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A SYSTEM FOR ~ DIGITAL DATA PACKETS 
·' 

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. 

Xn 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 trans­

mitted using the format of a standard referred to as 

MPEG, which fixes the frequency of the transmitter 

apparatus at 27 MHz. 

Xn 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 

signa1 are used for transmitting very precise and very 

reliab1e c1ock 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 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 ful­

filling this function are currently implemented in 

hardware form and are therefore specific to one format • 
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The object of the invention is to overcome these 

drawbacks. 

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 header signal 

containing information relating to the contents of the 

useful signal, in a transmitter apparatus, on the 

basis of program cl.ock reference values each 

transmitted by one of the said packets, comprising 

counting means which are suitable for storing a 

program cl.ock reference val.ue and are incremented 

under the control. of a vol.tage-control.J.ed oscil.l.ator, 

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 pack~t, of an 

adaptation field comprising bits for the coding of the 

program clock reference value, so 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 val.ue and making a correction to the val.ue 

hel.d in the storage means as a function of the number 

of transitions of the voltage-control.led 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~e in 
. ,. 

the useful. signal., the said central. processing unit 

furthe:r:more providing for the calculation of the said 

control voltage driving _the said voltage-controlled 

oscillator so as to produce the said synchronization 

signa1s. 

The generator furthermore includes software means 
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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 control field, the said central 
processing unit causing the storage of the program 

clock reference value in the said counting means in 
response to the said fields and the said decoding 
software means consisting 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 value 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 counter 
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 t~~ 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. 

'l'hus, according to these latter embodiments, 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 

---- - ---- -----
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drawings, in which: 

- 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 fo:cma.t. 
'l'his 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 per 
second in series, and in parallel at rates close to 
7.5 Mbits per second. 

Each packet 10 ~onsists 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 si~l 12 
includes various 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 
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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. 'l"bus, 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 unique packet identifier 24. 

'l"h.us, in addition, the adaptation field control. 

indicator provides an indication of the contents of 

the useful. signal 14, according to the foll.owing 

coding: 

- a value •oo• indicates that the corresponding 

packet should be eliminated, 

- a value •01• indicates that, if the start of 

useful signal indicator 20 is eq:ual to •1•, the useful 

signal starts with a header signal of a data stream 
PES which indicates that a new image sequence or audio 

sequence is being transmitted, or otherwise that the 

useful signal contains a video or audio sequence, and 

- a value •1X• indicates that the useful s5gna1 
contains an adaptation fiel.d 32 for the reception 

apparatus, without providing an indication on the 

existence of a clock reference value. 

According to the l.atter configuration, in which 
the adaptation field control indicator 32 is equal to 
•1x•, the adaptation field for the reception apparatus 
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contains, 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 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 val.ue, 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 signal generator of kn.own type, ma.king 

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 val.ue a clock signal. for the 

synchronization of the reception apparatus with a 

transmi.tter 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 field 14 in which a PCR value 36 is coded. 

'l'he 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 SO, 

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. Xt furtheT:mOre 

includes a digital filter 57, a register 58 intended 

to contain an analog PCR value, a digital-analog 

converter 60 of t·he sigma-delta type, and a low-pass 

filter 62. 

This generator operates as follows. 

The decoder 46 receives the packet 10, as repre-
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sented by the arrow F, and decodes the header signal 

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 

signal 14 contains an adaptation field 32, the decoder 

46 stores the value of the discontinuity indicator 38 

and the PCR flag 4 0 in a random-access memory, not 

represented. 

The central processing unit 54 then tests the 

value of these fields. 

Xf the discontinuity indicator 38 is equal 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 counter 50. 

Furthermore, if the PCR flag is equal to "1", 

thus indicating that the packet contains a new PCR, 

the decoder 46 generates a control signal· intended for 

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 transferred to the means 52 for storing a 

current PCR. 

'l'he 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. 'l'his 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 SO. 

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 



8 

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 clock 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 (SR.AM) 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. 

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

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

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

'l'he clock signal generator is supplemented by a 
digital filter 79 integrated in the central proce~sing 
unit 66 and connected to a register 80 of the 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 control voltage for the 
voltage-controlled oscillator 78. 

'l'he operation of the synchronization clock signal. 
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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, 

represented in Figure s. 
The increment cycle starts with a step 86, during 

which the counting circuit 7 4 is awaiting a clock 

pulse from the 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 step 88. 

When the maximum capacity of this sixteen bit 

counting circuit 74 is reached, it delivers a control 

signal to the interrupt logic circuit 72 (step 88). 

When this interrupt circuit 72 has, during a step 90, 

determined the presence of this control signal, it 

delivers an interrupt signal XT (step 92) intended for 

the central processing unit 66. 

l:t 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 XT 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 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 F, and decodes the header 
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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 detexm.ine, 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 counting circuit 74 to this storage circuit 76, 

then sets this control. signal. TP_AF to zero (step 

104). 

During the following two steps 106 and 108, all 

the data of the packet 10 are stored in the SRAM 

memoxy 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 perfoxmed 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 perfoxm.ed by software in 

the central processing unit 66. 

:In response to the interrupt signal l:T, 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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following PCR value should be used to initialize the 
generator. 

J:f the value of the discontinuity indicator 38 is 
equal to "1", the central processing 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. 

J:n 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. 

J:f 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. 

Xn order 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 correction 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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During the following step 126, the current PCR 

value calculated is presented as input to the digital 

filter, which smooths and attenuates the PCR value 

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). 

J:n response 

voltage-control 

to this current 

oscillator 78 

PCR value, the 

generates the 

synchronization clock signals 

apparatus, the frequency of 

26 999 460 Hz and 27 000 540 Hz. 

for tpe receiver 

which is between 

J:t can be seen that the synchronization clock 

generator which has just 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 

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. 

Xt 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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CLAI:MS 

1. Generator of c1ock signals for the synchroni­

zation of a system for processing digita1 data packets 

(10), each comprising a useful signal (1') and a 

header signal (12) containing information relating to 

the contents of the useful 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 voltage-controlled oscillator (78), and 

means (68-b, 76) for storing the contents of the 

counting means (68-a, 74), characterized in that it 

inc1udes 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 

usefu1 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 said 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 position of the 

said characteristic (28) indicating the presence ~f an 

adaptation field (32) and the position of the said 

program clock reference value (PCR) in the useful 

signal (14), the said central processing unit (66) 

furthermore providing for the calcu1ation of the said 

control voltage driving the said voltage-control.l.ed 

oscillator (78) so as to produce the said 

t tllllll llll\t Ill\\ \tl\I \l lll\ 
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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 c1ock 

reference value (PCR) in this useful signal and an 

initialization control field (38), the said central 

processing unit (66) causing 

program c1ock reference value 

the storage of 

(PCR) in the 

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 i~ that the counting 

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

storing some of the bits for coding the program clock 

reference value (PCR) and an expansion of 

complementary capacity, consisting of a memory (68) 

operated by the central processing unit (66) in 

response to an interrupt signal (~T) generated by the 

said counter (74). 

4. Generator of clock signals according to Claim 

3, characterized in that the said program clock 

reference val.ues (PCR) be::Lng 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 comp1ementaey capacity. 

5. Generator of clock signals accordin9 to any one 

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

storing the contents of the counting means incl~de a 

register with memory (76) and an expansion 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 

11111111111111 111111111111 1111 
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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 

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 centra1 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 Mh.z. 

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 clock signals having a nominal 

frequency substantially equal to 27 Mhz. 

\ \11\ll\ \\\I\\ Ill\\ \\l\I \\\\I\ 
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