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case can be itimegitredupfi@rsappldmentaoy sypekionizhtiaf atdnie diffisdt st waeiimideor t he
buildings and underground that are out of range for the wireless signals from satellites.
[0003]  Also, as disclosed in Japanese Laid-Open Patent Publication No. 2008-104029 for

example, a method of estimating the position of a wireless terminal based on the signal

strength at the wireless terminal of wireless signals transmitted from base stations on a
wireless LAN (Local Area Network) has been proposed. More specifically, it is
possible to estimate the position of the wireless terminal based on position information
of respective base stations registered in advance and the distances between the base
stations and the wireless terminal calculated from the respective signal strengths of the
wireless signals. Since base stations on a wireless LAN are also set up inside buildings
and underground, by using this method of estimating, it is possible to carry out position
estimation inside buildings and underground which has been difficult for position es-
timating technology based on GPS positioning.
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Summary

Technical Problem

[0006] However, a case can be imagined where, due to movement of the base station or the
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estimated move distance of the apparatus.
[0011]  Another aspect is that the movement detector being an accelerometer.
[0012]  According to a different aspect, the apparatus includes
a GPS-based location device that detects location information based on wireless
satellite transmissions, wherein
the reference area determining unit determines the reference area by combining a
GPS uncertainty amount with a predetermined communication range of at least one of
the plurality of transmitters.
[0013]  According to another aspect, the device includes
a computer readable storage device that stores a previous position estimation result
for the apparatus in association with time, wherein
and the reference area determining unit determines the reference area by using the
previous position estimation result as a standard.
[0014]  According to another aspect, the reference area determining unit determines the
reference area by calculating the estimated move distance.
[0015]  According to another aspect the position estimation unit estimates the move distance
by measuring a propagation distance from the plurality of transmitters.
[0016]  According to another aspect the position estimation unit excludes from consideration

transmitters outside of the reference area based on signal information from respective



[ 0014] According to another aspect, the gyeference area determ ning unit
determ nes the reference area by cal cul ating the estinmated nove di stance.
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t he nove distance by neasuring a propagation distance fromthe plurality of
transmtters. [0016] According to another aspect the position estinmation
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, wherein

O being a position, A; being position information of an ith transmitter, and W; being
a weighting coefficient.

[0018]  According to another aspect the apparatus also includes a computer readable storage
unit that stores transmitter reliability information regarding whether a particular
transmitter has been detected as having a low reliability with at least a predetermined
frequency of occurrence, and

the position estimation unit excludes transmitters having a stored reliability below a
predetermined threshold when estimating the position of the mobile communication
station.

[0019]  According to another aspect, the position estimation unit excludes transmitters
having a received signal characteristic indicating the transmitter is outside of the
reference area.

[0020]  The apparatus may also include a communications interface that receives transmitter
signal information and reference area information from the mobile communication
station, and sends an estimate of the position of the mobile communication station to
the mobile communication station.

[0021]  Optionally, the apparatus includes the mobile communication station.

[0022] In a process based embodiment, the method includes

determining with a processing device a reference area including a position of a

mobile communications station; and
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processing devic rEer orm.a OSI hl on Cgsstl mati on net hod conpri si ng:
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plurality of transmtters wt e reference area. [0024]1n a nobile
commui cat i ons agéveceees hioodthaeemote daeicel ety pendterb pesifenn of the mobile commu-

nication station after the remote device used the signal information and reference area
to estimate the position of the mobile communication station by using transmissions
from a subset of the plurality of transmitters located within the reference area and
excluding transmissions from a subset of the plurality of transmitters located outside of
the reference area.
[0025]  In an apparatus-centric embodiment, that communications with a remote device, op-

tionally available as a cloud resource, the method includes

receiving transmissions from a plurality of transmitters;

determining with a processing device a reference area that includes therein a position
of the mobile communications station;

sending signal information from the transmissions of the plurality of transmitters to a
remote device;

sending the reference area to the remote device; and

receiving from the remote device an estimated position of the mobile communication
station after the remote device used the signal information and reference area to
estimate the position of the mobile communication station by using transmissions from
a subset of the plurality of transmitters located within the reference area and excluding
transmissions from a subset of the plurality of transmitters located outside of the
reference area.

[0026]  In an apparatus-centric embodiment, that communications with a remote device, op-

tionally available as a cloud resource, instructions are stored on a computer readable
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[0029]  Fig. 1 is a diagram useful in explaining the configuration of a position estimating

system according to embodiments of the present disclosure.
[fig.2]

[0030]  Fig. 2 is a diagram useful in explaining specific examples of position information of
base stations stored by a wireless terminal.
[fig.3]

[0031]  Fig. 3 is a diagram useful in explaining specific examples of measurement in-
formation.
[fig.4]

[0032]  Fig. 4 is a diagram useful in showing examples of estimation results for different es-
timation methods.
[fig.5]

[0033]  Fig. 5 is a functional block diagram showing the configuration of a wireless terminal
according to a first embodiment of the present disclosure.
[fig.6]

[0034]  Fig. 6 is a diagram useful in explaining specific examples of position estimation
results stored by an estimation result storage unit.
[fig.7]
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nobi | e comruni cation station after the renote device used the signal
information and reference area to estinmate the position of the nobile
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stored by a \ige0pss termnal. [fig. 31 [0031]Fig. 3 is a diagramuseful in
expl ai gp(gt%] Spep‘i'g.‘;ﬂogs %’8%%?4&%5% L]I i Slé{{lgrg%eazggpelcf}fc %ﬁ@g&t 'foagregelér{c AfEh,

[ 0032] 4 1is iagram useful in exa 0 stinmation results
for differentfigdl] ti mati on net hods.

[0039]  Fig. 11 is a flowchart showing the operation of the wireless terminal according to the
second embodiment.
[fig.12]

[0040]  Fig. 12 is a functional block diagram showing the configuration of a wireless
terminal according to a third embodiment of the present disclosure.
[fig.13]

[0041]  Fig. 13 is a diagram useful in showing specific examples of low reliability base
station information stored by a low reliability base station information storage unit.
[fig.14]

[0042]  Fig. 14 is a diagram useful in showing specific examples of mobile base station in-
formation stored by a mobile base station information storage unit.
[fig.15]

[0043]  Fig. 15 is a flowchart showing an example operation of the wireless terminal
according to the third embodiment.
[fig.16]

[0044]  Fig. 16 is a flowchart showing an example operation of the wireless terminal
according to the third embodiment.
[fig.17]

[0045]  Fig. 17 is a diagram useful in explaining the configuration of a position estimating
system according to a fourth embodiment.
[fig.18]

[0046]  Fig. 18 is a functional block diagram showing the configuration of a position es-
timating apparatus according to the fourth embodiment.
[fig.19]

[0047]  Fig. 19 is a sequence chart showing the operation of the position estimating system

according to the fourth embodiment.

Description of Embodiments



[fig. 51 [0033]Fig. 5 is a functional bl ock diagram show ng the
configuration of a wireless termnal according to a first enbodi nent of the
present dwechorssees [fig. 61 [0034]Fig. 6 is a di agram uPeTUP21no@s$d ai ni ng
specific exanples of position estimation results stored by an estimation
result storage unit. [fig.71 6 WO 2012/032725PCT/JP2011/ 004687 [0035] Fi g.
7 is a[di4sgr arnldtsiahfidr, prafegdefleaibotingenss (sﬂaﬁe:plfeis@qtei@anﬁme viifl ba degfrideence area.
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[ 0038] Fi g. 1 IS a gramuse exp alnlngasec ICc e
ref erence ar éigse pryqgurahglemogs g @pigied.11 is a fl owchart show ng the oper atlon

of the [p04! esglsb, ah McNRbseRCGREMICREOT Mdld¥wings, in some cases a plurality of structural
elements that have effectively the same functional configuration are distinguished from
one another by appending different letters to the same reference numeral. For example,
a plurality of structural elements with effectively the same functional configuration are
distinguished as necessary as the "base stations 30A, 30B, and 30C". However, when it
is not especially necessary to distinguish between the plurality of structural elements
with effectively the same functional configuration, the same reference numeral is used.
For example, the base stations 30A, 30B, and 30C are referred to simply as the "base
station 30" when it is not especially necessary to distinguish between them.

[0050] Embodiments of the present disclosure will now be described in the order indicated

below.
[0051] 1. Fundamental Configuration of Position Estimating System
[0052] 2. First Embodiment
[0053]  2-1. Configuration of Wireless Terminal According to First Embodiment
[0054]  2-2. Operation of Wireless Terminal According to First Embodiment
[0055] 3. Second Embodiment
[0056]  3-1. Configuration of Wireless Terminal According to Second Embodiment
[0057]  3-2. Operation of Wireless Terminal According to Second Embodiment
[0058] 4. Third Embodiment
[0059]  4-1. Configuration of Wireless Terminal According to Third Embodiment
[0060]  4-2. Operation of Wireless Terminal According to Third Embodiment
[0061] 5. Fourth Embodiment
[0062]  5-1. Configuration of Position Estimating System According to Fourth Embodiment
[0063]  5-2. Configuration of Position Estimating Apparatus According to Fourth Em-
bodiment
[0064]  5-3. Operation of Position Estimating System According to Fourth Embodiment
[0065] 6. Conclusion
[0066] 1. Fundamental Configuration of Position Estimating System
[0067] As described in detail below in the "2. First Embodiment” to "5. Fourth Em-

bodiment" sections for example, the present disclosure has a variety of possible imple-
mentations. The "position estimating apparatus 20" or "wireless terminal 40" according
to such embodiments includes:

[0068] (1) a base station information storage unit (216, 416) that stores position information
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[0071]  Fig. 1 is a diagram useful in explaining the configuration of a position estimating

system 1 according to the embodiments of the present disclosure. As shown in Fig. 1,

the position estimating system 1 according to the embodiments of the present

disclosure includes a plurality of base stations 30 and a wireless terminal 40.

