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A method for integrating network subscribers into an ad-hoc 

network and an associated ad-hoc network 

 

The invention relates to a method for integrating n etwork 5 

subscribers into a time-synchronised ad-hoc network  and an 

associated ad-hoc network. 

 

Modern radio networks are realised as mobile ad-hoc  networks. 

Ad-hoc networks do not provide an infrastructure fo r the 10 

transmission of voice and data traffic between the individual 

network subscribers. Instead, the individual networ k 

subscribers of an ad-hoc network organise the respe ctive 

transmission of voice and data traffic themselves. 

 15 

One quite substantial task in the organisation and operation 

of an ad-hoc network is the time synchronisation of  the 

individual network subscribers. In this context, a frequency-

hop method is used in order to prevent any disturba nce of the 

transmission traffic. Accordingly, the carrier freq uency of 20 

the transmission is modified within a given time co urse 

according to a given frequency pattern. The frequen cy pattern 

of the carrier frequency against time is known to t he 

individual network subscribers of an ad-hoc network . To ensure 

that all network subscribers of an ad-hoc network s witch over 25 

from one carrier frequency to the next carrier freq uency of 

the frequency pattern at the same time, they requir e an 

identical reference time. For this purpose, a time 

synchronisation between all of the network subscrib ers of the 

ad-hoc network is implemented within a given time g rid. 30 

 

A device and a method for time synchronisation betw een the 

network subscribers of an ad-hoc network are known from WO 

2011/154911 A1. In this context, the entire ad-hoc network is 

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 network organise the respective transmission of voice and data traffic themselves. 15 One quite
substantial task in the organisation and operation of an ad-hoc network is the time synchronisation of the
individual network subscribers. In this context, a frequency-hop method is used in order to prevent any
disturbance of the 20 transmission traffic. Accordingly, the carrier frequency of the transmission is
modified within a given time course according to a given frequency pattern. The frequency pattern of the
carrier frequency against time is known to the individual network subscribers of an ad-hoc network. To
ensure 25 that all network subscribers of an ad-hoc network switch over from one carrier frequency to the
next carrier frequency of the frequency 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 subscribers of an ad-hoc network are known from WO 2011/154911 Al. In this context, the entire
ad-hoc network is  2 
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subdivided into individual groupings - so-called cl usters - 

comprising regionally adjacent network subscribers which are 

positioned within the mutual transmission and/or re ception 

range. In this case, both the transmission of paylo ad data and 

also the time synchronisation within a cluster are implemented 5 

through an individual transmission process (a so-ca lled one-

hop transmission). Alongside this intra-time-synchr onisation 

within the individual clusters, a time synchronisat ion within 

the overall ad-hoc network is implemented via an in ter-time-

synchronisation between respectively adjacent clust ers. 10 

 

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 

subscribers of a cluster which are positioned in th e 15 

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 

the other network subscribers of the cluster. The o ther 20 

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 

bit pattern measured at their previous internal ref erence 25 

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 

pattern and measured at the internal reference time  of the 30 

transmitting network subscriber. 

 

In mobile ad-hoc networks, the positions of the ind ividual 

network subscribers change constantly. Accordingly,  for every 

subdivided into individual groupings - so-called clusters - comprising regionally adjacent network
subscribers which are positioned within the mutual transmission 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-synchronisation within the individual clusters, a time synchronisation within the overall ad-hoc
network is implemented via an inter-time- 10 synchronisation between respectively adjacent clusters. 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 the transmission and/or reception range of all of the other 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 transmitted to 20 the other network subscribers of the
cluster. The other network subscribers of the cluster accordingly synchronise their internal reference time
with the internal reference time of the network subscriber transmitting the synchronisation bit pattern by
comparing the reception time of the synchronisation 25 bit pattern measured at their previous internal
reference time, the time since the common activation of all network subscribers of the cluster measured at
their previous internal reference time and the transmission time of the synchronisation bit pattern stored in
the synchronisation bit 30 pattern and measured at the internal reference time of the transmitting network
subscriber.  3 network subscriber, the respective, regionally adjacent network subscribers of the mobile
ad-hoc network, especially 
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network subscriber, the respective, regionally adja cent 

network subscribers of the mobile ad-hoc network, e specially 

of the regionally adjacent network subscribers with in the 

cluster, change over time. For this reason, the com munication 

of the voice and/or data transmission - so-called r outing - 5 

between the transmitting network subscriber and the  associated 

receiving network subscriber in an ad-hoc network m ust not 

only be continually matched, but the composition of  the 

cluster comprising constantly changing network subs cribers and 

the time synchronisation between the constantly cha nging 10 

network subscribers within a cluster must also be c ontinually 

matched. 

 

The object of the invention is therefore to provide  a method 

for integrating new network subscribers into existi ng time-15 

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 

mobile ad-hoc network. 20 

 

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 

network according to the invention with the feature s of claim 25 

16. Advantageous technical developments are specifi ed in the 

respectively dependent claims. 

