1 DI STRI BUTED SYNCHRONI ZATI ON METHOD AND SYSTEM The invention relates to a
di stributed synchroni zati on nethod and 5 system It applies for exanple to
ad hoc networks. It is also used in wreless networks of the Large Scal e
Wreless Network type with access or transm ssion requiring gl obal
synchroni zation. It applies to radio networks. 10 Numerous synchroni zation
procedures in the radio networks require a common and accurate tine

ref erence at each node of the network. In the description, the term node or
"station" is uscRISTRIBUDED &YNCHHOWATIONMFHQMNNDSMSEEMM ed in
hardware or software form which can be the 15 point of entry or the point
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Guaranteed transmission times, the possibility of broadcast
services in multi-channel networks in the presence of hidden terminals, lead
to coordinating the access of several stations and having a policy of

20 preallocation of the resources in the form of blocks of time and of
frequencies. Among other things, and in a non-exclusive manner, this applies
to the dynamic TDMA (Time Division Multiple Access) methods, of which one
example is the mesh mode of the IEEE 802.16A standard. ‘

Along the same lines, the use of directional antennas in an ad hoc

{ 25 network often leads to coordinating the transmissions, and therefore, to using
a common time reference.
Moreover, the networks can use frequency-hopping type transmission
techniques with time-dependent transec laws (laws for making the change of
frequencies pseudorandom and protecting transmission). Here, too, a

30 common clock reference is required.

This common clock reference is more or less accurate depending
on the system. Any lack of accuracy means adding guard or synchronization
times which soon become intolerable with respect to network performance in
terms of transmission delays or capacity.

35 Various procedures for "distributed synchronization in ad hoc
networks” are currently known from the prior art.



35 Various procedures for "distributed synchronization in ad hoc networks"
are currently known fromthe prior art. 2 Apart fromsolutions using a
.conmon external reference such as GPS (d obal Positioning System but which
t hen depend on the availability of the latter, the nethod nost frequently
used is the synchronization tree nethog. One station is, for exanple,
-chosen as the clock reference or 5 synchronization master. The ot her
stations are progressively synchronized on that reference station, by
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absence of v?ithou%t 8rre)ating local loop. In the case where the reference station is
destroyed, this situation must be detected (so there must be a procedure for
maintaining presence of the station that is insensitive to loops of the count-to-
20 infinity type), and this must be followed by the decentralized election of a new
station. This involves quite difficult and fairly unresponsive procedures.
Other methods studied in the prior art are based on a weighting of
the times of the adjacent stations. In certain conditions chosen from the
( weighting matrix, the system converges. This convergence is, however, slow

25 and ill-suited to mobile networks.

The synchronization method and system mainly use the
transmissions (interchanges) between the stations connected by mainly radio
links. The method uses neither a reference station, nor an external reference

30 in normal operating conditions, the synchronization being able to appear at
any time (in the absence of a master).

The invention relates notably to a distributed synchronization

method in a communication network comprising a number of stations

35 exchanging messages between themselves. It is characterized in that it
comprises at least the following steps:



The invention relates notably to a distributed synchronization nethod in a
communi cati on network conprising a nunber of stations 35 exchanging
nmessages between thenselves. It is characterized in that it conprises at

| east the following steps: 3 o inserting into each nessage transmtted by a
sender, a synchronization pattern charagteristic of the clock reference of
-the sender, or explicitly indicating the tinme of sending, o updating the
clock reference of each station with the clock reference 5 that it receives
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In
capacity, the parts h@]@ygnymp eqssln partlcular the foﬁowmg advantages:
o The method does not entail explicitly designating one or more

15 reference stations and it is totally distributed, in other words, based on
local information,

o It automatically supports the mobile networks and the creation or the
destruction of links and is therefore from this point of view extremely
robust,

20 o It makes it possible to take into account or disregard the correction of
the propagation times,

o It makes it possible to include stations having an accurate external
reference such as stations provided with an external reference time
such as a GPS receiver, and in this case, align the network on this

25 time,

o It supports the fragmentation and merging of subnetworks which can
occur because of the lack of the connectivity between the stations,
and, in this case, favors, in terms of capacity, the parts where there is
a station having an external reference time.

