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clock signals for the synchronization of a system for
processing digital data packets, in particular
suitable for synchronizing a digital television sigmal
receiver apparatus with a transmitter set.

In general, digital television signals are
decoded in a decoder of a reception apparatus, by
selecting audio and video data packets £from the
incident signals and decoding these packets so as to
form audio and wvideo data streams, respectively.

The audio data streams are decoded using an audio
decoder in order to form an analog acoustic signal.

Similarly, the video data streams axe used to
form an image of both. the chrominance and luminance
signals.

Digital television signals are currently trans-
mitted using the format of a standard referred to as

MPEG, which fixes the frequency of the transmitter

apparatus at 27 MHz.

In order to obtain correct synchronization

between the image and the sound, it is necessary to

synchronize the reception apparatus with the
transmitter apparatus.

According to the MPEG standard, in particular
under the MPEG2 format, data packets in the television
signal are used for transmitting very precise and very
reliable clock reference values, - allowing the
reception apparatus to generate a clock signal with a
view to synchronized processing of the audio and video
signals. _

Currently, reception apparatuses which can
extract a program clock reference value from dﬁdata
packet and can synthesize such a synchronization clock
signal from this wvalue fully decode all of the packet
and consequently require relatively complex decoding
means and high-capacity storage means.

Furthermore, the clock signal generators ful-

£illing this function are currently implemented in

“ hardware form and are therefore specific to one format.
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frequency of the transmtter apparatus at 27 MHz. In order to obtain

correct synchroni zation between the i n#ge and the sound,
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generate a cl oggawspiagﬂ:asl with a view to synchronized

The subject of the invention is therefore a

generator of clock signals for the synchronization of

a system for processing digital data packets,

comprigsing a wuseful signal and a header

each

signal

containing information relating to the contents of the

useful signal, in a transmitter apparatus,

basis of program clock reference

counting means which are suitable €for

on the

values
transmitted by one of the said packets,

each
comprising

storing a

program clock reference wvalue and are incremented

under the control of a voltage-controlled oscillator,

and means for storing the contents of the counting

means, characterized in that it includes hardware

means for decoding the header signal of each packet

and which are suitable for extracting from this header

signal a characteristic indicating the presence, in
the useful signal of the corresponding packet,
adaptation field comprising bits for the coding of the
program clock reference value, so as to cause the

of an

transfer of the contents of the counting means into

the storage means and a central processing unit
providing for the decoding of the useful signal of
each packet so as to decode the said program clock

reference value and making a correction to the wvalue

held in the storage means as a function of the number

of transitions of the wvoltage-controlled oscillator
between the position of the said characteristic

indicating the presence of an adaptation field and the

position of the said program clock reference val'g_xe in

the useful signal, the said central processing 'un:i.t .

furthermore providing for the calculation of the said

control voltage driving the said voltage-controlled

oscillator so as to produce the said synchronization

signals.

The generator furthermore includes software means

P




.processing of the audio and video signals. Currently, receptldﬁmiﬁ HatBd&Replaced

can synthesize such a synchronization clock signal fromthis va
decode all of the packet and consequently require relatively co
decodi ng nmeans and hi gh-capacity storage neans. Furthernore, the cl ock
signal generators fulfilling this funct3on are currently inplenented in
hardware form and are therefore specific to one fornmat. 2

whi ch can extract a program clock reference value froma data p l”l”",

for decoding the useful signal of each packet so as to
extract therefrom a field indicating the presence of
a clock reference value in this useful signal and an
initialization contxol field, the said central
processing unit causing the storage of the program
clock reference wvalue in the said counting means in
response to the said fields and the said decoding
software means congisting of the said .central
processing unit.

According to a particular embodiment, the count-
ing means include a counting circuit proper for
storing some of the bits for coding the program clock
reference wvalue and an expansion of complementary
capacity, consisting of a memory operated by the
central processing unit in response to an interrupt

. signal generated by the said counter.

Preferably, the said clock reference values being
coded over forty-two bits, the counter is a countexr
with sixteen bits and the expansion is an area of a
static random-access memory of complementary capacity.

According to another embodiment, the means for
storing the contents of the counting means include a
register with memory and an expansion of complementary
capacity, consisting of an area of a static random-
access memory, for storing the contents of the
counting means.

Advantageously, the said program clock reference
values being coded over forty-two bits, the latch has
a capacity of sixteen bits and the expansion is an

area of a static random-access memory of thirty-two
bits. :
Thus, according to these lattexr embodimeﬁts, the
operation of the central procesgsing unit is
facilitated and simplified.
The invention will be more clearly understood on
reading the following description, given solely by way

of example and made with reference to the appended
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at | east some of these drawbacks. The subject of the invention m tu II
a clock signal generator, conprising: 5 1) an oscillator for

clock signal responsive to a first control signal, 2) a counter for

receiving and counting said clock signal, 3) a storage circuit connected to
said counter for selectively storing a4value in said counter in response to
a second control signal, 10 4) a decoder for (a) receiving a digital data
packet having a useful portion and a header portion which contains

I nformati on about the contents of said useful portion, (b) decoding at

| east a porti odedbinga, dlheaﬂgéhport i on to determne if a program cl ock
reference value is ¢ tal neg sai d usef r1£ort|on and 15 - (c
ot gﬁ

generating said second"g&’(’fﬁt B TR SEEPB TS 5 ®aCt et §PRVARTI on

tional digital television signal;

- Figure 2 is a block diagram of a conventional
clock signal generator for synchronizing a reception
apparatus, on the basis of clocks of clock reference
values transmitted by the signal in Figure 1;

- Figure 3 is a block diagram showing the archi-
tecture of a synchronization clock signal generator
according to the invention;

- Figure 4 shows an incrementation cycle of a
synchronization clock reference counter of the
generator in Figure 3; and

- Figure 5 is a block diagram illustrating a
cycle for acquisition and processing of a reference

. clock reference value.

Figure 1 represents the structure of a digital
television signal in the MPEG2 format.

This figure represents, enlarged from top to
bottom, the various constituent elements of a data
packet.

According to the MPEG2 format, the signal con-
sists of a set of digital data packets, for example
10, each including 188 bytes and transmitted by a
transmitter apparatus at rates close to 60 Mbits pex
second in series, and in parallel at rates close to
7.5 Mbits per second.

Each packet 10 consists of a header signal 12,
comprising 4 bytes, and a useful digital data signal
14 comprising 184 bytes. '

Figure 1 also shows that the header sigmal 12
includes wvarious useful fields for identifying and
decoding the corresponding packet. These fields are as

follows:

- a synchronization indicator 16, coded over
8 bits,

-~ a transport error indicator 18 coded over one



of the presence of a program clock reference value in said us&hisBhepdat B&AReplaced
and 5) a central processing unit for (a) storing said data pac
decoder determ nes that said 20 wuseful portion contains a pro

ref erence val ue, (b) decoding said program cl ock reference val ue,
correcting the value stored in said storage circuit as a function of the
relative position of said at |least a portion of said header portion and
sai d program cl ock reference value in said useful signal, and 25 (d)

generating said first control signal. The generator furthernore may include
sof t ware nmeans

bit,

- a start of useful or playload signal indicator
20, coded over one bit,

- a transfer or transport priority indicator 22,
coded over one bit,

- a packet identifier 24, coded over thirteen
bits,

- a transfer scrambling control indicator 26,
coded over two bits,

- an adaptation field control indicator 28, coded
over two bits, and

- a continuity counter 30, coded over four bits.

Each header signal 12 provides information
relating to the contents of the useful digital data
signal 14. Thus, the packet identifier 24 identifies

. the address of the packet to which it belongs, the
packets containing a clock reference wvalue Dbeing
identified by a unigque packet identifier 24.

Thus, in addition, the adaptation field control
indicator provides an indication of the contents of
the useful sigmnal 14, according to the following
coding:

- a value "00" indicates that the corresponding
packet should be eliminated,

- a wvalue *01" indicates that, if the start of
useful signal indicator 20 is egqual to "1%, the useful
signal starts with a header signal of a data stream
PES which indicates that a new image segquence or audio
sequence is being transmitted, or otherwise that the
useful signal contains a video or audio sequence, and

- a value "l1X" indicates that the useful signal
containg an adaptation field 32 for the réception
apparatus, without providing an indication on the
existence of a clock reference value.

