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;e3e%  JY%YWI% TITLE OF THE | NVENTI ON "W rel ess Comuni cati on System and
« Met hod and System for Detection of Position of Radio Mbile Station”
, BACKGROUND OF THE | NVENTION [Field of the Invention] The Emmmmﬂmm i on
‘ relates to a nobile station position detection nethod and
“detecting a position of a person or object who or which carri essasobil e
station in wireless radi o comuni cations and a radi o conmuni cati on system
based t hereupon) which are capable of acconplishing the detection of the

position of the nobile statiodl @) hit N [Description of the

Prior Art] In wireless comunication fields such as portable radio

t el ephone syst'éWiredess péosmmanichéiody Sylsteme apdt MesthOBHANd & yrsagino foave
strength (an electric field strength) level at reception varies in
accordance with the dDstestesn fofoPositivasof SRadicoMobilesS&ttpn'fi es that the

detection of the strength levels of radio waves picked up froma plurality
of base stations in a nobi BAGKGROEIND OF THE INVENTION
[Field of the Invention]

The present invention relates to a mobile station position
detection method and a system for detecting a position of a person
or object who or which carries a mobile station in wireless
radiocommunications and a radiocommunication system based
thereupon, which are capable of accomplishing the detection of the
position of the mobile station with a high accuracy.

[Description of the Prior Art]

In wireless communication fields such as portable radio
telephone systems and personal handy-phone systems (PHS),
radio wave strength (an electric field strength) level at reception
varies in accordance with the distance from a base station. This
signifies that the detection of the strength levels of radio waves
picked up from a plur;ﬂity of base stations in a mobile station side
allows the detection of the position of the mobile station, i.e., the
position of a person or object who or which carries the mobile
station. However, in the case of radio communication systems such
as prior portable telephones and PHSs where a plurality of radio

. zones constitute a service area, the specification of the present
location of a mobile station is limited to within a relatively wide
area being the range of a radio zone of a base station which
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all ows the detection of the position of the nobile station) i.e., the
position of a person or object who or which carries the nobile station.
However, in the case of radio communication systens such as prior portable
Jtel ephones and PHSs where a plurality & radio zones constitute a service
area, the specification of the present |ocation of a nobile station is
limted to wthin arelatively wide area being the range of a radio zone of
a base stati i-gh accepte pPogi t hS | ile
tati on (theNornsaoghs, pEEEArRLER BT, HEIbEHL SIRIIENES MR
radi o zones n 1L.Rg.Lh I f e, b t] i cepted the
position reg?sgégﬁagnéu%&r %?%:g acc ?ScaétdetOZe%e@??%%&gfdfﬁﬁ%mogg{l?gn of the
nobile stati f,or exampl e, in_the."Mbile Station Position egtion

Vet hoa" *d; scibehe B0 2adios 2Bk h Heabatk SitlipfoRTaah | SaRed 2020,
applying the fact that the radio zones of a plurality of base stations
overiap wit hPE&HFORt AER!S f?féo‘bjr'esent | ocation of the nobile station is
specified to a sn%ller area than . the ,radiP 7honf of , one g'llse station on the
basi s of the nobi FOTsthf i36RUFAE ePEICEHORAAF th§t FRGHGIAN 1Ofy 1% TPBHEL he
plurality of base stations and the electric field strength map in the radio
zone of eachst@tiameferagxasplei dpstheThMobile i Hation Hesitigni Psrecdiamngenent
of the position detection nethod disclosed in Japanese Unexam ned Patent
Publ i cati on Methpdiodasalpsed ha daperessed/ mevamingd Ratont PuldieatiorneNoo Fi g.
20. A radi o conmmuni cation syste introducing this prior nobile station
position det2ct4¥P,neppbdngathsHaon that Ehg. r&llp zongy icfes phsmlidyaof ons
2802, 2803, 2804 respectively having radi o zones 2805) 2806) 2807, a nobile
station 2801basd statigns noversp wath @azhneshera thebipresemtnieoutict i e thent r ol
station 2808 for taking charge of control of conmunications between the
base stati onmobildataten ishepbdfiedstatd ansalderd arearthen nefewatdiio odeaof
position informati on center 2809 for detecting the position of the nobile
station 2801loR® biwe kastién obntihe basier Ght ihen nddhidd naaktient Recaaivd hadio 3
nmobi | e communi cati on control station 2808. The positional information

center 2809 itge@HPA8061sO0frémPelpe tplanality ObABE | Qatiohdnafisshorelabdic
reception unit 2810 for collecti ng informati on about reception radio

strengths offibfip SiRiARt ith BASESHi00B8n200P cadOB) RE0BagH Grddlond ect i c
field strength map 2811 indicative of the electric field strength

distributionrpt bRAIAESHEGhEY ByPiddl ArfH 0¥ A0GHosi88A- detection
method disclosed in Japanese Unexamined Patent Publication No. 2-
44929 will be described hereinbelow with reference to Fig. 20.

A radiocommunication system, introducing this prior mobile
station position detectibn method, as shown in Fig. 20, comprises
base stations 2802, 2803, 2804 respectively having radio zones
2805, 2806, 2807, a mobile station 2801 existing in these radio
zones, a mobile communication control station 2808 for taking
charge of control of communications between the base stations or
between the base stations and a wire network, and a position
information center 2809 for detecting the position of the mobile

station 2801 on the basis of the information attainable through the



The nobile station 280l stands in a spot at which the radi o zones 2805,

. 2806) 2807 of the plurality of base stations 2802, 2803, 2804 overlap with
each other and, hence, can receive radio waves transmtted fromthe base
stations 2802) 2803 ) 2804. If the noBile station 2801 is not in a

“. connected communication state with a specific base station, the nobile

station 2801 is capable of receiving radio signals (for exanple,

i nformation_ingl udi i tifiers the. ati-Qns, _inj.ermttently
transmi tteof“t"ﬁﬁ&uéﬁ%ﬂ%ﬂ?%}“ c‘La%%?@) S?f‘b&ﬁ?tsﬁse@e bass staﬂ@Hgl 2802, 2803 )
2804. \Wen r gcei vi.nﬁ t he ra%i % si.{gnal S traé1rsT(g’;tted fr.omt{ he base .stations
2802, 2803,in0HBAtION, GRS 280G AT i HMPHAC nba duRes 1 tiRRakINEREPARLCE el s of
t hese radi o signals and éransm’ts t he rgg? ti.on C{fgfl 0, str.en% ths on the
respect i ve SABINLTSAON oARA DERPEP YN g4 101 Eoferdpdicching IHRTBALIONt at i on
identifiers) through any one of the base stations 2802) 2803, 2804 to the
mobi | e commAhAWafeerPtEomt Faslios sHengtho gdfs thyheespsstive besfustati@ion control
station 2808 comuni cates the reception radio strengths on the base
stations 28802,2889p. 23904 f andn amecleotic¢ fiskdatstiemgtBoman Adlkld the 4
posi tional information transm ssion and reception unit 2810 of the

posi tional indicatiet | oh thenekctogoficldhetrpogiht idostal buthdor okt then respeaive 810
stores the electric field strength map 28l 1 made i n advance and

r epr esent atradeo ozondse 280Gt 2806f i28Q7.strength distribution in the radio
zones of all the base stations) the nobile conmrunication control station
2808 manages, i MThéembbil® afatiorel28CHt rsengish ik ontgpatsat Iwhiche thesiddional
information transm ssion and reception unit 2810, on the basis of the

el ectric figmkssRBOSYLIBOMP 28871 ofnthchplbadrySbatbhars seAR)s 2B, 2804, the
field strength contours corresponding to the reception radio strength

llevel s on t3gnNagsg0at aveAap 8¢K)erI0DheBOd, rRénddIecaRDIdRibE afdAB 2810

are drawn to attain an area in which the respective field strength contours

are drawn (o 3 in ne " espé t cont our
uhi oh the. nubr T EE R S s N O R P E N e ot "
di scl osed iodfaBEsfINAIAM;geoPaheat cBhbiiea! LomARnicioNa kAR gReC 1Y
t he pOSItIOI’]O t errpl e station to V\At |nasm51_er range_thanfc e radio
zone of one, NBagid ABdAnsud s e 1EBLAZT 09uBy PO ANCHBABR!gn i th 2

hi gh accuracy: wever osrtion oh nmethod witten
i n Japanese

the el ectr irsg%‘f%ﬁ%;??&@ﬁ&?i%ﬁ?@# T%%éhﬁélsQ‘f&é@ﬁ%ﬁ%g’cf’sﬁg@#ﬂ?ﬁ??ﬁgsZaiér i ce
i [.n. | ' '

i st but JHBH e 9alle Pt o aflons; L ﬁl&?ﬁﬁﬁt{ﬁ% L%ﬁ‘é“f}ér Qéﬁlégugb d

{1 oors) coltTGY, ChARDE [ of Hnthetds bheher Aans ngBPRdGRAC b 28 "whi ch'

exist within it adio zone) very difficulty is encountered to predict this
electric field g‘f‘fr}\@ﬁgtrﬁcﬁ‘é’bg’gr g?f!trﬁg“? atfieda \Féa'kﬂ?é’rt%ﬁf{ é{rpg%i%eofbatsﬁe base
station, and theref , detail measur enegnt s usi ng field strength neter
or the Iikét%tri@rl?e%]géfe@d%%’o?ﬁgf"vt 3 ImRP IR oS @rieat R0 lf (TBFAS HEs o h map
at every base station. In fact, for exanple, in Fig. 4 (p. 773 (61)) of

