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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a mobile termi-
nal device, a topology management device, and a loca-
tion management device in a situation wherein a com-
munication network is comprised of sets of mobile termi-
nal devices, the topology management device, and the
location management device, and to a communication
method in the communication network.

Related Background Art

[0002] Thereare studiesonanad hoc networkinwhich
mobile terminal devices, which constitute the network,
relay transmitted data among them to implement data
transmission in a multihop method among the mobile ter-
minal devices. The known methods of constructing the
ad hoc network include a method in which each mobile
terminal device autonomously calculates a route to an-
other mobile terminal device (e.g., cf. Document 1 "T.
Clausen, P. Jacquet, Project Hipercom, "Optimized Link
State Routing Protocol (OLSR)," RFC3626, Internet
<URL:www.ietf.org/rfc/rfc3626.txt>;"). Another known
method is one in which a control device different from
the mobile terminal devices calculates a route and noti-
fies the mobile terminal devices of the calculated route
(e.g., cf. Document 2 "Bharat Bhargava, Xiaoxin Wu, Yi
Lu, and Wechao Wang, "Integrating Heterogeneous
Wireless Technologies: A Cellular Aided Mobile Ad hoc
Network (CAMA)," ACM Mobile Network and Applica-
tions, 2003").

[0003] Inthe method wherein each mobile terminal de-
vice autonomously calculates the route, for example, as
described inthe Document 1, the mobile terminal devices
constituting the ad hoc network exchange terminal iden-
tification information (routing information) on the network
with each other. This permits each mobile terminal device
to figure out a location where another mobile terminal
deviceislocated on the ad hoc network, and thus enables
each mobile terminal device to determine a route to the
other mobile terminal device.

[0004] In the other method wherein the separate con-
trol device calculates the route between mobile terminal
devices, for example, as described in the Document 2,
the control device collects the routing information from
all the mobile terminal devices. The control device is able
to figure out a location where each mobile terminal device
is located on the ad hoc network, based on this routing
information, and thus the control device is able to deter-
mine a route between mobile terminal devices.

The document US2004003111 discloses a cluster tree
network formed by self-organization of a number of
nodes. The method of self-organization includes proc-
esses for cluster formation, cluster network mainte-
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nance, intra-cluster communication. In the cluster forma-
tion process, each node discovers if any neighboring
node is a cluster head or if any node is already a member
of a cluster and if a cluster head or a networked node is
discovered, each node establishes a communication link
with the cluster head or the networked node. If no cluster
head or networked node is discovered, the node itself
becomes a cluster head. The network is maintained by
each node periodically broadcasting a HELLO message
to neighboring nodes, receiving responses to the HELLO
message and updating a neighbor list in accordance with
responses to the HELLO message. Multi-cluster net-
works are also provided using the processes of inter-
cluster network formation, inter-cluster network mainte-
nance, and inter-cluster communication.

No other related prior art is known.

SUMMARY OF THE INVENTION

[0005] However, when the autonomous route calcula-
tion method by each mobile terminal device is applied to
alarge-scale ad hoc network consisting of a great number
of mobile terminal devices, control signals necessary for
the exchange of routing information among the mobile
terminal devices tend to increase explosively. This re-
sults in posing a problem that a heavy load is imposed
on each mobile terminal device forming the ad hoc net-
work. On the other hand, the route calculation method
by the control device tends to impose a load caused by
the route calculation, intensively on the control device
and this results in posing a problem that a heavy load is
imposed on the control device.

[0006] The present invention has been accomplished
in view of the above circumstances and an object of the
invention is to provide a system according to claim 1,
including a plurality of mobile terminal devices, atopology
management device, and a location management de-
vice, and a communication method according to claim 4
capable of appropriately spreading the load due to the
calculation of a route between mobile terminal devices
constituting a mobile communication system, across the
mobile terminal devices and control devices and thereby
preventing the load from being imposed intensively on a
specific device.

[0007] In order to solve the above problem, a mobile
terminal device according to the present invention is a
mobile terminal device in a situation in which a commu-
nication network is comprised of a set of mobile terminal
devices, a topology management device, and a location
management device, the mobile terminal device com-
prising: routing information receiving means for receiving
representative terminal identification information to iden-
tify a location on the communication network of a repre-
sentative mobile terminal device as a representative of
the set to which the mobile terminal device itself (host
mobile terminal device) belongs, from the representative
mobile terminal device; routing information storing
means for storing the representative terminal identifica-
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tion information received by the routing information re-
ceiving means, and host terminal identification informa-
tion to identify a location on the communication network
of the host mobile terminal device; routing information
transmitting means for reading the representative termi-
nal identification information and the host terminal iden-
tification information out of the routing information storing
means and for transmitting the host terminal identification
information to the representative mobile terminal device
on the basis of the representative terminal identification
information; and data transmitting means for reading the
representative terminal identification information out of
the routing information storing means and for transmitting
transmitted data to the representative mobile terminal
device on the basis of the representative terminal iden-
tification information.

[0008] The mobile terminal device of the present in-
vention as described above is configured as follows:
when the host mobile terminal device is not a represent-
ative mobile terminal device in the set forming the com-
munication network, the host mobile terminal device ex-
changes the routing information necessary for execution
of data communication with only the representative mo-
bile terminal device in the set to which the host device
belongs. Namely, the host mobile terminal device retains
only the routing information of the representative mobile
terminal device in the set to which the host device be-
longs, and transmits the routing information of the host
device to only the representative mobile terminal device
in the set to which the host device belongs. This reduces
the volume of routing information exchanged among the
mobile terminal devices constituting the communication
network, and reduces the load on each mobile terminal
device not being a representative of a set.

[0009] The mobile terminal device of the present in-
vention is preferably configured as follows: the mobile
terminal device further comprises topology registration
transmitting means for reading the host terminal identifi-
cation information as the representative terminal identi-
fication information, and other representative terminal
identification information to identify a location on the com-
munication network of an other representative mobile ter-
minal device as a representative of an other set adjacent
to the set to which the host mobile terminal device be-
longs, out of the routing information storing means and
for transmitting the host terminal identification informa-
tion and the other representative terminal identification
information to the topology management device; location
registration transmitting means for reading the host ter-
minal identification information as the representative ter-
minal identification information, and nonrepresentative
terminal identification information to identify a location on
the communication network of a nonrepresentative mo-
bile terminal device not representing the set to which the
host mobile terminal device belongs, out of the routing
information storing means and for transmitting the host
terminal identification information and the nonrepre-
sentative terminal identification information to the loca-
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tion management device; and topology information re-
ceiving means for receiving from the topology manage-
ment device, topology information to indicate a route on
the communication network from a source representative
mobile terminal device as a representative of a set to
which a source mobile terminal device as a source of
transmitted data belongs, to a destination representative
mobile terminal device as a representative of a set to
which a destination mobile terminal device as a destina-
tion of the transmitted data belongs; the routing informa-
tion receiving means receives the other representative
terminal identification information from the other repre-
sentative mobile terminal device and receives the non-
representative terminal identification information from
the nonrepresentative mobile terminal device; the routing
information storing means stores the other representa-
tive terminal identification information and the nonrepre-
sentative terminal identification information received by
the routing information receiving means; the routing in-
formation transmitting means transmits the host terminal
identification information as the representative terminal
identification information to the nonrepresentative mobile
terminal device and to the other representative mobile
terminal device; and the data transmitting means trans-
mits the transmitted data to the destination representa-
tive mobile terminal device on the basis of the topology
information received by the topology information receiv-
ing means, transmits the transmitted data to the other
representative mobile terminal device on the basis of the
other representative terminal identification information
stored in the routing information storing means, and
transmits the transmitted data to the nonrepresentative
mobile terminal device on the basis of the nonrepresenta-
tive terminal identification information stored in the rout-
ing information storing means.

[0010] According to this invention, when the host mo-
bile terminal device is a representative mobile terminal
device in the set forming the communication network, the
host mobile terminal device exchanges the routing infor-
mation necessary for execution of data communication
with only the other representative mobile terminal device
ofthe other setadjacent to the setto which the host device
belongs, and the nonrepresentative mobile terminal de-
vice in the set to which the host device belongs. Namely,
the host mobile terminal device retains only the routing
information of the other representative mobile terminal
device of the other set adjacent to the set to which the
host device belongs, and the routing information of the
nonrepresentative mobile terminal device in the set to
which the host device belongs, and transmits the routing
information of the host device to the other representative
mobile terminal device and the nonrepresentative mobile
terminal device only. This reduces the volume of routing
information exchanged among the mobile terminal de-
vices constituting the communication network, and re-
duces the load on the mobile terminal device as a rep-
resentative of a set.

[0011] According to this invention, the topology regis-
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tration transmitting means transmits the representative
terminal identification information and the other repre-
sentative terminal identification information to the topol-
ogy management device and the location registration
transmitting means transmits the representative terminal
identification information and the nonrepresentative ter-
minal identification information to the location manage-
ment device. When the source mobile terminal device
itself does not retain the route on the communication net-
work to the destination mobile terminal device, it contacts
the topology management device and the location man-
agement device to receive the necessary route informa-
tion and thereby acquire the route to the destination mo-
bile terminal device, and thus becomes able to appropri-
ately transmit the transmitted data.

[0012] In the mobile terminal device of the present in-
vention, preferably, the topology registration transmitting
means transmits the host terminal identification informa-
tion as the representative terminal identification informa-
tion, and specific other representative terminal identifi-
cation information to the topology management device.
According to this invention, the topology registration
transmitting means transmits only the specific other rep-
resentative terminal identification information, for exam-
ple, restricted according to a predetermined rule, as the
other representative terminal identification information to
the topology management device. Therefore, it reduces
the volume of information transmitted from the mobile
terminal device to the topology management device and
reduces the load on the mobile terminal device.

[0013] A topology management device according to
the present invention is a topology management device
in a situation in which a communication network is com-
prised of a set of mobile terminal devices, the topology
management device, and a location management de-
vice, the topology management device comprising: to-
pology registration receiving means for receiving repre-
sentative terminal identification information to identify a
location on the communication network of a representa-
tive mobile terminal device as a representative of the set,
and other representative terminal identification informa-
tion to identify a location on the communication network
of an other representative mobile terminal device as a
representative of an other set adjacent to the set on the
communication network, from the representative mobile
terminal device; topology information storing means for
storing the representative terminal identification informa-
tion and the other representative terminal identification
information received by the topology registration receiv-
ing means; location information receiving means for re-
ceiving source representative terminal identification in-
formation to identify a location on the communication net-
work of a source representative mobile terminal device
as a representative of a set to which a source mobile
terminal device as a source of transmitted data belongs,
and destination terminal identification information to
identify a location on the communication network of a
destination mobile terminal device as a destination of the
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transmitted data, from the source representative mobile
terminal device and for receiving destination represent-
ative terminal identification information to identify a loca-
tion on the communication network of a destination rep-
resentative mobile terminal device as a representative
of a set to which the destination mobile terminal device
belongs, from the location management device; and to-
pology calculating means for calculating topology infor-
mation to indicate a route on the communication network
from the source representative mobile terminal device to
the destination representative mobile terminal device,
based on the source representative terminal identifica-
tion information and the destination representative ter-
minal identification information received by the location
information receiving means, with reference to the rep-
resentative terminal identification information and the
other representative terminal identification information
stored in the topology information storing means, and for
transmitting the calculated topology information to the
source representative mobile terminal device.

[0014] In the topology management device of the
present invention as described above, the topology reg-
istration receiving means receives the representative ter-
minal identification information and the other represent-
ative terminal identification information, i.e., information
to indicate a positional relation between the mobile ter-
minal devices as representatives in the communication
network. The topology information storing means stores
the information received by the topology registration re-
ceiving means. Then the topology calculating means cal-
culates the route between the representative mobile ter-
minal devices in the communication network with refer-
ence to the representative terminal identification infor-
mation and the other representative terminal identifica-
tion information stored in the topology information storing
means, and can transmit the calculated route informa-
tion, for example, to the source representative mobile
terminal device not retaining the route to the destination
mobile terminal device.

[0015] The topology management device transmits
and receives the information to and from only the mobile
terminal devices as representatives among the plurality
of mobile terminal devices constituting the communica-
tion network. Therefore, it reduces the volume of infor-
mation transmitted and received by the topology man-
agement device and reduces the load on the topology
management device.

[0016] In the topology management device of the
present invention, preferably, the topology registration
receiving means receives the representative terminal
identification information, and specific other representa-
tive terminalidentification information from the represent-
ative mobile terminal device, and the topology informa-
tion storing means stores the representative terminal
identification information received by the topology regis-
tration receiving means, as the specific other represent-
ative terminal identification information and stores the
specific other representative terminal identification infor-
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mation received by the topology registration receiving
means, as the representative terminal identification in-
formation. According to this invention, the topology reg-
istration receiving means receives only the specific other
representative terminal identification information, for ex-
ample, restricted according to a predetermined rule, as
the other representative terminal identification informa-
tion from the representative mobile terminal device.
Therefore, it reduces the volume of information transmit-
ted from the representative mobile terminal device and
received by the topology management device, and re-
duces the load on the topology management device.
[0017] Alocation managementdevice according to the
present invention is a location management device in a
situation in which a communication network is comprised
of a set of mobile terminal devices, a topology manage-
ment device, and the location management device, the
location management device comprising: location regis-
tration receiving means for receiving representative ter-
minal identification information to identify a location on
the communication network of a representative mobile
terminal device as a representative of the set, and non-
representative terminal identification information to iden-
tify a location on the communication network of a non-
representative mobile terminal device not representing
the set, from the representative mobile terminal device;
location information storing means for storing the repre-
sentative terminal identification information and the non-
representative terminal identification information re-
ceived by the location registration receiving means; and
location information searching means for reading repre-
sentative terminal identification information in a set to
which an arbitrary nonrepresentative mobile terminal de-
vice belongs, out of the location information storing
means and for transmitting the read representative ter-
minal identification information to the topology manage-
ment device.

[0018] In the location management device of the
present invention as described above, the location reg-
istration receiving means receives the representative ter-
minal identification information and the nonrepresenta-
tive terminal identification information, i.e., information to
indicate a positional relation between the mobile terminal
device a representative of an arbitrary set forming the
communication network, and the mobile terminal device
not representing a set. The location information storing
means stores the information received by the location
registration receiving means. Then the location informa-
tion searching means reads, for example, destination
representative terminal identification information in a set
to which an arbitrary destination mobile terminal device
belongs, with reference to the representative terminal
identification information and the nonrepresentative ter-
minal identification information stored in the location in-
formation storing means, and can transmit it to the topol-
ogy management device.

[0019] The location management device receives the
information from only the representative mobile terminal
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device among the plurality of mobile terminal devices
constituting the communication network. Therefore, it re-
duces the volume of information received by the location
management device and reduces the load on the location
management device.

[0020] Incidentally, while the present invention can be
described as the invention of the mobile terminal device,
topology management device, and location management
device as described above, the invention can also be
described as the invention of a communication method
as described below. It is noted that this is different only
in category but substantially the same invention with sim-
ilar action and effect.

