1 A method for integrating network subscribers into an ad-hoc network and an associated ad-hoc network
5 The invention relates to a method for integrating network subscribers into a time-synchronised ad-hoc
network and an associated ad-hoc network. Modern radio networks are realised as mobile ad-hoc
networks. 10 Ad-hoc networks do not provide an infrastructure for the transmission of voice and data
traffic between the individual network subscribers. Instead, the individual network subscribers of an
ad-hoc networkongeniggitherespacsyedtangnissiabokveigesuid gatastrafiicothemselvesclS One quite
substantial task in the orgar}]ig?tion and %oeration of e}na?gdﬁoacdnﬁ%/vork ifc,vt\gcre i;[ime synchronisation of the

individual network subscribers. \f\rﬁ)Ehls con

k_an

té’l)ﬁ, %Sf?é)qcuency-hop'me&o%eis used in order to prevent any

disturbance of the 20 transmission traffic. Accordingly, the carrier frequency of the transmission is

modified yvithip,a ﬂ(y&ﬂigm%%%gqg gqﬁgﬂ%@gdpiﬁt%\zgﬁwﬁguency pattern. Thgfrgguency pattern of the

carrier frequency a%%\r/lst time is known to the indiv
ensure 25 th&U'BRGRE!

ual network subscribers of an ad-hoc network. To

BIRSUbUEHLRYE i QISR RIRERRMCE vitch over from ofeP@Hrier frequency to the

next carrier fresoenagdathedcem@pay pattern at the same time, they require an identical reference time.
For this purpose, a time synchronisation between all of the network subscribers of the 30 ad-hoc network
is implemented within a given time grid. A device and a method for time synchronisation between the

network subS¥aBers i RRIITEhatwsrRIgRs IasoNebile RAWICE 2011/154911 Anaiv@iisScontext, the entire

ad-hoc ngtwatl-lsonetworks do not provide an infrastructure fo
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transmission of voice and data traffic between the
network subscribers. Instead, the individual networ
subscribers of an ad-hoc network organise the respe

transmission of voice and data traffic themselves.

One quite substantial task in the organisation and
of an ad-hoc network is the time synchronisation of
individual network subscribers. In this context, a
hop method is used in order to prevent any disturba
transmission traffic. Accordingly, the carrier freq

the transmission is modified within a given time co
according to a given frequency pattern. The frequen
of the carrier frequency against time is known to t
individual network subscribers of an ad-hoc network
that all network subscribers of an ad-hoc network s
from one carrier frequency to the next carrier freq
the frequency pattern at the same time, they requir
identical reference time. For this purpose, a time
synchronisation between all of the network subscrib
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network subscribers of an ad-hoc network are known
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subdivided into individual groupings - so-called clusters - comprising regionally adjacent network
subscribers which are positioned within the mutual tragnsmission and/or reception range. In this case, both
the transmission of payload data and 5 also the time synchronisation within a cluster are implemented
through an individual transmission process (a so-called one-hop transmission). Alongside this
intra-time-syritfdndedisHRHIMdHaliBERVRINGS cIBSte?4ed Bime synchronisation @@ the overall ad-hoc

network is imglerpasies reGiciaiptatiinset hewukriviasater between respectiypiyregiigcent clusters. In
order to minimise.ori%qev. nt aﬁ%/ distturPance of the tim%synchronisation, the continual time
Gefed R

synchronisati%%SWRH Jhe'dh %6[8&5&%%% TR dEse by alternating S8R 15 subscribers of a
cluster whichrang@dsitivaedsa, thetivérstrassioissind/of pegkeption range of all oathdatalanchetwork
subscribgrs Oi@a%%-s@ﬁew&mwommmycﬂgm synchronisation bitipﬂ@;{éWn to all of the

network subscribers of the ‘ad-hoc network is transmitted to 20 the other network subscribers of the
cluster. The SIReYFRANIRCIMITHA FRERTHPHRY QRGBTSR SRIRTgly synchronise tHeft 9Rmal reference time
with the internapreferanissitimeAlbtiysidetniy insaknahgmngansmitting the synchnaisation bit pattern by

comparing th&i{ﬁgﬁeﬁQQHJm%LéPu%taQCQE%‘LS%?&?O%%P@‘W” measured aHtOWW r%evious internal

reference time, me since the commqn activation o network subscribers of the cluster measured at
their previoushateyaEdltehatcesin kaisdriemanatissrorntime of the synchrotf&&fitf bit pattern stored in

the synalgronisafipinohisdfopasiaiitanddasagiad adjtemiamral reference time gkthe transmitting network
subscriber. 3 network subscriber, the respective, regionally adjacent network subscribers of the mobile

ad-hoc network, especially

In order to minimise or prevent any disturbance of the time
synchronisation, the continual time synchronisation within one
cluster is implemented in each case by alternating network
15 subscribers of a cluster which are positioned in th e
transmission and/or reception range of all of the o ther
network subscribers of the cluster. Accordingly, a typically
encoded synchronisation bit pattern known to all of the
network subscribers of the ad-hoc network is transm itted to
20 the other network subscribers of the cluster. The o ther
network subscribers of the cluster accordingly sync hronise
their internal reference time with the internal ref erence time
of the network subscriber transmitting the synchron isation bit
pattern by comparing the reception time of the sync hronisation
25 Dbit pattern measured at their previous internal ref erence
time, the time since the common activation of all n etwork
subscribers of the cluster measured at their previo us internal
reference time and the transmission time of the
synchronisation bit pattern stored in the synchroni sation bit
30 pattern and measured at the internal reference time of the
transmitting network subscriber.
In mobile ad-hoc networks, the positions of the ind ividual
network subscribers change constantly. Accordingly, for every



of the regionally adjacent network subscribers within the cluster, change over time. For this reason, the
communication 5 of the voice and/or data transmissign - so-called routing - between the transmitting
network subscriber and the associated receiving network subscriber in an ad-hoc network must not only
be continually matched, but the composition of the cluster comprising constantly changing network
subscribers V@ KIfBFRELSF M GRFRETTME EBRIEBRIN@YBNstantly changing $R&¥twork subscribers within

a cluster musialgerke suiineadvaichedid he-pbiassfdie énvention is therefpegitgyprovide a method
15 for integrating new.network subs rib?rs iﬁto Exist'rég timvt(jé) synchronised clusters of a mobile ad-hoc
network and f ﬁ%&‘?&é%?i&i%%%ﬁﬁiﬁ%ﬂ’i%r ion of the Retwdrk subscriber inte'@r &d into the cluster with
the other netalostesubzange nyef tieeckstéhianeasoprdvideomcorrespondingly desiyeaitb20 mobile ad-hoc
network. g his,phiecids.ashigyed iy adnsthedacceingdq the invention for intgg{%ng network

. ARG

subscribers into a time-synchronised ad-hoc network with the features of claim 1 and by an ad-hoc 25
network acca?8MEE8 the FRRSTBIGH ARt feiutbpedlsy @ahiNes. Advantageous®RIFRET developments
are specifiedrigcthangspenivie budepénsianttiaictiroSimsviiiie mrganisation of thesomstration of a cluster, 30

especially forome Hégﬁoﬁmﬁhﬁ%r}i?a%‘ﬂgdwﬁm%%]%' tg&sﬁtﬂ&qﬁse of removing a ertwork subscriber from

the cluster is unproblematic by comparison with the case of integrating a network subscriber into a

cluster, only Heséeiseosiprising constantly changing network subs cribers and

10 the time synchronisation between the constantly cha nging
network subscribers within a cluster must also be ¢ ontinually
matched.
The object of the invention is therefore to provide a method

15 for integrating new network subscribers into existi ng time-
synchronised clusters of a mobile ad-hoc network an d to
provide the time synchronisation of the network sub scriber
integrated into the cluster with the other network subscribers
of the cluster and to provide a correspondingly des igned