30
Other characteristics and advantages of the present invention will
become more apparent from reading the description of an exemplary
embodiment given by way of illustration, and by no means limiting, with
appended figures which represent:
35 o Figure 1, an exemplary architecture of the system, according to the
invention,



a station having an external reference tine. 30 O her characteristics and
advant ages of the present invention will becone nore apparent fromreading
-t he description of an exenplary enbodi ment given by way of illustration,
and by no neans limting, with appended figures which represent: 35 o
Figure 1, an exenplary architecture of 4he system according to the
“invention, 4 o Figure 2, an exanple of rough synchronization in an ad hoc
network, o Figure 3, an exanple of fine synchronization in an ad hoc
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conprising a setFiglirowwdas erampleadi systemrargahieediin elustsrel se, i nt erconnect ed
by radio transm ssion neans. The set of nodes typically forns a connected

networ k. Each node has an internal clock and the clocks are assuned to be
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of the rressa%ss his devi Ce!l‘efCﬁl ves the clock information (T, AT)

t ransport ed® , ToRRxample ooy elfBeN e synchroni zation data to be
transported, o25Am@ inMerrtclaokaH, thd timeadf wkithriswonatrolled by a driver and an

15 optional lag control device (for example deleting driver pulses) such
that the drift of the time is always negative,

o A device C_E/R which receives the messages and has the particular
function of measuring the time of reception and controlling the time of
sending of the messages. This device also receives the information

20 from the internal clock,

o A device Co for correcting the time H, dependent on measurements of
the times of arrival and the times of sending of the messages. This
device receives the clock information (T, AT) transported by the
messages and calculates the synchronization data to be transported,

25 o An optional external reference clock.

The way the system operates differs according to the organization
of the network to which it is applied, some exemplary applications of which
are given below.

30 The description uses the following notation conventions: the
values indexed Z' theoretically indicate the measurements and the
calculations made in the remote station and Z in the local station.

Figure 2 diagrammatically represents an exemplary ad hoc
network. It comprises a number of nodes or stations interlinked by uniform or

35 non-uniform communication links, respectively designated in the figure by
solid or dotted lines. The nodes can be mobile or otherwise and each have



The way the system operates differs according to the organization of the
network to which it is applied, sonme exenplary applications of which are

- given below. 30 The description uses the follow ng notation conventions: the
val ues i ndexed Z' theoretically indicate the neasurenents and the
calculations made in the renote statiomand Z in the |ocal station. Figure 2
-diagrammatically represents an exenplary ad hoc network. It conprises a
nunber of nodes or stations interlinked by uniformor 35 non- uni f orm

communi cat hﬂﬁnﬂ?hﬁ‘éﬂ%l keﬁ'l%cél%dk%' é’ref’%%u%&i ffhé Aot H@céé h?&lnkéh

dotted |ines e nodes can be nobile or otherw se an e (o} ave an
i nternal clinéxly alﬂﬁbt%¢@f§Q¥ehtﬂfBea§B%ﬁémm'émﬁ@t'%lm‘ﬁ%%f@si%fr@{%m@?nl‘?fWQ)nl zed

i ni t i al | y ﬁﬁl@s.l"l%éjéétfdf tﬁé’ﬁ conhriBdtiond @QﬂW’@'rrﬁ@td (%hﬂédi@,‘é naforkf or exanpl e,
radio |links. The se connec |ons tégccal I rms ac nnect ed

et
network. The net ho% §yrﬁ"&$¥ 8 S¥achrepizesy (R K$ | OE/h%I nb§en

exchanges bﬁbwﬁfgesabam%h@stéﬂ@dQho@é)daﬁdlmecmmteﬁﬂaéﬁbéﬁﬁﬂhtléhgt ions. The
met hod presupposes hat he nessa e _ex bet ween E‘t ations.,are
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station B dmtienmane@emanedlaﬁdombws.endl ng from B (nmeasured in the clock B)
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times of t ocks at he transm ssion ring the
transni ssi 6ynetiranizad n"@mgagatamm 10 aeframg ehaneagigsdetiore. i hputine ofonl y t he

