1 Description LOCATION STORAGE DEVICE, WIRELESS TERMINAL,
LOCATION STORAGE SYSTEM, LOCATION REGISTRATION
METHOD, LOCATION UPDATE METHOD AND PROGRAM Technical
field [00011 The present invention relates to a location storage device, a
wireless terminal, a location storage system, a location registration
method, a location update method and a program. Background art [00021
Recently, a receiving device capable of receiving a wireless signal
transmitted from a satellite is MESRTEIGH a mobile body such as a car or
a mobile telephone. According to a Global Positioning System (GPS)
measurement, it is possible to estimate the location of a mobile bodIy
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technology in various fields such as naviﬁation, secu%y, recreation, or
the like. HoweverJthefocatds Sett e%ﬁrqg{%@ ased on the GPS

measurement requires a long time for synchronization at the time of
activation, and also, the technology is difficult to use indoors or
underground where a wireled$s  G%9 satellite does not reach.

M@@Q?l Further, a technology for a Personal Handyphone System (PHS)
to measure the signal strength of a signal transmitted from a base station

and to BSRTRREHBERMGIANSRIBIR P oh PrAtiea STRsS Y Sréhgth is
wilerdasad imifpnexample; Jratent Reckaentl -Seesifisalye Asirhase

station of the PHS is installed by a communications firm, and thus, the
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Background art
[0002]

Recently, a receiving device capable of receiving a wireless signal
transmitted from a satellite is mounted on a mobile body such as a car
or a mobile telephone. According to a Global Positioning System (GPS)
measurement, it is possible to estimate the location of a mobile body on
which such a receiving device is mounted. A location estimation
technology using such a receiving device is an important commeon basic
technology in various fields such as navigation, security, recreation, or
the ike. However, the location estimation technology based on the GPS
measurement requires a long time for synchronization at the time of
activation, and also, the technology is difficult to use indoors or
underground where a wireless signal from a satellite does not reach.
[0003]

Further, a technology for a Personal Handyphone System {PHS)
to measure the signal strength of a signal transmitted from a base
station and fo estimate the self location based on the measured signal

strength is disclosed in, for example, Patent Document 1. Specifically,



measuring the signal strengths of signals transmitted from 3 or more base
stations and estimating the distance between each of the base stations
and the self location based on the measured signal strengths, the PHS
can estimate the self location by the principle of triangulation based on
the installation location of each of the base stations. [0004] Further, a
location estimation method is also conceivable in which a wireless
terminal that performs wireless communication with a base station
a(hesessqivint oihthavitEIB Ss focstiadiceh e tavoda (AN catéass@sthesignal
strength of a signal transmitted from_t ireless base station, and a
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based on the signal strength. For example, the base station in the
wireless LAN transmits a beacon at regular intervals {for example, 5
times per second) for announcing the presence of the base station in the
wireless LAN to the surrounding area. The wireless terminal transmits
the signal strength of such a beacon to the location estimation device,
and the location estimation device can estimate the location of the
wireless terminal based on the signal strength and the location of the
base station in the wireless LAN that is registered in advance.
According to the location estimation method described above, since the
base station in the wireless LAN is also installed indoors or underground,
location estimation indoors or underground which has been difficult
with the location estimation technology based on the GPS measurement
is possible. That is, it can be said that the location estimation method
described above is a location estimation technology superior in
convenience and simplicity provided base station information indicating

the location of the base station in the wireless LAN installed in the



[Patent Document 11 JP-A-2006-171012 Disclosure of the invention
[Problems to be Solved by the Invention] [0005] However, the base
stations in the wireless LAN are in many cases installed by an
unspecified large number of users, Accordingly, it is difficult to register in
the location estimation device in advance base station information of all
the base stations in the wireless LAN. Further, there is a possibility of
addijtion or.change in the installagon location of . the base station in the,
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ddeeation estimation device every time there is the addition or the change
is cumbersome. [0006] Thus, the present invention has been achieved in

view of fHEPAHRYENMRSRied Plobter? Gid fHPdBject of the present

invention is to provide a location storage device, a wireless terminal, a

location storage system, a location registration, method, a location update
method and a_program e SHEheWVERIHHIRHREY, and that are capable

{p@&ﬂgf@@@éi(&lIg@ﬁ@pﬂ,@%tk@d@mgﬁtjation information the actual
installation state of a base station. [Means for Solving the Problems]
87] To solve the above-described problem, according to an aspect of

the pressptiRyemiondhe 48 oravidatha geatian SIRNgedRVieRny cases
characterized by including a storage section in which location information

ingtalisss P Lo RS R SR EL BB AR REHSon AfERE S eds 1s
digiainakane ase-siatieneideptiticatienintosmationAicnigu el assigned e
each base station are reg.istered in association with each other, a

StRURR Y SERAG TPt alditmG_AGIPHRERtR I rEEGESikAbhicH A ther,
115983k sirenglimfia signaldresived by dhgavirelesstesmiNation location of

the base station in the wireless LAN, and to manually update the base
station information in the location estimation device every time there is
the addition or the change is cumbersome.

10006]

Thus, the present invention has been achieved in view of the
above-described problem, and the object of the present invention is to
provide a location storage device, a wireless terminal, a location storage
system, a location registration method, a location update method and a
program that are new and improved, and that are capable of
automatically reflecting in the base station information the actual
instaliation state of a base station.

{Means for Solving the Problems]
[0007]

To solve the above-described problem, according to an aspect of
the present invention, there is provided a location storage device
characterized by including a storage section in which location
information of a base station that performs wireless communication

with a wireless ferminal and base station identification information



from each base station or information obtained from the signal strength
and the base station identification information of the base station that
transmitted the signal are associated with each other, a registration
judging section for judging, by referring to the base station identification
information registered in the stora@e section, whether or not the base
station identification information included in the signal strength
information received by the receiving section is registered in the storage
uséguiolyinssdgocihtiosarthihed station iafsrisaiivierah draaesyisiating with
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wireless terminal. [0008] With such a configuration, the receiving section
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predetermined location information dependent on the location of the

wireless terminal.
[0008]

With such a configuration, the receiving section receives the
signal strength information in which the signal strength of a signal
received by the wireless terminal from the base station or information
obtained from the signal strength and the base station identification
information of the base station that transmitted the signal are
associated with each other. And the registration judging section
extracts the base station identification information that is not registered
in the storage section from the base station identification information
inctuded in the signal strength information received by the receiving
section. Then, the registering section registers in the storage section
the base station identification information that is not registered in the
storage section that is extracted in association with the predetermined

location information dependent on the location of the wireless terminal.



the location storage device can save the trouble of manually initializing
the base station information in the location storage device and can
automatically acquire the actual installation state of the base station.
[0009] A location estimating sectic§1 for estimating the location of the
wireless terminal based on the signal strength information and the
location information of the base station that is registered in the storage
section may further be included, and the registering section may register
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storage section in association with the location information of the wireless
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reglstered that is among the base station identification information
[GR&BLed in the signal strength information received by the receiving

section, ke realith4he pase viatinn iudaatanpotedistarestapd the

wireless termjnal are thought to be apart from each other by an estimated
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indicating the location of the wireless terminal estimated by the location
estimating section. With such a configuration, the registering section
registers in the storage section in association with the location
information of the wireless terminal estimated by the iocétion estimating
section the base station identification information judged by the
registration judging section as not registered that is among the base
station identification information included in the signal strength
information received by the receiving section. Here, in reality, the base
station judged as not registered and the wireless terminal are thought to
be apart from each other by an estimated distance that is estimated
based on the signal strength at the wireless terminal of a signal
transmitted from the base station. That is, it is highly possible that the
base station that is judged as not registered is installed on the
circumference of a circle having the wireless terminal as the center and

the estimated distance as the radius. Thus, by provisionally deciding

the location of the base station judged as not registered as the estimated



[00101 The receiving section may further receive terminal location
information indicating the location of the wireless terminal, and the
registering section may register in the storage section in association with
each other the base station identification information judged by the
registration judging section as notregistered in the storage section and.
the terminal location information received by the receiving section. With
such a configuration, the location storage device can register in the
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station information by simply using the terminal location information
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station identification information included in the signal strength
information. That is, the registering section can register in the storage
section new base station information by simply using the terminal
location information received by the receiving section without requiring
the step of estimating the wireless terminal location based on the signal
strength information by the location estimating section.

{0011]

The receiving section may receive the signat strength information
at one or two or more time points accumulated in the wireless terminal.
With such a configuration, for example, when the wireless terminal is
provided with a database for the base station information, a database for
the history of the signal strength information at one or two or more time
points and a location estimation function, the wireless terminal can
check the self location without having to access the location storage

device at the time of every location estimation. However, since the

installation state of the base station changes with time, the database for



storage device from the database for the history of the signal strength
information in the wireless terminal, the location storage device can newly
register the base station information that is not registered in the storage
section. Further, if the location storage device transmits to the wireless
terminal the base station information that is newly registered in the
storage section, it becomes possible to register the new base station
-information in the database for the base station information in the
theirbless wabionl. f0bIg]Firtherstol sotve itlee abdetede seribedippbiemihe -
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WireléSE teTminal from each base station of information obtained frorm the
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station that transmitted the signal are assogiated with each other, a base
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thefetmatgersotthenbasbstatiors registdriedtinthgi sterdiye sestibassatisditsa
._redetermined restriction condition which is based on .the distance .
e oS {ARARE! i S T oo that 0" B e
wilrelsignairstrigregth information, and an updating section for updating the
[dgﬁatj;)n information of the base station that is judged by the base station
information judging section as not satisfying the 8 predetermined

restrictiomttendition.s¢06:1 3 ithbswehde soritigdrapiorh ke basestdiion to
aglg%r&a té%rf)é%ggé?gthe present invention, there is provided a location
storage device characterized by including a storage section in which
location information of a base station that performs wireless
communication with a wireless ferminal and base station identification
information uniquely assigned to each base station are registered in
association with each other, a receiving section for receiving signal
strength information in which a signal strength of a signal received by
the wireless terminal from each base station or information obtained
from the signal strength and the base station identification information
of the base station that transmitted the signal are associated with each
other, a base station information judging section for judging whether or
not the location information of the base station registered in the storage
section satisfies a predetermined restriction condition which is based on
the distance between the wireless terminal and the base station that is
estimated from the signal strength information, and an updating section

for updating the location information of the base station that is judged

by the base station information judging section as not satisfying the



section judges whether or not the location information of the base station
registered in the storage section satisfies the predetermined restriction
condition which is based on the distance between the wireless terminal
and the base station that is estimated from the signal strength
information, and the updating sectfbn updates the location information of
the base station that is judged by the base station information judging
section as not satisfying the predetermined restriction condition.

' pe.g@@g@&iﬁgly@&h@mmﬂgjhsé@@gﬁdﬁyice can automatically update the
base station information registered in the storage section based on the
[%(R)é?‘étions of the base station information judging section and the
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has been changed without requiring manual procegsing. [0014] The base
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;ggistere,d in the storage section, an estimated distance adding section
1

BERAHG U MR rRes Beted® tREitAds it FirtRicanBr TSN e
RasA lationandithmdistancoReieen the wiseless:terrinakanddbize can

second base station that are estimated from the signal strength
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installation location of the base station registered in the storage section
is changed, the location storage device can reflect in the base station
information registered in the storage section the location of the base
station whose installation location has been changed without requiring
manual processing.

[0014]

The base station information judging section may include an
inter-base-station-distance calculating section for calculating the
distance between a first base station and a second base station that
perform wireless communication with the wireless terminal based on the
location information of the first base station and the second base station
registered in the storage section, an estimated distance adding section
for adding up the distance between the wireless terminal and the first
base station and the distance between the wireless terminal and the
second base station that are estimated from the signal strength

information, and a restriction condition judging section for judging that



distance adding section. [0015) The restriction condition judging section
may judge that the restriction condition is not satisfied when the distance
calculated by the inter-base-station-distance calculating section is longer
than the distance calculated by the estimated distance adding section by
a set boundary value or more. With such a configuration, based on the
characteristics of a triangle that the sum of the lengths of arbitrary two
sides is never shorter than the length of the remaining side, the restriction
troonditiritiiclgingsetion danjudgedtiafitht rehtrictithrereonslittordisiacince
satisfied when the inter-base-station. distance. calculated hy the .
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calistdatiagakedtitad ynithe wstintdtedicistanakodddin &gctidre Festhagtby
dss%ttingeaaa trli)ounggg value, even if the add-up distance is calculated to
Ha%Shorer thah e iNter-base-station distance, if the difference is within
[dbéSet boundary value, the restriction condition judging section can, by

taking,the possibility of errar into consideration,.judge that the restricti
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rékerfirSbhasestition apdifie gdistactiebetanemitige that the restriction
condition is not satisfied when the inter-base-station distance
calculated by the inter-base-station-distance calculating section is
longer than the add-up distance calculated by the estimated distance
adding section. Further, by setting a set boundary value, even if the
add-up distance is calculated to be shorter than the inter-base-station
distance, if the difference is within the set boundary value, the
restriction condition judging section can, by taking the possibility of
error into consideration, judge that the restriction condition is satisfied.
As a resuli, a case can be reduced where the updating section updates
the base station information in the storage section which normeally does
not need to be updated.