 

Since the organisation of the operation of a cluste r, 

especially for the time synchronisation within a cl uster, the 30 

case of removing a network subscriber from the clus ter is 

unproblematic by comparison with the case of integr ating a 

network subscriber into a cluster, only the case of  

of the regionally adjacent network subscribers within the cluster, change over time. For this reason, the
communication 5 of the voice and/or data transmission - 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 and 10 the time synchronisation between the constantly changing network subscribers within
a cluster must also be continually matched. The object of the invention is therefore to provide a method
15 for integrating new network subscribers into existing time- synchronised clusters of a mobile ad-hoc
network and to provide the time synchronisation of the network subscriber integrated into the cluster with
the other network subscribers of the cluster and to provide a correspondingly designed 20 mobile ad-hoc
network. This object is achieved by a method according to the invention for integrating network
subscribers into a time-synchronised ad-hoc network with the features of claim 1 and by an ad-hoc 25
network according to the invention with the features of claim 16. Advantageous technical developments
are specified in the respectively dependent claims. Since the organisation of the operation of a cluster, 30
especially for the time synchronisation within a cluster, the case of removing a network subscriber from
the cluster is unproblematic by comparison with the case of integrating a network subscriber into a
cluster, only the case of  
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integrating a network subscriber into a cluster wil l be 

considered in the following section. 

 

On the basis of the clusters formed in a mobile ad- hoc network 

from respectively regionally adjacent network subsc ribers and 5 

the time synchronisation of all network subscribers  in each 

cluster, one network subscriber selected in each cl uster, 

which is positioned at the periphery of the respect ive 

cluster, determines the network subscribers to be i ntegrated 

into the respective cluster. By selecting a network  subscriber 10 

at the periphery of the respective cluster, it is p ossible to 

identify the maximum number of potential network su bscribers 

to be integrated into the respective cluster. The n etwork 

subscribers identified for integration are then tim e-

synchronised with the network subscribers of the re spective 15 

cluster. 

 

An identification of network subscribers to be inte grated into 

the respective cluster is preferably repeated withi n a given 

time intervals, whereas a different network subscri ber of the 20 

respective cluster is preferably selected for ident ification 

in each case.  

 

Additionally, the network subscribers implementing the 

identification of network subscribers to be integra ted into 25 

the respective cluster should preferably be selecte d in such a 

manner that they are disposed maximally within the 

transmission and/or reception range of a previously  specified 

number of network subscribers which belong to a clu ster time-

synchronised with the ad-hoc network, and respectiv ely that, 30 

in the ideal case, they are not disposed in the tra nsmission 

and/or reception range of any network subscriber wh ich belongs 

to a cluster time-synchronised with the ad-hoc netw ork. 

Otherwise, it must be anticipated with a high degre e 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 from 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 the network subscribers to be integrated 10 into the respective cluster. By selecting a network
subscriber at the periphery of the respective cluster, 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 identification of network subscribers to be integrated into the respective cluster is preferably
repeated within a given 20 time intervals, whereas a different network subscriber of the respective cluster
is preferably selected for identification in each case. Additionally, the network subscribers implementing
the 25 identification of network subscribers to be integrated into the respective cluster should preferably
be selected in such a manner that they are disposed maximally within the transmission and/or reception
range of a previously specified number of network subscribers which belong to a cluster time- 30
synchronised with the ad-hoc network, and respectively that, in the ideal case, they are not disposed in
the transmission and/or reception range of any network subscriber which belongs to a cluster
time-synchronised with the ad-hoc network. Otherwise, it must be anticipated with a high degree of  5
probability that all of the network subscribers disposed in the transmission and/or reception range of the
selected network subscriber are already integrated in a cluster time-synchronised with the ad-hoc
network, and accordingly, for the 
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probability that all of the network subscribers dis posed in 

the transmission and/or reception range of the sele cted 

network subscriber are already integrated in a clus ter time-

synchronised with the ad-hoc network, and according ly, for the 

selected network subscriber, the identification of a network 5 

subscriber to be integrated into its own cluster is  

improbable. The knowledge required for this purpose  regarding 

the network subscribers disposed in the immediate r egional 

proximity of a network subscriber of a mobile ad-ho c network 

is constantly updated with a proactive routing meth od. 10 

 

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 

possible, to prevent the time synchronisation from being 15 

disturbed by a third party, the time synchronisatio n is 

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 

fluctuating time spacing. 20 

 

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 

the other network subscribers, in order to achieve 25 

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 

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

the ad-hoc network. 

 

To avoid any unnecessary impairment of the transmis sion 

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

5 selected network subscriber, the identification of a network subscriber to be integrated into its own
cluster is improbable. The knowledge required for this 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 a mobile ad-hoc network from being unnecessarily impaired 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 synchronisation is preferably implemented within individual, first time intervals, which
each provide a constant, minimum possible duration and are spaced from one another with a statistically
20 fluctuating time spacing. The time synchronisation within a cluster is preferably 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
synchronisation of all network subscribers of the respective cluster. For the time synchronisation, the
network subscriber transmits information for the time synchronisation in a first time 30 interval which is
known to all of the network subscribers of the ad-hoc network. To avoid any unnecessary impairment of
the transmission efficiency in the ad-hoc network, the time synchronisation  6 within a cluster of network
subscribers is preferably suspended so long as the number of network subscribers within the respective
cluster does not change. 
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within a cluster of network subscribers is preferab ly 

suspended so long as the number of network subscrib ers within 

the respective cluster does not change. 