20 mobile ad-hoc network.
This object is achieved by a method according to th e invention
for integrating network subscribers into a time-syn chronised
ad-hoc network with the features of claim 1 and by an ad-hoc

25 network according to the invention with the feature s of claim
16. Advantageous technical developments are specifi ed in the
respectively dependent claims.
Since the organisation of the operation of a cluste r,

30 especially for the time synchronisation within a cl uster, the
case of removing a network subscriber from the clus teris
unproblematic by comparison with the case of integr ating a

network subscriber into a cluster, only the case of



4 integrating a network subscriber into a cluster will be considered in the following section. On the basis of
the clusters formed in a mobile ad-hoc network 5 frop respectively regionally adjacent network
subscribers and the time synchronisation of all network subscribers in each cluster, one network
subscriber selected in each cluster, which is positioned at the periphery of the respective cluster,
determines tHA@FRUDKSNONPNTE HRahtRIgrateldSIerimib the respective clubf®. By selecting a network
subscriber atdhespriiphant thiaageciéwerluster, it is possible to identify the maximum number of
potential network subscribers to be integrated into the respective cluster. The network subscribers
identified for integration are then time- 15 synchronised with the network subscribers of the respective
cluster. An identifiedtiasisodriberavisterh o snta beobitegichted into the respebideanelustek is preferably
repeatedgwithig,a giy Qc%Qéliy”}%ﬂﬁHﬁQﬂ?'éd]’&Eéﬁ?ﬁét@/&ij%mnetWOrk subscribgy Hf theyrespective cluster

is preferably selected for identification’ in each case. Additionally, the network subscribers implementing
the 25 identiffB&tiSRCTASIBRISalBR QiU raqlVRE i ADSRARRI to the respective BIE&ER should preferably
be selected inlgsieh, ameatmentkaiibwyibee shtposethreagintally within the transgiigsion and/or reception

;z)a/r:]g(]:ﬁr%fn?sgg%ﬁﬁ?%/epsé)gﬁfﬁee% 0 mg%regl (ﬁg&/&r %u%ss?f%%irs which belong to cluster time- 30

oC networ pectively

in the ideal case, they are not disposed in

the transmissibist@hdletaraaiaptdhe - aatrook anhseeneETiksbBscriber which belomdgdt@@&luster

time-Syfighfomﬁﬁfﬂméviﬂbﬁé%t%'B%t’éﬂ@?%l@ﬂﬂﬂj\ﬁi%tmﬂ be anticipated w4fhachisty degree of 5
probability thatfb" of the netv(vé?ﬂﬁ subscribers iiﬁgosed in the transmission and/or r ceation range of the
r

selected netviid
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to be integrated into the respective cluster. The n
subscribers identified for integration are then tim
synchronised with the network subscribers of the re

cluster.

An identification of network subscribers to be inte
the respective cluster is preferably repeated withi
time intervals, whereas a different network subscri
respective cluster is preferably selected for ident

in each case.

Additionally, the network subscribers implementing
identification of network subscribers to be integra
the respective cluster should preferably be selecte
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5 selected network subscriber, the identification of a network subscriber to be integrated into its own
cluster is improbable. The knowledge required for thig purpose regarding the network subscribers
disposed in the immediate regional proximity of a network subscriber of a mobile ad-hoc network 10 is
constantly updated with a proactive routing method. On the one hand, to prevent the transmission
efficiency in RfaaIENMERbalHIRSRIPYRT DB BMeEE SiSarily impaired by th@?%RE ynchronisation and,

on the other angaasniisasnldnpRssiieptR PravgBtdhe dmgesynchronisation freggbeing disturbed by a
third party, the %rge sgrk?hronisation |is greferablly implemented within individuatl first time intervals, which
each providenae ?{gt H ﬂ%ﬂRﬁ%ﬁFﬁ 56 ﬂ}ién&;tﬁa 15H i Ave spaced from one g%%%r with a statistically
20 fluctuatingpyinebrepissd gvitthidnei e wym oktonikatod adturdigluster is preferdlointipgemented by a
network §Ub%‘éi@%efﬁgﬁvﬁt&%%%m,istr%%iémﬁ%ﬂi%hﬁ transmission and recgpfigsprange of all of 25

the other network subscribers, in order to achieve availability and therefore a common time
synchronisatiRHP S HIEA SRS NG5S THENS P RWTE4EEEIiITR cluster. For the time synchronisation, the
network subsatiirebatspsiits kntaveage neiquitbe tomeisymaprisation in a first treyadfngterval which is

known to all % émee#ﬁémoghbssl# 'e%@ag %fs "%Qi@[ﬁ%m%kr To avoid any uvr%réi&ggsary impairment of

the transmission efficiency in ad-hoc networ me synchronisation 6 In a cluster of network
subscribers i9igvaraitasn sneperii sy e ieg akateoRiend@&hef network subscrid@&W@tKin the respective
cluster dges RO¢GRARBB updated with a proactive routing meth od.

On the one hand, to prevent the transmission effici ency in a

mobile ad-hoc network from being unnecessarily impa ired by the

time synchronisation and, on the other hand, as far as

15 possible, to prevent the time synchronisation from being

disturbed by a third party, the time synchronisatio nis

preferably implemented within individual, first tim e

intervals, which each provide a constant, minimum p ossible

duration and are spaced from one another with a sta tistically

20 fluctuating time spacing.

The time synchronisation within a cluster is prefer ably
implemented by a network subscriber of the cluster which is
positioned in the transmission and reception range of all of

25 the other network subscribers, in order to achieve

availability and therefore a common time synchronis ation of
all network subscribers of the respective cluster. For the
time synchronisation, the network subscriber transm its
information for the time synchronisation in a first time

30 interval which is known to all of the network subsc ribers of

the ad-hoc network.

To avoid any unnecessary impairment of the transmis sion

efficiency in the ad-hoc network, the time synchron isation



5 In a first preferred embodiment of the invention, the network subscriber selected in the respective
cluster identifies an individual network subscriber which is positioned in the transmission and/or reception
range of the selected network subscriber and intends to join the ad-hoc network. 10 In a second preferred
embodiment of the invention, the selected network subscriber in the respective cluster identifies an entire
cluster of muWitli) BraklEphehR{IYRYH sEBRRYHE BiBE@kvhich intends to joiVthe ad-hoc network, 15
and which preyigrs deaeiy/dikgsad a6 hampihit tamrsmissign and/or receplées ange of the selected
network subscriber of the cluster time-synchronised with the ad-hoc network. 20 In a first preferred variant
of the inventigfﬁ (FRRSC 24 SFS%#ES& Qi 1ANBE first embodiment and also in the second embodiment of
the invention, the search for an individual network subscriber or for a cluster of network subscribers

time-synghromsgﬁrgyim&gﬁ&pmdepdem%&W the 25 cluster time-gynehipgised with the
[ d by th I

ad-hoc network is implemented by the selected network subscriber of the respective cluster
time-synchroR¥S§0Rh SRS R IGRRCIG BHSIBUIRe, the selected netii§&k&Ubscriber in the first
30 embodimerdioidiing itaotioBubabEbEtsvhicisgityitisaatching for a network auhscriber to be integrated.