[0021] A communication method according to the
present invention is a communication method in a com-
munication network which is comprised of a set of mobile
terminal devices, a topology management device, and a
location management device, the communication meth-
od comprising: a routing information receiving step
wherein routing information receiving means of a first mo-
bile terminal device receives representative terminal
identification information to identify a location on the com-
munication network of a representative mobile terminal
device as a representative of the set to which the first
mobile terminal device itself (host mobile terminal device)
belongs, from the representative mobile terminal device,
receives other representative terminal identification in-
formation to identify a location on the communication net-
work of an other representative mobile terminal device
as a representative of an other set adjacent to the set to
which the host mobile terminal device belongs, on the
communication network, from the other representative
mobile terminal device, and receives nonrepresentative
terminal identification information to identify a location on
the communication network of a nonrepresentative mo-
bile terminal device not representing the set to which the
host mobile terminal device belongs, from the nonrepre-
sentative mobile terminal device; a routing information
storing step wherein routing information storing means
of the first mobile terminal device stores host terminal
identification information to identify a location on the com-
munication network of the host mobile terminal device,
and stores the representative terminal identification in-
formation, the other representative terminal identification
information, and the nonrepresentative terminal identifi-
cation information received in the routing information re-
ceiving step; a routing information transmitting step
wherein routing information transmitting means of the
first mobile terminal device transmits the host terminal
identification information as the nonrepresentative termi-
nal identification information to the representative mobile
terminal device and transmits the host terminal identifi-
cation information as the representative terminal identi-
fication information to the nonrepresentative mobile ter-
minal device and to the other representative mobile ter-
minal device; a topology registration transmitting step
wherein topology registration transmitting means of the
first mobile terminal device transmits the host terminal
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identification information as the representative terminal
identification information, and the other representative
terminal identification information to the topology man-
agement device; a topology registration receiving step
wherein topology registration receiving means of the to-
pology management device receives the representative
terminal identification information and the other repre-
sentative terminal identification information transmitted
in the topology registration transmitting step; a topology
information storing step wherein topology information
storing means of the topology management device stores
the representative terminal identification information and
the other representative terminal identification informa-
tion received in the topology registration receiving step;
a location registration transmitting step wherein location
registration transmitting means of the first mobile terminal
device transmits the host terminal identification informa-
tion as the representative terminal identification informa-
tion, and the nonrepresentative terminal identification in-
formation to the location management device; a location
registration receiving step wherein location registration
receiving means of the location management device re-
ceives the representative terminal identification informa-
tion and the nonrepresentative terminal identification in-
formation transmitted in the location registration trans-
mitting step; a location information storing step wherein
location information storing means of the location man-
agement device stores the representative terminal iden-
tification information and the nonrepresentative terminal
identification information received in the location regis-
tration receiving step; a location information searching
step wherein location information searching means of
the location management device reads representative
terminal identification information in a set to which an
arbitrary nonrepresentative mobile terminal device be-
longs, from the representative terminal identification in-
formation stored in the location information storing step,
and transmits the read representative terminal identifica-
tion information to the topology management device; a
location information receiving step wherein location in-
formation receiving means of the topology management
device receives source representative terminal identifi-
cation information to identify a location on the communi-
cation network of a source representative mobile terminal
device as a representative of a set to which a source
mobile terminal device as a source of transmitted data
belongs, and destination terminal identification informa-
tion to identify a location on the communication network
of a destination mobile terminal device as a destination
of the transmitted data, from the source representative
mobile terminal device, and receives destination repre-
sentative terminal identification information to identify a
location on the communication network of a destination
representative mobile terminal device as a representa-
tive of a set to which the destination mobile terminal de-
vice belongs, from the location management device
through the location information searching step; a topol-
ogy calculating step wherein topology calculating means
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of the topology management device calculates topology
information to indicate a route on the communication net-
work from the source representative mobile terminal de-
vice to the destination representative mobile terminal de-
vice, based on the source representative terminal iden-
tification information and the destination representative
terminal identification information received in the location
information receiving step, with reference to the repre-
sentative terminal identification information and the other
representative terminal identification information stored
in the topology information storing step, and transmits
the calculated topology information to the source repre-
sentative mobile terminal device; a topology information
receiving step wherein topology information receiving
means of the first mobile terminal device receives the
topology information calculated in the topology calculat-
ing step, from the topology management device; and a
data transmitting step wherein data transmitting means
of the first mobile terminal device transmits the transmit-
ted data to the destination representative mobile terminal
device on the basis of the topology information received
in the topology information receiving step, transmits the
transmitted data to the other representative mobile ter-
minal device on the basis of the other representative ter-
minal identification information received in the routing in-
formation receiving step, transmits the transmitted data
to the nonrepresentative mobile terminal device on the
basis of the nonrepresentative terminal identification in-
formation received in the routing information receiving
step, and transmits the transmitted data to the represent-
ative mobile terminal device on the basis of the repre-
sentative terminal identification information received in
the routing information receiving step.

[0022] The communication method of the present in-
vention is also preferably arranged as follows: in the to-
pology registration transmitting step the topology regis-
tration transmitting means of the first mobile terminal de-
vice transmits the host terminal identification information
as the representative terminal identification information,
and specific other representative terminal identification
information to the topology management device; in the
topology registration receiving step the topology regis-
tration receiving means of the topology management de-
vice receives the representative terminal identification in-
formation and the specific other representative terminal
identification information transmitted in the topology reg-
istration transmitting step; and in the topology information
storing step the topology information storing means of
the topology management device stores the represent-
ative terminal identification information received in the
topology registration receiving step, as the specific other
representative terminal identification information and
stores the specific other representative terminal identifi-
cation information received in the topology registration
receiving step, as the representative terminal identifica-
tion information.

[0023] The present invention appropriately spreads
the load due to the route calculation between mobile ter-
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minal devices forming the mobile communication sys-
tem, across the mobile terminal devices, the topology
management device, and the location management de-
vice and prevents the load from being imposed intensive-
ly on a specific device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Fig. 1isaschematic diagram to illustrate a con-
figuration of mobile communication system 1 in the first
embodiment.

[0025] Fig.2isaschematic diagram to illustrate a con-
figuration of mobile terminal device 10 in Fig. 1.

[0026] Fig. 3 is an example of a routing information
table stored in mobile terminal device 10 as a cluster
head 10a.

[0027] Fig. 4 is an example of a routing information
table stored in mobile terminal device 10 as a cluster
member 10b.

[0028] Fig.5isaschematic diagram to illustrate a con-
figuration of topology management device 20 in Fig. 1.

[0029] Fig. 6 is an example of topology registration in-
formation stored in topology management device 20 in
Fig. 5.

[0030] Fig.7isaschematic diagram toillustrate a con-

figuration of location management device 30 in Fig. 1.

[0031] Fig. 8 is an example of location registration in-
formation stored in location management device 30 in
Fig. 7.

[0032] Fig. 9 is a sequence diagram for explaining an

operation in mobile communication system 1 in Fig. 1.
[0033] Fig. 10is a sequence diagram for explaining an
operation in mobile communication system 1 in Fig. 1.
[0034] Fig. 11is a sequence diagram for explaining an
operation in mobile communication system 1 in Fig. 1.
[0035] Fig. 12 is a schematic diagram to illustrate a
configuration of mobile terminal device 10A in the second
embodiment.

[0036] Fig. 13 is a schematic diagram to illustrate a
configuration of topology management device 20A in the
second embodiment.

[0037] Fig. 14 is an example of topology registration
information stored in topology management device 20A
in Fig. 13.

[0038] Fig. 15is a sequence diagram for explaining an
operation in mobile communication system 1 in the sec-
ond embodiment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0039] The expertise of the present invention can be
readily understood in view of the following detailed de-
scription with reference to the accompanying drawings
presented by way of illustration only. Subsequently, em-
bodiments of the present invention will be described with
reference to the accompanying drawings. The embodi-
ments of the present invention will be described below
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using an example of a situation in which a mobile com-
munication system (communication network) 1 shown in
Fig. 1is comprised of mobile terminal devices 10 (generic
term of 10a, 10b), topology management device 20, and
location management device 30 according to the present
invention. The same portions will be denoted by the same
reference symbols as much as possible, without redun-
dant description.

[First Embodiment]

[0040] First, a configuration of mobile communication
system 1 according to the first embodiment of the present
invention will be described with reference to Fig. 1. As
shown in Fig. 1, the mobile communication system 1 is
comprised of a plurality of mobile terminal devices 10a,
10b located on an ad hoc network, and topology man-
agement device 20 and location management device 30
installed on an infrastructure network. Each of the com-
ponents of this mobile communication system 1 will be
described below in detail.

[0041] First, a mobile terminal device 10 will be de-
scribed. The mobile terminal device 10 is a mobile com-
munication terminal with a wireless communication func-
tion, e.g., a cell phone, a PDA (Personal Digital Assist-
ant), a notebook PC, or the like. This mobile terminal
device 10 is configured to be able to communicate with
other mobile terminal devices (hereinafter referred to as
"other terminals") within a range where radio waves can
propagate. The mobile terminal device 10 is configured
to be able to communicate through the infrastructure net-
work with the topology management device 20 and with
the location management device 30.

[0042] As shown in Fig. 1, a set of mobile terminal de-
vices 10 form a cluster. This cluster is comprised of one
mobile terminal device 10a as a representative (repre-
sentative mobile terminal device, which will be referred
to as "cluster head 10a") and at least one mobile terminal
device 10b as a member (nonrepresentative mobile ter-
minal device, which will be referred to as "cluster member
10b").

[0043] For forming a cluster as described above, the
first embodiment adopts a method of defining mobile ter-
minal devices existing in a specific location registration
area in a certain mobile communication system, as mo-
bile terminal devices belonging to the cluster. Another
applicable method is, for example, a method of forming
a cluster by defining mobile terminal devices existing in
a communicable area with a specific base station in a
certain mobile communication system, as mobile termi-
nal devices belonging to the cluster. Still another appli-
cable method is to form a cluster by defining mobile ter-
minal devices owned by specific users, as mobile termi-
nal devices belonging to the cluster. A further applicable
method is to form a cluster by defining mobile terminal
devices held by a plurality of users with similar prefer-
ence, as mobile terminal devices belonging to the cluster.
One of these cluster forming methods can be properly
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selected in view of simplicity ofimplementation or the like.
[0044] For determining the cluster head 10a, the first
embodiment adopts a method of selecting as the cluster
head 10a, a mobile terminal device capable of commu-
nicating with the topology management device 20 and
with the location management device 30 among the mo-
bile terminal devices 10 belonging to the cluster. For ex-
ample, in a case where there are a plurality of mobile
terminal devices capable of communicating with the to-
pology management device 20 and with the location
management device 30, a mobile terminal device with
higher performance than the other terminals in terms of
its battery, CPU (Central Processing Unit), and so on is
selected as the cluster head 10a. Among such determi-
nation methods of cluster head 10a, one of them can be
properly selected in view of simplicity of implementation
or the like, e.g., a method of preliminarily determining a
specific mobile terminal device as a fixed cluster head.
[0045] The mobile terminal device 10 is configured to
be able to find out a route to a neighbor mobile terminal
device, using a known routing protocol, e.g., the OLSR
(Optimized Link State Routing Protocol) or the like. In
this case, each cluster member 10b retains at least a
route to the cluster head 10a in the cluster to which the
cluster member 10b itself belongs. On the other hand,
the cluster head 10aretains a route to every cluster mem-
ber 10b in the cluster to which the cluster head 10a itself
belongs, and a route to a cluster head in a neighbor clus-
ter. As described above, each mobile terminal device
does not have to know routes to all the other terminals
in the mobile communication system 1, and retains only
a route to another terminal within a limited range, e.g., a
range of several hops around it. This limited range can
be searched, for example, by GPS (Global Positioning
System) or the like. It is, however, contemplated that the
GPS-based method is so arranged that routing informa-
tion sent from a terminal at certain coordinates is relayed
by only terminals within a certain coordinate range.
[0046] Fig.2isaschematic diagram toillustrate a con-
figuration of mobile terminal device 10. As shown in Fig.
2, the mobile terminal device 10 is comprised of routing
information storage 101 (routing information storing
means), routing information receiver 102 (routing infor-
mation receiving means), routing information transmitter
103 (routing information transmitting means), location
registration transmitter 104 (location registration trans-
mitting means), topology registration transmitter 105 (to-
pology registration transmitting means), topology infor-
mation inquiry transmitter 106, data receiver 107, topol-
ogy information response receiver 108 (topology infor-
mation receiving means), and data transmitter 109 (data
transmitting means). In the description hereinafter, the
mobile terminal device 10 as a cluster head 10a includes
the routing information storage 101, routing information
receiver 102, routing information transmitter 103, loca-
tion regqistration transmitter 104, topology registration
transmitter 105, topology information inquiry transmitter
106, data receiver 107, topology information response
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receiver 108, and data transmitter 109, while the mobile
terminal device 10 not serving as a cluster head 10a may
be constructed including the routing information storage
101, routing information receiver 102, routing information
transmitter 103, data receiver 107, and data transmitter
109. Each of the components of this mobile terminal de-
vice 10 will be described below in detail.

[0047] The routing information receiver 102 is a part
that receives routing information transmitted from routing
information transmitter 103 of another terminal. When
the mobile terminal device 10 itself (hereinafter referred
to as "host terminal") is a cluster head 10a, the routing
information receiver 102 receives routing information
(nonrepresentative terminal identification information) of
each cluster member 10b belonging to the same as the
cluster to which the host terminal belongs, from the clus-
ter member 10b, and receives routing information (other
representative terminal identification information) of a
cluster head (other representative mobile terminal de-
vice) in another cluster adjacent to the cluster to which
the host terminal belongs, from the cluster head. When
the host terminal is a cluster member 10b, the routing
information receiver 102 receives routing information
(representative terminal identification information) of a
cluster head 10a belonging to the same as the cluster to
which the host terminal belongs, from the cluster head
10a.

[0048] The routing information received by the routing
information receiver 102 contains an ID to identify the
other terminal in the mobile communication system 1, an
ID of a terminal having relayed the routing information,
Mflag being a flag to determine whether the other terminal
is a cluster member 10b, and Hflag being a flag to deter-
mine whether the other terminal is a cluster head 10a.
Mflag and Hflag are flags that indicate the affirmative with
the value of 1 and the negative with the value of 0. The
routing information receiver 102 outputs the received
routing information to the routing information storage
101. Furthermore, NextHop to be outputted is a terminal
ID of a terminal last having forwarded the routing infor-
mation.

[0049] The routing information storage 101 is a part
that stores the routing information fed from the routing
information receiver 102. Figs. 3 and 4 show an example
of the routing information stored in the routing information
storage 101. Fig. 3 is an example of a routing information
table of cluster head #4 stored in the routing information
storage 101, for example, in a situation where the mobile
terminal device 10 with the ID of #4 is a cluster head 10a.
Fig. 4 is an example of a routing information table of clus-
ter member #1 stored in the routing information storage
101, for example, in a situation in which the mobile ter-
minal device 10 with the ID of #1 is a cluster member 10b.
[0050] Fig. 3 shows the routing information table of
cluster head #4, and indicates that the cluster head #4
has the mobile terminal devices 10 with the IDs of #1,
#2, etc. as cluster members 10b. This is apparent from
the fact that the mobile terminal devices 10 with the IDs
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of #1, #2, etc. have Mflag with the value of 1 and Hflag
with the value of 0. Fig. 3 also indicates that the mobile
terminal device 10 with the ID of #9 is a cluster head in
a cluster adjacent to the cluster to which the cluster head
#4 belongs. This is apparent from the fact that the mobile
terminal device 10 with the ID of #9 has Mflag with the
value of 0 and Hflag with the value of 1.

[0051] Furthermore, Fig. 3 shows that the routing in-
formation or transmitted data directed to the mobile ter-
minal device with the ID of #1 is routed first via the mobile
terminal device with the ID of #2. This is apparent from
the fact that NextHop of the mobile terminal device with
the ID of #1 is a value indicating #2. Similarly, it can be
seen that the routing information or transmitted data di-
rected to the mobile terminal device with the ID of #9 is
routed first via the mobile terminal device with the ID of
#6. On the other hand, Fig. 3 also indicates that the rout-
ing information or transmitted data directed to the mobile
terminal device with the ID of #2 is transmitted directly
withoutintervention of another terminal. This can be seen
from the fact that NextHop of the mobile terminal device
with the ID of #2 is a value indicating "direct".

[0052] Fig. 4 shows the routing information table of
clustermember#1, and indicates that the cluster member
#1 has the mobile terminal device with the ID of #4 as a
cluster head 10a. This is apparent from the fact that the
mobile terminal device with the ID of #4 has Mflag with
the value of 0 and Hflag with the value of 1. Furthermore,
Fig. 4 indicates that the routing information or transmitted
data directed to the mobile terminal device with the ID of
#4 is routed first via the mobile terminal device with the
ID of #2. This can be known from the fact that NextHop
of the mobile terminal device with the ID of #4 is a value
indicating #2.

[0053] The routing information transmitter 103 is a part
that transmits the routing information of the host terminal
to the routing information receiver 102 of another termi-
nal. When the host terminal is a cluster head 10a, the
routing information transmitter 103 transmits the routing
information of the host terminal (host terminal identifica-
tion information) to the routing information receiver 102
of cluster member 10b in the cluster to which the host
terminal belongs, and to the routing information receiver
102 of a cluster head in another cluster adjacent to the
cluster to which the host terminal belongs. When the host
terminal is a cluster member 10b, the routing information
transmitter 103 transmits the routing information of the
host terminal (host terminal identification information) to
the routing information receiver 102 of the cluster head
10a in the cluster to which the host terminal belongs.
[0054] The routing information transmitted by the rout-
ing information transmitter 103 contains an ID to identify
the host terminal in the mobile communication system 1,
Mflag being a flag to determine whether the host terminal
is a cluster member 10b, Hflag being a flag to determine
whether the host terminal is a cluster head 10a, and an
TD of a terminal having forwarded the routing informa-
tion. Mflag and Hflag are flags that indicate the affirmative
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with the value of 1 and the negative with the value of 0.
The routing information transmitter 103 extracts the rout-
ing information of the host terminal from the routing in-
formation storage 101 and transmits the routing informa-
tion to the routing information receiver 102 of another
terminal.

[0055] When the host terminal is a cluster head 10a,
the topology registration transmitter 105 refers to the
routing information storage 101 to transmit the ID of the
hostterminaland an ID of a clusterhead in another cluster
adjacent to the cluster to which the host terminal belongs,
as topology registration information to the topology man-
agementdevice 20. Concerning the ID of the cluster head
in another cluster adjacent to the cluster to which the host
terminal belongs, the topology registration transmitter
105 refers to the routing information storage 101 to
search the routing information table for an ID of another
terminal having Hflag with the value of 1, and transmits
the relevant ID. Specifically, in the case of Fig. 3 where
the routing information table is that of the cluster head
#4, the topology registration transmitter 105 of the cluster
head #4 transmits #4 as the ID of the host terminal to the
topology management device 20, and transmits #9 as
the ID of the cluster head in another cluster adjacent to
the cluster to which the host terminal belongs, to the to-
pology management device 20. Concerning the timing
when the topology registration transmitter 105 transmits
the IDs to the topology management device 20, the first
embodiment adopts a method of regularly transmitting
them atintervals of a predetermined time. Besides it, the
transmission timing can be properly selected in view of
simplicity of implementation, convenience of use, etc.,
e.g., a method of transmitting the IDs with a change of
the cluster head.

