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At the receiver of a fully multiplexed transmitted
25 compressed signal, it is usually necessary that the various
subsystems. operate synchromously with their inverse function
counterpart elements at the encodirg end of the system.
Synchronous operation in this case, in general, may mean that the -
' respective subsystems operate extremely close to the same
30 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. Synmchronization of the
video/audio decompression portion of the system may be
'35 accomplished by inserting, at the encoder, presentation time
' stamps within the compressed video/audio signals, that indicate
the relative txmes of productxon/reproductton of respective
segments of signal. Such presentation time references, PTR's, may
be used to comparc the timing of associated audio and video '
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35 acconplished by inserting, at the encoder,
presentation tine stanps within the conpressed

vi deo/ audi o signals, that indicate the relative

ti mes of production/reproduction of respective
segnents of signal. Such presentation tine _
references, PTR s, may be used to conpare the timng
.of associ ated audi o and video ~2- signals for
synchroni zati.on purposes and for proper sequencing
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t1 mespectively, said further time stamp being related to a further compressed
video signal; and providing first and second flags respectively exhibiting
respective first states to indicate the presence of said first and second data
blocks; d) including said one time stamp in said first data block only for said
first flag exhibiting its respective first state and including said further time
sfamp in said second data block only for said second flag exhibiting its first
state; and ¢) forming transport packéts respectively including a header and a
payload, wherein said payload includes a segment of compressed video

signal, and ones of said payloads include said auxiliary information; and a

receiver for receiving and processing said transport packets.



stanp in said second data bl ock only for said second
flag exhibiting its first state; and e) formng
transport packets respectively including a header and
a 35 payload, wherein said payload includes a
segnent of conpressed video signal, and ones of said
payl oads include said auxiliary information; and a
recei ver for receiving and procgssing said transport
packets. -3- BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE
1 is a block diagramof a conpressed video 5
encodi ng/ decodi ng system i ncorporating cl ock recovery
apparatus enbodying the present invention. FIGURE 2
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invention may practiced, which system is a compressed digital

video signal transmission arrangement. In this system, video
signal from a source 10 is applied to a compression element 11
which may include a motion compensated predictive encoder
25  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
according to some signal protocol such as MPEG, a standard
developed by the International Organization for Standardization
30 (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
some noise immunity for the transmission purposes. The
, transport packets, which normally occur at a non-uniform rate are
35 applied to a rate buffer 14 which provides output data at a
relatively constant rate conducive to cfficient use of a relatively
. narrow bandwidth transmission channel. The bufféred data is
coupled to a modem 15 which performs the signal transmissios.
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30 (Organisation Internationale De Normalisation).
The standardi zed signal is applied to a transport
processor 13, which divides the signal into packets
of data and adds certain other data to provide sone
noi se immunity for the transm ssion purposes. The
transport packets, which nornmal |y occur at a
non-uniformrate are 35 applied to a rate buffer 14
whi ch provides output data at a relatively constant
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25 ~ 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. Data from the modem 16 is -
applied to an inverse transport processor 18, which provides
compressed video signal formatted according to the system
30 protocol, to the rate buffer 17. The rate buffer 17 then provides
the compressed video signal to the decompressor 19 on demand.
. The decompressor, responsive to the compressed video signal
generates non-compressed video signal for display on the device
20, or for storage etc., in an appropriate device. _
- 35 . 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
~ gencrates a system clock. signal synchronous with at least the



25 Elenents 16-26 of FIGURE 1 conprise a receiving

end of the transm ssion system wherein the nodem 16
perfornms the inverse function of the nodem 15. Data
fromthe nodem 16 is applied to an:inverse transport
processor 18, which provides conpressed video signal
formatted according to the system 30 protocol, to the

rate buffer 17. The rate buffer -5% then provides the
conpressed video signal to the deconpressor 19 on
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25 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
decompressor to re-initialize to new signal. Conversely the lack of
correlation between the stored and real time PCR's may totally
30 disrupt the rate buffer-inversc. transport processor clements of a
receiver system do to loss of synchronization.
In FIGURE ‘2 it is assumed that the transport processor
" 53 includes  a multiplexing apparatus similar in operatxon to the
distinct multiplexers 55 and 56. _
35 A further problem exists within a mulnplcxcd system.
. In order mot to lose data at respective multiplexing sites -if data
concurreatly arrives from a plurality of sources, it is nccessary to
‘provide a degrec of signal buffering within the mu-ltiblexc_rs—.