According to the latter configuration, in which
the adaptation field control indicator 32 is equal to

"lX", the adaptation field for the reception apparatus
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therefroma field indicating the presence of a clock reference
this useful signal and an initialization control field, the ’““ ‘“
central processing unit causing the storage of the programcloc erence
value in the said counting neans in response to the said fields and t he
sai d decodi ng software neans consisténg of the said central
processing unit. According to a particular enbodi nent, the count- ing neans
i nclude a counting circuit proper for storing sonme of the bits for coding
the program cl ock reference val ue and an expansi on of conpl enentary
containsg, in particular, optional fields 34 for the
coding of a synchronization clock reference value 36,
hereafter referred to as PCR, coded over forty-two
bits, of a discontinuity indicator 38 coded over omne
bit, indicating that the following PCR value should be
used for initializing the generator, and a flag 40,
coded over ome bit, indicating the presence in the
packet of a PCR value, referred to hereafter as a PCR
flag.
The other bits in the useful signal 14, not being
used in the context of the invention, are represented
by a cross and are not explained hereafter. '
Figure 2 represents the structure of a synchron-
ization clock sigmal generator of known type, making
it possible, on the one hand, to extract a clock
. reference value PCR from a data packet whose structure
has just been described, and, on the other hand, to
generate from this value a clock signal for the
synchronization of the reception apparatus with a
transmitter apparatus.
The clock signal generator 42 receives as input
the digital data packets 10, only one of which has
been represented in this figure. Hereafter, it will be
assumed that this data packet 10 includes an
adaptation f£ield 14 in which a PCR value 36 is coded.
The generator 42 includes packet decoding means
46, means 48, with a capacity of forty-two bits, for
storing a new PCR, a forty-two bit PCR counter 50,
means 52 for storing a current PCR, with a capacity of
forty-two bits, a central processing unit 54 and a
voltage-~controlled oscillator 56. It furthermore
includes a digital filter 57, a xregister 58 intended
to contain an analog PCR value, a digital-analog

converter 60 of the sigma-delta type, and a low-pass
filter 62.

This generator operates as follows.

The decoder 46 receives the packet 10, as repre-



capacity, consisting of a menory operated by the central proc%isig ¢ i ahﬂmhwd
response to an interrupt signal generated by the said counter |H“\

the said clock reference val ues being coded over forty-two bits ﬁ ﬁlﬂ“ n
counter is a counter with sixteen bits and the-expansion is an

static random access nenory of conplenentary capacity. According to another
enbodi nent, the neans for storing the Zontents of the counting neans
include a register with nenory and an expansi on of conplenentary capacity,

consisting of an area of a static random access nenory, for storing the
contents of the counting neans. Advantageously, the said program cl ock

reference sented by the arrow F, and decodes the header signal
12 and the data sigmal 14. During this decoding, it

determines in particular the value of the adaptation

field control indicator 28 (Figure 1). When the useful
signal 14 contains an adaptation f£ield 32, the decoder
46 stores the value of the discontinuity indicatox 38
and the PCR-flag 40 in a random-access memory, not

represented.

The central processing unit 54 then tests the
value of these fields.

If the discontinuity indicator 38 is eqgqual to
*1", thus indicating that the following value of the
PCR should be used to initialize the generator, the
following PCR value 36 is transferred from the means
48 for storing a new PCR to the PCR countexr 50.

Furthexrmore, if the PCR flag is egqual to win,
thus indicating that the packet contains a new PCR,
the decoder 46 generates a control signal' intended fox
the storage means 48 and 52, so that the new PCR value
36 received can be stored in the means 48 for storing
a new PCR and for the contents of the PCR counter 50
to be transferrxed to the means 52 for storing a
current PCR.

The central processing unit 54 reads the values
contained in the means 48 for storing a new PCR and in
the means 52 for storing a current PCR, and calculates
the mean value of these values. This mean value is
stored in the register 58, converted into a digital
value, filtered then delivered at the input of the
voltage-controlled oscillator 56, which then delivers
the synchronization clock signal which drives the PCR
counter 50. ‘

As mentioned above, this type of synchronization
clock signal generator fully decodes the packets and
consequently requires high-capacity storage means and
complex decoding means.

Furthermore, since the value of the PCR is
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‘bits and the expansion is an area of a static random access ne
thirty-two bits. Thus, according to these latter enbodinents, t H“”t"“l"
of the central processing unit is facilitated and sinplified.
I nvention will be nore clearly understood on reading the follow ng

description, given solely by way of exaple and nade with reference to the
appended -4-

extracted by means implemented in hardware form, this
type of generator is specific to only one application
and cannot therefore process data packets present in
another format of the MPEG family.

Figure 3 represents a block diagram of a syn-
chronization clock generator according to the
invention, making it possible to overcome these
drawbacks.

This synchronization c¢lock signal generator
includes a circuit 64 for decoding the header signals
12 of the incident packets 10, which is connected to
a central processing unit 66 associated with a random-
access memory of the static type (SRAM) 68 and with a
read-only memory (ROM) 70, to an interrupt logic
circuit 72 and to a counting circuit 74 connected to
a storage circuit 76, to the interrupt logic circuit
72 and to the central processing unit 66.

The counting circuit 74 is suitable for storing
the PCR values 36 transmitted by the packets 10. It
has a capacity of sixteen bits and includes a thirty-
two bit expansion 68-a arranged in the SRAM memory 68.

It is furthermore incremented on each transition
pulse of a vbltage-controlled oscillatoxr 78 teo which
it is connected.

The storage circuit 76 is suitable for storing
the contents of the counting circuit 74, as will be
explained below. It consists of a register with memory
having a capacity of sixteen bits and also includes an
expansion 68~b in the SRAM memory 68.

The clock signal generator is supplemented by a
digital filtexr 79 integrated in the central processing
unit 66 and connected to a register 80 of thé sigma~
delta type and to a digital-analog converter 82, also
of the sigma-delta type. This converter 82 delivers,
via a low-pass filter 84, a conﬁrol voltage for the
voltage-controlled oscillator 78.

The operation of the synchronization clock signal
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on the basis of clocks of clock refierence values transmtte
in Figure 1; - Figure 3 is a block diagram show ng the archi -

generator according to the

Figure 4 shows an increnentation cycle of a synchronization
clock reference counter of the generator in Figure 3; and
a block diagramillustrating a

generator according ¢to the invention will now be
described with reference to this Figure 3, as well as
to Figures 4 and 5.

Figure 4 represents an increment cycle of a
counting circuit 74, performed independently of the
cycle for acquiring and processing the PCR value,
raepresented in Figure 5.

The increment cycle starts with a step 86, during
which the counting circuit 74 is awaiting a clock
pulse £rom the voltage-controlled oscillator 78.

A8 soon as such a pulse is presented at the input
of this counter 74, the latter is incremented by "1n,
during step 88.

When the maximum capacity of this sixteen bit

counting circuit 74 is reached, it delivers a control

. 8ignal to the intexrupt logic circuit 72 (step 88).

When this interrupt circuit 72 has, during a step 90,
determined the presence of this comntrol sigmal, it
delivers an interrupt signal IT (step 92) intended for
the central processing unit 66.

It should be noted that the previous steps, 86 to
92, are performed by hardware means consisting of a
counting circuit 74 and of the interrupt logic circuit
72, the following steps being performed by the central
processing unit 66.

When the central processing unit 66 receives the
interrupt signal IT from the interrupt circuit 72, it
executes during step 94 a known increment subroutine
intended for incrementing, in step 96, the expansion
68-a of the counting circuit 74 located in the SRAM
68.

Furthermore, and independently, the clock signal
generator executes a PéR value acquisition cycle which
will now be described with reference to Figure 5.

Firgst of all, during a €first step 98, the
decoding circuit 64 receives as input each packet 10,

as represented by the arrow F, and decodes the header

Figure 5 is
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cycle for acquisition and processing of a reference clock ref
Figure 1 represents the structure of a digital television si gnaﬁmm n‘ “\
MPEQR2 format. This figure represents, enlarged fromtop to bott
various constituent elenments of a data packet. According to the MPER
format, the signal con- sists of a set of digital data packets, for exanple
10, each including 188 bytes and trangggtted by a transmtter apparatus at
rates close to 60 Mits per second in series, and in parallel at rates

close to 7.5 Miits per second. Each packet 10 consists of a header signal
12,

signal 12 of each incident packet 10. In the rest of
the description, it will be assumed that a single
packet 10 is received by the clock signal generator,
although, in practice, the input signal consists of a
set of packets transmitted in series at a frequency of
60 Mbits per second or in parallel at a frequency of
7.5 Mbits per second. _

During decoding, the circuit 64 tests in particu-
lar the value of the two bits of the adaptation field
control indicator 28 so as to determine, during step
100, whether the usgeful signal 14 contains an
adaptation field 32 (Figure 1).