[0056] When the host terminal is a cluster head 10a,
the location registration transmitter 104 refers to the rout-
ing information storage 101 to transmit the 1D of the host
terminal and an ID of each cluster member 10b in the
cluster to which the host terminal belongs, as location
registration information to the location management de-
vice 30. Concerning the ID of each cluster member 10b
in the cluster to which the host terminal belongs, the lo-
cation registration transmitter 104 refers to the routing
information storage 101 to search the routing information
table for an ID of another terminal having Mflag with the
value of 1, and transmits each relevant ID. Specifically,
in the case of Fig. 3 where the routing information table
is that of the cluster head #4, the location registration
transmitter 104 of the cluster head #4 transmits #4 being
the ID of the host terminal, as the ID of the cluster head
10ato the location management device 30, and transmits
#1, #2, etc. as IDs of cluster members 10b in the cluster
to which the host terminal belongs, to the location man-
agement device 30. For the transmission timing when
the location registration transmitter 104 transmits the IDs
to the location management device 30, the first embod-
iment adopts a method of regularly transmitting them at
intervals of a predetermined time. Besides it, the trans-
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mission timing can be properly selected in view of sim-
plicity of implementation, convenience of use, etc., e.g.,
amethod of transmitting them with a change of the cluster
head and the cluster members.

[0057] The data transmitter 109 is a part that transmits
transmitted data of the host terminal to the data receiver
107 of another terminal. When the host terminal is des-
ignated as NextHop to another terminal, the data trans-
mitter 109 forwards transmitted data from another termi-
nal, received by the datareceiver 107, to the datareceiver
107 of still another terminal. When the host terminal is a
cluster head 10a, the data transmitter 109 refers to the
routing table stored in the routing information storing
means and transmits the transmitted data to the data
receiver 107 of a cluster member 10b in the cluster to
which the host terminal belongs, and to the cluster head
in another cluster adjacent to the cluster to which the host
terminal belongs. When the host terminal is a cluster
member 10b, the data transmitter 109 refers to the routing
table stored in the routing information storing means and
transmits the transmitted data to the data receiver 107
of the cluster head 10a in the cluster to which the host
terminal belongs.

[0058] The data receiver 107 is a part that receives
transmitted data from another terminal. When the host
terminal is designated as NextHop to another terminal,
the data receiver 107 outputs the transmitted data from
another terminal received, to the data transmitter 109.
When the host terminal is a cluster head 10a, the data
receiver 107 receives the transmitted data from the data
transmitter 109 of a cluster member 10b in the cluster to
which the host terminal belongs, and from the data trans-
mitter 109 of a cluster head in another cluster adjacent
to the cluster to which the host terminal belongs. When
the host terminal is a cluster member 10b, the data re-
ceiver 107 receives the transmitted data from the data
transmitter 109 of the cluster head 10a in the cluster to
which the host terminal belongs.

[0059] The topology information inquiry transmitter
106 is a part that is configured as follows: in a situation
where the data receiver 107 receives transmitted data
from another terminal and where the data transmitter 109
forwards the transmitted data to still another terminal
(destination mobile terminal device), when the routing
information storage 101 does not retain a route (topology
information) to a cluster head (destination representative
mobile terminal device) in a cluster to which the still an-
other terminal belongs, the topology information inquiry
transmitter 106 sends an inquiry about the route to the
topology management device 20. Specifically, for exam-
ple, in a situation where the host terminal (source repre-
sentative mobile terminal device) retains the routing in-
formation table shown in Fig. 3, when transmitted data
is forwarded from the mobile terminal device with the ID
of #1 (source mobile terminal device) to a mobile terminal
device with an ID of #20, the routing information table
does not contain a route to a cluster head in a cluster to
which the mobile terminal device #20 belongs. At this
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time, the data transmitter 109 outputs an inquiry signal
of topology information to inquire the information about
the route to the cluster head in the cluster to which the
mobile terminal device #20 belongs, to the topology in-
formation inquiry transmitter 106. Then the topology in-
formation inquiry transmitter 106 transmits the inquiry
signal of topology information to the topology manage-
ment device 20.

[0060] The topology information response receiver
108 is a part that receives topology information about a
route from the host terminal to a cluster head in a cluster
to which another terminal of a destination belongs, from
the topology management device 20. When the topology
information response receiver 108 outputs the topology
information received from the topology management de-
vice 20, to the data transmitter 109, the data transmitter
109 becomes able to transmit the transmitted data to the
cluster head in the cluster to which the destination mobile
terminal device belongs, with reference to the route in-
formation.

[0061] Next, the topology management device 20 will
be described. The topology management device 20 is a
device that manages topologies in the mobile communi-
cation system 1, and that has a function of managing
connection relations on the ad hoc network among clus-
ter heads forming the mobile communication system 1.
The topology management device 20 has, for example,
a function of creating a list of intervening cluster heads
from a first cluster head to a second cluster head and
notifying the first cluster head of the created list.

[0062] Fig. 5 is a schematic diagram toillustrate a con-
figuration of the topology management device 20. As
shown in Fig. 5, the topology management device 20 is
comprised of topology registration receiver 201 (topology
registration receiving means), topology information stor-
age 202 (topology information storing means), topology
information inquiry receiver 203, location information in-
quiry transmitter 204, location information response re-
ceiver 205 (location information receiving means), and
topology calculator 206 and topology information re-
sponse transmitter 207 (topology calculating means).
Each of the components of this topology management
device 20 will be described below in detail.

[0063] The topology registration receiver 201 is a part
that receives the topology registration information trans-
mitted from the topology registration transmitter 105 of
cluster head 10a. This topology registration information
contains an ID of the cluster head 10a and an ID of a
cluster head in another cluster adjacent to the cluster to
which the cluster head 10a belongs. The topology regis-
tration receiver 201 outputs the received topology regis-
tration information to the topology information storage
202.

[0064] The topology information storage 202 is a part
that stores the topology registration information fed from
the topology registration receiver 201. Fig. 6 shows an
example of the topology registration information stored
in the topology information storage 202. As shown in Fig.
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6, the topology information storage 202 stores one topol-
ogy information table for each cluster head. Each topol-
ogy information table stores an ID of a cluster head in
each other cluster adjacent to a cluster to which a cluster
head of interest belongs. Namely, Fig. 6 indicates, for
example, that a cluster of cluster head #9 is adjacent to
a cluster of cluster head #4 and to a cluster of cluster
head #17.

[0065] The topology information inquiry receiver 203
is a part that receives an inquiry signal of topology infor-
mation from the topology information inquiry transmitter
106 of cluster head 10a. When a cluster head 10a sends
an inquiry about topology information, it sends an ID of
the host terminal and an ID of another terminal of a des-
tination to the topology information inquiry receiver 203.
The topology information inquiry receiver 203 outputs the
received ID of the host terminal from the cluster head
103, to the topology calculator 206 and outputs the ID of
the other terminal of the destination to the location infor-
mation inquiry transmitter 204.

[0066] When the location information inquiry transmit-
ter 204 receives the ID of the other terminal of the des-
tination from the topology information inquiry receiver
203, it transmits the ID of the other terminal of the desti-
nation as an inquiry signal of location information to the
location management device 30, thereby inquiring of the
location management device 30 an ID of a cluster head
in a cluster to which the other terminal of the destination
belongs.

[0067] The location information response receiver 205
is a part that receives the ID of the cluster head in the
cluster to which the other terminal of the destination be-
longs, transmitted from the location management device
30, as alocationinformation response to the inquiry about
the location information transmitted to the location man-
agement device 30 by the location information inquiry
transmitter 204. The location information response re-
ceiver 205 outputs the received location information re-
sponse to the topology calculator 206.

[0068] The topology calculator 206 is a part that uses
the ID fed from the topology information inquiry receiver
203, as an ID of a source cluster head and the location
information response fed from the location information
response receiver 205, as an ID of a destination cluster
head, and that refers to the topology information tables
stored in the topology information storage 202 to create
a list of intervening cluster heads from the source cluster
head to the destination cluster head. This list is created,
for example, by the well-known Dijkstra’s algorithm. Spe-
cifically, for example, in a situation where the ID of the
destination cluster head is #17 and where the ID of the
source cluster head is #4, the topology calculator 206
first refers to the topology information table of the source
clusterhead #4 (cf. Fig. 6). Since the topology information
table of the cluster head #4 includes the entry of cluster
head #9, the topology calculator 206 then refers to the
topology information table of the cluster head #9. The
topology information table of the cluster head #9 includes
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the entry of cluster head #17. Therefore, it is found that
the intervening cluster heads from the cluster head #4 to
the cluster head #17 are the cluster heads #4, #9, and
#17. The topology calculator 206 outputs the list created
in this manner, to the topology information response
transmitter 207.

[0069] The topology information response transmitter
207 is a part that transmits the above-described list fed
from the topology calculator 206, as a response to the
inquiry about topology information to the cluster head
10a having sent the inquiry.

[0070] Next, the location management device 30 will
be described. The location management device 30 is a
device that manages to which cluster each mobile termi-
nal device belongs. Fig. 7 is a schematic diagram to il-
lustrate a configuration of the location management de-
vice 30. As shown in Fig. 7, the location management
device 30 is comprised of location registration receiver
301 (location registration receiving means), location in-
formation storage 302 (location information storing
means), location information inquiry receiver 303, and
location information response transmitter 304 (location
information searching means). Each of the components
of this location management device 30 will be described
below in detail.

[0071] The location registration receiver 301 is a part
that receives the location registration information trans-
mitted from the location registration transmitter 104 of
cluster head 10a. This location registration information
contains an ID of a cluster head 10a and an ID of each
cluster member 10b in a cluster to which the cluster head
10a belongs. The location registration receiver 301 out-
puts the received location registration information to the
location information storage 302.

[0072] The location information storage 302 is a part
that stores the location registration information fed from
the location registration receiver 301. Fig. 8 shows an
example of a location information table stored in the lo-
cation information storage 302. In the location informa-
tion table, as shown in Fig. 8, IDs of respective mobile
terminal devices are recorded in the first column. IDs of
cluster heads in clusters to which the mobile terminal
devices of the IDs recorded in the first column belong are
recorded in the second column in the location information
table. Specifically, Fig. 8 is an example of the location
information table recorded in the location information
storage 302, in a situation where the location registration
information of cluster member #1, cluster member #2,
cluster member #3, cluster head #4, cluster member #5,
etc. is received from the cluster head #4 and where the
location registration information of cluster member #19,
cluster member #20, etc. is received from the cluster
head #17.

[0073] The location information inquiry receiver 303 is
a part that receives a location information inquiry from
the location information inquiry transmitter 204 of the to-
pology management device 20. When the topology man-
agement device 20 sends an inquiry about location in-
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formation, it sends an ID of a mobile terminal device of
an object for the inquiry, as the inquiry signal about lo-
cation information to the location information inquiry re-
ceiver 303. The location information inquiry receiver 303
outputs the received ID of the mobile terminal device from
the topology management device 20, to the location in-
formation response transmitter 304.

[0074] The location information response transmitter
304 is a part that receives the ID of the mobile terminal
device as an object for the inquiry from the location in-
formation inquiry receiver 303, that searches the location
information table for an ID of a cluster head in a cluster
to which the mobile terminal device belongs, and that
transmits the ID of the cluster head as a response to the
inquiry to the topology management device 20. Specifi-
cally, forexample, in a situation where the |D of the mobile
terminal device as an object for the inquiry is #20 and
where the location management device 30 retains the
location information table of Fig. 8, the location informa-
tion response transmitter 304 searches the first column
of the location information table for the entry with the ID
of #20. Then the location information response transmit-
ter 304 transmits the ID of #17 stored in the second col-
umn of the entry thus found, as a location information
response to the location information response receiver
205 of the topology management device 20.

[0075] Subsequently, the operation (communication
method) carried out by the mobile terminal device 10,
topology management device 20, and location manage-
ment device 30 forming the mobile communication sys-
tem 1 of the first embodiment as described above will be
described below in detail with reference to the sequence
diagrams of Figs. 9 to 11. The operation carried out in
the mobile communication system 1 is roughly classified
into constant operation (cf. Fig. 9) carried out even with-
out transmission/reception of transmitted data between
mobile terminal devices 10, and operation (cf. Figs. 10
and 11) carried out with transmission/reception of trans-
mitted data between mobile terminal devices 10. Each
of the devices will be described below in detail.

[0076] First, the constant operation carried out even
without transmission/reception of transmitted data be-
tween mobile terminal devices 10 will be described with
reference to Fig. 9. Fig. 9 is a sequence diagram for ex-
plaining the constant operation carried out even without
transmission/reception of transmitted data between mo-
bile terminal devices, for example, in a situation where
the mobile communication system 1 includes cluster
member #1 and cluster head #4 (which belong to cluster
A), cluster member #6 and cluster head #9 (which belong
to cluster B), cluster head #17 and cluster member #20
(which belong to cluster C), topology management de-
vice 20, and location management device 30. In Fig. 9,
cluster A is adjacent to cluster B, and the cluster B is
adjacent to cluster C.

[0077] First, each clustermembertransmits the routing
information to a cluster head in a cluster to which the host
terminal belongs, and the cluster head receives the rout-
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ing information thus transmitted. On the other hand, each
cluster head transmits the routing information to each
cluster member in a cluster to which the host terminal
belongs, and the cluster member receives the routing
information thus transmitted. Namely, in Fig. 9, the rout-
ing information is exchanged between cluster member
#1 and cluster head #4, between cluster member #6 and
cluster head #9, and between cluster head #17 and clus-
ter member #20. Although not shown, the routing infor-
mation received by each mobile terminal device is stored
into the routing information storage 101 of each mobile
terminal device (step S101).

[0078] Next, each cluster head transmits the routing
information to a cluster head in another cluster adjacent
to a cluster to which the host terminal belongs, and the
cluster head of the other cluster receives the routing in-
formation thus transmitted. Namely, in Fig. 9, the routing
information is exchanged between cluster head #4 and
cluster head #9 and between cluster head #9 and cluster
head #17. Since the cluster to which the cluster head #4
belongs is not adjacent to the cluster to which the cluster
head #17 belongs, no routing information is exchanged.
Although not shown, the routing information received by
each cluster head is stored into the routing information
storage 101 of each cluster head (step S 102).

[0079] Next, each cluster head transmits an ID of the
hostterminaland an ID of a cluster head in another cluster
adjacent to a cluster to which the host terminal belongs,
as topology registration information to the topology man-
agement device 20. Namely, in Fig. 9, the cluster head
#4 transmits the ID of the host terminal and the ID of the
cluster head #9 to the topology management device 20,
the cluster head #9 transmits the ID of the host terminal
and the IDs of the cluster head #4 and cluster head #17
to the topology management device 20, and the cluster
head #17 transmits the ID of the host terminal and the
ID of the cluster head #9 to the topology management
device 20. Although not shown, the topology registration
information received by the topology management de-
vice 20 is stored into the topology information storage
202 of the topology management device 20 (step S103).
[0080] Next, each cluster head transmits an ID of the
host terminal and an ID of each cluster member in a clus-
ter to which the host terminal belongs, as location regis-
tration information to the location management device
30. Namely, in Fig. 9, the cluster head #4 transmits the
ID of the host terminal and the ID of cluster member #1
to the location management device 30, the cluster head
#9 transmits the ID of the host terminal and the ID of
cluster member #6 to the location management device
30, and the cluster head #17 transmits the ID of the host
terminal and the ID of cluster member #20 to the location
managementdevice 30. Although not shown, the location
registration information received by the location manage-
ment device 30 is stored into the location information
storage 302 of the location management device 30 (step
S104).

[0081] Subsequently, the operation carried out with
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transmission/reception of transmitted data between mo-
bile terminal devices 10, particularly, an operation in a
situation where a cluster head in a cluster to which a
source mobile terminal device belongs retains a route to
a cluster head in a cluster to which a destination mobile
terminal device belongs, will be described with reference
to Fig. 10. Fig. 10 is a sequence diagram for explaining
anoperation carried out upon transmission of transmitted
data from the cluster member #1 as a source mobile ter-
minal device to the mobile terminal device #9 as a des-
tination, after completion of the exchange of the routing
information (step S101 and step S102), the registration
of the topology information (step S103), and the regis-
tration of the location information (step S104) as de-
scribed above with reference to Fig. 9.

[0082] First, the cluster member #1 transmits the ID of
the destination mobile terminal device #9, and transmit-
ted data to the cluster head #4 in the cluster to which the
host terminal belongs (step S201).

[0083] The clusterhead #4, receiving the ID of the des-
tination mobile terminal device #9, and the transmitted
data at step S201, searches the routing information stor-
age 101 of the host terminal for a route to the cluster
head in the cluster to which the mobile terminal device
#9 belongs. The aforementioned step S102 resulted in
recording the information that the cluster head in the clus-
ter B adjacent to the cluster A to which the host terminal
belongs was the mobile terminal device #9, into the rout-
ing information storage 101 of cluster head #4. This al-
lows the cluster head #4 to find the route to the destination
mobile terminal device #9 (step S202).

