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Audio communication systems also exist using an Ethernet type communication
30 network between a master module and star-connected slave modules. Data
transmission is performed in isochronous manner, which is not suitable for all
applications in particular in the case where perfect synchronism would be
indispensable. For example, such a system can be used in a stadium or in a
hotel to transmit audio data to two loudspeakers located in two different rooms.
35 It does not on the other hand enable live retransmission with very precise
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~s data intended for said slave nodule so as to ensure synchronous

transm ssion of the data wthin the system According to a devel opnent of
the 'invention, a data frame conprises at | east one packet, each packet
conprising a header with a descriptor of, the type and 20 nunber of data
contained in the packet, a nodule conprising neans for determ ning, from
the descriptor, whether a part of the packet is intended for it. According

to a prefe S‘ibﬂﬂi .2 slave nodul e conprises neans for inserting
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data to be over the network in a predeterm ned part of a 2s
packet. A data franme can conprise command data intended for a slave nodul e

conpri si ng | t: t i i t of
%ﬁgmgét%f tRé .\)érﬂitan i§%0 BEAIREGrfaldio c%étfﬁﬁrgnﬁﬁﬁésl&ﬁ sggtﬂ@ev

t he sl ave Accordin 0, anot her eature o I nventi o

comuni cat PERSeRiNg éhegshas 088 ehanaveLsetanas SGhop SYHPDT sAuicined

rrpflrl sy Bphafcullsshatig i amegibtibg eotirauhicgfoPredioAdiabs agesl, athibest ity es
W econe

re.clear apparent. fro he 3s, foll ow ng descri ption of
par i cul ar SERBEHFen[S MonSCATA  HerietY Gy pERrCROUR JRARRES Fibd VEREIeRp! es
only and r gpnemissiantlatendyhe acconpanyi ng draw ngs, in which: 3 Figures 1
to 3 illustrate three variants of configuration of a systemaccording to
the invention. Figure 4 schematically illustrates a particul ar enbodi ment
of a sl aveAggduding 40 tbe dnesntiamitug objedt rig achieviegubyedha faet that theumasies and
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i |1 ustrat esf the datagwvithin the systbodi nent of a sl ave nodul e cl ock

reconstitution unit. 20 Description of particular enbodi nents Whatever its
particul ar confjguration, a system according to the invention,

. n, as
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20 number of data contained in the packet, a module comprising means for

determining, from the descriptor, whether a part of the packet is intended for it.

According to a preferred embodiment, a slave module comprises means for
inserting data to be retransmitted over the network in a predetermined part of a

25  packet. A data frame can comprise command data intended for a slave module
comprising means for applying the command data to an input or an output of
the slave module.

According to another feature of the invention, the communication module
30 comprises chain-connected and/or star-connected modules.

Brief description of the drawings

Other advantages and features will become more clearly apparent from the

35 following description of particular embodiments of the invention, given as non-
restrictive examples only and represented in the accompanying drawings, in
which:



In figure 1, the nodules are connected so as to forman open chain. The
master nodule 1 conprises a port constituting a first network term nal Bl
connected by neans of a two-way conmuni cation network preferably of the
Ethernet type to a 30 port constitutingsa second network terminal B2 of a
first slave nodule 2a. The latter conpri'ses another port constituting a
first network termnal Bl connected to the second network termnal B2 of a
second sl ave nodule 2b. In the particular enbodi mrent of figure 1, five
sl ave nodul es 2a to 2e are connected in series, the first network term nal
Bl of one &igurhe 1siced dlustrats Hwepaianignisotconfigeratipn of alsystam asdordingur k
term nal Bgho nvbhﬁ%ﬁ]ext sl ave nodule. The first network termnal Bl of the

| ast sl ave nodule 2e is not connected to the comruni cati on networ k whereas
t he second FRishaehepatigallyiliustrates asparlisular gmkpdimend 9f arslaye mashile, of s