If so, the decoding circuit 64 sets to 1 a
control signal "TP_AF" intended for the storage
circuit 76 (step 102) so as to transfer the contents

. of the counting cirxcuit 74 to this storage circuit 76,
then sgets this control signal TP_AF to zero (step
104). i

During the following two steps 106 and 108, all
the data of the packet 10 are stored in the SRAM
memory 68, then this decoding circuit 64 delivers an
end of packet sgignal EOP to the interrupt logic
circuit 72, which then delivers another interrupt
signal IT to the central processing unit 66 (step
110).

It should be noted that all the praeceding steps
98 to 110 are performed by hardware means consisting
of the decoding circuit 64, the counting circuit 74,
the storage circuit 76 and the interrupt logic circuit
72, the following steps being performed by software in
the central processing unit 66.

In Tesponse to the interrupt signal fx:'r, the
central unit 66 runs a known subroutine for decoding
the adaptation field 32 (step 112).

During the following step 114, it tests the value
of the discontinuity indicator 38, which indicates, if

it is equal to 1, as mentioned above, that the
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conprising 4 bytes, and a useful digital data signal 14 conpri
bytes. Figure 1 also shows that the header signal 12 includes
useful fields for identifying and decodi ng the correspondi ng. p

fields are as follows: - a synchronization indicator 16, codéd
- a transport error indicator 18 coded over one -5- bit,
11

following PCR value should be used to initialize the
generator.

If the value of the discontinuity indicator 38 is
equal to "1%", the central processigg unit 66 sets an
initialization flag intended for the counting circuit
74 and for its expansion in the SRAM 68, in order to
indicate that the following PCR value 36 will need to
be directly stored therein.

Thus, the reception set will be synchronized with
a clock frequency corresponding to the PCR value.

In the following step 118, the central processing
unit 66 tests whether the value of the PCR flag is
equal to "1" and, as mentioned above, signals the
Presence of a PCR 36 in the useful signal 14.

If this flag is at 1, during step 120 the central

. Processing unit 66 decodes the PCR 36 then calculates,
during the following step 122, the current PCR value
used for synchronizing the reception apparatus with
the transmission apparatus.

In orxrder to perform this calculation, the central
Processing unit 66 recovers the contents of the
storage circuit 76 in which is stored the value of the
PCR counting circuit 74 transferred during the
decoding of the header signal 12, then calculates a
correction corresponding to the number of transitions
of the voltage-controlled oscillator 78 between the
position of the adaptation field control bits 28 and
the position of the last byte of the new PCR value.
This corxrection is added to the contents of the
counting circuit 74 and to the expansion in the SRAM
memory 68.

During this calculation step 122, another-correc-
tion is made if the PCR counting circuit 76 has been
incremented by the PCR value increment cycle 74. This
correction is made by comparing the contents of the

counting circuit 74 with the contents of the storage
circuit 76.
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a transfer or transport priority indicator 22, coded over one \“m
packet identifier 24, coded over thirteen bits, - a transfer ﬂh

control indicator 26, coded over two bits, - an adaptation fie on

I ndi cator 28, coded over two bits, and - a continuity counter coded

over four bits. Each header signal 12 pgovides information relatlng to the

contents of the useful digital data signal 14. Thus, the packet identifier
24 identifies-”

During the following step 126, the current PCR
value calculated is presented as input to the digital
filter, which smooths and attenuates the PCR wvalue
variations in accordance with the MPEG standard, which
sets a maximum variation rate for the reference clock
equal to 75 KHz per second.

The filtered value is then stored in the register
80, presented as input of the digital/analog converter
82 and filtered by the lower-pass filter 84 in order
to drive the voltage-controlled oscillator 78 (step
128).

In response to this current PCR wvalue, the
voltage-control oscillator 78 generates the
synchronization c¢lock signals £for the receiver
apparatus, the frequency of which is between

. 26 999 460 Hz and 27 000 540 Hz.

It can be sgeen that the synchronization clock
generator which has Jjust been dJdescribed makes it
possible to synchronize a reception apparatus with a
transmitter apparatus according to two modes:

- the firxst mode comsists in initializing the
generator by synchronizing it substantially
periodically with a reference clock whose frequency
corresponds to a PCR value, which corresponds to a
relatively fast variation in the control clock of the
reception apparatus,

- the second mode consists in calculating the
current PCR value used by the reception apparatus so
as to make it converge to that of the PCR transmitted
by the incident signal. According to this second mode,
the variation in the synchronization clock signal
takes place relatively slowly and therefore does not
risk causing data losses.

It can also be seen that, since this generator is
partially implemented in the form of software means,

it can be used according to different formats of the
MPEG standard.
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the address of the packet to which it bel ongs, the packets congs
clock reference value being identified by a unique packet iden

in addition, the adaptation field control indicator prov
i ndi cation of the contents of the useful signal 14, according tot
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follow ng coding: - a value "00" indicates that the correspondi ng packet
should be elimnated, - a value "01" iqylicates that, if the start of useful

si gnal
si gnal

audi o sequence is being transmtted, or otherw se that the

CLATMS
1. Generator of clock signals for the synchroni-
zation of a system for processing digital data packets
(10), each comprising a useful signal (14) and a
header sigmal (12) containing information relating to
the contents of the wuseful signal (14), in a
transmitter apparatus, on the basis of program clock
reference values (PCR) each transmitted by one of the
said packets, comprising counting means (68~a, 74)
which are suitable for storing a program clock
reference value (PCR) and are incremented under the
control of a wvoltage-controlled oscillator (78), and
means (68-b, 76) for storing the contents of the
counting means {(68-a, 74), characterized in that it
includes hardware means (64) for decoding the header
signal (12) of each packet (10) and which are suitable
for extracting from this header signal (12} a
characteristic (28) indicating the presence, in the
useful signal (14) of the corresponding packet (10),
of an adaptation field (32) comprising bits for the
coding of the program clock reference value (PCR), so
as to cause the transfer of the contents of the
counting means (68-a, 74) into the storage means (68-
b, 76) and a central processing unit (66) providing
for the decoding of the useful signal (14) of each
packet (10) so as to decode the gaid program clock
reference value (PCR) and making a correction to the

value held in the storage means (68-b, 76) as a

function of the number of transitions of the voltage-
controlled oscillator (78) between the pogition of the
said characteristic (28) indicating the presence ¢f an
adaptation €£ield (32) and the position of the said
program clock reference vwvalue (PCR) in the useful
signal (14), the said central processing unit (66)
furthermore providing for the calculation of the said
control voltage driving the said voltage-controlled
oscillator (78) so as to produce the said

TN O R

indicator 20 is equal to "1", the useful signal starts with a header
of a data stream PES which indicates that a new i nage sequence or



indi cates that the useful signal contains an adaptation fleld tas Becn Replaced
recepti on apparatus, w thout providing an indication on the eX| Hl H“
cl ock reference value According to the latter configuration,

adaptation field control indicator 32 is equal to "1X", the adaptatlon

field for the reception apparatus +@- contains, in particular, optional
fields 34 for the coding of a synchronization clock reference val ue 36,

useful signal contains a video or audi o sequence, and - a vaI iﬁﬁ

synchronization clock signals.

2. Generator of clock signals according to Claim
1, characterized in that it furthermore includes
software means for decoding the useful signal (14) of
each packet (10) so as to extract therefrom a field
(40) indicating the presence of a program clock
reference value (PCR) in this useful signal and an
initialization control field (38), the said central
processing unit (66) causing the storage of the
program clock reference wvalue (PCR) in the said
counting meansg (68-a, 74) in response to the said
fields (38, 40) and the said decoding software means
congisting of the said central processing unit (66).
3. Generator of clock sigmnals accoxding to either
of Claims 1 or 2, characterized in that the counting
.means (74) include a counting circuit (74) proper for
storing some of the bits for coding the program clock
raference value (PCR) and an expansion of
complementary capacity, consisting of a memoxy (68)
operated by the central processing unit (66) in
response to an interrupt signal (IT) generated by the
said counter (74).

4. Generator of clock signals according to Claim
3, characterized in that the said program clock
reference values (PCR) being coded over forty-two
bits, the counter (74) is a counter with sixteen bits
and the expansion is an area of a static random-access
memory (68) of complementary capacity.

5. Generator of clock signals according to any one
of Claims 1 to 4, characterized in that the means for
storing the contents of the counting means include a
register with memory (76) and an expanéion of
complementary capacity, consgsisting of an area of a
static random-access memory (68), for storing the
contents of the counting means (68-a, 74).

6. Generator of clock signals according to Claim
5, characterized in that the said program clock

RO D
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i ndi cat or

38 coded over one bit, indicating that the follow n :
shoul d be used for initializing the generator, and a flag 40, (\ ‘] il\m“\

one bhit,

i ndi cating the presence in the packet. of a PCR val ue,

hereafter as a PCR flag. The other bits in the useful signal 14,
used in the context of the invention, ;gre represented by a cross and are

not expl ai ned hereafter.

i zation cl ock 'signal generator of known type, naking it possible,

one hand,
structure

reference wvalues (PCR) being coded over £forty-two
bits, the latch (76) has a capacity of sixteen bits
and the expansion is an area of a static random-access
memory (68) of thirty-two bits.