The identificati f.th 1] inteqr in the respective cl r time-synchronised
with the ad-%g%ﬁt]\lfégﬁﬁ? %’%ﬁ%ﬁ %ﬁﬁ%ﬁ%%egé&o i%ﬁq %%%‘2 acknowledgeme’Pll(?\cz?lfc)t'thkr(;1 information 7
searching forsabrsiiasikaschisteitds 1© bl e geahas weleethe network subscriber with the intention of
integratifyg into the ad-hoc network transmits back. 5 In the second embodiment of the invention, the
selected network subscriber also transmits information searching for a network subscriber to be
integrated. TH%%%?W&L Ir(%e&e[ﬂg@rlhg &%ﬁ?ﬁhﬁt@?fﬁg%ﬂoin the respective“%%ster time-synchronised
with the ad-hsele@tglorktvgockisclhsbeidbevith the réSpedemicnssf the acknowledgement of the information
searching for;g.nefwork subscriberta Q]enimﬁgq@,tgg]e\oggjﬁghthe network subscripgfQf fhe cluster with the

) Y 1€

intention of integrating into the ad-hoc network positioried in the transmission and/or reception range of

the selected REMRHk SRSSEIRSES WAIRHRENdS 1o join the ad-ho ¢ network,

15 and which provides a network subscriber within the

transmission and/or reception range of the selected network
subscriber of the cluster time-synchronised with th e ad-hoc
network.

20 In a first preferred variant of the invention, whic h can be
realised both in the first embodiment and also in t he second
embodiment of the invention, the search for an indi vidual
network subscriber or for a cluster of network subs cribers
time-synchronised with one another, which intend/s to join the

25 cluster time-synchronised with the ad-hoc network i S
implemented by the selected network subscriber of t he
respective cluster time-synchronised with the ad-ho C network.
For this purpose, the selected network subscriber i n the first

30 embodiment of the invention transmits information s earching
for a network subscriber to be integrated. The iden tification
of the network subscriber to be integrated in the r espective
cluster time-synchronised with the ad-hoc network i s completed
with the reception of the acknowledgement of the in formation



15back. In a second preferred variant of the invention, which can also be realised both in the first
embodiment and also in the second embodiment of the invention, the search for a cluster 20
time-synchronised with the ad-hoc network which an individual network subscriber or a cluster of mutually
time-synchronised network subscribers intends to join is implemented by the single network subscriber or
a network suBSeFEI G NG REBMARKRUPRCERASHEY b MIRYEAIGdime-synchronised WeAdhe 25 subscribers
which is positiefgstkespeetiveliitHiRLinRsidssiMBeHameception range of thengelasted network
subscriber ofaw respective cluster time-synchronised with the ad-hoc network. 30 The individual network
subscriber or (%\% I?gﬁ%rsﬁcﬁgg?rgg%r%ﬁ ter of mutually time-synchronised network subscribers
positioned in the transmission and/or reception range of a selected network subscriber of a cluster

time-synghronﬁﬁg %%H&%ﬁ%@&lﬁﬂ@ﬁ%?fﬁé’i?ﬁf@ﬁ%w trRnsmpits information 8 sggrching for a

time-synchronised cluster in order to integrate into a cluster time-synchronised with the ad-hoc network.
The identificdtfSW ¥FREORERILAIPALIARIR S BECHBRIY 883 cluster of mutudlf%ifiESsynchronised 5
network subsestaeik sibebribtend be integratedéhdgiesiiective cluster time-symebfanésed with the

ad-hoc netwcg:rlh %fe ’g‘”ﬁlgﬁﬁk\%g {Qjofﬁ‘%ﬁé’?%%h%‘éms icqlfl%{mation searching fograti%iﬁge-synchronised

cluster and a subsequent acknowledgemen IS received information by the se ected 10 network
subscriber ofaffecheapieethuiitliBeerdinne tghuaricisicasivdedormation searcHmior a network

subscrier torbedpiiedraiese HigkhdiREagtaaesf ehingfhtion searching
for a network subscriber to be integrated, which th e network
subscriber of the cluster with the intention of int egrating
into the ad-hoc network positioned in the transmiss ion and/or
reception range of the selected network subscriber transmits

15 back.

In a second preferred variant of the invention, whi ch can also
be realised both in the first embodiment and also i n the
second embodiment of the invention, the search for a cluster

20 time-synchronised with the ad-hoc network which an individual
network subscriber or a cluster of mutually time-sy nchronised
network subscribers intends to join is implemented by the
single network subscriber or a network subscriber a ssociated
with the cluster of mutually time-synchronised netw ork

25 subscribers which is positioned respectively in the
transmission and/or reception range of the selected network
subscriber of the respective cluster time-synchroni sed with
the ad-hoc network.

30 The individual network subscriber or network subscr iber of a
cluster of mutually time-synchronised network subsc ribers
positioned in the transmission and/or reception ran ge of a
selected network subscriber of a cluster time-synch ronised
with the ad-hoc network preferably transmits inform ation



time-synchronised cluster and the acknowledgement of this 15 information is preferably implemented in
second time intervals provided for this purpose, which each comprise a consistent, minimum possible
duration with regard to an optimised transmission efficiency and with regard to a minimised
reconnaissance or disturbance of the integration of network 20 subscribers into the ad-hoc network by
any unauthorP§&6CtHiM ieadyinaps Wi vepisaalusigtimeregtle considerably lorf§er than the cycle of the

time synchropisajiate ihfseuahsfee integsatiensHiseamneiwrrk subscribers into 2@ gysting clusters of the
ad-hoc network cltﬂ?t s of net¥vorks can arise, which do not provide an individHaI network subscriber
a

which has a éﬁ?&? Qﬁ]fggi%w%%%%B i e('g'g-iggﬁj&!l rb‘ﬂg-%op transmission) with every other network

subscriber ofsiiesnebdy donhthe cluster dhnbisi@istmiersyrde 30 to avoid the imfoesdldility of time
synchro@satwgﬁglgagg@ggéwﬁgmﬁggm fB“?nEB?j’P’éYefﬂﬁfHed cluster arising ig,this manner, the newly

formed cluster is preferably divided into several sub-clusters, which each provide at least one network

subscriber wiFSRRIYS Hiteief HsshyRSBANSitheehdhe #NRA every other netwoP€¥WKcriber of the
accordingly diistediclistierigntheasdbstiefooe tresiisermaioa synchronisation witledinehpiger network

subscribers_ %}I}J\et%\éi_ ﬂ &Wgﬁge % gﬂg@ﬂyaﬁr&earg%%?/%réiﬁﬁyscribers newly integrated into a cluster are

preferably time-synchronised directly or after an o %n y implemented division of the cluster newly
formed througbkineudesgemantPtibistreeivetiBin nAerBeteof the newly fornséeddided or undivided

cluster hy a neiwRik S0sudpperibe it el Hiaggmission connection with all of the subscribers of the
newly formed divided or undivided cluster. The individual preferred embodiments, variants and sub-

The transmission of the information searching for a network
subscriber to be integrated, the information search ing for a
time-synchronised cluster and the acknowledgement o f this

15 information is preferably implemented in second tim e intervals
provided for this purpose, which each comprise a co nsistent,
minimum possible duration with regard to an optimis ed
transmission efficiency and with regard to a minimi sed
reconnaissance or disturbance of the integration of network

20 subscribers into the ad-hoc network by any unauthor ised third
party, and are repeated in a time cycle considerabl y longer
than the cycle of the time synchronisation.
Through the integration of new network subscribers into

25 existing clusters of the ad-hoc network, clusters o f networks
can arise, which do not provide an individual netwo rk
subscriber which has a direct transmission connecti on (so-
called one-hop transmission) with every other netwo rk
subscriber of the newly formed cluster. In this cas e, in order

30 to avoid the impossibility of time synchronisation of all
network subscribers of the newly formed cluster ari sing in
this manner, the newly formed cluster is preferably divided
into several sub-clusters, which each provide at le ast one
network subscriber which has a direct transmission connection