synchroni z gk d?fthé hﬁesﬁd@hﬁthé QtéﬂohhArbéthe%éﬁﬁ%H' 2 lttséWRA ' ?hé aken
into account This is mmnl #enote by the 3%&%’%& on "rou

synchr ot z&iffespnce E\%We?'f‘ ﬁe“"‘@y SAndiNg &nd; 19 Rinfeseryen, 'gl Mt he
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wi i becon%wounqgr\/ "he %ransmlssmn the drift during the transmission and the
propagation time. In the example of Figure 2, only the synchronization of the
clocks, to within the propagation time, is taken into account. This is
20 commonly denoted by the expression "rough synchronization”. Even if the
system is initially synchronized, in the absence of realignment the time of
each station will drift and the network will become unsynchronized.
A first policy entails being realigned on each message received. If
there are many exchanges, the network can remain synchronized, but the
25 system is unstable. The time of this network will slow down considerably and
in an uncontrolled manner, because of the propagation time delaying the
transmissions. The second effect of this procedure is that, if two stations
locally exchange numerous messages, here, too, a rapid, uncontrolled local
drift will occur and the group of stations will be unsynchronized relative to the
30 other stations. In the case where the clocks are synchronous and do not drift,
the procedure will result in the clocks being modified because of the
propagation times.
To resolve the problem, each station of the network is
synchronized, for example, on the transmission from a station B, only if the
35 received transmission is leading; in other words, if in the station B the
message is transmitted at T (clock of B), it is received at To-X (with X > 0)



A first policy entails being realigned on each nessage received. If there
are many exchanges, the network can remain synchroni zed, but the 25 system
-is unstable. The tine of this network will slow down considerably and in an
uncontrol |l ed manner, because of the propagation tine delaying the

transm ssions. The second effect of thigs procedure is that, if two stations
*locally exchange nunerous nessages, here, too, a rapid, uncontrolled |ocal

drift will occur and the group of stations will be unsynchronized relative
to the 30 d
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regularly transmts a nessage to its 15 nei ghbors, the network renains
synchroni zed, to wihRistations Aeegdddhave syrmimetricakmiesaccur acy dependi ng only
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drift of the clocks between the transmissions). In particular, the network

depends little or not at all on the stability of the links (inasmuch as the

network remains globally connected) and on the order in which the messages
20 are exchanged.

According to this method, the time of a station of the network
cannot drift more quickly than the fastest of the clocks of the network and
more slowly than the slowest. In other words, if the clocks have a drift of
between +D and -D when they are isolated, the drift of the time of the

25 network station will remain +/-D. To return to the preceding example, if the
clocks are synchronized and do not drift, the proposed time-setting procedure
will not make them drift. This characteristic of the proposed method is
important, because it is necessary to be able to estimate the maximum drifts
between isolated stations or isolated parts of networks, to be able to

30 resynchronize them as quickly as possible. Thus, in the case where two
stations continuing to communicate remain isolated for less than X minutes, if
the system tolerates a drift of X minutes without synchronization for a station,
the stations will naturally return to the network with no particular procedure.

Without departing from the framework of the invention, the steps

35 described above at the station level apply at station group level. If there is a



network remains globally connected) and on the order in which the nessages
20 are exchanged. According to this nmethod, the tinme of a station of the
‘network cannot drift nmore quickly than the fastest of the clocks of the
network and nore slowy than the slowest. In other words, if the clocks
~have a drift of between +D and -D wher¥ they are isolated, the drift of the
“time of the 25 network station will remain +/-D. To return to the preceding
exanple, if the clocks are synchronized and do not drift, the proposed
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For this, the method typically comprises the following conventional
steps:
the station A measures the arrival time difference T, of the messages with B
20 as has been described previously and B does the same by measuring the
arrival time difference T» with the messages from A. The stations exchange
these differences
Ti=AH+$6
To=-AH + 9
25 Where AH corresponds to the errors of the clocks in the stations and & to the
propagation time between the two stations.
The proposed method offers notably the following two
characteristics:

o It presents no requirement for synchronism in the exchanges between

30 the stations (apart from a rate that is fast enough to be compatible with
the desired drift and accuracy)

o It makes it possible to limit the number of neighbors with which a
station must be fine synchronized, without in any way imposing a strict
pattern on this synchronization chart, which must simply maintain the

