10

15

20

25

30

1.

35

Claims

A method for time synchronisation in a mobile ad-hoc
network with the following method steps:

~ transmission by every node (31, 32, 33, 34, 35, 3¢, 34, 33g)
of the mobile ad-hoc network of a message signallinGg a
presence (1), in each case within a given time frame,

- acknowledgement by every node (31, 33, 31, 34,/ 3s, 35, 34,
3g) disposed within the transmission range of/the
transmitting node (31, 32, 33, 3i, 35, 35, 37, 3g) of the
received message signalling a presence (¥), in each case
with an acknowledgement message (2},

- specification of that node (31, 32,/33, 3 35, 3¢ 37, 33)
of two nodes (31, 32, 33, 34, 3s, 3¢/ 37, 3s) disposed within
the transmission range of one angther with the local time
of which the respectively othe¥ node (31, 32, 33, 34, 35,

35, 39, 3g) synchronises its XYoecal time, on the basis of
information in an acknowledgement message (2) which is
received by one of the t@o nodes (31, 32, 33, 34, 35, 35, 37,
3g) and

- synchronisation of/the local time of the nodes (3;, 33,
33, 34, 35, 3& 37, Ag) with the local time of the

respective specified node (331, 32, 33, 34, 35, 3¢, 37, 3a).

The method agcording to claim 1,

characteriged in that,

of the two nodes (31, 32, 33, 34, 35, 3s, 37, 3s) disposed

within/the transmission range of one another, that node

(31, Bz, 33, 34, 3s, 3¢, 37, 3g) is specified, of which the

logal time provides the maximum time accuracy or which is
tegrated in another ad-hoc network with a node {3;, 33,

33, 34, 3s, 36, 37, 3g) of which the local time provides the

maximum time accuracy.
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The method according to claim 1 or 2,

characterised in that,

in the case of an ad-hoc network formed from only two
nodes (31, 32) of which the local times provide an
identical time accuracy, that node (33, 3,) is specifyed
which first transmits an acknowledgement message { to a
message signalling a presence (1} of the two nod {31,

32) .

The method according to any one of claims to 3,
characterised in that,

in the case of an identical time accuracy of all of the
nodes (31, 32, 33, 34, 35, 3&, 327, 3a) Yntegrated in the ad-
hoc network to be formed, that node of the two nodes (3,,
32, 33, 34, 35, 3¢, 37, 3g) dispos within the transmission
range of one another is specifjed which already forms an
ad-hoc network with a relatiyely larger number of nodes

(31, 32+ 33, 344 35, 36, 37, Bs) -

The method according t¢/ any one of claims 1 to 4,
characterised in thaty,

in the case of an jfentical time accuracy of all of the
nodes (31, 32, 33, 34, 35, 36, 37, 3s) integrated in the ad-
hoc network to e formed and with an identical number of
nodes (31, 332/ 33, 34, 3s, 36, 37, 38} with which the two
nodes dispgsed within the transmission range of one
ancther gach form an ad-~hoc network, that node (31, 32, 3a,
34, 35,/3¢, 37, 3g) is specified of which the ad-hoc network

provides a relatively lower identity code.

e method according to claim 5,
characterised in that
the identity code of the ad-hoc network is the Medium-

Access~-Control address of the ad-hoc network.
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The method according to any one of claims 1 to 6,

characterised in that,

in the case of an ad-hoc network from which at least o
node (31} is removed, that node (32, 33, 34} of the
remaining ad-hoc network which provides the local
the

34) of the

with the maximum time accuracy is specified, wit
local time of which the remaining nodes (32, 3j

ad-hoc network each synchronise their local Fime.

The method for time synchronisation accoyding to claim 7,

characterised in that,

in the case of an ad-hoc network frop which at least one
node (3;) is removed and in the case of an identical time
accuracy of the local times of tHe nodes (3;, 33, 34) of

the remaining ad-hoc network, Fhat node (32, 33, 34) of the
remaining ad-hoc network is gpecified which provides the
maximum number of directly/adjacent nodes (32, 33, 34).

The method according t4 claim 7 or 8,
characterised in tha
in the case of an dd-hoc network from which at least one
node (3;) is remgved and in the case of an identical time
accuracy of thg lccal times of the nodes (33, 33, 3.} of

the remaining ad-hoc network and in the case of an

identical glumber of respectively directly adjacent nodes

(32r 33!

hoc ne¥work, that node (32, 33, 34) of the remaining ad-hoc

4) for each node (32, 33, 34) of the remaining ad-

netwdrk is specified which provides the lowest identity

The method according to any one of claims 1 to 6,

characterised in that
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a node {3:, 32, 33, 34, 35, 35 37, 3s) of an ad-hoc network
from which a node (31, 32, 33: 3¢, 35, 35, 337, 3g}, with the
local time of which the node {(3:, 35, 335, 34, 35, 3¢, 37, 3
of the ad-hoc network previously synchronised its local
time, is removed, specifies another node (33, 32, 33, 24,
3s, 36, 37, 3¢) of the remaining ad-hoc network dispgsed
within its transmission range, with the local ti of

which it synchronises its local time.

