1 DESCRIPTION POSITION ESTIMATING SYSTEM, RADIO
COMMUNICATION APPARATUS, PROGRAM, POSITION ESTIMATING
METHOF) AND INFORMATION SERVER TECHNICAL FIELD [0001] The
present invention relates to a radio c?mmunication system, a radio
communication apparatus, a program, a position estimating method and
an information server. BACK B?’ﬁ% [0002] Lately, a receiver
capable of receiving radio signals transmitted from satellites has come to
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The Patent Document 1 has disclosed a technology that enables PHS (Personal
Handyphone System) to measure strength of signals transmitted from base stations to
estimate its own position based on the strength of the measured signals. Specifically,
communication providers place the base stations of the PHS, so that positions where
they have been instalied are normally known. Therefore, the PHS can estimate its own
position by the principle of triangulation based on the positions of the respective base
stations by measuring the strength of the signals transmitted from three or moere base
stations and by estimating distances between the respective base stations and its own
position based on the strength of the measured signals.

[0004]

Tt is also conceivable to provide a position estimating method that enables a
radio communication apparatus that communicates wirelessly with base stations {access
points) of a wireless LAN (Local Area Network) to measure strength of signals
transmitted from the base stations to estimate the position of the radio communication
apparatus based on the signal strength. For instance, the base station of the wireless
LAN transmits beacons for announcing its existence to its surroundings at certain
frequency (e.g., 5 times/sec.). The radioc communication apparatus can estimate its own
position based on the signal strength of the beacon and position of the base station of the
wireless LAN stored in advance. This position estimating method enables the
estimation of position even within a house or basement that has been difficult by the
position estimating technology based on positioning by GPS because the base station of
the wireless LAN may be installed within the house and basement. That is, the position
estimating method described above may be a very convenient and simple position
estimating technology, provided that the radio communication apparatus is arranged to



radio communication apparatus that communicates wirelessly with base
stations (access points) of a wireless LAN (Local Area Network) to
measure strength of signals transmitted from the base stations to estimate
the position of the radio communicatiéh apparatus based on the signal
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According to a second aspect of the present invention, there is provided a
radio communication apparatus capable of wirelessly communicating with
one or more base stations, comprising: a storage section for correlating
and storing positional information andidentification information of the base
station; a receiving section for receiving radio signals transmitted from the
gPase station and containing the identification information of the base
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[0017] 5 According to a fourth aspect of the present invention, there

is provided a position estimating method executed in a radio

communication apparatus capable of wirelessly communicating with one

or more base stations, comprising the45teps of: receiving radio signals
possibiransnpitted-drophithe hasétktativindachecontaining idepdificatioenfomatioinom being
storedfor ilentifying the-base station; and extracting the positional information of
[00131he base station indicated by the identification information contained in the
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[o0177second coverage altogether. As a result, it becomes possible to reduce an
amount of communication with the radio communication 6 apparatus and
a memory capacity required for he radio communication apparatus. [Effect
of the Invention] [0020] As described above, a position estimating
system, a radio communication apparatus, a program, a position

estimating method, and an information server according to embodiments
Nnf the Nnracent invrveantinn can cirinhrace the mMmemaoryy canacityy reailired for



FIG. 5 is an explanatory diagram showing a reference example of a form
of base station information; FIG. 6 is an explanatory diagram
showing a concrete example of quantization performed by a quantizing
section; FIG. 7 is an explanatory-diagram showing an example of a
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[0018]Hardware Configuration of Radio Communication Apparatus [2-2]

Funclinaal Cqpfigurgation QJ@@@Q@%”}%@B@HO%QPEQ@EU%}?&Q is provided an
informUHQEMAQR SeRyab e [% Rl OReRANeRs RLRAGR GomMUNICAHANARRE A USpparatus
capabl@ngfl%%ré‘?&té@? %8{%{9{11[1%1]&9{95'%1% one or more base stations, comprising: a
guantizing section for representing positional information of a first base station located
in a first coverage by using a first discrete value obtained by quantizing the position of
the first base station by sefting the first coverage as a quantization coverage and a first
quantization number as a quantization number, and for representing positional
information of a second base station located in a second coverage whose area is
narrower than the first coverage and where the base stations are more densely installed
than the first coverage by using a second discrete value obtained by quantizing the
position of the second base station by setting the second coverage as a quantization
coverage and a second quantization number that is smaller than the first quantization
number as a quantization number; a storage section for storing base station information
in which the positional information represented by using the first discrete value or the
second discrete value by the quantization section are correlated; and a communication
section for transmitting the base station information stored in the storage section to the
radio communication apparatus,

