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) 20 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
25 compressed signal, it is usually necessary that the various
subsystems operate synchronously with their inverse function
counterpart clements at the encoding end of the system.
Synchronous operation in this case, in general, may mean that the
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. Synchronization 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 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
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signals for synchronization purposes and for proper sequencing and
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of FIGURE 2. queued, provision is made to measure the time, in counts of clock

pulses of a system clock frequency, of the time the signal is

30 delayed, and to access and update the differential count values in
said transport packet with the value of the delay measurement.
In an embodiment at the receiving end of the system a counter,
similar to the counter at the encoding end of the system, is
responsive to a controlled receiver clock signal to provide count

35 values, and these count values are sampled at times related to the
arrival of the count values embedded in the transport layer. The
transmitted count and differential count values are accessed from



2 0 FIGURE 1 illustrates a typical systemin which the invention may be
practiced, which systemis a conpressed digital video signal transm ssion
arrangenent. In this system video signal froma source 1020 AugppR0@X to a
conpression el enent 11 which may include a notion conpensated predictive
encoder 2 5 utilizing discrete cosine transforns. Conpressed video signal
fromthe elenment 11 is coupled to a formatter 12. The fornmtter arranges

t he conpressed video signal and other ancillary data according to sone
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10 may be | ayered. For exanple-video prograns) P;) may be generated in
different studios, and coupled to a first multiplexer 55. These prograns
are tinme division multiplexed according to known techni que3) Aaguspr002 ded as
a source signal S 1. The signal Sl1) and other source signals Si) from other
15 sources are applied to a second |layer nmyl tiplexer 56) wherein the
signals Si are tine division nultiplexed according to known techni ques and
predet erm ned scheduling. Finally) within the respective prograns
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20 August 2002 controller reads the successive values of PCRs and L's and
forms an error signal E proportional to the differences E ~ ~PCRn - PCRn_1
| - ILo - L,n_11 The error signal E, is utilized to condi t2mAuiiz€206d t age
controlled 5 oscillator 37 to a frequency tending to equalize the

di fferences. The error signal produced by the clock controller 39 may be in
the formof a pulse w dth nodul ated signal?)? which nay be rendered to an

anal og error signal by inplenmenting the | ow pass filter 38 in anal og
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i |1 ustratds pi saurceslarg appliedspora spaendtlayer amujtiplexerni 36 whezeino theat
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Tel evi si on Resea&ch Consortium, This t aﬁr&&gr E packFL | PCl ud a ﬁr efix
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0 " : . . . ; data
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instance the PTR's and PCR's of the stored material will be

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-inverse 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 operation to the
distinct multiplexers 55 and S56.

35 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
provide a degree of signal buffering within the multiplexers.



FIGURE 7 i'llustrates a transport packet which includes 10 auxiliary data.
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illustrated in FIGURE 7 there are two auxi Iéary groups contai ni ng data
related to the 1 5 program cl ock reference) AUX1 and AUX2. The auxiliary
group AUXI includes data reI ated to variable delays and the group AUX2
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20 August 2002 -10 2-to-1 multiplexes 66. The multiplexes 66 is conditioned
by the auxiliary packet detector 63 to normally pass the program dat a.
However when the DPCR data contained in the program data eneaggstbogm the
buffer, the multiplexes 66 is conditioned to pass 5 the updated DPCR data
fromthe adder, and then switch back to passing data fromthe buffer 67.
When the nmultiplexes 66 is conditioned to pass data fromthe adder) the

out put signal fromthe adder corresponds to the sum of the DPCR data
contained in the auxiliary packet plus 1 0 the count value in the counter
62 when the DRORtudlex etm&g&be fsugaessiee lnes of TRERIsit ands Ubstandufermsor t he

DPCR data by tgye eidet 'sPérEzlie @ogérd&ﬂﬂ gdtqhgragfe@ﬁga data corrected for
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clock synchronigatd 0} signals MW" LI will vary in discrete steps. As such,
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

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 controlled oscillator.

In order to accommodate the delays, T L &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. Refer to FIGURES 6 and 7.