[0016]

The updating section can update the location information of the
base station registered in the storage section so that the distance
between the first base station and the second base station is within the
range of the distance between the location indicated by the location

information of the first base station and the location indicated by the



wireless terminal and the second base station. [0017] The receiving
section may further receive terminal location information indicating the
location of the wireless terminal, and the base station information judging
section may further include a registration distance calculating section for
calculating the distance between tife location indicated by the terminal
location information received by the receiving section and the location
indicated by the location information of a certain base station registered in

1dhe SINTRas SRStion HidiR skiciacandiliondudging sertinndaeivdging
that the restriction condition is not satisfied when there is a difference
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the distircerassiniogn BesiifirelasYefrirhcandariterismbase segrfion
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condition is not satisfied when there is a difference between the distance
calculated by the registration distance calculating section and the
distance between the wireless terminal and the certain base station

estimated based on the signal strength corresponding to the certain base

station.
[0018]

The restriction condition judging section may judge that the
restriction condition is not satisfied when the distance calculated by the
registration distance calculating section is shorter than the distance
between the wireless terminal and the certain base station estimated
based on the signal strength corresponding to the certain base station.
Here, it can be said that the distance between the wireless terminal and
the certain base station estimated based on the signal strength is often
estimated to be longer than in reality and that the distance is rarely
estimated to be shorter than in reality. This is because, in the course of
transmission of a signal from the base station to the wireless terminal,

the signal strength often decreases more than in theory due to the signal



judging section performing judgment as described above based on such
situation, the updating section can update the base station information
registered in the storage section that is likely to be not reflecting the
actual installation state of the basg,station. [0019] The updating section
may update the location information of the base station registered in the
storage section so that the distance between the certain base station and
the wireless terminal is within the, range_of the distance between the
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be updated according to the change. Thus, by transmitting at a
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the histary of the signal strength information in the wireless terminal, the

logekinsh StinEge debicecarrdifiate thessabantatishtinfoARatiohe location
ikegrieiered iy the starrgeisaCliaformation of the certain base station

registered in the storage section and the distance between the wireless

a

terminal and the certain base station estimated based on the signal
strength information.
[0020]

The receiving section may receive the signal strength information
at one or two or more time points accumulated in the wireless terminal.
With such a configuration, for example, when the wireless terminal is
provided with a database for the base station information, a database for
the history of the signal strength information at one or two or more time
points and a location estimation function, the wireless terminal can
check the self location without having to access the location storage
device at the time of every location estimation. However, since the
installation state of the base station changes with time, the database for
the base station information needs to be updated according to the
change. Thus, by transmitting at a predetermined timing the signal

strength information at one or two or more time points to the location



Further, if the location storage device transmits to the wireless terminal
the base station information after updating that is registered in the
storage section, it becomes possible to update the database for the base
station information in the wireless terminal. [0021] Further, to solve the
above-described problem, accord}i@g to another aspect of the present
invention, there is provided a wireless terminal for performing wireless
communication with a plurality of base stations, which is characterized by

sincagdintedereaomrinh seiohdore fﬁéa@lﬁih@%@h’apét?bﬂg?{@éi sSysaisth
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storage section for storing a history of signal strength information, at one
update thenbestimapomtininrmwaicoriheegigriiestrandgine Alessgrescoliohe
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sﬁ%a é’é%?\‘f&ﬁ?i%é&'&%ﬁ@é go@ﬁb%@ pahsieqaniirmation.siored dndhe.
Istary Information storage Section to a location storage device capable of
statinraiintptheaioeationtbethergiesie ssravitidal based on the signal

@E??rﬁth information. [0022] With such a configuration, the history
Information storage section can store the history of the signal strength
inform&wonhat,ofe colveo Branehetitndginiiscth wiibiche sigparding to
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rom the signal strengths and the base station identification information
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the history of the “signal strength information tothe location storage
mevineing aigoxlisttbedibgudrigndisafficdiesidenrthehwiiesslisroiriae
b%&% t&%‘é?c%‘fgl,og history information storage section for storing a history
of signal strength information, at one or two or more time points, in
which the signal strengths measured by the measuring section or
information obtained from the signal strengths and base station
identification information uniquely assigned to each of the base stations
are associated with each other, and a transmitting section for
transmitting the history of the signal strength information stored in the
history information storage section to a location storage device capable
of estimating the location of the wireless terminal based on the signal

strength information.
[0022]

With such a configuration, the history information storage
section can store the history of the signal strength information, at one or
two or more time points, in which the signal strengths measured by the
measuring section or information obtained from the signal strengths
and the base station identification information uniguely assigned to

each of the base stations are associated with each other. Accordingly,



storage device is reduced. Or, based on the state of the wireless terminal,
the location storage device or the traffic, the history of the signal strength
information can be made to be transmitted to the location storage device
when the load on the wireless terminal, the location storage device or the
traffic is small. [0023] A base station information storage section may
further be included in which base station information in which location
information of the plurality of the base stations and the base station

thig| dnahcaiBhinBoRerlion serassdciatsnithiraasmothtres héyfeterad, thsd
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registered ahistory of terminal location information indicating the location
[08%2Bk wireless terminal at one or two or more time points, and the
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strength information and the terminal location information. With such a
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_and the history of the termlnal location information indicating the location
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and a location estimating section for estimating the location of the
wireless terminal based on the base station information registered in the
base station information storage section and the signal strength
information. With such a configuration, the wireless terminal can
check the self location based on the base station information 'storage
section and the location estimating section that are embedded therein
without communicating with the location storage device. That is, the
wireless terminal can exclude the step of accessing the location storage
device at the time of every location estimation, and thus, can swiftly
check the self location.
[0024]

The history information storage section may further be registered
a history of terminal location information indicating the location of the
wireless terminal at one or two or more time points, and the transmitting
section may transmit to the location storage device the signal strength
information and the terminal location information. With such a

configuration, the history information storage section can store the



Accordingly, the transmitting section can collectively transmit to the
location storage device the histories of the signal strength information and
the terminal location information. As a result, the frequency of traffic
between the wireless terminal and the location storage device is reduced.
Or, based on the state of the wireléss terminal, the location storage
device or the traffic, the histories of the signal strength information and
the terminal location information can be made to be transmitted to the
hiseatjoofstheagaztaViseradeih theftoatuivthavbeless srmimaktbes time -
location stqrage device_ Qr the traffic js small. [Q025] An, information.
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registered in a storage section of the location storage device and.in whic
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stations are associated. with each other may further included. With
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in the base station information. stor section or there is a.difference..
ERREan 5 RS o B e e, I e o
sthedgeaternistorage tideviceifing ttecbasasteition afforinzatgrelisteretzim

.the base station information storage secti the,wireless terminal can
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the base station information storage section or modify or ypdate the base
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[segtidn. 15 [0026] Further, to solve the above-described problem,

according 10, AaREasRESs oLie RESSEL MR 90aliRle '$RR 4Rl Ay
information registered in the base station information storage section to
base station information registered in a storage section of the location
storage device and in which location information of the piurality of the
base stations and the base station identification information uniquely
assigned to each of the base stations are associated with each other may
further be included. With such a configuration, when, for example,
there is base station information in the storage section of the location
storage device that is not registered in the base station information
storage section or there is a difference between the base station
information registered in the storage section of the location storage
device and the base station information registered in the base station
information storage section, the wireless terminal can receive the base
station information from the storage section of the location storage
device, and newly register the base station information in the base

station information storage section or modify or update the base station

information registered in the base station information storage section.



storage system including a wireless terminal that performs wireless
communication with a plurality of base stations and a location storage
device in which locations of the plurality of the base stations are
registered. The wireless terminal is characterized by including a
measuring section for measuring sfgnal strengths of signals received from
the plurality of the base stations and a transmitting section for transmitting
to the location storage device signal strength information, at one or two or
[00Q& time points, in which the signal strengths measured by the

measuy(ing.section or information obtained from the signal strengths and
base STORCTe i SaNSh HiGrARAGH HFRSEER haiGR o ASCTSENG ©

ahatiecstalignRe s assogipdedrwitheagkiofethdruriieprihadedationeation
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terminal that performs wireless communication with a plurality of base

ag.%ggﬁg &ﬁdegqgcgﬁ&ﬁlgtg@aﬁestaﬁous are associated with each other.

Further, the location storage device is characterized by including a
storage section in which location information of the base station and the
base station identification information are registered in association with
each other, a receiving section for receiving the signal strength
information from the wireless terminal, a registration judging section for
judging, by referring to the base station identification information
registered in the storage section, whether or not the base station
identification information included in the signal strength information
received by the receiving section is registered in the storage section, and
a registering section for registering in the storage section in association
with each other the base station identification information judged by the
registration judging section as not registered in the storage section and
predetermined location information dependent on the location of the

wireless terminal.

[0027]

Further, to solve the above-described problem, according to



device in which locations of the plurality of the base stations are
registered. The wireless terminal is characterized by including a

measuring section for measuring signal strengths of signals received from
the plurality of the base stations, and a transmitting section for
transmitting to the location storageglevice signal strength information, at
one or two or more time points, in which the signal strengths measured
by the measuring section or information obtained from the signal
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secednthsighalstengibiniafnatiatismvdiichabase station and the base
station identification information are registered in association with each
other, a receiving section for receiving the signal strength information
from the wireless terminal, a base station information judging section for
judging whether or not the location information of the base station
registered in the storage section satisfies a predetermined restriction
condition which is based on the distance between the wireless terminal
and the base station that is estimated from the signal strength
informations, and an updating section for updating the location
information of the base station that is judged by the base station
information judging section as not satisfying the predetermined
restriction condition.
[0028]

Further, to solve the above-described problem, according to
another aspect of the present invention, there is provided a location
registration method characterized by including the steps of registering in

a storage medium in association with each other location information of



signal strength of a signal received by the wireless terminal from the base
station or information obtained from the signal strength and the base
station identification information of the base station that transmitted the
signal are associated with each other, judging, by referring to the base
station identification information r&@istered in the storage medium,
whether or not the base station identification information included in the
received signal strength information is registered in the storage medium,

a MubregisiepAinN SRS Mediugs ibaasacalioniwHaachohaelbgs
base station identification information_judged as not registered in the
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each other location information of a base station that performs wireless

bagtnnitntiaioddsmtibcatior sdnismaiicthd Mast stakdsdetiaiomionhat

trRfRERALAN YRUglassianed daeach Haqeslalinm, reraMNg Sinak. by
strength information in which a signal strength of a signal received by the

TeifEIEEs R mARTE M e hAdE S HSH SPiIATI RS Bta Bt TRshianEe
s@igRet sieagiANd Wiedhase statiopddentficalion infermatiopiehihechast

_station that transmitted the signal are associated with each other, judging
Infpranmiios: ABEREIBcHoRICRABIGH obifiiead a8t Sheitbn eigistertiph is

ré@%té?‘é@% fﬁéfﬂtﬁf‘aﬁétﬁ%@ﬁfﬁgﬁi%iﬁ%ﬁé%jﬁi@é‘ Sopdiiomwhigh,
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satisfying the predetermined restriction condition. [0030]

location information dependent on the location of the wireless terminal.

{0029]

Further, to solve the above-described problem, according to
~another aspect of the present invention, there is provided a location
update method characterized by including the steps of registering in a
storage medium in association with each other location information of a
base station that performs wireless communication with a wireless
terminal and base station identification information uniguely assigned
-to each base station, receiving signal strength information in which a
signal strength of a signal received by the wireless terminal from the
base station or information obtained from the signal strength and the
base station identification information of the base station that
transmitted the signal are associated with each other, judging whether
or not the location information of the base station registered in the
storage medium satisfies a predetermined restriction condition which is
based on the distance between the wireless terminal and the base

station that is estimated from the signal strength information, and



Further, to solve the above-described problem, according to another
aspect of the present invention, there is provided a program for causing a
computer to function as a location storage device including a receiving
section for receiving signal strength information in which a signal strength
of a signal received by a wirelessitgrminal from each base station that
performs wireless communication with the wireless terminal or
information obtained from the signal strength and base station
widientification i”‘é‘%{%’g]&?f'?%8&%5%%5815&%09&@@“&@&6&"E@Qt%eﬁsdgéa as
Bréasdociated with each ot er, a registration judging section for judging,
nby sefésfirig gottirerivedetstatioreidi eatfivation inforfibesn registered in a
[(§¢ rage medium in association with location information of the base
station, whether or not the base station identification information included
in the Signthstrepgtisdifortiztionbeceideddiind rereNamg, seeeritige to
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included in the signal strength information received by the receiving
section is registered in the storage medium, and a registering section for
registering in the storage medium in association with each other the
base station identification information judged by the registration judging
section as not registered in the storage medium and predetermined
location information dependent on the location of the wireless terminal.
[0031]

Further, to solve the abovewdescribed. problem, according to
another aspect of the present invention, there is provided a program for
causing a computer to function as a location storage device inciuding a
receiving section for receiving signal strength information in which a
signal strength of a signal received by a wireless terminal from each base
station that performs wireless communication with the wireless terminal
or information obtained from the signal strength and base station

identification information of the base station that transmitted the signal



station identification information of the base station satisfies a
predetermined restriction condition which is based on the distance
between the wireless terminal and the base station that is obtained from
the signal strength information, and an updating section for updating the
location information of the base stétion that is judged by the base station
information judging section as not satisfying the predetermined restriction
condition. [Effect of the Invention] [0032] As explained above, according
ane tuesiotatioh stiageaddviothee avikslass stabiimalinfierivediion Hushaige
sREINsdaERandrdRlaen mahpd.theoagiignupdatednaiiodagd

the progra ording to the present invention, the actual installation
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explanatory diagram showing a configuration of a location estimation
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of signal strength information received by a location estimating section
sfrtiorainiretssditeryirddi29 sRIGB RS Beinsexplifnap i dingedrishoiniad
e Qgtp&g r‘f%%%{%ﬂ n example of the location estimation system according

to tt11e present emé)bdiment. [FIG. 6] It is an explanatory diagram showing
[Effeekafriple bivention]

[0032]

As explained above, according to the location storage device, the
wireless terminal, the location storage system, the location registration
method, the location update method and the program according to the
present invention, the actual installation state of the base station can be

automatically reflected in the base station information.

Brief Description of the Drawings
[0033]

[FIG. 111t is an explanatory diagram showing a configuration of a
locationn estimation system according to a first embodiment of the
present invention.

[FIG. 2] It is a block diagram showing a configuration of a location
estimation device according to the present embodiment.

[FIG. 3] It is an explanatory diagram showing an example of base
station information stored in a storage section.

[FIG. 4] It is an explanatory diagram showing an example of
signal strength information received by a location estimating section

from a wireless terminal.



signal strength information received by a location estimating section from
a wireless terminal. [FIG. 7] It is a block diagram showing a more detailed
configuration of a base station information judging section. [FIG. 8] It is an
explanatory diagram showing a procedure of updating base station
information by an updating sectié#f [FIG. 9] It is a graph showing a
relation between the distance between a wireless terminal and a base
station estimated based on the signal strength and the actual distance

betwelgndahe sjrefessserannaksandrihedpaseditaitam [FiGokh Y issanther
explanatory diagram showing a procedure of .updating base station
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pHaywaf &nepeRaléertin a case a location estimation request is received by

the location estimation device from the wireless terminal. [FIG. 12] It.i
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sigtnlestierggeivatbinthelocatieivedtimatiorodation feanrifeinielestion
terminal. [FIG. 13] It.is a block diagram showing a configuration of a

P R Sa R EBHARuring a location estimation system according to a

secongrembarimentief the pikegentliagention sdbridgdAb It in@r  detailed
explanatqry diagram showing a_ history of signal strength. information
CQRHBUA RiStory ﬁﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁ@@&f@ﬁ% .Slgzr‘éﬁﬁs an
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stored in_the history information storage 21 section. [FIG. 14C] It is an
URRHR& GRS aI SHRENS H@aﬁlﬂ%éﬁ?f&%ﬁ’ BE &G Rformation
storedjirithednigtony infetmptioshstaiageasestiofon between the distance

between a wireless terminal and a base station estimmated based on the
signal strength and the actual distance between the wireless terminal
and the base station.