15 variants of the method according to the invention for integrating network subscribers into a
time-synchronised ad-hoc network and an associated ad-hoc network according to the invention are
explained in detail below by way of example with reference to the drawings. The figures of the drawings
show: 20 Figure la view of a mobile ad-hoc network subdivided into several clusters; Figure 2A a view of
a cluster of aMWBISNERICOHY REWRTK RS THST LHERBFRAABscriber to be intedditEH#RE the cluster,

before the intggsadioa d-igi ehereordawnia glisiespiehrakile ad-hoc networlgaeiel\aikia network
subscriber to@e integrated into the 30cluster, af erégﬁ intef?ration; Figure 3A a view of a cluster of a
t

3
mobile ad-ho %8&%%&‘%‘94”&%%%“ (tHEF 'R RL S 8'&5 ed into the cluster, before the integration; 10
Figure 33 a view of a cluster of a mobile ad-hoc network and of a further cluster to be integrated into the

cluster, after Hﬁ?aiIW?W@H@@ilcﬁiQEﬂ%ﬁiﬂé’Pé’ H@Q{ﬂm raagxemplary embodimgnt.of a method according

to the invention for integrating network subscribérs into a time-synchronised ad-hoc network and Figure

5a time flow GI4REIrASHIRARG AYSHASSYBEBIRR R JHESNAR. The following seEfEeXplains in detail the

method accougitighally implemented division of the cluster newl y formed
through integration with the other network subscrib ers of the
newly formed, divided or undivided cluster by a net work

10  subscriber with a direct transmission connection wi th all of
the subscribers of the newly formed divided or undi vided
cluster.

The individual preferred embodiments, variants and sub-

15 variants of the method according to the invention f or
integrating network subscribers into a time-synchro nised ad-
hoc network and an associated ad-hoc network accord ing to the
invention are explained in detail below by way of e xample with
reference to the drawings. The figures of the drawi ngs show:

20
Figure 1 a view of a mobile ad-hoc network subdivid ed into

several clusters;

Figure 2A  aview of a cluster of a mobile ad-hoc ne twork and
25 of a network subscriber to be integrated into the

cluster, before the integration;

Figure 2B  a view of a cluster of a mobile ad-hoc ne twork and
of a network subscriber to be integrated into the

30 cluster, after the integration;

Figure 3A  a view of a cluster of a mobile ad-hoc ne twork and
of a further cluster to be integrated into the
cluster, before the integration;



15 to the invention for integrating network subscribers into a time-synchronised ad-hoc network on the
basis of the flow diagram in Figure 4 and the associgtgd ad-hoc network according to the invention
starting from Figure 1, also taking into consideration Figures 2A, 23, 3A and 33: 20 In the first method
step S10 of the method according to the invention as shown in Figure 1, groupings - so-called clusters -
30, 40, 50, 60, 70 and 80, in each case of regionally adjacent network subscribers 1, 2, 3, ..., 18, 19 and
20 are 25 formgdrinam adbravnstwerksidibrdigabaé adived ibne, comprises a giyeik anmber of network
subscribers 1, 2, 3, ..., 18, 19 and 20 - fcir example,. mobile radio dﬁvices which exchange voice and/or
data with one another. 30 Tt% ?oHHQ%ﬁ Sild T S{r&%géﬁe%?@ot, 60, 70 and 80 is preferably
implemented in such a maneérsteataftdatheiaregragsiun with the other network subscribers of the
respective cluster can be implemented in an individual transmission step - a so-called one-hop
transmission - via a 11 central network subscriber of the cluster - in Figure 1 the network subscriber 1 or
2 in cluster 351IHE AetwoR I ULAIRN P RE BXEPRIBMISE REABRM s ubscriber 18 iPtfuster 50, the network
subscriber 10, 12 or 13 in cluséeidilacctheimpto/dil sBivestidheobimegiigieg 70 and the network subscriber

14 or 17 in cluster 80. The kﬁgg()(}i?,?gsehﬁ 8%etgqé?é)glﬁ%%,&tﬂ§

relative positions of the individua

etwork subscribers i

0§ g&_twork and accordingly about the
oc network, which is available to

every network subscriber of 98¢ BetHO&K @vork within the framework of a proactive routing method, can
be used;fpr the formation of the individual clusters. Typically, one network subscriber which is not
time-synchroEised at the

igure 5 a time flow diagram showing first and seco nd time
intervals.

The following section explains in detail the method according

15 to the invention for integrating network subscriber sinto a
time-synchronised ad-hoc network on the basis of th e flow
diagram in Figure 4 and the associated ad-hoc netwo rk
according to the invention starting from Figure 1, also taking
into consideration Figures 2A, 2B, 3A and 3B:

20
In the first method step S10 of the method accordin g to the
invention as shown in Figure 1, groupings - so-call ed clusters
- 30, 40, 50, 60, 70 and 80, in each case of region ally
adjacent network subscribers 1, 2, 3, ..., 18, 19 and 20 are

25 formed in an ad-hoc network 100 which, at a given t ime,
comprises a given number of network subscribers 1, 2,3, ..,
18, 19 and 20 - for example, mobile radio devices w hich
exchange voice and/or data with one another.

30 The formation of the clusters 30, 40, 50, 60, 70 an d80is
preferably implemented in such a manner that a data
transmission with the other network subscribers of the
respective cluster can be implemented in an individ ual
transmission step — a so-called one-hop transmissio n-viaa



15 initialisation time of the ad-hoc network with any other network subscriber of the ad-hoc network and is
therefore not yet integrated in a cluster of mutually aggociated network subscribers, transmits a
synchronisation signal to all network subscribers which are positioned in the transmission and/or 20
reception range of the transmitting network subscriber. After an acknowledgement of the synchronisation
signal, whichG8n{jplaaRyark mwesrseaabi®ielystfliere&lown to all network J@bs&EMbers of the ad-hoc

network, a clustgiopt Bebyeiksubserharaiistgeseratecthbyite network subscribers disposed 25 in a direct
transmission ¢

ectio Wlt the tr ittin ork sybscriber. Identificatio
network subsclﬂbsgt%% r}’élrﬂs.% |c§ﬁp c'ﬁ%gqlé)é kﬁ(iﬂ Stransmission of the

r;léeatures of the respective

nchronisation signal and

the assomat@l@t&lh@@vlétﬁg@?t\@ﬂlﬂ( ﬁuhes@arelaetémal@ for the formation of acBGtelU8Eer of network
subscribgrs. ACRLNILR ipstiredstaR §g§{eﬂ%f5ﬁgt{%en%mchromsatlon of alpetwork subscribers within

each cluster of network subscribers has already been implemented with the generation 12 of individual
clusters of reSpBeENRETegiBhallyhelistiehBRetwork subscribers in a mobile ad-hoc network 100. Since the

topology in a mobile ad-hoc network 100, and accordingly the position of the individual network

one sluster itk Eacgiae SRS ST ATRE D

onisation of aII Vﬁgrk subscribers within
This time sync

ronisation is

|mplemented3é?§@lﬁmﬁllv inkoigiiRe selativeinapiional ofiksetinge intervals Z1 with dvil##mum possible

10

15

20

25

30

network subscribers in the ad-hoc network, which is
to every network subscriber of the ad-hoc network w
framework of a proactive routing method, can be use
formation of the individual clusters. Typically, on
subscriber which is not time-synchronised at the
initialisation time of the ad-hoc network with any
network subscriber of the ad-hoc network and is the
yet integrated in a cluster of mutually associated
subscribers, transmits a synchronisation signal to
subscribers which are positioned in the transmissio
reception range of the transmitting network subscri
an acknowledgement of the synchronisation signal, w
typically a synchronisation bit sequence known to a
subscribers of the ad-hoc network, a cluster of net
subscribers is generated by the network subscribers
in a direct transmission connection with the transm
network subscriber. Identification features of the
network subscribers are also typically exchanged wi
transmission of the synchronisation signal and the
acknowledgement, if these are necessary for the for

cluster of network subscribers.