connect gd tacsyst@»nfdcbgﬁdlﬁgzw\ﬂg@regqrm@al Bl of the master nodule 1. In
figure 2
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particul ar i i in figure 2, six slave nodules are
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i ndi vi dyal ¢ mb {Bnals to of a switching unit 3a. This unit conprises a
common ter able to be connected to each of its individual termnals
and, via t Rgwedilusicalesdhe genaes! istructyire vk arframne. network terminal of the
mast er modi _ré9 repReSENE il gRaitBoadtall thasirablir® bf theSRamRCheHdeWRcBbrdmgve
nodul es 2i % 2k are connect ed respectively to three individual
termnal s 6 tching unit 3b, is conprising a comon term nal connected
to a fourt Hﬂgurél‘m lustratem im greltarf ddtait tisevstrabiung ofiiai frade. padket agtotdimg f i r st
netvvor er@ha@ Bl of the slave nodul es are connected to the

conmuni 8at| eetgvork The configuration of the systemillustrated in
figure 3 i Figueeltdhiysteateano greatempetailethebstrucittiaiof- 8 packet dwades ofed and
star- Conne@gegel”&%&r&ﬁ%%@@ufé'iét network term nal Bl of the naster nodul e
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conpri ses fo@Mre Agi Viugtiates anviegriatives saahodimentcehacstevg medule aeeknd
net wor k t ergadrdtisutidn Gt ee sl ave nodul es 21, 2m and 2n, and to the common
termnal of a switching unit 3d. The sl ave 25 nodul e 21 is connected in
series#lith two other slave nodul es 20 and 2p. The switching unit 3d
conpri ses Deseriptich of garticular emtsddimertpect i vel y connected to the second
network termnals of three slave nodules 2q, 2r and 2s. The sl ave nodul e 2s
is star-connected with three slave nodules 2t, 2u and 2v, by neans of a
swi t chi ng WMhatezer itsrartiaulae cootigyiations acsystemuoacaosdimgnigl theoimvestien, a® 3o
the first tgpfisamtedlndlourbs F18'% EafipliSeg aiblbihagidrMouLIIA! ghardri nal s
e second ter

respectively cgonnec m na e slave no uI es 2t,
2u and 2v. %@'Wlesﬂa\teeWHlﬁssz Bl of the slave nodules 2m 2n, 2p, 2q, 2r,
2t, 2u and 2v are not connected to the comruni cati on network. 3s The

swi t chi ng ndard itens cqnvent used t wor ks,
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the out put pafrticulad émbbalment of figure 1, five slave modules 2a to 2e are connected in
series, the first network terminal B1 of one of the slave modules being
35 connected to the second network terminal B2 of the next slave module. The first
network terminal B1 of the last slave module 2e is not connected to the
communication network whereas the second terminal B2 of the first slave



~0 A slave nodule 2, represented schematically in figure 4, conprises a
processing circuit 5, for exanple m croprocessor-based, connected by
two-way links to the first and second network termnals Bl and B2 to enable
‘connection thereof to the conmunication jnetwork. The processing circuit 5
is also connected via a digital-to-analog converter to the anal og audi o
output termnal is Ba of the nodule. It can also be connected to an anal og
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35 The switching units 3 are standard items conventionally used in known
networks, for example in Ethernet type networks, to perform star connections.



30 Although the analog audio termnal Ba is not represented in figures 5 to
7, such a termnal is preferably provided in each nodule, the

digi'tal -to-anal og converter 6 being connected to the output of the output
digital audio interface 10. An analog audio term nal can be connected via
an anal og-to-digital converter to the 3s input of the input digital audio
interface 11. The digital audio termnals B3 and B4, not represented in
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either a multicast address or a broadcast address to transmt data

sinul taneously to a group of slave nodules or respectively to all the slave
modul es 2. Figiread grabrrapreaant it araater defail therdunalionsiraspeciively PArfeiad e s.
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interface 11 to a frame composition unit 12. The latter unit supplies signals
representative of the frame to be transmitted to the network terminal B via a
start of frame production unit 13 and a second physical layer 14. A clock 15
synchronizes operation of the units 8 to 13 of the module and enables the frame

30 composition unit 12 to introduce synchronization pips in each frame. The
different units of the module can be constituted in any known manner and will
not be described in greater detail.