[FIG. 10] It is an explanatory diagram showing a procedure of
updating base station information by an updating section.

[FIG. 11] It is a flow chart showing a flow of an operation in a case
a location estimation request is received by the location estimation
device from the wireless terminal.

[FIG. 12] It is a fiow chart showing a flow of an operation in a case
a location registration request is received by the location estimation
device from the wireless terminal,

[FIG. 13] It is a block diagram showing a configuration of a
wireless terminal configuring a location estimation system accerding to
a second embodiment of the present invention.

[FIG. 14A] It is an explanatory diagram showing a history of
signal strength information stored in a history information storage
section.

[FIG. 14B]| It is an explanatory diagram showing a history of

signal strength information stored in the history information storage



[FIG. 15] It is an explanatory diagram showing a history of terminal
location information stored in the history information storage section.
[FIG. 16] It is a flow chart showing a flow of an operation of the wireless
terminal according to the present embodiment. [FIG. 17] It is a sequence
diagram showing a flow of an opération of a location estimation system
according to the present embodiment. [Best Mode for Carrying Out the
Invention] [0034] Hereunder, a preferred embodiment of the present
sdpMertion will be described in detail with reference to the appended
draWi?jgri% Incidentally, in the present specification and drawings, as for
|
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.omitted. [0035] (First Embodiment) First, a location estimation system
sefi@Beording to a first embodiment of the present invention will be
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location estimation system according to the present embodiment, a
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device 20 has a_function of estimating the location of a wireless terminal
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[Best Mode for Carrying Out the Invention]
[0034]

Hereunder, a preferred embodiment of the present invention will
be described in detail with reference to the appended drawings.
Incidentally, in the present specification and drawings, as for
configuration elements having substantially the same functional
configuration, the same numeral is used and the repeated explanation
will be omitted.

[0035]

(First Embodiment)

First, a location estimation system 10 according to a first
embodiment of the present invention will be explained. With the
location estimation systermn 10 as an example of the location estimation
system according to the present embodiment, a location estimation
device 20 configuring the location estimation system 10 has significant
characteristics. Specifically, the location estimation device 20 has a
function of estimating the location of a wireless terminal 40 in

cooperation with the wireless terminal 40 that performs wireless



[0036] FIG. 1 is an explanatory diagram showing a configuration of the
location estimation system 10 according to the present embodiment. The
location estimation system 10 includes the location estimation device 20,
base stations 30, 31 and 32, and the wireless terminal 40. [00371 The
base stations 30, 31 and 32 relay-gopmmunications between spatially
scattered communication devices. For example, the base stations 30, 31
and 32 can relay wireless communications between the wireless terminal

40 and another wireless terminal (not shown) within_ respective way.
MBS B Fol) b of LAY SIe St LG feviegen @
nesnnesiekntivireito phededssistatigis iy r@Riandiiferwatlessofl the

terminal 40. Specifically, the base station,.30.can he a_base station in
b\%ﬁ%less%%ogél a%é n%twfgrrl%cfﬁ%f\l) (E)ita\s%ador}9 the \)%freeleré%1 |%r<§éy ?%ﬁ%on
isfandandsn ao ade Statsen snattierGlobal<Syatede foraMotiiplanation will be

Coanmunic fdg$ (f%M% or a Bluetooth base station. Note that the
Rl ’ﬁdbﬁ"g}% of the Bas%’ stations 30, 31 and 32 are substantially the

[8asw], and hereunder, an explanation will be made especially with the
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{plégi?\lflt the wireless terminal 40 can, based on the base station ID in the

{ celved beacon signal, perceive the existence of the base station 30
existinTieitssperipheinyn {0089 FThaenwirgie ssiterninatd@rdantitans métteedn

S{Sgﬁlr\;{l yvasrclsca)t tselge acommunication devices. For example, the base

stations 30, 31 and 32 can relay wireless communications between the

wireless terminal 40 and another wireless terminal {not shown) within

respective wave coverages or relay communication between a

communication device connected by wire to the base station 30, 31 or 32

and the wireless terminal 40. Specifically, the base station 30 can be a

base station in a wireless local area network (LAN) based on the Wireless

Fidelity (WiFi) standards, a base station in the Global System for Mobile

Communications (GSM), or a Bluetooth base station. Note that the

configurations of the base stations 30, 31 and 32 are substantially the

same, and hereunder, an explanation will be made especially with the
base station 30 as an example.

10038}

The base station 30 can transmit periodically a beacon signal for
announcing the presence of the base station 30 to the surrounding area,

in addition to a signal that is transmitted at the time of relaying a

wireless communication. The beacon signal includes, for example, a

base station ID as base station identification information uniquely



based on the wireless communication controlled by the base station 30.
For example, the wireless terminal 40 can receive content data from a
content delivery server (not shown) via the base station 30 or transmit/
receive an email to/from another wireless terminal (not shown). Note that
the content data can be audio da#®such as music, a lecture, a radio
program or the like, video data such as a motion picture, a television
program, a video program, a photograph, a painting, a chart or the like, or
asifiredytdaiassbalias@gamassoftiare sisihi likee {004k wdherisicheR

wireless terminal 40 can be, for. example, an . information processing .
bR S AR A PERECHAFL B PUtE s S RSO EeD Pk Rigoeive
thdeyisetbnbVdY thedbdet atuiden Basseiteirgcaides, garithigdile), a mobile

0t g hone, a Personal Handyphone System (PHS), a portable audio
[ [ﬁeg/%ack device, a portable video processing device, a personal digital

assistThk(RDA) & hemaigameonachine:tspoitabld gatwvenachines data
home appliance, or the like. [0Q41].Further, when a signal (for example
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function of estimating the |location of the wireless terminal 40 based on
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ot base: statiarbifermation Bysder-exanpiae, software or the like.

[0040]

Further, such a wireless terminal 40 can be, for exampile, an
information processing device such as a personal computer (PC), a home
video processing device {a DVD recorder, a video cassette recorder, or
the like}, a mobile telephone, a Personal Handyphone System (PHS), a
portable audio playback device, a portable video processing device, a
personal digital assistant (PDA), a home game machine, a portable game
machine, a home appliance, or the like.

[0041]

Further, when a signal (for example, a beacon signal) transmitted
from the base station 30, 31 or 32 is received, the wireless terminal 40
can measure the signal strength of the signal, associate the measured
signal strength with the base station ID of the base station 30, 31 or 32,
and transmit the same as signal strength information to the location
estimation device 20,

[0042]

The location estimation device 20 stores in advance base station



the principle of triangulation. The location estimation device 20 notifies

the estimated location to the wireless terminal 40, and the wireless
terminal 40 can recognize the self location. Note that the location
estimation device 20 can respond to a location estimation request not
only from the wireless terminal 4Q34ut also from a plurality of other
wireless terminals. [0043] Further, the location estimation device 20
according to the present embodiment has its characteristic in that, when a

36 SANAN 5 Uabn nsiale o phendReacation A ARAS AN fhise
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e location estimation device 20 functions as a location storage device
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‘%%% lggge%g&%}ﬁgmgal 40 or a functlon of a transmitting section for
ransmitting a location estimation result to the wireless terminal 40.
[004 3]

Further, the location estimation device 20 according to the
present embodiment has its characteristic in that, when a base station
is newly installed or when the location of a base station is changed, the
contents of the stored base station information can be updated
accordingly to the actual instailation state of the base station.
Hereunder, with reference to FIG. 2, a detailed configuration of the

location estimation device 20 according to the present embodiment will
be explained.
[0044]

FIG. 2 is a block diagram showing a configuration of the location
estimation device 20 according to the present embodiment. The
location estimation device 20 functions as a location storage device
including a communicating section 210, a storage section 214, a
location estimating section 218, a registration judging section 222, a
registering section 226, a base station information judging section 230,
and an updating section 240.

[0045]

The communicating section 210 is an interface for



Note that the communicating section 210 may be, the communication
device 215 may be a wireless LAN compatible communication device, a
wireless USB compatible device, or a wired communication device that
performs communication by wire. Further, the communicating section 210
can transmit/ receive information B8t only to/from one wireless terminal,
but also to/from wireless terminals of an unspecified large number of two
or more. [0046] The storage section 214 stores as the base station

iRfrmation a-hase statian ibhat R Hags station thatpeHeunsiielass 40.

communication with the wireless terminal 40 and the location information
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[0046]

The storage section 214 stores as the base station information a
base station ID of a base station that performs wireless communication
with the wireless terminal 40 and the location information indicating the
installation location of the base station in association with each other.
An example of the base station information stored in the storage section
214 will be explained with reference to FIG. 3.

[0047i

FIG. 3 is an explanatory diagram showing an example of the base
station information stored in the storage section 214. As shown in FIG,
3, the storage section 214 stores in association with each other the base
station ID, and latitude and longitude as installation location
information of a base station. Specifically, the base station 30 whose
base station ID is “30 1is registered in the storage section 214 as being

installed at longitude (east longitude) “135.001 and latitude (north
latitude) “35.49.”
[0048]

Simnilarly, the base station 31 whose base station ID is “31 is



specification, the explanation is made with a number that is identical with
the reference numeral of a corresponding base station being used as the
base station ID. [0049] Further, the form of the location information that is
stored in the storage section 214 is not limited to a form using longitude
and latitude. For example, it mayhge a form using X, y coordinates, a form
using polar coordinates, or a form using vectors. [0050) Further, the
storage section 214 may be, for example, a non-volatile memory such as
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For example, it may be a form using x, y coordinates, a form using polar

coordinates, or a form using vectors.
[0050]

Further, the storage section 214 may be, for example, a
non-volatile memory such as an electronically erasable programmable
read-only memory (EEPROM), an erasable programmable read only
memory (EPRPM) or the like, a magnetic disk such as a hard disk, a
floppy™ disk or the like, an optical disk such as a compact disk
recordable (CD-R}, a compact disk rewritable (CD-RW), a digital versatile
disk recordable (DVD-R), a digital versatile disk rewritable (DVD-RW}, a
dual-layer digital versatile disk recordable (DVD+R]}, a dual-layer digital
versatile disk rewritable (DVD+RW), a digital versatile disk ramdam
access memory (DVD-RAM]}, a Blu-ray™ disc recordable (BD-R), a
Blu-ray™ disc rewritable (BD-RE) or the like, or a storage medium such
as a magneto-optical (MO) disk.

[0051]

Returning to the explanation of FIG. 2, in response to a location

estimation request from the wireless terminal 40, the location estimating

section 218 estimates the location where the wireless terminal exists



FIG. 4 is an explanatory diagram showing an example of the signal
strength information received by the location estimating section 218 from
the wireless terminal 40. As shown in FIG. 4, the base station ID of a
base station and the signal strength at the wireless terminal 40 of a signal
transmitted from the base stationxgre associated with each other in the
signal strength information. FIG. 4 shows an example where the signal
strength of a signal transmitted by the base station 30 whose base station

is "30 t inal 4 S
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tet ¥ Vavibetiviralessrarminidg, sonditre Sithadrsirehgthada sighaln
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explarméitionvisihoelimidd io betzdnfgmedlds. shown in FIG. 4. For

{ ple, following a predetermined rule, the signal strength of a signal
transmitted from a base station decreases as it gets further away from the
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AT e e st sotellons o
sigfainsatioptbgidte mdnim therstoragedsbetitie 2b4c[6085)n 30 whose base
station ID is “30 is “-90Dbm” at the wireless terminal 40, the signal
strength of a signal transmitted by the base station 31 whose base
station ID 1s “31 1is “-70Dbm” at the wireless terminal 40, and the signal
strength of a signal transmitted from the base station 32 whose base
station ID is “32 is “-80Dbm” at the wireless terminal 40.

[0053]

Note that the signal strength information is not limited to be
configured as shown in FIG. 4. For example, foliowing a predetermined
rule, the signal strength of a signal transmitted from a base station
decreases as it gets further away from the base station. Thus, it is
possible to calculate from the signal strength of a signal at the wireless
terminal 40 the distance between the base station that transmitted the
signal and the wireless terminal 40. Accordingly, the signal strength
information may be configured such that the base station ID of a base
station and the distance between the base station and the wireless
terminal 40 as information obtained from the signal strength are
associated with each other.

{0054



[Equation 11 1 O=-(Wi-Ai) (Equation 1) W [Equation 2] Wi = 1 (Equation
2) distS(O, Al) [Equation 31 W = In (Equation 3) r [0056] In Equation 1, Al
indicates the location information of the i-th base station registered in the
storage section 214. Accordingly, in a case where the base station
information is to be expressed by-Jgngitude and latitude as in FIG. 3,
Equation | is applied for longitude and latitude, respectively. Further, Wi
is, as shown in Equation 2, a weighting factor obtained based on

distS( indicating the distanc I
the 11 BAE S A00h SAe S e o e B ER Sr e
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[ég% \%’E'Ch distS(O,Ai) is large has little influence on location O of the

ss terminal 40. By using such Equation 1, the location 29 estimating
[BactnibA18 can logically estimate location O of the wireless terminal 40.
Then, with the location estimating section 218 notifying the wireless

@eamﬂm H¥otdhe estimated I®atiatiOnil becomes possible for a user
usiig thie wireless terminal 40 to perceive his position.

[Equation 2]

1

e Equation 2
distS(O, Ai) (Eq )

[Equation 3]

W=y Wi {(Equation 3)

[0056]

In Equation 1, Ai indicates the location information of the i-th
base station registered in the storage section 214. Accordingly, in &
case where the base station information is to be expressed by longitude
and latitude as in FIG. 3, Equation 1 is applied for longitude and latitude,
respectively. Further, Wiis, as shown in Equation 2, a weighting factor
obtained based on distS(0,Ai) indicating the distance between the
wireless terminal 40 and the i-th base station that is estimated from the
signal strength. Further, W is, as shown in Equation 3, the sum of the
welghting factors.

[0057]

Referring to Equation 1, the location information of a base station
for which distS(O,Ai) is small is greatly reflected in location O of the
wireless terminal 30. On the other hand, the location information of a
base station for which distS{O,Ai) is large has little influence on location

O of the wireless terminal 40. By using such Equation 1, the location



[0058] Note that the location estimation method of the wireless terminal
40 is not limited to the method that uses Equation 1 described above. For
example, the location of a base station which is the transmission source
of a signal that is received by the wireless terminal 40 with the highest
signal strength may be estimated?® be the location of the wireless
terminal 40. Further, a location which is to be the center of base stations
which are the transmission sources of signals that are received by the

estirelassdaotienh 4D Witeihesignalsketigiasofagiiedatesninedwireless
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predetermined threshold value or more may be estimated to be the
location of the wireiess terminal 40.
f0059]

The location estimation device 20 including such a location
estimating section 218 can estimate the location of the wireless terminal
40 based on, for example, the signal strength of a signal received by the
wireless terminal 40 compatibie with the wireless LAN from a base
station in the wireless LAN. Here, it is highly possible that the base
stations in the wireless LAN are installed in various places such as
underground and indoors. Accordingly, in a case the wireless terminal
40 is compatible with the wireless LAN, the location estimation device 20
can estimate the location of the wireless terminal 40 regardless of the
existing location of the wireless terminal 40.