35 network connectivity.



figure by broken lines. For this, the method typically conprises the

foll ow ng conventional steps: the station A neasures the arrival tine
-difference Ti of the nmessages with B 20 as has been described previously
and B does the sanme by neasuring the arrival tinme difference T2 with the
messages from A The stations exchangegthese differences T1=AH+8 T2=- AH+S
25 Where AH corresponds to the errors of the clocks in the stations and 8 to
the propagation time between the two stations. The proposed nethod offers
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nmust be fine siagchronl ze out In an¥ osing a strict, pattern on
this synchfaleu e$ dhe cHifferencgnil chl fardtasth ff@‘fﬁﬂﬁ?ali’ weea thes time Whr k

connect isvi sgndfhg B drd the fRBlofSbagpifsh bﬂmeumgﬁ nfbs}sagéeewewdwmtt 0
e e e %Eﬂ@“@ﬁ@&zﬁr&% 54 4B dhe fale A tedBb BY ne
station A tstetesias ©ﬂ11¢|e0b|6<f:l€hﬂdéeoﬂ' v statibn, A fioe hd tintecoCreceptiveen t he
e o oSS e He 8L dehdRo sk b L2l B oy Bl BBE S i o
of correct iATNST bycortdutioner Thettime of @bntjmg 7€1aoqﬂ<thmpi@/v0ne5§&gesaad ithea A from
"2 Loy UGS ATS. arp R (8. 4380 ot Safip BrfedingBss 2 0p, T o
nmessage and the 10ThefdeviesnCo Aﬂ'thanstattomaBsm’c'emm ahithér timeajTat fiméref r enot e
e PR of TP heEestadd, Bl icBl o, O LahGe Hofdndlghto 10 To
r enot e stat|on A, corrects AT® by the correctlons made between T°a and Ta, to
obtain ATs and measures AT,=T’a-Ta, the difference between T’a and Ta. If
15 AT,-ATjs is greater than a value 7', with T tending towards zero for example,
the device Co applies a correction, with AT,-AT; measuring twice the lead of
the remote station corrected by the propagation times.
The principle used is therefore in this sense similar to the rough
synchronization described previously, and each station adopts the most
20 leading time between itself and its neighbors. Here, however, the knowledge
of the time of the neighbors is more accurate because of the correction of the
propagation times.
The proposed fine synchronization method is therefore compatibie
with the rough synchronization, in the sense that a station that is in rough
25 synchronization mode will not disrupt the stations in fine synchronization
mode. In practice, a rough synchronization can provoke a modification only if
its clock is leading and therefore acting in the same direction as the fine
synchronization.
Since the synchronization is established between stations, there is
30 no need to apply the procedure between all the links, or to use a fixed
structure like a synchronization tree. It is enough for all the links retained for
the fine synchronization to pass through all the nodes of the network in a
connected way as in the exemplary structure given in figure 3.
Figure 4 diagrammatically represents an example of fine
35 synchronization which is applied to a hierarchically-organized architecture.
The fine synchronization (links shown by broken lines in the figure) can be



- B

station A, corrects AT' by the corrections nade between T'a and Ta, to
obtain AT3 and neasures AT2=T' a-Ta, the difference between T'a and Ta. If 15
- AT2-AT3 is greater than a value T', with if tending towards zero for
exanple, the device Co applies a correction, with AT2- AT3 neasuring tw ce
the lead of the renote station correctged by the propagation tines. The
"principle used is therefore in this sense simlar to the rough

synchroni zati on descri bed previously, and each station adopts the nost 20
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the drift ?ransmemng

A station in radio silence mode adopts the time received from an

adjacent station without taking account of the fact that the station is leading
20 orlagging.