According to method step S20, the first time synchr
of all network subscribers within each cluster of n

subscribers has already been implemented with the g

available
ithin the
d for the
e network

other
refore not
network
all network
n and/or
ber. After
hich is

[l network
work
disposed
itting
respective
th the
associated

mation of a

onisation
etwork
eneration



duration AZI, which are spaced in time spacings dZi statistically fluctuating relative to one another in order
to minimise any disturbance of the time synchronisafign by an unauthorised third party. If the composition
of a cluster in 15 each case comprising regionally adjacent network subscribers does not change over a
relatively long period, the time synchronisation to be implemented in successive first time spacings dZi
can be suspetidedivitenteluiess RS RefiY s seaiRdnAGion efficiency in the B88Mbc network. 20
Alongside thigdiercy0e8EpRIsatAK Witnndhg nstviduabatusiers or groupings dfitie agehoc network - a
so-called intra-time-synchronisatiop - a time synchronisation between the individyal clusters or groupings
of the ad-hoc?%?\lﬁgmq g %’r@?@a‘ﬁ@&i‘iﬁl%%?r%efgénéﬂ%ﬁ%&ﬁ‘gn - is also desiljgéhé meorder to guarantee
a time synchiusition loé the érdvidoetwe ek drifssite s, thenad-hoc network 10@hAndetailed description of
the inter-@imeégmﬁnggg?ggqg dkaetike gb/&rhﬂ)trﬁgg“ggigf,a@ecause it is not sphstagtial to the actual

|

concept of 30 the invenfion. The inter-time-synchronisation is presupposed per se and can be found, for
example in WRPSEARHS NG ANGHAUSIEEIBY R MRlRM s ordingly include®Cs9 Hfrencing. 13 In the
next method siepeBfy, srepasbocluster 30, 40, 50, 60, 70 and 80 formed of respective, regionally adjacent
network subscribers, one network subscriber is selected, which is positioned at the periphery of the
respective cluster, and 5 potential network subscribers for integration into the home cluster are identified.

For example,TiRigHENS $3teghrondFation fe iMmenesir & apstityetd 6, 7 and 8 are 8Té@HERI s network
subscriers whiaigtR e Snensive et idgatfying network subsgibarmigimainraskps. Once again, in

order to

duration  AZ;, which are spaced in time spacings dZ
statistically fluctuating relative to one another i n order to
minimise any disturbance of the time synchronisatio n by an
unauthorised third party. If the composition of a ¢ luster in

15 each case comprising regionally adjacent network su bscribers
does not change over a relatively long period, the time
synchronisation to be implemented in successive fir st time
spacings dZ ; can be suspended in order to achieve optimised
transmission efficiency in the ad-hoc network.

20
Alongside this time synchronisation within the indi vidual
clusters or groupings of the ad-hoc network — a so- called
intra-time-synchronisation - a time synchronisation between
the individual clusters or groupings of the ad-hoc network — a

25 so-called inter-time-synchronisation - is also desi rable in
order to guarantee a time synchronicity between all network
subscribers of the ad-hoc network 100. A detailed d escription
of the inter-time-synchronisation will not be given at this
point, because it is not substantial to the actual concept of

30 the invention. The inter-time-synchronisation is pr esupposed
per se and can be found, for example in WO 2011/154 911 A1, the
disclosure of which is accordingly included by refe rencing.



10 prevent any disturbance of the integration of new network subscribers into existing time-synchronised
clusters of network subscribers and accordingly into the time-synchronised ad-hoc network as far as
possible, the identification processes to be implemented respectively in successive first 15 time intervals
ZI| are implemented in each case by another selected network subscriber of the respective
time-synchrol1$88 BRxéteetnpae sigr S theaaehitdabAhdfber of the respecti¥@ 88 network subscriber

in the ad-hoc7neiweBoisonsred, dpFeprEtRIe, fagitirseadreatin which network gahgsiiers positioned at
the periphery of the refhéfjoective cglus[ts(ers gre Ebelected acco diqg to the invention. Other criteria for the

sequence in 85%’3 PREIGEPBErE A eef)gr%ﬂ%%/e ¥ respective 25 clG8t&r are selected for the
identification pdsitonedkas thespabphety Wdhnteappestiveatiusiso be used as an akeraadve and are also
covered By t%{gﬁg&twmwﬁg&i%g&qﬁ%%%w at the periphery ofig3Qgepective cluster for

selecting the network subscriber for the identification of network subscribers to be integrated, network
subscribers VeI aRESIESHRIFIR TREfNaRP G alfsiisSidtieind/or reception rangé®Ph maximum of a
previously spegfiedinuatheriotnedoskrsid)scabe S assasliaied 14 with anotheydchgster of the ad-hoc

network shouAg %BI Cﬁgﬁgl\%ﬁggg.a% P%%SH%% ett?gfe%%work subscriber .@Eguld ideally be selected

e
for an identificaﬂ%ro network subscribers e integrated which are positione tside the 5
transmission ReWKredesiie in iy beoinR@rBietbtABerR 89BELriber of all other clOSEYEdPthe ad-hoc

networkydn thigeRanReN; HiW&@r@mﬂglﬁ]gg@hﬁ@ﬁmﬁnﬁmted network subsgfifasiidentifies network
subscribers to be inﬁ%grated into jts cluster which do not already belong to another 10 cluster of the

ad-hoc netwotIAMRE H NP FERINg Qf@ﬁ%yéﬂf I‘?@'ﬁf«ﬂﬁ‘f Eflon of network sub&bers to be integrated in
a respective oksterkasithscatiens ame:twockdl@glyisrtophentierded by a selected nghwiortnised

ad-hoc network as far as possible, the identificati on
processes to be implemented respectively in success ive first
15 time intervals Z 1 are implemented in each case by another

selected network subscriber of the respective time-

synchronised cluster.

The value of the identification number of the respe ctive
20 network subscriber in the ad-hoc network is used, f or example,
for the sequence in which network subscribers posit ioned at
the periphery of the respective clusters are select ed
according to the invention. Other criteria for the sequence in
which network subscribers at the periphery of the r espective
25 cluster are selected for the identification of netw ork

subscribers to be integrated can also be used as an

alternative and are also covered by the invention.

Alongside the criterion of position at the peripher y of a
30 respective cluster for selecting the network subscr iber for
the identification of network subscribers to be int egrated,

network subscribers which are positioned within the
transmission and/or reception range of a maximum of a

previously specified number of network subscribers associated



15 subscriber of the respective cluster. In a first variant of the invention, the initiative of identifying network
subscribers to be integrated in a cluster of the ad-hogynetwork is taken by the network subscriber 20
selected in the respective cluster. For this purpose, the selected network subscriber transmits, within a
second time interval, information searching for a network subscriber to be integrated. 25 The fixed time

spacings dz2vBtaR&Rehel isERviefiarsREbeg NREAteRNdAR and the fixed dURIBEEYAZ2 of the

individual segeneeibpeintergaldcdiapctostingtadrigsisse@e specified in advapseHayfde ad-hoc network
100 and commur]'c%ted to the i?dividu | n?.tw?rk SLfJbS ribers of the ad-hoc network 100. In 30 this

context, the tm%‘ %iﬁ%%%?% BE RS THEHERViGLAF¥E%nd time intervals ZZ are dimensioned to be
significantly lenlgesribens thebeirméegpaicioryéi7i dretpesitiotraglindividual first time utsisledte ZI, since the
duration AZ2:0f3 SRLOH émﬁ)mr@{é!ﬁi&?rg)ﬁ H?Wé??ﬂé’t(%rthe duration AZ} of a first time 15 interval

Z1 should be dimensioned to be sgniflcantlty onger, and accordingly, the transmission efficiency in the
ad-hoc netwciP60BAET R BIlR G edysIRD & RN RRINGSYal network subscril®&s!Which are not yet
time-synchrottigechavitietheiadhbac grebuork (Hd sunth areghasitioned within the teansenigsion and/or

reception ran he s >d_networ i individual network subscriher, 21 is disposed
within the traq%s?[r)ngéé?c?rrl |§%%3ﬁ%&§8@0|}ﬁ %Eggﬁo&e fﬁggl%égg ected network sub§§rﬁ%{e8r57 illustrated with
dotted lines iMNidfisre/ssAgT vihitdrae mos @isadydrelopgichanelong to a cluster oftftitually time-synchronised
networkigubsgisarSoMmE A HY! Y&tgne-synchronised with the ad-hoc network 100, and are positioned

within the transmission and/or reception range of

In the next method step S40, the identification of network
subscribers to be integrated in a respective cluste r of the
ad-hoc network 100 is implemented by a selected net work

15 subscriber of the respective cluster.