FIGURE 6 illustrates pictorially a transport packet of a type similar
35 to that used in the High Definition Television System developed by

the Advanced Television Resecarch Consortium. This transport

packet includes a prefix which contains, among other things, a

. general identifier to indicate to which. service the payload



-12 1. Apparatus for providing a conpressed video signal characterized by:
a source (50) of conpressed video signal including presentation tine

ref erences; nmeans (52) for generating tine stanps having aZ(FXﬁgﬁb’tS!O(bZi ng
relation with said conpressed video signal; transport processor circuitry
(53) for formng transport packets including payl oads of said conpressed
video signal and transport headers identifyg ng respective payloads, and for
including in ones of said transport packets, said time stanps and a further
data field for including timng information related to one of tine stanps
of preconpr essenatainedwvithignahe apacket jiscredated: alTheofiold Clcis raegontinuity
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i nt eger negas | I’ C ans or
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with said Conﬁéﬁﬁé&dad’ilﬁﬁf’ysdﬂaa" Tie Hnammsmu@numm%@rﬂﬁe paffididlap! exing
nmeans) having a éal Ity cof 1np aaﬁ nal for selectively pI’OVI di ng

signal at an d% 8{' ¢ psi for ?hre PaCRPYy urality of input terminals:
a storage buffer havi ng HIGUREUt7 dHugtrawtst @ transport pwakttcwhmlesnehxdcsdeo

signal foj [ u t e of
sai d pl uraloltt;a/ﬂﬁgl aﬁp%@er?‘%%‘% fd;g?ﬁ;% gfﬁ | ng Sﬁ Ph&si‘:’itl rage
buf f er arr angdfcludey ongyQE: moge cauxibiary, gRAWPS. R? !ﬂﬁ)r% 8 W@Bts‘i’ nal
for transm ssiditaoinclidedotn okwg ivet o@ss ahdathe agutreny tslyptdﬂXl ng nmeans

&
and i nol udes Teguiffinss o g‘&*‘k tBfiferdit Hchel itiyBiralen 3?‘. (BHRE ST CF )
time of signalthene cargh twau ausnlwagarows egontaining t dataf I'Qlﬂi cioodke pul ses;
and_Means 1 hgieiFelddtdletereidt; ALXUEM WEKD.! TROThuxlags ghou a ned

buf for . 4 %ﬂe L%&@%&%&?P@W "ta YaAsblS J&?S“%ﬁ!}?@%?ﬂpﬁﬁgéwr "
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

20 field which indicates whether the data in the packet is modifiable
(1 if modifiable O if not). CFF is a 1-bit field which indicates
whether auxiliary data is defined for this 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

25 field defining the number of bytes of auxiliary data contained in
the group.

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 AUXI1

30 data 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
portion of orie 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



a systemclock for providing clock pulses; a counter for counting said
clock pul ses nodule K, where Kis an integer ; neans for periodically
storing current count values provided by said counter for bHagEhit2002n said
ones of said transport packets; a source of preconpressed video signal
including tinme stanps for aiding systen1syn§pron|zat|on and said transport
processor circuitry includes; neans for accessing said tine stanps from
sai d preconpressed video signal; and neans for generating said t|n1ng
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‘25 of the transit time through the buffer of the particular packet.
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 each occurring packet.

30 The auxiliary packet detector 61 also provides a
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

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

flable

h §




means for formng transport packets identifiable as including count val ues
of information and including at |east said current count val ues, 20
August 2002 -15 nmeans for form ng transport packets of saig)nhgﬁgapopssed
vi deo signal including packets which are identifiable as including count
val ues and including data representing said current count val ues and
further data representing said count valifts of said preconpressed vi deo
signal; and neans for formng a signal including a sequence of transport
packets of co@proe$ sarhlvipla@rs6Gnal Tiee dnpliislerer € dsl vonditionednby . thie The
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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

20 however, that stored data from the digital storage media S1 may
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

25 subtracts this PCR value from the 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 live 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 eclements designated with the same '
numerals as elements in FIGURE 3 are similar and perform similar

35 functions, except that the function of element 32 has been
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



means for -increnmenting the count values, in transport packets indentified
as including count values which are passed through said storage buffer, by
the 5 neasured transit tinme. 10. The apparatus set forth i20 &bgist26@02
characterized in that said identifiable transport packets are auxiliary
transport packets having auxiliary transport headers and payl oads incl udi ng
said time stanps and a nodifiable field10 for including timng information
related to one of tine stanps of preconpressed video signal and increnental

flel ays Incurr%r&x bha ?é’xt'hl:' amgnﬁalalrmmrv?machegm?utdmgaytsuhgem%n .
ransm ssion p sin iliar ran e n e
header of the ‘{58‘}3{% |‘ﬁ?‘g"ﬁjaﬁbd'8|‘fufgﬁémﬁ dof n?ﬁ;ﬁ'g@@ a gs%?acaﬁcl R@icggt es
whether a fielid remodi f46aiwkerel thelyl .aréppeaibable fortherdecki centaokdenm3dessed
 eontar on (mEbHRER FOROValfed Tt gs{&ﬂ”l?[&is‘% n¥hdagzalgnal incl uding
presentation t1'ne rererences; neans 2 enerating tine stanps having
a synchronizing relation with 20 said conpressed video signal; transport
processor circuitry (53) for formng transport packets incl udi ng payl oads
of said conpressed video signal and transport headers identifying

respective payloads, and for including in ones of said transport packets
said tine



