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Description

HYBRID BEACONING METHOD
Technical Field

The present invention relates to a beaconing method, and more particularly, to a
hybrid beaconing method in a wireless personal area network (WPAN) based on a

mesh network.

Background Art

In general, in a wireless personal area network (WPAN), a beacon, which indicates
network status information, is periodically transmitted to the whole or a part of the
network in order to transmit network status of the WPAN or status of a predetermined
device with another device in the WPAN. In a centralized beaconing scheme, a prede-
termined device that is defined in advance mainly transmits a beacon that manages the
whole network. In a distributed beaconing scheme, all devices in the network transmit
beacons. An example of the centralized beaconing scheme is the IEEE 802.15 based
WPAN system, and an example of the distributed beaconing scheme is the Wimedia
system based on ECMA-386 standards.

FIG. 1 is a schematic view of an example of a conventional centralized beaconing
scheme, and FIG. 2 is a schematic view of an example of a conventional distributed
beaconing scheme.

Referring to FIG. 1, in the conventional centralized beaconing scheme, a prede-
termined device that is defined in advance transmits a beacon that manages the whole
network; here, a superframe 100 is divided into a beacon period section 110 and a data/
control signal section 120, and a beacon B in the beacon period section 110 is
transmitted by the predetermined device, that is, a network coordinator and other
devices are conformably operated by a command of a beacon received by the network
coordinator.

Referring to FIG. 2, in the conventional distributed beaconing scheme, all devices in
a network transmit a beacon; that is, all devices sequentially transmit a beacon via a
beacon period BP 160 to inform a network status thereof to other devices and also
receive network status information of the other devices. In FIG. 2, for example, three
devices transmit beacons 162, 164, and 166, respectively.

In the conventional distributed beaconing scheme, all devices transmit a beacon by
turns. However, if the number of devices is increased, information may be repetitively
transmitted, and a beacon period also is increased, which reduces data transmission
time and thus reduces the total transmission efficiency. On the other hand, in the con-

ventional centralized beaconing scheme in which only a predetermined device
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transmits a beacon, if there is a small number of devices, a hidden node is generated in
a coverage in which each of the devices is included and thus it is difficult to efficiently
control the network.

Disclosure of Invention

Technical Problem

The present invention provides a hybrid beaconing method which is used at a time
when the efficiency of a conventional centralized beaconing scheme and a con-
ventional distributed beaconing scheme has decreased, in order to compensate for dis-
advantages of each of the conventional centralized beaconing scheme and distributed

beaconing scheme, thereby increasing the efficiency of the whole network.

Technical Solution

According to an aspect of the present invention, there is provided a method of
transmitting a beacon in a case in which two networks are combined, the method
comprising: selecting a predetermined device of one of the two networks as a network
coordinator of the whole network in which the two networks are combined; and
transmitting a beacon by the selected network coordinator via a beacon period to the
two networks.

According to another aspect of the present invention, there is provided a method of
transmitting a beacon in a case where a second network is combined as a neighbor
network to a first network, the method comprising: allocating a portion of a data/
control signal section of a superframe of the first network to the second network; and
transmitting a beacon via the allocated portion of the data/control signal section by a
predetermined device of the second network.

According to another aspect of the present invention, there is provided a method of
transmitting a beacon in a case where two networks are combined, the method
comprising: allocating a section to one of the two networks in a beacon period of a su-
perframe, wherein the section is for transmitting a beacon subsequently to a section
allocated to the other network; and transmitting a beacon via the allocated section by a
predetermined device of the network to which the section for transmitting a beacon is
allocated.

According to another aspect of the present invention, there is provided a method of
transmitting a beacon in a case where a first network operated in a centralized
beaconing scheme and a second network operated in a distributed beaconing scheme
are combined, the method comprising: receiving from a network coordinator of the
first network a beacon via a beacon period of a superframe; and relaying the beacon to

the second network via a portion of a data/control signal section of the superframe.

