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POSITION SPECIFYING DEVICE AND PROGRAM

TECHNICAL FIELD

This invention relates to a position specifying device and a program.

BACKGROUND

Technology called BLE (Bluetooth (registered trademark) Low Energy) is known. BLE is an
enhanced technology of Bluetooth (registered trademark) which is a wireless communication
technology for short distance, and BLE enables extremely power-efficient communication. A
service for distributing a coupon by using BLE technology is available. In the service, a
transmitter for transmitting an advertisement using BLE is placed in a location such as a store,
and by activating a predetermined application program in a smartphone that has detected the

advertisement, the coupon is received by the smartphone.

An example of conventional technique utilizing BLE is disclosed in Patent Document 1.

[Prior-Art Document]

[Patent Document]

[Patent Document 1] Japanese Laid-Open Patent Publication No. 2015-195433

SUMMARY

It is an object of the present invention to substantially overcome or at least ameliorate one or

more disadvantages of existing arrangements.

As a transmitter or a receiver supporting BLE is assumed to communicate with each other
within a short distance of 15 to 20 meters, it is difficult for a receiver (such as a smartphone) to
receive a radio wave transmitted from a transmitter at a remote location. Further, as a radiation
pattern of a radio wave emitted from a transmitter is omnidirectional, it is difficult for a receiver
to detect a direction in which the transmitter is positioned. Accordingly, a technique for
enabling detection of a position of a transmitter is required, by using BLE, which is a generic

and power-efficient wireless technology.

23180324 (IRN: PO001748AU)
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The technique disclosed in the present disclosure is made to solve the above problem, and aims

at providing a technique for specifying a position of a transmitter supporting BLE.

According to the present disclosure, a position specifying device communicable with a
transmitter supporting Bluetooth Low Energy (BLE) is provided. The position specifying
device includes: a signal receiving unit configured, by using multiple antennas each having
different directivity, to receive BLE radio signals transmitted from the transmitter and to
measure respective receiving strengths of the BLE radio signals; and a specifying unit
configured to specify a position of the transmitter by comparing the respective receiving

strengths measured via each of the multiple antennas.

In one aspect, the present invention provides a position specifying device communicable with a
transmitter supporting Bluetooth Low Energy (BLE), the position specifying device comprising:
a signal receiving means configured, by using a plurality of antennas each having different
directivity, to receive BLE radio signals transmitted from the transmitter and to measure
respective receiving strengths of the BLE radio signals; and a specifying means configured to
specify a position of the transmitter by comparing the respective receiving strengths measured
via each of the plurality of antennas; wherein the BLE radio signal is in accordance with a
format of an advertising packet specified in BLE standard, the advertising packet including a
128-bit field for storing a universal identifier (UUID); wherein the BLE radio signal is
configured to store information for identifying the transmitter in a part of the 128-bit field, and
to store transmission data to be transmitted to the position specifying device in a remaining part
of the 128-bit field, the transmission data being a status of the transmitter or an output value of a
sensor connected to the transmitter; and wherein the signal receiving means is configured, by
receiving the BLE radio signal, to obtain the information for identifying the transmitter and the
transmission data, without establishing connection between the position specifying device and

the transmitter.

In one aspect, the present invention provides a computer program for causing a computer to
function as each of the means included in a position specifying device communicable with a
transmitter supporting Bluetooth Low Energy (BLE), the position specifying device comprising:
a signal receiving means configured, by using a plurality of antennas each having different
directivity, to receive BLE radio signals transmitted from the transmitter and to measure
respective receiving strengths of the BLE radio signals; and a specifying means configured to
specify a position of the transmitter by comparing the respective receiving strengths measured

via each of the plurality of antennas; wherein the BLE radio signal is in accordance with a

23180324 (IRN: PO001748AU)
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format of an advertising packet specified in BLE standard, the advertising packet including a
128-bit field for storing a universal identifier (UUID); wherein the BLE radio signal is
configured to store information for identifying the transmitter in a part of the 128-bit field, and
to store transmission data to be transmitted to the position specifying device in a remaining part
of the 128-bit field, the transmission data being a status of the transmitter or an output value of a
sensor connected to the transmitter; and wherein the signal receiving means is configured, by
receiving the BLE radio signal, to obtain the information for identifying the transmitter and the
transmission data, without establishing connection between the position specifying device and

the transmitter.