- 17 - 20 August 2002 stanps and further data field for including timng
information related to a further video signal. 12. The apparatus set forth
in claiml1l wherein: 5 said further data field is for incl2odAfgst 2000
information related to increnmental delays incurred by transport packets
during subsequent transm ssion processing of respective transport packets.
13. The apparatus set forth in claimll_wherein: 10 said further data field
is for including timng information related to tinme stanps of a
preconpressedgnhﬂﬂﬂséignal. 14. A method of comrunication a conpressed

vi deo signal conprising: providing (50) a conpressed video; 15 generating

(52) time stanps having.,a synchraonizing rel.ation wth said,conpressed, vi deo
signal; and forning packet sxiPRH‘ﬁHF ngorpQWY)g&g ot %°JPB'°@8?1$r @Egds\ﬁ“a!%o

si gnal and hesheractedi@edi fby:ng respective payl oads, and for including in
ones of said packets saidghjfle I56RST 3Bfpreldd Redesladignil § )
including tim n%si nf or maat i?o{r% reliat ed 20 tg}g furtheeF Vi ggo sillgr‘{gf}.{g 15. The

met hod set foMIRS¢RLation fime FefPERNEES: 20 August 2002

means (52) for generating time stamps having a
synchronizing relation with said compressed video signal;

transport processor circuitry (53) for forming
transport packets including payloads of said compressed video
signal and transport headers identifying respective payloads, and
for including in ones of said transport packets, said time stamps
and a further data field for including timing information related to
one of time stamps of precompressed video signal and .
incremental delays incurred by transport packets during

subsequent transmission processing of respective transport
packets.

2. The apparatus set forth in claim 1 characterized in
that said means for generating time stamps comprises:

a source of clock pulses;

means for counting said clock pulses modulo K, where
K is an integer

means for periodically capturing a count value from
said means for counting.

3. The apparatus set forth in claim 1 further
characterized in that;

a source of further compressed signal to be time
division multiplexed with said compressed video signal for
transmission or storage;

multiplexing means, having a plurality of input
terminals, for selectively providing signal at an output terminal
from one of said plurality of input terminals;

a storage buffer having an input coupled to receive
said compressed video signal for transmission or storage, and
having an output coupled to one of said plurality of input
terminals of said multiplexing means, ‘said storage buffer arranged
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where K is an integer ;
means for periodically storing current count values
provided by said counter for insertion in said ones of said
transport packets;
a source of precompressed video signal including time
stamps for aiding system synchronization;
and said transport processor cil:éuitry includes;
means for accessing said time stamps from said
precompressed  video signal; and
means for generating said timing information related
to said time stamps of precompressed video signal.

5. The apparatus set forth in claim 1 characterized in
that said identifiable transport packets are auxiliary transport
packets having auxiliary transport headers and payloads including
said time stamps and a modifiable field for including timing
information related to one of time stamps of precompressed video
signal and incremental delays incurred by the auxiliary transport
packet during subsequent transmission processing of said
auxiliary transport packet, and wherein the header of the
auxiliary transport packets includes a flag which indicates
whether a field is modifiable.



10VV! RO* #10%WNV& () - 1! RO* #10%>& ()- 11|\ 0 #109%& () - 1] 1wWU30P1! } 0S#10%& () - s3!
0SH#10%x& () -s3! yOS#H10%&' () - s3! OSH10%& () - s3! +0SH109R28&' () - $3! pSHLOMMEWEE (

) -$312/ WU30P1! [ 0S#10%&' () -s3! [ OSH10%O0& () -s3! [ 0SH10% ' & (30 A8 RREHI0X4G } & ()

-s3! 0S#10%ss& () -s3! 60SHLOMKKE ()-s3/-./0?C=}uS1l!'t 0@ 10%

& () 3la@10%&' ()-310% u& ()-Y"'L10% u& ()- 10xx 10xx 10xx![ OSH10%x&' ()-s3}
' $7988WU3USL! | +MD@ 109KuXu&' () - 3! RO@ 109868 () - 3! QU@ 10%uu& () - 3! SO@ 10%

-& ()-3'j0@ 109 ()-3!i 0@ 109&' () - 3S&T&U&V&e&) & (p)uSl!j 0" 10%&' ()-3! 0" 109%&

