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2 5 preconpressed count val ues when preconpressed video signal is
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the differential count values in said transﬁbrt packet with the value of
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fitter conponent. Assunme a programtransits 100 nultiplexers (an

exagger ated nunber to accentuate the problen)) and each nultiplexing adds 1
sec. t 1 psec. of delay. The end to end delay 5 is 100 sec. t 100 p. sec.

of delay. The 100 seconds of delay is of little consequence to the
deconpressor because the conpressed . video,and thus the PTR s have
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in the nmultiplexing process) the transport processor at the encoder 3 0
creates an auxiliary field within an auxiliary transport packet which
contains information relating to variable delays. Provision is nmade for
nodi fying this variable delay information at respective nultiplexing

| ocations. Refer to FIGURES 6 and 7. FIGURE_6 illustrates pictorially a
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Tel evi si on Systen1deve|oped by t he Advanced Tel evi si on Research Consortium
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2 0 detector 63 is coupled to the output bus of the buffer store 67) and is
arranged to store current count value output the counter 62 in the latch 68
when the auxiliary packet containing the DPCR data energes fromthe buffer.
At this tine the output of the counter will exhibit a count value) in units
of cycles of the clock frequency) 2 5 of th% transit time through the
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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 generated in the following fashion. Let the PCR
arriving at time n be designated PCR, and the count value

concurrently latched in latch 35 be designated L,. The clock



12 CLAIMS 1. Apparatus for providing a conpressed video signal conprising a
source (50) of conpressed video signal; counter circuitry (52) for
generating tinme stanps; a transport processor (53) for a) dividing said
conpressed video signal into segnents of data no larger than a
predeterm ned size; b) formng transport headers including data fields
identifying at |least in part the contents ofl respective transport packets;
c) formng auxiliary information provisionally including first and second

data bl ocks for containing one of said ti sta nd a,f ,rthe

stanmp, respect F%P’?i °§ar°&8$ e hgcaessiyesy %Fﬁ%sﬁél é’t‘d&dt]ts

conpressed vi daa sim@nasignahcE pprapotiiogalf ltosmeaﬂdffemmad flags reSpectlveI y

exhi biting respective first sﬁage? g [ nﬁbﬁlteﬁ}‘eﬁq‘enrs]qnce said first and
ai

second data bl ocks; d) includin Done 11 said first data
bl.ock only for T ermorr signal & @(Mtﬂlﬂeﬂn@ icoaditéierpdbei veltige sontrobied and

i ncl ugl P? sgl dd‘sﬁﬂ%eﬁ@f 37I e at ﬁ;mubﬂgﬁadeﬂdﬁ%qadcdéiﬁz@tﬂekdﬂfér)énfzé’i kS?I d
secon ag exhibiting its first state form packet s
respectively i ﬁlé}eu& ER:N dB'Pdgﬁﬁ‘? b’be@?o ki 'é{’]ﬂ "S”é&/t%' the

i ncl udes a segrferm of a;cpniseswuhhvndxinlauegnaignahd“dneh mfayshed mﬁlewcﬂs
include said ayyl Maz{ﬁ'albgf&&a?ts];gﬁ‘al 3%' leﬁ?ﬁﬂhﬁe%esﬁh s§ PfileBr 0383'151‘ 1
wherein said counter clreuitr geher |ng t st anp npr|ses

system cl ock f&n 98)VF8F‘H§"\9I Tk pul ses; a counter for counting said cI ock
pul ses modlDo K, where KTt aonstraiger on athis nsyatemf are phad abie cedumess ati ng

count val ues it 156 A HIuEPUIREI ool iy BRRER SHE Gy O ek cf &l

2 further |ncIu a’ source anspor her
conpr essed vi denuauglnm thezeof. wh&Thig rreguuesmlahst;bsr nopripgk Jeequensye of ethen

time stanp fromgltdgeaednrolledaokeillatdr fb%' tﬂmﬂyr chsve ¢onhechreqdeityest sh@gnal
and includes sgdofdfily Ve sht0nt "otk 20F RRE  encotta?.

15 The foregoing approach provides rather rapid
synchronization but may introduce a long term error. Long term
error LTE is proportional to the difference

LTE = IL, - Lol - IPCR, - PCRyl
where PCRg and Lo are for example the first occurring PCR and the

20 corresponding latched value of the receiver counter. Nominally
the error signals E and LTE 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



packet of said further conpressed video signal in the second data bl ock as
said further time stanp; and sets said second flag to indicate presence of
said further time stanp. 4. The apparatus set forth in claim1 further

i ncluding: a source of transport packets of said further conpressed video
signal; and wherein said transport processor accesses a tine stanp froma
transport packet of said further conpressedvideo signal and includes said
time stanp fromthe transport packet of said further conpressed video

signal in the second dat ck as saJ d further_ti ., and sets, said
second flag t Fantained; wi Bs cBa‘E}‘Fc sKi Eelatpd helhe rTfEh"éa &gﬁﬂs & COpLiRHithod of