[0072]  Each base station 30 controls communication between communication apparatuses

that are spatially distributed. As examples, the base stations 30 are capable of con-

trolling wireless communication between the wireless terminal 40 and another wireless

terminal (not shown) that are both located in the respective signal ranges of the base

stations 30 and/or controlling communication between the wireless terminal 40 and a

communication apparatus that is connected by wires to a base station 30. More

specifically, the base stations 30 may be base stations on a wireless LAN (Local Area
Network) based on WiFi (Wireless Fidelity) Standard, LTE (Long Term Evolution)

base stations, GSM (Global System for Mobile Communications) base stations, or

BLUETOOTH (registered trademark) base stations.

[0073]  In addition, the base stations 30 form a wireless network by regularly transmitting a

beacon signal, for example. Here, the expression "beacon signal” includes a beacon

signal including a base station ID identifying each base station 30. This means that it is

possible for the wireless terminal 40 to specify the base station 30 that transmitted a

beacon signal that has been received from the base station ID included in the beacon

signal.

[0074]  The wireless terminal 40 is capable of wirelessly transmitting and receiving various

data in accordance with control by the base stations 30. For example, the wireless

terminal 40 is capable of receiving content data from a content distribution server (not

shown) and/or transmitting and receiving electronic mail to or from another wireless

terminal via the base stations 30. Note that various data, for example, audio data (such

as music, a performance, or a radio program), image data (such as a movie, a television

program, a video program, photographs, artwork, or drawings), games, and software,

can be given as examples of the content data.

[0075]  As examples, the wireless terminal 40 may be an information processing apparatus

such as a PC (personal computer), a home video processing apparatus

(a DVD



timating apparatus according to the foyth enbodinment. [fig. 19] [0047]Fig.
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di scl osure will now be described in the order indicated bel ow [0051] 1.

Fundangf?7l cdﬁg i g8 Ratiagsam gpefpbig etXP@Hn% pReqH1c STgMBles OE He[rooision anfopmation
Embodi ment [ 00&2]bdsdstateRfogesrad bjDEheQifflréMsfsQé&ﬁﬁal-ﬁ@rm B wrABCap o, rﬂlge to First

SRR TR SN TR W N R G
Term nal Acconadeng of basSetoiod [Bstaod postidn information. Note that in the present speci-
fication, for ease of explanation, it is assumed that the code assigned to each base
station and the base station ID are the same.

[0078]  Although the position information is shown in simplified form as "position in-
formation A" and "position information B" in Fig. 2, the position information may be
expressed by a format using latitude and longitude, a format using x and y coordinates,
a format using absolute coordinates, a format using vectors, or the like.

[0079]  Fig. 3 is a diagram useful in showing specific examples of the measurement in-
formation. As shown in Fig. 3, the measurement information includes signal strength
information for each base station 30. For example, in the example shown in Fig. 3, the
signal strength at the wireless terminal 40 of a wireless signal transmitted from the
base station 30A is "-90dBm".

[0080]  The wireless terminal 40 according to the embodiments of the present disclosure
estimates the position information of the wireless terminal 40 based on the mea-
surement information described earlier and the position information for each base
station 30. For example, the wireless terminal 40 estimates a position O of the wireless

terminal 40 in accordance with the mathematical formulas shown below.
1 . g
=— ) (Wi- 4i)
W 5

(Mathematical Formula 1)



[0057] 3-2. Operation of Wreless Term ggl According to Second Enbodi ment
[0058] 4. Third Enbodi nent [0059]4-1. Configuration of Wreless Term nal
Accor di ngwocoifizetsEnbodi ment [ 0060] 4-2. Operati on of WeCElJexd1/0@nsi na
According to Third Enbodi ment [0061] 5. Fourth Enbodi nent [0062] 5- 1.
Configuration of Position Estimating System According to Fourth Enbodi nment
[ 0063] 5-2. Configuration of quition Esti mating Apparatus According to
Fourth Em bodi nent Q64] 5-3.1 Operation of Position Estimating System
According to Fourth _62hE§S{9éS£ 5] 6. Concl usi on [0066] 1. Fundanent al
Configuration of Positio g System [ 0067] As described in detai

bel ow i n the(ﬂﬁﬂwﬁhﬁ§%f@ ﬁﬁj nt" to "5. Fourth Em bodinment"” sections for
exanpl e, the present disclosure has a variety of possible inplenentations.
The "position estimating apparatus 20" or "wireless term nal 40" according
to such enbodi ments PAcudys]PF100681(1) a base station information storage
unit (216, 416) that storés<position information 8 WO

2012/ 032725PCT/ JP2011/ 004687 for base stations; and [0069](2) a position
estimating unit (236, 436) that estinates measurenent information of

wirel ess si gh¥ladepnsied] formpled) posi tion i nformati on of base stations whose

posi ti goodinf orNae iR " &1"ah @drrhila tiREoWRER pokiibh Aol RdtnMEtthOth Biseagenunit s
inalimted range angﬁre%iurenent |@Lgrna.lon fgr he SLgnaI strenq%hs of
wirel ess si ghed YL Ah DG WS A B dln  eesdingly ahgh e POy [HEPmegtiony &
fundanment al besf dtgiomas expredsbdibdy ihgrodmanl lhitutidlehe edplest tewaineldidgiphient s
Formula 1 to both the longitude and the latitude. Also, as shown in Formula 2, "Wi" is

a weighting coefficient obtained based on distS (O,Ai) showing the distance between
the wireless terminal 40 and the ith base station estimated from the signal strength. As
shown in Formula 3, W is the sum of the weighting coefficients Wi.

[0082]  Note that the method of estimating the position of the wireless terminal 40 is not
limited to a method using Formula 1 given above and the wireless terminal 40 may for
example use the position of the base station 30 that transmitted the signal with the
highest signal strength received by the wireless terminal 40 as an estimate of the
position of the wireless terminal 40. Alternatively, the wireless terminal 40 may use a
position at the center of the base stations 30 that have transmitted signals received with
a signal strength of a specified value or higher by the wireless terminal 40 as an
estimate of the position of the wireless terminal 40. It is also possible to realize highly
robust estimation of the position by applying a least-squares method.

[0083] However, a case can be imagined where, due to movement of a base station 30 or the
like, the position information registered for the base station 30 is erroneous. If position
estimation is carried out based on such erroneous position information, the precision of
the position estimation will fall. This will now be described in detail with reference to
Fig. 4.

[0084]  Fig. 4 is a diagram useful in showing examples of estimation results for different es-
timation methods. In Fig. 4, a situation is imagined where "position information A" to
"position information C" and "position information X" showing positions A to C and
position X have been registered as the position information of the base station 30A to
the base station 30C and the base station 30X. In this situation, a case is considered
where a wireless terminal 40 located at position U receives wireless signals from the
base station 30A to the base station 30C and the base station 30X and carries out

position estimation of the wireless terminal 40 based on the signal strength information
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[0090]  2-1. Configuration of Wireless Terminal According to First Embodiment

[0091]  Fig. 5 is a functional block diagram showing the configuration of a wireless terminal

40-1 according to a first embodiment of the present disclosure. As shown in Fig. 5, the



[0078] Al t hough the position informati opois shown in sinplified formas

"position in- formation A" and "position information B" in Fig. 2, the
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(Erasable Programmable ROM) can be given as examples of nonvolatile memory. A

hard disk, a disk-shaped magnetic disk, and the like can be given as examples of a

magnetic disk. A CD (Compact Disc), a DVD-R (Digital Versatile Disc - Recordable),

and a BD (Blu-Ray Disc (Registered Trademark)) and the like can be given as

examples of an optical disc. Also, although the base station information storage unit

416 and the estimation result storage unit 428 are shown as different functional blocks

in Fig. 5, the functions of both storage units may be provided by the same storage

medium or by different storage media.