[0084] After finding the route to the destination mobile
terminal device #9 at step S202, the cluster head #4 for-
wards the transmitted data received from the cluster
member #1 at step S201, to the destination mobile ter-
minal device #9 (step S203).

[0085] Subsequently, the operation carried out upon
transmission and reception of transmitted data between
mobile terminal devices 10, particularly, an operation in
a situation where the cluster head in the cluster to which
the source mobile terminal device belongs does not re-
tain the route to the cluster head in the cluster to which
the destination mobile terminal device belongs, will be
described with reference to Fig. 11. Fig. 11 is a sequence
diagram for explaining the operation carried out upon
transmission of transmitted data from the cluster member
#1 of the source mobile terminal device to the destination
mobile terminal device #20, after completion of the ex-
change of the routing information (step S101 and step
S102), the registration of the topology information (step
S103), and the registration of the location information
(step S104) as described above with reference to Fig. 9.
[0086] First, the cluster member #1 transmits the ID of
the destination mobile terminal device #20, and transmit-
ted data to the cluster head #4 in the cluster to which the
host terminal belongs (step S201).

[0087] The clusterhead #4, receiving the ID of the des-
tination mobile terminal device #20, and the transmitted
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data at step S201, searches the routing information stor-
age 101 of the host terminal for the route to the cluster
head in the cluster to which the mobile terminal device
#20 belongs. However, the route is not retained in the
routing information storage 101 of the cluster head #4
because it was not stored at the aforementioned steps
S101 and S102. For this reason, the cluster head #4
sends an inquiry signal of topology information to indicate
an inquiry about information on the route, to the topology
management device 20. This inquiry signal of topology
information contains the ID of the cluster head #4 of the
host terminal and the ID of the destination mobile terminal
device #20 (step S202).

[0088] The topology managementdevice 20, receiving
the ID of the destination mobile terminal device #20 at
step S202, transmits an inquiry signal of location infor-
mation to indicate an inquiry about an ID of a cluster head
in a cluster to which the destination mobile terminal de-
vice #20 belongs, to the location management device 30.
This inquiry signal of location information contains the ID
of the destination mobile terminal device #20 (step S203).
[0089] The location management device 30, receiving
the ID of the destination mobile terminal device #20 at
step S203, reads the ID of the cluster head in the cluster
to which the mobile terminal device #20 belongs, out of
the location information storage 302, and transmits the
ID of the cluster head #17 as a response to the inquiry
about location information to the topology management
device 20. The aforementioned step S104 resulted in
storing the ID of the cluster member #20 transmitted from
the cluster head #17, into the location information storage
302 of the location management device 30. For this rea-
son, the location management device 30 finds out that
the cluster head in the cluster to which the mobile terminal
device #20 belongs is the mobile terminal device #17
(step S204).

[0090] Next, the topology management device 20
searches the topology information storage 202, using the
ID of the cluster head #4 received at step S202, as the
ID of the source cluster head and using the ID of the
cluster head #17 received at step S204, as the ID of the
destination cluster head, to create a list of intervening
cluster heads from the source cluster head #4 to the des-
tination cluster head #17. The aforementioned step S103
resulted in storing the ID of the cluster head #9 transmit-
ted from the cluster head #4, the IDs of the cluster head
#4 and the cluster head #17 transmitted from the cluster
head #9, and the TD of the cluster head #9 transmitted
from the cluster head #17, into the topology information
storage 202 of the topology management device 20. For
this reason, the topology management device 20 finds
out that the intervening cluster heads from the cluster
head #4 to the cluster head #17 are cluster heads #4,
#9, and #17. The list created in this manner is transmitted
to the cluster head #4 (step S205).

[0091] Next, the cluster head #4 receives the above-
described list transmitted from the topology management
device 20 at step S205, as aresponse to the inquiry signal
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of topology information transmitted at step S202. This
permits the cluster head #4 to figure out that it needs to
forward the transmitted data first to the cluster head #9,
in order to transmit the transmitted data received from
the cluster member #1 at step 5201, to the destination
mobile terminal device #20 (step S206).

[0092] Next, the cluster head #4 forwards the trans-
mitted data to the cluster head #9, the cluster head #9
forwards the transmitted data received from the cluster
head #4, to the cluster head #17, and the cluster head
#17 forwards the transmitted data received from the clus-
ter head #9, to the cluster member #20. This results in
properly transmitting the transmitted data from the source
cluster member #1 to the destination mobile terminal de-
vice #20 (step S207).

[0093] Subsequently, the action and effect of the first
embodiment will be described. The mobile terminal de-
vice 10 forming the mobile communication system 1 in
the first embodiment is configured as follows: the mobile
terminal device 10 serving as a cluster member 10b ex-
changes the routing information necessary for execution
of data communication, with only the cluster head 10a in
the cluster to which the host terminal belongs. Namely,
the mobile terminal device 10 as a cluster member 10b
retains only the routing information of the cluster head
10ain the cluster to which the host terminal belongs, and
transmits the routing information of the host terminal to
only the cluster head 10a. This reduces the volume of
routing information exchanged between the mobile ter-
minal devices 10 forming the mobile communication sys-
tem 1, and reduces the load on each cluster member 10b.
[0094] The mobile terminal device 10 as a cluster head
10a exchanges the routing information necessary for ex-
ecution of data communication, with only a cluster head
in each other cluster adjacent to the cluster to which the
host terminal belongs and with only each cluster member
10b in the cluster to which the host terminal belongs.
Namely, the mobile terminal device 10 as a cluster head
10a retains only the routing information of the cluster
head in each other cluster adjacent thereto, and only the
routing information of each cluster member 10b in the
cluster to which the host terminal belongs, and transmits
the routing information of the host terminal to only the
cluster head in each other cluster and to only each cluster
member 10b in the cluster to which the host terminal be-
longs. This reduces the volume of routing information
exchanged between the mobile terminal devices 10 form-
ing the mobile communication system 1, and reduces the
load on the mobile terminal device 10 as a cluster head
10a.

[0095] The topology registration transmitter 105 trans-
mits the ID of the cluster head 10a as an ID of the host
terminal and the ID of the cluster head in the other cluster
adjacentthereto, to the topology management device 20,
and the location registration transmitter 104 transmits the
ID of the cluster head 10a as an ID of the host terminal
and the ID of the cluster member 10b in the cluster to
which the host terminal belongs, to the location manage-
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ment device 30. Even ifthe source mobile terminal device
itself does not retain the route on the mobile communi-
cation system 1 to the destination mobile terminal device,
it inquires of the topology management device 20 and
the location management device 30 the necessary route
information and receives a response thereto to acquire
the route to the destination mobile terminal device,
whereby it becomes feasible to properly transmit the
transmitted data.

[0096] In the topology management device 20 forming
the mobile communication system 1 in the first embodi-
ment, the topology registration receiver 201 receives the
ID of each cluster head and the ID of the cluster head in
the other cluster adjacent to the cluster to which the clus-
ter head belongs, i.e., the positional relation between the
cluster heads in the mobile communication system 1. The
topology information storage 202 stores the information
received by the topology registration receiver 201. Then
the topology calculator 206 calculates the route between
the cluster heads in the ad hoc network with reference
to the topology information storage 202 and is thus able
to transmit the calculated route information, for example,
to the source cluster head not retaining the route to the
destination mobile terminal device.

[0097] The topology management device 20 transmits
and receives information to and from only each cluster
head 10a among the mobile terminal devices 10. There-
fore, itreduces the volume of information transmitted and
received by the topology management device 20 and re-
duces the load on the topology management device 20.
[0098] In the location management device 30 forming
the mobile communication system 1 in the first embodi-
ment, the location registration receiver 301 receives the
ID of each cluster head and the ID of each clustermember
in the cluster to which the cluster head belongs, i.e., the
information indicating the positional relation between the
mobile terminal devices inside an arbitrary cluster form-
ing the mobile communication system 1. The location
information storage 302 stores the information received
by the location registration receiver 301. Then the loca-
tion information searching part refers to the location in-
formation storage 302, for example, to search for an ID
of a cluster head in a cluster to which an arbitrary desti-
nation mobile terminal device belongs, and is thus able
to transmit the information to the topology management
device 20.

[0099] The location management device 30 receives
the information from only each cluster head 10a among
the mobile terminal devices 10. Therefore, it reduces the
volume of information received by the location manage-
mentdevice 30 and reduces the load on the location man-
agement device 30.

[0100] The same action and effect as above are also
achieved in the case where the first embodiment is de-
scribed as a communication method in the communica-
tion network comprised of the set of mobile terminal de-
vices 10, topology management device 20, and location
management device 30.
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[Second Embodiment]

[0101] Subsequently, the second embodiment of the
present invention will be described. The second embod-
iment is constructed in a configuration of mobile commu-
nication system 1 similar to that in the first embodiment
shown in Fig. 1, but the second embodiment is different
from the first embodiment in mobile terminal device 10A
forming the ad hoc network and in topology management
device 20A forming the infrastructure network. Each of
the components of the mobile terminal device 10A and
the topology management device 20A in the second em-
bodiment will be described below in detail with focus on
the differences from the first embodiment.

[0102] First, the mobile terminal device 10A in the sec-
ond embodiment will be described with reference to Fig.
12. Fig. 12 is a schematic diagram to illustrate a config-
uration of the mobile terminal device 10A in the second
embodiment. As shown in Fig. 12, the mobile terminal
device 10A in the second embodiment further comprises
topology registration determiner 110A, when compared
with the mobile terminal device 10 in the first embodi-
ment. The topology registration determiner 110A is a part
that outputs to the topology registration transmitter 105A
only an ID of a specific cluster head restricted by a pre-
determined rule, out of IDs of cluster heads in other clus-
ters adjacent to a cluster to which the host terminal be-
longs, in the case where the host terminal is a cluster
head 10a. The predetermined rule in the second embod-
iment is as follows. The topology registration determiner
110A extracts only an ID of a cluster head with the ID
greater than the ID of the host terminal, out of the IDs of
the cluster heads in the other clusters adjacent to the
cluster to which the host terminal belongs, and outputs
the extracted ID to the topology registration transmitter
105A. Besides it, the predetermined rule can be appro-
priately determined in view of simplicity of implementa-
tion or the like, e.g., a rule of extracting only an ID of a
cluster head with the ID smaller than the ID of the host
terminal, out of the IDs of the cluster heads in the other
clusters adjacent to the cluster to which the host terminal
belongs.

[0103] As the method of extracting an ID of a cluster
head with the ID greater than the ID of the host terminal,
out of the IDs of the cluster heads in the other clusters
adjacentto the cluster to which the host terminal belongs,
the topology registration determiner 110A first refers to
the routing information storage 101 to search the routing
information table for an ID of another terminal having
Hflag with the value of 1. Then the topology registration
determiner 110A compares the ID with the ID of the host
terminal and outputs only the ID greater than the ID of
the host terminal, to the topology registration transmitter
105A. Specifically, for example, in the case of Fig. 3
where the routing information table is that of the cluster
head #4, the topology registration determiner 110A of
the cluster head #4 outputs #9 as an ID of a cluster head
having the ID greater than the ID of the host terminal, out
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of the IDs of the cluster heads in the other clusters adja-
cent to the cluster to which the host terminal belongs, to
the topology registration transmitter 105A.

[0104] The topology registration transmitter 105A is a
part that transmits to the topology management device
20A, the ID of the specific cluster head restricted by the
predetermined rule and fed from the topology registration
determiner 110A, and the ID of the host terminal extract-
ed from the routing information storage 101, as the to-
pology registration information. In the aforementioned
case of Fig. 3, the topology registration transmitter 105A
of the cluster head #4 transmits #9 fed from the topology
registration determiner 110A, to the topology manage-
ment device 20A and transmits #4 extracted from the
routing information storage 101, as the ID of the host
terminal to the topology management device 20A.
[0105] Next, the topology management device 20A in
the second embodiment will be described with reference
to Fig. 13. Fig. 13 is a schematic diagram to illustrate a
configuration of the topology management device 20A in
the second embodiment. As shown in Fig. 13, the topol-
ogy management device 20A in the second embodiment
further comprises topology registration replacer 208A,
when compared with the topology management device
20Ain the firstembodiment, and the topology registration
receiver 201A outputs the topology registration informa-
tion received from each cluster head, to the topology reg-
istration replacer 208A. This topology registration infor-
mation contains an ID of a host terminal as a source
cluster head and an ID of a cluster head in another cluster
adjacent to a cluster to which the cluster head belongs.
[0106] Thetopologyregistrationreplacer208Ais apart
that creates second topology registration information
from the topology registration information fed from the
topology registration receiver 201A (which will be re-
ferred to hereinafter as "first topology registration infor-
mation"). Specifically, the topology registration replacer
208A replaces an ID of a source cluster head in the first
topology registration information, with an ID of a cluster
head in another cluster adjacent to the cluster to which
the source cluster head belongs, and replaces the ID of
the cluster head in the other cluster adjacent to the cluster
to which the source cluster head belongs, with the ID of
the source cluster head in the first topology registration
information, thereby creating the second topology regis-
tration information. Namely, for example, in a situation
where the input is the first topology registration informa-
tion to indicate that the ID of the cluster head in the other
cluster adjacent to the cluster to which the cluster head
#4 belongs is #9, the topology registration replacer 208A
creates the second topology registration information to
indicate that the ID of the cluster head in the other cluster
adjacent to the cluster to which the cluster head #9 be-
longs is #4. Then the topology registration replacer 208A
outputs the first topology registration information and the
second topology registration information thus created, to
the topology information storage 202A.

[0107] The topology information storage 202A is a part
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that stores the first topology registration information and
the second topology registration information fed from the
topology registration replacer 208A. Fig. 14 shows an
example of the first topology registration information and
second topology registration information stored in the to-
pology information storage 202A. Fig. 14 shows that,
without need for performing reception of four topology
registration information items by the topology registration
receiver 201 as in the case of the first embodiment shown
in Fig. 6, the four topology registration information items
as in the case of Fig. 6 are stored through reception of
only two topology registration information items from the
topology registration receiver 201A. Namely, the first to-
pology registration information from the cluster head #4
is stored as a topology information table of the cluster
head #4 as it is, and the second topology registration
information created from the first topology registration
information is stored as a topology information table (sec-
ond row) of the cluster head #9. In addition, the first to-
pology registration information from the cluster head #9
is stored as a topology information table (first row) of the
cluster head #9 as it is, and the second topology regis-
tration information created from the first topology regis-
tration information is stored as a topology information
table of the cluster head #17.

[0108] Subsequently, the operation carried out by the
mobile terminal device 10A, topology management de-
vice 20A, and location management device 30 forming
the mobile communication system 1 of the second em-
bodiment as described above will be described in detail
with reference to the sequence diagram of Fig. 15. Fig.
15 is the sequence diagram for explaining the constant
operation carried out even without transmission/recep-
tion of transmitted data between mobile terminal devices,
for example, in a situation where the mobile communi-
cation system 1 is constructed including cluster member
#1 and cluster head #4 (which belong to cluster A), cluster
member #6 and cluster head #9 (which belong to cluster
B), cluster head #17 and cluster member #20 (which be-
long to cluster C), topology management device 20A,
and location management device 30. In Fig. 15, cluster
A is adjacent to cluster B, and cluster B is adjacent to
cluster C.

[0109] First, each cluster member transmits its routing
information to a cluster head in a cluster to which the host
terminal belongs, and the cluster head receives the rout-
ing information thus transmitted. On the other hand, each
cluster head transmits its routing information to each
cluster member in a cluster to which the host terminal
belongs, and the cluster member receives the routing
information thus transmitted. Namely, in Fig. 15, the rout-
ing information is exchanged between cluster member
#1 and cluster head #4, between cluster member #6 and
cluster head #9, and between cluster head #17 and clus-
ter member #20. Although not shown, the routing infor-
mation received by each mobile terminal device is stored
into the routing information storage 101 of each mobile
terminal device (step S301).
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[0110] Next, each cluster head transmits its routing in-
formation to a cluster head in another cluster adjacent to
a cluster to which the host terminal belongs, and the clus-
ter head in the other cluster receives the routing informa-
tion thus transmitted. Namely, in Fig. 15, the routing in-
formation is exchanged between cluster head #4 and
cluster head #9 and between cluster head #9 and cluster
head #17. Since the cluster to which the cluster head #4
belongs is not adjacent to the cluster to which the cluster
head #17 belongs, no routing information is exchanged
between them. Although not shown, the routing informa-
tion received by each cluster head is stored into the rout-
ing information storage 101 of each cluster head (step
S302).

[0111] Then the topology registration determiner 110A
of each cluster head first refers to the routing information
storage 101 to search the routing information table for
an ID of another terminal having Hflag with the value of
1. Then the topology registration determiner 110A com-
pares the ID of the other terminal with the ID of the host
terminal to extract only an ID greater than the ID of the
hostterminal, and outputs the extracted ID to the topology
registration transmitter 105A. Namely, the topology reg-
istration determiner 110A of cluster head #4 outputs #9
to the topology registration transmitter 105A. Further-
more, the topology registration determiner 110A of clus-
ter head #9 outputs to the topology registration transmit-
ter 105A, #17 as an ID of a cluster head having the 1D
greater than the ID of the host terminal, out of the IDs of
the cluster heads in the other clusters adjacent to the
cluster to which the host terminal belongs. In addition,
the topology registration determiner 110A of cluster head
#17 outputs nothing to the topology registration transmit-
ter 105A because the cluster head #9 is not a cluster
having an ID greater than the ID of the host terminal (step
S303).