According to the present disclosure, a technique capable of specifying a position of a

transmitter supporting BLE can be provided.

BRIEF DESCRIPTION OF DRAWINGS

Example embodiments should become apparent from the following description, which is given
by way of example only, of at least one preferred but non-limiting embodiment, described in

connection with the accompanying figures.

FIG. 1 is a diagram illustrating an example of a configuration of a position management system

according to a first embodiment;

FIG. 2 is a diagram illustrating an example of a functional configuration of a transmitter

according to the first embodiment;

FIG. 3 is a diagram illustrating an example of a functional configuration of a receiver according

to the first embodiment;

FIG. 4 is a diagram illustrating an example of a functional configuration of a collector according

to the first embodiment;

FIG. 5 is a diagram illustrating an example of a hardware configuration of the transmitter, the

receiver, or the collector according to the first embodiment;

FIG. 6 is a sequence diagram illustrating an example of an operation of the position

management system according to the first embodiment;

23180324 (IRN: PO001748AU)
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FIG. 7 is a diagram illustrating a method of specifying a position of the transmitter;

FIG. 8 is a set of diagrams illustrating a data receiving method using conventional BLE and a

data receiving method according to a second embodiment;

FIG. 9 is a set of diagrams illustrating an example of a format of an advertising signal in the
conventional BLE and an example of a format of an advertising signal according to the second

embodiment; and

FIG. 10 is a sequence diagram illustrating an example of an operation of a position management

system according to the second embodiment.

23180324 (IRN: PO001748AU)
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be
described below with reference to the drawings. Note
that the embodiments that will be described below are
simply examples, and embodiments to which the present
invention may be applied are not limited to the
following embodiments.

<<First Embodiment>>

<System Configuration and Overview>

FIG. 1 is a diagram illustrating an example of
a configuration of a position management system
according to a first embodiment. The position
management system includes one or more transmitters 10,
a receiver 20, and a collector 30.

The transmitter 10 supports BLE (Bluetooth Low
Energy), and has a function for communicating with the
receiver 20 using a BLE radio signal. The transmitter
10 can transmit an ID for uniquely identifying the
transmitter and various types of data (such as a state
of the transmitter 10 and output values of various
sensors), using the BLE radio signal. The transmitter
10 may be an isolated transmitting device, or a device
attached to an object (such as luggage), a person, Or an
animal.

The receiver 20 has a function for
communicating with the transmitter 10 using a BLE radio
signal. Also, to the receiver 20, multiple antennas
each having different directivity can be connected. The
receiver 20 has a function of determining an antenna
which is used for receiving a BLE radio wave and
measuring receiving strength of the received BLE signal.
The receiver 20 also transmits, to the collector 30,

information including an antenna used for receiving a
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BLE radio signal, receiving strength of the BLE radio
signal, and an ID of the transmitter 10 which sends the
BLE radio wave (hereinafter, the information may be
referred to as “transmitter information”).

The collector 30 has a function for storing
the transmitter information sent by the receiver 20 to a
database or the like. The collector 30 also has a
function for specifying a position of each transmitter
10, based on receiving strength for each antenna which
is included in the collected transmitter information.

The receiver 20 and the collector 30 may be
unified into a single apparatus (position specifying
device), or may be respective isolated devices.

<Functional Configuration>

(Transmitter)

FIG. 2 is a diagram illustrating an example of
a functional configuration of the transmitter according
to the first embodiment. The transmitter 10 according
to the first embodiment includes a radio communication
unit 101 and a signal generating unit 102.