When there is a splitting up of the network and therefore relative
drift of the connected parts of the network, the method limits the
synchronization only if the received time is not lagging too far behind the
local time. This makes it possible for the station to remain synchronized on

25 the most leading network. The threshold is chosen, for example, according to
the drift of the clocks and the propagation times of the system.

Recognition of stations provided with external reference clock
references

30 It is desirable for a set of interconnected stations, some of which
have a reference external reference, for example stations that are
synchronized on a GPS, to remain synchronized on this reference time and
for all the stations also to be synchronized on this time. Apart from the
reference time present in certain stations, all the stations are provided with a

35 clock counter (internal time) maintained by a driver which sends pulses at
regular intervals, for example.



cl ocks, the reconfiguration tinmes, which normally depend on the difference
10 between the network cl ocks, are bounded by these drifts. The phases of

* breakdown of connectivity do not cause any uncontrolled drift and are
therefore less critical. Recognition of stations in radio silence node 15
The nethod applies also to networks coffai ning stations in radio silence
"node, that is, stations that are capable of receiving but not of
transmitting. A station in radio silence node adopts the tine received from
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15 from the internal driver, the method typically eliminates one pulse from time
to time for the drift to be, for example, 0/-2A instead of +A /-A. The way in
which the sending of the pulses is modified depends, for example, on the
structure of the driver.

This method applies equally for both fine synchronization and

20 rough synchronization.

Merging networks

According to a variant of embodiment, the method according to the
invention can be used to resolve the problem of synchronization in parts of

25 networks.

It makes it possible to automatically maintain a common time
despite changes of network topology. It was indicated previously how the
parts of networks that have an external reference time, for example a GPS
time, are naturally synchronized on this time.

30 The method according to the invention makes no assumptions as
to the nature of the communication means that link the stations. They can be
uniform links within a frequency range, or different means, and the method
makes it possible to obtain an accurate common time.

The only assumption is that the stations can intercommunicate.

35 However, this time setting is often used to enable the stations to
communicate over a given communication means; for example, the



reference tinme of the station appears as a particular realignnment nessage,
and obeys the sane criteria as a nessage from a nei ghbourhood station. To
force the realignnent on this external tine, the internal driver is io0
designed to bring about a natural |lag of the internal clock. In these
conditions, the stations that have a rejerence tinme wll naturally |ead the
stations that do not have the sane and the reference tinme will be propagated
in the network naturally wi t hout any signaling being necessary. If we
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15 a network has no station that has this external time, the network time of this
part will drift relative to the other parts.

The method according to the invention makes it possible to limit
the loss of capacity in the networks that have external time reference, and to
concentrate on those that have none.

20 In practice, according to the principle of in advance
synchronization and the proposed method, the networks with external
reference time will never have to be synchronized. It is therefore possible to
limit the search for adjacent networks to those networks that do not have this
reference. Resource consumption for this function will be limited to situations

25 considered as degraded or to the initialization phases. However, to
implement this function, the stations of the network need to know that they
have no external reference in the network. This requires a minimum of
signaling and can result in not inconsiderable delays, but the propagation
time of this signaling is not critical, since it is unrelated to the synchronization

30 provided elsewhere by the proposed method. The situation is very different
for a master station for which the loss must be quickly detected on pain of
loss of synchronization.

Another aspect is that the method naturally provides a certain
immunity to synchronization replay. Infrinsically, a replay is lagging and

35 therefore, given the method, cannot disrupt the network where it is
retransmitted. On an adjacent network, if the latter is in advance, it has no



detecting stations that would not be synchronized with sufficient accuracy
5 and so enable the application of the indicated nethod to be initiated.