[0060]

On the other hand, as a prerequisite for estimating the location of

the wireless terminal 40, it is necessary as described above to register in

the location estimation device 20 in advance the location information of



are in many cases arbitrarily installed by an unspecified large number of
users, and thus, it is difficult to have the location information of the base
station in the wireless LAN registered in the location estimation device 20.
Further, the installation location of the base station in the wireless LAN
may be changed. [0061] Thus, thegocation estimation device 20 according
to the present embodiment has been achieved in view of the situation
described above, and the location estimation device 20 can automatically

u{sﬂ@&%é_né siorage sechian 214 of theogation gstimationayisa12fdha
actual installation state of the’base station. [0062] Hereunder, after
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response to'the location estimation request. On the other hand, the
dodatitimeagisratioreregoeirieddn raque sfi i eristvetnariesariBES RPOVE,
ac%%/ i%ﬁezpog%tion estimation device 20 can automatically reflect in the
storage section 214 of the location estimation device 20 the actual
installation state of the base station.

[0062]

Hereunder, after explaining the configurations of the registration
judging section 222 and the registering section 226 of the location
estimation device 20 as first means for realizing the effect described
above, the configurations of the base station information judging section
230 and the updating section 240 as second means will be explained.
[0063]

The registration judging section 222 and the registering section
226 according to the present embodiment can, in response fo a location
estimation request or a location registration request from the wireless
terminal 40, additionally register in the storage section 214 the base
station information that is not registered. The location estimation
request is for requesting the location estimation device 20 to estimate
the location of the wireless terminal 40. The wireless terminal 40

transmits, along with the location estimation request, the signal



register the location of the wireless terminal 40. The wireless terminal 40
transmits, along with the location registration request, the signal strength
information and terminal location information that indicates the location of
the wireless terminal 40 so that the location estimation device 20 can
execute a predetermined process3in response to the location registration
request. [0064) The processing by the location estimation device 20
differs depending on which of the location estimation request and the

SIRGEYED registiation regueshis raceiediiis. diighdhePracersing bydhe
registration judging section 222 and the registering section 226 in a case
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strength information and that is judged by the registration judging section
loppsign FegiEgRicrRdSAUREstorage section 214. 32 [0066] For example,
own in FIG. 5, a case is considered where, in addition to the base
stations 30, 31 and 32, a base station 33 exists in the periphery of the
wireledRriviASFATNReRY, d88hiRgatiPprICstimpadion device 20 diifers

depending on which of the location estimation request and the location
registration request is received. Thus, first, the processing by the
registration judging section 222 and the registering section 226 in a case
of the location estimation device 20 receiving the location estimation
request is explained, and then, the processing by the registration
judging section 222 and the registering section 226 in a case of the
location estimation device 20 receiving the location registration request
will be explained.

[0065}

When the signal strength information that is transmitted along
with the location esiimation request from the wireless terminal 40 is
received, the registration judging section 222 judges whether or not each
base station ID included in the received signal strength information is
registered in the storage section 214. Then, the registering section 226
registers in the storage section 214 in association with predetermined
location information the base station ID that is included in the signal
strength information and that is judged by the registration judging

section 222 as not registered in the storage section 214.



base station information of the base station 33 is not registered in the
storage section 214 of the location estimation device 20. [0067] At this
time, the registration judging section 222 of the location estimation device
20 receives the signal strength information as shown in FIG. 6 via the
communicating section 210. Thatgs, the registration judging section 222
is inputted with the signal strength information in which base station ID
"30 of the base station 30 and the signal strength "-90Dbm" at the

[0\%%%(255 terminal 40 of a signal transmitted by the base station 30 are
associated with each other, base station ID "31 of the base station 31 and

the sighal siengite,-79BhowatthEMirdle ss cerminaloiGisicaasignhiere, in
smitted by the base, statio re assegiate it e
I e B ey ] B e e S
tisepatipless tef thinavtelot a sigmahataHamiltba hyathelisaxe srafiin 32 Hre
associated with each .other, and . further, bas 1] "33 S
DR S B T oh] o, A U RIRne SELe LD e O e
shasgstaticiod324ré ddsmclatedinitie stichadiberd [EE8RWhen the signal

[S ?fth info.rmation describgd above is received_, the registr_ation jl_Jdging
ection 222 judges, by referring to the base station information registered
in the gtortdge Sectipth2lrkdisatabiohdse Statieadtifom?ibniothhddnadéon
I e D R ORI U e
istbiayecsentiotha2ddmArenidaighg tretiegiftéfing Thetion, 226 iscgistmadion
AR, TEln - rehen e b SN HSR n
yidgingsectonti@2 2Dthadegitierip section @26 Denly thgisiersirsthength
“§§%ﬁ%?n§e§1:ti%]e wireless terminal 40 of a signal transmitted by the base
station 30 are associated with each other, base station ID “31 of the
base station 31 and the signal strength “-70Dbm” at the wireless
terminal 40 of a signal transmitted by the base station 31 are associated
with each other, base station ID “32 of the base station 32 and the
signal strength “-80Dbm” at the wireless terminal 40 of a signal
transmitted by the base station 32 are associated with each other, and
further, base station ID “33 of the base station 33 and the signal
strength “-75Dbm” of a signal transmitted by the base station 33 are
associated with each other.
[0068]

When the signal strength information described above is received,
the registration judging section 222 judges, by referring to the base
station information registered in the storage section 214, that the base
station information of the base stations 30, 31 and 32 is registered in the
storage section 214, but the base station information of the base station

33 is not registered in the storage section 214. Accordingly, the

registering section 226 is instructed to register the base station



214 the base station information in which base station ID "33 of the base
station 33 and predetermined location information dependent on the

location of the wireless terminal 40 are associated with each other. Here,
in parallel with the processing by the registration judging section 222, the
location estimating section 218 egtymates, in response to the location

estimation request, the location of the wireless terminal 40 based on the
signal strength information transmitted along with the location estimation
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information described above can be made to associate with the location
[08¥hE wireless terminal 40 estimated by the location estimating section

218. 1907l fh B:highlyiPorsible ihat e s HION R Secrion

installed at a distance corresponding to "-75Dbm" from the wireless
2?@mﬁhalmis‘ﬁrén$,ﬁ@¢§ipre§¢%e@bm§t mi@ésress_tatitimw%é@ca@@dtion
2Reab s LleumiErenseat AGile hR (adRedacaion ANy relesst e

terminal 40 as the center and the distance corresponding to "-75Dbm" as
bése r%t_diijgn ﬁér@;ﬁppeadﬁmmﬁdtddgﬂﬁensbéommmcm
09 oS1a0a) F@%W&@é@ﬂnﬁ%{?ﬂ?&%“&sﬁ%ﬂ £ 5 AR 0 ther.

register in the storage section 214 the base station information of the
Hezeeirsparal 83 wiidutiingrroectnngaby shaiongdstiatimtaliedsinasection

[ ' ir e d ' bov [ .
e e R A e
latadirn anst it tictnar éastasihtitind deatidivof the thesavitalios 83 arimelodé)
: ‘ . n itra

e I e R MBI O e
lgoarien Bytoovatrast, espiestriven dboyavindllesheteoniigal ation idhukiche
pHIRLEHIRIRING RESHOR 23R ASURIREI LG HRIA0%BBF 1L made 1o
associate with the location of the wireless terminal 40 estimated by the
location estimating section 218.

[0070]
In reality, it is highly possible that the base station 33 is installed
at a distance corresponding to “-75Dbm” from the wireless terminal 40.
That is, it is presumed that the base station 33 is located near the
circumference of a circle having the location of the wireless terminal 40
as the center and the distance corresponding to “-75Dbm” as the radius.
Here, since it is difficult to further specify the location based on the
signal strength information, the registering section 226 can also register
in the storage section 214 the base station information of the base
station 33 assuming that the base station 33 is installed at an arbitrary
location near the circumference described above. With such a
configuration, while there is a case where the arbitrary location
described above and the actual installation location of the base station
33 are close, there is also a case where there is a large gap between the

arbifrary location and the actual installation location of the base station



association with each other base station ID "33 and the location
information indicating the location of the wireless terminal 40 estimated
by the location estimating section 218, the maximum value of the gap
which may occur between the actual installation location of the base
station 33 and the location of the hase station 33 registered in the storage
section 214 may be reduced. [0072] Note that the gap between the base
station information provisionally registered in the storage section 214 and
3 he actual installation location of the base station can be reduced by the
pdating section 240 described later appropriately updating the base
[os¥aion information registered in the storage section 214. [0073] Next, the

processing by the regisiration judging secti %Q‘E{" istering. :
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[{}2%7 ] Here, when the location estimation device 20 receives the location
|§ ration request from the wireless terminal 40, the location

Note that the gap between the base station information
provisionally registered in the storage section 214 and the actual
installation location of the base station can be reduced by the updating
section 240 described later appropriately updating the base station
information registered in the storage section 214.

100731

Next, the processing by the registration judging section 222 and
the registering section 226 in a case of the location registration request
being received by the location estimation device 20 will be explained.
[0G74]

When the location registration request described above is
received, the registration judging section 222 judges, as in the case of
the location estimation request, whether or not each base station ID
included in the signal strength information that is transmitted along
with the location registration request is registered in the storage section
214. Then, the registering section 226 registers in the storage section
214 in association with predetermined location information the base
station ID that is included in the signal strength information and that is

judged by the registration judging section 222 as not registered in the



estimation device 20 also receives the terminal location information that
expressly indicates the location of the wireless terminal 40. Accordingly,
in a case where the location registration request is received, the
registering section 226 can register in the storage section 214 in
association with the terminal loca8idn information the base station ID that
is included in the signal strength information and that is judged by the
registration judging section 222 as not registered in the storage section

st6+4e0081df it auch a configuration, the location estimation device 20
can_provisionally register in the storage section 214 the base station

[0 fotmation of an unknown base station included in the signal strength

informgtien regeireditiem dhamirelesstermingl 4bwitbovinoiBgeHEOUahe
the |location estimation process for the wireless terminal 40 by the

logREABT BSIHATRY s TP bR 9 Kbttt S et dhfhication

eYirgloss-ieisvial 40 jesobianing the: terninghigsaiapdniormalionsathae
any method. For example, the wireless terminal 40 may obtain the

CXBHEHIA loBafitiR Rforrhation MRAR s erthp b MEysoBtain tRERRRAinaf©-
AlcatigndRformationdased Omother igsatien astiratior MNGioRS-d0Q 48],

As explained above, the r%(';istration judging section 222 and the

thefeRAKY SEc SR SR &R ATEAEStitfatiRt oI 0P5EHaRIRG fotn

alhRe ResantembedimenternTasisieicrew Rasesiatioriafersationinihen
storage section 214 in response to the location estimation request or the

thgt isdatsrdedidtriip Frttictr rofthne RreesieteAnthahad 1s judged by
G tghti e IRGation QUBAIoD deyice 20 ¢apiexgludle Ar fieduae hge

step of manually initializing the base station information, and can
SgtiiSMatitally acquire the actual installation state of the base station.

[0076]

With such a configuration, the location estimation device 20 can
provisionally register in the storage section 214 the base station
infdrmation of an unknown base station included in the signal strength
information received from the wireless terminal 40 without going
through the location estimation process for the wireless terminal 40 by
the location estimating section 218.

[0077]

Note that the method of the wireless terminal 40 for obtaining the
terminal location information can be any method. For example, the
wireless terminal 40 may obtain the terminal location information by a
user input or may obtain the terminal location information based on
other location estimation functions.

[0078!

As explained above, the registration judging section 222 and the
registering section 226 of the location estimation device 20 according to
the present embodiment can register new base station information in the

storage section 214 in response to the location estimation request or the



[0079] Next, the configurations of the base station information judging
section 230 and the updating section 240 of the location estimation
device 20 according to the present embodiment will be explained with
reference to FIGS. 7 to 10. [0080] The base station information judging
section 230 and the updating secijgn 240 according to the present
embodiment update, in response to the location estimation request or the
location registration request from the wireless terminal 40, the base
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se statlo rmation judging section 230 includes an estimated
fa%fgﬁ‘ Elg rI]fgl?[ng[fséectlon 232, an inter-base-station-distance

[0&%0]atlng section 234, a registration distance calculating section 238
and a Ji%S tri té%% C(s)pagtlztfl)cl)'p J{J diglr}ggt%ggoguzggm@ose tion 230 and the
updating section 240 according to the present embodiment update, in
response to the location estimation request or the location registration
request from the wireless terminal 40, the base station information so
that the base station information registered in the storage section 214
becomes more appropriate.

[0081]

Hereunder, since the processing by the location estimation
device 20 differs depending on which of the location estimation request
and the location registration request is received, first, the processing by
the base station information judging section 230 and the updating
section 240 in a case of the location estimation device 20 receiving the
location estimation request is explained, and then, the processing by the
base station information judging section 230 and the updating section
240 in a case of the location estimation device 20 receiving the location
registration request will be explained.

[0082]

FIG. 7 is a block diagram showing a more detailed configuration

of the base station information judging section 230. The base station

information judging section 230 includes an estimated distance



When the signal intensity information transmitted along with the location
estimation request from the wireless terminal 40 is received, the
estimated distance calculating section 232 functions as an estimated
distance adding section that calculates an add-up distance by adding up
the distance between a certain bage station and the wireless terminal 40
and the distance between another certain base station and the wireless
terminal 40 that are estimated based on the signal strength information.
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218 based on the signal strength information or may be estimated by the

wireless terminal 40.
[0084]

Further, the estimated distance calculating section 232 can
perform the calculation of the add-up distance for all the combinations
of the base stations included in the received signal strength information.
That is, when signal strengths of n base stations are included in the
signal strength information received by the communicating section 210,
the estimated distance caiculating section 232 can calculate the add-up
distances of a number equivalent to (n-{n-1)/2).