7. Generator of clock signals according to any one
of Claims 1 to 6, characterized in that it furthermore
includes a digital filter (79) for smoothing the vari-
ations of the synchronization clock signal, integrated
with the central processing unit (66).

8. Generator of clock signals according to any one
of Claims 1 to 7, characterized in that the digital
data packets are digital packets of a television
signal transmitted, serially, at speeds substantially
equal to 60 Mbits per second, the said synchronization

clock signals having a nominal frequency substantially

. equal to 27 Mhz.

9. Generator of clock signals according to any one
of Claims 1 to 7, characterized in that the digital
data packets are digital packets of a television
signal transmitted, in parallel, at speeds
substantially equal to 7.5 Mbits per second, the said
synchronization c<¢lock signals having a nominal

frequency substantially equal to 27 Mhz.

UL

not bei ng

Figure 2 represents the structure of a synchron-

on the

to extract a clock reference value PCR from a data packet whose



haé j ust been described, and, on the other hand, to generate.frdﬁf{hf;m

input the digital data packets 10, only one of which has been r

value a clock signal for the synchronization of the recepti onT§ t en Replaced
with a transm tter apparatus. The clock signal generator 42 re ﬁuullllll
10

in this figure. Hereafter, it will be assuned that this data packet
I ncl udes an adaptation field 14 in whhgh a PCR value 36 is coded. The

generator 42 includes packet decodi ng neans 46, neans 48, with a capacity

of forty-two bits,

for storing a new PCR, a forty-two bit PCR counter 50,

means 52 for storing a current PCR, with a capacity of forty-two bits, a

central

processing unit 54 and a

GENERATOR OF CLOCK SIGNALS FOR THE SYNCHRONIZATION

OF A SYSTEM FOR PROCESSING DIGITAY, DATA PACKETS

ABSTRACT

This generator of clock signals for the syn-
chronization of a system for processing digital data
packets (10), on the basis of program clock reference
values (PCR) transmitteg by the packets, comprising
counting means (68-a,u 74) for storing a clock
reference value (PCR) and incremented under the
control of a voltage-controlled oscillator (78), and
means (68-b, 76) for storing the contents of the
counting means (68-a, 74) includes hardware means (64)
for decoding a header signal (12) so as to transfer

the contents of the counting means (68-a, 74) into the

. storage means (68-b, 76) and a processing unit (66)

decoding a useful signal (14) of the packets so as to
decode the said clock wvalue (PCR) and making a
correction to the value held in the storage means (68~
b, 76) as a function of the number of transitions of
the oscillator bhetween the position of the =said
characteristic (28) and the position of the said
reference c¢lock wvalue (PCR) and furthermore the

calculation of the said voltage so as to produce the
said clock signals.

Fig. 3



vol tage-control led oscillator 56. It furthernmore includes a digital filter —
57, a register 58 intended to contain an anal og PCR val ue, a dimgisiSBdet d3 BtédReplacex

converter 60 of the sigma-delta type, and a |ow pass filter 62.
generator operates as follows. The decoder 46 receives the packe '

repre- -7- sented by the arrow F, and df@odes t he header sign
the data signal 14. During this decoding, determnes in particular the
val ue of the adaptation - R
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field control indicator 28 (Figure 1). \Wen the useful signal 14 cont ai ns
an adaptation field 32, the decoder 46 stores the val ue of t heThisSheetHasBeen Replaced

di scontinuity indicator 38 and the PCR flag 40 in a randon}acceiﬂl

not represented. The central processing unit 54 then tests the

these fields. If the discontinuity indicator 38 is equal to "1", thus

i ndicating that the foll owi ng value of the PCR should be used to initialize
the generator, the following PCR val ue 3&/3s transferred fromthe nmeans 48
for storing a new PCR2to Hhe B&ER counter 50. Furthernore, if the PCR flag
is equal to "1", thusjdindfcaring tihat the pac%&t conqains a new PCR
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the decoder 46 generates a control signal intended for the st Dhiiag€e: MRANS: B iaceq
and 52, so that the new PCR val ue 36 received can be stored in
for storing a new PCR and for the contents of the PCR counter %ﬂ!m‘)mm'n "
transferred to the neans 52 for storing a current PCR The cen
processing unit 54 reads the values contained in the neans 48 for storing a
new PCR and in the neans 52 for storing ?lgurrent PCR, and cal cul ates the

u

mean val ue of these values. This nean value is stored in the register 58,
converted into a digital value, filtered then delivered at the input of the

vol t age-control | ed—ascillator 56, which then-delivers the synchronization
cl ock signal which dsiages |t he PCR START :
W Y
YES 100
88 o "] ED
YES

~104

e —————

YES %
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’ REREHd ' STENAL$ FOR THE SYNCHRONIZATION OF
A SYSTEM FOR PROCESSING DIGITAL DATA PACKETS

. Furth f
pi emrent ed ?ﬁrﬁ;@mr%@lﬁfs"

he-application and cannot therefore

The present invention relates to a generator of clock
signals for the synchronization of a system for processing
digital data packets, in particular suitable for
synchronizing a digital television signal receiver apparatus
with a transmitter set.

In general, digital television signals are decoded in
a decoder of a reception apparatus, by selecting audio and
video data packets from the incident signals and decoding
these packets so as to form audio and video data streams,
respectively.

The audio data streams are decoded using an audio
decoder in order to form an analog acoustic signal.

Similarly, the video data streams are used to form an
image of both the chrominance and luminance signals.

Digital television signals are currently transmitted
using the format of a standard referred to as MPEG, which
fixes the frequency of the transmitter apparatus at 27 MHz.

In order to obtain correct synchronization between the
image and the sound, it is necessary to synchronize the
reception apparatus with the transmitter apparatus.

According to the MPEG standard, in particular under the
MPEG2 format, data packets in the television signal are used
for transmitting very precise and very reliable clock
reference wvalues, allowing the reception apparatus to
generate a clock signal with a view to synchronized
processing of the audio and video signals.

Currently, reception apparatuses which can extract a
program clock reference value from a data packet and can
synthesize such a synchronization clock signal from this
value fully decode all of the packet and consequently

require relatively complex decoding means and high-capacity
storage means.

Furthermore, the clock signal generators fulfilling
this function are currently implemented in hardware form and
are therefore specific to one format.



Figure 3 represents a bl ock diagramof a syn- chronization clock
‘generator according to the invention, making it.possible to overcone

these drawbacks. This synchronization clock si gnalg% DeIses AT LA ? g s a
circuit 64 for decoding the header signals 12 of tihe incﬁ'E qag fjs 10,
which is connected to a central processiyng unit 6 it h

random access nenory of the static typé (SRAM 68 and with a read-only
menory (ROM) 70, The apbiectr pfptthepginventiont 182 tendvercomaulheéag circuit
74 connect ed, LopacidLrage circuit 76, to the interrupt logic circuit 72 and
to the central processing unit 66. The counting circuit 74 is suitable for
storing The subject of the invention is therefore a

-

generator of clock signals for the synchronization of
a system for processing digital data packets, each
comprising a useful signal and a headexr signal
containing information relating to the contents of the
useful signal, in a transmitter apparatus, on the
basis of program clock reference <values each
transmitted by one of the said packets, comprising
counting means which are suitable for storing a
program clock reference value and are incremented
under the control of a voltage-controlled oscillator,
and means for storing the contents of the counting
means, characterized in that it includes hardware
. meang for decoding the header signal of each packet
and which are suitable for extracting from this header
signal a characteristic indicating the presence, in
the useful signal of the corresponding packet, of an
adaptation field comprising bits for the coding of the
Program clock reference value, 80 as to cause the
transfer of the contents of the counting means into
the storage means and a central processing unit
providing for the decoding of the useful signal of
each packet so as to decode the said program clock
reference value and making a correction to the wvalue
held in the storage means as a funct:i.on of the number
of transitions of the wvoltage-controlled oscillator
between the position of the said characteristic
indicating the presence of an adaptation field and the
position of the said program clock reference value in
the useful signal, the said central processing unit
furthermore providing for the calculation of the said
control voltage driving the said voltage-controlled

oscillator so as to produce the said synchronization
signals.

The generator furthermore includes software means



the PCR val ues 36 transnitted by the packets 10. It has a capacity of
sixteen bits and includes a thirty- two bit expansion 68-a arranged in the

SRAM nenory 68.

vol tage-controlled oscillator 78 to which it

It

is furthernore increnented on each transition pulse of a
i s connected. The storage

circuit 76 is suitable for storing the contents of the counting circuit 74,

as will be explained bel ow.