" Ar r angenestregs thHs vieds nphathgse wradipe sl gial Nakidhuir an sIakisz 4b@, regeptiny

M zutori in the Docunment "NTT R&D' No. 9 (Vol. 44) 1995& gf 769 (57) - pp.
774(62), thedio hesengids oRowhe afespeetivei base estations eRBOR, H&23.i B#A%n on a
PHS base station in a house. Referring to this, the PHS electric field
strengt h ditegethsut With othei dase ystasionmedezinfiess, r throhghcanyl onat eff the
configuration in a room For this reason, for inproving the position

det ecti on dasar atyions 2802, 2803, 2804 to the mobile communication

control station 2808. The mobile communication control station
2808 communicates the reception radio strengths on the base

stations 2802, 2803, 2804 from the mobile station 2801, toward the



in this nethod, a nore accurate electric field strength map is required to
- be obtai ned through neasurenents. However, the neasurenents of the electric
field strength distributions on all the base stations cost exceedingly much
~ labor. Accordingly, the detection of t#he position of the nobile station
~with a higher accuracy than that due to the radi o zone of one base station
is approximately inpossible or extrenely difficult if taking into

consi derati XG ' f t roduct 1.on t | ectric
field st rengp%ﬁ@pﬁ ﬁgfogg\%wn %gﬁ%ﬂfl?s%%n%t ?ﬁ% F%g%égog\/e&ﬁnglgggeg?pf%%l em
the report "Stud n.Mohile. Station Pasifion..Detectj.on Based upon Reception
Level 1 nf or RREHUIPI AR | GHOF oA T TCTAHOBAL | Y OB 11 c
Soci ety Autumm MeetiRg B-269,(1993) presents a nethod t ecify the
present | oc&t}iGh g%'lg Ffet@t ‘?%ﬁlct g“ﬁﬁgt ﬁﬁrﬁ“gﬁT dnae §§3ﬁ| @Pa‘¥q1a1r‘|‘ a radio
zone of one hase statjon thr ough t he .use of map‘fs)igg abl e of reception
rag!f) st[e?g Harll%fiée‘i f’fegi’f\_e&efﬁ( Ef(l”ﬁly)iotfy;}ﬁ hﬁsggtl)'} itn%t_r‘?’é&%! ved by Eﬂe
nobi |l e stati on and a position_ (X 0 e nobile station by usin e
fact that t@istrihgtionzémedicoradiqe zgnes Lfi @yl ohe phase §§5étqflﬁistftﬁ/énpbaevmth

h other. Thi iti det ecti thod will be d i bed h i nbel
T PLrS!cogBiioheadrs Rone ‘HhdoonSaL ket o b hosmobhah | on
reception radio strength levels froma plurality of base stations are
measur ed atstpengths aurtburs.a der vheepesidanpabniofotreapiosi tramsmisXjory) and t he
measuring points and the radio strength levels (E1, E2, E3, E4 and ES) from
base stati orecepfibn BS2t 283%), 854thendaBBS ofetts \edec triverfecldr strendeh tmap
correspond to each other and accunul ated in a database in a center
prgfilessi tngt_%&bl i ondjthne a:%hsans?ﬁidlm 12|I8®22;8EG§L$30311|‘E %@@ﬂgg@h‘)engflﬁesgegét}; on of t hg
nobi |l e station, radio streng evel s : : an receive
fromthe plesmioury Obrréependingt itonchearrectpasantddied strengtkedvlst énbehe
checked with the closest radio strength l'evels of the radio strength Ievels
o the Dbl R e B R P eear R3S i 1 th
report "St il St at i RS s t Wolrk: u eption
Level Inf or%t@gnw?%ﬁgsthlﬁn%@ t1 eb‘gféglﬁlt%nqg%ﬁétlﬁle@m ?]]de%s?%erllt%%gn within a
range snal | . I Q,: f bage: .S i QR. bgLi eet -
15 April 20 tbi}ﬁ%rltgte%ééggp%gfe%?ﬁcah& ar ?g@g \E}ﬁ%q?h?sw?c{)sﬁﬂ%#%e ection
met hod, ho e i t ,Sd:ceqth i I . f.he Lti LS.: ein

V\@\éapots!ntf]oﬁ ha gﬁl&? the fi'lxoetﬁié QR &ists! 'PH?%‘, :tlg@r}g(fsrlﬂga

t he manner e clos reception radio strength da ed in

measuring pRebon ansand | rCRIGT oI e g et et P ace 1o
d ith . i he.. f . 1nd | .and with
bui Tl ng orPAARGARE N2 AHRRS, ol bl e "k hinicty BB the

recognition_ using, 10 the coordi.nates i s jnconveni ent in mapy cases.
hocordi ngl vt Rk wisBth of A Fgs HbaS ol Fafit asPec BELote hiseuch a
di screte value, it is consi Eiered that .t.his gosi.ti on d tecEi n nethod is
made such tHakons ghegsbipiealizing & RGsidpBndeifC et iidBnar MAERSY and
coordinates is ]é prepared in advance, and the estimted posjition of the
mobi | e station i SO¥EREEr tIed ARPEYIASr 6b%n POHHON deserien , MafBododyiiten
estimated in terms of a roomgreatly differs fromthe position estinated
with respedft YapemesesiUnesamingd Hasemoddioptiosy Mben 2-64R89, dibdishence, even
if the closest point 20 is specified on the reception radio strength
| evel s, t hdhesessaryr dhat ither e%éscSﬁleﬂ@aitr@mgthi ¢0dp yon sthendmset etastbriso know
the degree of the reliability of the position

constituting a service area is known in advance. In general, the

electric field strength distribution on some base station is affected
by various obstacles or reflectors (roads, houses, buildings and

others in the outdoor places, and floors, ceilings, partitions and



detecti on. SUVMARY OF THE | NVENTI ON 25 The present invention has been

. devel oped in order to address or aneliorate one or nore of the
above-nenti oned probl ens. The present invention provides a nethod of
detecting a position of a nobile statis%n in a wireless 30 radio

- conmuni cation systemincluding said nobile station, a plurality of base
stations and a control station, said nmethod conprising the steps of:

Substitute gligetis 8 ARIdd: 29 dpn:;és-}gwhf@#'e%sts%vlgh IOBId Ga3IAtgA, Coupuni cat e

a measurenen esul neasuri ng recep I on radi o’ streng | evel s

L%Sre“ ii:lif'. 8%‘*??9:112%}’ Ry aLes f’”??rgéw?&aﬁfﬁs%'acrt‘ﬂcpﬁw{f%‘ f*rgﬁgﬂ?gw%%feir n
b d di
Strongth 1 cUORS U THRIS piEIE  OHEBF e b T S S Gh oY basi & o

sai d nmeasurenent resylts lurality of, neasu oi nt and osi tion
Gata of sai horakay: Akt raeRuiemath e e 6 St B Wereypr
measurenent results of receptioon radio strength |evels { sai d lurality
of base st ath€onke AasTRBHIG 18n OB P akipd pg]ilente leeHio ﬁ@é.tw% errsatpat. on
to said control station; and nmaking said control station estinmat

posi tion of alsgvarndasebstatost adnofect pfodgsampleain Migastr@reht3 r(éét)) tof, on
the basis of said correlation between reception radio strength |evels and a
posi ti on of"Aatamgenptnte oft RH Sl exmnirialed whittengbyt ¥ akermumpngAkakawei n sai d
measuring points are spots at which 20 chargers are |located to charge said
mobi | e st at Odma. afheMpzieseinin ithe dddiomem SNTRF RE&BE's Noo. n@t(Voal. ¢4)dE®2Eti ng a
position of a nobile station in a wireless radi o conmuni cati on system

i ncl udi ng sppd 768bi(5&) st gip. o7i74@2)| uhede thasobebmsshevat annesleatdc afiekht r ol
station, sard 25 nethod conprising: a step in which said nobile station
nmeasur es regedigibn digdibatitin @ngahPHY dasef srationainl Ihgwedel t YReferbimge to

stations at a neasuring point to communicate the measurement results
through saighihasRe SPHS OglekQisafi]d Qttdn@th SHALHBAtion obviously assumes
an extremely complicated configuration in a room.

For this reason, for improving the position detection accuracy
in this method, a more accurate electric field strength map is
required to be obtained through measurements. However, the
measurements of the electric field strength distributions on all the
base stations cost exceedingly much labor. Accordingly, the
detection of the position of the mobile station with a higher
accuracy than that due to the radio zone of one base station is
approximately impossible or extremely difficult if taking into
consideration the exceedingly much labor for the production of the
electric field strength map.