[0085]

The inter-base-station-distance calculating section 234 reads out
from the storage section 214 the location information of the base station
corresponding to the base station ID included in the signal strength
information received from the communicating section 210. Then,

based on the location information of the base station read out from the



Further, as in the same manner as the estimated distance calculating
section 232, the inter-base-station-distance calculating section 234 can
perform the calculation of the inter-base-station distance for all the
combinations of the base stations included in the received signal strength
information. That is, when signal ggengths of n base stations are included
in the signal strength information received by the communicating section
210, the inter-base-station-distance calculating section 234 can calculate
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equivalent to (n-(n—-1)/2).
[0087]

The restriction condition judging section 236 judges whether or
not the add-up distance calculated by the estimated distance calculating
section 232 and the inter-base-station distance calculated by the
inter-base-station-distance calculating section 234 satisfy a
predetermined restriction condition. Hereunder, an explanation will be
made on the restriction condition.

[0088]

The add-up distance is, in FIG. 5, a distance in which the
distance between the wireless terminal 40 and the base station 30 and
the distance between the wireless terminal 40 and the base station 32
are added up, for example. Further, the inter-base-station distance is,
in FIG. 5, the distance between the base station 30 and the base station
32, for example. Here, in reality, with a triangle having the wireless
terminal 40, the base station 30 and the base station 32 as the vertices,
the sum of the lengths of arbitrary two sides is never shorter than the

length of the remaining side. Accordingly, the restriction condition



dist(Ai,Aj)<distS(O,Al)+distS(O,Aj) (Equation 4) [0090] In Equation 4,
dist(Ai,Aj) indicates the inter-base-station distance between the i-th base
station and the j-th base station calculated by the
inter-base-station-distance calculating section 234. Further, the
right-hand side indicates the addag distance in which the distance
between the wireless terminal 40 and the i-th base station and the
distance between the wireless terminal 40 and the j-th base station that

ju@?ﬁ%l%@&%ﬁ byse-gstimatethditanea fACURINREE RN 332 Mbwing
added up. Further, in Equation 4, it may be (i<_ j). [0091] Ideally, based on
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Id be of a value larger than the inter-base-station distance.
Accordingly, the right-hand side indicating the add-up distance and the
(Henatiti dide indicating the inter-base-station distance are joined by an

dineaalifxsigaas, showmin (Baation 4. Upgrdgudgipg that such Equation
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added up. Further, in Equation 4, it may be (i < j).
[0091]

Ideally, based on the characteristics of a triangle as described
above, the add-up distance should be of a value larger than the
inter-base-station distance. Accordingly, the right-hand side
indicating the add-up distance and the left-hand side indicating the
inter-base-station distance are joined by an inequality sign as shown in
Equation 4. Upon judging that such Equation 4 is not satisfied, the
restriction condition judging section 236 can judge that the location
information of the i-th and j-th base stations registered in the storage
section 214 does not satisfy the restriction condition.

[0092]

Note that the restriction condition to be used by the restriction
condition judging section 236 is not limited to that shown by Equation 4.
For example, a predetermined distance may further be added to the
right-hand side of Equation 4. That is, as a set boundary value, the

predetermined distance can be added to the right-hand side of Equation



calculated based on the signal strength, when the signal strength is not
accurately measured due to the surrounding environment of the wireless
terminal 40, the add-up distance becomes a value that does not reflect
the reality. Thus, by setting the set boundary value as described above,
even if the add-up distance is calgglated to be shorter than the
inter-base-station distance, if the difference is within the set boundary
value, the restriction condition judging section 236 can, by taking the

possihility of error into consideration, judge.that t (ctjon. . ition |
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updating section 240 described later updates the base station
information in the storage section 214 which normally does not need to
be updated. By contrast, the restriction condition judging section 236
may also judge that the restriction condition is not satisfied when there
is a slightest difference between the add-up distance and the
inter-base-station distance.

[0093]

The updating section 240 updates the base station information
registered in the storage section 214 that is judged by the base station
information judging section 230 as not satisfying the restriction
conditionn. For example, when the base station information of a certain
base station and another certain station is judged by the base station
information judging section 230 as not satisfying the restriction
condition, the updating section 240 updates the base station
information of the certain base station and the other certain base station
registered in the storage section 214 so that the distance between the

certain base station and the other certain base station is within the



updating the base station information by the updating section 240. In FIG.
8, Al indicates the location of the i-th base station based on the base
station information registered in the storage section 214, Aj indicates the
location of the j-th base station based on the base station information
registered in the storage section 214, distS(Ai,A)) is equal to the
right-hand side of Equation 4, C is a midpoint of the line Ai-Aj, Aiest is the
end of the line on the Ai side when distS(Ai,A)) is placed on the line Ai-A]
re8yeh tiatie ﬁu&n‘puipt $i€iaand Ajast islibe ienérebmmta@ffnﬂﬂeipdteskdﬁ
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Ai-Aj such that the midpoint is C, and Ajest is the end of the line of the Aj
side when distS({Ai,Aj) is placed on the line Ai-Aj such that the midpoint
is C. Ati'indicates the location to which the base station information of
the i-th base station in the storage section 214 will be updated by the
updating sectionn 240, and Aj’ indicates the location to which the base
station information of the j-th base station in the storage section 214 will
be updated by the updating section 240. Such A" and A’ can be
calculated according to Equation 5 and Equation 6.

[0095]

[Equation 5]

Ai'=1- Ai+(1—1)- Alest {(Equation 5)

[Equation 6]

Aft=1t-Aj + (L ~1t)- Ajest {Equation 6j

[0096]

In Equations 5 and 6, t is a coefficient determining the plasticity
from Al to Al', and can be varied within the range of (Ostsl). For
example, if the value of tis made large, Al’ gets closer to Al if the value of
t is made small, Ai’ is separated away from Ai, and if the value of t is

made 0.5, A"’ becomes the midpoint between Ai and Aiest. The location



As such, according to the location estimation device 20 according to the
present embodiment, when the location estimation request is received
from the wireless terminal 40, along with the process of estimating the
location of the wireless terminal 40 and notifying the same to the wireless
terminal 40, the base station inforation registered in the storage section
214 can be updated. Accordingly, even if the installation location of the
base station registered in the storage section 214 is changed, the actual
-aiplation dacalion ' tiepase AN GRA e mataaly \rfgﬁhsgt%q Phe
ase station In ormatl n stored in"the storage section 214. [0098
cmﬁﬁmm prisetsiatebmineshike statisicinfopation pidyiggd Seation Qeoa
g &H%datlng section 240 in a case of the location estimation device
8 recelvifig the location registration request will be explained. [0099]
[®0BEh the communicating section 210 receives the location registration
requestIamune WislenR & AL Al géﬁ?ﬁatsb&*n%%@&%%l%mg
section estimates as he estimated distance, based on the signal
tetidrvegthrfsfonh atiobadamsmittewerm the wirstion tesHmation dewgasitis
epertRRAe AR ARnRgueRt - dietabee REI R NG RASEABUAN of
corresponding to the base station D mcIuded in the S|gnal strength
eptionaratignthndideetivirele§s ermwirsidss Themesanafoardmissibiaeutbe
Sribedoaeionaslyalog seeen 218, QLIRS estialion1oalth .o
tlng section 2 ates as 43 the registration distance, based
tonttive seonsigal sectition Aiféreriiope tﬂm@ﬁtméd ffmw@w@m e@eerermﬂm
il gtg!?é]tgo IEQ&QBA%C@‘:n tﬁﬁggé%t@&lﬂ?og?gg &3 sectzon

ormation registere e storage sectlo 214, the Istance between
2hé bnstaatmioh the actual installation location of the base station can

be automatically reflected in the base station information stored in the
storage section 214,
[0098]

Next, the processing by the base station information judging
section 230 and the updating section 240 in a case of the location

estimation device 20 receiving the location registration request will be
explained.
[0099]

When the communicating section 210 receives the location
registration request from the wireless terminal 40, the estimated
distance calculating section 232 estimates as the estimated distance,
based on the signal strength information transmitted from the wircless
terminal 40 along with the location registration request, the distance
between the base station corresponding to the base station ID included
in the signal strength information and the wircless terminal 40. The
estimation can be executed by the location estimating section 218.

(0100

The registration distance calculating section 238 calculates as



corresponding to the base station ID included in the signal strength
information and the wireless terminal 40. To explain more specifically, the
registration distance calculating section 238 reads out from the storage
section 214 the location information corresponding to the base station ID
included in the signal strength infggmation, and calculates the difference
between each location information that is read out and the terminal
location information. [0101] The restriction condition judging section 236

lydges whether gr,not e esimaled dislance and (he 1egisralf mation
istarice satisfy a predetermined restriction condition. Here, wit
treafereitbedioffd@. @ha meintiesharveemtheHistaloechatitbertithe lnirliess

ragiunal 40 and the bac?‘%ﬁéaﬁgg?e mated based on, the si ”B"é"réé{ EiL ﬁe
ceived %yﬁ?e wireless termina and the actual distance between the
stwirgtess stertioinal 204andtthe bakstatation hiltweeaxpldined HOLO2]FEHG o8
is a graph.showing a relation.between.the distance bgtween the wirele
St h TN ORI i R i
indiochtla¢i actuabdibandedbedw cermtheal #éle s§ dermpiadah 40 ardsihecHasdly,
station. In EIG. 9,.the horizontal.axis indicates ignal,strengt (%RS l:
ROl IR R AR SRR 5S J0RLs BRI R R
sigignzd sansmitte tidoyithddrastostationpaattothecvertispbaxisigdic dies thee

distan (lin‘\lé etween the wireless terminal 40.and the base station.
ST I I 0 i D e o e 3 T acs
tHoadéfstatior éstimatad-babddaatithe Bignahstiengthas mxyadsed lyd the
" cur\{gal.fr.loréa%%o}g%rrha&gdrtleach plot expresses the actual distance

Petween the Wireless terminal 40 and the base station. Referring to FIG.

{1 Gti¢an be confirmed that the plots expressing the actual distance

The restriction condition judging section 236 judges whether or
not the estimated distance and the registration distance satisfy a
predetermined restriction condition. Here, with reference to FIG. 9, a
relation between the distance between the wireless terminal 40 and the
base station estimated based on the signal strength received by the
wireless terminal 40 and the actual distance between the wireless
terminal 40 and the base station will be explained.

[0102]

FIG. 9 is a graph showing a relation between the distance
between the wireless terminal 40 and the base station estimated based
on the signal strength and the actual distance between the wireless
terminal 40 and the base station. In FIG. 9, the horizontal axis
indicates the signal strength (RSSI: Received Signal Strength Indicator)
{(Dbm) at the wireless terminal 40 of a signa! transmitfed by the base
station, and the vertical axis indicates the distance (m) between the
wireless terminal 40 and the base station.

[0103]

In FIG. 9, the distance between the wireless terminal 40 and the



between the wireless terminal 40 and the base stations are concentrated
on the lower side of curve E and are scattered sparsely on the upper side
of curve E. [0104] That is, according to FIG. 9, when the distance between
the wireless terminal 40 and the base station is estimated based on the
signal strength, it can be said that,the distance is often estimated to be
longer than in reality and that the distance is rarely estimated to be
shorter than in reality. This is because, in the course of transmission of a
signal transmitted from the base station to the wireless terminal 40, the

b Statiengfs s ek Pased st hotBhaRAhEBS &R 15 RERGGHE oY

cR3ssing thipughobstasleseibaing efirstes pepeatedive hukthig raret-thet
the decrease of the signal strength is aftenuated than in theary qr thaﬁg
Coed

bR ifan gt Jant (EELEH YLD SPEHSM AP HERHAPctAHIRE
odistange estinatinnadbe testrigiontenditepecaing seetiopdad eattance
perform a judgment using_ the restriction condition shown in Equation 7.

bR HHURHRTIPRORHRING 8806 PEusRIPT fEephfentrated

RHRLIRRVEr ditEQAih Rdicatanithedizianeceethabisste e gistraiger side
distance, between location O specified by the terminal location information

45418 on A of the i-th base station registered in the storage section

[@1.54!:urther, in Equation 7, distS(O,Ai) indicates 45 the distance, that is,
the estimated distance, between the wireless terminal 40 and the i-th

base sttdh EstittaRdBg e dithe SighAeBrERg A RreRT a6 s e

wireless terminal 40 and the base station is estimated based on the
signal strength, it can be said that the distance is often estimated to be
longer than in reality and that the distance is rarely estimated to be
shorter than in reality. Thisis because, in the course of transmission of
a signal transmitted from the base station to the wireless terminal 40,
the signal strength often decreases more than in theory due to the signal
passing through obstacles or being reflected repeatedly, but it is rare
that the decrease of the signal strength is attenuated than in theory or
that the signal strength is increased.

[0105]

Based on the characteristics of such distance estimation, the
restriction condition judging section 236 can perform a judgment using
the restriction condition shown in Equation 7.

[0106]

[Equation 7}

dist (0, Ai) < distS(0, 4i) (Equation 7}
[0107]

In Equation 7, dist{O,Ai} indicates the distance, that is, the
registration distance, between location O specified by the terminal
location information and location Ai of the i-th base station registered in

the storage section 214. Further, in Equation 7, distS{O,Al)} indicates



When the estimated distance and the registration distance do not satisfy
Equation 7, the restriction condition judging section 236 judges that the
base station information of the i-th base station registered in the storage
section 214 does not satisfy the restriction condition. [0109] Note that the
restriction condition to be used bytthe restriction condition judging section
236 is not limited to Equation 7, and the restriction condition judging
section 236 may use a restriction condition shown in Equation 8, for

thexainpien fequationi8] disk Q st iatS{Qr A opediosed) iod 1@idlhes
using the restrictign conditjon shown, in Equation 8, it is hjghly possible

et ?é%tﬁ&%ﬁl%%ﬁbtﬂﬁo ﬁﬁ%ﬁﬁ@tﬁétﬁﬁ%@tﬁf&é@feél&ﬁé B&‘f‘hmgﬂa}

stieggivinghieerdaeaban registration request, that most of the base station

information does not satisfy the restriction condition. As a result, the
[Qf}é)dﬂgncy of the updating section 240 described later updating the base

statioryrfernpteR tihiheataisgmseckinn 214 rigieasesnanditiuss thenot

location estimation device 20 can swiftly reflect the actual.installation
S%‘i%??@ ﬁ‘iﬁ@%&’&e%stﬁﬁ%ﬁ?ﬁtfﬁ‘é“&é’s& 1BR AR FEFOR ertageiees

tisgction Bd<s §9d6dh Theupdaling sealion 240 andatesdhehasestatignthe

information, registered in the storage section 214 that is judged by the
SHTEES BRIIP Ty 6N I SechaR 2RISR SARHIG the

[oeswiction condition. For example, when the base station information
judging 46 section 230 judges that the base station information of a

certain BASRAL B G6¥SHBPSBaR AR iR M Eh RO GHE RN

ceaaiiannm 2Aigpdatesdherbassrstationinfamnaiionoftbe sesdiv based the

station registered in the storage section 214 so that the distance between
rggiFiction Condition judging séction 236 may use a restriction condition

shown in Equation 8, for example,

[Equation 8]

dist(O, Ay = distS(O, A1) (Equation 8)
[0110]

When using the restriction condition shown in Equation 8, it is
highly possible that the restriction condition judging section 236 judges,
along with receiving the location registration request, that most of the
base station information does not satisfy the restriction condition. Asa
result, the frequency of the updating section 240 described later
updating the base station information in the storage section 214
increases, and thus, the location estimation device 20 can swiftly reflect
the actual installation state of the base station in the base station
information in the storage section 214.