 

In a first preferred embodiment of the invention, t he network 5 

subscriber selected in the respective cluster ident ifies an 

individual network subscriber which is positioned i n 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 clust er 

identifies an entire cluster of mutually time-synch ronised 

network subscribers which intends to join the ad-ho c network, 

and which provides a network subscriber within the 15 

transmission and/or reception range of the selected  network 

subscriber of the cluster time-synchronised with th e ad-hoc 

network. 

 

In a first preferred variant of the invention, whic h can be 20 

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 

cluster time-synchronised with the ad-hoc network i s 25 

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 

embodiment of the invention transmits information s earching 30 

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 

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 mutually time-synchronised network subscribers which intends to join the ad-hoc 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 the ad-hoc network. 20 In a first preferred variant
of the invention, which can be realised both in the 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-synchronised with one another, which intend/s to join the 25 cluster time-synchronised with the
ad-hoc network is implemented by the selected network subscriber of the respective cluster
time-synchronised with the ad-hoc network. For this purpose, the selected network subscriber in the first
30 embodiment of the invention transmits information searching for a network subscriber to be integrated.
The identification of the network subscriber to be integrated in the respective cluster time-synchronised
with the ad-hoc network is completed with the reception of the acknowledgement of the information  7
searching for a network subscriber to be integrated which the network subscriber with the intention of
integrating 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. The identification of the cluster, which intends to join the respective cluster time-synchronised
with the ad-hoc network is concluded with the 10 reception of the acknowledgement of the information
searching for a network subscriber to be integrated, which the network subscriber of the cluster with the
intention of integrating into the ad-hoc network positioned in the transmission and/or reception range of
the selected network subscriber transmits 
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searching for a network subscriber to be integrated  which the 

network subscriber with the intention of integratin g into the 

ad-hoc network transmits back. 

 

In the second embodiment of the invention, the sele cted 5 

network subscriber also transmits information searc hing for a 

network subscriber to be integrated. The identifica tion of the 

cluster, which intends to join the respective clust er time-

synchronised with the ad-hoc network is concluded w ith the 

reception of the acknowledgement of the information  searching 10 

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 

back. 15 

 

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 

time-synchronised with the ad-hoc network which an individual 20 

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 

subscribers which is positioned respectively in the  25 

transmission and/or reception range of the selected  network 

subscriber of the respective cluster time-synchroni sed with 

the ad-hoc network. 

 

The individual network subscriber or network subscr iber of a 30 

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 

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 subscriber associated with the cluster of mutually time-synchronised network 25 subscribers
which is positioned respectively in the transmission and/or reception range of the selected network
subscriber of the respective cluster time-synchronised with the ad-hoc network. 30 The individual network
subscriber or network subscriber of a cluster of mutually time-synchronised network subscribers
positioned in the transmission and/or reception range of a selected network subscriber of a cluster
time-synchronised with the ad-hoc network preferably transmits information  8 searching for a
time-synchronised cluster in order to integrate into a cluster time-synchronised with the ad-hoc network.
The identification of the individual network subscriber or of the cluster of mutually time-synchronised 5
network subscribers which intend to integrate into the respective cluster time-synchronised with the
ad-hoc network is concluded with the reception of the information searching for a time-synchronised
cluster and a subsequent acknowledgement of this received information by the selected 10 network
subscriber of the respective cluster. The transmission of the information searching for a network
subscriber to be integrated, the information searching for a 
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searching for a time-synchronised cluster in order to 

integrate into a cluster time-synchronised with the  ad-hoc 

network. The identification of the individual netwo rk 

subscriber or of the cluster of mutually time-synch ronised 

network subscribers which intend to integrate into the 5 

respective cluster time-synchronised with the ad-ho c network 

is concluded with the reception of the information searching 

for a time-synchronised cluster and a subsequent 

acknowledgement of this received information by the  selected 

network subscriber of the respective cluster. 10 

 

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 

information is preferably implemented in second tim e intervals 15 

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 

subscribers into the ad-hoc network by any unauthor ised third 20 

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 

existing clusters of the ad-hoc network, clusters o f networks 25 

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 

to avoid the impossibility of time synchronisation of all 30 

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 

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 unauthorised third party, and are repeated in a time cycle considerably 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 of networks can arise, which do not provide an individual network subscriber
which has a direct transmission connection (so-called one-hop transmission) with every other network
subscriber of the newly formed cluster. In this case, in order 30 to avoid the impossibility of time
synchronisation of all network subscribers of the newly formed cluster arising in this manner, the newly
formed cluster is preferably divided into several sub-clusters, which each provide at least one network
subscriber which has a direct transmission connection  9 with every other network subscriber of the
accordingly divided cluster and can therefore realise a time synchronisation with the other network
subscribers of the divided cluster. 5 Finally, the network subscribers newly integrated into a cluster are
preferably time-synchronised directly or after an optionally implemented division of the cluster newly
formed through integration with the other network subscribers of the newly formed, divided or undivided
cluster by a network 10 subscriber with a direct transmission connection with all of the subscribers of the
newly formed divided or undivided cluster. The individual preferred embodiments, variants and sub- 
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with every other network subscriber of the accordin gly divided 

cluster and can therefore realise a time synchronis ation with 

the other network subscribers of the divided cluste r. 