20 inserted into program material or of stored
material inserted between segnents of |ive
production material. In these latter cases it is
presuned that the comercials or stored material has
been pre-encoded with respective PTR s and PCR s. In
this instance the PTR s and PCR(TS of the stored
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SC%he earuxnﬁdem&astac routm:lo and stored in a memory clemeat, 34,
The auxiliary packet detector 31 which may be a
25 matched filter arranged ‘to recognize the codewords designating an
auxiliary transport packet containing a PCR, produces a control
pulse on the occurrence of transport packets containing such data.
The control pulse is utilized to store within a latch 35, the count
value currently exhibited by the local counter 36. The local
30 counter 36 is arranged to count pulses provided by a e.g., voltage
controlled oscillator 37. The counter 36 is arranged to count
modulo the same number as its counterpart counter in the
cncodcr (counter 23).
The voltage controlled oscillator 37 is controlled by a
35 low pass filtered error signal provided by a clock controller 39.
| The error signal is gcncratcd in the following fashion. Let the PCR
arriving at time n be designated PCR, and the count value
- concurrently latched in latch 35 be dqs'i'gnatc'd- L,. The clock




15 inverse transport processor 32, and an auxiliary
-packet detector 31. 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
vi deo signal payl oads (designated_here as service
data 1) to, for 20 exanpl e, deconﬁression appar at us
(not shown), and auxiliary data (designated as
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- synchronization is to initiatc control of the voltage controlled
25 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
error signal LTE to control the voltage coatrolled oscillator.

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

in the multiplexing process, the transport processor at the encoder
30 creates an auxiliary field within an auxiliary transport packet
which contains information relating to variable delays. Provision
is made for modifying this variable delay information at
respective multiplexing locations. Recfer to FIGURES 6 and 7.
FIGURE 6 illustrates pictorially a transport packct of a type similar
35 to that used in the High Definition Television System developed by’
- the Advanced Television Rescarch Consortium. ‘This trangport '
packet includes a prcfix which contains, among other things, a
general xdcnnficr to mdlcatc to. which. service the payload |




10 The constraints on this systemare that the
counters at the two ends of the system count the
same frequency or even multiples thereof. This ,
requires 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
the encoder. 15 , The foregoing aﬂﬁroach provi des
rather rapid synchronization but may introduce a
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The AUXI1 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.c. the program clock reference. The AUX1

30 darta is indicated as DPCR data which is an acronym herein for

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.

35 The FIGURE 4 apparatus is exemplary apparatus of a
_pomoa of onic of the multiplexer circuits shown in FIGURE 2.
~Associated with respective input busses is a buffer storc 67 which
may be a FIFO. Data is stored therein whien program data arrives .



5 tel evision programm ng, respective payl oads of the
transport packets of that service type may incl ude
audi o data, video data, or related auxiliary data.
The HD field thus indicates the particular payl oad
type for the particular packet. FIGURE 7 illustrates
a transport packet which includesg_ 10 auxiliary data.
The payl oad of an auxiliary transport packet nay

i nclude one or nore auxiliary groups, depending on
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may *é?nél‘ Bk ffonPahe buffed. or AY Hierthine thiveougtpuigofinthe counter
data will xﬁiqblt a count value, in units of cycles of the clock frequency,

‘25  of the transit time through the buffer of the particular packet.
Note, if a plurality of auxiliary packets arc likely to occur in close
preximity, such that more than onc may be concurrently
transiting the buffer 67, the auxiliary packet detectors must be
arranged to detect and respond to- each occurring packet.