communi caéI | ngd@hectrmmmsaeblud@ttdommaﬂ ctheabrp@pbses The mm\ﬂedﬂng 450) a

conpressed Vi g en n t stem

ol ook signal ; %?zsﬁée fcifo NEagts. PhiBp sbECiTAITY, demined S R ‘éi’GQH

information (5@Yample,udi the sparticalarsservice siscdasignated 3of peo

provi si onalsl y | h

respectlvelsy &Q&tl?id“ fg?gﬁmgwgesecs?&u% ﬁyédﬁ?dgd o ?léglteﬁ%ﬁ%?e presence

or absence of E%ﬁqtf"il g‘t‘aﬁﬁ“’éﬁ%l YRE oMy, ipdpd i W at% Q% and

second data flzdlaimd( atxiliaryedpract i Thé yHDafobld Othfusr mdlgamackhz:t pafid)lar

respectively i Mqhng%é?agqr %f%ﬁgmﬁa%ag Werel n said headers identify
S

at least in pa the and ones of said payl oads
i nclude a segnent of conBHEYERE |IH@éU§FQ§n§I transpeft epacket s whictp Aprhles

include sgigl aguxiliaryydadaf Or'TRé i mloa& &f iﬂhaumw?d tSispbA’ plckét engy m S
further incl udi%{i he ste s of : ? Jdl ng ‘{}éﬁs ck pul ses; coungé}g
said system cl %ﬁl r(‘.'iv 'd’é' Y nErPRSy e e,pe& b‘t%r?'h EofMOUPLI Ues at
predet er m ned datasspchldcbdusn ng‘.saecapeugmilpsound the LeurTORt SyStEMi e st anp.

compr essed vi Qpéh‘f‘"ﬁ%%'é@ét ol 4 frfsport pieker INGUAIRD in) TGOS, 72 31 ¢
parcnlzets ar e trgl?‘f’é' és(ugu 1ary gr ups contauung data rel%ted to the
1

program clock reference, AUX1 and AUX2. The auxiliary group
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
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 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



25 8. The nethod set forth in claim5 further including: providing a
further conpressed video signal; providing a tine stanp related to said
further conpressed video signal; including said tine stanp related to said
further conpressed video signal in said second data field as said further
time stanp; and 30 setting said second flag.§o indicate the presence of

said further tinme stanp. .Aul.A5. Al HO. AF. AF. AFy. AR A AS. Anr. AL3. Ah. A{L' . AF
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15 reset and enable a counter 62 to count pulses of a local clock 60.
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
20 detector 63 is coupled to the output bus of the buffer store 67,
and is arranged to store current count value output the counter 62
in the 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,
‘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
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passing data from the buffer 67.

When the multiplexer 66 is conditioned to pass data
from the adder, the output signal from the 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 emerges
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

15 accordance with the appropriate modifier flags, MF, of the
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 clements 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
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a source (50) of compressed video signal;

counter circuitry (52) for generating time stamps;

a transport processor (53) for

a) dividing said compressed video signal into segments of data no larger than a
predetermined size;

b) forming transport headers including data fields identifying at least in part the
contents of respective transport packets;

¢) forming auxiliary information provisionally including first and second data blocks
for containing one of said time stamps and a further time stamp, respectively,
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 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 stamp in said
second data block only for said second flag exhibiting its first state; and

e) forming transport packets respectively including a header and a payload,
wherein said payload includes a segment of compressed video sighal and ones
of said payloads include said auxiliary information.

2. The apparatus set forth in claim 1 wherein said counter circuitry for generating time
stamp comprises:
a system clock for providing clock pulses;
a counter for counting said clock pulses modulo K, where K is an integer; and
means for periodically storing count values provided by said counter.

3. The apparatus set forth in claim 2 further including:

a source of transport packets of said further compressed video signal; and

wherein said transport processor accesses a time stamp from a transport packet of
said further compressed video signal and includes said time stamp from the transport
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packet of said further compressed video signal in the second data block as said further
time stamp; and sets said second flag to indicate presence of said further time stamp.

4. The apparatus set forth in claim 1 further including:
a source of transport packets of said further compressed video signal; and wherein
said transport processor accesses a time stamp from a transport packet of said
further compressed video signal and includes said time stamp from the transport packet of
said further compressed video signal in the second data block as said further time stamp;
and sets said second flag to indicate presence of said further time stamp.

5. A method of communicating a compressed video signal comprising:
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providing (62,63) a further time stamp;
forming auxiliary information (53) including said first and second data
5 fields provisionally containing said time stamp and a further time stamp,
respectively;
providing first and second flags (53) indicating the presence or absence
of said time stamp and said further time stamp in said first and second data
fields (53) , respectively; and
10 forming packets (53) respectively including headers and payloads,
wherein said headers identify at least in part the contents of said packets and
ones of said payloads include a segment of compressed video signal and ones
of said payloads include said auxiliary information.

15 6. The method set forth in claim 5 further including the steps of:
providing system clock pulses;
counting said system clock pulses to provide count values;
capturing count values at predetermined times; and
using a captured count values as said time stamp.
20
7. The method set forth in claim 5 further including:
dividing said compressed video into segments of a predetermined size;
and wherein said packets are transport packets.

25 8. The method set forth in claim 5 further including:
providing a further compressed video signal;
providing a time stamp related to said further compressed video signal;
including said time stamp related to said further compressed video signal
in said second data field as said further time stamp; and
30 setting said second flag to indicate the presence of said further time
stamp.