The method according to any one of claims 1/to 10,
characterised in that

the synchronisation of the local time of the nodes (3;, 3a,
31, 34, 35, 3¢, 39, 3g)} which each form/an ad-hoc network
with one of the two nodes (31, 32, 34, 34« 3s: 36, 37, 3s)
disposed within the transmission Yange of one another is
realised at the local time of the specified node (3;, 3,
33, 34, 35, 36 37, 3g), in thaf every node {31, 3z, 33, 3a,
35, 36, 37, 35) of the respegtive ad-hoc network specifies a
directly adjacent node (3¢, 32, 33, 34, 3s, 3, 37, 3g) of
the ad-hoc network as tHe node (31, 33, 33, 34, 35, 36, 39,
3g) with the local time of which it synchronises its local

time.

The method accoyding to any one of claims 1 to 11,
characterised/in that

the synchropisation of the local time of a node (3;, 33,

33, 3, 3¢, 37, 3s) with the local time of the specified
node (3 32, 33, 34, 3s5, 36, 37, 38) is implemented in that
the specified node (331, 3z, 33, 34, 35, 35, 37, 3s)
compfunicates to the node the reception time of the message
t¥ansmitted from the node (31, 32, 33, 34, 335, 36, 37, 3s) in
order to update a presence {l) or an acknowledgement
message (2) at the local time of the specified node (34,

32, 33, 34: 3s, 3%, 37, 3g) and the transmission time of a
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message transmitted to the node (3, 32, 33, 34, 3s, 3e, 31,
3g) in order to signal a presence (1) or an acknowledgement

message (2).

The method according teo claim 12,

characterised in that

the synchronisaticn of the lccal time of a node (&, 3z,
33, 34, 35, 35, 37, 3g) with the local time of theg specified
nede (31, 32, 33, 34, 35, 35, 37, 3p) takes pla with every
reception of a message signalling a presencg (1) or an
acknowledgement message (2) of the specified node (3;, 3z,

33, 34, 3s, 3¢, 37, 38)-

The method according to any one of £laims 7 to 9,
characterised in that

the removal of a node {3;, 32, r 34, 3s, 36, 37, 3g) from
an ad-hoc¢ network is identifiéd if no further message
signalling a presence (1) of the moving node (31, 32, 33,
34, 35, 35, 37, 3s) has be received from any of the other
ncedes {31, 32, 33, 34, 3¢ 36, 397, 3e) of the remaining ad-
hoc network since the/last reception time of a message
signalling a presenge (1) of the moving node (3i1, 32, 3a,
34, 3s, 36, 39, 3g)/within a constant time frame in which,
respectively, a/message signalling a presence (1) is

transmitted.

a condtant time frame in which the node ({31, 32, 33, 34, 3s,
36:,/39, 3s) transmits a message updating a presence (1} is

nimised in order to reduce the influence of a clock-
pulse drift on the time accuracy of the local time of a
node (331, 32, 33, 34, 3s, 3¢, 33, 3a).
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The method accerding to claim 13,
characterised in that

the node (31, 32, 33, 34, 35, 35, 37, 3g) calculates the
transmission time of the message updating a presence (
in order to limit the influence of the clock-pulse drift
on the time accuracy of the local time of the node /(31, 32,
33, 34, 3s, 36, 37, 3a)-

ile ad-hoc
34: 35r 36! 3'?:

A system for time synchronisation within a m
3

network comprising several nodes (3, 3;, f

3g) each transmitting a message signalli a presence (1},

in each case within a given time frame,/ whereas an

acknowledgement of the message signa¥ling a presence (1)
is implemented by means of an ackngwledgement message (2)
by every node {(3:, 32, 31, 34, 35,

f the node (31, 32, 33, 34,

36, 37, 3g) disposed
within the transmission range
35, 3s, 37, 3s) transmitting message signalling a presence
{1}, whereas, in each case/from two nodes {31, 3z, 33, 31,

35, 3, 33, 3s) disposed thin the transmission range of

one another, a node (3¢, 32, 33, 34, 3s, 3¢, 37, 3a) is

specified with the lgcal time of which the local time of
the respectively orher node (31, 32, 33, 34, 3s, 35, 37, 3g)
is synchronised,

32: 331\' 34: 35r

whereas the specification of the node (3y,
6r 37, 3g) is implemented on the basis of

information ¥n the acknowledgement message (2) received
from one of the two nodes (31, 32, 33, 34, 3s, 3¢, 37, 3a)

disposed Avithin the transmission range of one another.
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A method for time synchronization in a mobile ad-hoc network, comprising:

transmitting by every node of the mobile ad-hoc network of a2 message signalling a
presence, in each case within a given time frame,

acknowledging by every node disposed within the transmission range of the transmitting
node of the received message signalling a presence, in each case with an acknowledgement
message,

specifying of that node of two nodes disposed within the transmission range of one
another with the local time of which the respectively other node synchronizes its local time, on
the basis of information in an acknowledgement message which is received by one of the two
nodes, and

synchronizing of the local time of the nodes with the local time of the respective
specified node,

wherein of the two nodes disposed within the transmission range of one another, that
node is specified, of which the local time provides maximum time accuracy or which is integrated
in another ad-hoc network with a node of which the local time provides the maximum time

accuracy.