The radio communication unit 101 is configured
to transmit a BLE signal generated by the signal
generating unit 102 by radio. The signal generating
unit 102 is configured to generate a BLE signal to be
transmitted from the radio communication unit 101.

(Receiver)

FIG. 3 is a diagram illustrating an example of
a functional configuration of the receiver according to
the first embodiment. The receiver 20 according to the
first embodiment includes a radio communication unit 201
and a transmitting unit 202. Further, the radio
communication unit 201 includes a receiving strength

measurement section 211.
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The radio communication unit 201 is configured
to receive BLE radio signals transmitted from the
transmitter 10 via the multiple antennas each having
different directivity. The radio communication unit 201
is also configured to select an antenna to be used for
receiving the BLE radio signal, among the multiple
antennas connected to the transmitter 10 each having
different directivity. The receiving strength
measurement section 211 is configured to measure
receiving strength (such as RSSI (Receiving Signal
Strength Indicator)) of a BLE radio signal. The
transmitting unit 202 is configured to transmit, to the
collector 30, the transmitter information including an
antenna used for receiving a BLE radio wave, receiving
strength of the BLE radio wave, and an ID of the
transmitter 10 which sends the BLE radio wave.

(Collector)

FIG. 4 is a diagram illustrating an example of
a functional configuration of the collector according to
the first embodiment. The collector 30 according to the
first embodiment includes a receiving unit 301, a
storage unit 302, and a position specifying unit 303.
The receiving unit 301, the storage unit 302, and the
position specifying unit 303 may be embodied by
different computers respectively. Alternatively,
functions of the receiving unit 301, the storage unit
302, and the position specifying unit 303 may be further
distributed to more than three computers. That is, the
collector 30 may be embodied by one or more computers.
Further, each of the one or more computers may be a
virtual server implemented by virtualization technology,
or may be a virtual server on the cloud.

The receiving unit 301 is configured to
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receive transmitter information from the receiver 20 and
to store the transmitter information into the storage
unit 302. The position specifying unit 303 is
configured to extract the transmitter information of a
specific transmitter 10, and to specify a position of
the specific transmitter 10 of which the transmitter
information is extracted, by comparing receiving
strengths of signals received by the multiple antennas.
Detailed method will be described below.

<Hardware Configuration>

FIG. 5 is a diagram illustrating an example of
a hardware configuration of the transmitter, the
receiver, or the collector according to the first
embodiment. Each of the transmitter 10, the receiver 20,
and the collector 30 includes a CPU 1001, a memory 1002,
a communication interface (IF) 1003, and a user
interface (UI) part 1004.

The CPU 1001 is a processor performing an
overall control of the transmitter 10, the receiver 20,
or the collector 30. The CPU 1001 is configured to
execute programs such as an operating system and an
application program stored in the memory 1002 or the
like, to embody processes of each functional unit in the
transmitter 10, the receiver 20, or the collector 30.
The memory 1002 stores programs for embodying the
processes of each of the functicnal units in the
transmitter 10, the receiver 20, or the collector 30,
and data used by the programs. The memory 1002 is also
used as a memory area for loading the programs, or as a
work area for the loaded programs. The communication IF
1003 is a communication interface for sending or
receiving data via a radio network or a wired network.

The UI part 1004 is a user interface for receiving an
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input operation from a user, and for displaying various
types of information. Note that the transmitter 10, the
receiver 20, and the collector 30 may be configured to
be capable of connecting a non-transitory recording
medium 1005. Examples of the recording medium include a
magnetic recording medium, an optical disc, a magneto-
optical recording medium, and a non-volatile memory.
Programs for embodying the processes of each of the
functional units in the transmitter 10, the receiver 20,
or the collector 30 can be stored in the recording
medium.