[0112] Next, the topology registration transmitter 105A
of each cluster head transmits the ID fed from the topol-
ogy registration determiner 110A at step S303 and the
ID of the host terminal extracted from the routing infor-
mation storage 101, as the first topology registration in-
formation to the topology management device 20A.
Namely, the topology registration transmitter 105A of
cluster head #4 transmits #4 and #9 to the topology man-
agement device 20A, and the topology registration trans-
mitter 105A of cluster head #9 transmits #9 and #17 to
the topology management device 20A (step S304).
[0113] Next, the topology registration replacer 208A of
the topology management device 20A creates the sec-
ond topology registration information from the first topol-
ogy registration information fed from the topology regis-
tration transmitter 105A of each cluster head. Namely,
for example, in a situation where the topology registration
replacer 208A receives as input from the cluster head
#4, the first topology registration information indicating
thatthe ID of the cluster head in the other cluster adjacent
to the cluster to which the cluster head #4 belongs is #9,
it creates the second topology registration information
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indicating that the ID of the cluster head in the other clus-
ter adjacent to the cluster to which the cluster head #9
belongs is #4. In another situation where the topology
registration replacer 208A receives as input from the
cluster head #9 the first topology registration information
indicating that the ID of the cluster head in the other clus-
ter adjacent to the cluster to which the cluster head #9
belongsis#17, it creates the second topology registration
information indicating that the ID of the cluster head in
the other cluster adjacent to the cluster to which the clus-
ter head #17 belongs is #9. The topology registration
replacer 208A outputs to the topology information stor-
age 202A, the second topology registration information
created in this manner and the first topology registration
information transmitted at step S304 (step S305).
[0114] Next, the first topology registration information
and the second topology registration information output-
ted at step S305 is stored into the topology registration
storage of the topology management device 20A. As
shown in Fig. 14, the first topology registration informa-
tion from the cluster head #4 is stored as the topology
information table of cluster head #4 as it is, and the sec-
ond topology registration information created from the
first topology registration information at step S305 is
stored as the topology information table (second row) of
the cluster head #9. The first topology registration infor-
mation from the cluster head #9 is stored as the topology
information table (first row) of the cluster head #9 as it
is, and the second topology registration information cre-
ated from the first topology registration information at
step S305 is stored as the topology information table of
the cluster head #17 (step S306).

[0115] Next, each cluster head transmits an ID of the
host terminal and an ID of each cluster member in a clus-
ter to which the host terminal belongs, as the location
registration information to the location management de-
vice 30. Namely, in Fig. 15, the cluster head #4 transmits
the ID of the host terminal and the ID of cluster member
#1 to the location management device 30, the cluster
head #9 transmits the ID of the host terminal and the ID
of cluster member #6 to the location management device
30, and the cluster head #17 transmits the ID of the host
terminal and the ID of cluster member #20 to the location
managementdevice 30. Although not shown, the location
registration information received by the location manage-
ment device 30 is stored into the location information
storage 302 of the location management device 30 (step
S307).

[0116] Subsequently, the action and effect of the sec-
ond embodiment will be described. In the mobile terminal
device 10A in the second embodiment, the topology reg-
istration transmitter 105A transmits to the topology man-
agement device 20A only the ID of the cluster head hav-
ing the ID greater than the ID of the host terminal, out of
the IDs of the cluster heads in the other clusters adjacent
to the cluster to which the host terminal belongs. There-
fore, it reduces the volume of information transmitted
from the mobile terminal device 10A to the topology man-
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agement device 20A and reduces the load on the mobile
terminal device 10A.

[0117] Inthe topology management device 20A in the
second embodiment, the topology registration receiver
201A receives from the source cluster head only the ID
ofthe cluster head in the other cluster having the ID great-
er than the ID of the source cluster head, out of the IDs
of the cluster heads in the other clusters adjacent to the
cluster to which the source cluster head belongs. There-
fore, it reduces the volume of information transmitted
from the source cluster head and received by the topol-
ogy management device 20A and reduces the load on
the topology management device 20A.

Claims

1. A communication system comprised of a multi-hop
ad hoc network (1), the ad hoc network consisting
of a plurality of clusters (A, B, C), each cluster in-
cluding a set of mobile terminal devices (10b) as clus-
ter members and a representative mobile terminal
device as cluster head (10a), a topology manage-
mentdevice (20), and alocation management device
(30), wherein a route between mobile communica-
tion devices is calculated based on exchanging mo-
bile terminal device identification information,
said mobile device as a cluster member (10b) com-
prising:

first routing information receiving means (102)
for receiving cluster head identification informa-
tion to identify a location on the communication
network of a cluster head, as a representative
of the cluster to which the cluster member itself
belongs, from the cluster head;

first routing information storing means (101) for
storing the cluster head identification informa-
tion received by the first routing information re-
ceiving means (102), and cluster member iden-
tification information to identify a location on the
communication network of the cluster member
itself;

first routing information transmitting means
(103) for reading the cluster head identification
information and the cluster member identifica-
tion information out of the first routing informa-
tion storing means (101) and for transmitting
said cluster member identification information to
said cluster head on the basis of the cluster head
identification information; and

first data transmitting means (109) for reading
the cluster head identification information out of
the first routing information storing means (101)
and for transmitting transmitted data to the clus-
ter head on the basis of the cluster head identi-
fication information;

said mobile device as a cluster head (10a) com-
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prising:

second routing information receiving
means (102) for receiving other cluster

34

inquiring route information in transmitting aroute
inquiry to the topology management device (20)
about a route to a destination cluster head as a
representative of the cluster to which a destina-

head identification information to identifya 5 tion terminal device as a destination of transmit-
location on the communication network of ted data belongs, on basis of the cluster member
an other cluster head as a representative of identification information of the destination mo-
an other cluster adjacent to the cluster to bile terminal device; and

which the cluster head itself belongs, from topology information receiving means (108) for
the other cluster head and for receiving the 70 receiving from the topology management device
cluster member identification information to (20) topology information to indicate the route
identify a location on the communication on the communication network from a source
network of a cluster member not represent- cluster head as a representative of the cluster
ing the cluster to which the cluster head it- to which a source mobile terminal device as a
self belongs, from the first routing informa- 75 source of transmitted data belongs, to the des-
tion transmitting means (103) of the cluster tination cluster head; and

member; second data transmitting means (109) for trans-
second routing information storing means mitting, the transmitted data to the destination
(101) for storing the other cluster head iden- cluster head on the basis of the topology infor-
tification information and the cluster mem- 20 mation received from the topology information
ber identification information received by receiving means (108), for transmitting, the
the second routing information receiving transmitted data to the other cluster head on the
means (102); basis of the other cluster head identification in-
second routing information transmitting formation stored in the second routing informa-
means (103), for reading the identification 25 tion storing means (101), and for transmitting
information out of the second routing infor- the transmitted data to the cluster member on
mation storing means (101), and for trans- the basis of the cluster member identification in-
mitting the cluster head identification infor- formation stored in the second routing informa-
mation to the first routing information receiv- tion storing means (101);

ing means (102) of the cluster member in 30 the topology management device (20) compris-
the cluster to which the cluster head itself ing:

belongs on the basis of the cluster member

identification information and to the second topology registration receiving means (201)
routing information receiving means (102) for receiving the cluster head identification
of the other cluster head on the basis of the 35 information and the other cluster head iden-

other cluster head identification informa-
tion;

tification information from the topology reg-
istration transmitting means (105) of the
cluster head;

characterized in that
said mobile device as a cluster head (10a) further 40
comprising:

topology information storing means (202)
for storing the cluster head identification in-
formation and the other cluster head iden-

topology registration transmitting means (105)
for reading the cluster head identification infor-
mation, and other cluster head identification in-
formation out of the second routing information
storing means (101), and for transmitting the
cluster head identification information to the to-
pology management device (20);

location registration transmitting means (104)
for reading the cluster head identification infor-
mation and the cluster member identification in-
formation out of the second routing information
storing means (101), and for transmitting the
cluster head identification information and clus-
ter member identification information to the lo-
cation management device (30);

topology information inquiring means (106) for
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tification information received by the topol-
ogy registration receiving means (201);

location information receiving means (203)
for receiving source cluster head identifica-
tion information to identify a location on the
communication network of the source clus-
ter head as a representative of the cluster
to which a source mobile terminal device as
a source of the transmitted data belongs,
and the cluster member identification infor-
mation of the destination mobile terminal
device, from the topology information inquir-
ing means (106) of the source cluster head;
location information inquiring means (204)
for inquiring the location management de-
vice (30) about an identification information
of the destination cluster head on the basis
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of the cluster member identification informa-
tion of the destination mobile terminal de-
vice received by the location information re-
ceiving means (203);

location information response receiving
means (205) for receiving the identification
information of the destination cluster head
from the location management device (30);
topology calculating means (206) for calcu-
lating the topology information based on the
source cluster head identification informa-
tion and the identification information of the
destination cluster head received by the lo-
cation information response receiving
means (205), with reference to the cluster
head identification information and the other
cluster head identification information
stored in the topology information storing
means (202); and

topology information response transmitting
means (207) for transmitting the calculated
topology information to the topology infor-
mation receiving means (108) of the source
cluster head;

the location management device (30) com-
prising:

location registration receiving means
(301) for receiving the cluster head
identification information and the clus-
ter member identification information
from the location registration transmit-
ting means (104) of the cluster head;
location information storing means
(302) for storing the cluster head iden-
tification information and the cluster
member identification information re-
ceived by the location registration re-
ceiving means (301);

location information inquiry receiving
means (303) for receiving a location in-
formation inquiry from the location in-
formation inquiring means (204) of the
topology management device (20) in-
cluding the cluster member identifica-
tion information of the destination mo-
bile terminal device; and

location information response transmit-
ting means (304) for reading cluster
head identification information of the
cluster to which the destination mobile
terminal device belongs out of the loca-
tion information storing means (302),
and for transmitting the read cluster
head identification information to the lo-
cation information response receiving
means (205) of the topology manage-
ment device (20).
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2

The communication system according to Claim 1,
wherein the topology registration transmitting means
(105) is adapted to transmit the mobile terminal de-
vice identification information as the cluster head
identification information, and specific other cluster
head identification information to the topology man-
agement device (20).

The communication system according to Claim 1,
wherein the topology registration receiving means
(201) is adapted to receive the cluster head identifi-
cation information, and specific other cluster head
identification information from the cluster head and
wherein the topology information storing means
(202) is adapted to store the cluster head identifica-
tion information received by the topology registration
receiving means, as the specific other cluster head
identification information and to store the specific
other cluster head identification information received
by the topology registration receiving means, as the
cluster head identification information.

A communication method in a communication sys-
tem comprised of a multi-hop ad hoc network, the
ad hoc network consisting of a plurality of clusters,
each cluster including a set of mobile terminal de-
vices as cluster members and a representative mo-
bile terminal device as cluster head, a topology man-
agement device, and a location management de-
vice, and a route between mobile communication de-
vices is calculated based on exchanging mobile ter-
minal device identification information, said commu-
nication method comprising:

a first routing information receiving step (S101)
wherein routing information receiving means of
a mobile device as a cluster member receives
cluster head identification information to identify
a location on the communication network of a
cluster head, as a representative of the cluster
to which the cluster member itself belongs, from
the cluster head;

a first routing information storing step wherein
routing information storing means of the mobile
device as a cluster member stores the cluster
head identification information received in the
first routing information receiving step (S101),
and cluster member identification information to
identify a location on the communication net-
work of the cluster member itself;

a first routing information transmitting step
wherein a first routing information transmitting
means of the mobile device as a cluster member
reads the cluster head identification information
and the cluster member identification informa-
tion out of the first routing information storing
means and transmits said cluster member iden-
tification information to said cluster head on the
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basis of the cluster head identification informa-
tion; and

a first data transmitting step wherein a first data
transmitting means of the mobile device as a
cluster member reads the cluster head identifi-
cation information out of the first routing infor-
mation storing means and transmits transmitted
data to the cluster head on the basis of the clus-
ter head identification information;

a second routing information receiving step
wherein a second routing information receiving
means of said mobile device as a cluster head
receives other cluster head identification infor-
mation to identify a location on the communica-
tion network of an other cluster head as a rep-
resentative of an other cluster adjacent to the
cluster to which the cluster head itself belongs,
from the other cluster head and receives the
cluster member identification information to
identify a location on the communication net-
work of a cluster member not representing the
cluster to which the cluster head itself belongs,
from the first routing information transmitting
means of the cluster member;

a second routing information storing step where-
in second routing information storing means of
the mobile device as a cluster head stores the
other cluster head identification information and
the cluster member identification information re-
ceived in the second routing information receiv-
ing step;

a second routing information transmitting step
wherein a second routing information transmit-
ting means of the mobile device as a cluster
head reads the identification information out of
the second routing information storing means,
and transmits the cluster head identification in-
formation to the first routing information receiv-
ing means of the cluster member in the cluster
to which the cluster head itself belongs on the
basis of the cluster member identification infor-
mation and to the second routing information re-
ceiving means of the other cluster head on the
basis of the other cluster head identification in-
formation;

characterized by

a topology registration transmitting step (S103)
wherein a topology registration transmitting means
of the mobile device as a cluster head reads the clus-
ter head identification information, and other cluster
head identification information out of the second
routing information storing means and transmits the
cluster head identification information to the topology
management device;

a location registration transmitting step (S104)
wherein a location registration transmitting means
of the mobile device as a cluster head reads the clus-
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ter head identification information and the cluster
member identification information out of the second
routing information storing means and transmits the
cluster head identification information and cluster
member identification information to the location
management device;

a topology information inquiring step wherein a to-
pology information inquiring means of the mobile de-
vice as a cluster head inquires a route information
in transmitting a route inquiry to the topology man-
agementdevice about aroute to a destination cluster
head as a representative of the cluster to which a
destination terminal device as a destination of trans-
mitted data belongs, on basis of the cluster member
identification information of the destination mobile
terminal device; and

a topology information receiving step wherein a to-
pology information receiving means of the mobile
device as a cluster head receives from the topology
management device topology information to indicate
the route on the communication network from a
source cluster head as a representative of the cluster
to which a source mobile terminal device as a source
of transmitted data belongs, to the destination cluster
head; and

a second data transmitting step wherein a second
data transmitting means of the mobile device as a
cluster head transmits the transmitted data to the
destination cluster head on the basis of the topology
information received in the topology information re-
ceiving step, transmits the transmitted data to the
other cluster head on the basis of the other cluster
head identification information stored in the second
routing information storing means, and transmits the
transmitted data to the cluster member on the basis
of the cluster member identification information
stored in the second routing information storing
means;

a topology registration receiving step wherein a to-
pology registration receiving means of the topology
management device receives the cluster head iden-
tification information and the other cluster head iden-
tification information from the topology registration
transmitting means of the cluster head;

a topology information storing step wherein a topol-
ogy information storing means of the topology man-
agementdevice stores the cluster head identification
information and the other cluster head identification
information received in the topology registration re-
ceiving step;

a location information receiving step wherein a loca-
tion information receiving means of the topology
management device receives source cluster head
identification information to identify a location on the
communication network of the source cluster head
as a representative of the cluster to which a source
mobile terminal device as a source of the transmitted
data belongs, and the cluster member identification
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information of the destination mobile terminal device,
from the topology information inquiring means of the
source cluster head;

a location information inquiring step wherein a loca-
tion information inquiring means of the topology
management device inquires the location manage-
ment device about an identification information of
the destination cluster head on the basis of the clus-
ter member identification information of the destina-
tion mobile terminal device received in the location
information receiving step;

a location information response receiving step
wherein a location information response receiving
means of the topology management device receives
the identification information of the destination clus-
ter head from the location management device;

a topology calculating step wherein a topology cal-
culating means of the topology management device
calculates the topology information based on the
source cluster head identification information and
the identification information of the destination clus-
ter head received in the location information re-
sponse receiving step, with reference to the cluster
head identification information and the other cluster
head identification information stored in the topology
information storing means; and

a topology information response transmitting step
wherein a topology information response transmit-
ting means of the topology management device
transmits the calculated topology information to the
topology information receiving means of the source
cluster head;

a location registration receiving step wherein a loca-
tion registration receiving means of the location man-
agement device receives the cluster head identifica-
tion information and the cluster member identifica-
tion information transmitted in the location registra-
tion transmitting step;

a location information storing step wherein location
information storing means of the location manage-
ment device stores the cluster head identification in-
formation and the cluster member identification in-
formation received in the location registration receiv-
ing step;

a location information inquiry receiving step wherein
a location information inquiry receiving means of the
location management device receives a location in-
formation inquiry from the location information inquir-
ing means of the topology management device in-
cluding the cluster member identification information
of the destination mobile terminal device; and

a location information response transmitting step
wherein alocation information response transmitting
means of the location management device reads
cluster head identification information of the cluster
to which the destination mobile terminal device be-
longs out of the location information storing means,
and transmits the read cluster head identification in-
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formation to the location information response re-
ceiving means of the topology management device.