- However, a station that |ooks in this way for unsynchroni zed adjacent parts
nmust devote sone of its resources to that, resources that cannot be used for
useful interchanges. These procedures,1dhich are not part of the invention

i nvol ve consunption of the capacities of the systemto the detrinent of the
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| oss of synchronization. Another aspect is that the nmethod naturally
providd8 a certain immnity to synchronization replay. Intrinsically, a
replay is lagging and 35 therefore, given the nethod, cannot disrupt the
network where it is retransmtted. On an adjacent network, if the latter is
in advance, it has no



12 effect. If it is lagging, the replay wll provoke |eading, but in fact
will also contribute to the synchronization of the system since the nethod
| ooks for |eading networks. 5 Wthout departing fromthe framework of the

i nvention, the nmethod can also be inpldenented on an ancillary network which
will be used to synchronize the main network. Although mainly applicable to
the networks where the stations play a simlar role, it can naturally be
extended to non- uniformnetworks or to sets of networks. 10 The

transm ssi on nmeans nay or nmay nhot r g LI the stations to be synchronized
in order to performthe interchanges. I'n this case, the nmethod according to
the invention nakes it possible to maintain this synchronization. The nethod

is also appllieg tHM I ﬂl@fﬁbhﬁéd SRS RRIN @%mﬁidnséy?.onphé%rka

procedure speci, |c to transm’ssi on neans used Ms 1 - Method
of distri tﬁﬁ"@@l”%%c&ﬂ%!’ﬁ'zﬁ@t'%ﬁ |"Heéﬁ>@8ﬁﬁ9'ﬁ'gcme§§%9%t°@mm's'%ﬁb ¢agtng
several sttpbifeMswihglstggxchangi ng messages corrprl sing at least the follow ng
step : omsertmgwlnto eac massaetran ggrqté %W ﬁ@ mtter of a
station a sPndAPEHNIdpiosea F‘Leéf'ﬂ € ffapseytied Ry adrapst ﬁe"‘t"f‘té?rb?ence of
the transm ttesynghebnizetiondipattetrn echaractenstid ointbei ﬂmeomef@f*endeeoﬂﬁlaeage, and
characterized the foll dat | nggll eqfiréme reference of a

first station b ’E%‘“Pr ﬂ“@gﬂrﬁlgq@hg@e #ipl%rﬁ%?r}%' &MEF%¥Pom a second

st ati on ofandeharactsvizeditly thedolbowingistep : t he ti ne ref erence received is ahead

W th respect tq, d?a‘?méltﬂg tirﬂ?é Féfg{lﬁ\%e Od?fafﬁ@?stfa'tlf)%‘gy:?théttﬂ??@Bef%%c%%e bei ng

done as fol | Qws cuala m‘g ween time T'a
of transm ssi oanmgssage reeeived fromnaiseqond stationmafdbe getwerkdf ardionlyriti the time

Ta of receipt Ylett!Q?e I'é'féﬁénc%_tr%ké&ﬁd% Ph@ﬁd *?\ﬁt'ﬁeresﬁsétsta%e titheRiibrened @
correction 0<A 1T the time T a of transm ss
of the first station, the update being done as follows:

o calculating the difference AX=T'a-Ta between the time T'a of
transmission by the second station of the message received
and the time Ta of receipt by the first station of the same
message,

o applying a correction 0<AY<=AX if the time T'a of transmission

is ahead by a quantity at least T, with AX> T >0.

2 — Method according to claim 1, characterized in that the error correction
between the two stations is performed as follows:

o on the synchronization links established between the two stations of
the network, we calculate T1=T'°a-T°a the gap between the time of
transmission of the second station and the time of receipt of a
message received by the first station at T°a and transmitted at T*’a by
the second station,

o the first station corrects T4 of the intermediate corrections made since
T°a and the instant of transmission T'a by the first station of a new
message, to obtain AT®’=T—corrections, the first station transmits in
the message T'a, T'°a and AT’ to the second station,

o the second station corrects AT of the time corrections made between
T°a and Ta to obtain AT,

o the second station determines AT,= T'a-Ta,



I's ahead by a quantity at least T, with AXx> T >0. 2 - Method according to
claim1l1, characterized in that the error correction between the two
stations is perfornmed as follows: o on the synchronization |inks established
between the two stations of the netwpgk, we calculate T,=T a-Ta the gap
between the tinme of transm ssion of the second station and the tinme of
recei pt of a nessage received by the first station at Ta and transmtted at
T a by the second station, o the first station corrects T, of the

i nternmedi ate_c ctien ' I4n 1 ssion T a
by the fi rstosﬁ%,5&3?%%@#@?3@@”@%%@”& %ﬂ@ﬁ.f%&rgﬁsggfﬁis t he
first station tcloksfithe station withrsksatybs measuning twise the'advaneeef e ond

station, o the f&CeBHoA BIceibdLor theGirSpAYatin i€, L1 me corrections nade
between Ta and Ta to obtain AT3, o 'the Second station determ nes AT2=

