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57 ABSTRACT

An apparatus and method of determining a number of data
transmissions in a sensor network are provided. More par-
ticularly, an apparatus for determining a number of data trans-
missions preferably includes an interest zone detector for
detecting an interest zone based on a user query, a zone
determination unit for determining whether the interest zone
is overlapped with a sensing zone, a zone calculator for cal-
culating an overlap amount when the interest zone is over-
lapped with the sensing zone, and a transmission number
determination unit for determining a number of data trans-
missions according to the overlap amount.

21 Claims, 9 Drawing Sheets
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APPARATUS FOR DETERMINING A
NUMBER OF DATA TRANSMISSIONS IN
SENSOR NETWORK AND METHOD USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119
(a) of a Korean Patent Application No. 10-2007-0009459,
filed on Jan. 30, 2007, in the Korean Intellectual Property
Office, the entire disclosure of which is hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and apparatus for
determining a number of data transmissions. More particu-
larly, the present invention relates to a method and apparatus
for determining a number of data transmissions to transmit
data in a sensor network.

2. Description of Related Art

A sensor network includes sensor nodes and cluster nodes.
The sensor nodes may sense a temperature, humidity, an
illumination intensity, and the like, and the cluster nodes may
receive data from the sensor nodes and transmit the data to
another node. A cluster node comprises communications
components and a processing unit to communicate with other
nodes. A sensor node is similar to a cluster node but also
comprises a sensing component.

In this instance, when data is transmitted between the sen-
sor nodes, the sensor network may include only the sensor
nodes.

A conventional sensor node transmits sensed data to a
cluster node at predetermined transmission periods. Also, the
cluster node receives data from sensor nodes and the other
cluster nodes and transmits the received data to another clus-
ter node at predetermined transmission periods.

The sensor node and the cluster node utilize a battery as a
power source. Accordingly, in the sensor node and the cluster
node, it is vitally important to extend a battery duration time.

However, in the conventional sensor node and the cluster
node, the data transmission is performed at predetermined
transmission periods regardless of periodicity and similarity
of data to be transmitted. Accordingly, unnecessary data
transmission may occur and power may thereby be unneces-
sarily consumed.

Accordingly, there is a need for an apparatus for reducing
a number of unnecessary data transmissions and thereby
reducing power consumption in a sensor network.

SUMMARY OF THE INVENTION

An aspect of exemplary embodiments of the present inven-
tion is to address at least the above problems and/or disad-
vantages and to provide at least the advantages described
below. Accordingly, an aspect of exemplary embodiments of
the present invention is to reduce a number of unnecessary
data transmissions in a node and thereby reduce unnecessary
power consumption by the node.

Another aspect of exemplary embodiments of the present
invention is to reduce a number of unnecessary data transmis-
sions in a node and thereby reduce a total number of data
transmissions in a sensor network.
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2

Another aspect of exemplary embodiments of the present
invention is to aggregate only data of nodes having a sensing
zone overlapped with a user interest zone.

Another aspect of exemplary embodiments of the present
invention is to simply compare geographical codes and
thereby determine whether a sensing zone is overlapped with
a user interest zone.

According to an aspect of exemplary embodiments of the
present invention, there is provided an apparatus for deter-
mining a number of data transmissions in a sensor network,
the apparatus preferably including an interest zone detector
for detecting an interest zone based on a user query, a zone
determination unit for determining whether the interest zone
is overlapped with a sensing zone, a zone calculator for cal-
culating an overlap amount when the interest zone is over-
lapped with the sensing zone, and a transmission number
determination unit for determining a number of data trans-
missions according to the overlap amount.

In an exemplary implementation of the present invention,
the zone determination unit may determine whether the inter-
est zone is overlapped with the sensing zone based on a
geographical code comprising a sensing location and a sens-
ing range, and another geographical code comprising an
interest location and an interest range that are provided in the
user query.