In the embodiment represented in figure 5, the master module 1 also comprises
35 a commands processing module 33 connected between the frame
decomposition unit 9 and the audio interfaces 10 and 11. The master module 1



24 and a source address 25. It also conprises a specific type 26 specific
to the application. The specific type preferably uses predeterm ned fields
of & standard Ethernet type header, such as the Length or Type Field (LTF),
‘the Sub Type Field (STF) and the Protocgl Version Nunmber Field (PVNF) to
define the to type of protocol used. The specific type 26 al so specifies
the frequency of the master nodul e clock 15, the nunber of packets 21 of
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35 input of the input digital audio interface 11. The digital audio terminals B3 and
B4, not represented in figure 4, are also preferably provided in each module.
The input digital audio terminal B4 in particular supplies to a module digital




25 A slave nodul e can not only use data contained in a frane that it
receives but can also insert data in a frane that it has received and that
it retransmts over the network either to another slave nodule or to the
‘master nmodule. This is notably the case-of a slave nodule conprising an

i nput connected to a mke 19 30 (slave nodules 2b of figure 1, 2k of figure
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to the V\AtChI ng anlt 3a, to the slave nodule 2h, to the switching unit 3a,

to the? wP@ﬁ?rt? hit 3b, to the slave nodule 2i, to the switching unit 3b,
to the slave nodule 2j, to the 2s switching unit 3b and to the slave nodul e

2k. The | t
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corresponding to the slave nodule 2min the franes, whether the latter

originate fromthe master nodule 1 or fromthe sl|lave nodule
30 The general structure of a frame is illustrated in figure 8. It first comprises a

header 20, of Ethernet type in the embodiment represented. The header 20 is
followed by a frame descriptor 32 that supplies a sub-type, a version number,
the number of packets, the packet length, information on the master module
frequency and a frame incremental number. The frame descriptor 32 is followed
35 by at least one packet 21 (packet 1, packet 2, etc...) and the frame ends with a
frame check sequence 22. This check can be performed by any known means



2p (via the slave nodules 20 and 21). The slave nodul e 2p can thus be
programmed to send the franmes to the slave nodule 2m All the frames, wth
their synchroni zati on pips, are generated by the master s nodule 1. The

sl ave nodul es can read the data containgd in a frame and possibly insert
data at a predeterm ned |ocation of the frane, but they can in no case
create a new franme. The network is a two-way conmuni cation network,
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The packet header 27 identifies the packet involved and describes the number
and type of items of information contained in the packet. It provides a
description of the data contained in the packet, of its characteristics and its
30 location in the packet. It comprises (figure 11) in particular a field 29, for
example on 2 bits, defining the type of data contained in the packet. Each
packet is in fact preferably dedicated to a data type: command data, audio data,
video data, digital data of any kind. In a particular embodiment, each frame
comprises two packets, one containing command data and the other containing
35 audio data. Such command data can for example concern the amplitude of
emission of sounds by a loudspeaker 4 connected to the slave module 2 for



I's connected to the output of the oscillator 38 by neans of a divider 39.
It thus receives the signals Fin and Fout/N on input, N being a preset

i nt eger. The conmuni cation network can al so be formed by a serial |ink or
"by a carrier current network. In the |agter case, the configuration of the
system may be 20 different fromthose represented in figures 1 to 3. The
first network termnal Bl of the master npdule 1 can in fact be connected
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system ac c@@ﬂ"ﬁ@ t® acFP'QP?nOZ eqiirmet @Qnrﬁrdeqi KO @h@ﬁedﬁtm()@d r%@@!-l'te‘)f(tf'?
conpri ses pedQr.for inserting data to be retransmtted over the network in
a 2s predeterm ned part of a packet. 4. The system according to any one of
clains®l to 3, characterized in that a data frane conpri ses command dat a

i nt ended fArslaves rbdulerodninet Eh)y useratss comtaimnsahnin 4 dranag fHatiingeceivescoutmand
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30 (slave modules 2b of figure 1, 2k of figure 2 and 2v of figure 3). The register of
the slave module associated to this input specifies in which bundle this data has
to be inserted. In the case where a slave module 2 adds data in a frame, it
modifies the check sequence 22 of the frame accordingly. If the modified frame
is intended for the master module 1, it also modifies the source address
35  (normally formed by the address of the master module) to replace it by its own
address.