<Example of Operation of Position Management
System>

FIG. 6 is a sequence diagram illustrating an
example of an operation of the position management
system according to the first embodiment. An operation
in which the position management system specifies a
position of the transmitter 10 will be described with
reference to FIG. 6. Note that an antenna A and an
antenna B are connected to the receiver 20. Each of the
antenna A and the antenna B has different directivity,
and the antenna A and the antenna B have a directivity
pattern A and a directivity pattern B respectively. The
antenna A is a flat antenna, for example, and has a
directivity pattern of a wide beam width. The antenna B
is a Yagi antenna, for example, and has a directivity
pattern of a narrow beam width. Also, because the
antenna B has a narrow beam width and has high gain, it
is assumed that the antenna B can receive a radio signal
from a further location (for example, 100 to 200 m away).
The present example of operation describes a case in
which five transmitters 10 (10; to 10s) are present, and

in which the transmitters 10 (10; to 10s5) are located at
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positions illustrated in FIG. 7.

At step S11, the radio communication unit 201
in the receiver 20 switches an antenna to be used to the
antenna A, receives a BLE radio signal transmitted from
each of the transmitters 10, and obtains an ID of each
of the transmitters 10 contained in the BLE radio signal.
Also, the receiving strength measurement section 211
measures receiving strength of the BLE radio signal
transmitted from each of the transmitters 10. Next, the
radio communication unit 201 establishes connection with
each of the transmitters 10, and receives data from each
of the transmitters 10. The data contains, for example,
a status (such as a remaining amount of a battery) of
the transmitter 10, output values of various sensors in
the transmitter 10 (or connected to the transmitter 10),
and the like.

At step S12, the transmitting unit 202 in the
receiver 20 transmits the transmitter information, for
each transmitter 10, to the collector 30. The receiving
unit 301 in the collector 30 stores the transmitter
information received from the receiver 20 into the
storage unit 302. The transmitter information includes

an ID of a transmitter, information for identifying an

antenna used for receiving a radio signal (“antenna A”
at this step), receiving strength of the radio signal,
and data received from the transmitter 10. If, at step

S11, a radio signal is not received from a certain
transmitter 10, or if an ID of the transmitter 10 cannot
be obtained because of low receiving quality of a radio
signal, the transmitter information of the transmitter
10 is not transmitted to the collector 30.

At step S11, the radio communication unit 201

switches an antenna to be used from the antenna A to the
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antenna B, and receives a BLE radio signal transmitted
from each of the transmitters 10. Note that the
switching of the antenna may be performed by the radio
communication unit 201, or performed by a user.

Operations performed at step S21 and step S22
are the same as the operations performed at step S11 and
step S12 respectively, except that an antenna to be used
is different. Thus, because the operations performed by
the radio communication unit 201 are the same, specific
descriptions about step S21 and step S22 will be omitted.

At step S31, the position specifying unit 303
in the collector 30 specifies a position of each of the
transmitters 10; to 105, based on the transmitter
information of each of the transmitters 10; to 10s.

A concrete method of specifying a position of
each of the transmitters 10; to 10 will be described
with reference to FIG. 7. 1In the following description
with reference to FIG. 7, magnitude of receiving
strength is expressed by using a word of “large”,
“moderate”, or “small” for convenience. However,
receiving strength represented by a numerical value in a
unit of, for example, milliwatt (mW) or dBm, may be
stored in the transmitter information.

In a case in which the antenna A having the
directivity pattern A is used for receiving a radio
signal, receiving strength of a radio signal from the
transmitter 10, is large because the transmitter 10; is
positioned in vicinity of the antenna A. Similarly,
because the transmitter 10, is positioned in a location
slightly apart from the antenna A within a range of the
directivity pattern A, receiving strength of a radio
signal from the transmitter 10, is moderate. Further,

because the transmitter 103 is positioned in a location

10
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apart from the antenna A within the range of the
directivity pattern A, receiving strength of a radio
signal from the transmitter 103 is small. With respect
to the transmitters 104 and 105, because the transmitters
104 and 105 are too far from the antenna A, a radio
signal from the transmitter 104 or 10s cannot be received
by the antenna A (that is, the antenna A cannot detect
presence of the transmitter 104 or 10s). As described
above, when step S11 and step S12 have been performed,
the transmitter information of each of the transmitters
10; to 103 is stored in the collector 30, and the
receiving strengths contained in the respective
transmitter information of the transmitters 10, to 103
are “large”, “moderate”, and “small”, respectively.