In a first variant of the invention, the initiative of
identifying network subscribers to be integrated in a cluster
of the ad-hoc network is taken by the network subsc riber
20 selected in the respective cluster. For this purpos e, the
selected network subscriber transmits, within a sec ond time
interval, information searching for a network subsc riber to be
integrated.
25 The fixed time spacings dZ » between the individual second time
intervals Z » and the fixed durations AZ, of the individual
second time intervals Z 2 according to Figure 5 are specified in
advance by the ad-hoc network 100 and communicated to the
individual network subscribers of the ad-hoc networ k 100. In
30 this context, the time spacings dZ » between the individual
second time intervals Z » are dimensioned to be significantly
longer than the time spacings dZ 1 between the individual first
time intervals Z 1, Since the duration AZ, of a second time

interval Z > by comparison with the duration AZ, of a first time



15 the selected network subscriber (the network subscriber 21, which is associated with the cluster of
mutually time-synchronised network subscribers 21,,22 and 23, is disposed within the transmission and/or
reception range of the selected network subscriber 7 illustrated with a dotted line in Figure 20 3A)
acknowledge the received information searching for a network subscriber to be integrated within the
second time iRiBRVAI Z2. witheHk feR dpnBRSIATAE ORA SIgRIEERMEMNERS identification of network

subscribers tahedptoedigd, inte ikpserpact\Eliesisf Bytiiee network subscribgg sglected in 25 the
respective cluster i SLQ%sIa ti dl com Iete(le etlﬂer with the acknowledgement of the information
searching forngw\'é}a@o]r sﬁb&ec t%érat{)egaolﬂ? é?i%&,'the network subscriber selected in the respective
cluster receives identification data of the network subscriber to be integrated. 30 In a second variant of

the invergion,ggﬁlimggﬁgmpmgg;mggméh 5\,@%@9@& to be integrated ina.cluster of the ad-hoc

network is taken by the individual network subscriber which is not yet integrated in a cluster of network

16 subscribeRYBFURORSE I U Rl RRF AEMEEKER Y1356 BR intends to inflBPARY or by a network
subscriber whithiistas seeisieidsidthandlosteceftioniwalhe tine-synchronised nehwasdsttbacribers which is
not yet assocj ith st of nef. ' - the time-synchronj d-hoc network 100 or
not yet time-sﬁy?%rﬁ%r}gr%ggﬁ?&%tﬁﬁtﬁgﬁeeéaaﬁé\g%g{%%%?&%ﬁE%g I|t§1tends to integraté??iis individual network
subscriber intsRMIgANViEIEYRRdranSNsHANBRdIBSeABEPSsociated with a cRIfErddthigne-synchronised

networkigubssgibeksy R tsrAned@istegratsnattighighadstpositioned respectivglyiydéhin the transmission
and/or reception ran%%ebof a selected Eetwork su%?%iﬁg{gin a cluster time-synchronised with the ad-hoc

network, each'#4i5s SOH?SH%%R%W ﬁ%{l@ﬂfﬁgw n%/Wchronised cluster WHiﬂ%{ second time
interval Z2. 16f Tiheudintiffcatpncbf @nsed ivedwalnetlvsckilseisseriber or of a clubten &f motitually

time-synchrop&q%gggw%(g”gégrw%ﬁg be Huegiasintgs cluster in each case pf regionally adjacent

network subscribers time-synchronised with the ad-hoc 20 network is concluded with the reception of the
information sBAFHIARGISH RIS KANSTHSSSEPER SIeSRBIRR transmission ~ range of

15 the selected network subscriber (the network subscr iber 21,
which is associated with the cluster of mutually ti me-
synchronised network subscribers 21, 22 and 23, is disposed
within the transmission and/or reception range of t he selected
network subscriber 7 illustrated with a dotted line in Figure

20 3A) acknowledge the received information searching for a
network subscriber to be integrated within the seco nd time

interval Z 2. With the reception of the acknowledgement, the

identification of network subscribers to be integra ted into
the respective cluster by the network subscriber se lected in
25 the respective cluster is substantially completed. Together
with the acknowledgement of the information searchi ng for a
network subscriber to be integrated, the network su bscriber
selected in the respective cluster receives identif ication

data of the network subscriber to be integrated.

30
In a second variant of the invention, the initiativ e of
identifying network subscribers to be integrated in a cluster
of the ad-hoc network is taken by the individual ne twork

subscriber which is not yet integrated in a cluster of network



of an acknowledgement of this information by the selected network subscriber of a cluster
time-synchronised with the ad-hoc network. Togethejgwith the reception of the information 25 searching
for a time-synchronised cluster, the respectively selected network subscriber additionally receives
identification data regarding the network subscriber to be integrated, while the network subscribers to be
integrated reSERRCTRSRS RIS AMatAYHCtHeNeed etk RRMBBHITS already 30 cont&Réddh the respective

cluster togethgiewid thmeekarvindgemeasthetthaibdeipeatian. 17 at least one jgptyork subscriber is
optionally impleme.%%ﬁ if irboﬁ;ngc@vidual networf< ubscriber is identifiable in a cluster of network

subscribers rgAME ﬁ%err\%mHtB% ides g%ﬁ@&) transmission connB&fion to all of the other
network 5 sunsmomsmana mdﬁiisdﬁmeasﬁomwwbsqribers. This d]ﬁ?‘asi_blstef a cluster of
network subsgrifarRieragddndbis MANDERIS-RtaTeANegAGE @ time synchropisaigfrill network

subscribers in a cluster of network subscribers formed in this manner is not possible. In dividing such a
cluster of 10 HERBRAYES LAY NCRIQURS M IS RSNSS B ers must therefdWPBEYPmed, which, in
each case, canthintehdgastinrgnpeswohe suhisidikengtieik glovides a direct transaribgion connection with
all of the oth NOrk s iber the g\l/ ide of network subscribers, 15 The cluster 70’ of
network subgérftgr)ﬁcalar,l\é1 ﬁ:ﬁ)sﬁg%@?gégﬂ?& 5 éﬂd%ﬁ%ﬁtﬁ%&; § " of network subéc'grclj[‘)r%?éﬂllustrated in Figure
33 represent \uiam plEster efisers \Tonepniead iheeniberbeided in such a mdMiér, which provide a

networkid0 syhsrEpRr twiHEdyiadisRRRRdda R Hegidhansession connection wiBcall&f the other network
subscribers of .tf?aqu'vided cluster of nﬁzwork subscribers. In cluster 70" of Figure%%S, thjs is network

subscriber 7,4 ﬁgqg?@@swa 8r§§?‘?t%°ﬁ'erﬁ9(9&%fuﬂascriber 21. 25 In the & method step S60,
the network swiscoribsrbatidgrated iclubiertidreicyatdroiteedor undivided clusteith dianativork subscribers