It consists of a register wwth nenory having a

capacity of sixteen bits and al so i nclrudes an expansion 68-b in the SRAM
menory 68.fdhederoding fhe umefnhtvighnslsofpleaninmackst ssdigstup filter

1o i ntear ael-hBe! MndiRi¥Egh B QR5RA Nl dth NEnBORARIA: Cof T e0l Ster

a clock reference value in this useful signal and an

initialization contxrol field, the said central

processing unit causing the storage of the program
clock reference wvalue in the sald counting means in
response to the said fields and the said decoding

software means conaist:ing" of the said central
processing unit. '

Accoxrding to a particular embodiment, the count-

ing means include a counting circuit proper £or

storing some of the bits for coding the program clock

reference wvalue and an expansion of complementary

capacity, consisting of a memory operated by the

central processing unit in response to an interxupt

. signal generated by t:he_ said counter.

Preferably, the said clock reference values being

coded over forty-two bits, the counter is a counter

with sixteen bits and the expansion is an area of a
static random-access memory of complementary capacity.

Accoxrding to another embodiment, the means for

storing the contents of the counting means include a
register with memory and an expansion of complementary
capacity, consisting of an area of a static random-

access memoxy, for storxring the contents of the
counting means.

Advantageously, the said program clock reference
values being coded over forty-two bits, the latch has
a capacity of sixteen bits and the expansion is an
area of a static random~-access memory of thirty-two
bits.

Thus, according to these latter embodimeﬁts, the
operation of the central

processing unit is
facilitated and simplified.

The invention will be more clearly understood on
reading the following description, given solely by way
of example and made with reference to the appended



delta type and to a digital-anal og converter 82, also of the sigma-delta
‘type. This converter 82 delivers, via a |lowpass filter 84, a control

voltage for the voltage-controlled oscillator 78. The operation of the
synchroni zati on cl ock signal -9- generator according to the invention
wi |l now be described with reference to this Figure 3, as well as to
Figures 4 and 5. Figure 4 represents an 4 ntrenent cycle of a counting
circuit 74drpsrifrygedihneependently of the

- Figure 1 illustrates the structure of a conven-
tional digital television signal;

- Figure 2 is a block diagram of a conventional
clock signal generator for synchronizing a reception
apparatus, on the basis of clocks of clock reference
values transmitted by the signal in Figure 1;

- Figure 3 is a block diagram showing the archi-

tecture of a synchronization clock signal generator
according to the invention;

- Figure 4 shows an incrementation cycle of a

synchronization clock reference counter of the

generator in Figure 3; and

Figure 5 is a block diagram illustrating a
cycle for acquisition and processing of a reference
clock reference value.

Figure 1 represents the structure of a digital
television signal in the MPEG2 format.

This _figure repregsents, enlarged from top to
bottom, the wvarious constituent elements of a data
racket. '

According to the MPEG2 format, the signal con-

sists of a set of digital data packets, for example
10, each including 188 bytes and transmitted by a
transmitter apparatus at rates close to 60 Mbits per
second in series, and in parallel at rates close to
7.5 Mbits per second. |

Each packet 10 consists of a header sigmal 12,
cpmprising 4 bytes, and a useful digital data signal
i4 comprising 184 bytes.

Figure 1 also shows that the header signal 12
includes wvarious useful fields €for identi.fyﬁ'.ng and

decoding the corresponding packet. These fields are as
follows:

a synchronization indicator 16, coded over
8 bits,

- a transport error indicator 18 coded over one



cycle for acquiring and processing the PCR value, represented in Figure 5.
The increnment cycle starts with a step 86, during which the counting
circuit 74 is awaiting a clock pulse fromthe voltage-controlled oscillator
78. As soon as such a pulse is presented at the input of this counter 74,

the latter is incremented by "1", during_séep 88. \Wen the maxi mum capacity
of this sixteen bit counting circuit 74 is reached, it delivers a control
signal tolite interrupt logic circuit 72 (step 88). Wien this interrupt

circuit 72 has, _dyri e ) : Q3RIC s Lhis _contro
signal, it deli ve%{shg%%nf‘éf%%ggfglg‘g%g Igl%‘%%g 8%} qr&ilé%;ér

I nt ended T or
20, coded over one bit,

- a transfer or transport priority indicator 22,
coded over one bit,

- a packet identifier 24, coded over thirteen
bits,

a transfer scrambling control indicator 26,
coded over two bits,

- an adaptation field control indicéto_r 28, coded
over two bits, and

- a continuity countex 30, coded over four bits.

Each header signal 12 provides information

relating to the contents of the useful digital data

signal 14. Thus, the packet identifier 24 identifies

the address of the packet to which it belongs, the
packets containing a clock reference value being
identified by a unigque packet identifier 24.

Thus, in addition, the adapﬁé.tion field contxol

indicator provides an indication of the contents of
the wugeful signal 14,

according to the following
coding:

-~ a value "00" indicates that the corresponding
packet should be eliminated,

-~ a value "0l" indicates that, if the start of
useful signal indicator 20 is equal to "i%, the useful
aignal starts with a header sgignal of a data stream
PES which indicates that a new image sequence ox audio
sequence ig being éransmitted, or othexwise that the
uséful gignal contains a video or audio sequence, and

-~ a value "1X" indicates that the useful signal
containg an adaptation field 32 for the reception

apparatus, without providing an indication on the

existence of a clock reference value.

According to tha latter configuration, in which
the adaptation field control indicator 32 is equal to
"1X", the adaptation field for the reception apparatus



the central processing unit 66. It should be noted that the previous steps,
86 to 92, are perforned by hardware neans consisting of a counting circuit
74 and of the interrupt logic circuit 72, the follow ng steps being
perfornmed by the central processing unit 66. Wen the central processing
unit 66 receives the interrupt signal IT fromthe interrupt circuit 72, it
executes during step 94 a known increne subroutine intended for

increnenting, in step 96, the expansi 6n68-a of the counting circuit 74
| ocat ed i n ¢bmt8RAK,68in Foaitdrawkar , ambtiinkptndewlds BKHe £dockhsi gnal

gener at or Qé&&ﬂkssc$ %Q%ﬁﬁ%ﬂ@oﬁigwéﬁéﬁcﬁhSXR'%é@@ééhce value 36,
hereafter referred to as PCR,
bits,

coded over forty-two
of a discontinuity indicator 38 coded over one
bit, indicating that the following PCR value should be

used for initializing the generator, and a flag 40,

coded over one bit, indicating the presence in the

packet of a PCR walue,
flag.

raferred to hereafter as a PCR

The other bits in the useful signal 14, not being
used in the context of the invention, are represented
by a cross and are not explained hereafter. .

Figure 2 represents the structure of a synchron-

ization clock sigmnal generator of known type, making

it possible, on the one hand, to extract a clock

. reference value PCR from a data packet whose structure
hasg Jjust been described, and, on the other hand, to
generate from this wvalue a clock signal for the

synchronization of the reception apparatus with a
transmitter apparatus.

The clock signal generator 42 receives as input

the digital data packets 10, only one of which has

been represented in this figure. Hereafter, it will be

asgsumed that this data packet 10 includes an

adaptation £ield 14 in which a PCR value 36 is coded.

The generator 42 includes packet decoding means
46, means 48, with a capacity of forty-~two bits, for
storing a new PCR, a forty-two bit PCR countex 50,

means 52 for storing a current PCR, with a capacity of

forty-two bits, a central processing unit 54 and a

voltage-controlled oscillator §56. It furthermore

includes a digital filter 57, a register 58 intended

to contain an analog PCR value, a digital-analog

converter 60 of the sigma-delta type.
filter 62.

and a low-pass

This generator operates as follows.

The decoder 46 receives the packet 10, ag repre-



wi |l now be described with reference to Figure 5. First of all, during a

first step 98, the decoding circuit 64 receives as input each packet 10, as
represented by the arrow F, and decodes the header - 10 - signal 12 of
each incident packet 10. In the rest of the description, it will be assuned
that a single packet 10 is received by the clock signal generator,

al though, in practice, the input signat Tonsists of a set of packets

transmtt edobi U PSeab ALIKURNCH £0c0BLES vi RE488E Yiddnparallel
at a frequency of

12 'and the data signal 14. During this decoding, it

determines in particular the value of the adaptation
field control indicator 28 (Figure 1). When the useful
gignal 14 containsg an adaptation field 32, the decoder
46 stores the value of the discontinuity indicator 38

and the PCR flag 40 in a random-access memory,
represented.

not

The central processing unit 54 then tests the
value of these fields.
If the digcontinuity indicator 38 is egqual to
thus indicating that the following wvalue of the
PCR should be used to initialize the generator, the

l'll!'

following PCR value 36 is transferxed from the means

48 for storing a new PCR to the PCR counter 50.
Furthexrmore, if the PCR flag is egual to =~i1w,

thus indicating that the packet contains a new PCR,

the decoder 46 generates a control signal: intended for

the storage meang 48 and 52, so that the new PCR value

36 received can be stored in the means 48 for storing
a new PCR and for the contents of the PCR counter 50

to be transferred to the means 52 for storing a
current PCR.