[0095] The accelerometer 420 functions as a motion detection unit that detects acceleration
(movement) of the wireless terminal 40-1. The moved distance calculating unit 424
calculates the movement speed of the wireless terminal 40-1 in a given period from the
history of the acceleration of the wireless terminal 40-1 obtained by the accelerometer
420. The moved distance calculating unit 424 is also capable of calculating the moved
distance by integrating the movement speed during a given period. Note that the ac-
celerometer 420 is described above merely as one example of a motion detection unit

and a "motion detection unit" for the present disclosure is not limited to the ac-
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[0115] Accordmgly, the base stations that transmitted the wireless signals that can be

received at the present time by the wireless terminal 40-2 are believed to be located in
a region that is centered on the position O and has the sum of the GPS positioning error
and the signal range of a base station 30 as a radius. For this reason, if the typical

signal range (area range) of a base station 30 is 300m, as shown in Fig. 10, the



[0106] Al so, the reference area determ ggng unit 432 searches the estimation
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GPS positionifig ldnit 440 is nmerely one exanple of a position deternining
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be described jn moreidetahl ol laS & BBESoliBorind unit 440 (S352). After this, the

position estimating unit 436 searches the base station information storage unit 416 for

position information of the base stations that transmitted the wireless signals whose
signal strengths have been measured by the measurement unit 414 (S356).
[0121]  Next, the position estimating unit 436 determines outliers that are position in-

formation outside the reference area out of the pieces of position information that have



[0114]Fig. 10 is a diagram showi ng a spgcific exanple of the reference
area. The position 0 shown in Fig. 10 is the positioning result produced by
the GPS pwei2vi2onsete§ unit 440. The wirel ess term nal 40- PCrariai/hesgd t o be
|l ocated in a region that is within the range of the GPS positioning error
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referenceto is a rt show n peration of
the wirel essif eﬁmtmll Oumdezthaé picafhy et auttHdhaspisens of atiben Wé‘PﬁmaUAB thahown i n
Fig. 11, firsghyebdaomasurenent unit 414 of the wireless term nal 40-2

measur na strengths of. the wire signals received
com"runﬁ@aéﬁ f”tt RSP PRI %te%?la‘%ﬁ!‘ﬁ%@e g“ﬁ“?ﬁ&“ﬁ&‘r& ‘% e &%44)
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produced by tohﬁlepggt}ﬂ: sftfoﬁ Q:kt'ﬁga ﬁmﬂzﬂ’% 1§ §%§%)ﬂe bAgé ﬁﬁtl(;nhﬂaﬁledt he g§ért ion

estimating unit 43 arches the base station information storage unit 416
for positi onHayfeyprifierdareatsoiqeesydisee steatd oee hasastativmwshinoyedud e wirel ess

si gnal s whosengiegRal ofShé 8RS tHiaYRsHEen thegrshechiihbie, MpapuEieisegnt unit

414 (S856). whether the base station 30 is a mobile base station based on the frequency with which,

or the number of times that, the position information has been determined to be an

outlier. This is described in detail below.

[0128]  The low reliability base station information storage unit 448 stores the base station
IDs of base stations with position information that has been determined by the position

estimating unit 436 to be an outlier. Specific examples of the low reliability base



[0121] Next, the position estimating unif 436 determnes outliers that are
position in- formation outside the reference area out of the pieces of

posi ti on Wof0rzmsei26n t hat have 17 WO 2012/ 032725PCT/ JP20LT/IOM68Me%een
found (S360). The position estimating unit 436 then estinates the position
information of the wireless term nal 40-2 based on the position information
of the base stagibh QﬁSrna?@loinrssdr@teby e 16@fr@1[abﬂ£t§ bageesaat{o‘ﬁ:iﬁ%hnatﬁcﬁﬂ@&]age udihi rd

Enbodi ment [ 3 ec e resent disclosure has been
descri bed ab%%g‘x]ﬂl@x‘fvsb d% bgﬁtg)‘gg’ rggelr?ﬂcﬁé?% according to a third
enbodi neh9]of Higel3ps eslmgtamlusﬁhhsmhwwglspedyﬁc d@smwléstlﬁdhct lovdetiabilityihase

reference to @'ﬁgﬁ dnfé%attgmjsﬁ)rec[ 9}1él%]léw%%lla%ﬂﬁg'bgéérs%doﬂrfn@t—rgw eét(%‘ag e faf M nal

According to uncti ona ram
showi ng the d8&figythoat lar’f“lg)f13ﬂbélwlr@ha@§§yb@ﬁerﬁt%@n lmfeneata&b%@rag%@mt & he

thir ? enb?dl @wﬂésl wife §tﬁ@orpﬂﬁ%6§vn@t 18@/![ Iﬁﬁéﬂt"lﬁt b§§e SRR ih Besbtibtionl¥ith tr%]%rt

W reless term na - ccor 0] e I r e I NC €S e
conmuni cat i oM |S]P°‘ﬁ1f§ W eﬁé“ﬂ%ﬁ%ﬁ FEHeR WEFHF?P%?Ht()aﬁﬁgE%%QW rgllﬂail iy pase
information stabag&otatdmpld,tn th”lel% GPS showh tthan mhenghsel patiod3@X wiak eepoaténence
area determ ni a\g réilabtillt4%FSe atlo?lw “5{;(%10?914 ﬁ({) %4 g%'s b i %19Wa?r[2%g)f\x9 'ﬂa{n'h?y obi | e

st or age unit all ase St i'on determnin
base st ati on basef tatipatinionmsti@r sigrgeniit 44155ﬁlnc{1@fm2a&s]al\h@sterytlh@xmsﬁlmﬁomgmct i onal

bl ocks such agi kg s&?@ﬂfﬂb@%fe%aﬁ'&ﬂ for 8y plé&%fq@\@ rel?a%ﬂﬁ?%ﬁge s4fiich 14, the
base station Information ora unit 416, the GPS positioning unit 440,

and t he referf‘éfﬂtaéloﬁﬁ@éh%?eéﬂﬁ?ﬁﬂfﬁé uni t 444 are the sane as those described
i n the [gespgnd ERbAcHi AL stal@dipddt@ehifias Ghit A52 edferds A6 (HRAbWIrsliiit beg el

[0126] As descri bed. ab ve in.t nd enb nt and t | i ke, the
bos: t1on st rHarRirreec ! LB B S S & Sateatrton T PHHRRFHN st or age
unit 416 for rgesiet iaon lowmtdrabiity baseafatibhevithdsgh tqicnons 4 inabild baastativd.ed t he

i rel ess si anal SigeShehannl pakLEneh b NG RS TRRLIAI Y. HIP, base

measur enent un er m nes OU OSI N OI‘ mat i
outside the s @ﬂenéﬂél@tha%@eom@poaﬁedtahélwé@i@bﬂ@y b@ﬁ@w{ﬁpomqrﬂﬂ@nmm on that

have been fougghbel Hiinfds i as ttxk}ﬁ:epi@@é fith&) of féBanE@twlﬂﬁn dep&ifRdisdiodysiche

position estimating unit 436 to _be an outlier bel i eved to be position
i nfor mati on @8f 08¢ W5e 08¢ W%O@éﬁ%&?nthéés ﬁm&eéﬁ%eéﬁatweg. stration in the

base E _t[la;3 19n Hﬁﬁmfrérgéua@ fob th@rea@[ﬁplél’stlbwﬂ 16FigIh3, sﬂblmal?ksbatsh tatibi 80X hla§bédil§
possibility that ase sta ition.nformatior ni.ned to
Do an out | | erotiyef s I P RhIREeRR bR R f e B ate e PR P ABEE W o s o
carried by tHéOL%'é’ﬂS" iHowevlgle bast etabomdaecamismgoagds 2 wixr detamare thattberbadsase
station w | %}693@5{%5&0%8%9&%@%@5 the user. For this reason, in the

present enbogl nent ecl f whet her the base station 30 is a nobile

base st@t3%n daksaagen @m@efb@@qiﬁ@wweﬁqmmd&y thg mobHe basgrikpsion giptermipdig
that, the poshltien id B Qhﬂ%ne oikehasioneedde tehFimadletRsdfadsh @thgén  Thi s

i s described jn det ai Iow 12 e lowreli base station

i nfor mati on §f06?g§djé“tu4§ a@’%&r gL H@b&éesgaté‘f“aﬁ%h %@ngfteﬂﬁlélg 1% 2ons
with positi omobﬁnfe(bmmdtatm Hyhtaé nfvkde bmmaﬂmhelem&dngwmtm poﬂtdwmln Fig.
estimating unjt

reliability ba’stgé%g e\%@%f@?ﬁ%@%gfﬁ F?@g% %ﬁé%&rﬁleeﬁogﬁe S0 in-

formation storage unit 456. Note that the base station ID may be added to the mobile
base station information storage unit 456 in an offline manner based on a base station
ID reported by the user and/or information reported from a vendor or carrier.

[0133] The information on the base station 30 determined by the mobile base station de-
termining unit 452 to be a mobile base station may be deleted from the base station in-
formation storage unit 416. For example, when the base station 30X has been de-
termined by the mobile base station determining unit 452 to be a mobile base station,
the base station information, such as the position information and the like, of the base
station 30X may be deleted from the base station information storage unit 416.

[0134] Since a mobile base station is not present at a fixed location as described above, if in-



station information stored by the low ggliability base station information
storage unit 448 will now be described with reference to Fig. 13.