Next, in a case in which the antenna B having
the directivity pattern B is used for receiving a radio
signal, receiving strength of a radio signal from the
transmitter 10, is large because the transmitter 10; is
positioned in vicinity of the antenna B within a range
of the directivity pattern B. Similarly, because the
transmitters 103 and 104 are positioned within the range
of the directivity pattern B but are at a location
slightly apart from the antenna B, receiving strength of
a radio signal from the transmitter 103 and receiving
strength of a radio signal from the transmitter 104 are
moderate. Similarly, because the transmitter 105 is
positioned within the range of the directivity pattern B
but is at a location apart from the antenna B, receiving
strength of a radio signal from the transmitter 105 is
small. Conversely, because the transmitter 10, is out
of the range of the directivity pattern of the antenna B,
a radio signal from the transmitter 10, cannot be

received by the antenna B (that is, the antenna B cannot

11
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detect presence of the transmitter 10;). As described
above, when step S21 and step S22 have been performed,
the transmitter information of each of the transmitters
10,, 103, 104, and 105 is stored in the collector 30, and
the receiving strengths contained in the respective
transmitter information of the transmitters 10,, 103, 104,
and 105 are “large”, “moderate”, “moderate”, and “small”,
respectively.

As described above, receiving strength of a
radio signal from the transmitter 10; which is obtained
by using the antenna A is “large”, and receiving
strength of a radio signal from the transmitter 10;
which is obtained by using the antenna B is “large”.
That is, the position specifying unit 303 can specify
that the transmitter 10; is positioned in the vicinity
of the antenna A and the antenna B. Further, receiving
strength of a radio signal from the transmitter 10,
which is obtained by using the antenna A is “moderate”,
and a radio signal from the transmitter 10, cannot be
received when the antenna B is used. That is, the
position specifying unit 303 can specify that the
transmitter 10, is positioned at a location slightly
apart from the antenna A within a range of the
directivity pattern A, and out of a range of the
directivity pattern of the antenna B.

Further, receiving strength of a radio signal
from the transmitter 103 which is obtained by using the
antenna A is “small”, and receiving strength of a radio
signal from the transmitter 105 which is obtained by
using the antenna B is “moderate”. That is, the
position specifying unit 303 can specify that the
transmitter 103 is positioned at a location apart from

the antenna A within the range of the directivity

12
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pattern A, and slightly apart from the antenna B within
the range of the di;ectivity pattern B. Further, a
radio signal from the transmitter 104 cannot be received
when the antenna A is used, and receiving strength of a
radio signal from the transmitter 104 which is obtained
by using the antenna B is “moderate”. That is, the
position specifying unit 303 can specify that the
transmitter 10, is positioned at a location out of a
range of the directivity pattern A, and slightly apart
from the antenna B within a range of the directivity
pattern B. Similarly, a radio signal from the
transmitter 105 cannot be received when the antenna A is
used, and receiving strength of a radio signal from the
transmitter 10s which is obtained by using the antenna B
is “small”. That is, the position specifying unit 303
can specify that the transmitter 104 is positioned at a
location out of a range of the directivity pattern A,
and apart from the antenna B within a range of the
directivity pattern B.

The first embodiment has been described above.
The position management system according to the first
embodiment can specify a position of each transmitter 10,
by measuring receiving strengths of BLE radio signals by
using multiple antennas each having a different
directivity pattern. Also, because the position
management system can accumulate transmitter information
of each transmitter 10 in the collector 30, the
accumulated data can be utilized for various types of
analysis.

<<Second Embodiment>>

Next, a position management system according
to a second embodiment will be described. What is not

mentioned in the second embodiment may be the same as

13
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that in the first embodiment.

