1 DI STRI BUTED SYNCHRONI ZATI ON METHOD AND SYSTEM The invention relates to a
di stributed synchroni zation nmethod 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 used to denote any entity of the network, inplenented in

hardwar e or sof t \BISTRIBUTED'SYNTHRONIZATIONIMETHOD ADRYSYEM the point
of exit (end) of an exchange or transm ssion of information between

stations. Guaranteed transm ssion tines, the possibility of broadcast
services in nmulti-channel networks in the presence of hidden termnals, |ead
to coordinating theTAede¥entism edaiesdo asdistnbvried apachrenizagon methodyard 20
preal | ocaf i @psiein.the resources in the formof blocks of time and of

frequenci es. "Anong ot her things, and in a non-exclusive manner, this applies
to the dynanic TDVAlY( @PRiesDIeN SxampiaItei all dose debugrkgetihddRIsofusasi éh one

exanpl e is ifieldmsheiiiiRs of thd ¢aldeEBc8R2WARA AL ﬁ@ﬂf%rﬂ-tyeé%ﬂw bbBeesape | i nes,

t he use of directional antenn@% Ln an ad hoc 25 netwoirk often leads to
coor di nat i n§REIET M LAUARG gobalanGhyeRizalitn.  to using a common tine

reference. Moreover |t ddptiesed vadis hctadrkgse frequency-hopping type

transm ssjion techniques with tinme-dependent transec |aws (laws for mnaking
t he chang’e of frequenci es pseudorandom and protecting transm ssion). Here,
too, a 30 common cNuckeroas espmteonizatienuproseduf@s Snctrromdid ocddwoeser ence

means. addi nit SN § SPTRERERRCAARe il RGN FRadP o SR SRR nBRItICr Yo
wi t h respectn tite desoiiptionpéheé temunoedeiar "stadions infised dpslenotd any dttity of or
capacity. ing network, implemented in hardware or software form, which can be the
15 point of entry or the point of exit (end) of an exchange or transmission of
information between stations.

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
common 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 nethod, One station is, for exanple,
chosen as the clock reference or 5 synclironi zati on master. The ot her
stations are progressively synchronized on that ref erence station, by
constructing, in a ecentrallﬁed manner , nchroni zation tree. The
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absence of master).
without creating 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. [n 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 foliowing steps:



The invention relates notably to a distributed synchronization nethod in a
communi cati on ‘network conprising a nunber of stations 35 exchanging
nessages 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 charagjeristic of the clock reference of
the sender, or explicitly indicating t time of sending, o updating the
clock reference of each station with the clock reference 5 that it receives
from anot her station of the network if, and only if, the received tine is
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connectivity between thieasing pwaguaniiynf atdeasitdAXage0).f avors, in terms of

capacity, the partsTHagh¢eritlRr&tidrs in particular the following 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 netwaork 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 from reading
the description of an exenplary enbodi nent given by way of illustration,
and by no neans limting, with appended figures which represent: 35 o
Figure 1, an exenplary architecture of th system according to the
l.nvention, 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

network, o Figure_4, an exanple of, systemorganized.in clusters., 5 In order
to better undePsﬁfs{HHre[ﬂearb?g%E‘Pﬁ%f rpﬁﬁ#’é%@ﬁ@rgﬂ'z@of‘ﬁ%anr?éfh%[‘eiwk:

descri ption tha: Figliteodysan ex@hpbgpﬂﬂﬁd%ymcg@immmaméqmmm tbﬁ(, o
conprising a se ode r n mobi |l e_or .ot herw se, interconnecte
by radio tran?rri@éy%n‘?’réhgéaﬁ'#%e&gsé{%w O grIuzeq %?'Uﬁ{qr? forms a connected
networ k. Each node has an internal clock and the clocks are assunmed to be

| 0 not negessarily I Z [N 11 rift i Figure 1
di agr arma%i cally reg%{g@@rr?gg{)aﬁésﬁ/ér{c%%%#zﬁq?g% ?@E?'@ﬁ ﬁrgg)}éegﬁ%rﬁtﬁge?% tb%e