[ 0129] Fi gwoRB17s2R5di agram useful in showi ng specific eraxpgPEgl/od468he | ow
reliability base station information stored by the lowreliability base
station informati on storage unit 448. As shown in Fig. 13, the |ow
reliability Basetishahisoch zlﬁlfobﬂdé’r'aﬁsie@thtlﬁhWe&gﬁsedﬁ’i’ﬁen%{&nsﬂiﬂgtﬁs pbﬁﬁ@n st@ti on

| Ds showi ng | ow.reliabi ase st ns.i.n .as tion times
Shron mo o GRSt B %, BRESEIE e M5ty R T B ol b G BRifor | )
base st ati onsstirRgtronexanpl e, in F| g. 13, it is shown that the base station
30X wa or tey i 34 56"
oty JOLENOT FRE oS s e el Rl eyl 3 QO wBEles Al 40 Wi 20
functions as eé@lrnatgtﬂmgpsnwmf e W@ﬁew@mgél 40n3 by seleativelyorsem mr@g giFgngth

i nf or mat i on ﬁﬁbﬁﬁ@eﬁﬁ (ﬂ'b%'eestﬁfonls oW wiRké g&hdldd MfhasA0S bRl PEsitiaHsqn iRt i on t hat
has been repor 0130] The nobil e 5 amiﬁgﬁ?l determ FQ{P’% unit 452
refers to thée i 2t 17t 3¢ HRSUOSE &t [herine Hat iy 1§ o0 $AT4EC 448 and
det er mi nes t hait 486 laﬁﬁr@bﬂé BiideGmtids, tahdhlsh@lﬁ: pmsiivnrisfointéch eSuah baw stations
reliability sg .St Ihehi frequ bjl.& . Das tion. For
(oAb B Rt 0ot L oh LPRIRISNCl R BElL SRS SRR, For
base station egﬂnatmfohasvnt@te@mtempm #@d as a lowreliability base station
nore t hgma S%ze"(gﬁ@ﬁﬁonoéf Wir@ﬁ% TEHG %%c&ﬁ&hﬂg% Tfh'lﬁc‘l%ﬁl')mentor ten tines

wi thin a specifi eri od, such_as one week, “one nonth, three nonths, is
a nobi | e base Wesendguraienafithe wiselsse tegaingd #0-3pesorgmg t%i&»}rfbnr% eghadimenhofri g.

13, since thehdnsanslivtioQite BRbdRASeREBBI HRRR! N@ﬁlt aﬁo@eﬂaqwh betheafiidlésky base

t at f t th 10/ 7/

mobi | o base. SRS A B o et ot aaf e Hwebeh i eeiErepet °
station 30X iFsgsalfaild @ base station. [0132]Information on the base station
30 d t d t i L Nj 4

b o TDAgR sials onard o s S LR EL S BpRicibe P Wil s REnhl
unit 456. Fort0ekampidang twtenthitdenthwdanent.ads 1ovwaox Higd Shish whenengaswemeno be

a mobi | e baseghatddAToPWikR& id &s%@@aﬁﬁ%ﬂ 8y deehelsTdMeguniniig gOBe as
shown in Fig. 14, the base station base station 30X |s added to

the mobil e bA4EIest Brminal PidoMsPOrigAN SHEPAINE Ut 430 s5guiresotiam;the base skatigh s
station ID ][Y?llifobﬁatﬁﬁ@&dag@uﬂlhﬂmﬁaee haseh @t@tdation bhihe wagd séag)ns&}%n age unit
456 in an o ine e station ID reporte y the user
and/ or i nf or F&PB tg& g‘r\%%eﬁs Sb%ﬂag’a@gﬁ@m or carrier. [0133] The information
on the [OE¥e st/’aﬁtarchlms,abe getetssrienahaby0-Blverries bill e pasessstgini SHO8 de S52Efarm ni ng
unit 452 to station

i nformation E? %}f%g%b%ferﬁsp%%tgoﬁhg%{ngggﬁngﬁgmrqulﬁg?ﬁg ]%glge% éét?g%ﬁ%sﬁ%ox has
been det er mi PEHUIRY cttivatipginiict3pasierssp q Bnbilfehase P emation sprags e a
nobi | e base g58hh®BetefnifBePRBANSAE bR stafibR BN SHBsATatidhenRPGhiidPON

i nformation a d. the |lk§ of. the base s%g)tlon BOX@%Cbe del eted fromthe
base st ati on °f APBYRIPOSEEFEEE A3 Eaase YaHosu e a nobile base

st ati 0oi0139] notAlpas, eB@p(bsn&tn atifaieguhio 436 daamnadseshesahdrhrdp@imreinfdrination 19 WO
2012/ 032725P &1 for ch S a n were
used when estgl-rgrlr&aer ﬁ{eﬁbase o%tl1 1 on %}aa%e %\fngle é%sre egfr:nmcg r?g% @8%) k{[%

woul d be the thls,sﬁltchfas heeﬂlaietenmmeﬂhhatphﬁemsmqmnfwmaﬂnm imokided mrthebasemta@tuoon

[ 0135] For 1 hij§oFRARAMS islR&iRORL FraRn&SIrbdRld WHeldil ErrfiRl 4F3 LAK Bgsleess

terminal 40-3 may estinate the position of the wreless termnal  40-3 by
sel ectivel y ﬁ@ﬂﬁ@ indpryprgionsy tPéh‘g iehﬁlah%b% pagen PAYEaEiPn 10588 190 4those
posi tld on i m;] QS TE) la B e R MRWs ROSH Eds@@ﬁtl?@lrﬁ&%atlﬁﬁ@rf@(ﬁﬁ%s@fnqﬂ)sﬁijfbgg&ﬂﬁﬂhtl(ﬁ{) eI not
stored int S ation in or.age unit as ile
pase st ari ondS SRR BB ine buuRhriied F oo hatad bRt bryabitefsh Sans. 50
Accordi ng tobtdu s;atﬁmnﬁfogmatam (afna, bast staBop 8@ sigirtered as 4 mpbiy baseatipnabe si on of
position esti 1 of
Wrel ess Terﬁgésg%c%géaélﬂ%\g%xg u?%l “%ﬁég%)rggim%q{lf&%@e ggﬁ) %ﬁg é%ﬁ&bf t he
W rel ess ter@ptatIANNSI2@ecording to the third enbodi nent of the present

di scl 05{9[4%) hasrﬂé%ﬂltl@lﬁ%&'imﬁﬁ% ARV hd¥eXdes tHeBmaR& &bn IAGDLR! ess

dsQE‘ta
term nal 3accord|ngtotheth|rd enbodi nent vm%aﬁ described with
ref erence t o apg 6geasufgmedlﬁdn fpgmation to estimate the position 1nf0rmat10n of the wireless




[0137] Figs. 15 and 16 are flowcharts shgwi ng an exanpl e operation of the
wireless termnal 40-3 according to the third enbodi nent. As shown in Fig.
15, firstwowherp3greasurenent information for wirel ess si goalB2h1&80468%en
acquired by the neasurenent unit 414 of the wireless termnal 40-3, the
position estimating unit 436 acquires, fromthe base station information
storage unit tibnalUbes (3334). stati on information of the base stations that

transm such wi.r.el S50 013 After this,. the w.rel ess
torm ndPHES. S EMiE! B8 e PSR i B s e e il ube of
base station Si5A8 or BEi6 hows 1aE(g,||16@danbrtr38561¢ung\/bucé1 spewinfa spatifigd irttérzal

posi tion estigabiog Yifendnl hed: aﬁonlilﬂastlyé%n Bid & ReRG &Il%l?%%alsélgtg{l t ' 0”

storage unit and det erm nes the ase station In tion

base st ati on ifafttifaS@aLOnigdase station 30 registered as a nobile base
st at i onp{43508)MoleQpStiAIBOthetishiRBREL ét@tﬁbrﬁ&ttérﬁﬁﬁlh ﬂniﬂ a5? r 438 t6l@le@bW RES

whet her the Eloﬁlg‘}l on i nf.ormation. i ncl uded '4{] gg g statjon n ornmation S
is inside th %Pash sltign gHomegips storage unit 44%; (2% and dejgruings whethieh & i ned
t hat the posibusestationf3orimbeanrepotddrdedoiveliftdlilyamnee shtiin wihh higﬂlcfrda]aélhocyn Sis

outside the r§§ )ezgﬁesr ﬁ{se@ﬁ nliql’f)?le\{\)nar eltzﬁ 0?1 c{e ] mnqs%um?4$2 gcgcg 1nft Laic atlljarllse

station info f'on |I| ionin i on
storage unit rdﬂ@l&@&l@)ﬁﬁ sl:adore&(lzthad]e&s @a@rﬁpbaséamblw whabihfyobayasiabon Sithr om

use in posit Ih §1tu'eﬁ@ fohe ﬁl%’éﬁ@%asep‘{aﬁgn 1ﬂft)rﬂ1§tloﬂ%§)r5)§eﬁlhltdﬁ6e{$%@eﬁo’[en 8508

that the base station’ i nfornation I's base station formation of a
station 30 r &t Seapakilednse siapen @@elﬁag@gélpb{t“ﬁ%rlinaYtq‘?@thrf@Ff@é@nF@?‘%&té}Ithqlo 3

excl udes suchafasiont 3 th@mab BEQY Pt bsS 16wq€hm1@tylﬂasmaidﬂmhﬁﬁghl mation
(S520). [014 ‘]ﬁ?ﬂ‘f“?n{} SI t| est i matl unit 436 th}gqééses t he remai ni ng base

station info &%%srt%tﬂfﬁﬁp BrhPiash U timte the position
i nf or ma014% of5. Fhmlvxﬁmbémsenﬂo WO 2012/ 032725PCT/ JP2011/ 004687 t erm nal

execut S e itk THABAIN LN ool BERI e R Al BReGEEEIAARAPALT 452
timng, suchllaﬁlqmetrwéhlgb@nb@dl@dnﬁs éwe\mtsehh@sqigwgfe@xmpkﬂhbwed@ﬂn

i nformation '&@&rﬁ@@ﬁzh@f@%@ﬁn&tﬂﬁf’&?d&t@%ﬁﬁﬂ | ARlidrd Ao t‘{n% bﬁéeasttét%s Bpfor mation
storage unit 448. [0142] More specifically, the nobi base station

det er mi ni ng @AFFORSSImating fungtign;  Bncgp f*)é eferaiging ng lﬂf‘a'%aée §itphsoAnd the
i nformation $ﬂ1<emag£bd¢ﬁhﬁ1p1%ﬂr&n(e85128)w@[as &er@{amuﬂelsom he Ide€cridas Beldtvadsi on