Moreover, for eliminating the above-mentioned problem, the

report "Study on Mobile Station Position Detection Based upon

Reception Level Information” Electronic Information



30 a step in which said control station |earns, through a neural network, a
correl ation between said reception radio strength |levels and a position of
said nobile station on the Substitute Sheet - 15 April 2003 -9 basis of
sai d nmeasurenent results at a plurality of neasuring points and positional

- data of said neasuring points and conveys paraneters of said neural

networ k, obtained through the |earning, to said nobile station; and 5 a
step in whi id: iLle ' u n ek ' said
ar ameters. LoMaLRiRRL SRR, FENRH “Rhiudno MEQin IEBETES KTV S
strength levels from sa{ d%gl ural i t.y ob base s&]aﬁi ons nmeasured ai an
arbitrary pBIEMthrb Bt Bs SPYRTY HECC BRSNS URau P4 2nBIoI%. 10 The

present invention also,provides a w [el ess radi o,.communi cati on,system

conprising & 1R WD of TaRER) SMAET P3P BakASiQ 207G MY A8F R2EOnt r ol

station, with said control statiop detectin position, of saj.d nobile
station, whERSION JAFRUBROICe USE APl FRAPRENE LS R SeSERUNRt FALIS HE£ESHH ng

means for neasuring reception radio strength levels fromsaid plurality of
base stati oleyvelaniromnia pemlitn oft besorstathenudeseivsdsibyi dhei mnhilareans” f or
i nput of positions of a plurality of measuring points; 20 position |earning
processi ng $asies aod & cpositian, (Xhrough henspbale statia by aisong rtbeafdcon
between said reception radio strength I evels neasured by said nobile
station at Hwitdtld wadio tzonsls ofather pherapidynof kase stadigusiavieskep o¥ithai d
plurality of nmeasuring points inputted 25 through said position input
means; and eacdi tother.estThiat positipnodessition meethodf ovilkdd rdetscripedon t he
basis of reception radio strength levels fromsaid plurality of base

stati ons nehswirbelow saitdl refbrdrecestatFign 2. aloar thiet basic paitatforatheosi tion
of said nobile station at 30 the nmeasurenment tine through the use of said

correl ati o posigich Ri¥etiion, [reaepiiog padicessiengtireRiz1d efbRs; a Wohiralify @

charger for charging said nobile station is
of base stations are measured at points within a service area, and
the positions (X, Y) of the measuring points and the radio strength
levels (El, E2, E3, E4 and ES5) from base stations BS1, BS2, BS3, BS4
and BS5 received there are made to correspond to each other and
accumulated in a database in a center processing section in
advance. In the case of detecting the position of the mobile station,
radio strength levels (E1', E2', E3', E4' and EJ3’) received from the
plurality of base stations are transmitted to a center to be checked
with the closest radio strength levels of the radio strength levels
accumulated in the database of the center to estimate the position
(X', Y') of the mobile station. Thus, the position detection method
described in the report "Study on Mobile Station Position Detection
Based upon Reception Level Information™ can estimate the position

of the mobile station within a range smaller than the radio zone of

one base station.



Substitute Sheet - 15 April 2003 -10 placed at the position of said
-measuring point. The present invention also provides a wireless radio

comuni cation system conprising a nobile station, {u it f. b
stations and a control station, with said 5 contro?”tg 'té{{ei ﬁe%/égé?f'@ge’a

"position of said nobile station, wherein said nobile station includes radio
strength neasuring neans for neasuring rdception radio strength levels from
said plurality of base stations, and said control station includes: 10
position storage neans for storing a position of each of measuring points

and an identififg.pf Siaé-daﬁnggirjo%l%trrﬁt L/AR cPRdgr¢QELesPORHi NGt Q SBhdition

measuring point; position rning processing neans for |earning, through a
neur al netdetdect porcomeehatd, orhdes¢ween dai ccHLE r edepE onhe adist istatdrgt hof
| evel s said nobile, station corresponding to said neasuting % nt asures

at said hﬁ&é%riﬂ‘@sbB?ﬂP ahd tﬁ@dﬁosiﬁr} on Rt sﬁ?ﬁn_ﬁﬁasﬁﬁ’iaﬁg Sttt StoFedtin
sai d posi tf@é(}erg%éﬁggaae%n%tﬁé}&ﬂg@&sagwn £t LEREH QY BT 0LLSEHRY ﬁ@éféiégr

estimating, the basis of reception radio strength levels from sal
pl ural iy ddtdlesee st ahieonsseastiedd dos Saich nobi | Eisibedortat tar adivadry

point, a position of said nobile station at the neasurenent tine thyough
the use of"&3FWE ¥ r BPAFLESn sail %q%ﬂpﬂeéPmQﬁT?ﬁ%%gggﬁn&ﬁﬁﬂﬂﬁﬁqHg?ns

25 wherei @ ghangek QY &0 OlyRgnsal de TBWI | 8rStAIPMibdb Pt a¢8d (He these
position of said nmeasuring point. In a position detection nethod of a
mobi | e st adfi cam atwdodir ngleoeonademiadi rerkunfdihe preseheriemrertrieen, ndthe

nobi |l e station neasures the recepfion radio wave (electric 30 field) .
strength 1%8VvetF3ef FEfCa P ufgl i d%:torbaggag? at %ﬁs rg?e arﬁﬁagf}rlitﬁﬁnpd%%nfﬂo

convey;d he Heasys eaBALt E8SUlL SiASEQUER: énPase Shaly OBakBsa Q@I i RyBy] on,
whil e the control Substitute Sheet - 15 April 2003
in the case of detecting the position expressed with such a
discrete value, it is considered that this position
detection method 1s made such that, for example, the
correspondence between room numbers and coordinates is
15 prepared in advance and the estimated position of the mobile
station is converted intoc a room number. However, the
position estimated in terms of a room greatly differs from
the position estimated with respect to the vicinity of the
boundary between rooms, and hence, even 1if the closest point
20 is specified on the reception radio strength levels, the
error rate increases so that difficulty is encountered to
know the degree of the reliability of the position
detection.

SUMMARY OF THE INVENTION

25 The present invention has been developed in order to
address or ameliorate one or more of the above-mentioned
problems.

The present invention provides a method of detecting a
position of a mobile station in a wireless

30 radiocommunication system including said mobile station, a
plurality of base stations and a control station, said

method comprising the steps of:



-11 station uses a neural network to learn a correl ation between the
-reception radio strength levels and the position of the nobile station on
the basis of the neasurenent results at a plurality of neasuring points and
the positional data at the 5 measuring points. FuréHR#WWQﬁH@ﬁtTVkAWNﬂQOpe
‘station sends the neasurenent results of the reception radio strengths from
the plurality of base stations neasured-&t the plurality of measuring
points, the Control station estimtes the position of the nobile station
bearing the measurement 10 results on the correlation between the reception

radio strength laels aaddnacBoskt| gns: oba! el ga5La1d Ol dedh

t hrough the learnin addi t'ron, e contr station may comrunicate tfhe
st ruct ur e refsulte netlstad imed wobk exersienciong tdeepedoni ngaticol5 dtheemgdh | e
station, so that the nobile station neasures the reception radio strength
| evel s frdmvede pfipal ey dofPHakdl S8 ht PénLae deFBEL OPes wnd pledaiitring

position the Rhagl r f ok esyl . 3F ) lurality of
base st at %o%nltsf&rfay rreo}ssﬁ eé%‘;ﬁ%@%%%p%?%ﬂ (r)ad?o %té%gnggj#a‘lig\}efst&%rtgm 0 the
nmobi | e 5st at i on natk imgreaadd ngoporpi astatbdomeybedhe, neEstoegkenta r el t 0

the control station which in turn, learns the correl ati on between the

recept i onTe&HO8 kst ragrffﬁlﬁr‘F%?/'éFo’at besWRepr S HREEREEPT oR8d4Ad SHength
posi tion gl ihe mHbi | ey Bbtsqreibﬁr 8#&9[%51@ Repiak natword, O&Féﬁeb%%dg%lﬁfe

t
25 the nmeasurement resu‘?t I'n eac e respective base stations an
posi ti onabfdaktaidt méesueasancngresuhts Ven 4 helnespectiy ve hase ashatiirens

transmt the neasurement, r_esulﬁéas on the reception, radio strength |evels of
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of the correlation It learns. Furthernore, in a wreless radio
communi cabiforreyspeheon Swssitd t ateeshsst ledsl Aprfidrm2063idl P laccor Hiyg dfo an

adi o Str BAGEN TRy REAFSTPDr Aredbor ARG ERE LY edBEtTon FAAPOIEL Fegt h
level s fremsa Rltdldd ¥ PfsdasaestatdONssatiek eagnd control station is
making said control station estimate a position of said
15 mobile station, producing said measurement results, on the
basis of said correlation between reception radio strength
levels and a position of said mobile station attained
through the learning;
wherein said measuring points are spots at which
20 chargers are located to charge said mobile station.