The central processging unit 54 reads the values
contained in the means 48 for storing a new PCR and in

the means 52 for storing a current PCR, and calculates

the mean wvalue of these wvalues. This mean wvalue is

stored in the register 58,

converted into a digital
value,

filtered then delivered at the input of the
voltage~-controlled ogcillator 56, which then delivers
the synchronization clock signal which drives the PCR
countexr 50.

As mentioned above, this type of gynchronization

clock signal generator fully decodes the packets and
congaquently requires high-capacity storage means and
complex decoding means.

Furthermore, since the value of the PCR is



7.5 Miits per second. During decoding, the circuit 64 tests in particu- |lar
the value of the two bits of the adaptation field control indicator 28 so
as to determ ne, during step 100, whether the useful signal 14 contains an
adaptation field 32 (Figure 1). If so, the decoding circuit 64 sets to 1 a
control signal "TP_AF" intended for the storage circuit 76 (step 102) so as
to transfer the contents of the countinggcircuit 74 to this storage circuit
76, then sets this control signal TP_AF to zero (step 104). During the

foll ow ng testsested (y aneahes inplenéntddt drnofhabdwpzekfori) aleisst or ed

in the SRANEype of generator is specific to only one application

and cannot therefore process data packets present in
another format of the MPEG family.

Figure 3 represents a block diagram of a syn-

chronization clock generator according to the

invention, making it possible
drawbacks.

to ovexrcome these

This synchronization clock signal generator

includes a cixcuit 64 for decoding the headexr signals

12 of the incident packets 10, which is conmected to

a central processing unit 66 associated with a random-
access memoxry of the static type (SRAM) 68 and with a

read-only memory (ROM) 70, to an interrupt logic

circuit 72 and to a counting circuit 74 connected to

a storage circuit 76, to the interrupt logic circuit

72 and to the central processing unit 66.

The counting circuit 74 is suitable for storing
the PCR values 36 transmitted by the packets 10. It
has a capacity of sixteen bits and includes a thirty-
two bit expansion 68-a arranged in the SRAM memory 68.

It is furthermore incremented on each transition
pulse of a vbltage-controlled oscillator 78 to which
it is connected.

The storage circuit 76 is suitable for storing
the contents of the counting circuit 74, as will be
explained below. It consgists of a register with memory
having a capacity of sixteen bits and also includes an
expansion 68~b in the SRAM memorxry 68.

The clock signal generator is supplemented by a
digital f£iltex 79 integrated in the central processing
unit 66 and connected to a register 80 of the sigma-
delta type and to a digital-analog converter 82,
of the sigma-delta type.

also

This converter 82 delivers,

via a low-pass filtexr 84, a control voltage for the

voltage~-controlled oscillatoxr 78.

The operation of the synchronization clock signal



menory 68, then this decoding circuit 64 delivers an end of packet signal
EOP to the interrupt logic circuit 72, which then delivers another
interrupt signal IT to the central processing unit 66 (step 110). It should
be noted that all the preceding steps 98 to 110 are perforned by hardware
means consi sting of the decoding circuit 64, the counting circuit 74, the
storage circuit 76 and the interrupt IFo§i ¢ circuit 72, the follow ng steps
bei ng perfornmed by software .in the central_ processing yniit 66. |Ipn response

to the .nt%??ﬁﬁetergnapcpfd% &t rdre yrinveBtions WikdowR%¥ubP8utine for
decodi ng tdesagdaped hdltH i1¥dfeddncy &fb 1dRis Figure 3, as well as

to Figures 4 and S.

Figure 4 xepresents an increment cycle of a
counting circuit 74, performed independently of the
cycle for acquiring and processing the PCR value,
rapresented in Figure 5.

The increment cycle starts with a step 86{ during
which the counting circuit 74 is awaiting a clock
pulse from the voltage-controlled oscillatox 78.

As soon as such a pulse is presented at the input
of this counter 74, the latter is incremented by "1w,
during step 88.

When the maximum capacity of this sixteen bit
counting circuit 74 is reached, it delivers a control
signal to the interxupt logic circuit 72 (step 88).
When thisg interrupt circuit 72 has, during a step.90,
determined the presence of this control signal, it
delivers an interrupt signal IT (step 92) intended for
the central processing unit 66.

It should be noted that the previous steps, 86 to
92, are performed by hardware means consisting of a
counting circuit 74 and of the interxrupt logic circuit
72, the following steps being performed by the central
processing unit 66.

When the central processing unit 66 receives the
interrupt signal IT from the interrupt circuit 72, it
executes during step 94 a known increment subroutine
intended for incrementing, in step 96, the expansion
68-a of the counting circuit 74 located in the SRaM
68.

Furthermore, and independently, the clock gignal
generator executes a PCR value acquisition cycle which
will now be described with reference to Figure 5.

First of all, during a first step 98, the
decoding circuit 64 receives as input each packet 10,

as represented by the arrow ¥, and decodes the headex



During the following step 114, it tests the value of the discontinuity
—indicator 38, which indicates, if it is equal to 1, as nentioned above,
that the foll owi ng PCR val ue should be used to initialize the generator.
If the value of the discontinuity indicator 38 is equal to "1", the central
processing unit 66 sets an initializatigg flag intended for the counting
circuit 74 and for its expansion in the SRAM 68, in order to indicate that

the fol I owsagrBGR Al e 3G | indL8dnko i el Y Bl othd thgieide

the description, it will be assumed that a single

packet 10 is received by the clock signal generator,

although, in practice, the input signal consists of a

set of packets transmitted in series at a frequency of

60 Mbits per second or in parallel at a frequency of
7.5 Mbits per second.

During decoding, the circuit 64 tests in particu-

lar the value of the two bits of the adaptation field
control indicator 28 so as to determine, during step
100, whether the useful signal 14
adaptation field 32 (Figure 1).

If so,

contains an

the decoding circuit 64 sets to 1 a

‘control signal "TP_AF" intended for the storage

circuit 76 (step 102) so as to transfer the contents
of the counting cixcuit 74 to this storage circuit 76,

then sets this control signal TP_AF to zexo

(step
104).

During the following two steps 106 and 108, =all

the data of the packet 10 are stored in the SRAM

memory 68, then this decoding circuit 64 delivers an
end of packet signal EOP to the interrupt logic
circuit 72, which then delivers another interrupt

signal IT to the central processing unit 66 (step
110).

It should be noted that all the preceding steps
98 to 110 are performed by hardware means consisting
of the decoding circuit 64, the counting circuit 74,
the storage circuit 76 and the interrxrupt logic circuit
72, the following steps being performed by software in
the central procegging unit 66.

In response to the interrupt signal IT, the

central unit 66 rxruns a known subroutine for decoding
the adaptation field 32 (step 112).

During the following step 114, it tests the value

gﬁ the discontinuity indicator 38, which indicates, if
it is equal to 1, as mentioned above, that the



Thus, the reception set will be synchronized with a clock frequency
corresponding to the PCR value. In the following step 118, the central

processing unit 66 tests whether the value of the PCRflag is equal to "1"
and, as nentioned above, signals the presence of a PCR 36 in the useful

signal 14. If this flag is at 1, during-stigp-120 the central processing
unit 66 decodes the PCR 36 then cal culates, during the follow ng step 122,

the current PCR val ue used for synchronizing the_reception apparatus with
the transnm sSEPbROURRTr AR, vahugr ghouddpbei svapd ke daiddatizs, thee

central procgehépgteri.t 66 recovers the contents of the storage circuit 76
in which is storec:I[ Q:%val ue of the

e value of the discontinuity indicator 38 is
equal to "1", the central processir_xg unit 66 sets an
initialization flag intended for the counting circuit
74 and for its expansion in the SRAM 68, in ordexr to

indicate that the following PCR value 36 will need to
be directly stored therein.

Thus, the reception gset will be synchronized with
a clock frequency corresponding to the PCR wvalue.

In the following step 118, the central processing
unit 66 tests whether the value of the PCR flag is
equal to "1" and, as mentioned above, signals the
presence of a PCR 36 in the useful signal 14.