Advantageous Effects
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According to the present invention, an optimum network operating method for a
network condition is selected, thereby increasing the transmission efficiency and the
controlling efficiency of a network of a wireless personal area network (WPAN). That
is, the inefficiency of network management, which is caused due to a fixed beaconing
method in a conventional communication system, is eliminated by converting a
beaconing method according to network conditions, thereby maintaining an optimum
network status.

Brief Description of Drawings

The above and other features and advantages of the present invention will become
more apparent by describing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

FIG. 1 is a schematic view illustrating a conventional centralized beaconing scheme;

FIG. 2 is a schematic view illustrating a conventional distributed beaconing scheme;

FIG. 3 illustrates an example of various beaconing methods which are generated by
combining a centralized beaconing scheme and a distributed beaconing scheme;

FIGS. 4 through 6 are schematic views illustrating a superframe structure of a CC
network which is formed by combining a centralized beaconing (CB) network and a
CB network and is operated in a CB scheme;

FIGS. 7 through 9 are schematic views illustrating a superframe structure of a CD
network which is formed by combining a CB network and a distributed beaconing
(DB) network and is operated in a CB scheme;

FIG. 10 illustrates a superframe structure of a network that is operated in a DB
scheme;

FIG. 11 illustrates a superframe structure in a case where one device is selected as a
network coordinator in a DB network of FIG. 10 and a DB network is operated in a CB
scheme; and

FIG. 12 illustrates a block diagram of a hybrid beaconing controlling apparatus that
controls a hybrid beaconing method, according to an embodiment of the present
invention.

Best Mode for Carrying out the Invention

According to an aspect of the present invention, there is provided a method of
transmitting a beacon in a case in which two networks are combined, the method
comprising: selecting a predetermined device of one of the two networks as a network
coordinator of the whole network in which the two networks are combined; and
transmitting a beacon by the selected network coordinator via a beacon period to the
two networks.

According to another aspect of the present invention, there is provided a method of
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transmitting a beacon in a case where a second network is combined as a neighbor
network to a first network, the method comprising: allocating a portion of a data/
control signal section of a superframe of the first network to the second network; and
transmitting a beacon via the allocated portion of the data/control signal section by a

predetermined device of the second network.
According to another aspect of the present invention, there is provided a method of

transmitting a beacon in a case where two networks are combined, the method
comprising: allocating a section to one of the two networks in a beacon period of a su-
perframe, wherein the section is for transmitting a beacon subsequently to a section
allocated to the other network; and transmitting a beacon via the allocated section by a
predetermined device of the network to which the section for transmitting a beacon is
allocated.

According to another aspect of the present invention, there is provided a method of
transmitting a beacon in a case where a first network operated in a centralized
beaconing scheme and a second network operated in a distributed beaconing scheme
are combined, the method comprising: receiving from a network coordinator of the
first network a beacon via a beacon period of a superframe; and relaying the beacon to
the second network via a portion of a data/control signal section of the superframe.
Mode for the Invention

The present invention will now be described more fully with reference to the ac-
companying drawings, in which exemplary embodiments of the invention are shown.

FIG. 3 illustrates an example of various beaconing methods which are generated by
the combination of a centralized beaconing scheme and a distributed beaconing
scheme.

Referring to FIG. 3, as networks operated using predetermined beaconing methods
are combined and form new networks, new generation networks with their corre-
sponding characteristics are determined.

First, zero-generation networks (2001-2004) are operated using a distributed
beaconing scheme (DB) and a centralized beaconing scheme (CB), respectively.

First-generation networks (2011-2014) are generated by combining networks
operated using an identical operation. The first-generation networks may select a
network operating method according to a network condition, irrespective of the
network operating method of the zero -generation network. For example, a first-
generation network generated by combining a CB network and another CB network
may be operated not only according to a CB method but also according to a DB
method.

