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25 compressed signal, it is usually necessary that the various
subsystems. operate synchronmously 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
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




stanps within the conpressed vi deo/audi o signals, that
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production/ reproduction of respective segnents of
signal. Such presentation tinme references, PTR s, may
be used to conpare the timng .of associated audi o and
video -2 signals for synchronlzeﬁron pur poses and for
proper sequencing and continuity. The receiver nodem
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25 precompressed count values when prccomprcssed video signal is

incorporated in the signal. In a further embodiment, at signal
transmission locations where the compressed video signal may be
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




said transport packet with the value of the del ay
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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 cbupled 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 efficient use of a relatively
_ narrow bandwidth transmission channel. The bufféred data is
coupled to a modem 15 which performs the signal transmission.




according to sonme signal protocol such as MPEG a
standard devel oped by the International O ganization
for Standardi zation 30 (Organisation Internationale De
Normal i sation). The standardized signal is applied to
a transport processor 13, which,divides the signal
into packets of data and adds tdftain other data to
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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
generates a system clock signal synchronous with at least the




i nt erconmuni cation is provided between processing

el ements. 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 prSovi des conpressed

vi deo signal formatted according to the system 30
protocol, to the rate buffer 17. The rate buffer 17
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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 56.
35 A further problem exists within a muitiplexed system.
- In order not to lose data at respective multiplexing sites -if data
concurrently arrives from a plurality of sources, it is nccessary to
'provi'dc a degree of signal buffering within the multiplexers.




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 commercials or stored material has been
pro-encoded with respective PTR s and PCRs. In this

i nstance the PTR's and PCR s of-@he stored materi al
will be 25 unrelated to the real tine PIR s and PCR s
of the live material. Regarding G_Ee PTW, this wll
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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
pulse on the occurrence of transport packets coataining 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
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
arriving at time n be desxgnatcd PCR, and the count value
concurrently latched in latch 35 be designated 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 (designate@d-here as service data
1) to, for 20 exanple, deconpression apparatus (not
shown), and. auxiliary data (deS|gnated as service
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error signal E, is utilized to condi tion the voltage
cont Moered’CRo aadi ko arefos Exapple qﬁéﬂc‘}c‘i"éﬁégnﬁa& and the
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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 X &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 Research Consortium. ‘This transport
packet includes a prefix which contains, among other things, a
~ general identificr to indicate to. which. service the payload




the two ends of the system count the sanme frequency or
even nultiples thereof. This requires that the

nom nal frequency of the voltage controlled

oscillator be fairly close to the frequency of the
frequency of the systemclock of the encoder. 15 The
foregoi ng approach provides rat.lger rapid

synchroni zation but may introduce a long termerror.

Long term error LTE is proportional to the difference
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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.. 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 wihien program data arrives.




rel ated auxiliary data. The HD field thus indicates
the particular payload type for the particul ar
packet. FIGURE 7 illustrates a transport packet which
includes 10 auxiliary data. The payl oad of an
auxiliary transport packet may jnclude one or nore
auxi liary groups, depending on fhe amount of data
included in respective groups and the current system
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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, suck 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 a latch 64 to store 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 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 arc.coupled to respective input ports of a




programdata is read fromthe buffer store 67.
Respective transport packets of the programdata 5

i ncl ude auxiliary groups containing PCR and DPCR dat a.
Note that the val ue of the PCR data is detern ned
relative to the timng of %transport packet
containing the aUX|I|aryt|m g information. This PCR
data, when output by the nultiplexer, my be in error
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frmddshdubudilfﬂareﬁde a0dtheh®PCR 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 elements designated with the same '
numerals as elements in FIGURE 3 are similar and perform similar
35 functions, except that ‘the. function of clement 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




out put of the adder 65 are .. coupled to respective.

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

mul ti plexer 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 energes fromthe buffefj_the multiplexer 66 is
conditioned to pass 5 the updated DPCR data fromthe
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buf 7 n, t.he 1 plex 66 1 onditioned to
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fromthe buffer. The data substituted for the DPCR
data by the nultiplexer 66 is thus the prior DPCR
data corrected for its transit tine in the buffer 67.
Note, it is recommended that the auxiliary packet
detector be programmed to only change programdata in
15 accordance with the appropriate nodifier flags, M,
of the auxiliary groups. Referring back to FI GURE 2,
the transport processor 53 w Il establish the DPCR
auxiliary groups and normally insert a zero value for
the DPCR data corresponding to new prograns. Recall 20
however, t.hat stored data fromthe digital storage
nmedia 51 may be inserted between segnents of |ive
data, and that the stored data may be pre-encoded
with PCR and DPCR codes. Wien the transport processor
53'is to insert stored data between segnents of |ive
data, it accesses the PCR code of the stored data and
25 subtracts this PCR value fromthe count val ue
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
i-nserted between live data now contains a reference

to current tinme. 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
sanme ' :




nunerals as elenments in FIGURE 3 are simlar and
performsimlar 35 functions, except that the
function of clenent 32 has been nodified. The

nodi fication involves including adder 45 arranged to
sum the correspondi ng PCR and ' DPCR val ues arriving
in associated auxiliary groups. The suns provi ded by
the adder -11 correspond to the original PCR val ue
augmented by any transit d&ays incur-red in

mul ti pl exing for exanple. The suns are placed in
menory 46 where they are available to the clock
controller 39 as corredCEAAHCES val ues, for system
cl ock synchroni zation. 12 CLAIMS What is clainmed is:
1. Apparatus for providing a conpressed video signal

C WeHARIdSmhe@is: a source of conpressed video signal;
counter circuitry for generating time stanps; a
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header and a payload, wherein said payload includes a segment of compressed video

signal, and ones of said payloads include said auxiliary information.