i nvent i on. TRethegs therdescripinnm that dollawssisagiven vathia the ¢entxt of ta nelwwaski ses,
for exanpl e, dn'ﬁ% : ] i ' Qck | of
which is conct r ol Ilsgr?iQIJ E;g@ é%grn ?ggg%g%?tg)ﬁs%bg%ﬁr%?ﬁ\%{%Kgﬂ?ﬁ?éﬁgf‘ecg%d\jlﬁxe (for
exanpl e del defigytranpressigryinaea)s. slie set it nedes drpieallyoformse at cagneaied| ways

negative, o rutiBH. Each Fd Was eh INRGRAVASCK BAJTRE THIRS ABhdidMdd'® be
particular function ﬂf measur j ng_t_he télg of _frecePt,l on and controlli1ng the
time of '%edWilAGCEFSAHES qpieed intially ard Q. drift OYer Hi¥eei ves the information

20 from the internalFiglreck, diagfarfimaticallyCocpresefRr hegyndrgonibation Bystdm
Gependent o eBRTHG STFRL yBhiob " HUESrh 18K tn A ek e R e "
transport ed dompriees, ferssaggde sthd folidwing&lermentse synchroni zati on data to be
transported, 25 A, Mo IR HEKeHME of WRHiSH FEEnFSIRH Dy 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 systemoperates differs according to the organization of the
network to which it is applied, some exenplary applications of which are

gi ven bel ow. 30 The description uses the followi ng notation conventions: the
val ues i ndexed Z' theoretically indicate the neasurenents and the

cal cul ations nade in the renote station ,‘,;md Zin the local station. Figure 2
diagrammatically represents an exenplary ad hoc network. It conprises a
nunber of nodes or stations interlinked by uniformor 35 non-uniform
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moment of the transmission, 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 Ty (clock of B), it is received at Tg-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
i.s unstable. The time of this network will slow down considerably and in an
uncontrol |l ed manner, because of the propagation tine delaying the
transm ssi ons. The second ef fect of thlqsprocedure Is that, if two stations
Ilocal | y exchange nunerous nessages, here, too, a rapid, uncontrolled | ocal
drift will occur and the group of stations will be unsynchronized relative
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The stations A and B %&S_a%g‘retrl cal Provi d that each stfation
regul arly t r ansmE& %o its 15 neighbors, the network remains
synchroni zed, to wi fTenstatienspAcpagBhace symstrichh®lescur acy dependi ng only
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on the stabirgighbars, theendtwvoksregmaias synthrasizedeto within the propagation time,

the accuracy depending only on the rate of sending from each station (the

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 renmins gl-obally connected) and on the order in which the nessages
20 are exchanged. According to this nmethod, the tinme of a station of the
petwork 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 when_they are isolated, the drift of the
time of the 25 network station wll rendin +/-D. To return to the precedi ng
exanple, if the clocks are synchronlzed and do not drift, the proposed
time-setting grocedure will not make themdrift. This characteristic of the
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an exenpl ar y applgation in everyday life, inagine a neeting where each

partici pant Ras h| s time and you want 5 each participant to have the sane
time. Edéh is on the nove and conpares his time and adopts the |eading tine.

Cearly, eagihasihchidrig®i®hy have the sane tinme. Adopting the lagging tinme
(delay tine), for exgrrple will not allow for convergence if the
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For this, the method typically comprises the following conventional
steps:
the station A measures the arrival time difference Ty 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 + 3
25 Where AH corresponds to the errors of the clocks in the stations and 6 o 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 nmethod typically conprises the

foll owi ng conventional steps: the station A nmeasures the arrival tine
difference T, of the messages with B 20 as has been described previously
and B does the same by neasuring the arrival time difference T2 with the
messages from A. The stations exchange _these differences Ti =AH+S T2=- AH+S
25 Where AH corresponds to the errors of the clocks in the stations and S to
the propagation time between the two stations. The proposed nethod offers
notably the followng two characteristics: o It presents no requirement for
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renote station A, corrects AT® by the corrections made between T°a and Ta, to
obtain ATz and measures AT.=T"a-Ta, the difference between T'a and Ta. If
15  AT»-ATs is greater than a vaiue 7', with 7' tending towards zero for example,
the device Co applies a correction, with AT»-AT3; 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 compatible
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