30 has b d bi t at h f.
T RN T R I
i nformati on tislaging agparaiua2ase station 30 that has been reported as a | ow

| i abi b j
ot or mit | 5 s??)?aé&@f%h?‘?wﬁ%%f’?%&%%fﬁ”ﬁ%‘@%:ﬁﬂ’f\% ABBR Ly RREALSARIeT
det er m 914{)@ diig. 1455 a dingrape peatel in showivgtthoerntignetion gt & gosiHen pdiseatiagat i on 30

that has beeRydi&Rordceskdas 8 ﬂheowuftﬁlsmbmh;ew M@wﬁtﬁmgomvmé Bodtii@h o8
frequencyfromthe base station '%O{m}% tor n|t 416. %143
Fourth EmbodMatRe FY1om Prgeorinedp thegfopip pbg 6‘ S%Post”ﬁ‘él fgeihe

di scl osure happarbteemclae[ﬂufaihb}e@ft&b@smuoﬂsrﬁm el 4 ivislesd @rrhinbl 4D. enbodi nent s of
t he prEféf @C}e%?l'(!m \%r R apg;{nes bﬁe(pfrgl%é%br gstgtl%@@ a#{’l(fél on for
1 ONS , n es

determmn I eFs ase"s Mrati ng
function, a foamlsmaf)otﬂled\eteéqsmemnngﬂﬁ@m qaealﬂagérr@ammgml@e sigmad stréngth plke

have been i Rl LHROE & ddd1 %f‘ﬂér&l‘ﬁk e(ﬁéwtll%fegg i%ﬁhmﬁpéf%{f‘&m&{%rmea@ére&%ﬁ& ii-bed
bel ow as the fourth enbodinent, it | so possible to mg enment such
€

functions in %H&@@nﬂ%@@&themaﬁwsdalfgaalr%rm&thz@ﬂ{lmwné basgtatigudat i on

of Position Eiﬂher'fﬁhé §8ticry 30 @ffhé\p@@ﬂi(ﬁi &@intalinfapis atrﬁuﬁn@qdierm@es[s%ﬁﬁﬂdmg 17
is a diagram i howi n configurat.li

aﬂo%ransm{ts reference a ea 1n orhation for enabhng the posréi)on es%lma 1n§ iﬁﬁaﬁt I ng
20 to specify a reference area. Note that the previous estimated position and estimated
moved distance described in the first embodiment and the positioning result produced

by GPS described in the second embodiment can be given as examples of the reference
area information.

[0148]  Note that there are no particular limitations on the format for expressing the signal



system 2 according to the fourth enbodpjrent. As shown in Fig. 17, the
position estimating system 2 according to the fourth enbodi nent includes a
posi ti on wWeRNIPABRTYy apparatus 20, a plurality of base stPaTiJerE1/B8@s87and a
wireless termnal 40. [0147]On receiving a wireless signal transmtted from
a base station 30 (for exanple, a beacon signal), the wireless termnal 40
i's capabl e oftremals uifoigationCAS exgnglless tHea@iahs tedngthidfoMnabe ity e gRpdessedf t er

this, the wireless,term nal 40 transm.ts,eas nt .i nf ormation .i ncl udi n
e measur od 15T GRE EETa i SMIE Rvhn tUrE nhu s B BT Bk i he 0
base stati one8pressod ke ppoeitianost aest vatee (fngexappde. atsagir20n vihe foi thesessl
termnal 40 gréﬁﬁrtlﬁ])[ BPEY be 2 LERRLRAGR A .@g‘;;@?&&@?% 24 serﬂagrtﬁ.nab' ing the

;
position estimting apparatus 20 to Spggl a reference drea. Note that the
previ olQ1483t i need9sives esimfingrrpPagys FRsEHeTRAPEIPNdNEIAAden (98 seqh hvegisiton he
I ihr st enbgdi %@gd &’sf'l@htphlkl@ opgﬁirﬁdtﬁ@itﬁ@pdsﬁﬁw ihfo@h@d?&??ﬂa Qﬁelgﬁeﬂﬁiﬁﬁlhid)&@ed n

e second enbodi ment cap be .given as exanples q reference area
i nformat i on. Oﬁi]éf‘l%it}%’tlépoc“ﬁ‘a?gl% ﬂi‘ﬂ%reéP%Cth%ﬁ%Fr$?t&9F 26 a’P‘? MSEETBAY Bh t he
format for exXpmesiehngetved fRingthelwizdeswidraid2 H03PH2SREDNIHREZMALADPERTus 20
SLoenath ! kSl 08 SYATRLyuhREioL ik S ESRb,OERIR op Y Be,
measur ¢l 41 ueNas frae gwequsition asfmaierapparits20amayetomvaiinieaté fith twirpless a
saturation Valindiah idosh@ficp Rt EAIHD ha QR ITEK AP GARE il @ St ance

value for the signa str_e_n%th. [ 0149] The position estimating apparatus 20
stores posi t iPBWsi MPEsrspaeifisH die @arpimbeaionelyqrk mayangpde ¢ Buklisgiepyekof
estimating ]Efa@cm_&hé 'Irﬁ?*ni:tf,]ﬁ @dléﬁhbh@ﬁq:t@zfoﬂg o%rs@tleﬂﬁécdrﬁrhgﬁiﬂﬁiociﬂ&ub&%?d on the
posi tion information of. t espective e statians and neasur enent

Pof or mati on SRCRISRe RS AL REoYSvpaD mrdifihi b lone BB DR e 1 ng
appar at us 20 ahhdikE ¢caranswiotls atWaNeGVidertred Npogark), and thefliken®hé cmmimonitinen
wireless term ' . i i i us 20
may conmuni c g%f Q?dvr\nk ?%yta#gjl\%alr@%)&e g%&l%%%dn%ﬁ JEH\S,PHQA% C{l/ ?g&aﬁ%g@mm]? g&e?%ﬁ&é e 1i/vo rk

t hat i ncl udesivhalddiveic Ngtwerkess transfer paths. Mre specifically, the

communiiges1ijon AedOihed v, B¢ tHAdBu:Rh BHBbdimeRE MRS 1M Clidsidd®r tHat ernet, a
t el ephone network, or a satellite communication network, varjous types of

LAN (Local AMEEEIoN {SABHNG 49 Meqadgdopt B e PRsttiquresinating arparatiioedmd I S28f LTE
core nEt wor k v&lla@ WHADE lfdMah%nﬂéoaanM,tﬂq@ﬁkt):rmm@brt dstalﬁé rdf&rendenge £ GiBTUBEEAt | ON
network may al.so.incl ude a_ dedi cated netwo uc s _an I.P-VEN (] nternet

br ot ocol -vi r et AR e FRENa B fRa® gt i TR RS e ¢
enbodi nent, theapedioui gnthegokitmb egmd4tor apharats 26] ‘Esscandigniatiah ad@opeatear r i ed
out by the poshti oQ: Lt ol AR o fourth
embod ment, - hue e R TR BRRRL SR Aling 6 U AR FR bRl Bl Ay oG
outliers, thécdeteidAlnation of nobile base stations, and the like may also
be car pegh)outs-BYCIiTRuRADh lof PBsiBSH ESMhitG ApRadad Nscotling ThPoG@NfENgUr ati on
and operati O%Hg{%the position estimating apparatus 20 according to the
fourth enbodi i 11 now be descri bed. [ 0152] 5-2: Configuration of

Posi ti gO13Bgt i rmg.i I8gs AppatiahalblAkabaghmghdwingabe édnfiznratioa dif denjostdh53} Fi g.