[06019]

Such configuration allows the information amount required for representing the
second discrete value to be suppressed more than the information amount required for
representing the first discrete value because the second quantization number is smaller
than the first quantization number. Here, the density of the base stations located in the
second coverage is higher than that of the base stations located in the first coverage.
Therefore, the information server may transmit the base station information of the base
stations located in the first coverage and the second coverage whose information amount
is suppressed to the radio communication apparatus as compared to the case of simply
guantizing the first coverage and the second coverage altogether. As a result, it
becomes possible to reduce an amount of communication with the radio communication



[0024] [1] Outline of Radio Communication System according to Present

Embodiment First, an outline of a radio communication system 1

according to the present embodiment will be explained with reference to

FIG. 1. [0025] F10.1is an explan%tory diagram showing a

configuration example of a radio communication system 1 according to the
apparafies@at LMbpdirent A shewmindTer thethediadio Gommiaicaiapparatus.
[EffectSysi@@ hikglgdgp a radio communication apparatus 20 and a plurality of
[ngo]base s.tations 30A thrpugh 30D. In addition, the base stations 30A through
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executed in the tadio communication apparatus and the information server; and
FIG. 10 is an explanatory diagram showing an exemplary modification of the
normal coverage and the base station crowded coverage.

BEST MODE FOR CARRYING OUT THE INVENTION
10022]

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the appended drawings. In addition, in this specification and
the appended drawings, structural elements that have substantially the same function and
configuration are denoted with the same reference numerals, and repeated explanation of
these structural elements is omitted.

[0023]

“The best mode for carrying out the invention™ will be explained according to
the following order.

[1] Outline of Radio Communication System according to Present Embodiment

[2] Explanation of Position Estimating System according to Present Embodiment



Next, a position estimating system according to the present embodiment
will be explained. The position estimating system includes the radio
communication apparatus 20 and an information server 10 that transmits
base station information to the radio communication apparatus 20. In the
explanation of the position estimating7system functional configurations

and operations of the radio communlcatl apparatus and the |nformat|on
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embgdie bsll A 8&%@1‘%‘8@\%@ ?ﬁ%r‘?f’%f’%&:& Vice (HDD) 211, a drlve
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base station 1D contained in the beacon signal from the stored base station information
and may estimate its own position based on the extracted positional information.
[0029]

A concrete example of the position estimating method by means of the radio
communication apparatus 20 will be described later with reference to F1G. 4. Forms of
the base station information stored in the radio communication apparatus 20 will be also
described later with reference to FIGS. 6 through §.

[0030]

In addition, although FIG. 1 shows a note-type PC as one example of the radio
communication apparatus 20, the radio communication apparatus 20 may be an
information processor or a portable device such as a PC (Personal Computer), a
domestic image processor (such as DVD recorder and video deck), a portable telephone,
a PHS (Personal Handyphone System), a portable music player, a portable video player,
a PDA (Personal Digital Assistant), a domestic game machine, a portable game machine
and appliances.

[6031]
i2] Explanation of Position Estimating System according to Present Embodiment



Ray Tube) display and a LCD (liquid crystal display) and a lamp, and a

soupd output device such as a speaker and a headphone. The output

device 210 outputs reproduced contents, for example. Specifically, the

display unit displays various mforma%on such as reproduced image data
~ by texts or images. Meanwhile, the sound output device converts
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[0036]

The output device 210 is composed of a display unit such as a CRT (Cathode
Ray Tube) display and 2 LCD (liguid crystal display) and a lamp, and a sound output
device such as a speaker and a headphone. The output device 210 ouiputs reproduced
contents, for example. Specifically, the dispiay unit displays various information such
as reproduced image data by texts or images. Meanwhile, the sound output device
converts reproduced sound data and others into sounds to output.
[0037]