The communication method according to Claim 4,
wherein in the topology registration transmitting step
the topology registration transmitting means of the
cluster head transmits the cluster head identification
information, and specific other cluster head identifi-
cation information to the topology management de-
vice,

wherein in the topology registration receiving step
the topology registration receiving means of the to-
pology management device receives the cluster
head identification information and the specific other
cluster head identification information transmitted in
the topology registration transmitting step, and
wherein in the topology information storing step the
topology information storing means of the topology
management device stores the cluster head identi-
fication information received in the topology regis-
tration receiving step, as the specific other cluster
head identification information and stores the spe-
cific other cluster head identification information re-
ceived in the topology registration receiving step, as
the cluster head identification information.

Patentanspriiche

1.

Kommunikationssystem beinhaltend ein Multi-Hop-
Ad-Hoc-Netzwerk (1), das Ad-Hoc-Netzwerk beste-
hend aus einer Mehrzahlvon Clustern (A, B, C), jeder
Cluster beinhaltend eine Menge von Mobilendgera-
ten (10b) als Cluster-Mitglieder und ein reprasenta-
tives Mobilendgerat als Cluster-Kopf (10a), eine To-
pologie-Verwaltungs-Einrichtung (20) und eine Orts-
Verwaltungs-Einrichtung (30), wobei eine Route zwi-
schen Mobilkommunikationsgeraten berechnet wird
basierend auf Austausch von Mobilendgerat-ldenti-
fikations-Information, das Mobilgeréat als ein Cluster-
Mitglied (10b) aufweisend:

+ erstes Routing-Information-Empfangs-Mittel
(102) zum Empfangen von Cluster-Kopf-ldenti-
fikations-Information zum Identifizieren eines
Orts auf dem Kommunikationsnetzwerk eines
Cluster-Kopfes als einen Reprasentanten des
Clusters, zu dem das Cluster-Mitglied selbst ge-
hort, von dem Cluster-Kopf;

+ erstes Routing-Information-Speicher-Mittel
(101) zum Speichern der von dem ersten Rou-
ting-Information-Empfangs-Mittel (102) emp-
fangenen Cluster-Kopf-ldentifikations-Informa-
tion und Cluster-Mitglied-Identifikations-Infor-
mation zum Identifizieren eines Ortes auf dem
Kommunikationsnetzwerk des Cluster-Mit-
glieds selbst;

- erstes Routing-Information-Ubertragungs-Mit-
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tel (103) zum Lesen der Cluster-Kopf-ldentifika-
tions-Information und der Cluster-Mitglied-Iden-
tifikations-Information aus dem ersten Routing-
Information-Speicher-Mittel (101) und zum

42

tel (105) zum Lesen der Cluster-Kopf-ldentifika-
tions-Information und anderer Cluster-Kopf-
Identifikations-Information aus dem zweiten
Routing-Information-Speicher-Mittel (101), und

Ubertragen der Cluster-Mitglied-Identifikations- 5 zum Ubertragen der Cluster-Kopf-ldentifikati-
Information zu dem Cluster-Kopf auf der Basis ons-Information zu der Topologie-Verwaltungs-
der  Cluster-Kopf-ldentifikations-Information; Einrichtung (20);
und . Orts-Registrierungs-Ubertragungs-Mittel
« erstes Daten-Ubertragungs-Mittel (109) zum (104) zum Lesen der Cluster-Kopf-ldentifikati-
Lesen der Cluster-Kopf-ldentifikations-Informa- 70 ons-Information und der Cluster-Mitglied-Iden-
tion aus dem ersten Routing-Information-Spei- tifikations-Information aus dem zweiten Rou-
cher-Mittel (101) und zum Ubertragen von liber- ting-Information-Speicher-Mittel (101), und zum
tragenen Daten zu dem Cluster-Kopf auf der Ba- Ubertragen der Cluster-Kopf-Identifikations-In-
sis der Cluster-Kopf-Identifikations-Information; formation und Cluster-Mitglied-Identifikations-
15 Information zu der Orts-Verwaltungs-Einrich-
das Mobilgerat als ein Cluster-Kopf (10a) aufwei- tung (30);
send: » Topologie-Information-Anfrage-Mittel (106)
zum Anfragen von Routen-Information durch
« zweites Routing-Information-Empfangs-Mittel Ubertragen einer Routen-Anfrage zu der Topo-
(102) zum Empfangen von anderer Cluster- 20 logie-Verwaltungs-Einrichtung (20) Uber eine
Kopf-ldentifikations-Information zum Identifizie- Route zu einem Ziel-Cluster-Kopf als einen Re-
ren eines Orts auf dem Kommunikationsnetz- prasentanten des Clusters, zu dem ein Ziel-End-
werk eines anderen Cluster-Kopfes als einen gerat als ein Ziel von Ubertragenen Daten ge-
Reprasentanten eines anderen Clusters, an- hért, auf der Basis der Cluster-Mitglied-Identifi-
grenzend zu dem Cluster, zu dem der Cluster- 25 kations-Information des Ziel-Mobilendgeréts;
Kopf selbst gehort, von dem anderen Cluster- und
Kopf und zum Empfangen der Cluster-Mitglied- * Topologie-Information-Empfangs-Mittel (108)
Identifikations-Information zum Identifizieren ei- zum Empfangen von Topologie-Information von
nes Ortes auf dem Kommunikationsnetzwerk ei- der Topologie-Verwaltungs-Einrichtung (20)
nes Cluster-Mitglieds, das nicht den Cluster, zu 30 zum Angeben der Route auf dem Kommunika-
dem der Cluster-Kopf selbst gehort, reprasen- tionsnetzwerk von einem Quell-Cluster-Kopf als
tiert, von dem ersten Routing-Information-Uber- einem Reprasentanten des Clusters, zu dem ein
tragungs-Mittel (103) des Cluster-Mitglieds; Quell-Mobilendgerét als eine Quelle von Uber-
» zweites Routing-Information-Speicher-Mittel tragenen Daten gehdrt, zu dem Ziel-Cluster-
(101) zum Speichern der anderen Cluster-Kopf- 35 Kopf; und
Identifikations-Information und der Cluster-Mit- » zweites Daten-Ubertragungs-Mittel (109) zum
glieds-Identifikations-Information, empfangen Ubertragen der (lbertragenen Daten zu dem
von dem zweiten Routing-Information-Emp- Ziel-Cluster-Kopf auf der Basis der von dem To-
fangs-Mittel (102); pologie-Information-Empfangs-Mittel (108)
+ zweites Routing-Information-Ubertragungs- 40 empfangenen Topologie-Information, zum
Mittel (103) zum Lesen der Identifikations-Infor- Ubertragen der tibertragenen Daten zu dem an-
mation aus dem zweiten Routing-Information- deren Cluster-Kopf auf der Basis der in dem
Speicher-Mittel (101) und zum Ubertragen der zweiten  Routing-Information-Speicher-Mittel
Cluster-Kopf-ldentifikations-Information zu dem (101) gespeicherten anderen Cluster-Kopf-
ersten  Routing-Information-Empfangs-Mittel 45 Identifikations-Information, und zum Ubertra-
(102) des Cluster-Mitglieds in dem Cluster, zu gen der Ubertragenen Daten zu dem Cluster-
dem der Cluster-Kopf selbst gehort, auf der Ba- Mitglied auf der Basis der in dem zweiten Rou-
sis der Cluster-Mitglied-ldentifikations-Informa- ting-Information-Speicher-Mittel (101) gespei-
tion und zu dem zweiten Routing-Information- cherten Cluster-Mitglied-ldentifikations-Infor-
Empfangs-Mittel (102) des anderen Cluster- 50 mation;
Kopfes auf der Basis der anderen Cluster-Kopf-
Identifikations-Information; die Topologie-Verwaltungs-Einrichtung (20) auf-
weist:
dadurch gekennzeichnet, dass
das Mobilgerat als ein Cluster-Kopf (10a) ferner auf- 55 . Topologie-Registrierung-Empfangs-Mittel
weist: (201) zum Empfangen der Cluster-Kopf-ldenti-

fikations-Information und der anderen Cluster-

+ Topologie-Registrierungs-Ubertragungs-Mit- Kopf-ldentifikations-Information von dem Topo-

22
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logie-Registrierung-Ubertragungs-Mittel (105)
des Cluster-Kopfes;

+ Topologie-Information-Speicher-Mittel (202)
zum Speichern der Cluster-Kopf-ldentifikations-
Information und der anderen Cluster-Kopf-lden-
tifikations-Information, empfangen von dem To-
pologie-Registrierung-Empfangs-Mittel (201);

* Orts-Information-Empfangs-Mittel (203) zum
Empfangen von Quell-Cluster-Kopf-Identifikati-
ons-Information zum ldentifizieren eines Ortes
auf dem Kommunikationsnetzwerk des Quell-
Cluster-Kopfes als ein Reprasentant des Clu-
sters, zu dem ein Quell-Mobilendgerét als eine
Quelle der Ubertragenen Daten gehort, und der
Cluster-Mitglied-Identifikations-Information des
Ziel-Mobilendgerats von dem Topologie-Infor-
mation-Anfrage-Mittel (106) des Quell-Cluster-
Kopfes;

* Orts-Information-Anfrage-Mittel (204) zum An-
fragen der Orts-Verwaltungs-Einrichtung (30)
Uber eine Identifikations-Information des Ziel-
Cluster-Kopfes auf der Basis der von dem Orts-
Information-Empfangs-Mittel (203) empfange-
nen Cluster-Mitglieds-ldentifikations-Informati-
on des Ziel-Mobilendgeréts;

*  Orts-Information-Antwort-Empfangs-Mittel
(205) zum Empfangen der Identifikations-Infor-
mation des Ziel-Cluster-Kopfes von der Orts-
Verwaltungs-Einrichtung (30) ;

* Topologie-Berechnungs-Mittel (206) zum Be-
rechnen der Topologie-Information basierend
auf der Quell-Cluster-Kopf-Identifikations-Infor-
mation und der von dem Orts-Information-Ant-
wort-Empfangs-Mittel (205) empfangenen Iden-
tifikations-Information des Ziel-Cluster-Kopfes,
mit Referenz auf die Cluster-Kopf-ldentifikati-
ons-Information und die andere Cluster-Kopf-
Identifikations-Information, gespeichert in dem
Topologie-Information-Speicher-Mittel  (202);
und

. Topologie-Information-Antwort-Ubertra-
gungs-Mittel (207) zum Ubertragen der berech-
neten Topologie-Information zu dem Topologie-
Information-Empfangs-Mittel (108) des Quell-
Cluster-Kopfes;

die Orts-Verwaltungs-Einrichtung (30) aufweist:

+ Orts-Registrierungs-Empfangs-Mittel (301)
zum Empfangen der Cluster-Kopf-ldentifikati-
ons-Information und der Cluster-Mitglied-lden-
tifikations-Information von dem Orts-Registrie-
rungs-Ubertragungs-Mittel (104) des Cluster-
Kopfes ;

¢ Orts-Information-Speicher-Mittel (302) zum
Speichern der Cluster-Kopf-Identifikations-In-
formation und der Cluster-Mitglied-ldentifikati-
ons-Information, empfangen von dem Orts-Re-
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gistrierungs-Empfangs-Mittel (301);

*  Orts-Information-Anfrage-Empfangs-Mittel
(303) zum Empfangen einer Orts-Information-
Anfrage von dem Orts-Information-Anfrage-Mit-
tel (204) der Topologie-Verwaltungs-Einrich-
tung (20) enthaltend die Cluster-Mitglied-ldenti-
fikations-Information des Ziel-Mobilendgeréats;
und

» Orts-Information-Antwort-Ubertragungs-Mittel
(304) zum Lesen von Cluster-Kopf-ldentifikati-
ons-Information des Clusters, zu dem das Ziel-
Mobilendgerat gehort, aus dem Orts-Informati-
on-Speicher-Mittel (302), und zum Ubertragen
der gelesenen Cluster-Kopf-ldentifikations-In-
formation zu dem Orts-Information-Antwort-
Empfangs-Mittel (205) der Topologie-Verwal-
tungs-Einrichtung (20).

Kommunikationssystem gemafR Anspruch 1,

wobei das Topologie-Registrierungs-Ubertragungs-
Mittel (105) eingerichtet ist zum Ubertragen der Mo-
bilgerat-ldentifikations-Information als die Cluster-
Kopf-ldentifikations-Information und spezifischer
anderer Cluster-Kopf-ldentifikations-Information zu
der Topologie-Verwaltungs-Einrichtung (20).

Kommunikationssystem gemaf Anspruch 1,

wobei das Topologie-Registrierung-Empfangs-Mit-
tel (201) eingerichtetistzum Empfangen der Cluster-
Kopf-ldentifikations-Information und spezifischer
anderer  Cluster-Kopf-ldentifikations-Information
von dem Cluster-Kopf und

wobei das Topologie-Information-Speicher-Mittel
(202) eingerichtet ist zum Speichern der von dem
Topologie-Registrierungs-Empfangs-Mittel empfan-
genen Cluster-Kopf-ldentifikations-Information als
die spezifische andere Cluster-Kopf-ldentifikations-
Information und zum Speichern der von dem Topo-
logie-Registrierungs-Empfangs-Mittel empfange-
nen spezifischen anderen Cluster-Kopf-ldentifikati-
ons-Information als die Cluster-Kopf-ldentifikations-
Information.

Kommunikations-Verfahren in einem Kommunikati-
onssystem beinhaltend ein Multi-Hop-Ad-Hoc-Netz-
werk, das Ad-Hoc-Netzwerk bestehend aus einer
Mehrzahl von Clustern, jeder Cluster beinhaltend ei-
ne Menge von Mobilendgeraten als Cluster-Mitglie-
der und ein reprasentatives Mobilendgerat als Clu-
ster-Kopf, eine Topologie-Verwaltungs-Einrichtung
und eine Orts-Verwaltungs-Einrichtung, und eine
Route zwischen Mobilkommunikationsgeraten wird
berechnet basierend auf Austausch von Mobilend-
gerat-ldentifikations-Information, das Kommunikati-
onsverfahren aufweisend:

« einen ersten Routing-Information-Empfangs-
Schritt (S101), in dem Routing-Information-
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Empfangs-Mittel eines Mobilgerats als ein Clu-
ster-Mitglied Cluster-Kopf-Identifikations-Infor-
mation empfangt zum Identifizieren eines Orts
auf dem Kommunikationsnetzwerk eines Clu-
ster-Kopfes als einen Reprasentanten des Clu-
sters, zu dem das Cluster-Mitglied selbst gehort,
von dem Cluster-Kopf;

» einen ersten Routing-Information-Speicher-
Schritt, in dem Routing-Information-Speicher-
Mittel des Mobilgerats als ein Cluster-Mitglied
die in dem ersten Routing-Information-Emp-
fangs-Schritt (S101) empfangenen Cluster-
Kopf-ldentifikations-Information und Cluster-
Mitglied-Identifikations-Information zum Identi-
fizieren eines Ortes auf dem Kommunikations-
netzwerk des Cluster-Mitglieds selbst speichert;
+ einen ersten Routing-Information-Ubertra-
gungs-Schritt, in dem ein erstes Routing-Infor-
mation-Ubertragungs-Mittel des Mobilgeréts als
ein Cluster-Mitglied die Cluster-Kopf-ldentifika-
tions-Information und die Cluster-Mitglied-Iden-
tifikations-Information aus dem ersten Routing-
Information-Speicher-Mittel liest und die Clu-
ster-Mitglied-Identifikations-Information zu dem
Cluster-Kopf tibertragt auf der Basis der Cluster-
Kopf-ldentifikations-Information; und

« einen ersten Daten-Ubertragungs-Schritt, in
dem ein erstes Daten-Ubertragungs-Mittel des
Mobilgerats als ein Cluster-Mitglied die Cluster-
Kopf-ldentifikations-Information aus dem ersten
Routing-Information-Speicher-Mittel liest und
Ubertragene Daten zu dem Cluster-Kopf iber-
tragt auf der Basis der Cluster-Kopf-ldentifikati-
ons-Information;

* einen zweiten Routing-Information-Empfangs-
Schritt, in dem ein zweites Routing-Information-
Empfangs-Mittel des Mobilgerats als ein Clu-
ster-Kopf andere Cluster-Kopf-ldentifikations-
Information empfangt zum Identifizieren eines
Orts auf dem Kommunikationsnetzwerk eines
anderen Cluster-Kopfes als einen Reprasentan-
ten eines anderen Clusters, angrenzend zu dem
Cluster zu dem der Cluster-Kopf selbst gehort,
von dem anderen Cluster-Kopf und zum Emp-
fangen der Cluster-Mitglied-ldentifikations-In-
formation zum Identifizieren eines Ortes auf
dem Kommunikationsnetzwerk eines Cluster-
Mitglieds, das nicht den Cluster, zu dem der Clu-
ster-Kopf selbst gehort, reprasentiert, von dem
ersten Routing-Information-Ubertragungs-Mit-
tel (103) des Cluster-Mitglieds;