The present invention also provides a method of
detecting a position of a mobile station in a wireless
radiocommunication system including said mobile station, a
plurality of base stations and a control station, said

25 method comprising:

a step in which said mobile station measures reception
radio strength levels from said plurality of base stations
at a measuring point to communicate the measurement results
through said base station to said control station;

30 a step in which said control station learns, through a
neural network, a correlation between said reception radio

strength levels and a position of said mobile station on the



S provided with position input nmeans for accepting or inputting the
-position of a neasuring point, position |earning processing neans for
| earni ng, through a neural network, the correlation between the reception
radio strength [ evel s neasured by the nobile stati orPsiiuteShest pioiral 240 of
“measuring points and the position of the neasuring point inputted fromthe
position inputting means and position esfinmati on processing neans for,
using the reception radio strength levels fromthe plurality of base
stations neasured by the nobile station at a given point, 15 estimating the
position @fqlihe mbilg,shat hrnsabrdhedeasisingsti g on they hagi s-of e
correlation the position | earning processing neans learns.” In addition, the
nmobi | e st akksurirmy beocdqrisppeddr thrd daronal résuht sfor agédnemmsstoring
storing paraneters of the 20 neural ne%mork cqnveyed fron1thﬁ control
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through thetu3sel thheued AR aleardi kel acd &4 54 oMb PPsi ELRRioRYr hhgr. each
of the base stations may be provided wth radi o strength nmeasuring neans

whi | e he 25 centstelp sitratwloich nsdidemopddiet isdvatiimputcomsinsudéns acoepiriadg

th iti f.the., ' Lnt iti I I, i ng, f
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radi o strengt hphgysl sofr Oﬂe&égp mehi | eagtati gBrERgsur edehy1kherigapeshive
base stations 30 and the position of the neasuring point, and position

esti mat i ngplorand tioxosbiaset i pgat henpogiadsured elte ambianyidshmtyonponnthe
basi s of e reception radi trength | evel Substitute Sheet - 15 Apri
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Thus, 18i nce thendet egtéoanef thevgesidhon Hfsd he prhiilR st abi ONyiigeless
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work at thedppeparEnientdLageSYSLeat i SPMPF IR t Re RERddPenBRRE1ioN t he

receptiongéggﬁgimgr%ﬁgt égvg#?§géng EMQi%?'cggé?Bii@Q%?yég’eﬁﬁ%ﬂ é?gge.

result th rkKi'ng quan an be reduc n-t he prepdr
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position detection nethod for detecting a nobile station in a wreless
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control station_which.in tur ,c%%ﬁrns, t hrough a neutral network, the
correl at i BATBEPheERAEAE™ SEEPISSIT radi 0 strength | evel s and the position

position input means for input of positions of a
plurality of measuring points;

20 position learning processing means for learning,
through a neural network, a correlation between said
reception radio strength Ilevels measured by said mobile
station at said plurality of measuring points and the
positions of said plurality of measuring points inputted

25 through said position input means; and

position estimation processing means for estimating, on
the basis of reception radio strength levels from said
plurality of base stations measured by said mobile station
at an arbitrary point, a position of said mobile station at

30 the measurement time through the use of said correlation
said position learning processing means learns;

wherein a charger for charging said mobile station is



20 of the nobile station on the basis of the neasurenent results at a
-plurality of nmeasuring points and the positional data of the neasuring

poi nts, and when the nobile station conveys the measurenment results_of the
reception radio strength levels fromthe plurali ty%‘?“%‘éﬁ’s@“%fhﬁ%'@%
“measured at a given point through the base station to the control station,
the control station estimtes the positi@yL of the nobile station producing
the neasuring results on the basis of the correlation between the reception
radio strength |l evels and the positions of the nobile station 30 attained

t hr ough trﬁljgL | ear ni n%.ShAccordi ngly, .oming to the.l earni.ng of the correl ation
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| evel s of the plurali f b tatj th ile stati ' t th
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its own nedeurdimg pekAd | Onebilfpat shetiear niimrivlemde wfdidhe ebmegigith on
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pr edet er m"&F Y 5bosi T HH° bef§'8Fehg‘ﬁ85§r¥&r’tgne YSESERY B of r?ﬁéorregi:tfﬁ

poi nt. Stijldyelly t Ffom t hey feasii el POy NtofBybRSeSektheiankl acanal Waich a
charger for charging the IS nobile station stands so that the reception
radi o str esgithrdlewdlad ican e hdsered and reported to the control station

whil e the nobile station s _lLocated on the charger kpown j.n.pasitiron faor
the o gi ng. 08 AT of OFAPE oM AU nEoF n o aris of o FostRalet i oh A the
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radio strength |l evels. Mreover, a further enbodiment of this invention is
that the MelSiEl €CrASRANEIHIN B ed TIRSPOSTY i BR&Ntdat a of a neasuri ng

poi nt and the L. radi en .5 25 a al i f. se
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correl ati omagmrtimg point and the position of said measuring point
stored in said position storage means; and

position estimation processing means for estimating, on

20 the basis of reception radio strength 1levels from said
plurality of base stations measured by said mobile station
at an arbitrary point, a position of said mobile station at
the measurement time through the use of said correlation
said position learning processing means learns;

25 wherein a charger for charging said mobile station is
placed at the position of said measuring point.

In a position detection method of a mobile station
according to one embodiment of the present invention, the
mobile station measures the reception radio wave (electric

30 field) strength levels from a plurality of base stations at
a measuring point to convey the measurement results through

a base station to a control station, while the control



Substitute Sheet - 9 5 Aprii 2003 -1~ ' basis of the position of the nobile
-station and the reception radio strength levels at that point. In addition,
a further enbodi nent of this invention is that the_nohil e statjon neasures
the reception radio 5 strength levels froma plur aISF*?SthEﬁSf}?SE'e15g%PA‘[T$QQRS
"plural times at the sanme neasuring point or an arbitrary point and
statistically processes the plurality offimeasurenent val ues to output the
obtai ned single value as a final nmeasurenent result, which can enhance the
accuracy of the nmeasurenent 10 result in the nobile station. Further, when

Lhe mobi | ¢, statlonconueye. Lhe) neaslkencal nesul s, ofoLbe Leesnton, Ladl o

strength F a ase stations neas an-arbitrary

poi nt t hr gHgh ke drass stadionsteechbehcAnivdlls sdndli GRe ks GO ObE Stafd on
estimates the 15 position of the nobile station corresponding to the
nmeasur emelebi dsulstatept hen bhbes bep lshe© ok el BepsHrBEEREeratitl tecept ifon

radi o strength.lLevel s and the positi f ot npbi J.e st atd on .obtajn
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his own position through the inquiry to the control station. Furthernore, a
further ehbedimeasubements Tosehis ol s thitat FemR®s I@MokbRrAdOst aEreRgths

inquires for th 0Si t4 25 di f, ent i st gti_qn, contro
station g%58@ i%s%wué%%géfi%9th§aﬁ g%%ntsnng%+§sst§%9%%ﬁﬁ?rnéguréhfhe
recepti onpladh®isgir efgintedavelsg fpotmas pl uhal icontafolbasmasion | ©85imadek0
report them and in response to the report of the neasurenent results, the
control sebBei mesddtiiarhtes Jde HeCRbLEt SGREGON Needringr &ite MBdRFErSMaRton

on 3053k 5L+ V85 SRRM CUERL SIS SIMLGR Ol d e LR T gRL
15 April 2088ngth 1levels and the positions of the mobile station
obtained through the learning.

In addition, the control station may communicate the

structure of the neural network experiencing the learning to

15 the mobile station, so that the mobile station measures the

reception radio strength levels from the plurality of base

stations to detect its own present position on the basis of

the measurement results. Further, the plurality of base

stations may measure the reception radio strength level from

20 the mobile station at a measuring point and conveys the

measurement results to the control station which in turn,

learns the correlation between the reception radio strength

level at each of the base stations and the position of the

mobile station through the neural network on the basis of

25 the measurement result 1in each of the respective base

stations and the positional data at the wmeasuring point.

When the respective base stations transmit the measurement

results on the reception radio strength levels of the radio

wave emitted from the mobile station at a given peint, the

30 control station estimates the position of the mobile station
on the basis of the correlation it learns.