The method according to claim 1, wherein in the case of an adhoc network formed from only two
nodes of which the local times provide an identical time accuracy, that node is specified which

first transmits an acknowledgement message {0 a message signalling a presence of the two nodes.

The method according to claim 1, wherein in the case of an identical time accuracy of all of the

nodes integrated in the ad-hoc network to be formed, that node of the two nodes disposed within
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the transmission range of one another is specified which already forms an ad-hoc network with a

relatively larger number of nodes.

The method according to claim 1, wherein in the case of an identical time accuracy of all of the
nodes integrated in the ad-hoc network to be formed and with an identical number of nodes with
which the two nodes disposed within the transmission range of one another each form an ad-hoc
network, that node is specified of which the ad-hoc network provides a relatively lower identity

code.

The method according to claim 4, wherein the identity code of the ad-hoc network is the

Medium-Access-Control address of the ad-hoc network.

The method according to claim }, wherein in the case of an adhoc network from which at least
one node is removed, that node of the remaining ad-hoc network which provides the local time
with the maximum time accuracy is specified, with the local time of which the remaining nodes

of the ad-hoc network each synchronize their local time.

The method for time synchronization according to claim 6, wherein in the case of an ad-hoc
network from which at least one node is removed and in the case of an identical time accuracy of
the local times of the nodes of the remaining ad-hoc network, that node of the remaining ad-hoc

network is specified which provides the maximum number of directly adjacent nodes.

The method according to claim 6, wherein in the case of an adhoc network from which at least
one node is removed and in the case of an identical time accuracy of the local times of the nodes

of the remaining ad-hoc network and in the case of an identical number of respectively directly
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adjacent nodes for each node of the remaining ad-hoc network, that node of the remaining ad-hoc

network is specified which provides the lowest identity code.

The method according to claim 1, wherein a node of an ad-hoc network from which a node, with
the local time of which the node of the ad-hoc network previously synchronized its Iocal time, is
removed, specifies another node of the remaining adhoc network disposed within its transmission

range, with the local time of which it synchronizes its local time.

The method according to claim 1, wherein the synchronization of the local time of the nodes
which each form an ad-hoc network with one of the two nodes disposed within the transmission
range of one another is realized at the local time of the specified node, in that every node of the
respective ad-hoc network specifies a directly adjacent node of the ad-hoc network as the node

with the local time of which it synchronizes its local time.

The method according to claim I, wherein the synchronization of the local time of a node with
the local time of the specified node is implemented in that the specified node communicates to the
node the reception time of the message transmitted from the node in order to update a presence or
an acknowledgement message at the local time of the specified node and the transmission time of
a message transmitted to the node in order to signal a presence or an acknowledgement message.
The method according to claim 11, wherein the synchronization of the local time of a node with
the local time of the specified node takes place with every reception of a message signalling a

presence or an acknowledgement message of the specified node.

The method according to claim 6, wherein the removal of a node from an ad-hoc network is
identified if no further message signalling a presence of the moving node has been received from

any of the other nodes of the remaining ad-hoc network since the last reception time of a message
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signalling a presence of the moving node within a constant time frame in which, respectively, a

message signalling a presence is transmitted.

The method according to claim 1, wherein a constant time frame in which the node transmits a
message updating a presence is minimised in order to reduce the influence of a clock-pulse drift

on the time accuracy of the local time of a node.

The method according to claim 14, wherein the node calculates the transmission time of the
message updating a presence in order to limit the influence of the clock-pulse drift on the time

accuracy of the local time of the node.

A system for time synchronization within a mobile ad-hoc network comprising several nodes
each transmitting a message signalling a presence, in each case within a given time frame,

whereas an acknowledgement of the message signalling a presence is implemented by
means of an acknowledgement message by every node disposed within the transmission range of
the node transmitting a message signalling a presence,

whereas, in each case from two nodes disposed within the transmission range of one
another, a node is specified with the local time of which the local time of the respectively other
node is synchronized,

whereas the specification of the node is implemented on the basis of information in the
acknowledgement message received from one of the two nodes disposed within the transmission
range of one another, and

whereas of the two nodes disposed within the transmission range of one another, that
node is specified, of which the local time provides maximum time accuracy or which is integrated
in another ad-hoc network with a node of which the local time provides the maximum time

accuracy.
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17. A method for time synchronization in a mobile ad-hoc network, comprising;

transmitting by every node of the mobile ad-hoc network of a message signalling a
presence, in each case within a given time frame,

acknowledging by every node disposed within the transmission range of the transmitting
node of the received message signalling a presence, in each case with an acknowledgement
message,

specifying of that node of two nodes disposed within the transmission range of one
another with the local time of which the respectively other node synchronizes its local time, on
the basis of information in an acknowledgement message which is received by one of the two
nodes, and

synchronizing of the local time of the nodes with the local time of the respective
specified node,

wherein in the case of an ad-hoc network formed from only two nodes of which the local
times provide an identical time accuracy, that node is specified which first transmits an

acknowledgement message to a message signalling a presence of the two nodes.