« einen zweiten Routing-Information-Speicher-
Schritt, in dem zweites Routing-Information-
Speicher-Mittel des Mobilgeréats als ein Cluster-
Kopf die andere Cluster-Kopf-ldentifikations-In-
formation und die Cluster-Mitglieds-ldentifikati-
ons-Information, empfangen in dem zweiten
Routing-Information-Empfangs-Schritt,  spei-

10

15

20

25

30

35

40

45

50

55

24

46

chert;

+ einen zweiten Routing-Information-Ubertra-
gungs-Schritt, in dem ein zweites Routing-Infor-
mation-Ubertragungs-Mittel des Mobilgeréts als
ein Cluster-Kopf die Identifikations-Information
aus dem zweiten Routing-Information-Spei-
cher-Mittel liest und die Cluster-Kopf-ldentifika-
tions-Information zu dem ersten Routing-Infor-
mation-Empfangs-Mittel des Cluster-Mitglieds
in dem Cluster, zu dem der Cluster-Kopf selbst
gehort, auf der Basis der Cluster-Mitglied-lden-
tifikations-Information und zu dem zweiten Rou-
ting-Information-Empfangs-Mittel des anderen
Cluster-Kopfes auf der Basis der anderen Clu-
ster-Kopf-ldentifikations-Information Gbertragt;

gekennzeichnet durch

+ einen Topologie-Registrierungs-Ubertra-
gungs-Schritt (S103), in dem ein Topologie-Re-
gistrierungs-Ubertragungs-Mittel des Mobilge-
rats als ein Cluster-Kopf die Cluster-Kopf-lden-
tifikations-Information und andere Cluster-Kopf-
Identifikations-Information aus dem zweiten
Routing-Information-Speicher-Mittel liest, und
die Cluster-Kopf-ldentifikations-Information zu
der Topologie-Verwaltungs-Einrichtung tber-
tragt;

+ einen Orts-Registrierungs-Ubertragungs-
Schritt (S104), in dem ein Orts-Registrierungs-
Ubertragungs-Mittel des Mobilgerats als ein
Cluster-Kopf die Cluster-Kopf-ldentifikations-
Information und die Cluster-Mitglied-lIdentifika-
tions-Information aus dem zweiten Routing-In-
formation-Speicher-Mittel liest, und die Cluster-
Kopf-Identifikations-Information und Cluster-
Mitglied-ldentifikations-Information zu der Orts-
Verwaltungs-Einrichtung tbertragt;

+ einen Topologie-Information-Anfrage-Schritt,
in dem ein Topologie-Information-Anfrage-Mit-
tel des Mobilgerats als ein Cluster-Kopf eine
Routen-Information anfragt durch Ubertragen
einer Routen-Anfrage zu der Topologie-Verwal-
tungs-Einrichtung Uber eine Route zu einem
Ziel-Cluster-Kopf als einen Reprasentanten des
Clusters, zu dem ein Ziel-Endgeréat als ein Ziel
von Ubertragenen Daten gehort, auf der Basis
der Cluster-Mitglied-Identifikations-Information
des Ziel-Mobilendgerats; und

+ einen Topologie-Information-Empfangs-
Schritt, in dem ein Topologie-Information-Emp-
fangs-Mittel des Mobilgerats als ein Cluster-
Kopf Topologie-Information von der Topologie-
Verwaltungs-Einrichtung empfangt zum Ange-
ben der Route auf dem Kommunikationsnetz-
werk von einem Quell-Cluster-Kopf als einem
Reprasentanten des Clusters, zu dem ein Quell-
Mobilendgerat als eine Quelle von Gbertragenen
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Daten gehdrt, zu dem Ziel-Cluster-Kopf; und

« einen zweiten Daten-Ubertragungs-Schritt, in
dem ein zweites Daten-Ubertragungs-Mittel des
Mobilgerats als ein Cluster-Kopf die tbertrage-
nen Daten zu dem Ziel-Cluster-Kopf Ubertragt
auf der Basis der in dem Topologie-Information-
Empfangs-Schritt empfangenen Topologie-In-
formation, die Ubertragenen Daten zu dem an-
deren Cluster-Kopf Ubertragt auf der Basis der
in dem zweiten Routing-Information-Speicher-
Mittel gespeicherten anderen Cluster-Kopf-
Identifikations-Information, und die lbertrage-
nen Daten zu dem Cluster-Mitglied Gbertragt auf
der Basis der in dem zweiten Routing-Informa-
tion-Speicher-Mittel gespeicherten Cluster-Mit-
glied-ldentifikations-Information;

+ einen Topalogie-Registrierung-Empfangs-
Schritt, in dem ein Topologie-Registrierung-
Empfangs-Mittel der Topologie-Verwaltungs-
Einrichtung die Cluster-Kopf-ldentifikations-In-
formation und die andere Cluster-Kopf-ldentifi-
kations-Information von dem Topologie-Regi-
strierung-Ubertragungs-Mittel des Cluster-Kop-
fes empfangt;

« einen Topologie-Information-Speicher-Schritt,
in dem ein Topologie-Information-Speicher-Mit-
tel der Topologie-Verwaltungs-Einrichtung die
Cluster-Kopf-ldentifikations-Information und die
andere Cluster-Kopf-ldentifikations-Informati-
on, empfangen in dem Topologie-Registrie-
rung-Empfangs-Schritt, speichert;

» einen Orts-Information-Empfangs-Schritt, in
dem ein Orts-Information-Empfangs-Mittel der
Topologie-Verwaltungs-Einrichtung Quell-Clu-
ster-Kopf-ldentifikations-Information zum Iden-
tifizieren eines Ortes auf dem Kommunikations-
netzwerk des Quell-Cluster-Kopfes als ein Re-
prasentant des Clusters, zu dem ein Quell-Mo-
bilendgerat als eine Quelle der Ubertragenen
Daten gehort, und die Cluster-Mitglied-ldentifi-
kations-Information des Ziel-Mobilendgerats
von dem Topologie-Information-Anfrage-Mittel
des Quell-Cluster-Kopfes empfangt;

« einen Orts-Information-Anfrage-Schritt, in dem
ein Orts-Information-Anfrage-Mittel der Topolo-
gie-Verwaltungs-Einrichtung die Orts-Verwal-
tungs-Einrichtung anfragt Gber eine Identifikati-
ons-Information des Ziel-Cluster-Kopfes auf der
Basis der in dem Orts-Information-Empfangs-
Schritt empfangenen Cluster-Mitglieds-Identifi-
kations-Information des Ziel-Mobilendgerats ;

» einen Orts-Information-Antwort-Empfangs-
Schritt, in dem ein Orts-Information-Antwort-
Empfangs-Mittel der Topologie-Verwaltungs-
Einrichtung die Identifikations-Information des
Ziel-Cluster-Kopfes von der Orts-Verwaltungs-
Einrichtung empfangt;

« einen Topologie-Berechnungs-Schritt, in dem
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ein Topologie-Berechnungs-Mittel der Topolo-
gie-Verwaltungs-Einrichtung die Topologie-In-
formation berechnet basierend auf der Quell-
Cluster-Kopf-ldentifikations-Information ~ und
der in dem Orts-Information-Antwort-Emp-
fangs-Schritt empfangenen Identifikations-In-
formation des Ziel-Cluster-Kopfes, mit Referenz
auf die Cluster-Kopf-Identifikations-Information
und die andere Cluster-Kopf-ldentifikations-In-
formation, gespeichert in dem Topologie-Infor-
mation-Speicher-Mittel; und

« einen Topologie-Information-Antwort-Ubertra-
gungs-Schritt, in dem ein Topologie-Informati-
on-Antwort-Ubertragungs-Mittel der Topologie-
Verwaltungs-Einrichtung die berechnete Topo-
logie-Information zu dem Topologie-Informati-
on-Empfangs-Mittel des Quell-Cluster-Kopfes
Ubertragt;

« einen Orts-Registrierungs-Empfangs-Schritt,
in dem ein Orts-Registrierungs-Empfangs-Mit-
tel der Orts-Verwaltungs-Einrichtung die Clu-
ster-Kopf-Identifikations-Information und die
Cluster- Mitglied- Identifikations- Information,
ibertragen in dem Orts-Registrierungs-Ubertra-
gungs-Schritt, empfangt;

» einen Orts-Information-Speicher-Schritt, in
dem Orts-Information-Speicher-Mittel der Orts-
Verwaltungs-Einrichtung die Cluster-Kopf-Iden-
tifikations-Information und die Cluster-Mitglied-
Identifikations-Information, empfangen in dem
Orts-Registrierungs-Empfangs-Schritt,  spei-
chert;

+ einen Orts-Information-Anfrage-Empfangs-
Schritt, in dem ein Orts-Information-Anfrage-
Empfangs-Mittel der Orts-Verwaltungs-Einrich-
tung eine Orts-Information-Anfrage von dem
Orts-Information-Anfrage-Mittel der Topologie-
Verwaltungs-Einrichtung enthaltend die Clu-
ster-Mitglied-ldentifikations-Information  des
Ziel-Mobilendgerats empfangt; und

+ einen Orts-Information-Antwort-Ubertra-
gungs-Schritt, in dem ein Orts-Information-Ant-
wort-Ubertragungs-Mittel der  Orts-Verwal-
tungs-Einrichtung Cluster-Kopf-Identifikations-
Information des Clusters, zu dem das Ziel-Mo-
bilendgerat gehort, aus dem Orts-Information-
Speicher-Mittel liest, und die gelesene Cluster-
Kopf-ldentifikations-Information zu dem Orts-In-
formation-Antwort-Empfangs-Mittel der Topolo-
gie-Verwaltungs-Einrichtung tbertragt.

5. Kommunikationsverfahren gemal Anspruch 4,
wobei in dem Topologie-Registrierungs-Ubertra-
gungs-Schritt das Topologie-Registrierungs-Uber-
tragungs-Mittel des Cluster-Kopfes die Cluster-
Kopf-ldentifikations-Information und spezifische an-
dere Cluster-Kopf-ldentifikations-Information zu der
Topologie-Verwaltungs-Einrichtung Ubertragt, wo-
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bei in dem Topologie-Registrierung-Empfangs-
Schritt das Topologie-Registrierung-Empfangs-Mit-
tel der Topologie-Verwaltungs-Einrichtung die Clu-
ster-Kopf-ldentifikations-Information und die spezi-
fische andere Cluster-Kopf-ldentifikations-Informa-
tion, Ubertragen in dem Topologie-Registrierung-
Ubertragungs-Schritt, empfangt, und

wobei in dem Topologie-Information-Speicher-
Schritt das Topologie-Tnformation-Speicher-Mittel
der Topologie-Verwaltungs-Einrichtung die in dem
Topologie-Registrierungs-Empfangs-Schritt  emp-
fangene Cluster-Kopf-ldentifikations-Information als
die spezifische andere Cluster-Kopf-ldentifikations-
Information speichert und die in dem Topologie-Re-
gistrierungs-Empfangs-Schritt empfangene spezifi-
sche andere Cluster-Kopf-Identifikations-Informati-
on als die Cluster-Kopf-ldentifikations-Information
speichert.

Revendications

Systéme de communication consistant en un réseau
ad hoc a sauts multiples (1), le réseau ad hoc se
composant d’une pluralité de grappes (A, B, C), cha-
que grappe comprenant un ensemble de dispositifs
terminaux mobiles (10b) en tant qu’éléments de
grappe et un dispositif terminal mobile représentatif
en tant que téte de grappe (10a), un dispositif de
gestion de topologie (20), et un dispositif de gestion
d’emplacement (30), dans lequel un chemin entre
les dispositifs de communications mobiles est cal-
culé sur la base d’'un échange d’'informations d’iden-
tification de dispositif terminal mobile,

ledit dispositif mobile en tant qu’élément de grappe
(10b) comprenant :

des premiers moyens de réception d’informa-
tions de routage (102) destinés a recevoir des
informations d’identification de téte de grappe
de maniéere a identifier sur le réseau de commu-
nication un emplacement de téte de grappe, en
tant que représentant de la grappe a laquelle
'élément de grappe lui-méme appartient, en
provenance de la téte de grappe ;

des premiers moyens de stockage d’informa-
tions de routage (101) destinés a stocker les in-
formations d’identification de téte de grappe re-
gues par les premiers moyens de réception d’in-
formations de routage (102), et les informations
d’identification d’élément de grappe de maniere
a identifier un emplacement sur le réseau de
communication de I'élément de grappe lui-
méme ;

des premiers moyens de transmission d’infor-
mations de routage (103) destinés a lire les in-
formations d’identification de téte de grappe et
les informations d’identification d’élément de
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grappe a partir des premiers moyens de stoc-
kage des informations de routage (101), et a
transmettre lesdites informations d’identification
d’élément de grappe a ladite téte de grappe sur
la base des informations d’identification de téte
de grappe ; et

des premiers moyens de transmission de don-
nées (109) destinés a lire les informations
d’identification de téte de grappe a partir des
premiers moyens de stockage d’informations de
routage (101), et a transmettre les données
transmises a la téte de grappe sur la base des
informations d’identification de téte de grappe ;
ledit dispositif mobile en tant que téte de grappe
(10a) comprenant :

des deuxiemes moyens de réception d’in-
formations de routage (102) destinés a re-
cevoir d’autres informations d’identification
de téte de grappe de maniére a identifier
sur le réseau de communication un empla-
cement d’'une autre téte de grappe, comme
étant un représentant d’'une autre grappe
adjacente a la grappe a laquelle la téte de
grappe elle-méme appartient, en provenan-
ce de l'autre téte de grappe, et a recevoir
les informations d’identification d’élément
de grappe de maniére a identifier un empla-
cement sur le réseau de communication
d'un élément de grappe qui ne représente
pas la grappe a laquelle la téte de grappe
elle-méme appartient, a partir des premiers
moyens de transmission d’'informations de
routage (103) de I'élément de grappe ;
des deuxiemes moyens de stockage d’in-
formations de routage (101) destinés a
stocker les informations d’identification de
l'autre téte de grappe et les informations
d’identification d’élément de grappe regues
par les deuxiemes moyens de réception
d’'informations de routage (102) ;

des deuxiemes moyens de transmission
d’'informations de routage (103), destinés a
lire les informations d’identification a partir
des deuxiémes moyens de stockage d’in-
formations de routage (101), et a transmet-
tre les informations d’identification de téte
de grappe aux premiers moyens de récep-
tion d’informations de routage (102) de I'élé-
ment de grappe dans la grappe a laquelle
la téte de grappe elle-méme appartient sur
la base des information s d’identification
d’élément de grappe, et aux deuxiémes
moyens de réception d’'informations de rou-
tage (102) de l'autre téte de grappe sur la
base des informations d’identification de
l'autre téte de grappe ;

caractérisé en ce que



51 EP 1760 960 B9

ledit dispositif mobile en tant que téte de
grappe (10a) comprend en outre :

des moyens de transmission d’enregis-
trement de topologie (105) destinés a
lire les informations d’identification de
téte de grappe, et les informations
d’identification de I'autre téte de grappe
a partir des deuxiémes moyens de
stockage dinformations de routage
(101), et a transmettre les informations
d’identification de téte de grappe au
dispositif de gestion de topologie (20) ;
des moyens de transmission d’enregis-
trement d’emplacement (104) destinés
alire les informations d’identification de
téte de grappe et les informations
d’identification d’élément de grappe a
partir des deuxiémes moyens de stoc-
kage d’informations de routage (101),
etatransmettre lesinformations d’iden-
tification de téte de grappe et les infor-
mations d’identification d’élément de
grappe au dispositif de gestion d’em-
placement (30) ;

des moyens de demande d’informa-
tions de topologie (106) destinés a de-
mander des informations de chemin en
transmettant une demande de chemin
au dispositif de gestion de topologie
(20) au sujet d’'un chemin vers une téte
de grappe de destination comme étant
un représentant de la grappe alaquelle
appartient un dispositif terminal de des-
tination comme une destination des
données transmises, sur la base des
information d’identification d’élément
de grappe du dispositif terminal mobile
de destination ; et

des moyens de réception d’informa-
tions de topologie (108) destinés a re-
cevoir en provenance du dispositif de
gestion de topologie (20) des informa-
tions de topologie de maniére a indi-
quer le chemin sur le réseau de com-
munication a partir d’une téte de grappe
de source comme étant un représen-
tant de la grappe a laquelle appartient
un dispositif terminal mobile de source
comme une source des données trans-
mises, a la téte de grappe de
destination ; et

des deuxiémes moyens de transmis-
sionde données (109) destinés atrans-
mettre les données transmises ala téte
de grappe de destination sur la base
des informations de topologie regues
en provenance des moyens de récep-
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tion d’informations de topologie (108),
a transmettre les données transmises
a l'autre téte de grappe sur la base des
informations d’identification de I'autre
téte de grappe stockées dans les
deuxiémes moyens de stockage d’in-
formations de routage (101), et a trans-
mettre les données transmises a I'élé-
ment de grappe sur la base des infor-
mations d’identification d’élément de
grappe stockées dans les deuxiemes
moyens de stockage d’informations de
routage (101) ;

le dispositif de gestion de topologie (20)
comprenant :

des moyens de réception d’enre-
gistrement de topologie (201) des-
tinés a recevoir les informations
d’identification de téte de grappe
et les informations d’identification
de l'autre téte de grappe en prove-
nance des moyens de transmis-
sion d’enregistrement de topologie
(105) de la téte de grappe ;