[0111]

The updating sectior 240 updates the base station information
registered in the storage section 214 that is judged by the base station
information judging section 230 as not satisfying the restriction

condition. For example, when the base station information judging



certain base station and the wireless terminal 40 is within the range of the
estimated distance and the registration distance. Hereunder, an
explanation will be made more specifically using FIG. 10. [0112] FIG. 10 is
an explanatory diagram showing a procedure of updating the base station
information by the updating sectign 240. In Fig. 10, Ai indicates the
location of the i-th base station based on the base station information
registered in the storage section 214, 0 is the location indicated by the
terminal locatign information, dist(O,Ai), indicates the estiﬂmted distagce

SRR YRSR DR HARIAR HA AR M BARR R Bh B HitiAisy Pase

shased apdbersigratisienath ipferioaiien cangiAdest indiegias tinsleeation

of the end of the line on the Ai sjd? in a case(éiis O,Ai) is,plgc):ed on the
2 PR RGCRASH G At IAT ALY thRaSCHTBH PR AL

réase-station iNorsmatigneofdbadrth bassostation: i thigssteregdstotion 244
will be updated hy the updating section 24Q. Such Ai' ca be&?Iculated ¢
CeRRIRRSfo YRR ETIRSTSS. st AfioH ot Rttt "APE &
the~cAiest{auation Qe (ALt ke Eeyasionoh isikeoeticiepedetaitdnngn
the plasticity from Ai to Ai', and can be varied within the range of (0Ost51).
CFBIBRHRBIET (6 A BRIE AR IR, RPEL Kfosky o Al f the

[yalug oft is made small, Ai"is separated away from Ai, and if the value of t
is made 0.5, Ai' becomes the midpoint between Ai and Aiest. The |ocatio

estimalibn-47# Yt FFRIFDR CoHHiiREIec oSt e FalBESFhare ol
wnediisientidhalsdetermvnas ibepiarticity canchemhangedhased oa@ In

user setting. éOllS] As explained above, according to the base station
EigodRatisinindicates the location of the i-th base station based on the
base station information registered in the storage section 214, O is the
location indicated by the terminal location information, dist{O,Ai)
indicates the estimated distance between the wireless terminal 40 and
the i-th base station estimated based on the signa!l strength information,
and Alest indicates the location of the end of the line on the Ai sidein a
case dist(Q,Ai) is placed on the line O-Ai from location O. Further, Al
indicates the location to which the base station information of the i-th

base station in the storage section 214 will be updated by the updating
section 240. Such Ai’ can be calculated according to the following
Equation 9.

10113]

[Equation 9]

Ai'=1- Ai + (1 —1)- Alest {Equation 9)

[0114]

In Equation 9, t is a coefficient determining the plasticity from Ai
to Ai’, and can be varied within the range of {Ost<l). For example, if the
value of t is made large, Al’ gets closer to Al, if the value of t is made small,
Ai’ is separated away from Ai, and if the value of t is made 0.5, AY

becomes the midpoint between Ai and Aiest. The location estimation



judging section 230 and the updating section 240 of the location
estimation device 20 according to the present embodiment, the base
station information registered in the storage section 214 can be
automatically updated in response to the location estimation request or
the location registration request fegm the wireless terminal 40.
Accordingly, even if the installation location of the base station registered
in the storage section 214 is changed, the actual installation location of

athe-base statign canhe gradually reflected i the %%@ecé&%%%% Yanat

[0116] Incidentally, the function of the communicating section
defesoripes dhowastiche eatiidhipagrbesedning theqregitingfor
(pplrg[rolling a communication device. Further, based on a computer
program for causing a computer to realize the operation of the location
estimdtihgseltion® kdave, regimrdios jurging bestoatatpnthaformation
. isteri i e jon inf ion Judgi i
TR A R T G R SR
estiRpNicn diaveckk@ Gandsentiate to flrctivessndacmbbdiment, the base
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method and a location update met ation estimation device
apowikieadypiaedaditn refmense to Fie Bcetiandes2nmGon Fisadiiver
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request Is received by the location estimation device rom the wireless
Agaenitiaghn. RIGH 2ifs thelow stadlatbowilngatifow of athopdration Mation

re@»é%e?e!aqaﬂafﬂe‘@m st '%ﬁ?ﬁ3*&%%5%%%@%%%%8%&28& lation

timation device 20 from the wireless termin reference
lgoaria 1f, first theclostatiomestmatiogoaiiveigoreflected in the storage

section 214,

[0116]

Incidentally, the function of the communicating section 210
described above can be realized by a CPU executing the program for
controlling a communication device. Further, based on a computer
program for causing a computer to realize the operation of the location
estimating section 218, the registration judging section 222, the
registering section 226, the base station information judging section 230
or the updating section 240, hardware resources such as a CPU, a ROM,

a RAM and the like can be made to function as each of the
above-described configurations.
f0117]

Next, a location registration method and a location update
method of the location estimation device 20 will be explained with
reference to FIGS. 11 and 12. FIG. 11 is a flow chart showing a flow of
an operation in a case a location estimation request is received by the
location estimation device 20 from the wireless terminal 40, FIG. 12 is

a flow chart showing a flow of an operation in a case a location



receives from the wireless terminal 40 the signal strength information
along with the location estimation request (S304). Then, the location
estimating section 218 of the location estimation device 20 estimates the
!ocation of the wireless terminal 40 based on the received signal strength
m_formation (8308). Then, the location estimation device 20 notifies the
wireless terminal 40 of the estimated location via the communicating
section 210 (8312). [0119] Next, the registration judging section 222 of the

location estimation device 20, judges whether or not each |
<RSP FR- G 8 SHAVA ROTRoaton Kore e e Lreraga v
ReqHen W £331@a1T4@at is, the registration judging section 222 judges

whether or not the signal strength of a base station that is not registered
[Gh YR storage section 214 is included in the signal strength information. In

8316, th(;eﬂr'@f'@r&dgﬁﬁthth:ere fig st peise leteticinr B shiap aginot device 20
registered in the starage section, 214 ng the base, station included
SR SRR T TSP BB e b Rrarg e o S50 1A
albgsiRiagaiseqienzd4 nstssetimtiaratidsedS3oMer Fremothrefiswtion

base station ID and predetermined location inf ti
R B TSt 8 20 IO 0] A S0 ek
1dedees b 93d &ihakthererinnribase statioml Enthatdsined rigisté rsdeangtie

_storage section 214 among the base station IDs.included i ighal
ST Ao, SEEERL oo HOTH O T g St kg the
vigess Q?ﬁ@ﬁirﬁﬂ the sigrat skengibdafosmation, hedtherconmotthebtise
station information 49 registered in the storage section 214 satisfies the
SRS h Londitioh (S324). Then, the updating section 240 updates the

ibaseystation information that is judged by the base station information
judging section 230 a3 Mot saushyingthe resticion 538diten (£32R)kation
estimation device 20 judges whether or not each base station ID
included in the signal strength information is registered in the storage
section 214 (8316). That is, the registration judging section 222 judges
whether or not the signal strength of a base station that is not registered
in the storage section 214 is included in the signal strength information.
In S316, when it is judged that there is a base station ID that is not
registered in the storage section 214 among the base station IDs
included in the signal strength information, the registering section 226
registers in the storage section 214 in association with each other the
non-registered base station ID and predetermined location information
dependent on the location of the wireless terminal 40 (8320).

[0120]

After S320, or when it is judged in S316 that there is no base
station ID that is not registered in the storage section 214 among the
base sfation IDs included in the signal strength information, the base
station information judging section 230 judges, based on the signal

strength information, whether or not the base station information



[0121] Further, with reference to FIG. 12, first, the location estimation
device 20 receives the signal strength information and the terminal
location information along with the location registration request (S354).
Next, the registration judging section 222 of the location estimation device
20 judges whether or not each base station ID included in the signal
strength information is registered in the storage section 214 (S358). That
is, the registration judging section 222 judges whether or not the signal

resiARatR ohahasastafienthalds noi4egisierrg ifhvecstoiagersesinntdd
Is included in the signal strength information. In $S358, when it is judged

(St therehe bie HBGGHIS 1SSCRIPbt 2y HBRRETS thBStERYe SEHBR

infddRend thetbase statian iRs dRelusiag insthe signakstaagibn judging
information, the registering section 226 registers in the stora%e section

sestipthd Hh8s atisAHSISIRAEER i SfPIheMtirsgidirefbase station

[olzand the terminal location information are associated with each other
(8362%}&')122] After S362, or when it is iudged in S358 that there is no.
base SWHEBANDYHE: TEisoERSG R AN tRe HiotadbsdetBHoO £3iimAGR

ddhebage statinriDsinclisied] inthensigmahsvengiidnfumation thebasel
station information judging section 230 judges, based on the signal

logHERGATFEIALIRTHh HIRE T SRS dAoRURBH FetsiTRon, TRB R 8P Hbt

Nihg base staiondpfermaiipnsegisderashinthie sforage sRelaM2 Ltisadisbes
the restriction condition (S366). Then, the updating section 24%#§dates

AeicBade EiAHSH iNBFMIOATHRISRITYRPES HEBaB RiROI A Tafth
sikdgingcsecian 23R As aabaatisiing dha-sestiction Shrapditin (e D14
e Enmen 22 aned shove, g ton st
not the signal strength of a base station that is not registered in the
storage section 214 is included in the signal strength information. In
8358, when it is judged that there is a base station ID that is not
registered in the storage section 214 among the base station IDs
included in the signal strength information, the registering section 226
registers in the storage section 214 the base station information in
which the non-registered base station ID and the terminal location
information are associated with each other {3362).

[0122]

After 8362, or when it is judged in S358 that there is no base
station ID that is not registered in the storage section 214 among the
base station IDs included in the signal strength information, the base
station information judging section 230 judges, based on the signal
strength information and the terminal location information, whether or
not the base station information registered in the storage section 214
satisfies the restriction condition {S366). Then, the updating section
240 updates the base station information that is judged by the base

station information judging section 230 as not satisfying the restriction



to the first embodiment of the present invention has its characteristics in
the location estimation device 20 configuring the location estimation
system 10. However, with the location estimation system 10 according to
the first embodiment, the wireless terminal 40 needs to access the
location estimation device 20 evegptime the wireless terminal 40 checks
and uses the self location. As a result, there may be a case where the
traffic between the wireless terminal 40 and the location estimation device

cre {lwhere it takes time for the wireless terminal 40 to obtain
?ﬁle f6Cation éstimation result. [0124] Thus, a second embodiment of the
[(pr28ent invention has been achieved to solve the problems which may

occu n{qéthef §{g i and according to the location estimation
syste T0Becor Ingtot econd embodiment of the present invention,

it becohuesxmsmbtb a@w@pm@mam@%mm SRl SRSAFTHAE
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Acteristic con iguration. Hereunder, the configuration of the wireless
tte tinén&ird0 amicmdﬁngem,tﬁélp resesicemtsidiiRal (Al Ree S JRiRBEE NGBS
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are upllca es ters explaln in the first embodiment, and thus, the
amaauedseﬁmammmib@e ovitted SOIRELIFE: THE BEROERIAAYRETE the

tra% %ggpi@gf@gagégh&%&ﬁe@@%ﬁﬁnm' 40-aerprding tadhen

presen em ment e wireless terminal 40 includes a communlcatlng
dedter?8I0cseaneasurimyaEctidakias Hasasy shaivirpiranisisHRM A0

%ggtlon 42%0&1!1%019%%{11 &%m@ltlp&a%tlon 430, a display 440, a terminal
(0124}

Thus, a second embodiment of the present invention has been
achieved to solve the problems which may occur in the first embodiment,
and according to the location estimation system 10 according to the
second embodiment of the present invention, it becomes possible to
suppress the traffic between the wireless terminal 40 and the location
estimation device 20 and to enable the wireless terminal 40 to swiftly
check the self location. With the location estimation system 10
according to the second embodiment as above, not only the location
estimation device 20, but also the wireless terminal 40 has a
characteristic configuration. Hereunder, the configuration of the
wireless terminal 40 according to the present embodiment will be
explained. Note that many parts of the configuration of the location
estimation device 20 are duplicates of matters explained in the first
embodiment, and thus, the detailed explanation will be omitted.
j0125]

FIG. 13 is a block diagram showing the configuration of the



information obtaining section 450, a history information storage section
460 and an information updating section 470. [0126] The communicating
section 410 has a function of a receiving section that receives signals (for
example, beacon signals) transmitted from the surrounding base stations
30 and 31, and a function of a tr&ismitting section that transmits history
information described later to the location estimation device 20. Further,
the communicating section 410 may be a wireless LAN compatible

wEIREYINiEAtgRAdevige & &ivhgompatible ORBNINICAYBRLRMER, OF fhe
Bluetooth compatible communication device. [0127] The measuring
WHSLESH ALATRIBALUAS tHEERAGS stengBBBIGAABENataRdon 410, a
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30, 31 and the like. Then, the measured signal strengths and the base
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estimating section 430 as signal strength information. [0128] The base

4efamarlinp inirsrasiorayedetnengstietoreOnase station information in

[0'1bigh the base station ID of a base station and location information
indicating the installation location of the base station are associated with

each OtHEr CPRERBRIRRTIRE0ASTIAE thke Basticn furrknmion foregsivims
sbassrstationindermation siacags: section 20 issubsiaptialy) the same as

the base station information 52 stored in the storage séction 214 of the
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uexiianation wilkbe,omited. Q42 hadraationrsstimalino RREUANA30 ter
estimates, in response to the

to the location estimation device 20. Further, the communicating

section 410 may be a wireless LAN compatible communication device, a

GSM compatible communication device, or a Bluetooth compatible
communication device.

[0127]

The measuring section 414 measures the signal strengths of
signals that the communicating section 140 received from the
surrounding base stations 30, 31 and the like. Then, the measured
signal strengths and the base station IDs of the base stations which are
the transmission sources of the signals are associated with each other
and output to the location estimating sectionn 430 as signal strength
information.