 

Finally, the network subscribers newly integrated i nto a 5 

cluster are preferably time-synchronised directly o r after an 

optionally 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 

subscriber with a direct transmission connection wi th all of 10 

the subscribers of the newly formed divided or undi vided 

cluster. 

 

The individual preferred embodiments, variants and sub-

variants of the method according to the invention f or 15 

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 a view of a cluster of a mobile ad-hoc ne twork and 

of a network subscriber to be integrated into the 25 

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 

cluster, after the integration; 30 

 

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 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 1a view of a mobile ad-hoc network subdivided into several clusters; Figure 2A a view of
a cluster of a mobile ad-hoc network and 25of a network subscriber to be integrated into the cluster,
before the integration; Figure 23 a view of a cluster of a mobile ad-hoc network and of a network
subscriber to be integrated into the 30cluster, after the integration; Figure 3A a view of a cluster of a
mobile ad-hoc network and of a further cluster to be integrated 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 the integration; Figure 4a flow diagram of an exemplary embodiment of a method according
to the invention for integrating network subscribers into a time-synchronised ad-hoc network and Figure
5a time flow diagram showing first and second time intervals. The following section explains in detail the
method according 
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Figure 3B a view of a cluster of a mobile ad-hoc ne twork and 

of a further cluster to be integrated into the 

cluster, after the integration; 

 5 

Figure 4 a flow diagram of an exemplary embodiment of a 

method according to the invention for integrating 

network subscribers into a time-synchronised ad-

hoc network and 

 10 

Figure 5 a time flow diagram showing first and seco nd time 

intervals. 

 

The following section explains in detail the method  according 

to the invention for integrating network subscriber s into a 15 

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 

formed in an ad-hoc network 100 which, at a given t ime, 25 

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. 

 

The formation of the clusters 30, 40, 50, 60, 70 an d 80 is 30 

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 - via a 

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 associated 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 formed in an ad-hoc network 100 which, at a given time, comprises a given number of network
subscribers 1, 2, 3, ..., 18, 19 and 20 - for example, mobile radio devices which exchange voice and/or
data with one another. 30 The formation of the clusters 30, 40, 50, 60, 70 and 80 is preferably
implemented in such a manner that a data transmission 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 30, the network subscriber 3 in cluster 40, the network subscriber 18 in cluster 50, the network
subscriber 10, 12 or 13 in cluster 60, 5 the network subscriber 5 in cluster 70 and the network subscriber
14 or 17 in cluster 80. The knowledge about the topology of the ad-hoc network and accordingly about the
relative positions of the individual 10 network subscribers in the ad-hoc network, which is available to
every network subscriber of the ad-hoc network within the framework of a proactive routing method, can
be used for the formation of the individual clusters. Typically, one network subscriber which is not
time-synchronised at the 
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central network subscriber of the cluster - in Figu re 1 the 

network subscriber 1 or 2 in cluster 30, the networ k 

subscriber 3 in cluster 40, the network subscriber 18 in 

cluster 50, the network subscriber 10, 12 or 13 in cluster 60, 

the network subscriber 5 in cluster 70 and the netw ork 5 

subscriber 14 or 17 in cluster 80. 

 

The knowledge about the topology of the ad-hoc netw ork and 

accordingly about the relative positions of the ind ividual 

network subscribers in the ad-hoc network, which is  available 10 

to every network subscriber of the ad-hoc network w ithin the 

framework of a proactive routing method, can be use d for the 

formation of the individual clusters. Typically, on e network 

subscriber which is not time-synchronised at the 

initialisation time of the ad-hoc network with any other 15 

network subscriber of the ad-hoc network and is the refore not 

yet integrated in a cluster of mutually associated network 

subscribers, transmits a synchronisation signal to all network 

subscribers which are positioned in the transmissio n and/or 

reception range of the transmitting network subscri ber. After 20 

an acknowledgement of the synchronisation signal, w hich is 

typically a synchronisation bit sequence known to a ll network 

subscribers of the ad-hoc network, a cluster of net work 

subscribers is generated by the network subscribers  disposed 

in a direct transmission connection with the transm itting 25 

network subscriber. Identification features of the respective 

network subscribers are also typically exchanged wi th the 

transmission of the synchronisation signal and the associated 

acknowledgement, if these are necessary for the for mation of a 

cluster of network subscribers.  30 

 