The storage device 211 is a device for storing data configured as one example of
a storage section of the radio communication apparatus 20 according to the present
embodiment and may include a storage medium, a recording device for recording data in
the storage medium, a reading device for reading data out of the storage mediom, a



Information Server FIG. 3 is a functional block diagram showing
configurations of the radio communication apparatus 20 and the
information server 10 included in the position estimating system according
to the present embodiment. As shown in FIG. 3, the information server 10
includes a communication section 104, a base station information input
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communication apparatus 20 based on the signal strength measured by
the measuring section 220 and the base station information stored in the
storage section 232. For instance, the position estimating section 224
estimates the position of the radio ¢ munication apparatus 20 based on
the following Equation 1: [0047] O -w(Wi Ai)... Eq. 1 Wi = ... Eq. 2 distS(0,
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Such as a non- vol nle emory such as an EEPROM (Electricaliy Erasable
Programmabie Read-Only Memory) and an EPROM (Erasable Programmable Read Only
Memiory), a magnetic disk such as a hard disk and a disk type magnetic medium, an
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[0046]

The position estimating section 224 estimates the position of the radio
communication apparatus 20 based on the signal strength measured by the measuring
section 220 and the base station information stored in the storage section 232, For
instance, the position estimating section 224 estimates the position of the radio
communication apparatus 20 based on the following Equation 1:

[0047}
c):lw§:am-Aa ... Eq. 1
w5
= e L .. EBg. 2
distS{0, A
W= Wi ... Bq. 3
[0048]

In Equation 1, Ai indicates positional information of i-th base station 30
registered in the storage section 232.  Accordingly, when the positional information of



In addition, in the present embodiment, since quantized positional
information is stored in the storage section 232, the position estimating
section 224 also has a function as a decoding section for converting the
quantized positional information intos| ngltude and latitude. [0052] In
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The application section 228 performs processing using the position estimated by
the position estimating section 224. For instance, the application section 228 may
output (display) the position estimated by the position estimating section 224 from the
output device 210. Moreover, the application section 228 may obtain points
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Here, the quantization includes meaning of representing continuous

amount (e.g., positional information such as longitude and latitude) by

discontinuous bit values. The quantization number is a value indicating
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quantization coverage should be represented by how many bits (how many steps of
discrete values). Accordingly, the smaller the quantization number, the more the
information amount (bit numbers) for representing the positional information is
suppressed.

[0065]

Because the quantizing section 112 described above represents the positional
information of the base station located in the base station crowded coverage 42 by using
the bit values obtained by quantizing the position of the base station by setting the base
station crowded coverage 42 as the quantization coverage and the second quantization
number that is smaller than the first quantization number as the guantization number, it
is possible to suppress the information amount for representing the positional
information of the base stations within the base station crowded coverage 42. A
concrete example of quantization performed by the quantizing section 112 will be
explained with reference to FIG. 6.

[0066]

FIG. 6 i an explanatory diagram showing the concrete example of quantization
performed by the quantizing section 112. As shown in FIG. 6, the base station
crowded coverage 42 is a rectangular area having longitudinal distance w and latitudinal



y=sy+(hlfl) b... Eg. 5 [0069] The quantizing section 112 can calculate the
bit values a and b from the positional information x and y as shown in
Equations 4 and 5. That is, the quantizing section 112 can represent the
positional information x and y by quantizing and by using the bit values a
and b (the second discrete value). [0070] Thus, the quantizing section 112
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?§gges?ormgtlon IS corre ﬁte Wlth e base station IDs. [0072] Next, precision
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explained. [0073] Practically, 0.5 to 4 m of quantization error (positional
errar)-obthé/firdt discrete value and the second dis&fte value may not

(00 6g]atter in view of accuracy of the base

The quantizing section 112 can calcuiate the bit values a and b from the
positional information ¥ and y as shown in Equations 4 and 5. That is, the guantizing
section 112 can represent the positional information x and y by quantizing and by using
the bit values a and b (the second discrete value).