The above first embodiment describes a case in
which a data reception according to the conventional BLE
is performed. That is, at step S11 and step S21, the
radio communication unit 201 in the receiver 20 receives
data from each of the transmitters 10, by establishing
connection with each transmitter 10. More specifically,
as illustrated in FIG. 8 (a), the radio communication
unit 201 in the receiver 20 receives an ID of the
transmitter 10 contained in an advertising signal (may
also be referred to as an advertising packet) for BLE
(S31), and by transmitting a connection request to the
transmitter 10 having the ID (S32), connection is
established between the receiver 20 and the transmitter
10 (S33). The radio communication unit 201 in the
receiver 20 receives data from the transmitter 10 by
using the established connection (S34).

In the second embodiment, by using an
advertising signal modified from the advertising signal
for BLE, the radio communication unit 201 in the
receiver 20 can receive data from each of the
transmitters 10 without establishing connection with the
transmitters 10. More specifically, as illustrated in
FIG. 8 (b), the transmitter 10 transmits an advertising
signal containing an ID of the transmitter 10 and data
to be transmitted. The radio communication unit 201 in
the receiver 20 can receive the ID of the transmitter 10
and the data simultaneously, by receiving the
advertising signal (S41).

<Functional Configuration>

(Transmitter)

The radio communication unit 101 is configured

to transmit an advertising signal for BLE (may also be

14
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referred to as a “BLE advertising signal”) generated by
the signal generating unit 102 by radio.

The signal generating unit 102 generates the
advertising signal for BLE which contains information
for identifying the transmitter 10 (an ID of the
transmitter 10) and certain information (a state of the
transmitter 10 and output values of various sensors),
and passes the generated advertising signal to the radio
communication unit 101.

An example of a format of the advertising
signal generated by the signal generating unit 102 and
transmitted by the radio communication unit 101 will be
described with reference to FIG. 9. A format of an
advertising signal specified in Bluetooth 4.0 and
iBeacon (registered trademark) is illustrated in FIG. 9
(a) . A header includes Preamble and Access Address
which are specified in Bluetooth 4.0. A “unique ID” is
specifically a UUID (Universal Unique Identifier) of 128
bits, and each of a “Major ID” and a “Minor ID” 1is an
identifier of 16 bits. In iBeacon (registered
trademark), a set of the “UUID”, the “Major ID”, and the
“Minor ID” is used for uniquely identifying the
transmitter 10.

A format of the advertising signal used in the
second embodiment is illustrated in FIG. 9 (b). In the
second embodiment, among the fields of the advertising
signal specified in Bluetooth 4.0 and iBeacon
(registered trademark), a format of a 128-bit field for
storing a “unique ID” is modified such that data can be
stored in the 128-bit field. Although FIG. 9 (b)
illustrates a case in which “Data A” and “Data B” are
stored in the 128-bit field, the 128-bit field may be

configured such that only one data item can be stored,
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or may be configured such that more than two data items
can be stored. Note that, as the information for
identifying the transmitter 10 (the ID of the
transmitter 10), a set of the “unigue ID”, the “Major
ID”, and the “Minor ID”, or a set of the “"Major ID” and
the “Minor ID” may be used. Alternatively, the “unique
ID” alone may be used as the information for identifying
the transmitter 10.

<Example of Operation of Position Management
System>

FIG. 10 is a sequence diagram illustrating an
example of an operation of the position management
system according to the second embodiment. With respect
to a process step in FIG. 10 same as that in FIG. 6, the
same reference symbol is assigned, and the description
of the process will be omitted.

At step S51, the radio communication unit 201
in the receiver 20 switches an antenna to be used to the
antenna A, receives a BLE advertising signal transmitted
from each transmitter 10, and obtains an ID of the
transmitter 10 and data contained in the BLE advertising
signal. The data contains, for example, a status (such
as a remaining amount of a battery) of the transmitter
10, output values of various sensors in the transmitter
10 (or connected to the transmitter 10), and the like.
Also, the receiving strength measurement section 211
measures receiving strength of the BLE advertising
signal transmitted from each of the transmitters 10.