According to method step S20, the first time synchr onisation 

of all network subscribers within each cluster of n etwork 

subscribers has already been implemented with the g eneration 

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 associated 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, which is typically a synchronisation bit sequence known to all network subscribers of the ad-hoc
network, a cluster of network subscribers is generated by the network subscribers disposed 25 in a direct
transmission connection with the transmitting network subscriber. Identification features of the respective
network subscribers are also typically exchanged with the transmission of the synchronisation signal and
the associated acknowledgement, if these are necessary for the formation of a 30 cluster of network
subscribers. According to method step S20, the first time synchronisation of all network subscribers within
each cluster of network subscribers has already been implemented with the generation  12 of individual
clusters of respective, regionally adjacent network 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
subscribers, can change 5 continuously, a repeated time synchronisation of all network subscribers within
one cluster must be implemented according to method step S20.      This time synchronisation is
implemented as shown in Figure 5 10 in individual, first time intervals Z1 with a minimum possible 
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of individual clusters of respective, regionally ad jacent 

network subscribers in a mobile ad-hoc network 100.  Since the 

topology in a mobile ad-hoc network 100, and accord ingly the 

position of the individual network subscribers, can  change 

continuously, a repeated time synchronisation of al l network 5 

subscribers within one cluster must be implemented according 

to method step S20. 

 

This time synchronisation is implemented as shown i n Figure 5 

in individual, first time intervals Z 1 with a minimum possible 10 

duration ∆Z1, which are spaced in time spacings dZ 1 

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 c luster in 

each case comprising regionally adjacent network su bscribers 15 

does not change over a relatively long period, the time 

synchronisation to be implemented in successive fir st time 

spacings dZ 1 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 

so-called inter-time-synchronisation - is also desi rable in 25 

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 

the invention. The inter-time-synchronisation is pr esupposed 30 

per se and can be found, for example in WO 2011/154 911 A1, the 

disclosure of which is accordingly included by refe rencing. 

 

duration AZI, which are spaced in time spacings dZi statistically fluctuating relative to one another in order
to minimise any disturbance of the time synchronisation 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 suspended in order to achieve optimised transmission efficiency in the ad-hoc network. 20
Alongside this time synchronisation within the individual 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 desirable in order to guarantee
a time synchronicity between all network subscribers of the ad-hoc network 100. A detailed description 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 presupposed per se and can be found, for
example in WO 2011/154911 Al, the disclosure of which is accordingly included by referencing.  13 In the
next method step S30, in each cluster 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, in the cluster 70 of Figure 1, network subscribers 6, 7 and 8 are selected as network
subscribers which are responsible for identifying network subscribers to be integrated. Once again, in
order to 
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In the next method step S30, in each cluster 30, 40 , 50, 60, 

70 and 80 formed of respective, regionally adjacent  network 

subscribers, one network subscriber is selected, wh ich is 

positioned at the periphery of the respective clust er, and 

potential network subscribers for integration into the home 5 

cluster are identified. For example, in the cluster  70 of 

Figure 1, network subscribers 6, 7 and 8 are select ed as 

network subscribers which are responsible for ident ifying 

network subscribers to be integrated. Once again, i n order to 

prevent any disturbance of the integration of new n etwork 10 

subscribers into existing time-synchronised cluster s of 

network subscribers and accordingly into the time-s ynchronised 

ad-hoc network as far as possible, the identificati on 

processes to be implemented respectively in success ive first 

time intervals Z 1 are implemented in each case by another 15 

selected network subscriber of the respective time-

synchronised cluster. 

 

The value of the identification number of the respe ctive 

network subscriber in the ad-hoc network is used, f or example, 20 

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 

cluster are selected for the identification of netw ork 25 

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 

respective cluster for selecting the network subscr iber for 30 

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 

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
Zl are implemented in each case by another selected network subscriber of the respective
time-synchronised cluster. The value of the identification number of the respective 20 network subscriber
in the ad-hoc network is used, for example, for the sequence in which network subscribers positioned at
the periphery of the respective clusters are selected according to the invention. Other criteria for the
sequence in which network subscribers at the periphery of the respective 25 cluster are selected for the
identification of network 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 periphery of a 30 respective cluster for
selecting the network subscriber for the identification of network subscribers to be integrated, network
subscribers which are positioned within the transmission and/or reception range of a maximum of a
previously specified number of network subscribers associated  14 with another cluster of the ad-hoc
network should preferably be selected. In particular, those network subscribers should ideally be selected
for an identification of network subscribers to be integrated which are positioned outside the 5
transmission and/or reception range of every network subscriber of all other clusters of the ad-hoc
network. In this manner, it is more probable that such a selected network subscriber identifies network
subscribers to be integrated into its cluster which do not already belong to another 10 cluster of the
ad-hoc network. In the next method step S40, the identification of network subscribers to be integrated in
a respective cluster of the ad-hoc network 100 is implemented by a selected network 
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with another cluster of the ad-hoc network should p referably 

be selected. In particular, those network subscribe rs should 

ideally be selected for an identification of networ k 

subscribers to be integrated which are positioned o utside the 

transmission and/or reception range of every networ k 5 

subscriber of all other clusters of the ad-hoc netw ork. In 

this manner, it is more probable that such a select ed network 

subscriber identifies network subscribers to be int egrated 

into its cluster which do not already belong to ano ther 

cluster of the ad-hoc network. 10 

 

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 

subscriber of the respective cluster. 15 

 

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 

selected in the respective cluster. For this purpos e, the 20 

selected network subscriber transmits, within a sec ond time 

interval, information searching for a network subsc riber to be 

integrated. 