[0070]

Thus, the quantizing section 112 represents the positional information of the
base station information of the base station 30 located in the base station crowded
coverage 42 by the second discrete value and correlates it with the base station ID and
records it in the storage section 116,

[0071]

The quantizing section 112 also represents the positional information of the base
station information of the base station 30 located in the normal coverage 40 by the first
discrete value (bit values ¢ and d) and correlates it with the base station ID and records
it in the storage section 116 in the same manner. The first discrete value is converted
into longitude and latitude based on the base point of the normal coverage 40 and
longitudinal and latitudinal quantization numbers of the normal coverage 40. Thus, the
storage section 116 has a function as a storage medium or a first storage section for
storing the base station information in which the quantized positional information 1s
correlated with the base station 1Ds.

[0072]

Next, precision of the first discrete value and the second discrete value and the
first quantization number and the second qguantization number will be explained.
10073}

Practically, 0.5 to 4 m of quantization error (positional error) of the first discrete
value and the second discrete value may not matter in view of accuracy of the base
station information input to the base station information input section 108.  Here,
although the quantization error may be an interval between positions represented by the
respective bit values (bit values a through d) or a half of the interval of the positions
represented by the respective bit values, this will be explained as the interval between



station information input to the base station information input section 108.
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or a half of the interval of the p03|t|0|j1_% represented by the respective bit
values, thISdWIll be explained as the interval between 15 the positions
represented by th ectiy. 4] When
the p sa%ﬁ%sf fﬁ%r?o%/%% ljs(F ‘nfstﬁalgis ec% %@}égﬁé%%ﬁg%ﬁ%g%gé@%e ]h of the
aiﬁ' Sta:'%@hcr%\/\@gefj TOVAaH é%%t%%%%"% 'inélgle .56 KM dthBince b of the
base qst%l nen 'og‘d%&r% 'Sli % % gnihebage siatian aipwded conesaaerd2is
ey gz t.aén nX and Jatiy é’d%%%%qzzgé’4@%9?&&@@%%&%@@%&%dmauy
quana% (? reﬁ} ct we % I;:h e cgﬁg W28 guantization erros is,aboutPhl Fhantization
error man her 'I'ﬁ’éﬁl?é coverage 40.ix guaetized; byidhzed by
the ff g?tl 0] At c;%r}anrlﬂ@e gﬁé%% é/st%\@gﬂqlé‘ l§rhaerxg§{a{bﬁ{% %cﬁﬁ?ﬂﬁ%ﬁzatmn

aurm iGh UMb ccordlngly the quantizing section 112 may
0 07 bresent the posmon of the base station 30 located in the base station

deé%’ %V oo R A e B AyRs Ao of e o
Statl%b ocg% in 45¢ %E%QMQQ@% @ SIAlQR LIOWIRH the bit values

?

obtalﬁled% on%‘;‘ Sgﬁ?tlvec@/ b agaql% %‘98&3@%%&ch%@¥&@§
coveg%%e rf: o%eg éj& %gggﬁ 4 1%15%5%%@?339?@9” afithieover, the
guant m(gsseﬁ%;on mfgr fe; ré 8. narnal coverage.4q, by using ARy afdhe bk the
nornvg cove %f’o (ﬁaﬂye qpd Jafidinglly, gy antizing the Rarmadd
latlt G %8 %E%S %e &P tlcﬁg é?é@g%@E%&an@f@rgﬁ%ﬁn@mm
num er i ta“on I igﬁa 20 CeresS i iheisiorans seetiomt Worage

Z'“ %%Hg ebbov besnRlagl MUk IRiRraucaaRIGIIGS. 54

seoty
g is an explanatory diagram showing the
{ 0 07 mple of base station information of the base stations 30 located in the