According to the current embodiment, for convenience of description, a network that
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is formed by combining a CB network and another CB network and is operated using a
CB scheme is referred to as "CC" and a network that is formed by combining a DB
network and another DB network and is operated using a DB scheme is referred to as
"DD" a network that is formed by combining a CB network and another CB network
and is operated using a DB scheme is referred to as "CCD" a network that is formed by
combining a DB network and another DB network and is operated using a CB scheme
is referred to as "DDC" a network that is formed by combining a CB network and a DB
network and is operated using a CB scheme is referred to as "CD" and a network that is
formed by combining a CB network and a DB network and is operated using a DB
scheme is referred to as "DC".

Second-generation networks (2021-2022) are generated by combining a CB network
and a DB network. That is, a second-generation network is a DC network or a CD
network. Third generation networks (2031-2038) are generated by combining a
second-generation network and a zero-generation network. That is, a third generation
network is a DDC, CCD, DD, CC, CD, or DC network.

As described above, by combining a CB network and a DB network in FIG. 3, six
networks may be generated.

FIGS. 4 through 6 illustrate an example of a superframe structure of a CC network
that is formed by combining a CB network and a CB network and is operated in a CB
scheme.

Referring to FIG. 4, a superframe is formed to a CB network in which two CB su-
perframes are combined and controlled by a device M1. Accordingly, in the CC
network, the device M1 transmits a beacon through a front section of the superframe.

In the superframe illustrated in FIG. 5, when two CB networks are combined, one of
the CB networks is set as a neighbor network of the other and operated as a dependent
network. The neighbor network among the two CB networks transmits a data/control
signal within the network via a portion of a data/control signal transmission section of
the superframe.

Referring to FIG. 6, two CB networks are operated in a CB scheme, respectively.
However, the superframe structure is similar to that of a DB network in that a beacon
period is consecutively used within one superframe. That is, a predetermined device
M1 of a first CB network and a predetermined device M4 of a second CB network are
each operated in a CB scheme but the two predetermined devices M1 and M4 transmit
a beacon via a BP of one superframe.

FIGS. 7 through 9 illustrate a superframe structure in a CD network which is formed
by combining a CB network and a DB network and is operated in a CB scheme.

In FIGS. 7 through 9, devices 412 and 414 which are illustrated as circles denote

devices operated in a DB scheme, and a device illustrated as a square denotes a
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network coordinator 406 of a CB network, and devices 402 and 404 illustrated as
triangles denote slave devices controlled by the network coordinator 406.

FIG. 7 illustrates a case where a DB network, a Network B 410, is combined as a
neighbor network of a CB network, a network A 400. The network B 410 is operated
by receiving an allocated time in a neighbor period 420 in the superframe structure and
is operated under the control of the network coordinator 406.

FIG. 8 illustrates a superframe structure when two networks A 430 and B 440 are
combined and two devices 412 and 414 of the Network B 440 operated in a DB
scheme are combined as slave devices under the control of the network coordinator
406 of the whole network. In this case, the network coordinator 406 of the Network A
430 transmits a beacon.

Referring to FIG. 9, when a beacon of the network coordinator 406 does not arrive at
an adjacent network 460, a slave device S2 404 relays a beacon in-between during a
data slot.

FIG. 10 illustrates a superframe structure of a network operated in a DB scheme, and
FIG. 11 illustrates a superframe structure in a DB network in which one device is
selected as a network coordinator and is operated in a CB scheme.

FIG. 10 is an example of a general DB network, in which each device of the DB
network transmits a beacon via a beacon period BP. When the general DB network is
operated in a CB scheme, a predetermined device M1 is selected as a network co-
ordinator in a DB network, and if the device M1 only transmits a beacon via a beacon
period BP of a superframe, other devices receive the beacon and are operated
according to the beacon.

FIG. 12 is a block diagram of a hybrid beaconing controlling apparatus controlling a
hybrid beaconing method, according to an embodiment of the present invention.

Referring to FIG. 12, the hybrid beaconing controlling apparatus includes an en-
vironment monitoring unit 600, an operational mode determining unit 610, and an
operation executing unit 620.