 

The fixed time spacings dZ 2 between the individual second time 25 

intervals Z 2 and the fixed durations ∆Z2 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 

this context, the time spacings dZ 2 between the individual 30 

second time intervals Z 2 are dimensioned to be significantly 

longer than the time spacings dZ 1 between the individual first 

time intervals Z 1, since the duration ∆Z2 of a second time 

interval Z 2 by comparison with the duration ∆Z1 of a first time 

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 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 dZ2 between the individual second time intervals Z2 and the fixed durations AZ2 of the
individual second time intervals Z2 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 network 100. In 30 this
context, the time spacings dZ2 between the individual second time intervals Z2 are dimensioned to be
significantly longer than the time spacings dZi between the individual first time intervals Zl, since the
duration AZ2 of a second time interval Z2 by comparison with the duration AZ1 of a first time  15 interval
Z1 should be dimensioned to be significantly longer, and accordingly, the transmission efficiency in the
ad-hoc network 100 is held at a reasonable level. 5 Individual network subscribers, which are not yet
time-synchronised with the ad-hoc network 100 and are positioned within the transmission and/or
reception range of the selected network subscriber (the individual network subscriber 21 is disposed
within the transmission and/or reception range of the 10 selected network subscriber 7 illustrated with
dotted lines in Figure 2A), or network subscribers, which belong to a cluster of mutually time-synchronised
network subscribers which is not yet time-synchronised with the ad-hoc network 100, and are positioned
within the transmission and/or reception range of 
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interval Z 1 should be dimensioned to be significantly longer, 

and accordingly, the transmission efficiency in the  ad-hoc 

network 100 is held at a reasonable level. 

 

Individual network subscribers, which are not yet t ime-5 

synchronised with the ad-hoc network 100 and are po sitioned 

within the transmission and/or reception range of t he selected 

network subscriber (the individual network subscrib er 21 is 

disposed within the transmission and/or reception r ange of the 

selected network subscriber 7 illustrated with dott ed lines in 10 

Figure 2A), or network subscribers, which belong to  a cluster 

of mutually time-synchronised network subscribers w hich is not 

yet time-synchronised with the ad-hoc network 100, and are 

positioned within the transmission and/or reception  range of 

the selected network subscriber (the network subscr iber 21, 15 

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 

3A) acknowledge the received information searching for a 20 

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 

the respective cluster is substantially completed. Together 25 

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 

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 interval Z2. With the reception of the acknowledgement, the identification of network
subscribers to be integrated into the respective cluster by the network subscriber selected in 25 the
respective cluster is substantially completed. Together with the acknowledgement of the information
searching for a network subscriber to be integrated, 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 invention, the initiative of identifying network subscribers to be integrated in a cluster of the ad-hoc
network is taken by the individual network subscriber which is not yet integrated in a cluster of network
16 subscribers of the time-synchronised ad-hoc network 100 and intends to integrate, or by a network
subscriber which is associated with a cluster of mutually time-synchronised network subscribers which is
not yet associated with a cluster 5 of network subscribers of the time-synchronised ad-hoc network 100 or
not yet time-synchronised with the ad-hoc network 100 and intends to integrate. The individual network
subscriber intending to integrate or the network subscriber associated with a cluster of time-synchronised
network subscribers 10 intending to integrate, which is/are positioned respectively within the transmission
and/or reception range of a selected network subscriber in a cluster time-synchronised with the ad-hoc
network, each transmit/s information searching for a time-synchronised cluster within a second time
interval Z2. 15 The identification of an individual network subscriber or of a cluster of mutually
time-synchronised network subscribers to be integrated into a cluster in each case of regionally adjacent
network subscribers time-synchronised with the ad-hoc 20 network is concluded with the reception of the
information searching for a time-synchronised cluster and the transmission 
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subscribers of the time-synchronised ad-hoc network  100 and 

intends to integrate, or by a network subscriber wh ich is 

associated with a cluster of mutually time-synchron ised 

network subscribers which is not yet associated wit h a cluster 

of network subscribers of the time-synchronised ad- hoc network 5 

100 or not yet time-synchronised with the ad-hoc ne twork 100 

and intends to integrate. The individual network su bscriber 

intending to integrate or the network subscriber as sociated 

with a cluster of time-synchronised network subscri bers 

intending to integrate, which is/are positioned res pectively 10 

within the transmission and/or reception range of a  selected 

network subscriber in a cluster time-synchronised w ith the ad-

hoc network, each transmit/s information searching for a time-

synchronised cluster within a second time interval Z2. 