Furthermore, in a wireless radiocommunication system



-16 Accordingly, the user who carries the nobile station can find the
-position of a person carrying the different nobile station by the inquiry
to the control station. In a further enbodinent, a control station
successively 5 stores the estimation results of theulsButerShsat-dP ARrilgdoe e
"station, and when estinmating the position of the nobile station on the
basis of a new neasurenent result, the-cl@trol station decides, on the
basis of the past positions of the nobile station, whether or not the
estimated position 10 of the nobile station is appropriate. If not
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parameters of uhe NgMralonetwark ABbahBedIdr oUIN e bEARAGI hEen
nmobil e station, while the nobile

learning result storage means for storing parameters of the

20 neural network conveyed from the control station and

position calculation means for constructing a neural network

through the use of the parameters to detect its own

position. Further, each of the base stations may be

provided with radio strength measuring means while the

25 control station includes position input means for accepting

the position of the measuring point, position learning

processing means for learning, through a neural network, the

correlation between the reception radio strength levels from

the mobile station measured by the respective base stations

30 and the position of the measuring point, and position

estimating means for estimating the position of the mobile

station on the basis of the reception radio strength levels



15 station constructs a neural network through the use of the paraneters
-and detects its own position on the basis of the reception radio strength

|l evels fromthe plurality of base stations measured at an arbitrar 8oint
through the use of the constructed neural netmork.S%FWHmFWPg‘ﬁéfWBé@ $he 20
“nmobil e station can detect its own position without the inquiry to the
control station. In a further enbodi merfl}-a control station |earns, through
a neural network, the correlation between the reception radio strength

| evel s and areas such as a room and 25 a zone having an extension in which
a mobile $tghi opnst apdls; 1M tdr Aok estds it the reem eeszape iR Wakheh a
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to presenstatpbosality of places as the candidates for the person's
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between the reception radio strength levels and the position
20 of the mobile station on the basis of the measurement
results at a plurality of measuring points and the
positional data of the measuring points, and when the mobile
station conveys the measurement results of the reception
radio strength levels from the plurality of base stations
25 measured at a given point through the base station to the
control station, the control station estimates the position
of the mobile station producing the measuring results on the
basis of the correlation between the reception radio
strength 1levels and the positions of the mobile station
30 attained through the learning. Accordingly, owing to the
learning of the correlation between the positions of the

mobile station and the reception radio strength levels from



30 the position of a neasuring point, a position |earning processing neans
-for learning, through a neural network, the correlation between the

reception radio strength |levels by Substitute Snﬁﬁ%mgﬁégﬁéggkg@ﬁgﬁgﬂ;1gf

the mobile station at a plurality of nmeasuring poi

"the nmeasuring points inputted through the position input nmeans, and
position estimati on processing neans foend4estimting, on the basis of the
reception radio 5 strength levels fromthe plurality of base stations
nmeasured by the nobile station at an arbitrary position, the position of

the mobi| eyt ghi,on alf e nBASUTLOg: LLAE Lbr eugh the dise ofe tbec eaLEelalion

the position Fearning processing neans arn det ecti1 on net hod
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position detection of the nobjile station. Furthernore, in another _
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means for in C i 0 Lo h_l fr u ity of
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storage mpapstfor storing the position of each of measuring points and an
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t
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t he neasuring pol l'e station and the position of the neasuring
poi nt stomedile shetposist inGastmaageheerasepposit rad iests tmdrnigrh pitecedsi ng

f timat | h it f_the nobile stati t the 25 '
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of ba?ﬁ e EARS measuedebynd hesmlidee ot athoncatra 2Bt o Nthe
t hrough the use of the correlation the position |earning processing neans
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| earning i s, conducted usi.n he recepti.on radio strength.leyel neasured by
2" pr odot GV P PABEATE A bt BASBFSAB: G T HebatPrng oi MEeCELon
Substi t utgr Shget meakurARd lp@PP8.  still further, the measuring point
may be set to a place at which a charger for charging the
15 mobile station stands so that the reception radio strength
levels can be measured and reported to the control station
while the mobile station is located on the charger known in
position for the charging. The control station learns the
aforesaid correlation on the basis of the positional data of
20 the charger and the reported reception radio strength

levels.

Moreover, a further embodiment of this invention is
that the mobile station communicates the positional data of
a measuring point and the reception radio strength levels
25 from a plurality of base stations measured at the measuring
point through the base station to a control station. The
mobile station measures the reception radio strength levels
from the plurality of base stations and inputs its own
position through the input by the user or through a position
30 detection unit to report both the measured reception radio
strength levels and its own position to the control station.

The contrel station learns the aforesaid correlation on the
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correl at i 3¢stHdr.ebehipgln, cahdepbancieont kst iaeUreTpr 0€ et gmee sigamerftor

rel ati GestHidrebebietn Cad SpESPCRONES! ARRITATT 08edsimg o shesmerfior
basi & B HEERACop onFadi Gt edre fivel o TAFThe FRIFAI [y o CBGE

stations meagulcd dconbelst i tHee mhgetiremdhe AprésulOH3 o1 thay E:E@e%‘@bkﬂrﬁ
station at an arbitrary point through the use of_ the correlation the

positi on Fé&d§ n§tyessedsi hgvaeansiFedr . PliER kit effcakassal séataons
position j t had 4.4..mhi t he. mobi i t i o]

position g‘%ﬁsﬁgj&% %ﬁegglpeér a % Pﬁéﬂgseér}&or ﬁrgﬁah%g% f%%é%?\?gwo
position dékecidomtrddyvi ctdatmicaddi tilon toohteoheasusetoneceptinateadi @he

strength | evel s and the control station |earns using these data.
Fur t héPnoPESIERE con®¥ ol ti® § béEiiPped R ERSPONAEA0 St engtie

report re%‘é%%hiﬂé%éﬂl%anﬁeéﬂté r8ASHHL 1Pl fis F 881 @ Hal &gty £ €pont b{etE%g%%“ ng

nmessage to the nobile station so that the nobile station neasures
r ecept i onthadirecsptangt hrd@ie| stfengthhéepedsalandy Wfe hasei sians onf ane

reports the measurerent; fosul 5. LhgLgt o ASCUM "% learning  and

communicates the estimation result to the mobile station.

20 Accordingly, the user who carries the mobile station can

find his own position through the inquiry to the control
station.

Furthermore, a further embodiment of this invention is

that, when a mobile station inquires for the position of a

25 different mobile station, a control station gives

instructions to the different mobile station to measure the

reception radio strength levels from a plurality of base

stations and to report them, and in response to the report

of the measurement results, the control section estimates

30 the position of the different mobile station on the basis of

the measurement results and conveys the estimation result to

the mobile station which made the inquiry therefor.



15 the control station can request the radio strength neasurenent data from
an arbitrary nobile station when necessary. Still further, the nobile
station may be equipped with self nobile station position inquiry. s for
i ssuing a neasurenent request for radio strength I%WEW¥9§@9§O1?ﬁémE§§?O
-strength neasuring neans, and when receiving the reception radio strength

| evel s neasured by the radio strength nmggsuring neans, the control station
estimates the position of the nobile station and inforns the nobile station
of the estimation result. In this system the user 25 of the nobile station
. can operate the.sel.f nobjle [ oSt I NQULTY tQ | ire_to

t he contré S gﬁ% %y%orpb slgéﬁépggggn?a%gggfioﬂﬂélrpégiggicﬁ%éﬁﬁﬁﬁrn)% e
stati on maynbe giovibsledt b hodi fof eserdomobakeyshat ittie POSE £féBEnt NHLAY e
means for transmtting a request for the inquiry for 30 the position of a
di f f er ent sfBbilPa §Wa$%@nﬁﬂﬁqqﬁ¥<&QHQQﬁ QR T, SEMEIMRen the contro

seues a radi oo ST sabtinefl Raeotdsl (S0 od BHRRLERE TY S

request nessage tithd hesdiifbernen pedilessiodt i Ohe Whesea tHiasi t bN 4 Smbbglier ed
and, in response to the report on the nmeasurenent result of the radio
strength PERERSTfr offBheWRPRf FERIFObIY e St RAPIGIRD c &t r 6ihes BPRiLen

estimat esqthe pasi bhoncAl theodul fgrent mpby! eushalioRoAp [beshasis ohe
measur ement résul t to inform the nobil e stati on, I chmade” the I'hquity, of
t he esti mabhemollestddtidAccdedi dgst oohhithesyisdehg bhe thgerpadto pasttesnishe
nobil e station can operate the different nobile station 10 position inquiry

means to Phqlffe MAPitlife TGHI YA SYBEFBATT BF FIRE S8 13Ul BACeRhePPELESRMMNO
carrigg the difd %@hgv@t'a%i%&@twna ggéﬁg&%e.t hezgomtatol?g%@g?@agay be

equi pped wth positron accunulation or accunul ating ormat'i on
15 of thethesicobnar®lofstidtelambiieest Ahsbnuestionat €d ithd heolpdbe t sbation

estimation processi nmeans in tine series and historg deci_si on .means for
iy

n
deci di ng, “8n a(‘—’_r?e‘-lbag‘g§eoft $heMEREHIRISSI SN of 'THE posiEi &It ot He bbPEe
station whh tddwe Recivpl abed1kd then Posbibor @%%%ﬁt it®n STegNSccdheLher

the 20 position of the nobile station estimted by the position estinmation
processi ngesedns,i sthepproprile e shratioin Meashedsi stdiey deceptopnnenadimakes

a deci;sion_to that .it is t appropriate, th adi o strength report.
Fequedti nBERERHER: e SRIE S dol O LT hoPh PENS: ST Y MosShYER o
the 25 nobilig1st aien. iAEELTHLNTahA tHbSVEYSt efhel MméASusasent hatedllts