station A, corrects AT' by the corrections nmade 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 ti', with ti' tending towards zero for
exanple, the device Co applies a correction, with AT2- AT3 neasuring tw ce
the lead of the renote station correct by the propagation tinmes. The
principle used is therefore in this sen simlar to the rough
synchroni zati on descri bed previously, and each station adopts the nost 20

| eading tinme between itself and its neighbors. Here, however, the know edge
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the drift ofSIENge mode, that is, stations that are capable of receiving but not of
transmitting.
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 or lagging.
When there is a splitiing 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 reconfi-guration tinmes, which normally depend on the difference
10 between the network cl ocks, are bounded by these drifts. The phases of

by eakdown 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 contg{ ning stations in radio silence
mode, that is, stations that are capabl e of receiving but not of
transmitting. A station in radio silence node adopts the tine received from
an adjacent_station w thout taking account of the fact that the station is
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If we imagine that the internal time is maintained on the pulses
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



i ndi cated previously for the fine or rough synchroni zati on. The external
reference tine of the station appears as a particular realignnment nessage,
and obeys the sane criteria as a nmessage from a nei ghbourhood station. To
force the realignnent on this external tine, the internal driver is io0
designed to bring about a natural |ag oi the internal clock. In these
conditions, the stations that have a re Lrence time will naturally |ead the
stations that do not have the sane and the reference tinme will be propagated
in the network naturally wi thout 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 paris.

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. !t 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. Intrinsically, 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



network with frequency evasion or EVF. In fact, these communi cation systens
have i nternal procedures for detecting stations that would not be

synchroni zed 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 _i’%lst devote some of its resources to
{hat, resources that cannot be used for '*“useful interchanges. These
procedures, which are not part of the invention, involve consunption of the
capacities of the systemto the detrinent of the io traffic to be handl ed.
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this external tine, twork time f this art, Wwill drift relagtive to
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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 will provoke |eading, but in
éact will also contribute to the synchronization of the system since the
met hod | ooks for |eading networks. 5 Wthout departing fromthe framework
of the invention, the method can also pg inplenmented on an ancillary
‘network which will be used to synchronize the nain network. Although mainly
applicable to the networks where the stations play a simlar role, it can
naturally be extended to non- unlforqalg rks or to sets of networks. 10
The transm ssi on neans nay or may not 5 @mgre the stations to be
synchroni zed in order to perforn1the |nterchanges In this case, the nethod

aynchr ont zati on’ FAOUeRs sVdRnlzauBR RSy A, AobOdhibalcn, network o,
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upda
bei ng ddne as fHNe WEEEG At vlaH&e IferP ERCA gpﬁig Qfa&pen t he
time of sendi ngddha asffolidves:nessage received by a station A and the tine of
reception Ta of the s b p
correction 0<AY<=AX i ?%H%ﬁ' §C€I %ff%{bﬁtg@ ?}bds %$ﬁg%%t‘§e$ﬁ %n‘ﬂgg %&/ a
quantity of at |east sending>Tag)f the message received by a station A and the
time of reception Ta of the same message by the station B,
15 o applying a correction 0<AY<=AX if the received time of sending

is in advance by a quantity of at least T (AX>7>0).

2 — The method as claimed in claim 1, characterized in that the error
correction between two stations is performed as follows:
20 o on the synchronization links set up between the different stations of
the network, T1=T"°a-T°a is calculated, being the difference between
the time of sending from a station B and the time of reception of a
message received by A at T°a and sent by B at T*a,
o A corrects Ty by the intermediate corrections made since T°a and the
25 time of sending T'a by A of a new message, to obtain AT”=T—
corrections, A transmits in the message T'a, T°a and AT® to the
remote station concerned B,
o B corrects AT® by the clock corrections made between T'°a and Ta to
obtain AT,
30 o B determines AT»=T'a-Ta
if AT>- AT is greater than 0, then B corrects the clock of the station
with ATo- AT3 measuring twice the advance of the remote station A
corrected by the propagation times.