18 is a funct.ional bl ock diagr oW he .configuration 1 sjtion
oo- v mat i ng Rk aPEaS,  APERE IO Pk PR AR B ShIBHRCE s on
di scl osure. ABOWhWNZi FS, FiggpositByn eshma s ippiacaiuset dovatdingiodhptouahuen20

accor di ng t o phghdnP Hicfulle ETPAIHIBRLEODELLEIES 2B GOMTRIN iARrm@Ro ' fiblagl kit @

base station information storage unit 216, a position estimating unit 236,
a reference aréa RRSTENASHMAENLRRIE 230 4 refgrangiatea detgENINIRE X 319 iTen

i nformation $fbilidgBasdBiatior AffornfativRABIdrSNa8E2 43! @hicdile B@letkdfioRide@riitg 252,
and a nobile ba?S st%ti onb.'k;g ormation_.stor.age unit 2&2 [ 0154] The

comuni cat i ofM{iPe> #4I3 Mebilgbase paten DEOROY SQREGUYRE: and recei ving i n-

f or mat i[04 o arhd commmortidaeiomiune 22 & drenterfiaed fof GranAsitthrpeareixacgivieg ihhe

communi cat | O@owﬁ‘bn %&%1&1&§1gftﬂg§lgﬂeﬁgssteﬂﬁin§1 A% %%El'e%?arﬂ leL thb Ia&{nﬁ{u%?c%{ig S
measurenent information and reference area I'nformation fromthe wreless
term nal 40 a&nd 233 has fungiesias gireseption vnit Hat receiypsmeasyremgnd gifoinasioagnd nat i on
result to theefafhed £88idf&MmMalrhPtheZdireless terminal 40 and as a transmission unit that

transmits a position estimation result to the wireless terminal 40.



WO 2012/ 032725PCT/ JP2011/ 004687 [ 0155] b; the same way as the base station
informati on storage unit 416 descri bed above in the first to third

enbodi merwe,2018212ase station informati on storage unit PCEJIB2OL/EGI6EASE
station informati on nmade up of base station IDs and position information of
the respective base stations 30. [0156] The reference area determi ning unit
244 det[er3f| nedn tifesanef vedyenake biseatatian efcfoﬁmtidneatdregeearﬁmm @@ﬁﬂaeﬂ@bevenﬁt ion

received b he. c nica ess Si nce
et hots of alien PR ERbO ARy e B& Wi RSO HERRe b 20 B0u Base

i nf or mat i on wetien désendtivedndde uphd bhse gaticands sied pndtiemindalinmtion ©f theteteai | ed
description f 1‘%9foa§e§>6é?f$h§ tgd here. [0157] However, when the position

estimatin ap ar at us stores a history of the position estimation results
for eadBlilr ellsgefeeanss agp dggrmining @i efraniges the tegerpier e sriase e le

determ ni ng Yetendddreh thfsiR@EIoh YedeRRAMS RS E8lEMAUAL SFDATEL 20orh R WirsleQr y of
position esti rrauaﬁg sul ts Sé‘”fsﬁe in.the lfeosﬁftl on eséh t| n a aratus 20
and an esti nstBENIg0eRd e Tethrdsof detampnige fhegrietsise areada P40 as
the refer encar@hﬂﬁ)rmﬁlﬁ(ﬁfmlcﬁﬁtrlb[eﬂ’hﬁﬂl]e$lr$tmﬁdtsé®nﬂ@ﬁ1bbt1MiEn&'detﬁﬂéd deg- uni t

236, the low_relia ion informati on storage unit 248, the
nobi | e base sfrzl%t}ogﬁhe eé%?%%nt?erg;ﬁ u‘%nt 252, and the nobile base station

i nforma@10n sthbevegyer.uvtien tSpositam dsemefihge @ppav%uw(i $teres ammstaynf ilgupaattioons as
the position e?tﬁhéti@ltﬂeﬂﬂtslf&' éacﬂ%ﬁyelésb?erﬁlﬂﬂl ﬁ@llt R’ okéﬂle f&atﬁgrecf&@ﬁéeoﬂea de-

information storage unit 448 nmobi base station determning unit 452,
and the nobi (&8s ugk ¢4 %Sﬂeﬁlfbeh%?fCEﬁﬁl%ﬁ@M@@dm the histpryekegsitk¥desn t he

third enbodi mimtnontﬂ@hm bt@ﬂ:ddﬁsﬁérpd@momsﬁﬂﬁ@ﬂi@gﬁ &t@@ﬁirﬂdm%ﬁﬁateﬁ%&@]i' n
short, base tion |IDs oW, N se stat 9 have. wrellablllty
20T ken bas S Lise sraed TN BE Sinas titas 3D ga/teak RRer fieg HREREhac  on

i nfor M0l stSnaghe pmmorﬂehﬁrrmndg the 26 bh¢ Bvbasiebitityaidsestaded afonmatiog uni t
252 determ n%ﬁ)r%tﬂn tel4l§a§13 n%b?i% Ibg&sste?}/o? Zf%tegﬁ[ng41§§uﬁl?2gf' %nh% Iﬁglgﬂealpdsé It y

base station In mat1 oh storage u nrelatin se
station 30 détaéomnfe@n%l,@ntsmagmmm?e56bagée§ffa¢tﬂ@iy @ets@ﬁwmfrgglrfumnﬁ a@ﬁl@ to be

a mobi |l e bas %oﬁh@ﬁ bé%ﬂndt 5%‘?{3@6'[ Be tlctl?réfﬁﬁiﬂtﬁbﬁ%@%?aﬂ%ﬁ %fbﬁﬂaﬂdﬂfsﬁfrﬂ&tlﬁrﬁp
storage unit el eted fromthe base station information, storage

unit 216. [ofé&]thﬁ@%égbﬁﬁeéﬁﬁt@gtdﬁm}% Wi 922 88 enopitedess HallYodlt i on of
the wirel ess f@ﬂartﬁbﬁaiora{gé uayt 456ldesdribee lity the shifgehbadineas usen@ndestmiftnmat i on
of base stati,ons .30 have position information show ng positions

i nside the ré]?eé?ogﬁ%%mé @ dhd are not stored in the nobile base station

i nformd01¥h stloshge basi stalRE6Dashowbig teshes@ost3Atthaieye mivdrebiblibitypodixtedon

| nformati on %Eseséﬂﬁlbnpﬁﬁegeé&rééd ANfe eﬁ%{) ig%iﬁé]m 'sg st ﬁpﬁfrﬁ&ﬂ[ngiflgglstf)ﬁ;%% fr@si tion

Estimating Syst em According t I ment

confi gur at i og4dfnd fig r@@@lethawtétm dRaerAy NG §pi 282 deteppinac@ebidl brge sBtiphe
fourth em bcb?lrafemngqt) tﬁ&@w%ﬁﬂﬁmty ks ghesitintorintoP eehod@agnibeth-above.

Next, the Op?(gr%galtl?)rrll reﬂatmg toa base station 30 determined by the mobile base station de-
termining unit 252 to be a mobile base station is added to the mobile base station in-
formation storage unit 256 and is deleted from the base station information storage unit
216.

[0160]  The position estimating unit 236 estimates the position of the wireless terminal 40 by
selectively using the measurement information of base stations 30 which have position
information showing positions inside the reference area and are not stored in the
mobile base station information storage unit 256 as mobile base stations, and also
position information of such base stations 30.

[0161]  5-3: Operation of the Position Estimating System According to the Fourth Em-
bodiment

[0162]  The configuration of the position estimating apparatus 20 according to the fourth em-

bodiment of the present disclosure has been described above. Next, the operation of the



WO 2012/ 032725PCT/ JP2011/ 004687 positiegn estimating system 2 according to
the fourth enbodinent wll be described with reference to Fig. 19.

[ 0163] Fi gvoRf1725Ssequence chart show ng t he operati onPOT/JPtia1/p@isst i on
estimating system 2 according to the fourth enbodi nent. As shown in Fig.
19, the wireless termnal 40 first neasures the signal strengths of the
Wi rel ess si gpatisioni eahatidg shstomn2 Reotdageoshafdueh @nmdddintent hell pe dégelibsy
(S604). The Wﬁ‘elﬁfss tﬁrlgi n 40 acquires the reference area information
(S508) and transmts the Keférence area information and the measurenent

i nformd0l@ adgwi Vad aISCqLSBCBfICha(I shheingabe vpoatiasdti thapongoragparagng syskdn 2
(8612) . [ O164LAGARE 1 BeSouliPEnBRRIERORSROLT FRO 14! wRIRAEhiIE RPFIL | 0N
estimating apparat sear c t ion storage unit
216 for base quaaum%iheusm}mg@ﬁ of &ea’flr%ss@tgn@hqée%@@wmhﬂxﬁbaswtmmﬁpon

received from Eﬁé%em)ﬁ&& ‘?%04_1) ernd \ﬂﬁéles‘éQeI(nﬁﬁéhﬁlb ac&'ﬁ@esrtﬁé %&‘&Bﬁ‘& BEL -
nes .t h f erence ar ea based refer ence ar ea

det er m ni ng n|t 243 ?&é

i nfoormat i on TYQALPRES %HWIFSé ‘“e SR AT A B2 1@@52@3 emé‘ﬁf‘inﬁn in-
addition, t héom@slbh |aoafu1es1tm 8804 rothe poditi@d&stidetiap rzppmsmmml(fk(elzmase stations
and de- f ;m r}gf?er%ts thgégs&fg(?nngs? Catulngr@gitagg bFt %T)?)Sl o e qfn%zﬁmg 81% 2b| on_of

t he MAJO S tern1na1 > ( asurenen orna 1 ON ase Stations
30 that have sgarshesitimbase fiotipminfomasioowionggepusti 21bdnsbasa siatien ifiernmagiber ence

area and havee g, t%%ﬁé‘@&ﬁ?&ﬂeﬂt %fbﬂﬁatf&t}leée?vé&%%ﬁea\kir%ss' i Ah AR Q8

16
storage unit 256,  and position information such base stations 30 (§628)
After this, tlhe f‘éféﬁﬁ%?rééfi?téﬁmﬂmgtunﬂlzﬂ4tqe§ﬁ@iﬁeﬁ shergterediss iatsadasqdrftor nat i on