i nproper estimation result arises due to a large variation of the electric

field di sthrpughontbe thasbasetatappontot hehaeagoneheht psakéstred, Thes
cohenct 9GhREBICTAN Y, bieseab Bl OBaageih, 0 Lo adian oL [y mptt o
i f one frequema/eqmmhesﬁmerﬂnﬂuﬁvaﬁﬂznsbﬂdfb&stmnuﬁMuhﬁimwasérémentat
the 20 results and stores them in time series, with the result that
it i1s possible to more accurately judge the appropriateness
of the position of the mobile station newly estimated.
In addition, a further embodiment of this invention is
that a control station converts the reception radio strength
25 1level transmitted from a mobile station into a theoretical
distance between the mobile station and a base station and
learns, through a neural network, the correlation between
this theoretical distance and the position of the mobile
station, so that the learning processing becomes easy and
30 the improvement of the learning accuracy becomes possible.
Moreover, according to another embodiment, in a

position detection method for detecting the position of a



Substitute Sheet - 15 April 2003 -23 call, the radio strength nmeasuring
-means neasures the radio strength levels froma plurality of base stations
t hrough the use of the other frequency synthesizer. Thus, the nobile
station can performthe neasurements of the receptiubsitie Paeato1SAPERGI
-levels irrespective of the call. Further, the control station may be
~provided with distance cal cul ati on nean$7for cal cul ating the distance

bet ween the nobile station and each of the base stations as a function of
the reception radio strength levels froma plurality of 10 base stations

- measured by, {he mPLLeostalion, througiLdde diae Of audieeretifah eLpetLhc

field strength distance characteristic o romthe outputs®an
frequenciesubppeéie bask sthei onspided thetpesiti en Ipdarmhicypr csessbage
means | earn, through a neural network, the correlation 15 between the

cal cul at e¥-¥f 5PBficerdnd WELFSS 19561 ¥ t HECHEASHPI A Fo1 MTOrhiReRy sPém
permi ts (g POSIVL AN Gl I EHd Ofopitle asBheBoACCHEACU LAY ough the.4seioh the

cal cul ate heoretical distance for the [earning. Furthernore, nobi| e
stati o neydbe eguepped Wetiel20 flrear iy plspdlisyoodgbaneans fmirorsd oAt ng

the paraneters for a neural network conyeyed fromthe control station and
posi ti on &alEaPRTIEN MRt f 61dc oF TRt FAGSS alCASHREMR s i TRE ¢ Hes

par amet ertsnls&g%ﬁd £hid tﬂs'%,é egrRicng esy! oyt Oééﬂérgﬁa%%%]ﬁ[&‘?,t ehibhs pyn
position on t basis of the 25 reception radi o strengt evel s froma
pl uralitywfnpastestrasti bhsongasured raguxml arbetwarly, poithte t hraatighil 4 thiconise

of the caonstructed pneural netwprk. This system cap, adaopt the
above- merRs O pod'Ei ont HetRetPBn ﬁ@tdrsjr(?d i ACRRRE RN hg‘?ﬁ)%]igfe apgt i drhe

det ec{ 'r;S PMHREST LEON LWLt haklhitike i1 1oh 30,40 the cenplial Yati
Still further, the control station may |learn the correlation between the
r ecept i omeasiivesenengelsulével at and nharakiddy | afwmagsthngroblietst andn
Substitute Sheet .- .15 April,k 2003 -24 stands, through a neural ,network

i ncl udi nd dB?S&Flgﬁlailnp%?t?afgr géseﬁ?%@iﬁ%ﬂr‘%c@&ﬁn&? rabfo HTERE h
level s frQipaepburghbt ypatkabaserst aldonscand Redes] of nak wekPutod@yigled

corresponding T1n nunber to the areas defining the range of

through the learning to the mobile station, while the mobile

15 station constructs a neural network through the use of the
parameters and detects 1its own position on the basis of the
reception radio strength levels from the plurality of base
stations measured at an arbitrary point through the use of
the constructed neural network. With this method, the

20 mobile station can detect its own position without the
ingquiry to the control station.

In a further embodiment, a control station 1learns,
through a neural network, the correlation between the
reception radio strength levels and areas such as a room and

25 a zone having an extension in which a mobile station stands,
with the result that the room or zone in which a person
carrying the mobile station exists is detectable and it is
possible to present a plurality of places as the candidates
for the person's whereabouts.

30 Furthermore, according to another embodiment, in a position
detection method for detecting the position of a mobile

station in a wireless radiocommunication system equipped



5 an object under detection such as a roomand a zone. This system can
-conduct the above-nenti oned position detection nethod which detects the
room or zone where a person carrying the nobile station exists_or presents
a plurality of places as the candidates for the pé%@@ﬁmgsﬂﬁéré368Wé@93lo A
*further enbodinent relates to a wirel ess radi oconmuni cati on system equi pped
~wWth a nobile station, base stations andga control station and nade such
that the control station detectN the position of the nobile station, each
of the base stations is provided with radio strength 15 measuring neans for

. measuring the reception radio strength vel from.the nobile statiaon, \éxpile
the.c.ontréﬁ'llt at !@gé ?pp%ga&ﬂfﬁprESFFonﬁ“ qbf“ﬁ%aﬁ%n$oraac58&ﬁﬁ? t he

position @ka2iRASUELBE RE NthePQsddd OBthEALASNONPE OGEEST NthdTE@BS @ on

| ear ni ng, through a neural network, the 20 correl ation between the

recept i onstagingtdt r dayeh | efel a ofradho r e walE trfid t & For ralchemebiillee

station at _the neasuri oi nt, and asured by the base station and e
position SFaFHS“WEﬁgﬁr%ﬁ§%bm%% i%uiﬁ%%é#%ﬁﬁ%nm#?%%g p%%?tigﬁnyﬁﬁﬁt %gﬁhs,
and posi t {188 s@emERitl G RICESS| Phe 28oAEans @k tadd ,Mah ke t fe PeShiken Of

the nobile station on the basis of the recegtion radio strength level from
t he nobi | ststapinonl @@BBsr ed-IHSOWHE h 2of NeREa bade itk ons enr eaghel Bsigge of

the correlation_th osition | earnin cessi ans,learns. This stem
can intr ohﬁ%geﬁle :tblg%e- ﬁg%@?g&%&l 30]9%88£5C|9ti gn%i o]r‘le‘r’rsgﬁod ‘_’}rhclt whlg%‘ﬁ’ a
pluralitypekibasesst alf onshareansts£lé hestadionwave f e t heasmdi | @£t @khleon

to detect the position of the nobile station. Substitute Sheet - 15 Aprd
2003 - 2~mepguzgdEntorreshl &S nBbi 1 BLlurrdAtPosiht i BRAGBr RS GIPIRthodand
accor gypng ner.,&mpodi pEn f el .L.an, adi,q ;st th_levels
from gbpl E%‘%I i%{b;./élo%%ase g%ggi tc?rlls(s) %}Egamﬁggggﬁh% %‘%{ﬁéw taﬁxldn %ﬁ%}grgﬁgg
area are geasiHedbpbdr altaS ildmesmaasuaesumheat recépt Aonadiaplisi r engéhgdat a

storage section which makes a corresponding rel ation (mapping) between the
recepti onl®¥8ilo SfreRgthefefel ¥3¥Ad EMpbEREi ohreXpr BRS| phebiieh gtation

cont | nuougeXahyReSURh 28 conid pBLflc! N SCERYLPD 'l el LEPGhDn.

| evel s in e radio strength 1 ta storage section are conpar
recepti onreadio sbr emgt bdretvedls atatiposi thencdetteetli gt gaiat @stihet&sne
detection_section estimtes

of the_posjtion detectiop, and en, a position
the pbdi tEBR BPSHE HbLPT e 'iat TAN b PRIl PERSHH 41&t AT RPRECHERROd
as to cal ggbgiesa by Weight edagean Qfr a ghar abbtyehehadi 0 widrgt h dgta

that the radio strength Ievel conparison result shows a small error
Accor di ngtgsephéocastiadied gosndtdn ilevieds | anilt ethe o pawd tdsingal of  the
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easily applicable to a system such as a mobile radio

20 telephone system and PHS where a plurality of base stations
measures the radio wave transmitted from a mobile station.