%%” NS Iﬁe%@ﬁg %06, 301A0% SEEN00 IS
mfor 8t1r%n 5 rfl:‘f%age sgé:tté%gs %@?{é%rq &V;{&'Ikgtﬁl% SXAMPIE: o hage statian 42
recor §§ AL sfetag Oractw 2318 grdogated in Q%LQQ&{BE& GPMEEAE8 H Aving the
exargg)aﬁo ngform a fon (ﬁ'rsr‘x%go% b 18- [0 s]tﬁﬁ)ﬁggwnd&%lg‘rrﬁﬁetﬁgrﬁé&e
Cover ’E 0ase stakions o located in the base station

ded coverage inclu es the base station IDs of 6 bytes, the bit

" F% ?gyf S0y %?@%Mﬁ valugsi b b2 bl Maamwbils. as sbawso

foc ﬁ:d r1]n tma ase sta 95%% 0 of the hasestations i locatading bytes,
the ?va ues ?b eyge d‘r{ﬁ u ges thekasg:sialianIDsvel & hytes, beitvn in FIG.
8B, tﬁ gase sta 104 m o hﬁ g}tt‘ﬁélﬂgsc‘edsgaft%l@’ @Stocated in the normal coverage
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[0078]

Here, because the base stations 30 exist more densely in the base station
crowded coverage 42 than the normal coverage 40, the total amount of the positional
information contained in the base station information stored in the storage section 116 is
suppressed. For instance, there is assumed a case where a half million base stations 30
are installed in the normal coverage 40, a half million base stations 30 are installed in
the base station crowded coverage 42, and the storage section 116 stores the base stafion
information of all the base stations 30. In this case, the total amount of positional
information contained in the base station information is 5 Mbytes from the following
Equation 6:

[6079]

Number of base stations located in normal coverage - 6 + number of base
stations located in base station crowded coverage * 4

= 500,000 - 6 (byte) + 500,000 - 4 (byte)

= 5,000,000 (byte)



[0078] Here, because the base stations 30 exist more densely in the base
station crowded coverage 42 than the normal coverage 40, the total
amount of the positional information contained in the base station
information stored in the storage se t#)n 116 is suppressed. For instance,
there is assumed a case where a h% illion base stations 30 are installed
in th rmal coverage 40, a half million base statigps 30 are installed in
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by the communication section 216 represented by the bit valnes, and can find the
longitude and latitude of the base station 30 according to Eguations 4 and 5 to use them
for estimating the position. For instance, when the position estimating section 224
judges that the base station 30 is located in the base station crowded coverage 42 based
on the bit numbers of the positional information of the base station 30 that is the source
of the signals received by the communication section 216, it can find the longitude and
latitude of the base station 30 by applying Equations 4 and 5. In contrast, when the
position estimating section 224 judges that the base station 30 is located in the normal
coverage 40, it can find the longitude and latitude of the base station 30 by applying
Equations corresponding to Equations 4 and 5.

{0085]

In addition, because the perimeter of the earth at the equator is 40,000 km, a
quantization error is 2.384 m when the longitude is quantized by 3 bytes (a quantization
number of third power of 256), i.e., 40,000,000/256 ~ 3 =2.384. In the same manner, a
quantization error is latitudinally 1.19 m from 20, 000,000/256 ~ 3 = 1.19,



[0084] The position estimating section 224 can extract, from the storage
section 232, the positional information of the base station 30 that is the
source of the signals received by the communication section 216
represented by the bit values, and cap find the longitude and latitude of
the base station 30 according to Equations 4 and 5 to use them for
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the quantization error in the normal coverage 40. Such configuration aliows bit

numbers representing position of the base station located in the base station crowded

coverage 42 to be suppressed while keeping the precision of the estimation of posifion

performed by the position estimating section 224.

{0090}

[2-3] Operations of Radio Communication Apparatus and Information Server

The configurations of the radio communication apparatus 20 and the information
server 10 have been explained above with reference to FIGS. 2 through 8. Next, the
position estimating method executed in the radio communication apparatus 20 and the
information server 10 will be explained with reference to FIG. 9.

[GO91]

FIG. 9 is a sequence diagram showing a flow of the position estimating method
executed in the radio communication apparatus 20 and the information server 10. First,
base station information is input to the base station information input section 108 of the
information server 10 (S304). Then, the guantizing section 112 judges whether
position indicated by positional information contained in the base station information is
contained in the base station crowded coverage 42 or the normal coverage 40 and
quantizes the positional information by a method corresponding to a result of the
judgment {S308).