Operations performed at step S61 are the same
as those performed at step S51, except that the antenna
to be used is different. Thus, detailed descriptions
about step S61 will be omitted.

The second embodiment has been described above.
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The position management system according to the second
embodiment can specify a position of each transmitter 10,
by measuring receiving strengths of BLE radio signals by
using multiple antennas each having a different
directivity pattern. Also, because the position
management system can accumulate transmitter information
of each transmitter 10 in the collector 30, the
accumulated data can be utilized for various types of
analysis. Further, as the receiver 20 can receive data
from each transmitter 10 without establishing connection
with the transmitters 10, a processing workload of the
receiver 20 can be reduced as compared with the first
embodiment.

Because conventional BLE is designed based on
a premise that a communication is performed between the
receiver 20 and a small number of transmitters 10, the
receiver 20 needs to establish connection with each of
the transmitters 10 in order to obtain data from the
transmitters 10. Accordingly, conventional BLE is not
suitable for being applied to management or data
collection of a large number of articles in logistics
services. Rather, other products such as an active-type
RFID product have been suitable for the management or
the data collection of a large number of articles.
However, as the second embodiment enables data
transmission using a BLE advertising signal, the
management or the data collection of a large number of
articles can be realized by using BLE, which is a more
generic technology.

<<Third Embodiment>>

Next, a position management system according
to a third embodiment will be described. In the third

embodiment, the transmitter 10 transmits the BLE
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advertising signal described in the second embodiment,
and the receiver 20 receives the BLE advertising signals
transmitted from the transmitter 10, through a single
antenna. That is, the third embodiment differs from the
second embodiment in that the receiver 20 in the third
embodiment receives the BLE advertising signals through
a single antenna, whereas the receiver in the second
embodiment receives the BLE advertising signals through
multiple antennas. What is not mentioned in the second
embodiment may be the same as that in the first
embodiment. The single antenna employed in the third
embodiment may be a flat antenna or a Yagi antenna.
However, any types of antennas other than a flat antenna
or a Yagi antenna may be used.

<Functional Configuration>

(Transmitter)

Because a functional configuration of the
transmitter 10 is the same as that in the second
embodiment, description of the transmitter 10 will be
omitted.

(Receiver)

The radio communication unit 201 is configured
to receive a BLE radio signal transmitted from the
transmitter 10 via the single antenna. The receiving
strength measurement section 211 is configured to
measure receiving strength (such as RSSI) of a BLE radio
signal. The transmitting unit 202 is configured to
transmit, to the collector 30, the transmitter
information including an antenna used for receiving a
BLE radio wave, receiving strength of the BLE radio wave,
and an ID of the transmitter 10. Note that “the
information about an antenna used for receiving a BLE

radio wave” may be omitted from the transmitter
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information.

(Collector)

The receiving unit 301 is configured to
receive the transmitter information from the receiver 20
and to store the transmitter information into the
storage unit 302. The position specifying unit 303 1is
configured to extract the transmitter information of a
specific transmitter 10, and with respect to the
transmitter 10 of which the transmitter information 1is
extracted, to specify a position of the specific
transmitter 10 based on the receiving strength. Note
that the position specifying unit 303 may be omitted
from the collector 30 in the third embodiment. That 1is,
the collector 30 according to the third embodiment may
only have a function for accumulating the transmitter
information.

<Example of Operation of Position Management
System>

In the third embodiment, among operations in
FIG. 10, step S13, step S22 and step S61 are omitted.

As operations performed at step S51 and step
S12 are the same as those in the second embodiment,
description of these steps will be omitted. Note that,
at step S12, “the information about an antenna used for
receiving a radio wave” may be omitted from the
transmitter information.