In an exemplary implementation of the present invention,
the zone determination unit may determine whether the inter-
est zone is overlapped with the sensing zone by using a radius
of the interest zone, a radius of the sensing zone, and a
distance between the sensing location and the interest loca-
tion.

In an exemplary implementation of the present invention,
the zone calculator may calculate the area ratio of the interest
zone to an overlapping area between the interest zone and the
sensing zone.

In an exemplary implementation of the present invention,
the transmission number determination unit may determine
the number of data transmissions by

where Tn indicates the number of data transmission, S'
indicates an overlapping area between the interest zone and
the sensing zone, S indicates an area of the interest zone, UIT
indicates a user interest time comprised in the user query, and
Pt indicates a data transmission period.

In an exemplary implementation of the present invention,
the apparatus may further include a data aggregator for aggre-
gating data received from at least one node, wherein the data
number transmission unit may determine the aggregated
number of data transmissions.

In an exemplary implementation of the present invention,
the apparatus may further include a data selector for selecting
data received from other nodes, from the data received from
the at least one node, the other nodes having the sensing zone
overlapped with the interest zone, wherein the data aggrega-
tor may aggregate the selected data.

According to another aspect of exemplary embodiments of
the present invention, there is provided a method of determin-
ing a number of data transmissions, the method including
detecting an interest zone based on a user query, determining
whether the interest zone is overlapped with a sensing zone,
calculating an overlap amount when the interest zone is over-
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lapped with the sensing zone, and determining a number of
data transmissions according to the overlap amount.

In an exemplary implementation of the present invention,
the method further includes aggregating data received from at
least one different node, wherein the determining of the num-
ber of data transmissions may include determining the aggre-
gated number of data transmissions.

In an exemplary implementation of the present invention,
the method further includes selecting data, received from
other nodes, from among the data received from the at least
one node, the other nodes having the sensing zone overlapped
with the interest zone, wherein the aggregating may aggre-
gate the selected data.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art from
the following detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses exemplary embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following detailed description,
taken in conjunction with the accompanying drawings in
which:

FIG. 1 illustrates an example of a sensor network for
describing an exemplary embodiment of the present inven-
tion;

FIG. 2 is a block diagram illustrating a configuration of an
apparatus for determining a number of data transmissions
according to an exemplary embodiment of the present inven-
tion;

FIGS. 3A, 3B, 3C, 3D, and 3E illustrate examples of inclu-
sion relationships between a user interest zone (UIZ) and a
sensing zone according to an exemplary embodiment of the
present invention;

FIG. 4 illustrates an example of a sensing zone which is
overlapped with a UIZ in a sensor network of FIG. 1;

FIG. 5 illustrates an example of a user interest time (UIT)
according to an exemplary embodiment of the present inven-
tion;

FIG. 6 is a flowchart illustrating a method of determining a
number of data transmissions according to an exemplary
embodiment of the present invention; and

FIG. 7 is a flowchart illustrating an operation of aggregat-
ing data shown in FIG. 6 in detail.

Throughout the drawings, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The matters defined in the description such as a detailed
construction and elements are provided to assist in a compre-
hensive understanding of the embodiments of the invention.
Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the embodiments
described herein can be made without departing from the
scope and spirit of the invention. Also, descriptions of well-
known functions and constructions are omitted for clarity and
conciseness.

FIG. 1 illustrates an example of a sensor network for
describing an exemplary embodiment of the present inven-
tion.
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Referring to FIG. 1, the sensor network includes a plurality
of sensor nodes SN1, SN2, SN3, SN4, SN5, SN6, SN7, SN8,
SN9, SN10, SN11, SN12, SN13, SN14, and SN15, and a
plurality of cluster nodes CN1, CN2, CN3, CN4, and CNS5.