35 3 — The method as claimed in one of claims 1 or 2, characterized in that a
station comprising an internal clock having a drift +/-A and the network



2 - The nmethod as «clainmed in claim1, characterized in that the error
correction between two stations is perforned as follows: 20 o on the
synchroni zation |inks set up between the different stations of the network,
T,=T a-Ta is calculated, being the difference between the tine of sending
froma station B and the tinme of receptﬁgn of a nessage received by A at Ta
and sent by Bat T'a, o Acorrects T, by the internediate corrections nade
since Ta and the 25 tine of sending T'a by A of a new nessage, to obtain

AT' =T1- corrections,. A transm.ts.in th ssage T'a, T a and AT t he

remote stat ir@r‘f'r@oﬂéj&"ﬁétﬁn%?fsa@‘@ éh'ﬁr%l%‘ﬁ% gﬁﬁe”gWQ R@SEF %c-%ncﬁ@g’.tqtf gkﬁ% nmade
between T' a pafsksTe adaptedt i makifidin 8@ drifb ofether imteveal Aloek WithinTa giveh AT2-
AT3 is great en B corrects the clock of the station wth AT2-

AT3 nmeasuri ﬁgﬁgé/méle’ %ﬁ%ﬁ‘g‘dvance of the renpte station A corrected by the
propagation tines. 35 3 - The nethod as clainmed in one of clains 1 or 2,

characterd zed | i S 1At I a drift
A ana §he nelberieiRe fHaiied B PR b raPacRhtah, BaCi: pRigS® g
pul ses, thel@e?ing of the pulses is adapted to maintain the drift of the
internal clock wwthin a given range, [-B; -B-2A]. 5 4 - The nethod as

clainmed in claiim 3, characterized in that the range is [0Q; 2A]. 5 - The

met hod as clPat g methatbasclaimadiig onet o daimsitad shesagienized iathat e
network i s geah@dikds Reianmy KetwkPk6 - An application of the nmethod as clained in
one of clains 1 to 4 to a network conprising one or nore stations in radio
silence Hbde. 7 - An application of the nethod as clained in one of clains 1

to 4 to a Bo-Aetappikati@yiofighe @Ehoeh agneaipiedrin erid af icims 1 he 488 £/ ock
nmessages bein reated.as received tine nmess A, distributed
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7 - An application of the method as claimed in one of claims 1 to 4 io a
15  network having a GPS on one or more stations, the GPS clock messages
being treated as received time messages.

8 - A distributed synchronization system in a network comprising a number of
stations exchanging messages between themselves, characterized in that a
20 station comprises at least the following elements:

o An internal clock H, the time of which is controlled by a driver and an
optional delay control device, such that the drift of the time is always
negative,

o A device C_E/R which receives the messages and the main function

25 of which is to measure the time of reception and control the time of
sending of the messages,

o A device Co for correcting the time H, receiving the clock information
(T, AT) firansported by the messages and calculating the
synchronization data to be transported, the device Co being designed

30 to:
o calculate the difference AX=T"a-Ta between the time of sending
T'a of the message received by a station A and the time of
reception Ta of the same message by the station B,
o apply a correction 0<AY<=AX if the received time of sending is
35 in advance of by a quantity of at least 1 (AX>7>0).



stations exchangi ng nessages between thensel ves, characterized in that a 20
station conprises at least the followng elenents: o An internal clock H,
the tinme of which is controlled by a driver and an optional delay control
device, such that the drift of the tinme is always negative, o A device

C E/R which receives the nessages and tgg main function 25 of which is to
Jreasure the tine of reception and contr the time of sending of the
nmessages, 0 A device Co for correcting the time H receiving the clock
information (T, _AT) transPorted by the nessages and calculatln t he

synchroni zatd on a-é‘ﬁa digtripatad M@f@@@tl%e’s Nc ASCoClBENSY Hbsglgﬂi@d 30 to:

o cal cul at e chagadlefiZz&] ANBat ASSIpiséd ahedueeal &lb@k%f@?emfe sendl ng T a of the
nmessage received by a station A'and the tine of reception Ta of the sane

nmessage by the station B, o apply a correction 0<AY<=AX if the received tine
of sending i19 —3Fhd wisAdviatodes bhmmﬁatwmasvstémaéomurrie@amtoﬁe(o%?aum@ 15 9

- The distributed hr.on system as cI in claimi1l,

char act erd zéa(‘j‘dli (ih%@&?'f' %Wbat&]@gg%e %%W&Elf B EIn(? "ﬁ(orrkef erence. 10 - The
di stributed synchronization systemas clainmed in one of clains 8 5 and 9,
characterized in that the network is a radi o network.