3s to be transmtted fromthe nodul e associated to the source address to

t he nodul e associated to the destination address. 14 6. The system
according to claimb5, characterized in that the naster nodule (1 ) supplies
as destination address a broadcast addrgss to transmt data sinultaneously
to all the slave nodules (2). s 7. The system according to claimb5,
characterized in that the master nodule (1 ) supplies as destination
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sal % 2 sf)vatc;htir?g unigl’ 3tbaanda to tlhe s?avé) module 2k. The latter can then submit them to

the master module 1 via the switching units 3b then 3a.

The switching units then have to be programmed accordingly. The switching
unit 3c (figure 3), for example, recognizes the destination addresses in the
30 frames it receives from the master module 1. If the destination address
corresponds to the address of one of the slave modules 2I, 20 or 2 p, it
transmits the frame to the slave module 2I. If on the other hand the destination
address corresponds to the address of one of the slave modules 2s, 2t, 2u or 2
v, it transmits the frame to the switching unit 3d which transmits it to the slave
35 module 2s. The switching unit 3c is also programmed to recognize the
destination address corresponding to the slave module 2m in the frames,
whether the latter originate from the master module 1 or from the slave module



is 17. The system according to any one of clainms 1 to 16, characterized in
that a slave nodule (2) conprises an anal og audi o output (Ba) connected to
a digitalto-analog converter (6). 20 18. The systemaccording to claim 17,
characterized in that it conprises a | opdspeaker (4) connected to the
anal og audi o output (Ba) of the slave nodule. 19. The system according to
any one of clains 1 to 18, characterized in that a data frane conprises
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15 sampled at 48KHz, a 12KHz clock transmitting 4 samples per bundle can be
used.

The clock 15 can also have a frequency that is not a sub-multiple of the data
sampling frequency. For example, a 48KHz clock can be used when

20 transmitting audio data sampled at 44.1KHz, with one or zero samples per
bundle.

For certain applications, it is possible to limit data transmission to one-way
transmission between the master module and slave modules. This enables the

25  protocol to be simplified and consequently enables the cost of the modules to
be reduced.

To limit the cost, it is possible, in certain applications, to replace the dynamic
frames, whose length and content are not fixed, by frames of preset length and
30 content.

Although the invention has been described for audio data transmission, it also
applies to the case where the data frames comprise data of any type, for
example video data.

35
The clock reconstitution unit 16 (figure 6) can be constituted by any suitable
circuit. It conventionally comprises a Phase Lock Loop (PLL) designed to loop-
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T $03 C|ch|ts the jltter that may be present in the frequency signals applied to the

5 phase lock loop input is found in the loop output frequency signals. To minimize

jitter in the output signals Fout, a jitter digital filter 34 is preferably connected

up-line from the phase lock loop 35, as represented in figure 12. The filter 34 is

a recursive digital filter, of low-pass type, at least of first order. The frequency

signals Fin applied thereto are filtered and the filter 34 supplies signals F'in

10 applied to the input of the phase lock loop 35 in which the jitter is eliminated or

at least reduced. The phase lock loop 35 comprises, conventionally, a phase

comparison circuit 36 in series with a low-pass filter 37 and a voltage-controlled

oscillator (VCO) 38. The phase comparison circuit 36 comprises a first input

connected to the output of the jitter digital filter 34 and a second input

15 connected to the output of the oscillator 38 by means of a divider 39. It thus
receives the signals F'in and Fout/N on input, N being a preset integer.