 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 

network is concluded with the reception of the info rmation 20 

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 

searching for a time-synchronised cluster, the resp ectively 25 

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 

contained in the respective cluster together with t he 30 

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 

of an acknowledgement of this information by the selected network subscriber of a cluster
time-synchronised with the ad-hoc network. Together with 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 receive identification data of the network subscribers already 30 contained in the respective
cluster together with the acknowledgement of the information.  17 at least one network subscriber is
optionally implemented if no individual network subscriber is identifiable in a cluster of network
subscribers modified in this manner which provides a direct transmission connection to all of the other
network 5 subscribers of such a modified cluster of network subscribers. This division of a cluster of
network subscribers formed in this manner is necessary, since a time synchronisation of all network
subscribers in a cluster of network subscribers formed in this manner is not possible. In dividing such a
cluster of 10 network subscribers, clusters of network subscribers must therefore be formed, which, in
each case, contain at least one network subscriber which provides a direct transmission connection with
all of the other network subscribers of the divided cluster of network subscribers. 15 The cluster 70' of
network subscribers illustrated in Figure 23 and the cluster 70" of network subscribers illustrated in Figure
33 represent examples of clusters of network subscribers divided in such a manner, which provide a
network 20 subscriber which is disposed in a direct transmission connection with all of the other network
subscribers of the divided cluster of network subscribers. In cluster 70' of Figure 23, this is network
subscriber 7, and in cluster 70" of Figure 33, it is network subscriber 21. 25 In the final method step S60,
the network subscribers integrated in the individual divided or undivided clusters of network subscribers
are time-synchronised, via a network subscriber which is disposed in a direct transmission 30 connection
with all other network subscribers of the respective divided or undivided cluster of network 
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at least one network subscriber is optionally imple mented if 

no individual network subscriber is identifiable in  a cluster 

of network subscribers modified in this manner whic h provides 

a direct transmission connection to all of the othe r network 

subscribers of such a modified cluster of network s ubscribers. 5 

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 

network subscribers, clusters of network subscriber s must 10 

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 

subscriber which is disposed in a direct transmissi on 20 

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 c lusters of 

network subscribers are time-synchronised, via a ne twork 

subscriber which is disposed in a direct transmissi on 

connection with all other network subscribers of th e 30 

respective divided or undivided cluster of network 

subscribers, with the other network subscribers of the 

respective divided or undivided cluster of network subscribers 

through the transmission of information for the tim e 

subscribers, with the other network subscribers of the respective divided or undivided cluster of network
subscribers through the transmission of information for 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 the features disclosed in the description and all of the features illustrated in the figures of the
drawings are also covered by the invention. 10  19 Claims 1. A method for integrating network
subscribers into a time-5synchronised ad-hoc network (100) with the following method steps:  formation of
individual clusters (30,40,50,70,80) in each case of regionally adjacent network subscribers (1,2_,19,20),
10- time synchronisation of the network subscribers (1,2_,19,20) within every cluster (30,40,50,70,80), 
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synchronisation, preferably a coded synchronisation  bit 

sequence. 

 

The invention is not restricted to the embodiments,  variants 

and sub-variants presented. In particular, all comb inations of 5 

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 

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 integrated 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 identification of at least one network subscriber (21;21,22,23) to be integrated into the respective
cluster (70) is implemented 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 range of a previously specified maximum number of network subscribers each associated with
another cluster.  20 4. The method according to any one of claims 1 to 3, characterised in that 
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Claims 

 

1. A method for integrating network subscribers int o a time-

synchronised ad-hoc network (100) with the followin g 5 

method steps: 

- formation of individual clusters (30,40,50,70,80)  in 

each case of regionally adjacent network subscriber s 

(1,2…,19,20), 

- time synchronisation of the network subscribers 10 

(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 

respective cluster (70) and 15 

- 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). 

 

2. The method according to claim 1, 20 

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  

different selected network subscriber (7). 25 

 

3. The method according to claim 1 or 2, 

characterised in that 

the selected network subscriber (7) is restricted t o those 

network subscribers of a cluster which are position ed 30 

within the transmission and/or reception range of a  

previously specified maximum number of network subs cribers 

each associated with another cluster. 

 

the selected network subscriber (7) is restricted to those network subscribers of a cluster which are
positioned 5outside 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 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 statistically fluctuating time spacing (dZI). 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 reception range of all other network subscribers of the respective cluster and, in a first time interval
(ZI), transmits an information known to all network subscribers (1,2_,19,20) 25of the ad-hoc network (100)
for the time synchronisation. 7. The method according to claim 5 or 6, 
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4. The method according to any one of claims 1 to 3 , 

characterised in that 

the selected network subscriber (7) is restricted t o those 

network subscribers of a cluster which are position ed 

outside the transmission and/or reception range of every 5 

network subscriber of all other clusters. 