Moreover, according to another embodiment, in a

wireless radiocommunication system equipped with a mobile

station, base stations and a control station and allowing

25 the control station to detect the position of the mobile

station, the mobile station is equipped with radio strength

measuring means for measuring reception radio strength

levels from a plurality of base stations, while the control

station is provided with position input means for receiving

30 the position of a measuring point, a position learning

processing means for learning, through a neural network, the

correlation between the reception radio strength levels by



Preferably, the reception radio strength I evels and the position

-coordinates are accunulated in a radio strength data storage section, the
posi tion coordinates are accunul ated as a positio xpr.essi bl 't?
di screte value, 25 and the radio strength data in%“ﬁétﬁ?tﬁgﬁﬁeqéﬁ?gﬁ@ R&data

storage section are conpared with the reception radio strength |evels at
.the position detection so that the posi-tlon of the nobile station is
estimated by enploying a statistic method in which, for exanple, a position
detection 30 control section makes a majority decision using a plurality of

.radio str t t hat, radi g s - GO ri t pﬁ)%% |1
error, angﬁghgm%g%?%e%fatt% qu%st %ﬁ?gigﬁge[&? T%g%blr&??@zo%% - Brrd®
reliabilittheofpddet posst iodn det eckaerringl quuihtdir dmglut teak Exaopdke, the
statistic nethaod to use the rate of the estinated gosition to a plurality
of extracPe§ifd@o drPEhgt RedRta. APCor BPRYCLE onESEABBELNENt PEPCRRE 1N

i nventiongcars WEel @3t ihadiieepMYAI Gald 0BasyYSt &R Waheh PREEAIBL radio

radi ocomruni cati ons between a nobile station and a base station Is equipped
wi t h radi stsengngt i edetles st ovmgehseplluonlfity odt diagegspasionsnakasured

information on a plurality of neasurin Qints expressible wth continuous
val ues angylﬁhread&?]sjtere% LRt Ati AR J%}djrraé:é’eég?%htjr%i o%?r@ﬁéﬂﬁlp@vel s

froma pl wralddey r%bp?é_es§5@&bgn%tattﬁéwmésg@@%gvs%i%a%ﬁmggrpomésus%
posi tion detection section having neans for conparing the radio strength

data in thé riaue o cstmengith atat ahst opaget Seuvt ilorrmming r adiceestarientyt mebenel s
at a 15 position detectin oLnt to. esti e e position, an error radio
strength gﬁf‘ﬁnst or'géﬁéSSe egné?'f)?c‘ﬁb?lai H‘g%?fo&t [}?%%)?gyugfm_r a@?% i??’éﬁ@f‘ﬁ
data ijgvobyi ngha skRilraArr eletddbrike PMFdsoicdwléhergpsi then gekest ben
section, and the position detection section perfornms the position detection

20 using dheeptdral pfy tdfe mediid sstaterigitdn data in the error radio strength
data storage section. Thus, the estinated sitionis nat.Jimted. to the
actual nmeasur i RO TPOERTBEY (b BT oncRaRCBESBEY | AalttP idS P H 1 hget S
smal | er tBatibbed nyEtyakabebnestréfer e aslistd Pl Mbsns2F ACCREAENYihe
anot her enbodi nent of the invention, a wireless radi ocoomunication system
whi ch per Ebengecaditdesmuat iat s orendel wbeHe ds mbiome as Wil i @f bhase

statiqg i ﬁtgﬂ;ﬂ%ﬂ%ec’. Witdl-dadi oSt E%Q&%fldaté‘téé%ﬁge 1$eCtl.on, f Org 1 e&fi‘klﬁi N9
posi tional ‘Information on a plurality of 30 neasuring points expressible
Wi th di scpesetiahues:arahe adeanst rfengt st datagi ntleudbogi t borpbiforeaddi of
strength levels froma, pLuralify of bags.stations, e respective |,
corresponding to the measuring point, position 1learning
processing means for learning, through a neural network, the
20 correlation between the reception radio strength level
measured at the measuring point by the mobile station and
the position of the measuring point stored in the position
storage means, position estimation processing means for
estimating the position of the mobile station at the
25 measuring time on the basis of the reception radio strength
levels from the plurality of base stations measured by the
mobile station at an arbitrary point through the use of the
correlation the position learning processing means learns.
This system can adopt a position detection method in which
30 the learning is conducted using the reception radioc strength

level measured by a predetermined mobile station at a

predetermined measuring point.



Substitute Sheet - 15 April 2003 -27 points, a position detection section
-havi ng neans for conparing the radio strength data in the radio strength

data storage section with radio strength |evels at 03| |on g
point to estimate the position, an error radio 5 s%“%@ égz\ﬁ%@g

"section for holding a plurality of radio strength data V\/mch produce a
small error in the conparison in the posi®di on detection section, and the
position detection section perforns the position detection expressible with
the discrete values, using the plurality of 10 radio strength data in the

-error radio Stﬁﬁﬂgith§Eﬁe§t%HﬁﬁﬁfﬁgﬂdO”foétdH%%d%ﬁﬁtéoﬂoggiécgﬂﬁbléﬁe
radio strength data in the radio strength st orage 'secti on may be conpared

with the meaq/epbleonloadtedstaiengz hrﬂe@\sellrstﬂgakenlfrm she tplmstt itgre detadritlion,
and a p05| ti on detection c st

rol section ma te 03|t|onb :
For exanplSE Aol GoRHGTES S Ea ATSEHet Hod B Halet SRty + By Redieat i O
the pl Ura'ddﬁﬁr@ i on 14 eAGt Bodat dnt fd1e K010k aﬂh&é&éee%h Rltdol
storage section which makes a small conparison error and further estinates

the degr essteftidre Yedimdi lstipgofticheredept hed 2edjosigtmendyh iLevedxayl e,
enpl oyi ng statistic nmethqd to calculate the rate of the es ed
position to'& RPHH IR | f’% ngq"er 2T IEF e KGO Hatd. 2R 3R Fur ¢ hg\lgaﬁEBdi fEnt |
a posi ti oR IELRA Oh K Nom @ngméaghk(iﬁg”%%ﬂ?ﬁ Priyd edn i 68 Bagudted a
know edge on a person 25 carrying the nobile station and an action rule or

schedul e dfearmdinger daha ar:dDerctm)El t pewvdetestt | whtbectiahi@ar ste‘@rmn:th t he
position detecti.on throu ge use of the pluralit radi,o_str % ata
M h g

in the er P53 st Qta §F8rEGe  Sect iR %CPI? he* RAOR ef

posi tijgn deheald 0fo2@ KEDOFAIQQQQ1E9thb@nba|§%08$l§§ti>én55|d’iﬂitEQaKBQl\Ms%Q% on
a person and an action rule and schedule of that person at the position

esti mati oRnRd t reSepesSb| BeRa s efp¥e SHXLASHILCHIRT Shgst Megsersheeradits
Apri | 200%&]1:%%&9} QW ao%se::bs! i ﬁroﬂqlﬂDV&E@mgaéélCh%@%}:ggg i Elhl b| ti %?)8% nt ry

into aro Yo s& i gh™ posSsi y of ovene

the resul gtizhabont hamdaosmsi;nardebectnem'emmg NPr evatirdlaciyacly. fhom the
Furthernore, a position detection know edge section may be provi ded which

has Mwaéﬁ@énﬁit%@aFépﬁhtﬂkﬂhptbétWﬁﬁP C pltdied] i Eeofcqppsial ofsation
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t he from the learning data collector at regular intervals or in

accordance with commands.

Furthermore, according to a further embodiment, a

mobile station 1is equipped with radio strength measuring

20 means for measuring the reception radio strength levels from

a plurality of base stations and position input means for

taking in its own position information, whereas a control

station is provided with position learning processing means

for learning, through a neural network, the correlation

25 Dbetween the reception radio strength levels measured by the

radio strength measuring means of the mobile station and the

position of the mobile station at the measuring point

inputted from the input means and for storing the learned

correlation therebetween, and position estimation processing

30 means for estimating the position of the mobile station at

the measuring time on the basis of the reception radio

strength levels form the plurality of base stations measured



10 error radio strength data storage section and the know edge in the
-position detection know edge section. Through the use of the know edge on
the rel ationship between the plurality of positions expressible with
discrete values, it is possible to exclude, of th&ustiyresghegl BrAnhefos
"strength 15 data held in the error radio strength data storage section, the
_data renote in connection, and it is peg$i-ble to decide whether or not it
corresponds to the vicinity of the boundary between roons, thus devel opi ng
the position detection accuracy. 20 In a further enbodinment, the position