()-3Mt"10% [{[ & ()-3F10%& ()- Y"10%0& () 3 10XuXu 10XuXu

10XuX * b-- p/ WW3uS1L! ' WD, 109 31 0".109%6008' 1096008, -31'VO"
Loreo 1)L 5110+ 5006 ()81 -ABDEENS dof WproMiding, BceqUipresssq yideo Signal
08 09%/(( Y( & () - CRafacYerizedrAFAL ()- @ 10Yh& ()- FY10% & ()-F"L10% & ()-

10( (O 10( (O 10( O OGL124 N ROV ()- @1\0 Y va0%<g ()~ @! VO
g/f(()%& (§q@nso(9mw{5@@%“3@%‘3 ' h] () @1 k0 Y -

%10%«& () - @6n7888888/ 9r souEce »f oprecompresse %lde(’)smnahowautlpg gounp

values for aiding system synchronization;

compression means coupled to said source of video
signal for providing compressed video signal components
including descriptive headers and data representing pixel
information formatted according to a predetermined protocol;

a system clock for providing clock pulses;

a counter for counting said clock pulses modulo K,
where K is an integer ;

means for periodically storing current count values
provided by said counter;

means including a transport processor coupled to
receive formatted compressed video, and said precompressed
video for providing a sequence of signal packets including said
compressed video or said precompressed video, wherein ones of
packets in a sequence of compressed video signal packets are
identifiable as including data representing current count values
and ones of packets in a sequence of precompressed video signal
are identifiable as including data representing said count values
and said current count values; and

means for conditioning said sequence for transmission.

7. The apparatus set forth in claim 6 characterized in
that said means including a transport processor includes
means for dividing said compressed video signal
into segments of predetermined amounts of data, and responsive
to said compressed video signal headers for forming transport
headers, and concatenating respective transport headers - with
payloads consisting of respective segments of said compressed
video signal to form respective video transport packets,
means for forming transport packets identifiable

as including count values of information and including at least
said current count values,
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video signal.

8. The apparatus set forth in claim 6 further
characterized by;

a source of further signal packets;

means for multiplexing said sequence of signal packets
with said further signal packets; and

means for modifying said count values in said
sequence of signal packets as a function of incremental delays
incurred by said means for multiplexing.

9. The apparatus set forth in claim 6 further
' characterized by;

a source of further compressed signal to be time
division multiplexed with said sequence of signal packets
including said compressed video or said precompressed video, for
transmission or storage;

multiplexing means, having a plurality of input
terminals, for selectively providing signal at an output terminal
from one of said plurality of input terminals;

a storage buffer having an input coupled to receive
said sequence of signal packets including said compressed video
or said precompressed video, and having an output coupled to one
of said plurality of input terminals of said multiplexing means,
said storage buffer arranged to store said sequence of signal
packets including said compressed video or said precompressed
video during intervals that said multiplexing means does not
accept signal from said one of said plurality of input terminals,
and -includes;

a source of clock pulses;
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5 measured transit time.

10. The apparatus set forth in claim 6 characterized in that said
identifiable transport packets are auxiliary transport packets having auxiliary
transport headers and payloads including said time stamps and a modifiable field

10  for including timing information related to one of time stamps of precompressed
video signal and incremental delays incurred by the auxiliary transport packet
during subsequent transmission processing of said auxiliary transport packet, and
wherein the header of the auxiliary transport packets includes a flag which
indicates whether a field is modifiable.

15

11.  Apparatus for providing a compressed video signal comprising:

a source (50) of compressed video signal including presentation time
references;

means (52) for generating time stamps having a synchronizing relation with

20 said compressed video signal;

transport processor circuitry (53) for forming transport packets including

payloads of said compressed video signal and transport headers identifying

respective payloads, and for including in ones of said transport packets said time
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12.  The apparatus set forth in claim 11 wherein:
5 said further data field is for including timing information related to
incremental delays incurred by transport packets during subsequent transmission

processing of respective transport packets.

13.  The apparatus set forth in claim 11 wherein:
10 said further data field is for including timing information related to time

stamps of a precompressed video signal.

14. A method of communication a compressed video signal comprising:
providing (50) a compressed video;
15 generating (52) time stamps having a synchronizing relation with said
compressed video signal; and
forming packets including payloads of said compressed video signal and
headers identifying respective payloads, and for including in ones of said packets
said time stamps and a further data field for including timing information related

20  to a further video signal.

15. The method set forth in claim 14 wherein:
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of respective packets.

5 16.  The method set forth in claim 14 wherein:
said further data field is for including timing information related to a time

stamp of a precompressed video signal.