[00%2]
Then, the quantizing section 112 records the base station information containing



The position estimating section 224 of the radio communication apparatus
20 can estimate the position more accurately when it receives signals
from more base stations 30. Accordingly, the quantization error in the
base station crowded coverage 42 mgy be larger than that in the normal
coverage 40 in order to realize the estimation of position in the base
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the position of the radio communication apparatus 20 by performing the arithmetic
operation shown in Equation 1 by using the decoded latitude and longitude.
(0096}

After that, the application section 228 can perform processes of informing the
user of the position estimated by the position estimating section 224, requesting the user
for authentication processing corresponding to the position estimated by the position
estimating section 224, and the like.

[0097]
[31 Conclusion

' As described above, the storage section 232 of the radio communication
apparatus 20 according to the present embodiment stores the base station information of
the base stations 30 within the normal coverage 40 whose pesitional information is
represented by bit values (first discrete value) obtained by quantizing the positions by
setting the normal coverage 40 as the quantization coverage and the first quantization
number as the quantization number. The storage section 232 also stores the base
station information of the base stations 30 within the base station crowded coverage 42
whose positional information is represented by using bit values (second discrete value)
obtained by quantizing the positions by setting the base station crowded coverage 42 as
the quantization coverage and the second quantization number that is smaller than the

first quantization number as the quantization number.
[0098]

Because the second quantization number is smaller than the first quantization
number in the configuration described above, an information amount required for



the quantized positional information in the storage section 116 (5312).
Subsequently, when the base station information obtaining section 236 of
the radio communication apparatus 20 requests the base station
information to the information server 10 (5316), the information server 10
transmits the base station information r%corded in the storage section 116

to the radjo communication a%H;aratus 20 (5320). [0093] In addition, the
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% tion 232 (5 24). When he communicagion section 216

1016 gltude é0096] After that, the appllcatlon section 228 can_perform
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Moreover, t e base station crowde coverage 42 is not limited to be rectangular and may
have an arbitrary shape such as an elliptical shape as shown in a base station crowded
coverage 42C or a triangular shape. Moreover, a relationship of quantization numbers
applied to the base station crowded coverage 42A, 42B and 42C is not specifically
limited.

[0102)]

Furthermore, there may be a base station crowded coverage 42 like a base
station crowded coverage 42D that is set within the base station crowded coverage 42A.
In this case, guantization numbers applied to the base station crowded coverage 421 are
smaller than quantization numbers applied to the base station crowded coverage 42A,
and from a point of view of the base station crowded coverage 42D, the base station
crowded coverage 42A may correspond to the normal coverage 40.

[0103]

Moreover, although the case where the quantizing section 112 quantizes the
positional information into bit values corresponding to the longitudinal and latitudinal
directions has been explained above, the present invention is not limited to such case.
For instance, the quantizing section 112 may quantize the positional information into a
bit value in which a solution of an divided integer corresponds to the longitudinal
direction and info a bit value in which the remainder corresponds to the latitudinal
direction. The guantizing section 112 may also quantize the positional information on
a polar coordinate plane. Furthermore, the guantization method for the normal
coverage 40 may be different from the quantization method for the base station crowded



As described above, the storage section 232 of the radio communication
apparatus 20 according to the present embodiment stores the base
station information of the base stations 30 within the normal coverage 40
whose positional information is represented by bit values (first discrete
value) obtained by quantizing the positions by setting the normal coverage
40 as the quantization coverage and the first quantization number as the
fRmtization number. The storage section 232 also stores the base station
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APPEAHRed 8 i fﬂ‘% atlon ofet}h it eguw ggaoc ted In Ormaﬁon
reSpﬁ‘é%%F Dhads stanf%(%% o \%%%é coverag n{ € ' crorin
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Sho‘é’B\} H%BRB@@ f&% o O adquB RN ST etarad e
sert dﬁﬁﬁ%ﬁ?% WXt invention has been descnbed with reference to