des moyens de stockage d’infor-
mations de topologie (202) desti-
nés a stocker les informations
d’identification de téte de grappe
et les informations d’identification
de l'autre téte de grappe regues
par les moyens de réception d’en-
registrement de topologie (201) ;
des moyens de réception d’infor-
mations d’emplacement (203) des-
tinés a recevoir les informations
d’identification de téte de grappe
de source de maniére a identifier
un emplacement sur le réseau de
communication de la téte de grap-
pe de source en tant que représen-
tant de la grappe a laquelle appar-
tient un dispositif terminal mobile
de source comme source des don-
nées transmises, et les informa-
tions d’identification d’élément de
grappe du dispositif terminal mobi-
le de destination, a partir des
moyens de demande d’informa-
tions de topologie (106) de la téte
de grappe de source ;

des moyens de demande d’infor-
mations d’emplacement (204) des-
tinés a demander au dispositif de
gestion d’emplacement (30) des
informations d’identification de la
téte de grappe de destination sur
la base des informations d’identifi-
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cation d’élément de grappe du dis-
positif terminal mobile de destina-
tion regues par les moyens de ré-
ception d’'informations d’emplace-
ment (203) ;

des moyens de réception de ré-
ponse d’informations d’emplace-
ment (205) destinés a recevoir les
informations d’identification de la
téte de grappe de destination en
provenance du dispositif de ges-
tion d’'emplacement (30) ;

des moyens de calcul de topologie
(206) destinés a calculer les infor-
mations de topologie sur la base
des informations d’identification de
téte de grappe de source et les in-
formations d’identification de la té-
te de grappe de destination recues
par les moyens de réception de ré-
ponse d’informations d’emplace-
ment (205), en ce qui concerne les
informations d’identification de téte
de grappe et les informations
d’identification de l'autre téte de
grappe stockées dans les moyens
de stockage d’informations de to-
pologie (202) ; et

des moyens de transmission de ré-
ponse d’'informations de topologie
(207) destinés a transmettre les in-
formations de topologie calculées
aux moyens de réception d’infor-
mations de topologie (108) de la té-
te de grappe de source ;

le dispositif de gestion d’emplace-
ment (30) comprenant :

des moyens de réception
d’enregistrement d’emplace-
ment (301) destinés a recevoir
les informations d’identifica-
tion de téte de grappe et les
informations  d’identification
d’élément de grappe en pro-
venance des moyens de
transmission d’enregistre-
ment d’emplacement (104) de
la téte de grappe ;

des moyens de stockage d’in-
formations  d’emplacement
(302) destinés a stocker les in-
formations d’identification de
téte de grappe et les informa-
tions d’identification d’élément
de grappe recues par les
moyens de réception d’enre-
gistrement  d’emplacement
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(301) ;

des moyens de réception de
demande d’informations
d’emplacement (303) desti-
nés a recevoir une demande
d’'informations d’emplace-
ment en provenance des
moyens de demande d’infor-
mations d’emplacement (204)
du dispositif de gestion de to-
pologie (20) qui comprennent
les informations d'identifica-
tion d’élément de grappe du
dispositif terminal mobile de
destination ; et

des moyens de transmission
de réponse d’informations
d’emplacement (304) desti-
nés a lire les informations
d’identification de téte de
grappe de la grappe alaquelle
appartientle dispositif terminal
mobile de destination a partir
des moyens de stockage d'in-
formations  d’emplacement
(302), et a transmettre les in-
formations d’identification de
téte de grappe lues aux
moyens de réception de ré-
ponse d’informations d’empla-
cement (205) du dispositif de
gestion de topologie (20).

Systéme de communication selon la revendication
1, dans lequel les moyens de transmission d’enre-
gistrement de topologie (105) sont aptes a transmet-
tre les informations d’identification de dispositif de
terminal mobile comme informations d’identification
de téte de grappe, et les informations d’identification
spécifiques a 'autre téte de grappe, au dispositif de
gestion de topologie (20).

Systéme de communication selon larevendication 1,
dans lequel les moyens de réception d’enregistre-
ment de topologie (201) sont aptes a recevoir les
informations d’identification de téte de grappe, etles
informations d’identification spécifiques a l'autre téte
de grappe, en provenance de la téte de grappe, et
dans lequel les moyens de stockage d’informations
de topologie (202) sont aptes a stocker les informa-
tions d’identification de téte de grappe regues par
les moyens de réception d’enregistrement de topo-
logie, comme informations d’identification spécifi-
ques a l'autre téte de grappe, et a stocker les infor-
mations d’identification spécifiques a I'autre téte de
grappe regues par les moyens de réception d’enre-
gistrement de topologie, comme informations d’iden-
tification de téte de grappe.
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Procédé de communication dans un systéeme de
communication consistant en un réseau ad hoc a
sauts multiples, le réseau ad hoc se composant
d’une pluralité de grappes, chaque grappe compre-
nant un ensemble de dispositifs terminaux mobiles
en tant qu’éléments de grappe et un dispositif termi-
nal mobile représentatif en tant que téte de grappe,
un dispositif de gestion de topologie, et un dispositif
de gestion d’emplacement, et un chemin entre les
dispositifs de communications mobiles est calculé
sur la base d’un échange d’informations d’identifica-
tion de dispositif terminal mobile, ledit procédé de
communication comprenant :

une premiére étape de réception d’informations
de routage (S101), dans laquelle les moyens de
réception d’'informations de routage d’un dispo-
sitif mobile en tant qu’élément de grappe recoi-
vent les informations d’identification de téte de
grappe de maniére a identifier sur le réseau de
communication un emplacement de téte de
grappe, comme étant un représentant de la
grappe a laquelle I'élément de grappe lui-méme
appartient, en provenance de la téte de grappe ;
une premiére étape de stockage d’informations
de routage, dans laquelle les moyens de stoc-
kage d’'informations de routage du dispositif mo-
bile en tant qu’élément de grappe, stockent les
informations d’identification de téte de grappe
regues dans la premiere étape de réception (S
101) d’informations de routage, et les informa-
tions d’identification d’élément de grappe de
maniére a identifier un emplacement sur le ré-
seau de communication de I'élément de grappe
lui-méme ;

une premiere étape de transmission d’'informa-
tions de routage dans laquelle les premiers
moyens de transmission d’informations de rou-
tage du dispositifs mobile en tant qu’élément de
grappe lisent les informations d’identification de
téte de grappe etles informations d’identification
d’élément de grappe a partir des premiers
moyens de stockage des informations de routa-
ge, et transmettent lesdites informations d’iden-
tification d’élément de grappe a ladite téte de
grappe sur la base des informations d’identifi-
cation de téte de grappe ; et

une premiére étape de transmission de données
dans laquelle les premiers moyens de transmis-
sion de données du dispositif mobile en tant
qu’élément de grappe lisent les informations
d’identification de téte de grappe a partir des
premiers moyens de stockage d’'informations de
routage, et transmettent les données transmi-
ses a la téte de grappe sur la base des informa-
tions d’identification de téte de grappe ;

une deuxiéme étape de réception d’informations
deroutage dans laquelle les deuxiemes moyens
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de réception d’informations de routage dudit dis-
positif mobile en tant que téte de grappe recoi-
vent d’autres informations d’identification de té-
te de grappe de maniére aidentifier surle réseau
de communication un emplacement d’une autre
téte de grappe, comme étant un représentant
d’'une autre grappe adjacente a la grappe a la-
quelle appartient la téte de grappe elle-méme,
en provenance de l'autre téte de grappe, et re-
coivent les informations d’identification d’élé-
ment de grappe de maniére a identifier un em-
placement sur le réseau de communication d’'un
élément de grappe qui ne représente pas la
grappe a laquelle la téte de grappe elle-méme
appartient, a partir des premiers moyens de
transmission d’informations de routage de I'élé-
ment de grappe ;

une deuxiéme étape de stockage d’informations
deroutage dans laquelle les deuxiemes moyens
de stockage d’informations de routage du dis-
positif mobile en tant que téte de grappe stoc-
kent les informations d’identification de I'autre
téte de grappe et les informations d’identification
d’élément de grappe regues dans la deuxieme
étape de réception des informations de
routage ;

une deuxiéme étape de transmission d’informa-
tions de routage dans laquelle des deuxiemes
moyens de transmission d’'informations de rou-
tage du dispositif mobile en tant que téte de
grappe, lisent les informations d’identification a
partir des deuxiémes moyens de stockage d’in-
formations de routage, et transmettent les infor-
mations d’identification de téte de grappe aux
premiers moyens de réception d’'informations de
routage de I'élément de grappe dans la grappe
a laquelle la téte de grappe elle-méme appar-
tient surla base des informations d’identification
d’élément de grappe, et aux deuxiemes moyens
de réception d’informations de routage de I'autre
téte de grappe sur la base des informations
d’identification de I'autre téte de grappe ; carac-
térisé par

une étape de transmission d’enregistrement de
topologie (S 103) dans laquelle des moyens de
transmission d’enregistrement de topologie du
dispositif mobile en tant que téte de grappe lisent
les informations d’identification de téte de grap-
pe, et les informations d’identification de I'autre
téte de grappe a partir des deuxiemes moyens
de stockage d’informations de routage, et trans-
mettent les informations d’identification de téte
de grappe au dispositif de gestion de topologie ;
une étape de transmission d’enregistrement
d’emplacement (S 104) dans laquelle des
moyens de transmission d’enregistrement
d’emplacement du dispositif mobile en tant que
téte de grappe lisent les informations d’identifi-
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cation de téte de grappe et les informations
d’identification d’élément de grappe a partir des
deuxiemes moyens de stockage d’informations
de routage, et transmettent les informations
d’identification de téte de grappe et les informa-
tions d’identification d’élément de grappe au dis-
positif de gestion d’emplacement ;

une étape de demande d’informations de topo-
logie dans laquelle des moyens de demande
d’'informations de topologie du dispositif mobile
en tant que téte de grappe demandent des in-
formations de chemin en transmettant une de-
mande de chemin au dispositif de gestion de
topologie au sujet d’'un chemin vers une téte de
grappe de destination comme étant un repré-
sentant de la grappe a laquelle appartient un
dispositif terminal de destination comme une
destination des données transmises, sur la base
des information d’identification d’élément de
grappe du dispositif terminal mobile de
destination ; et

une étape de réception d’informations de topo-
logie dans laquelle des moyens de réception
d’'informations de topologie du dispositif mobile
en tant que téte de grappe recgoivent en prove-
nance du dispositif de gestion de topologie des
informations de topologie de maniére a indiquer
le chemin sur le réseau de communication a par-
tir d’'une téte de grappe de source comme étant
un représentant de la grappe a laquelle appar-
tient un dispositif terminal mobile de source
comme une source des données transmises, a
la téte de grappe de destination ; et

une étape deuxiéme de transmission de don-
nées dans laquelle des deuxiémes moyens de
transmission de données du dispositif mobile en
tant que téte de grappe transmettent les don-
nées transmises a la téte de grappe de destina-
tion sur la base des informations de topologie
recues dans I'étape de réception d’'informations
de topologie, transmettent les données transmi-
ses a l'autre téte de grappe sur la base des in-
formations d’identification de l'autre téte de
grappe stockées dans les deuxiemes moyens
de stockage d’informations de routage, et trans-
mettent les données transmises a I'élément de
grappe sur la base des informations d’identifi-
cation d’élément de grappe stockées dans les
deuxiémes moyens de stockage d'informations
de routage ;

une étape de réception d’enregistrement de to-
pologie dans laquelle des moyens de réception
d’enregistrement de topologie du dispositif de
gestion de topologie regoivent les informations
d’identification de téte de grappe et les informa-
tions d’identification de I'autre téte de grappe en
provenance des moyens de transmission d’en-
registrement de topologie de la téte de grappe ;
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une étape de stockage d’informations de topo-
logie dans laquelle des moyens de stockage
d’information de topologie du dispositif de ges-
tion de topologie stockent les informations
d’identification de téte de grappe et les informa-
tions d’identification de l'autre téte de grappe
regues dans I'étape de réception d’enregistre-
ment de topologie ;

une étape de réception d’'informations d’empla-
cement dans laquelle des moyens de réception
d’'informations d’emplacement du dispositif de
gestion de topologie regoivent les informations
d’identification de téte de grappe de source de
maniére a identifier un emplacement sur le ré-
seau de communication de la téte de grappe de
source en tant que représentant de la grappe a
laquelle appartient un dispositif terminal mobile
de source comme source des données transmi-
ses, et les informations d’identification d’élé-
ment de grappe du dispositif terminal mobile de
destination, a partir des moyens de demande
d’'informations de topologie de la téte de grappe
de source ;

une étape de demande d’informations d’empla-
cement dans laquelle des moyens de demande
d’'informations d’emplacement du dispositif de
gestion de topologie demandent au dispositif de
gestion d’emplacement des informations d’iden-
tification de la téte de grappe de destination sur
la base des informations d’identification d’élé-
ment de grappe du dispositif terminal mobile de
destination regues dans I'étape de réception
d’'informations d’emplacement ;

une étape de réception de réponse d’'informa-
tions d’emplacement dans laquelle des moyens
de réception de réponse d’informations d’em-
placement du dispositif de gestion de topologie
recoivent les informations d’identification de la
téte de grappe de destination en provenance du
dispositif de gestion d’emplacement ;

une étape de calcul de topologie dans laquelle
des moyens de calcul de topologie du dispositif
de gestion de topologie calculent les informa-
tions de topologie sur la base des informations
d’identification de téte de grappe de source et
les informations d’identification de la téte de
grappe de destination regues dans I'étape de
réception de réponse d’informations d’emplace-
ment, en ce qui concerne les informations
d’identification de téte de grappe et les informa-
tions d’identification de l'autre téte de grappe
stockées dans les moyens de stockage d’infor-
mations de topologie ; et

une étape de transmission de réponse d’infor-
mations de topologie dans laquelle des moyens
de transmission de réponse d’informations de
topologie du dispositif de gestion de topologie
transmettent les informations de topologie cal-
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culées aux moyens de réception d’'informations
de topologie de la téte de grappe de source ;
une étape de réception d’enregistrement d’em-
placement dans laquelle des moyens de récep-
tion d’enregistrement d’emplacement du dispo-
sitif de gestion d’emplacement recgoivent les in-
formations d’identification de téte de grappe et
les informations d'identification d’élément de
grappe transmises dans I'étape de transmission
d’enregistrement d’emplacement ;

une étape de stockage d’informations d’empla-
cement dans laquelle des moyens de stockage
d’'informations d’emplacement du dispositif de
gestion d’emplacement stockent les informa-
tions d’identification de téte de grappe et les in-
formations d’identification d’élément de grappe
regues dans I'étape de réception d’enregistre-
ment d’'emplacement ;

une étape de réception de demande d’informa-
tions d’'emplacement dans laquelle des moyens
de réception de demande d’informations d’em-
placement du dispositif de gestion d’emplace-
ment regoivent une demande d’informations
d’emplacement en provenance des moyens de
demande d’informations d’emplacement du dis-
positif de gestion de topologie qui comprennent
les informations d’identification d’élément de
grappe du dispositif terminal mobile de
destination ; et

une étape de transmission de réponse d’infor-
mations d’emplacement dans laquelle des
moyens de transmission de réponse d’informa-
tions d’emplacement du dispositif de gestion
d’emplacement lisent les informations d’identi-
fication de téte de grappe de la grappe alaquelle
appartient le dispositif terminal mobile de desti-
nation a partir des moyens de stockage d’infor-
mations d’emplacement, et transmettent les in-
formations d’identification de téte de grappe
lues aux moyens de réception de réponse d’in-
formations d’emplacement du dispositif de ges-
tion de topologie.

5. Procédé de communication selon la revendication 4,

dans lequel dans I'étape de transmission d’enregis-
trement de topologie, les moyens de transmission
d’enregistrement de topologie de la téte de grappe,
transmettent les informations d’identification de téte
de grappe et les informations d’identification spéci-
fiques a l'autre téte de grappe, au dispositif de ges-
tion de topologie,

dans lequel dans I'étape de réception d’enregistre-
ment de topologie, les moyens de réception d’enre-
gistrement de topologie du dispositif de gestion de
topologie regoivent les informations d’identification
de téte de grappe et les informations d’identification
de l'autre téte de grappe transmises dans I'étape de
transmission d’enregistrement de topologie, et
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dans lequel dans I'étape de stockage d’informations
de topologie, les moyens de stockage d’informations
de topologie du dispositif de gestion de topologie,
stockent les information d’identification de téte de
grappe regues dans I'étape de réception d’enregis-
trement de topologie, comme les informations
d’identification spécifiques a I'autre téte de grappe
et stockent les informations d’identification spécifi-
ques a l'autre téte de grappe regues dans I'étape de
réception d’enregistrement de topologie, comme les
informations d’identification de téte de grappe.
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Fig.3

ROUTING INFORMATION TABLE OF CLUSTER HEAD #4

EP 1 760 960 B9 (W1B1)

1D NextHop Mflag Hflag
i #2 1 0
#2 direct 1 0
#9 #6 0 1

34




Fig.4
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Fig.6
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Fig.8
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Fig.14
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