If this flag is at 1, during step 120 the central
processing unit 66 decodes the PCR 36 then calculates,

during the following step 122, the current PCR wvalue

used for synchronizing the reception apparatus with
the transmission apparatus.

In order to perform this calculation, the central

processing wunit 66 recovers the contents of the

storage cixcuit 76 in which is stored the value of the

PCR counting circuit 74 transferred during the

decoding of the header signmal 12, then calculates a

correction corresponding to the number of transitions
of the voltage-controlled oscillator 78 between the
position of the adaptation field contxol bits 28 and
the position of the last byte of the new PCR value.
This correction is added to the contents of the
counting circuit 74 and to the expansion in the SRAM
memoxry 68.

Duxring this calculation step 122, another correc-
tion is made if the PCR counting circuit 76 has been
incremented by the PCR value increment cycle 74. This
correction is made by comparing the contents of the

counting circuit 74 with the contents of the storage
circuit 76.



PCR counting circuit 74 transferred during the decodi ng of the header
signal 12, then calculates a correction corresponding to the nunber of
transitions of the voltage-controlled oscillator 78 between the position of
the adaptation field control bits 28 and the position of the |ast byte of

t he new PCR value. This correction is added to the contents of the counting
circuit 74 and to the expansion in the-SBRaM-nmenory 68. During this

cal cul ation step 122, another _correc- tion is made if the PCR counting

circuit 76 has bdBHingr &RentEAlbowing mEreRal?s i nEhPenSHEXSRY e PER  Thi s

correction {alddedledOdPed 18 Phadhti&dl 8s0inphit AWNEhegdsgEedl 74
with the cogtﬁnts of the_ storage
i

er, which smooths and attenuates the PCR wvalue
variations in accordance with the MPEG standard, which
sets a maximum variation rate for the reference clock
equal to 75 KHz per second.
The filtered wvalue is then stored in the register
80, presented as input of the digita:_l./analog converter
82 and filtered by the lower-pass filtexr 84 in oxder
to drive the voltage-controlled oscillator 78 (step
128).

In response to this current PCR value, the

voltage—-control oscillator 78 generates the

synchronization c¢lock signals for the receiver

apparatus, the frequency of which is between
26 999 460 Hz and 27 000 540 H=z.

It can be seen that the synchronization clock
generator which has 3Jjust been described makes it
possible to synchronize a reception apparatus with a
transmitter apparatus according to two modes:

- the first mode consists in initializing the
generator by synchronizing it substantially

vreriodically with a reference clock whose fregquency

corresponds to a PCR value, which corresponds to a

relatively fast variation in the control clock of the
reception apparatus,

the second mode consists in calculating the
current PCR value used by the reception apparatus so
as to make it converge to that of the PCR transmitted
by the incident signal. According to this second mode,
the wvariation in the synchronization clock signal
takes place relatively slowly and therefore does not
risk causing data losses.

It can also be geen that, since this generator is
partially implemented in the form of software means,

it can be used according to different formats of the
MPEG standard.



circuit 76. - 12 - During the followi ng step 126, -t-he.current PCR val ue
calculated is presented as input to the digital, filter, which snooths and

attenuates the PCR val ue variations in accorda t Hps BebreReMRE@ St andar d,
whi ch sets a maxi numvariation rate for the ref ﬂ

,’qual to 75 KHz
per second. The filtered value is thenjgtared i | 80, presented
as input of the digital/analog converter 82 and filtere y Phe | ower - pass
filter 84 in order CLAIMS

1. Generator of clock signals for the synchroni-

zation of a system for processing digital data packets
(10), each comprising a useful signal (14) and a
header signal (12) containing information relating to
the contents of the wuseful signal (14), in a
transmitter apparatus, on the basis of program clock
reference wvalues (PCR) each transmitted by one of the
said packets, comprising counting means (68-a, 74)
which are suitable for storing a program clock
reference value (PCR) and are incremented under the
control of a woltage-controlled oscillator (78), and
meang (68-b, 76) for storing the contents of the
counting means (68-a, 74), characterized in that it
includes hardware means (64) for decoding the header
. 8ignal (12) of each packet (10) and which are suitable
for extracting f£from this headex signal (12) a
characteristic (28) indicating the presence, in the
useful signal (14) of the corresponding packet (10),
of an adaptation field (32) comprising bits for the
coding of the program clock reference value (PCR), so
ags to cause the transfer of the contents of the
counting means (68-a, 74) into the storage means (68~
b, 76) and a central processing unit (66) providing
for the decoding of the useful signal (14) of each
packet (10) so as to decode the said program clock
reference wvalue (PCR) and making a correction to the
value held in the storage meang (68~b, 76) as a
function of the number of transgitions of the voltage-
controlled oscillator (78) between the position of the
said characteristic (28) indicating the presence of an

adaptation field (32) and the position of the said

rrogram clock reference value (PCR) in the useful
signal (14), the said central processing unit (66)
furthermore providing for the calculation of the said
control wvoltage driving the gaid voltage-controlled

oscillatox (78) so as to produce the said

Y o



to drive the vol tage-control l ed oscillator 78 (step 128).
this current PCR val ue,

t he vol tage-control oscil at 78 gener at es
t he synchroni zation clock signals for the rece”‘E‘ﬂE E\Ryglacedt he

frequency

be seen that the synchronization clock génerator whi

of which is between 26 999,460 Hz and

I

descri bed nmakes it possible to synchronize a reception apparatus MAt
transmtters;mnqﬂarehu&a&dwthngckosiyﬂames - the first node consists

initializi t he geperat or chr oni zi ng subst antj ally
perlodlcalpg Wi th 3ﬁ%ﬁ%e°%l69ﬁx%ﬁ

EETRALR ARgPraLaT to C

1, characterized in that it furthermore includes
software means for decoding the useful signal (14) of
each packet (10) so as to extract therefrom a field
(40) indicating the presence of a program clock
reference value (PCR) in this useful signal and an
initialization control field (38), the said central
processing unit (66) causing the storage of the
program clock reference value (PCR) in the said
counting means (68-a, 74) in response to the said
fields (38, 40) and the said decoding software means
consisting of the said central processing unit (66).

3. Generator of clock signals according to either

of Claims 1 or 2, characterized in that the counting

.meang (74) include a counting circuit (74) proper for

storing some of the bits for coding the program clock

raference value {PCR) and an expansion of

complementary capacity, consisting of a memory (68)
operated by the central processing unit (66) in
response to an interxrupt signal (IT) generated by the
said countex (74).

4. Generator of clock signals according to Claim

3, characterized in that the said program clock
reference values (PCR) being coded over forty-two
bits, the counter (74) is a counter with sixteen bits
and the expansion is an area of a static random-access

memory (68) of complemehtary capacity.

5. Generator of clock signals accoxrding to any one

of Claims 1 to 4, characterized in that the means for
storing the contents of the counting means include a
register with memory (76) and an expanéion of
complementary capacity, consisting of an area of a
static random-access memory (68), for storing the

contents of the counting means (68-a, 74).

6. Generator of clock signals according to Claim

5, characterized in that the said program clock

* c L M S *

I'n response-to

a
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cdrresponds to a PCR val ue, which corresponds to a relatively fast

variation in the control

cl ock of the reception apparatus, - the second

node consists in calculating the current PCR val ue used by the reception
apparatus so as to nmake it converge to that of the PCR transmtted by the

I nci dent
synchroni
does not
gener at or

signal. According to this second node, the variation in t
zation clock signa

ri sk causing data | osses. Lt i&an al so be seen that, since
is partially inplenmented in the formof software neans,

used accoring 4.4 F{§16a%E ¢bERHS Bhildl MRS YW dforey-two

bits, the latch (76) has a capacity of sixteen bitsg

and the expansion is an area of a gtatic random-access

menmoxry (68) of thirty-two bits.

7. Generator of clock signals according to any one

of Claims 1 to 6, characterized in that it furthermore
includes a digital filter (79) for smoothing the vari-
ations of the synchronization clock sigmnal, integrated
with the central processing unit (66).

8. Generator of clock signals according to any one

of Claims 1 to 7, characterized in that the digital

data packets are digital packets of a television

signal transmitted, serially, at speeds substantially

equal to 60 Mbits per second, the said synchronization

clock signals having a nominal frequency substantially

. aqual to 27 Mh=.