are time-synq{ygﬂgt%ryi%&ﬂq%gg#]@éqﬁ%m%wniggai&ﬂﬁ&osed in a direct tigghgmiission 30 connection

with all other network subscribers of the respective divided or undivided cluster of network

synchronised cluster within a second time interval 2.
15
The identification of an individual network subscri ber or of a
cluster of mutually time-synchronised network subsc ribers to
be integrated into a cluster in each case of region ally
adjacent network subscribers time-synchronised with the ad-hoc
20 network is concluded with the reception of the info rmation
searching for a time-synchronised cluster and the t ransmission
of an acknowledgement of this information by the se lected
network subscriber of a cluster time-synchronised w ith the ad-
hoc network. Together with the reception of the inf ormation
25 searching for a time-synchronised cluster, the resp ectively
selected network subscriber additionally receives
identification data regarding the network subscribe r to be
integrated, while the network subscribers to be int egrated
receive identification data of the network subscrib ers already
30 contained in the respective cluster together with t he
acknowledgement of the information.
In the next method step S50, an appropriate divisio n of the
clusters of network subscribers enlarged by the int egration of



subscribers, with the other network subscribers of the respective divided or undivided cluster of network
subscribers through the transmission of information fgr the time 18 synchronisation, preferably a coded
synchronisation bit sequence. The invention is not restricted to the embodiments, variants 5 and
sub-variants presented. In particular, all combinations of all of the features claimed in the individual
claims, all of #héeRMARMPENEMEQBSEUDFCIRETIERHRBH AP of the features illUBRAIRA fn the figures of the

drawings are@smuaé@ﬂ&wmeéwgaﬁ@a i$Gddifidaienm 1. A method for integrafiggepetwork
subscribers m%o a tlm ncthronised ﬁ%hoc etwork 100||)I .with the following metho éiﬁsteps formation of

individual clug é}%\f\% 7 %6)”1%’ '@at ésd??é‘a n4 ﬂ?adjacent networfg Bipdlfiders (1,2_,19,20),
10- time syncheidieictiaiansofisis®nennodctabsedierktiie, the9,20) within every ¢losteo(B0,40,50,70,80),

5 subscribers of such a modified cluster of network s ubscribers.
This division of a cluster of network subscribers f ormed in
this manner is necessary, since a time synchronisat ion of all
network subscribers in a cluster of network subscri bers formed
in this manner is not possible. In dividing such a cluster of

10 network subscribers, clusters of network subscriber S must
therefore be formed, which, in each case, contain a t least one
network subscriber which provides a direct transmis sion
connection with all of the other network subscriber s of the
divided cluster of network subscribers.

15
The cluster 70’ of network subscribers illustrated in Figure
2B and the cluster 70” of network subscribers illu strated in
Figure 3B represent examples of clusters of network
subscribers divided in such a manner, which provide a network

20 subscriber which is disposed in a direct transmissi on
connection with all of the other network subscriber s of the
divided cluster of network subscribers. In cluster 70’ of
Figure 2B, this is network subscriber 7, and in clu ster 70"
of Figure 3B, it is network subscriber 21.

25
In the final method step S60, the network subscribe rs
integrated in the individual divided or undivided ¢ lusters of
network subscribers are time-synchronised, via a ne twork
subscriber which is disposed in a direct transmissi on

30 connection with all other network subscribers of th e
respective divided or undivided cluster of network
subscribers, with the other network subscribers of the

respective divided or undivided cluster of network

through the transmission of information for the tim

subscribers
e



selection of one network subscriber (7) at the periphery of every cluster (70) in order to identify at least
one network subscriber (21;21,22,23) to be integratgg into the 15respective cluster (70) and time
synchronisation of the network subscribers (5,7;7) of the respective cluster (70;70";70") with every
identified network subscriber (21; 21, 22, 23). 20 2. The method according to claim 1, characterised in
that the identfietioPnsTRacRITEHTaHeRveRed Byesiepigation 22 23) to be intddfated into the respective
cluster (70) isénpégiented repeatedly, in each case with a 25different selected network subscriber (7). 3.
The method according to claim 1 or 2, characterised in that the selected network subscriber (7) is
restricted to those 30network subscribers of a cluster which are positioned within the transmission and/or
reception ranfieedheeptavios sigt spetidied todhrembedimbstsof network subscribyaréastech associated with

another gustgny sty B EHRE REGOIHIDSHiRAAY ANEshislaims 1 to 3, chargetgrsedin that

all of the features claimed in the individual claim s, all of
the features disclosed in the description and all o f the
features illustrated in the figures of the drawings are also

covered by the invention.
10



the selected network subscriber (7) is restricted to those network subscribers of a cluster which are
positioned Soutside the transmission and/or receptiopyrange of every network subscriber of all other
clusters. 5. The method according to any one of claims 1 to 4, characterised in that 10the time
synchronisation of the network subscribers (1,2 ,19,20) of a cluster (30,40,50,70,80) is implemented in
each case within first time intervals (Z1) of known, fixed length (AZ1) which are spaced from one another
with a statistig;llg{ H%ctuating time spacing (dZl). 15 6. The method according to claim 5, characterised in
that the time synchronisation of the network subscribers (1,2_,19,20) of a cluster (30,40,50,70,80) is
implemented 20by a network subscriber of the respective cluster which is positioned in the transmission

and/or recepton Aaneehof - AHRsy-aehY A RURsSHibss e tharespective clusterpngqig.a first time interval
(ZD), transmits an information known to all network subscribers (1,2 ,19,20) 250f the ad-hoc network (100)
9

for the time synchrSARHESIFER 3B SFRIE K IAMNG o Rei AT 6,

method steps:

- formation of individual clusters (30,40,50,70,80) in
each case of regionally adjacent network subscriber S
(1,2...,19,20),
10 - time synchronisation of the network subscribers
(1,2...,19,20) within every cluster (30,40,50,70,80),
- selection of one network subscriber (7) at the pe riphery
of every cluster (70) in order to identify at least one
network subscriber (21;21,22,23) to be integrated i nto the
15 respective cluster (70) and
- time synchronisation of the network subscribers ( 5,7;7)

of the respective cluster (70;70;70”) with every
identified network subscriber (21; 21, 22, 23).

20 2. The method according to claim 1,
characterised in that
the identification of at least one network subscrib er
(21;21,22,23) to be integrated into the respective cluster
(70) is implemented repeatedly, in each case with a

25 different selected network subscriber (7).

3. The method according to claim 1 or 2,
characterised in that
the selected network subscriber (7) is restricted t o those
30 network subscribers of a cluster which are position ed
within the transmission and/or reception range of a
previously specified maximum number of network subs cribers

each associated with another cluster.



characterised in that the time synchronisation of the network subscribers 30(1,2_,19,20) of a cluster
(30,40,50,70,80) is omitted if the number of network gjibscribers in a cluster is not changed. 8. The
method according to any one of claims 1 to 7, 21 characterised in that the selected network subscriber
(7) transmits an information searching for a network subscriber to be integrated in order to identify at least
one network $subBeripeihat aeearding 19 Rk oRe: g Alatnnth thé respective cluster (70;70;70"). 9. The
method accordingdpdiaiet 8 chatagtarisgdin that 10a network subscriber (21) which is disposed in the

transmission and/qgr rec? tion ra}rﬁe I?f the selec .networkt s(liejbscriber (7) and inten(i%g) integrate itself
into the ad-hoc netWork %ﬂ 38 %rva%L&éseCé' L Sprdriaih e (I;lrching for a networR Seriber to be
integrated in network subscribers of a cluster which are position ed

5 outside the transmission and/or reception range of every
network subscriber of all other clusters.

