, wherein said control signals E and E’ are
provided successively for controlling said controlled oscillator.
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