In an exemplary implementation of the present invention, a
sensor node SN includes a geographical code (GGC) which
indicates a sensing zone of the sensor node and includes a
sensing location and a sensing range. Also, the sensor node
senses data, for example, temperature, humidity, illumination
intensity, and the like, in the sensing zone of the sensor node.

Also, the sensor node may transmit the sensed data to a
corresponding cluster node.

Also, the sensor node may aggregate data received from
other sensor nodes and transmit the aggregated data to a
corresponding cluster node or another sensor node. In this
instance, the sensor node preferably transmits the data to the
other sensor node according to a predetermined topology.

Also, the sensor node may receive a user query, compare a
GGC indicating a user interest zone (UIZ) contained in the
user query with another GGC indicating the sensing zone, and
thereby determine whether the UIZ is overlapped with the
sensing zone.

In an exemplary implementation of the present invention,
the user query includes the UIZ and a user interest time (UIT),
and the UIZ includes an interest location and an interest
range.

Also, the sensor node may determine a number of data
transmissions during the UIT, based on an overlapping area
between the UIZ and the sensing zone, and an area of the UIZ.

Also, the sensor node may transmit the sensed data or the
aggregated data to the other sensor node or a cluster node by
the determined number of data transmissions during the UTT.

The cluster node aggregates data received from sensor
nodes and the other cluster node, and transmits the aggregated
data to another cluster node. For example, the cluster node
CN2 receives data from sensor nodes which transmit the data
to the cluster node CN2, and data from the other cluster node
CN1, aggregates the data, and transmits the aggregated data
to another cluster node CN3.

Also, the cluster node may aggregate only data of sensor
nodes having a sensing zone overlapped with the UIZ, among
the received data, and transmit the aggregated data to the
other cluster node.

Also, the cluster node may include a GGC including a
location and range of the cluster node, and determine whether
a GGC zone of the cluster node is overlapped with the UIZ.

Also, when the GGC zone of the cluster node is overlapped
with the UIZ, the cluster node may determine a number of
data transmissions during the UIT based on a UIZ area and an
overlapping area between the GGC zone and the UIZ.

Specifically, the sensor node and the cluster node may
determine whether a GGC zone of each node is overlapped
with the UIZ, and determine the number of data transmissions
based on the overlapping area and the UIZ area when the
GGC zone is overlapped with the UIZ. Accordingly, it is
possible to reduce an unnecessary data transmission and
unnecessary power consumption in a node and thereby
increase a battery life.

Although the sensor node shown in FIG. 1 includes the
plurality of sensor nodes and the plurality of cluster nodes, the
present invention is not limited thereto. Specifically, the sen-
sor network may include only the plurality of sensor nodes.

When data transmission between sensor nodes is per-
formed according to a predetermined topology, a number of
data transmissions is determined based on an overlapping
area of each of the sensor nodes and the UIZ area, with respect
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to data transmission between sensor nodes having an over-
lapping area between the UIZ and the GGC zone.

Each of the sensor nodes having a sensing zone overlapped
with the UIZ aggregates data received from the other sensor
nodes, and transmits the aggregated data to another sensor
node by the determined number of data transmissions during
the UIT.

FIG. 2 is a block diagram illustrating a configuration of an
apparatus for determining a number of data transmissions
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 2, the apparatus includes a receiver 210,
an interest zone detector 220, a storage unit 230, a zone
determination unit 240, a data selector 250, a zone calculator
260, a data aggregator 270, a transmission number determi-
nation unit 280, and a transmitter 290.

The receiver 210 preferably receives data from other
nodes. Also, the receiver 210 may receive a user query.

In this instance, the received data includes a GGC of anode
which transmits the data.

The storage unit 230 stores the data received from other
nodes. Also, the storage unit 230 may store a GGC of a node
including the apparatus for determining the number of data
transmissions, and the node may sense a sensing zone based
on the stored GGC.

Also, the storage unit 230 may store data sensed in the
sensing zone and node-related programs.

The interest zone detector 220 detects a UIZ based on the
user query received from the receiver 210.