At step S31, the position specifying unit 303
specifies a position of the receiver 20, based on the
receiving strength contained in the transmitter
information. For example, in accordance with magnitude
of the receiving strength, the position specifying unit
303 can specify whether the transmitter 10 is in

vicinity of an antenna connected to the receiver 20
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within a range of a directivity pattern of the antenna,
the transmitter 10 is slightly apart from the antenna
within the range of the directivity pattern of the
antenna, the transmitter 10 is apart from the antenna
within the range of the directivity pattern of the
antenna, or the transmitter 10 is out of range of the
directivity pattern of the antenna. A method of
specifying position by the position specifying unit 303
is not limited to the method described above, and the
position specifying unit 303 may specify a position in a
finer granularity. Note that an operation at step S31
may be omitted.

The third embodiment has been described above.
The position management system according to the third
embodiment can specify a position of each transmitter 10,
by measuring receiving strength of a BLE radio signal by
using a single antenna. Also, because the position
management system can accumulate transmitter information
of each transmitter 10 in the collector 30, the
accumulated data can be utilized for various types of
analysis. Further, as the receiver 20 can receive data
from each transmitter 10 without establishing connection
with the transmitters 10, a processing workload of the
receiver 20 can be reduced as compared with the first
embodiment.

<<Supplement of Embodiment>>

The present invention is not limited to the
above described embodiments, and various changes or
enhancements may be made within a scope of the claims.
With respect to operations described in the above
embodiments, order of the operations can be changed if
no conflict occurs.

The radio communication unit 201 is an example
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of a signal receiving means (unit). The position

specifying unit 303 is an example of a specifying means
(unit). The signal generating unit 102 is an example of
a generating means (unit). The radio communication unit

101 is an example of a transmitting means (unit).

LIST OF REFERENCE SYMBOLS
10 transmitter
20 receiver

30 collector

101 radio communication unit

102 signal generating unit

201 radio communication unit

202 transmitting unit

211 receiving strength measurement section
301 receiving unit

302 storage unit

303 position specifying unit

1001 CPU

1002 memory
1003 communication IF
1004 UI part

1005 recording medium
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CLAIMS

1. A position specifying device communicable with a transmitter supporting Bluetooth
Low Energy (BLE), the position specifying device comprising:

a signal receiving means configured, by using a plurality of antennas each having
different directivity, to receive BLE radio signals transmitted from the transmitter and to
measure respective receiving strengths of the BLE radio signals; and

a specifying means configured to specify a position of the transmitter by comparing the
respective receiving strengths measured via each of the plurality of antennas;

wherein the BLE radio signal is in accordance with a format of an advertising packet
specified in BLE standard, the advertising packet including a 128-bit field for storing a
universal identifier (UUID);

wherein the BLE radio signal is configured to store information for identifying the
transmitter in a part of the 128-bit field, and to store transmission data to be transmitted to the
position specifying device in a remaining part of the 128-bit field, the transmission data being
a status of the transmitter or an output value of a sensor connected to the transmitter; and

wherein the signal receiving means is configured, by receiving the BLE radio signal, to
obtain the information for identifying the transmitter and the transmission data, without

establishing connection between the position specifying device and the transmitter.

2. The position specifying device according to claim 1, wherein the plurality of antennas

is a set of a flat antenna and a Yagi antenna.

3. A transmitter supporting Bluetooth Low Energy (BLE) comprising:

a generating means configured to generate a packet in accordance with a format of an
advertising packet specified in BLE standard, the packet storing information for identifying
the transmitter in a part of a 128-bit field for storing a universal unique identifier (UUID) and
storing transmission data of the transmitter in a remaining part of the 128-bit field, the
transmission data being a status of the transmitter or an output value of a sensor connected to
the transmitter; and

a transmitting means configured to transmit the advertising packet generated by the

generating means.

4. A computer program for causing a computer to function as each of the means included

in the position specifying device according to claim 1 or 2.

23180324 (IRN: PO001748AU)
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