30 © The auxiliary packet detector 61 also provides a
control signal which is applied to condition 2 latch 64 to storc the
DPCR value contained within the auxiliary packet. This value is

" applied to onc input port of an adder 65. The local count value
stored in the latch 68 is applied to the second input port of thc

" 35 adder 65. The adder 65 sums the DPCR data from the current

| . auxiliary packct with the local count valuc to provide an updated

DPCR value DPCR'. The program data from the buffer 67 and the

output of the addcr 65 arc. couplod to rcspoctwc input ports of a



9 and the nultiplexer is currently accessing a
different input bus. Thereafter, according to the
schedul i ng of the multiplexer, t he programdata is
read fromthe buffer store 67. Respective transport
packets of the programdata 5 include auxiliary
groups contai ning PCR and DP ata. Note that the
val ue of the PCR data is determned relative to the

timng of the transport ﬁacket cont ai ning the
auxia-terly multiplexemb6r matho rmultipiesep@® dateoudifigped by the
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t he liary 8 S-exhibit a count value, in units of
cycl es of the Mfeukng reapke te yFIGURE 12, t the transport processor 53
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28N aberacks - thid @@wa‘zp lfﬂimv @lw Q::ount value cun'cntly cxhibited
by the counter 23 and/ or latch 25. The transport processor then
adds this difference to the DPCR value in the auxiliary packets of
the siored data. The new DPCR valucs in the stored data inserted
between live data now contains a reference to current time. This
30 process is 1llustrated in the flow chart of FIGURE 8. which is sclf
| cxplanatory.
The use of the DPCR data in a receiver is illustrated i_n
FIGURE 5. In FIGURE 5 clements ‘designated with the same
numerals as elements in FIGURE 3 are similar and perform similar
35 functions, cxcept that -the function of clement 32 has been
modified. The modification involves including adder 45 arranged
to sum the corresponding PCR and DPCR values amriving in
associated auxiliary groups. The sums provided by the adder '



stored in the latch 68 is applied to the second i nput

port of the 35 adder 65. The adder 65 suns the DPCR

data fromthe current auxiliary packet with the.

| ocal count value. to provide an updated DPCR val ue

DPCR . The programdata fromthe buffer 67 and the.

output .of. the adder 65 are coupled to respective

i nput ports of a -10- 2-to-1-pwktiplexer 66. The

mul tiplexer 66 is conditioned by the auxiliary
packebrrdgpend oo €Be t arigimairdPCR pabe tawgmmmocd by dalyatransit

Howe =ont @j-n ' he

dat o delayd, BburEY I UIbRATEE" R EXmiple, CTRE CHAare placed
condin | BABWTY o4 awdicse tthey upigaaxaiigderto dhe aclorkneemtgoller 39
addeqs @jteedtBENPEN ' ¢hlueactort Systoms eldek Gghahiondmatione

buffer 67. When the nultiplexer 66 is conditioned to

pass data fromthe adder, the output signal fromthe

adder corresponds to the sum of the DPCR data

contained in the auxiliary packet plus 10 the count

value in the counter 62 when the DPCR data energes

" fromthe buffer. The data substituted for the DPCR

data by the 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 programred to only change program
data in 15 accordance with the appropriate nodifier
flags, M, -of the auxiliary groups. Referring back
to FIGURE 2, the transport processor 53 w |
establish the DPCR auxiliary groups and nornmally
insert a zero value for the DPCR data correspondi ng
to new progranms.. Recall 20 however, that stored data
fromthe digital storage nedia 51 may - be inserted
bet ween segnents of |ive data, and that the stored .
data may be pre-encoded with PCR and DPCR codes. Wen
the transport processor 53 is to insert stored data
bet ween segnents of |ive data, it accesses the PCR
code of the stored data and 25 subtracts this PCR
val ue .fromthe count value currently exhibited by
the counter 23 and/ or latch 25. The transport
processor then adds this difference to the DPCR
value in the auxiliary packets of the stored data.
The new DPCR values in the stored data inserted



between |ive data now contains a reference to current

time. This 30 process is illustrated in the flow
chart of FIGURE 8. which is self explanatory. The
use of the DPCR data in a receiver is illustrated in

FIGURE 5. In FIGURE 5 el enents designated with the
same nunerals as elenents in FIGURE 3 are simlar
and performsimlar 35 functions, except that the
function of element 32 hasgbeen nodified. The
nodi fication involves including adder 45 arranged to
sum t he correspondi ng PCR and DPCR val ues arriving in
associated auxiliary g e e sunms provided by the
adder -11- correspond Kgg%ﬂgﬂ§?iginal PCR val ue
augnented by any transit delays incurred in
mul ti pl exi ng for exanple. The suns are placed in
Whatdrolaymetbiswher e they are available to the clock
controller 39 as corrected PCR values for system
cl ock synchronization. 12 CLAIM5 Wat is clained is:
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a receiver for receiving and processing said transport packets.