Specifically, the interest zone detector 220 detects the UIZ
based on the GGC included in the user query.

In this instance, the UIZ may include an interest location
and an interest range.

The zone determination unit 240 determines whether the
UIZ detected from the interest zone detector 220 is over-
lapped with the GGC of the node, that is, a sensing zone of the
node.

In an exemplary implementation of the present invention,
the zone determination unit 240 may determine whether the
UIZ is overlapped with the sensing zone based on the GGC of
the node including the sensing location and the sensing range,
and the GGC of the UIZ including an interest location and an
interest range.

Also, the zone determination unit 240 may determine
whether the UIZ is overlapped with the sensing zone by using
a radius of the UIZ, a radius of the sensing zone, and a
distance between the sensing location and the interest loca-
tion.

Specifically, the zone determination unit 240 may deter-
mine whether the UIZ is overlapped with the sensing zone by,

A <d [Equation 1]
ri+n=d

rl—r2<d<r1+r2

F —r2:d

r—-rn>d

d = =) + (1 —»)*

where (x1, y1) indicates the interest location, rl indicates
the radius of the UIZ, (x2, y2) indicates a node location, r2
indicates the radius of the sensing zone, and d indicates the
distance between the sensing location and the interest loca-
tion.
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Specifically, as shown in FIG. 3A, as a result of the deter-
mination, when rl4+r2<d, the zone determination unit 240
determines that the sensing zone is separated from the UIZ.
Also, when r1+r2=d (FIG. 3B), the zone determination unit
240 determines that the sensing zone is circumscribed with
the UIZ. Also, when rl-r2<d<r1+r2 (FIG. 3E), the zone
determination unit 240 determines that the sensing zone is
overlapped with the UIZ. Also, when r1-r2=d (FIG. 3C), the
zone determination unit 240 determines that the sensing zone
is inscribed in the UIZ. Also, when rl1-r2>d (FIG. 3D), the
zone determination unit 240 determines that the UIZ contains
the sensing zone.

Accordingly, when r1-r2<d<rl+r2 (FIG. 3E), and when
r1-r2zd (FIG. 3C), the zone determination unit 240 deter-
mines that the UIZ is overlapped with the sensing zone.

The zone calculator 260 calculates an overlap amount
when the UIZ is overlapped with the sensing zone.

Specifically, the zone calculator 260 calculates the ratio of
the UIZ area to the overlapping area between the UIZ and the
sensing zone.

For example, when the sensing zone is inscribed in the UIZ
or contained in the UIZ, the zone calculator 260 calculates the
ratio of the UIZ area to an area of the sensing zone, and
calculates the ratio of the UIZ area to the overlapping area
when the sensing zone is partially overlapped with the UIZ.

When the sensing zone is partially overlapped with the
UIZ, the overlapping area may be calculated by

71(rf -2 +d? ] [Equation 2]
ricos “ond
d rf - r% +d?
rzcos’1 - 2d
S = 2 _
2
2o ed??
2 1 2
dyn ‘( 2d )

where S' indicates the overlapping area between the UIZ
and the sensing zone, rl indicates the radius of the UIZ, r2
indicates the radius of the sensing zone and d indicates the
distance between the sensing location and the interest loca-
tion.

The transmission number determination unit 280 deter-
mines the number of data transmissions based on the overlap
amount calculated by the zone calculator 260.

The transmission number determination unit 280 may
determine the number of data transmissions by

[Equation 3]

where Tn indicates the number of data transmission, S'
indicates the overlapping area between the UIZ and the sens-
ing zone, S indicates an area of the UIZ, UIT indicates a user
interest time included in the user query, and Ptindicates a data
transmission period.

For example, when the overlapping area is 20% with
respect to the UIZ area, the UIT is 60 seconds, and the data
transmission period is five seconds, the data transmission
number determination unit 280 calculates the number of data