[0128]

The base station information storage section 420 stores base
station information in which the base station ID of a base station and
location information indicating the installation location of the base
station are associated with each other. The configuration of the base
station information stored in the base station information storage

section 420 is substantially the same as the base station information



location estimation request from a user, the location of the wireless
terminal 40 based on the signal strength information that is input from the
measuring section 414 and the base station information stored in the
base station information storage section 420. The method by which the
location estimating section 430 esgfimates the location of the wireless
terminal 40 is substantially the same as the matters explained for the
location estimating section 218 of the location estimation device 20

sfieggnh gg Q8 gé@écm%%maxﬁ@e'ﬁ&gé%&%ammﬁy@&&@s 20
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[0130]

The dispiay 440 is a display for displaying the location of the
wireless terminal 40 estimated by the location estimating section 430 so
that the user can check the location. Note that the display 440 is
shown only as an example of an output device, and the output device

may be an audio output device such as a speaker, a headphone or the
like.

[0131}

As such, by providing the wireless terminal 40 with a database
for storing the base station information, the wireless terminal 40 can
estimate the self location without accessing the location estimation
device 20. However, the actual registration state of the base station
changes with time, and thus, it is needed to accordingly change the base
station information registered in the base station information storage
section 420 of the wireless terminal 40. The wireless terminal 40

according to the present embodiment is effective in that it can satisfy
such need as will be described below.

[0132]



information is not specified, and for example, the terminal location
information obtaining section 450 may obtain the terminal location
information based on the location registration request input by a user or
may obtain the terminal location information based on the other location
estimation functions. Further, theSslgnal strength information can be also
obtained by the measuring section 414 at the time of the terminal location
information obtaining section 450 obtaining the terminal location
informatin: JOA33hTIR Miiarv-Riacaalinn siesaam sariab AT etins
history information such as the history of the signal strength information
thsatansirtHesREasuBfEmAiPIhdnHRIiRR F e i Rllarrtas Y e
wihaclerminaligsation infrpation Ohiainggkly dae KerWANHKOEAUOR rminal
information obtaining section 450, and the like. The configurations of the
logadieny BraTEaEAR ShEHGIMINRSAHAToMhARMRIRKIDS Grninabinnaten
inReatigndnformatieniwilb bg-explainesowittkaterenceds FiERinkftAdSBon
~and FIG. 15. [0134] FIGS. 14A to C are explanatory diagrams showing the
INfEIROBr AhcadRing SPEHE MRMNTBASH TRSAAE iR etAISIIRAL location
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the history information storage section 460 stores as the history .
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the history of the signal strength information at time point T3. Note that
lapatissépjarreaiiation storage section 460 does not necessarily have to
[(F1e8) the signal strength information in association with the time

The history information storage section 460 stores history
information such as the history of the signal strength information based
on the measurement by the measuring section 414, the history of the
terminal location information obtained by the termina! location
information obtaining section 450, and the like. The configurations of
the history of the signal strength information and the history of the
terminal location information will be explained with reference to FIGS.
14A to C and FIG. 15.

[0134]

FIGS. 14A to C are explanatory diagrams showing the histories of
the signal strength information stored in the history information storage
section 460. As shown in FIGS. 14A, 14B and 14C, the history
information storage section 460 stores as the history information the
signal strength information at a plurality of time points and the time at
which the signal strength information is obtained in association with
each other. Specifically, FIG. 14A indicates the history of the signal
strength information at time point T1, FIG. 14B indicates the history of



point. [0135] FIG. 15 is an explanatory diagram showing the history of the
terminal location information stored in the history information storage
section 460. As shown in FIG. 15, the history information storage section
460 stores as the history information the terminal location information at a
plurality of time points and the tinag at which the terminal location
information is obtained in association with each other. Specifically, in FIG.
15, the history information storage section 460 storing the terminal
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Specifically, in FIG. 15, the history information storage section 460
storing the terminal location information obtained at time points T1, T2

and T3 is shown.
[0136]

The history information stored in the history information storage
section 460 may be transmitted to the location estimation device 20 via
the communicating section 410 based on the control by the information
updating section 470. When such history information is received, the
location estimation device 20 newly registers the base station
information that is not registered in the storage section 214 or updates
the base station information registered in the storage section 214 as
explained in the first embodiment. And the information updating
section 470 receives the base station information currently registered in
the storage sectior1 214 of the location estimation device 20.

(0137}

Here, the location estimation device 20 may transmit to the

wireless terminal 40 all the base station information currently registered

in the storage section 214 or only the difference to the base station



information updating section 470 can extract the difference between the
base station information registered in the base station information storage
section 420 and the base station information in the storage section 214
that is received, and reflect the extracted content in the base station
information storage section 420. &%, in a case of the wireless terminal 40
receiving all the base station information currently registered in the
storage section 214 from the location estimation device 20, the

inifiatmaiten wpdeisrgsdetichd Basnayalimdatete alh thendeteripdhe-basa
atign_information storage section 420 and newly regjster all the base
4§{)a grﬁ’rﬁo‘?ﬁﬁg %ﬁ?c@ﬁ%ﬁf@reﬁéﬁste%daincﬁ%es%r T SERTREE
ddNéed, @ cationstagigiiaticnimeibodand ataertioniypdaietoathog-oé e,
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location estimation device 20 may be received and the received base
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tirfomationstaiagiosecitondedrage section 420 and newly register all

the base station information currently registered in the storage section
214.

[0138]

Next, a location registration method and a location update
method of the wireless terminal 40 and the location estimation system
10 according to present embodiment will be explained with reference to
FIGS. 16 and 17. FIG. 16 is a flow chart showing a flow of an operation
of the wireless terminal 40 according to the present embodiment. FIG.
17 is a sequence diagram showing a flow of an operation of the location
estimation system 10 according to the present embodiment.

10139]

As shown in FIG. 16, first, the wireless terminal 40 initializes the
base station information in the base station information storage section
420 (S504). As the initialization, the base station information
registered in the storage section 214 of the location estimation device 20
may be received and the received base station information may be

registered in the base station information storage section 420, or the



[0140] Next, the wireless terminal 40 judges whether there is a location
estimation request or there is a location registration request (S508). In a
case there is a location estimation request, the wireless terminal 40
obtains the signal strength information based on the operation of the
measuring section 414 (S512). Tlggn, the location estimating section 430
estimates the location of the wireless terminal 40 based on the signal
strength information and the base station information registered in the

ngé?s?:%q; ggggsgg%qaa%é%waof@g;@-sm& the,meaguAng

section cation estimating section 430 makes the history™
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request, the wireless terminal 40 obtains the signal strength information
sbatied 6@%he operation of the measuring section n414 and obtains the

[(?eir;{@jral location information based on the operation of the terminal
ocation information obtaining section 450 (S524). Next, the measuring
sectioN4x4, shd wigalesaibeinoewticilifolgegivhoanihgrseitiengsgion
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amount, when a pre etermined time has passed 1from the previous
spmahwssiogidf ihiohiswiginforhaliorhare whatichdrddstaatqoesgisired
;ihelecation esfimaliondevicq 20iorage section 420 (S516). Then, the

measuring section 414 or the location estimating section 430 makes the

history information storage section 460 store the signal strength
information {S520).
[0141]

On the other hand, in a case there is a location registration
request, the wireless terminal 40 obtains the signal strength information
based on the operation of the measuring section n414 and obtains the
terminal location information based on the operation of the terminal
location information obtaining section 450 (S524}. Next, the measuring
section 414 and the terminal location information obtaining section 450
make the history information storage section 460 store the signal
strength information and the terminal location information (8528).
[0142]

Next, as shown in FIG. 17, when the history information storage
section 460 of the wireless terminal 40 stores the history information
(3604), the wireless terminal 40 transmits the history information to the

location estimation device 20 at a predetermined timing {S608). Here,



[0143] Next, based on the received history information, the location
estimation device 20 newly registers the base station information in the
storage section 214 or updates the base station information registered in
the storage section 214 (5612). Then, the location estimation device 20
transmits the base station inform&tron after change to the wireless
terminal 40 (S616). Next, the information updating section 470 of the
wireless terminal 40 extracts the difference between the received base

triatipRdefermation andithe hase strtiagrpiormationsegistarediheobase
station information storage section 420 (S620). Then, based on the

AR HfEPeAcECHBIMETMANBH UP G FsBERER ETR RRhtEEn 6 has
p&Bangesdhe hase slatiansitiermationieqierad imibebasasiatienion, or
information storage section 420 (S624). [0144] As explained above,
WHEELHIRIG 15 hEABREAbATESH Hiidrratinbes SimarboRIfeis T tirst
[c;emBediment of the present invention, the base station information stored
in the storage section 214 can be gradually supplemented based on the

signal RFEnghR RSO rRTALBH rassrEad dHS RIS wiiERaiemin e doraEpD
eitithaigsalion@stimatonFevise2fcan save thadoubigaimanialiy the

initializing the base station information in the location estimation device
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according to the first embodiment of the present invention, the base
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information judging section 230 and the updating section 240. For

XA ETERIHED T HSEalBE R EeaRGT SraEsas S arsiived base
sTaGiSE it ne SIotae BeElons2 1448 603Rg6nIEJIACALIaR BRI Aliah e
bgi\élCseta%:?ogainnl};gg&gtli%rtlhgt?)?g.ge section 420 (S620). Then, based on
the extracted difference, the information updating section 470 updates
or changes the base station information registered in the base station
information storage section 420 (S624).
[0144]

As explained above, according to the location estimation device
20 according to the first embodiment of the present invention, the base
station information stored in the storage section 214 can be gradually
supplemented based on the signal strength information received from
the wireless terminal 40. That is, the location estimation device 20 can
save the trouble of manually initializing the base station information in
the location estimation device 20 and can automatically acquire the
actual installation state of the base station.
[0145;

Further, according to the location estimation device 20 according

to the first embodiment of the present invention, the base station

information registered in the storage section 214 can be automatically



station information registered in the storage section 214 the location of
the base station whose installation location has been changed without
requiring manual processing. [0146] Further, according to the wireless
terminal 40 according to the second embodiment of the present invention,
since the wireless terminal 40 is ggovided with the base station
information storage section 420 for storing the base station information,
the wireless terminal 40 can estimate the self location without accessing

the location estimation device 20. Further, the base station infor i
R G e R R S Gl
sternnal 0 o the apdrgadaccticin@do titebasersipliorwmiomietiothe
. registered in the, locatian estimation.device .20. [0147] Note, that th .
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rnatura)(l{gewithin ttfe scg e of the claims. [0148] For example, in the
SRV é?ﬁ%odslﬁli%%t, an example has been explained where the

{mgisqration j_udging se(_:tion 2_22 judges whether or not each base station
0 noeinne s S9TSL el emelens s e
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sengthidndotsagtiostistion information, the wireless terminal 40 can
estimate the self location without accessing the location estimation
device 20. Further, the base station information stored in the base
station information storage section 420 of the wireless terminal 40 can
be changed accordingly to the base station information registered in the
location estimation device 20.

[0147]

Note that the preferred embodiments of the present invention
have been explained with reference to the appended drawings.
However, it is needles to say that the present invention is not limited to
such examples. It is obvicus that various modifications and alterations

may be achieved by those skilled in the art within the scope of the claims,

and it is understood that they are naturally within the scope of the

claims.
[0148]

For example, in the above-described embodiment, an example
has been explained where the registration judging section 222 judges
whether or not each base station ID included in the received signal

strength information is registered in the storage section 214. However,



registered in the storage section 214 in association with the location
information. [0149] Further, in the first embodiment, an example has been
explained where the location estimation device 20 and the wireless
terminal 40 are configured separately. However, it is not limited to such
an example, and it is possible to3Rtegrally configure the location
estimation device 20 and the wireless terminal 40. In this case, the
location estimation device 20 can receive the signal strength information
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ausing a computer to perform the location registration method or the
Ofélﬁgﬁ%date method as described above and a storage medium in

[owBigh the program is stored are also prowded 60 What is claimed is: 1.
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a¥1v<|:1r etgg:sx?xlrm@s?sl f{grq]nmal 40. In this case, the location estimation
device 20 can receive the signal strength information of not only the
wireless terminal 40 which is integrally configured, but also other
wireless terminals, and update the storage section 214.

[0150]

Each of the steps to be performed by the location estimation
system 10 in this specification need not necessarily be performed
chronologically in the order shown in the flow charts or the sequence
diagram, and processing to be executed in parailel or individually (for
example, parallel processing or object processing) may also be included.
[0151]

Further, a program for causing a computer to perform the

location registration method or the location update method as described

above and a storage medium in which the program is stored are also

provided.



the each base station or information obtained from the signal strength
and the base station identification information of the base station that
transmitted the signal are associated with each other; a registration
judging section for judging, by referring to the base station identification
information registered in the storgge section, whether or not the base
station identification information included in the signal strength
information received by the receiving section is registered in the storage

“ﬁ_?%i?snépa?ése%cigtion with the location information; and a registering
section for regls%e'ring in the storage section in association with each
Lother thédrasostatioragedtfitationaméoteriden Hydyed uisingregistration
Judglng Ss%gizt‘lagélﬁasseggglr‘f IS%%%H Q%E]gﬁggg@ggrﬁ%ﬁ%?m ad?da base station
predetermined location informafion dependent on the location of the
th\altqbesﬁatgnmmalelz.’:silwemmimtmageide‘ai@é}éﬁi@@ﬁcﬁﬁ@ﬂ@i@lhmdmase
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estimating the 1ocation of the wireless terminal Based on the signal
astrengtbtarial iTatenanatihe Jothttmeinfoimeation of the base station that
is registered in.the storage section,. wh r%i I !iﬁ i To] A PRURE
i R s R R e e
vetdtion id@mﬁleaﬁgngtﬁwﬁeaﬁigmdhdgeﬁwmy thgi@ti‘_mic_ﬁq mglgmigzsla&m
B2 Astegistered ndhe, siarage, seclion and.ie lealion InomABRenecn
Indicating the location of the wireless terminal estimated by the locatio
eestintading sectiatiod. featiftsivorsioriigendéinoecd cdor diagestiionithat
characterized in that:.the receivin S jQn f ti:tl}?r ives terminal
' trgélaﬁ%ﬁ&ﬁ?fﬁjrﬁasﬁéﬁ %&%%ﬁﬁa%éle%oga%@rﬁ o%ét e \?V%?le%?e’ss terminal; and
the registeimgrseiivnuégisteremithe fstojageisgetipnigferring to the base
station identification information registered in the storage section,
whether or not the base station identification information included in
the signal strength information received by the receiving section 1s
registered in the storage section in association with the location

information; and

a registering section for registering in the storage section in
association with each other the base station identification information
judged by the registration judging section as not registered in the

storage section and predetermined location information dependent on

the location of the wireless terminal.