The communication network can also be formed by a serial link or by a carrier
current network. In the latter case, the configuration of the system may be

20 different from those represented in figures 1 to 3. The first network terminal B1
of the master module 1 can in fact be connected via the carrier current network
to the second network terminals B2 of all the slave modules 2: the terminal B1
of the master module 1 is connected to the terminal B2 of a slave module itself
connected to the terminal B2 of another slave module in turn connected to the

25 terminal B2 of the next slave module, etc... In an alternative embodiment the
master module 1 comprises a second network terminal B2 connected to all the
first network terminals B1 of the slave modules. In this case, the master module
indicates which slave has the right to speak. In another alternative embodiment,
the master and slave modules each only comprise a single terminal B (figures 5

30 and 6), the network terminal of the master module being connected by carrier
current to the network terminals of all the slave modules. Communication then
takes place by time division under the control of the master module which
indicates to each slave module the time interval reserved for it.
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reconstitution means, to recognize the data intended for said slave module so

15 as to ensure synchronous transmission of the data within the system.

2. The system according to claim 1, characterized in that a data frame
comprises at least one packet (21), each packet (21) comprising a header (27)
with a descriptor (31) of the type and number of data contained in the packet, a

20  module comprising means for determining, from the descriptor, whether a part
of the packet is intended for it.

3. The system according to claim 2, characterized in that a slave module (2)
comprises means for inserting data to be retransmitted over the network in a
25 predetermined part of a packet.

4. The system according to any one of claims 1 to 3, characterized in that a

data frame comprises command data intended for a slave module (2)

comprising means for applying the command data to an input (B4) or an output
30 (B3, Ba) of the slave module.

5. The system according to any one of claims 1 to 4, characterized in that each
module is associated to a single address and a data frame comprises a
preamble (23), a destination address (24), a source address (25), and the data

35 to be transmitted from the module associated to the source address to the
module associated to the destination address.
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S|multaneously to a predetermined group of slave modules (2).

8. The system according to any one of claims 1 to 7, characterized in that a

10 data frame comprises a header (26) specific to the application comprising a
clock incrementation field incremented each time a frame is transmitted by the
master module.

9. The system according to any one of claims 1 to 8, characterized in that the
15 synchronization clock (15) has a frequency that is not a sub-multiple of the data
sampling frequency.

10. The system according to any one of claims 1 to 9, characterized in that the
communication network comprises chain-connected modules (1, 2a to 2e, 2,

20 20, 2p), a first network terminal (B1) of at least one of the modules being
connected to a second network terminal of a first slave module comprising a
first network terminal, itself connected to a second network terminal of a slave
module that is connected in series with the first slave module.

25 11. The system according to any one of claims 1 to 10, characterized in that the
communication network comprises star-connected modules (2f to 2k; 2| to 2m;
2t to 2v), a network terminal of at least one of the modules being connected, by
means of a switching unit (3), to a network terminal of at least two slave
modules.

30
12. The system according to any one of claims 1 to 11, characterized in that a
slave module (2) comprises means for transmitting a frame, without any
modification, from one network terminal to another network terminal of said
slave module.

35
13. The system according to any one of claims 1 to 12, characterized in that the
communication network is an Ethernet type network.
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10 16. The system according to any one of claims 1 to 15, characterized in that a
module comprises a digital audio output (B3), said module comprising means
for synchronization and recognition of the data intended for said output in the
data frames received on a network terminal of the module, and means for
transmitting said data on its digital audio output.

15
17. The system according to any one of claims 1 to 16, characterized in that a
slave module (2) comprises an analog audio output (Ba) connected to a digital-
to-analog converter (6).

20 18. The system according to claim 17, characterized in that it comprises a
loudspeaker (4) connected to the analog audio output (Ba) of the slave module.

19. The system according to any one of claims 1 to 18, characterized in that a
data frame comprises video type data.

25
20. The system according to any one of claims 1 to 19, characterized in that the
slave module clock reconstitution means comprise means for minimizing jitter
comprising a recursive digital filter arranged up-line from a phase lock loop.