The environment monitoring unit 600 pursuits network environments and collects pa-
rameters. The environment monitoring unit 600 may detect the efficiency of a network
by monitoring environments by using various conventional methods.

The operational mode determining unit 610 determines an efficient operational mode
of a network based on the parameters collected by the environment monitoring unit
600. That is, the operational mode determining unit 610 determines an operational
mode of an optimum network to operate a network, that is, whether an optimum
network is a DDC, CCD, DD, CC, CD, or DC network, based on the results detected
by the environment monitoring unit 600.

The operation executing unit 620 operates a network by using the above-described
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superframe structure according to the determined operational mode of an optimum
network.

The present invention can also be embodied as computer readable code on a
computer readable recording medium. The computer readable recording medium is any
data storage device that can store data which can be thereafter read by a computer
system. Examples of the computer readable recording medium include read-only
memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy
disks, optical data storage devices, etc. The computer readable recording medium can
also be distributed over network coupled computer systems so that the computer
readable code is stored and executed in a distributed fashion.

While this invention has been particularly shown and described with reference to
exemplary embodiments thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the appended claims. The
exemplary embodiments should be considered in descriptive sense only and not for
purposes of limitation. Therefore, the scope of the invention is defined not by the
detailed description of the invention but by the appended claims, and all differences

within the scope will be construed as being included in the present invention.
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Claims

A method of transmitting a beacon in a case in which two networks are
combined, the method comprising:

selecting a predetermined device of one of the two networks as a network co-
ordinator of the whole network in which the two networks are combined; and
transmitting a beacon by the selected network coordinator via a beacon period to
the two networks.

The method of claim 1, wherein the two networks are operated in a central
beaconing scheme in which a network coordinator transmits a beacon, and one of
network coordinators which respectively operate the two networks in a cen-
tralized beaconing scheme is selected as the predetermined device.

The method of claim 1, wherein one of the two networks is operated in a cen-
tralized beaconing scheme, and the other is operated in a distributed beaconing
scheme, and wherein in the selecting of a predetermined device of one of the two
networks as the network coordinator, a network coordinator of the network
operated in the centralized beaconing scheme is selected as the network co-
ordinator of the whole network.

A method of transmitting a beacon in a case where a second network is
combined as a neighbor network to a first network, the method comprising:
allocating a portion of a data/control signal section of a superframe of the first
network to the second network; and

transmitting a beacon via the allocated portion of the data/control signal section
by a predetermined device of the second network.

The method of claim 4, wherein the first and second networks are operated in a
centralized beaconing scheme in which all network coordinators transmit a
beacon.

The method of claim 4, wherein the first network is operated in a centralized
beaconing scheme, and

the second network is operated in a distributed beaconing scheme, and

the transmitting of a beacon comprises sequentially transmitting a beacon by
devices in the second network via the allocated portion.

A method of transmitting a beacon in a case where two networks are combined,
the method comprising:

allocating a section to one of the two networks in a beacon period of a su-
perframe, wherein the section is for transmitting a beacon subsequently to a
section allocated to the other network; and

transmitting a beacon via the allocated section by a predetermined device of the
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network to which the section for transmitting a beacon is allocated.

The method of claim 7, further comprising allocating a data/control signal
transmission section to one of the two networks in a data/control signal
transmission section of the superframe, wherein the data/control signal
transmission section is subsequent to a section allocated to the other network.
The method of claim 7, wherein the two networks are operated in a centralized
beaconing scheme in which all network coordinators transmit a beacon.

A method of transmitting a beacon in a case where a first network operated in a
centralized beaconing scheme and a second network operated in a distributed
beaconing scheme are combined, the method comprising:

receiving from a network coordinator of the first network a beacon via a beacon
period of a superframe; and

relaying the beacon to the second network via a portion of a data/control signal
section of the superframe.

The method of claim 10, further comprising allocating a portion of the data/
control signal section of the superframe to the second network.

The method of claim 10, further comprising transmitting a beacon sequentially
via the allocated portion of the data/control signal section by devices in the

second network.
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