the accompanying drawings, the present invention is not limited thereto as
a matter of course. It is obvious to those skilled in the art that various
alternations and modifications may be made without departing from the
scope of the claims and thus are intended for inclusion within the technical
scope of the present invention. [0100] For example, although the case
of distinctively storing only the base station information contained in one
normal coverage 40 and the base station information contained in one
base station crowded coverage 42 has been explained in the embodiment
described above, the present invention is not limited to such example. A
modified example will be explained below with reference to FIG. 10.
[0101] FIG. 10 is an explanatory diagram showing the exemplary
modification of the normal coverage 40 and the base station crowded
coverage 42. As shown in FIG. 10, a plurality of base station crowded
coverages 42 such as a base station crowded coverage 42A and a base
station crowded coverage 42B may be contained in one normal coverage.
Moreover, the base station crowded coverage 42 is not limited to be
rectangular and may have an arbitrary shape such as an elliptical shape
as shown in a base station crowded coverage 42C or a triangular shape.
Moreover, a relationship of quantization numbers applied to the base
station crowded coverage 42A, 42B and 42C is not specifically limited.



[0102] Furthermore, there may be a base station crowded coverage

42 like a base station crowded coverage 42D that is set within the base

station crowded coverage 42A. In this case, quantization numbers applied

to the base station crowded coverage 42D are smaller than quantization

numbers applied to the base station crowded coverage 42A, and from a

paint of view of the base station crowded coverage 42D, the base station
Wh"grb;\/\?&%’ﬂ%{?érage 42A may correspond to the normal coverage 40. [0103]
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of the radio commiuinication apparatus based on the extracted positional information.

2. A radio communicaiion apparatus capable of wirelessly communicating with one or
more base stations, comprising:

a storage section for correlating and storing positional information and
identification information of the base station;

a receiving section for receiving radio signals transmitted from the base station
and containing the ideniification information of the base station; and

a position estimating section for extracting the positional information of the
base station indicated by the identification information contained in the radio signals
from the positional information stored in the storage section and estimating the position
of the radio communication apparatus based on the extracted positional information,
wherein

in the storage section,

the positional information of a first base station located in a first coverage is



the information server includes a quantizing section for representing
positional information of a first base station located in a first coverage by
using a first discrete value obtained by quantizing the position of the first
base station by setting the first coverage as a quantization coverage and a
first quantization number as a quantization number and for
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represented by using a first discrete value obtained by quantizing the position of the first
base station by setting the first coverage as a quantization coverage and a first
guantization number as a quantization number, and

the positional information of a second base station located in a second coverage
whose area is narrower than the first coverage and where the base stations are more
densely installed than the first coverage is represented by using a second discrete value
obtained by guantizing the position of the second base station by setting the second
coverage as a quantization coverage and a second quantization number that is smaller
than the first quantization number as a quantization number.



the positional information of a second base station located in a second
coverage whose area is narrower than the first coverage and where the
base stations are more densely installed than the first coverage is
represented by using a second discr t,og value obtained by quantizing the
position of the second base station b% setting the second coverage as a
guantization coverage and a secon antléatlon number that is.smaller
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guantization coverage and a first quantization number as a quantization
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coverage and where the base stations are more densely installed than the

first coverage is represented by using a second discrete value obtained by
nriantizinAa the nocitinn Nf the cecnnd bace ctatinn by cettinAa the cecnnd



9. An information server capable of communicating with a radio

communication apparatus capable of wirelessly communicating with one

or more base stations, comprising: a gquantizing section for

representing positional information of a first base station located in a first

coverage by using a first discrete valdet obtained by quantizing the

position of the first base station by setting the first coverage as a

guantization coverage and a firs Pﬁﬁz%fign number as a quantization
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section for receiving radio signals transmitted from the base station and

containing the identification information and a position estimating section

for estimating position of the radio communication apparatus based on the

positional information stored in the storage section. In the storage section,

the positional information of a first base station within a first coverage is

represented by using a first discrete value obtained by quantizing the

position of the first base station by setting the first coverage as a

guantization coverage and a first quantization number as a quantization

number and the positional information of a second base station within a

second coverage whose area is narrower than the first coverage and

where the base stations are more densely installed than the first coverage

is represented by using a second discrete value obtained by quantizing

the position of the second base station by setting the second coverage as

a gquantization coverage and a second quantization number that is smaller

than the first quantization number as a quantization number.