T'a-Ta, 14 o if AT2- AT3 is greater than O, then the second station
corrects i3ts THenEtReK asf clhiffed itbhebfVilaims™ or 2\ haiBateHzédth thidtee t he

advance of ,the first, statiopn corrected of the 0 ati tine. - The
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range, |- Bang®&-[2By]-B-24) - The nethod as clained in claim3, characterized in
that the range is [0; 2A]. 5 - The nmethod as clained in one of clains 1 to
4, characterized in that the network is a radio network. 6 - An application
of the netthedThe roethiodeas ialmived ¥ claimidyschiaracienzed ia thatth®rangsiisri si ng

one or m)E@ QA]{;ltions in radio silence node. 7 - An application of the nethod
as claimed inone of clains 1 to 4 to a netwrk having a GPS on one or nore
stations, the GPS cl ock nessages being treated as received tine nessages.

5 — The method as claimed in one of claims 1 to 4, characterized in that the
network is a radio network.

6 - An application of the method as claimed in one of claims 1 to 4 to a
network comprising one or more stations in radio silence mode.

7 - An application of the method as claimed in one of claims 1 to 4 to a
network having a GPS on one or more stations, the GPS clock messages
being treated as received time messages.

8 - Station for the distributed synchronization within a network comprising
several stations interexchanging messages each comprising a
synchronization pattern characteristic of the time reference of the station
transmitting the message and including the time of transmission of the
message, the said station comprising the following elements:

o an internal clock H for providing a time reference to the station,

o a device C_E/R for receiving messages and having in particular as
function to measure their time of receipt and to monitor the instant of
transmission of messages,

o a device Co for correcting the time of the internal clock H, to receive
the synchronization patterns, the device Co being adapted to update
the time reference of the internal clock H by the time reference of a
message received from another station if and only if the time reference



8 - Station for the distributed synchronization within a network conpri sing
several stations interexchangi ng nessages each conprising a synchronization
pattern characteristic of the tinme reference of the station transnmtting

t he nessage and including the tinme of 4gransm ssion of the nessage, the said
station conprising the followi ng elenents: o an internal clock H for
providing a tinme reference to the station, o a device CE/R for receiving
messages and having in particular as function to neasure their tine of

recei pt and to i i E LSS TS a device
Co for correct i"ﬁ'ﬁ]‘% h'gésts%lgg r%?%’%@‘ci %ﬁeearénglﬂni%é%t&,ﬁ tﬁ%tlﬁ};ec%?%ﬁc?ﬁ%

synchr oni zat i ofth@éntemaheglockitd: devi ce Co being adapted to update the tine
ref erence of the pnt ; \ 0% I ge
received from ano hebslrés?% Iﬁﬁ%ﬁ%ﬁ%éﬁ?f%ﬁﬁg?&%ﬁ eergwggeiﬁ of the
nessage received i s teansaussipniofitbe faessade, the station Acand thectimerTa pfe
internal clock H: qef¥ipfaf e mbssuhd bettd sttibgnce AX=T' a-Ta between the
tinme Ta of transm ssion of the nessage, the statiqn A and. the_ti Ta of
recei pt of the neSsA5W B INRLYIBYAA; wﬁe@'%z’ﬁﬁﬂyﬁ%aﬂ%r T@cg?on
O<AY<=AX i f the timrah@nfiEsiohiBREAE bl Qiahityadtqesstp, witleAX>ty>at | east T,
wth AX> T >0. 9 - Station according to claim8, characterized in that it

conprises an external tine reference. 10 - Station according to one of
clains 8 #hd SGtatidaravcbeding etd clairmh8j characterizedhi ettiat dt comprigestamf a radi o

n rk. .
et wo external time reference.

10 — Station according to one of claims 8 and 9, characterized in that it is
adapted to form part of a radio network.