?f Eﬂe Wi re: @@féreh@éfﬁ'eﬁlﬁlfoﬁﬁht@%frédéﬁfeﬁd%d{ﬂﬂfehﬁr@&ﬁltélhﬁﬁlalel@t!8167| 22 gnlt 2§6OI
0 e e r.mn usi SCril pe
houn 4, SR aOAETRIRS aritud SDhink g a6 e E0RRE BPRR BE SEloR MEeEE
timating the tqosndsiontieod astdescrited ebessartdesstimagk tOpdsapachf oire Whelemslirmihmln

i nformation gf th tfP@@Qas%Ee?ﬁén?ﬂﬁ?%Qan%ﬂ%%Q& 59281%#15 B@'E}ﬁ% hgk/et}n)%{tfoﬁflt rence

area, it is POSsSI I ston O 1 ONn 'es ion for
the wrel ess f@r@rarﬁlph ghowing pp@!l.l@@%] llnsﬂdadm refeggiice a@@@nd haye nas be¢restoteddel thend

fourth enbodlnmte%ag st iRFBREMdn SbRAgt ASDS6, aBY pEsitib AR AhibRSf PRSI JakOn Of
the wireless termnal 40 w thout using the position in- formation of base

stations 30 ﬁﬁ&?n%&@@%ﬁwr BHO BB InYnisa iR g Binp @it fePosition Bns, it

i's possible temngitghiof théaﬂﬁrélyssItéfﬁﬁﬁ)alaotebﬁn@ﬂé&@y%d)[ﬁbsﬁfontdgﬁmaﬁﬁg tnhio?36 to
estimation. &0169%AI tthou ‘ﬁ(%&%)r ed enbodi nents of the present disclosure
have been de }3: Be§ ﬁm& ith reference to the attached draw ngs, the
presentlOthédcl dsGoeclusiomot |imted to the above exanples. It should be

under St by Aﬂcge?&ﬂ?ela' a!bb@éj ab&)r@hlﬂg t@F He ehitRbin{@i! Gtfie ER:géI{t GRlds Sb es-

conb|n tIO conbi nati ons an terations my O epen on
desi gn requi rtlé“r?élﬁg shegprgitionips ther wieleyssempgalf ) baged o P&ﬁlélowftfﬁifﬁatloﬁé)f scope

of the appenggdyfé 8dafi®ns030 b iRAHRING M the rbBFROd areh ALiEQPbAsbIORGIBNBP! €,
the respective steps in the roce55| r£ gf th 05| Ilf)%%estl mating system 2
or the wirel S&PIEEFRNQLPOUEP ‘??Ufr}ﬁugn ‘g’é ?WFE Eﬁn{% t need to be carried

out [0168]  In addition, according to the third and fourth embodiments of the present disclosure,

by estimating the position of the wireless terminal 40 without using the position in-
formation of base stations 30 that have a high probability of being mobile base
stations, it is possible to significantly improve the precision of the position estimation.

[0169]  Although preferred embodiments of the present disclosure have been described in
detail with reference to the attached drawings, the present disclosure is not limited to
the above examples. It should be understood by those skilled in the art that various
modifications, combinations, sub-combinations and alterations may occur depending
on design requirements and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

[0170]  As one example, the respective steps in the processing of the position estimating

system 2 or the wireless terminal 40 in this specification do not need to be carried out



24 WD 2012/ 032725PCT/ JP2011/ 004687 in g4time series in the order in which
such steps are given in the sequence charts or flowharts. For exanple, the
respecti Weobes2128 t he processing of the wirel ess ter mPEANPAA/NEY8HE
carried out in a different order to the order witten in the flowharts
and/or may be carried out in parallel. [0171]It is also possible to produce

a conputer prEGEHREAEs HAkSHIAB MAVKIVRERISHPY aRSeiderlTRlhe foqeNe AREs & RAM
incorporated _jn the position estinati.n a}g) ar atus 20, or tqhe W reless

term nal 40 flVEBHTeVEr PYImRE i FoRRCTOHE hhroresse Y fRrevelFtideiniai

el enents of ubengyasd dairdsll @S tin draiffeneht apfeatathe Hrdd vatttehhie tha fidldags iey/oi nal
40 descri bedntlaart;ei %Ir,ried%u%nora?gﬁ medi um on whi ch such conputer programis
recorded may aa\y‘so e provi LSt eIJZeference Signs List [0172]20 Position

est i matlVh | apgabsals@Posablpde aragiugs & epmager progmm fpp causingthasdwyre s1esas & er i nal

212, 412 Comuuni, Gat®ORN akh R AN GncoffdfaBaseths palition edth AmFRppAAS LOLAER UNi t
236, 436 Position estimat]n ni t 1%44, 4%2(,: . 444 Refrer ence ar ear%eﬁ erm ni ng
Uit 248, A48'HOGGH FEMIEDAD 1T SRV SRS MG THRCHANE G IEUF U GO R R Ao,
452 Mbbi | e bas ehegtoaitionRstiiahtirgndppuingisidr tRbGireldSGeivinil 4) dmBetbesteatliedn
nfor e on S B1ASR 0 AR, CESSLSERTE MR G b s bl v
Reference Signs List
[0172] 20 Position estimating apparatus

30 Base station

40, 40-1, 40-2, 40-3 Wireless terminal

212, 412 Communication unit

216, 416 Base station information storage unit

236, 436 Position estimating unit

244, 432, 444 Reference area determining unit

248, 448 Low reliability base station information storage unit

252, 452 Mobile base station determining unit

256, 456 Mobile base station information storage unit

420 Accelerometer

424 Moved distance calculating unit

428 Estimation result storage unit

440 GPS positioning unit



25 WO 2012/ 032725PCT/ JP2011/ 004687 Cl abgs [Cl aim 1] A position estimation
apparatus, conprising: a reference area determning unit determ nes a

r ef er encewaner/@3kas i ncl udes a position of a nobil e comrOmiJezt/onssst ati on,
and a position estimation unit that estimates the position of said nobile
conmmuni cation station based on position information of a plurality of
transmtters within said referencengﬁ- Cl aim 21The apparatus of claim1l,
wherein: said reference area deter it determ nes said reference
area bycegmhini ng an esA bagatisdediRyRiodappARES, c%fnp%ﬁing: apparatus with a
predet ermi ned conmuni cati on range of at .| east one of said pluraljty of
transmitters. [ ai m 31HRETEsHaFatdriergning amﬁﬁi%?mrla?%@fere@ﬁmasthﬁ L a
movenent detector that iesihdésaigsitidiefashobirRte@ehnmvatidhsitamnae and sai d

apparatus. [Claim41The apparatus of cl.aim 3,. whergi n _sai d nmvenen
detector being an accelae[?(%ﬁ% eefgmf@%?%?@%gngﬁeﬁé QRUWLS Ofc,sﬁlgirﬁ&ﬁe further
conpri sing: a GPS-basedonogati¢asiondewion dasedamn poeition tisfol roatami @ pluhbiymdt | on

based on wirel ess Sateltkdn%ﬁt{eﬁé@ﬁ%%ﬁidq@ﬁren%%fe%i n said reference area

determ ning unit determnes the reference area by conbining a GPS

uncer t ACHEM Zdnount  wi t hThe appagaref glaied. ¥bessini cati on range of at | east one
of said plurality of trans@fdidRerealdetedinifliNedapR@ne! sl Rferéic@iafalby
further conprising: a conput.er readabl(f st orage device that stores a

previ ous position esti rfé)gﬂ’c‘)lﬂng 88 Mgt me¥§ ﬂlsgﬂﬁ%? PRI RS wi t h
time, wherein and said teefieckoaemanieatiahateganofitt igwstmictof deideilurbhgHfsai d
reference area by usi nqratng&t%rsevi ous position estimation result as a
standard. [C aim 71The apparatus of claim®6, wherein: said reference area
det er milflatg 3dni t det er Miheeappaiatisoétlaire Ae Birtheeeprprisead:cul ati ng t he esti mat ed

nove di stance. a movement detector that estimates the estimated move distance of said
apparatus.
[Claim 4] The apparatus of claim 3, wherein

said movement detector being an accelerometer.

[Claim 5] The apparatus of claim 1, further comprising:
a GPS-based location device that detects location information based on
wireless satellite transmissions, wherein
said reference area determining unit determines the reference area by
combining a GPS uncertainty amount with a predetermined commu-
nication range of at least one of said plurality of transmitters.

[Claim 6] The apparatus of claim 1, further comprising:
a computer readable storage device that stores a previous position es-
timation result for said apparatus in association with time, wherein
and said reference area determining unit determines said reference area
by using the previous position estimation result as a standard.

[Claim 7] The apparatus of claim 6, wherein:
said reference area determining unit determines the reference area by
calculating the estimated move distance.

[Claim 8] The apparatus of claim 6, wherein
said position estimation unit estimates the move distance by measuring
a propagation distance from the plurality of transmitters.