 

5. The method according to any one of claims 1 to 4 , 

characterised in that 

the time synchronisation of the network subscribers  10 

(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 ( ∆Z1) 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 

by a network subscriber of the respective cluster w hich is 20 

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) 

of the ad-hoc network (100) for the time synchronis ation. 25 

 

7. The method according to claim 5 or 6, 

characterised in that 

the time synchronisation of the network subscribers  

(1,2…,19,20) of a cluster (30,40,50,70,80) is omitt ed if 30 

the number of network subscribers in a cluster is n ot 

changed. 

 

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

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 subscribers 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 5subscriber (21;21,22,23) to be integrated into the respective cluster (70;70';70"). 9. The
method according to claim 8, characterised in that 10a network subscriber (21) which is disposed in the
transmission and/or reception range of the selected network subscriber (7) and intends to integrate itself
into the ad-hoc network (100) acknowledges the information searching for a network subscriber to be
integrated in 
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characterised in that 

the selected network subscriber (7) transmits an 

information searching for a network subscriber to b e 

integrated in order to identify at least one networ k 

subscriber (21;21,22,23) to be integrated into the 5 

respective cluster (70;70’;70’’). 

 

9. The method according to claim 8, 

characterised in that 

a network subscriber (21) which is disposed in the 10 

transmission and/or reception range of the selected  

network subscriber (7) and intends to integrate its elf 

into the ad-hoc network (100) acknowledges the info rmation 

searching for a network subscriber to be integrated  in 

order to identify a network subscriber (21;21,22,23 ) to be 15 

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 20 

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 anothe r which 

intend to integrate themselves into the ad-hoc netw ork 

(100) acknowledges the information searching for a network 25 

subscriber to be integrated in order to identify th e 

network subscribers to be integrated into the respe ctive 

cluster. 

 

11. The method according to any one of claims 1 to 10, 30 

characterised in that 

an individual network subscriber (21) or a network 

subscriber (21) associated with a cluster of mutual ly 

synchronised network subscribers (21,22,23) which i ntend/s 

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, characterised 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 ad-hoc network 25(100) acknowledges the information searching for a network
subscriber to be integrated in order to identify the network subscribers to be integrated into the respective
cluster. 30 11. The method according to any one of claims 1 to 10, characterised in that an individual
network subscriber (21) or a network subscriber (21) associated with a cluster of mutually synchronised
network subscribers (21,22,23) which intend/s  22 to integrate itself or themselves into the ad-hoc network
(100) transmits an information searching for a time-synchronised cluster. 5 12. The method according to
claim 11, characterised in that 
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to integrate itself or themselves into the ad-hoc n etwork 

(100) transmits an information searching for a time -

synchronised cluster. 

 

12. The method according to claim 11, 5 

characterised in that 

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) 

transmitting the information searching for a time-10 

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 

cluster. 15 

 

13. The method according to claim 9, 10 or 12, 

characterised in that 

the transmission of the information searching for a  

network subscriber to be integrated, the informatio n 20 

searching for a time-synchronised cluster and the 

acknowledgement is implemented within previously 

specified, second time intervals Z 2. 

 

14. The method according to any one of claims 1 to 13, 25 

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 

clusters in which at least one network subscriber i s 30 

available in each case within the transmission and/ or 

reception range of all of the other network subscri bers of 

the cluster. 

 

a selected network subscriber (7) of a time-synchronised cluster (70) which is disposed in the
transmission and/or reception range of the network subscriber (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 respective 15cluster. 13. The method according to claim 9, 10 or 12, characterised in
that the transmission of the information searching for a 20network subscriber to be integrated, the
information searching for a time-synchronised cluster and the acknowledgement is implemented within
previously specified, second time intervals 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 is divided as required into several clusters 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 subscribers of the cluster. 
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15. The method according to any one of claims 14, 

characterised in that 

the time synchronisation of the at least one networ k 

subscriber identified for integration into the resp ective 

cluster with the previous network subscribers of th e 5 

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  

periphery of the respective time-synchronised clust er 15 

(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 

claims 1 to 15. 20 

 

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

characterised in that 

the selected network subscribers are each positione d 

within the transmission and/or reception range of a  25 

previously specified maximum number of network subs cribers 

each associated with another time-synchronised clus ter of 

the ad-hoc network (100). 

 

18. The ad-hoc network according to claim 16 or 17,  30 

characterised in that 

the selected network subscribers are each positione d 

outside the transmission and/or reception range of every 

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 integration into the respective 5cluster 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 time interval (Z2). 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 15periphery of the respective time-synchronised cluster
(30,40,50,70,80) for the determination of at least one network subscriber to be integrated into the
respective time-synchronised cluster (30,40,50,70,80), especially for the implementation of a method
according to any one of 20claims 1 to 15. 17. The ad-hoc network according to claim 16, characterised in
that the selected network subscribers are each positioned 25within the transmission and/or reception
range of a 
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network subscriber of all of the other time-synchro nised 

clusters. 
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previously specified maximum number of network subscribers each associated with another
time-synchronised cluster 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 positioned outside the transmission
and/or reception range of every  24  network subscriber of all of the other time-synchronised clusters.  S
10 15 20 25 30 