2. The location storage device according to claim 1, characterized by
further comprising:

a location estimating section for estimating the location of the
wireless terminal based on the signal strength information and the
iocation information of the base station that is registered in the storage

section, wherein

the registering section registers in the storage section in



association with each other the base station identification information
judged by the registration judging section as not registered in the storage
section and the terminal location information received by the receiving
section. 4. The location storage device according to claim 1, characterized
in that: the receiving section rec&Ves the signal strength information at
one or two or more time points accumulated in the wireless terminal. 5. A
location storage device characterized by comprising: a storage section in
assbithtioeatiathirdechasidre pfthddas statitio th id petfideasoniteiéasnation
. communication with a wireless terminal and base station identification
RS B0 SR P BERE Trabior S EATRERRSH 17 TR
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strength information in which a signal strength of a.signal received by the
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the signal strength and the base station identification information of the

base gtation that transmitted the signal gre assogiated with each other; 62
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. according to claim 5, characterized in that; the base station information
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stRelendasttalcWatinghe terminal location information received by the

receiving section.

4. The location storage device according to claim 1, characterized in
that:
the receiving section receives the signal strength information at

one or two or more time points accurmulated in the wireless terminal.

5. A location storage device characterized by comprising:

a storage section in which location information of a base station
that performs wireless communication with a wireless terminal and base
station identification information uniquely assigned to each base station
are registered in association with each other;

a receiving section for receiving signal strength information in
which a signal strength of a signal received by the wireless terminal from
the each base station or information obtained from the signal strength
and the base station identification information of the base station that

transmitted the signal are associated with each other;



the distance between a first base station and a second base station that
perform wireless communication with the wireless terminal based on the
location information of the first base station and the second base station
registered in the storage section; an estimated distance adding section for
adding up the distance between d@®e wireless terminal and the first base
station and the distance between the wireless terminal and the second
base station that are estimated from the signal strength information; and

a restucljoR.condinon HopiRgRECHAR oK ARG AR e 65 Hidher or

condition is not satisfied when there is a %ifference between the distance

neaidutdact BotHianrenaaes-sidisnbgistapiediondaainier sbsichantrtres
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location storage device according to claim 6, characterized in that: the

thedligparcedmimenudyiyisdessiuayestrrththePasstatatan that is
<SOBMOR Rk ERlSfiprh beR-ba- daRRaRERIGLIBIRE by the
inter-base-station-distance calculating section is longer than the distance
calcul&edipg aiingstensien MEHPRCaEASINESERHBY B kemBsigahhe
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characterized in that"the updating section updates the location
spfdanART as phdes dheigreesistordadd #esistiRze ¥elbirso that
the distance between the first base station and the second base station is
within the range of the distance between the location indicated by the
6locatioRtiaflresiiioh SPaagefiisvingsecsatiinaie ghelmcatiitarritatiegbin
+hg.location information of the second base station that are registered in
the storage section and a distance that is a sum of the distance between
the wirdleseassriiindpania iperipsidsabedgin S ThE GRBARES between

the WirgleSS e hase-station-distance calculating section for calculating
the distance between a first base station and a second base station that
perform wireless communication with the wireless terminal based on the
location information of the first base station and the second base station
registered in the storage section;
an estimated distance adding section for adding up the distance
between the wireless terminal and the first base station and the distance
between the wiféless terminal and the second base station that are
estimated from the signal strength information; and
a restriction condition judging section for judging that the
restriction condition is not satisfied when there is a difference between
the distance calculated by the inter-base-station-distance calculating

section and the distance calculated by the estimated distance adding

section.

7. The location storage device according to claim 6, characterized in
that:

the restriction condition judging section judges that the



terminal and the second base station. 9. The location storage device
according to claim 5, characterized in that: the receiving section further
receives terminal location information indicating the location of the
wireless terminal; and the base station information judging section further
includes a registration distance c&Rulating section for calculating the
distance between the location indicated by the terminal location
information received by the receiving section and the location indicated
relbyrikeitacatiadinéer isation Gitbstiedaivhbasthetdiomregisiaiad Mdidy the
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bsecti n 648§nd the distance between the wireless terminal and the certain
PaRE AL RBH EMat G based on the signal strength corresponding to the

certain base station. 10. The location storage device according to claim 9,

h ized in_that: the restricti ition judging sectjon judges that
Siine. e BT ORHBIHE H Aot UHER he ethres CARATACH B

tHle registration distance calculating section is shorter than the distance
between the wireless terminal and the, certain base station estimated
based D17 HRSERE Sl ETALSR CHA AT PRt ALk pase
sthkidihedgcatian stotagestimdge sectetingtthelaimcl@ithamctarinedrinhe
that; the updating section updates, the location information of the base
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doeraicebbsesiatiahanddhgomralessdesmipal inavitiatibe rarmgerphther of
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information of the second base station that are registered in the storage
section and a distance that is a sum of the distance between the wireless
terminal and the first base station and the distance between the wireless

terminal and the second base station.

O. The location storage device according to claim 5, characterized in
that:
the receiving section further receives terminal location
information indicating the location of the wireless terminal; and
the base station information judging section further includes
a registration distance calculating section for calculating
the distance between the location indicated by the terminal location
information received by the receiving section and the location indicated
by the location information of a certain base station registered in the
storage section, and
a restriction condition judging section for judging that the
restriction condition is not satisfied when there is a difference between

the distance calculated by the registration distance calculating section



information received by the receiving section and the location indicated
by the location information of the certain base station registered in the
storage section and the distance between the wireless terminal and the
certain base station estimated based on the signal strength information.
12. The location storage device aggording to claim 5, characterized in
that: the receiving section receives the signal strength information at one
or two or more time points accumulated in the wireless terminal. 13. A
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ase stations, aracterlze y comprising: a measuring section for
statEsuristisighal stasgthsoftsignsigneteishgomabe pipetidind the the
cgaf'sae1 stgégen ﬁ ?ﬁtory information storage section for storing a history of
signal strength information, at one or two or more time points, in which
the signal strengths measured by the measuring section or information
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mformatlon unlque y assigne ase stations are associate
thvith each other; and a transmitting section for transmitting the history of
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associa e Wlt Bac IS register a location estimating section
for estimating the location of the wireless terminal based on the base

iatlon,i(}}‘or{ncgg&{ esqlc)sxlg[g%ddev1c% according to claim 10, characterized
in that:
the updating section updates the location information of the base
station registered in the storage section so that the distance between the
certain base station and the wireless terminal is within the range of the
distance between the location indicated by the terminal location
information received by the receiving section and the location indicated
by the location information of the certain base station registered in the
storage section and the distance between the wireless terminal and the

certain base station estimated based on the signal strength information.

12. The location storage device according to claim 5, characterized in
that:

the receiving section receives the signal strength information at

one or two or more time points accumulated in the wireless terminal.

13. A wireless terminal for performing wireless communication with

a plurality of base stations, characterized by comprising:



base station information storage section and the signal strength
information. 15. The wireless terminal according to claim 13, characterized
in that: the history information storage section has further registered
therein a history of terminal location information indicating the location of
the wireless terminal at one or tw& or more time points; and the
transmitting section transmits to the location storage device 66 the
histories of the signal strength information and the terminal location
informatmeaa d6rihige swiratesSdermieasacoor daigrtal ciaiengBh shelf adterided
by. further comprising:.an information updating section for updating base
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to the_location storage device signal strength. information, at one or, two or
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14. The wireless terminal according to claim 13, characterized by
further comprising:

a base station information storage section in which base station
information in which location information of the plurality of the base
stations and the base station identification information are associated
with each other is registered; and

a location estimating section for estimating the location of the
wireless terminal based on the base station information registered in the

base station information storage section and the signal strength

information.
15. The wireless terminal according o claim 13, characterized in
that:

the history information storage section has further registered
therein a history of terminal location information indicating the location
of the wireless terminal at one or two or more time points; and

the transmitting section transmits to the location storage device



are associated with each other, and the location storage device includes a
storage section in which location information of the base station and the
base station identification information are registered in association with
each other; a receiving section for receiving the signal strength 67
information from the wireless terngigal; a registration judging section for
judging, by referring to the base station identification information
registered in the storage section, whether or not the base station
aldSplicatirriRaaon Bielyded I H015-Si00a siRnall ROMHAlGBCation
received by the recelving section is registered in the storage section; and
irdoegistaeing section for registering in the storage section in association
with each other the base station identification information judged by the
registration judging section as not registered in the storage section and
1predetémirvedtdbesticerimfoah aietéipen dentlermthb3ocdiuaoktiecd by
f&{j{gle%s%g agy&%ljf _8. A location storage system comprising a wireless
terminal t performs wireless communication with a plurality of base
stationsranthéptipeation storagtmevieecimonhiéercopdienings thasslusthtiwt
i1e- a5, SRURNS A RO A UBRARTEAS IRl B IR o 1o
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uniquely assigned to ea ase stations are assoclated with each
other, and
17. A location storage system comprising a wireless terminal that

performs wireless communication with a plurality of base stations and a
location storage device in which locations of the plurality of the base
stations are registered, characterized in that:
the wireless terminal includes
a measuring section for measuring signa! strengths of
signals received from the plurality of the base stations; and
a transmitting section for transmitting to the location
storage device signal strength information, at one or two or more time
points, in which the signal strengths measured by the measuring section
or information obtained from the signal strengths and base station
identification information uniquely assigned to each of the base stations
are associated with each other, and
the location storage device includes
a storage section in which location information of the base
station and the base station identification information are registered in

association with each other;

a receiving section for receiving the signal strength



the location storage device includes a storage section in which location
information of the base station and the base station identification
information are registered in association with each other; a receiving
section for receiving the signal strength 68 information from the wireless
terminal; a base station informati(g’?ﬂudging section for judging whether or
not the location information of the base station registered in the storage
section satisfies a predetermined restriction condition which is based on
infee@tmcé pentbemiislasclsssidahinal and the base station that is

estimated from {0g; signalei'anath plammaiaondanHpdaincaaclion fo

updating the location information of the base stafionthat is judged byth
thyadeaseativatigforisisaviiicatng isdenpirbionoreaisstyrd e the storage
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characterized by comprising the steps of: registering in a storage medium
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station identification information uniquely aSS|gned to each base station;
receiving sigralrSgEigririareesiagofon meiciterisignal thenionast seigival
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_obtained from the signal strength and the base station  identification
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thedpsa tenefi éhﬁdﬁ‘lmﬁrﬁatﬁ@miﬁ@ihded in the recelved signal strength
information is registered in the storage medium; and registering in the
storage medium in association with each other
18. A location storage system comprising a wireless terminal that

performs wireless communication with a piurality of base stations and a
location storage device in which locations of the plurality of the base
stations are registered, characterized in that:
the wireless terminal includes
a2 measuring section for measuring signal strengths of
signals received from the plurality of the base stations; and
a transmitting section for transmitting to the location
storage device signal strength information, at one or two or more time
points, in which the signal strengths measured by the measuring section
or information obtained from the signal strengths and base station
identification information uniquely assigned to each of the base stations
are associated with each other, and
the location storage device includes
a storage section in which location information of the base
station and the base station identification information are registered in

association with each other;

a receiving section for receiving the signal strength



the base station identification information judged as not registered in the
storage medium and predetermined location information dependent on
the location of the wireless terminal. 69 20. A location update method
characterized by comprising the steps of: registering in a storage medium
in association with each other loédlion information of a base station that
performs wireless communication with a wireless terminal and base
station identification information uniquely assigned to each base station;

i REehing Sighah SFRNFiRdRfesreatiamisiwhich a signal strength of a signal
received by the wireless terminal from the base, station or , infoimation
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each base station that performs wireless communication with the wireless
terminal or information obtained from the signal strength and base station

identifigation tidermatiearatithie hase staiopaatetiananyiteshthgsignal the
are associated with each other; a registration judging section for judging,
ereering to the base

registering in a storage medium in association with each other
location information of a base station that performs wireless
communication with a wireless terminal and base station identification
information uniquely assigned to each base station,

receiving signal strength information in which a signal strength
of a signal received by the wireless terminal from the base station or
information obtained from the signal strength and the base station
identification information of the base station that transmitted the signal
are associated with each other;

judging, by referring to the base station identification
information registered in the storage medium, whether or not the base
station identification information included in the received signal
strength information is registered in the storage medium; and

registering in the storage medium in association with each other
the base station identification information judged as not registered in
the storage medium and predetermined location information dependent

on the location of the wireless terminal.



station identification information registered in a storage medium in
association with location information of the base station, whether or not 70
the base station identification information included in the signal strength
information received by the recei\é’ g section is registered in the storage
medium; and a registering section for registering in the storage medium in
association with each other the base station identification information
judged, hy the registration judging section as not registered in the storage
hqediu%w ﬁ&%‘?&dé?éi?ﬁﬁw Hos 6 RS HAESA QapArIeRiBRE Hae steps

ofocation of the wireless terminal. 22. A program for causing a computer to
function as a locatjon storage device comprising: a receiving section for
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updating, the |ocation information of the base station that is judged by the

aF% &S RRAIIT nTOR &R5H 0y section as not satisfying the
predetpinynes reEWiCHON goNEiiofthe location information of the base

station registered in the storage medium satisfies a predetermined
restriction condition which is based on the distance between the
wireless terminal and the base station that is estimated from the signal
strength information; and

updating the location information of the base station that is

judged as not satisfying the predetermined restriction condition.

21, A program for causing a computer to function as a location
storage device comprising:

a receiving section for receiving signal strength information in
which a signal strength of a signal received by a wireless terminal from
each base station that performs wireless communication with the
wireless terminal or information obtained from the signal strength and
base station identification information of the base station that
transmitted the signal are associated with each other;

a registration judging section for judging, by referring to the base
station identification information registered in a storage medium in

association with location information of the base station, whether or not



70

the base station identification information included in the signal
strength information received by the receiving section is registered in the
storage medium; and

a registering section for registering in the storage medium in
association with each other the base station identification information
judged by the registration judging section as not registered in the
storage medium and predetermined location information dependent on

the location of the wireless terminal.

22. A program for causing a computer to function as a location
storage device comprising:

a receiving section for receiving signal strength information in
which a signal strength of a signal received by a wireless terminal from
each base station that performs wireless communication with the
wireless terminal or information obtained from the signal strength and
base station identification information of the base station that
transmitted the signal are associated with each other;

a base station information judging section for judging whether or
not location information of the base station registered in a storage
medium in association with the base station identification information of
the base station satisfies a predetermined restriction condition which is
based on the distance between the wireless terminal and the base
station that is obtained from the signal strength information; and

an updating section for updating the location information of the
base station that is judged by the base station information judging

section as not satisfying the predetermined restriction condition.