5. The method according to any one of claims 1 to 4 :
characterised in that

10 the time synchronisation of the network subscribers
(1,2...,19,20) of a cluster (30,40,50,70,80) is imple mented
in each case within first time intervals (Z 1) of known,
fixed length ( AZ,;) which are spaced from one another with a
statistically fluctuating time spacing (dZ 1).

15

6. The method according to claim 5,
characterised in that

the time synchronisation of the network subscribers

(1,2...,19,20) of a cluster (30,40,50,70,80) is imple mented
20 by a network subscriber of the respective cluster w hich is

positioned in the transmission and/or reception ran ge of

all other network subscribers of the respective clu ster

and, in a first time interval (Z 1), transmits an

information known to all network subscribers (1,2..., 19,20)
25 of the ad-hoc network (100) for the time synchronis ation.

7. The method according to claim 5 or 6,
characterised in that

the time synchronisation of the network subscribers

30 (1,2...,19,20) of a cluster (30,40,50,70,80) is omitt ed if
the number of network subscribers in a cluster is n ot
changed.

8. The method according to any one of claims 1 to 7 :



15order to identify a network subscriber (21;21,22,23) to be integrated into the respective cluster (70;70';
70"). 10. The method according to claim 8, characterged in that 20a network subscriber (21) which is
disposed in the transmission and/or reception range of the selected network subscriber (7) and belongs to
a cluster of network subscribers (21,22,23) synchronised with one another which intend to integrate
themselves into tHe"&d- #elcahtiiRik 125158} acknowledges the information searching for a network

subscriber to be infegsateetd AdROIR HBREALEIG TafuinssBaCribers to be integrated into the respective
cluster. 30 11. The method acc%i%ﬂ(g t? any one of claims.1 to 10, characterised in that an individual
u

network subscribel” rf?%tfoé' A&

<3RSy ?ﬂiflé %%rétfg{eta ith a cluster of mﬁtually synchronised

network subscribeirs€¢@a e, 28pighich identifysatdeass mmegretedtself or themselves ikto the ad-hoc network

(100) tragsmits angjnfegmisy

claim 11, characterised in tha
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respective cluster (70;70’;70™).

9. The method according to claim 8,

characterised in that

a network subscriber (21) which is disposed in the
transmission and/or reception range of the selected
network subscriber (7) and intends to integrate its
into the ad-hoc network (100) acknowledges the info
searching for a network subscriber to be integrated
order to identify a network subscriber (21;21,22,23
integrated into the respective cluster (70;70’;70”

10. The method according to claim 8,

characterised in that

a network subscriber (21) which is disposed in the
transmission and/or reception range of the selected
network subscriber (7) and belongs to a cluster of
subscribers (21,22,23) synchronised with one anothe
intend to integrate themselves into the ad-hoc netw
(100) acknowledges the information searching for a
subscriber to be integrated in order to identify th
network subscribers to be integrated into the respe
cluster.

11. The method according to any one of claims 1 to

characterised in that
an individual network subscriber (21) or a network
subscriber (21) associated with a cluster of mutual

synchronised network subscribers (21,22,23) which i

10,

H’QE@Q(EEEQQ)‘C{Ul?etimég?é(fé‘a‘irr%iﬁ?éj cluster. 5 12. The method according to
t
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a selected network subscriber (7) of a time-synchronised cluster (70) which is disposed in the
transmission and/or reception range of the network sybscriber (21) 10transmitting the information
searching for a time- synchronised cluster acknowledges the information searching for a
time-synchronised cluster in order to identify the network subscriber or subscribers (21;21,22,23) to be
integrated into the!PdBfREF AR itSsH @sidenselyge inietheREdt@tding to claim 9, 10 oréf¥Obharacterised in

that the transmiss(qo@fttaﬁgﬁfﬁgraﬁﬁmmrghig@a‘ighmgﬂﬂe;wmg subscriber to be integrated, the
information searchln or at"aﬁ u%ﬁ nchronised cluster and the acknowledgement is implemented within

previously specifiesa' CNaS Wrvals Z2. 25 14. The method according to any one of claims 1 to 13,
characterised in that, after the identification of at least one network subscriber to be integrated, every

cluster |s5d|V|g§deﬁ§ rrﬁ@fHB%da'EEBréﬁ]\éeF@kFéHﬁtﬂs in order to provide 30clusters in which at least one

network subscriber is available in each case within the transmission and/or reception range of all of the

other network subSEAbEE 6f thecdubfert hat

a selected network subscriber (7) of a time-synchro nised
cluster (70) which is disposed in the transmission and/or
reception range of the network subscriber (21)

10 transmitting the information searching for a time-
synchronised cluster acknowledges the information
searching for a time-synchronised cluster in order to
identify the network subscriber or subscribers
(21;21,22,23) to be integrated into the respective

15 cluster.

13. The method according to claim 9, 10 or 12,
characterised in that
the transmission of the information searching for a
20 network subscriber to be integrated, the informatio n
searching for a time-synchronised cluster and the
acknowledgement is implemented within previously

specified, second time intervals Z 2.

25 14. The method according to any one of claims 1 to 13,
characterised in that,
after the identification of at least one network
subscriber to be integrated, every cluster is divid ed as

required into several clusters in order to provide

30 clusters in which at least one network subscriber i S
available in each case within the transmission and/ or
reception range of all of the other network subscri bers of

the cluster.



23 15. The method according to any one of claims 14, characterised in that the time synchronisation of
the at least one network subscriber identified for integyation into the respective Scluster with the previous
network subscribers of the respective cluster, which is either undivided or divided after the integration of
at least one network subscriber, is implemented within a first time interval (ZI) following respectively after
a second timéInfdleanemd agepsding WRAYORRYIGHRIMNDBFwith at least one time-synchronised cluster
(30,40,50,70,80) igieachcgase ekbegignalhyadjacent network subscribers (1,2,...,19,20) and at least one
selected network iﬁbﬁcriber at the 15Periph%|r§ o{ the re%pectitve time-synchronised cluster
(30,40,50,70,80) f S '@8&%@%?‘?%%'8? gtf (S Aﬁ%sﬁg Work 8dscriber to be integtated into the
respective time-sysigvroiiieeidehisied (80| GO &0y tepeadplly for the implementatidreof a method
according to any qglgsggr%ms%;e(golc@ A bhesados setyqrk according to claig 16, characterised in

that the selected network subscribers are each positioned 25within the transmission and/or reception

range of a respective cluster, which is either undivided or di vided
after the integration of at least one network subsc riber,
is implemented within a first time interval (Z 1) following
respectively after a second time interval (Z 2).

10
16. An ad-hoc network (100) with at least one time-

synchronised cluster (30,40,50,70,80) in each case of
regionally adjacent network subscribers (1,2,...,19 ,20)

and at least one selected network subscriber at the

15 periphery of the respective time-synchronised clust er
(30,40,50,70,80) for the determination of at least one
network subscriber to be integrated into the respec tive
time-synchronised cluster (30,40,50,70,80), especia lly for
the implementation of a method according to any one of

20 claims 1 to 15.

17. The ad-hoc network according to claim 16,
characterised in that

the selected network subscribers are each positione d

25 within the transmission and/or reception range of a
previously specified maximum number of network subs cribers
each associated with another time-synchronised clus ter of

the ad-hoc network (100).

30 18. The ad-hoc network according to claim 16 or 17,
characterised in that
the selected network subscribers are each positione d

outside the transmission and/or reception range of every



previously specified maximum number of network subscribers each associated with another
time-synchronised cluster of the ad-hoc network (106). 30 18. The ad-hoc network according to claim 16
or 17, characterised in that the selected network subscribers are each positioned outside the transmission

and/or reception range of every 24 network subscriber of all of the other time-synchronised clusters. S
10 1520 25 30 hetwork subscriber of all of the other time-synchro nised

clusters.
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