9. Generator of clock signals according to any one

of Claims 1 to 7, characterized in that the digital

data packets are digital packets of a television

gignal transmitted, in parallel, at speeds

substantially equal to 7.5 Mbits per second, the said

synchronization clock signals having a nominal

frequency substantially equal to 27 Mhz.

he

takes place relatively slowy and therefore

this
it can be



13 CLAI M5 1. cl ock signal generator, conprising: 1) an oscillator (78)
for generating a clock signal responsive to a first 5 contr ol

signal, 2) a counter (74, 68-a) for receiving and counting said clock
signal, 3) a storage circuit (76, 68-b) connected to said counter for
selectively storing a value in said counter in response to a second control
signal, 4) a decoder (64) for 10 (a) receiving a digita

data packet (10) having a useful portion (14) and a header portion (12)
whi ch contains information about the gontents of

GENERATOR OF CLOCK SIGNALS FOR THE SYNCHRONIZATION
OF A SYSTEM FOR PROCESSING DIGITAL DATA PACKETS

ABSTRACT

This generator of clock signals for the syn-
chronization of a system for processing digital data
packets (10), on the basis of program clock reference
values (PCR) transmitted by the packets,

counting means (68-a, 74) for

comprising

storing a clock

reference value (PCR) and incremented under the

control of a voltage-controlled oscillatoxr (78),
means (68-b, 76)

and
for stoxring the contents of the
counting means (68-a, 74) includes hardware means (64)
for decoding a header signal (12) so as to transfer

the contents of the counting means (68-a, 74) into the

storage means (68-~b, 76) and a processing unit (66)

decoding a useful sigmal (14) of the packets so as to

decode the said clock wvalue (PCR) and making a

correction to the value held in the storage means {68~
b, 76) as a function of the number of transitions of

the oscillator between the position of the said

characteristic (28) and the position of the said

reference c¢clock wvalue (PCR) and furthermore the

calculation of the said voltage so as to produce the
said clock signals.



sai d useful portion, (b) decoding at |east a portion of said header
portion to determne if a program clock reference value (PCR) is contained

in said useful portion, and 15 (c) generating said second
control signal responsive to a det erni nation of the presence of a program
cl ock reference value in said useful portlzg and 5) a central
processing unit (66) for a) storing saild3 dat a packet when sai d decoder
determ nes that said 20 useful portion contains a p .am cl ock
reference val ue, b) decodi ng sai d program cl ock referejicf | ue, c¢)
correcting the value stored in said storage circuit as a/fupt .Qn of the
relative position of said at | east a portion of said header tlvan and
said program cl ock reference value in said/Hse ul signa/, a 5
d) generating said first control signalg /
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14 2. Generator of clock signals according to Claiml1, characterized in
that it furthernore includes software neans for decodi ng the useful signal

field (38),

in this useful

the said central processing unit

in respon2Bto the said

(14) of each packet (10) so as to extract therefroma field (40)
the presence of a program cl ock reference val ue (PCR)
and an initialization control
(66) causing the storage of the program clock reference val ue (PCR
said counting neans (68-a, 74)

i ndi cating
si gnal

in the
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fields (-38, 40) and the said decoding software neans consisting of the said
central processing unit (66). 3. CGenerator of clock signals according
to either of ains 1 or 2, characterized in that the counting neans (74)
include a counting circuit (74) proper for storing sone of the bits for
codi ng the program cl ock reference val ue (PCR and an expansi on
of conpl enentary capacity; consisting of a3 r§em)ry (68) operated by the
central processing unit (66) in response t({ an interrupt signal (IT)
generated by the said counter (74). 4. Generator of clock signals

according to C ai n3 acterized in thai_the said program clock
1°4%&i ng coded over folrt)e-rkm _

reference val ues (I




" bits, the counter (74) is a counter with sixteen bits and thesexpansion is
an area of a static random access nenory (68) of CWW capaciHAy. 5.
Generator of .clock signals according to any one of al s t?ls‘.& 9 zhes

characterized in that the neans for storing the contents .of
means include a register with nmenory {36) and an expansion o

he_ ting
coﬁl pent ary

capacity, .consisting of an area of a static random access nenory (68), for

storing the €3AdMSts of the counting neans (68-a, 74). 6.

CGener at or of

clock signals according to Claimb5, characterized in that the said program

clock 1. A clock signal generator, comprising:

1)  anoscillator (78) for generating a clock signal r’esbonsive to a first

5 contrel S1gnal

2)  acounter (7 4, 68-a) for rece1v1ng and counting said clock signal,
| 3) - a storage circuit (76 '68-b) connected to said- .counter for selectxvely

stormg a value in said counter in response to a second control signal,

-4) a decoder (64) for

10 . (a) receiving a digital data packet (10) having a useful portxon (14)

and a header pOrtwn (12) which contains information about the contents of

said useful portion,

(b)  decoding at least a portion of said header portion to determine if

a program clock reference value (PCR) is contained in said useful portion, and

15 (c) generating said second control signal responsive to a

determination of the presence of a program clock reference value in said

useful portion, and

5) a central processing unit (66) for

a) storing said data packet when said decoder determines that said

20 useful portion contains a program clock reference value,
b) decoding said program clock reference value,
c) correcting the value stored in said storage circuit as a function of

progiam clock reference value in said useful signal, and

25 d) generating said first control signal.

REPLACEMENT SHEETS 3G

sription © paged ..... to paged ...

(s) :'pagr*d B..to paged Y 3
ng(s) : paged ..... to paged.....
wt  rpaged ... to paged.....

L

the relative position of said at least a portion of said header portion and said

Ao 24
1IN

254
2 \ A%



---15 - reference values (PCR) being coded over forty-two bits, the latch
(76) has a capacity of sixteen bits and the expansion is an area of a

static random access nenory (68) of thirty-two bits.
cl ock signals according to any one of Clainms 1 to 6,

7. Gener at or of
characterized in that

it furthernore includes a digital filter (79) for snoothing the vari-
ations of the synchronization clock signal, integrated with the central

processing unit (66). 8. Gener at oft

of clock signals according to any

one of Clainms 1 to 7, characterized in that the digital data packets are

digital packets of a television

2. Generator of clock signals according to Claim

1, characterized in that it furthermore includes

software means for decoding the useful signal (14) of

each packet (10) so as to extract therefrom a field

{40) indicating the presence of a program clock

reference wvalue (PCR) in thig useful sgignal and an

initialization control field (38), the said centr&l

processing wunit (66) causing the storage of the -

program clock reference value (PCR) in the said

counting means (68-a, 74) in respomnse to the said

fields (38, 40) and the sgaid decoding software means

congigting of the said central processing unit (66).

3. Generator of clock signals according to either

of Claims 1 or 2, characterized in that the counting

.means (74) include a counting circuit (74) proper for

storing some of the bits for coding the program clock

reference value (PCR) and an. expangion of

complementary capacity, consisting of a memoxry (68)

operated by the central processing unit (66) in

response to an interrupt signal (IT) generated by the

gaid counter (74).

4. Generator of clock signals according to Claim

3, characterized in that the said program clock

X3

reference wvalues (PCR) being coded ovexr forty-two

biﬁg, the counter (74) is a counter with sixteen bits

and. the expansion is an area of a static random-access

memory (68) of complementary capacity.

5. Generator of clock signals according to any one

of Claims 1 to 4, characterized in that the means for

storing the contents of the counting means include a

register with memory (76) and an expansion of

complementary capacity, congisting of an arxea of a

static random-access memory (68), for

contents of the countihg means (68-a, 74).

storing the

6. Generator of clock signals according to Claim

5, characterized in that the said program clock

I



" signal transnitted, serially, at speeds substantially equal to 60 Mits per
second, the said synchronization clock signals having a nom nal Wanﬂy@

substantially equal to 27 Mz. 9. - . Cenerator of clock signals according
to any one of Cainms 1 to 7, characterized in that the digital data packets
are digital packets of a television-signal transmtted, I n paral l el

at speeds substantially equal to 7.5 Mits per second, the said

synchroni zation clock signals having 2 nom nal frequency substantially
equal to 27 Mz.

The object of the invention is to overcome or at least partially alleviate at
least some of these drawbacks.

The subject of the invention is therefore a clock signal generator, comprising:
5 1) an oscillator for generating a clock signal responsive to a first control

signal,

2) a counter for receiving and counting said clock signal,

3) a storage circuit connected to said counter for selectively storing a value
in said counter in response to a second control signal,

10 4) adecoder for

(a) receiving a digital data packet having a useful portion and a header

portion which contains information about the contents of said useful portion,
(b) decoding at least a portion of said header portion to determine if a

program clock reference value is contained in said useful portion, and

15 (c) generating said second control signal responsive to a determination
of the presence of a program clock reference value in said useful portion,
and

5) a central processing unit for
(a) storing said data packet when said decoder determines that said
20 useful portion contains a program clock reference value,

(b) decoding said program clock reference value,

(c) correcting the value stored in said storage circuit as a function of the
relative position of said at least a portion of said header portion and said
program clock reference value in said useful signal, and

25 (d) generating said first control signal.

The generator furthermore may include software means
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