[Claim 9] The apparatus of claim 1, wherein
said position estimation unit excludes from consideration transmitters

outside of the reference area based on signal information from re-



[Cl ai m81The apparatus of claim®6, whepgin said position estimation unit
estimates the nove di stance by neasuring a propagation distance fromthe
pluralitywofotyeeesitters. [C aim91The apparatus of cl &CEIR201wheesdi n sai d
position estimation unit excludes fromconsideration transmtters outside
of the reference area based on signal information fromre- 26 WO

2012/ 032725PCT/ JP2011/ 04&8/¢ s psaidtplueligfof s@ahanipktsr al i ty of transmtters.

[Claim The apparatus,of claiml, wherein the position estimtion unit

esti rrat[éga]h?ﬂ?] posi t i onslg}e %pﬁgrahﬁﬁifgl%ﬁn%ﬁﬁeglat ion station by cal cul ation

of 0 = - E (w A) Wthdhotigora¢stiortiofronirestandys W posifion di e Sfabjilai Jom-

(Mat hematical Formula 2) WeW,, SQ%B%?@fch%ﬁ nGprmula 3) , wherein O being a
a

position, A being position informatron o nith transmtter, and W being
a weighting coefficient. The apparft us of claim9, wherein

O=—-) (Wi-Ai
- };( )
(Mathematical Formula 1)

Wi=—
distS(0, 4i)

(Mathematical Formula 2)
W=> Wi
i

(Mathematical Formula 3)

, wherein
O being a position, A; being position information of an ith transmitter,
and W; being a weighting coefficient.

[Claim 11] The apparatus of claim 9, wherein
further comprising a computer readable storage unit that stores
transmitter reliability information regarding whether a particular
transmitter has been detected as having a low reliability with at least a
predetermined frequency of occurrence, and
said position estimation unit excludes transmitters having a stored re-
liability below a predetermined threshold when estimating the position
of the mobile communication station.

[Claim 12] The apparatus of claim 9, wherein
said position estimation unit excludes transmitters having a received
signal characteristic indicating the transmitter is outside of the
reference area.

[Claim 13] The apparatus of claim 1, further comprising:
a communications interface that receives transmitter signal information
and reference area information from said mobile communication
station, and sends an estimate of said position of said mobile commu-
nication station to said mobile communication station.

[Claim 14] The apparatus of claim 1, further comprising:



further conprising a conputer readabl esgtorage unit that stores transmtter
reliability information regardi ng whether a particular transmtter has been
det ect ed WO 2hevi3e2sa low reliability with at | east a pr@deuerart/neids?
frequency of occurrence, and said position estimation unit excludes
transmtters having a stored reliability bel ow a predeterm ned threshold

when estimating the poshé hebiletorhh@nivatidd atammuni cation station. The

appar at 0S| t%od*l estimtion unit excl udes

.of .¢laim9, erei.n said p i
P onsmit PRI Shavi ng a rager ot SrtuBR HbRePBR T ndl cat i ng. the
transmtter is outside determiveng efithragmoeessing devidhe redigpogeatressinofudglgai m 1,
further conprising: a R ath WS bihflhAGiEn Qgtionr. eGPl ves transmtter
on

signal information and reference area | nformatl romsaid nobile
communi cation station, cHeradenths papitien of fgreotile coringnieRsion S@HO®Passdion

nobi | e conmmuni cation stRkitRR ihfrfdich (_Sffaqilhﬁlimﬂhﬁﬁkkmitﬁh%hﬂd%‘feréﬁb@
apparatus of claiml1, further conprising: 27 WO

2012/ 032725PCT/ JP2011/ 084687 the nobile comunication station. A position
est i mat{Cimme] hod conprA somgutetleshéstie sibrage detibe BayiipoessiteigesibleC é-a
reference area includin .positign of a il nmunj_cat i ation; and
estimating the positi onsgrcl)l? Kﬁﬁéﬁ%‘%} gx?:%lr%’?mlr)?f %§Eo§§Sﬁln§td§§ llcélll)grggarsnz on

posi tion informati on ofpaitighgstanition wéthpd apupiisingrs within said reference

area. A conputer r eadaQle?erﬁﬁrﬁﬁ%glgtgllqgé’%l%@esgﬁgidﬁgicg QTREERCe LEAHRAENg

instructions that when execute ) rocesSi ng device performa position
estimation method conpriositioy.of derehilgicAmmyniGaiinng HEipy 8késsi ng devi ce a
reference area includi ngtimaRRSiteipdEitioh oRtHFRRIYIR ORIMIHILidh k@S sillioan; and
estimating the position of. the. nobil efcoRTTugi cafti on stati on baigied on
position information ofPPSUSNAMAITEYPIG & HWRER; fEpamitierh RNe s Fisfe@ ence
area. A nobil e communi catd.ons station conprising: a receiver that receives

transm[é?aEBQ%J]f roma pl biﬂ%o&huﬂﬁcﬁﬁéﬁg sttitﬁurnsc?oe ri{sﬁlf grence area

determ'ning unit that determnes a reference ar at i ncludes therein a
position of the nobil e &EAererthaitrpeshes stapsiiosionsiioma pwirHiyrifdansoiters;

interface that sends sigRgdeddhRfMRidRhiAg Ot Bt GetbmANSY REONL a&a &l d
plurality of transmtters, and . .. , . ,
includes therein a position of the mobile communications station; and

a communication interface that sends
signal information from said transmissions of said plurality of
transmitters, and
said reference area to a remote device,
and receives from said remote device an estimated position of said
mobile communication station after said remote device used said signal
information and reference area to estimate said position of said mobile
communication station by using transmissions from a subset of said
plurality of transmitters located within said reference area and
excluding transmissions from a subset of said plurality of transmitters
located outside of said reference area.

[Claim 18] A position estimation method comprising:
receiving transmissions from a plurality of transmitters;
determining with a processing device a reference area that includes
therein a position of the mobile communications station;
sending signal information from said transmissions of said plurality of
transmitters to a remote device;
sending said reference area to the remote device; and

receiving from said remote device an estimated position of said mobile



said reference area to a renote devicepgand receives fromsaid renote
device an estimated position of said nobile comunication station after

sai d renowe 20ei3e2s5used said signal information and ref @CEIeW1HPEEST O
estimate said position of said nobile comunication station by using
transm ssions froma subset of said plurality of transmtters | ocated

wi thin said reference aoagna@iichtionGlatidh ageit Jaangmoksdams fsedmidsighfisat of
said plurality of trans 'ttters Iocﬁat ed out gi d% oft saci]d r.tef e(r)tence rea. A
position estimation met RO EEHISERGCe PeR &t SRS FARRRN L8 Yrd FTPghHc,
plurality of transm tt eosymgdetaionishiting byiusing drapsmiseess imgmdewubee ofsaiéf er ence
area that includes ther}ﬁﬁﬁli@ &Qﬁhg&gf%rsoﬁ)ca{t&?wﬁﬂfﬂ B ]?fgm}é iai:f%taingns station;
sendi ng signal information fromsaid transm ssions of sald plurality of
transmtters to a renpt@&ECHdyIgENsSRE ONH§oR Hibpeifod seif plurality of {gnyrpéerse mpt e
devi ce; and receivVving flp@mRsaltddE 8NRLErda¥h@aran estimated position of said
nmobi | e E\%n 2012/ 032(7ﬁSPCT/JP20 /004687 co ni.cati on stat%@p after said
rerot e [HEVRJE] used sai o SPHRUET AN REIEE JRVISHEPIRE SHBRILE 157ERS Blest i mat e
said position of said mnbtliensahamiieneatdund st @apiooesshig desica@eitfo@nsm Ssi ons
froma subset of said pplogftla(‘)lnie%gmgtfiontﬂlgtﬂgcriﬁcg%gﬁssml:Ocat ed within said _
reference area and excl®udi ng transm Ssions ome subset of said plurality
of transmitters | ocatedecuvigg tenshisgaisdromfaglenbiy atwasmit€isai m 19] A

comput er readabl e st or aggflyhe &ifABLGREBLNES o [FAGAN Fod Mar BERUEL T Ons

t hat when executed by a processing device performa position estinmation

met hod conpri sing: recdh¥Elg RAsHiPHAT kG HALIlG camENIsRANS Sfafignof

transmtters; determ nisgdiw bizndl iRfRGEESH REMARNI EMsMikRhEHENGE pRIFARY bhat

i ncludes therein a position.of the nobile.conmunications station; sending

signal information frorfl PG} QALY A& said plurality of
transmtters to a renptsendieysad refsendt aga sathd rerebterlevice aatlea to the renote
device; and receiving f&?ﬂiﬁ@%&ﬁ&%& AeYLG& M esBitaldTSToR QP hil RibLAE Sai d
mobi | e communi cati on station“after sai iy renote device used said signal in-
formation and ref er encecogragni¢asioastatinneficsridrepwsd davare wed sad dignalbint e

comuni cation station by-Hsida%nlARRENLS fle@ RS edinie &iSphsEin &fsafBhobile
plurality of transmitters |ocated within said reference area and_excl udi ng

transnission froma sulfOBIMEHCHNFEAHPR PR USING UZPSHISHARIPR & 3bses ohtadd
outsi de of said referengerafityad.transmitters located within said reference area and

excluding transmission from a subset of said plurality of transmitters

located outside of said reference area.