. detection e t Lh_.Su renpe u radjo
strength Hg?)aéh%elwgﬂ?hgggwgﬁ (régdiaao stre%%%%%a#gqggoﬁg{ao lr%:t'liﬁlgéﬁ 1§
changed i Bfactios darae alidti drhetdegrges of ibhe leyamiihet peerclshe ngdineans
strength |l evels at the position detecting 25 point and the radio strength
data in thEaFB8io SHYenhdgiF iRt aCaRoFagéisecti aPSidiine @?fée%%%@rmér‘:h@%e
radio strepothndaha Lhet oBEIOr LAdEOSA!rengbl daha star agenseghiop; uari es
in accordance with the degree of e error, the inprovenent of e position
det ect bontAgoughcythes peesidiien 3byMiuleoversert herpatitéwgh dat egi f68regeti on
may be equi pped with a position_accunul ation section for accunul ating

short - t er BPBAELPRONSSLFE LHGET t iV 1R ectPon2ddSHASN t e dHiet Teasupgd
2003 -29 pon_esti .es | as a histo degl si sectipn _for
B 4 S SR e L
radi o streagthsdatanhektieise dacaerror radi o strength data storage section.
The appropriateness of 5 the estimated_position is judged in a manner that

the noving sit BBEFBRTTETGeci el GRNERE LhaZF 3t bP1 t Y] bR sEREGPRRS eith
posi tign pfigfhe é%ﬂﬁ%tti Qrd NrbBGeRRshganfdhiat édxneteaﬂstnmfiﬁ@t thge

present position and at that posifion. If not appropriate,
posi ti on detitot i ehresgabai meportondhechedt iISincanddmngovitngy speed wobibe
| ocus is cal culated on,the hasis short-term hi stor\é to decide, the

f..th
appr opri atERESSR0f5 hEPast i R e§Opds i iG%E?t%‘HE BEATYSTE dEbECtToreRE D

i mprove i py@e8UrAendth addivkilan, £+dmplaee ?111@8@5! | ad# ngakbe shorisherm
15 positions estimated in the past, a long-termhistory may be established

and hel d dydacepnrtat | hhet e asastensiger Feavds ssuchte et e he Plecemsdimgihi ch

t he ile station h moved .in the_past_and the frequency.of the novenents
in tgg shbPt tecr(?‘FgC]féca)fdec?’l\éd_1 1% tﬁ%gbaﬁesq%?mf he Pt ﬁ%ééﬁenté]%ength
experi encgsahiréenaobibeast @akrban, anhetheyi thaestidptied pasidi®n iwhen
appropriate or not. If not appropriate, the position detection is again
conduct edReSEfgaTYhe apPtdprdi atfeiddienf tReepoBPPildR estiakddd A% hdde

posel L JHSEAEDL VAUHE 4 L URADN | 5 8 000108, AFSLeCDRIE S 2° O
of the posssubngdet evdasuravent aceguegiosEobl eadBRl Bt DESORh PTeON16F ddiE
[};AN%SKE%he radio strength measuring means, and when receiving the
reception radio strength levels measured by the radio
strength measuring means, the control station estimates the
position of the mobile station and informs the mobile
station of the estimation result. In this system, the user
25 of the mobile station can operate the self mobile station
position inquiry means to inquire to the control station for
its own present position. In addition, the mobile station
may be provided with different mobile station position
inquiry means for transmitting a request for the inquiry for
30 the position of a different mobile station to the control
station, and when the control station receives this request,

the radio strength report reqguesting means issues a radio



The features and advantages of the present invention 30 will becone nore
readily apparent fromthe follow ng detail ed description of the preferred
enbodi ments taken in conjunction with the acconmpanyi ng drawi ngs i n_whi ch:
Substitute Sheet - 15 April 2003 -29A Fig. 1 is asépﬁs@keéh%ﬁgr RHEMhg an
“arrangenent of a radi oconmuni cation system which adopts a position

. detection nmethod according to a first e@Bedi nent of the present invention;
5 Fig. 2is an illustration of an imge of the radi oconmunication system
based upon the position detection nethod according to the first enbodi nent;

- 30 Fig. 35§Q@W§t;ﬁn expapke OLk Bestrugbutaqef aonepnal aekpaLknto Rgpysed in
NI Ng processi ng

a position lea section of "the radi ocommuni cati on system for
t he posit soatdenectiicore npphodiancadrdi hggudrede afid, st ientrediporst; tdogthé is
an arrangenent of a radi oconmuni cati on system which %ntrodgces a position
det ecti onTRBPREd QBcoFBPng™EBSHFEBEBRY Yesult ©of the radio strength

levels from the different mobile station, the control
5 station estimates the position of the different mobile
station on the basis of measurement result to inform the
mobile station, which made the inquiry, of the estimation
result. According to this system, the user who carries the
mobile station can operate the different mobile station
10 position inquiry means to inquire to the control station for
the position of the person who carries the different mobile
station.
Moreover, the control station may be equipped with
position accumulation means for accumulating the information
15 of the positions of the mobile station estimated in the
position estimation processing means in time series and
history decision means for deciding, on the basis of the
transmission of the position of the mobile station with time
accumulated in the position accumulation means, whether the
20 position of the mobile station estimated by the position
estimation processing means 1is appropriate or not. If the
history decision means makes a decision to that it is not
appropriate, the radio strength report requesting means
transmits the radio strength report requiring message to the
25 mobile station. According to this system, in the case that
an improper estimation result arises due to a large
variation of the electric field distribution of the base
station, the measurement 1is resumed, thus enhancing the
accuracy of the estimation result.
30 In addition, the mobile station may be equipped with at
least two frequency synthesizers, and even 1f one frequency

synthesizer synchronizes with a communication carrier at the



enbodi nent of this invention; Fig. 5 is an arrangenent of a

radi ocomruni cati on system whi ch adopts a position detection nethod
according to a third enbodi nent of this invention; Fig. 6 is an arrangenent
of a radi ocomuni cation system which fol lows a poSwhstigie $neetsdSiAH A% hod
~according to a fourth enmbodi ment of this invention; Fig. 7 is an
_arrangenent of a radi ocomuni cation sys2&m whi ch adopts a position
detection nethod according to a fifth enbodi ment of this invention; Fig. 8
i's an arrangenent of a radi ocommunication systemfor a position detection

- met hod acgQIdi N@hi0 rahcBi Xt bt £ERGEh MRila Rfr ity SméavenhkaBurEisg -t | $adho
arrangenment of a radi oconmmuni cation system which introduces a position
det ect i onsheehathadesrelingiroma sepdniidldiodPhemasd shias ipngenthivangh

the use of the other frequency synthesizer. Thus, the

mobile station can perform the measurements of the reception

5 radioc strength levels irrespective of the call. Further,

the control station may be provided with distance

calculation means for calculating the distance between the

mobile station and each of the base stations as a function

of the reception radio strength levels from a plurality of

10 base stations measured by the mobile station through the use

of a theoretical electric field strength distance

characteristic obtainable from the outputs and frequencies

of the base stations, and the position learning processing

means learn, through a neural network, the correlation

15 between the calculated distance and the position of the

measuring point. This system permits the position

estimation with a high accuracy through the use of the
calculated theoretical distance for the learning.

Furthermore, the mobile station may be equipped with

20 learning result storage means for storing the parameters for

a neural network conveyed from the control station and

position calculation means for constructing a neural network

using the parameters stored in the learning result storage

means to detect its own position on the basis of the

25 reception radio strength levels from a plurality of base

stations measured at an arbitrary point through the use of

the constructed neural network. This system can adopt the

above-mentioned position detection method in which the

mobile station detects its own position without the inquiry

30 to the control station. Still further, the control station

may learn the correlation between the reception radio

strength levels and the area in which the mobile station



Fig. 10 is an arrangenent of a radi oconmunication system based upon a
-position detection nethod according to an eighth enbodi nent of this

i nventi on; 31 Fig. 11 is a block diagram showi ng an arrangenent of a

r adi oconmmuni cati on system based upon a position dgﬂ@%WFﬁﬂmﬁgﬂﬁ&@”ngérding
to a ninth enbodi ment of this invention; Fig. 12 is a bl ock di agram show ng
an arrangenent of a position detection-s¥dstemin a radi ocomunication

" system adopting the position detection method according to the ninth
enbodinent; Fig. 13 is an illustration of an inmage of a radi ocomunication

. system baged pon d1e, pAsi 4 1 QB A1 eAkioR ABLhed  RGGRY didiged O F hQn”ii'?%th

enbodi nent; Fig. 14A1s a flow chart show ng a position detection process
layer accepting the reception radio strength levels from a
plurality of base stations and nodes of an output layer
corresponding in number to the areas defining the range of

5 an object under detection such as a room and a zone. This
system can conduct the above-mentioned position detection
method which detects the room or zone where a person
carrying the mobile station exists or presents a plurality
of places as the candidates for the person's whereabouts.

10 A further embodiment relates to a wireless
radiocommunication system equipped with a mobile station,
base stations and a control station and made such that the
control station detects the position of the mobile station,
each of the base stations is provided with radio strength

15 measuring means for measuring the reception radio strength
level from the mobile station, while the control station is
equipped with position input means for accepting the
position of a measuring point, position learning processing
means for learning, through a neural network, the

20 correlation between the reception radio strength level of
the radio wave emitted form the mobile station at the
measuring point and measured by the base station and the
position of the measuring point inputted through the
position input means, and position estimation processing

25 means for estimating the position of the mobile station on
the basis of the reception radio strength level from the
mobile station measured by each of the base stations through
the use of the correlation the position learning processing
means learns. This system can introduce the above-mentioned

30 position detection method in which a plurality of base
stations measure the radio wave from the mobile station to

detect the position of the mobile station.



I n a radi ocomuni cati on system adopting the position detection nethod
-according to the ninth enbodinent; Fig. 14Bis a flow chart show ng a
princi pal portion of the position detection process in the

radi ocommuni cati on system adopting the position dSUB¥KYteRNGRE: FROAPHELYY di ng
"to the ninth enbodinent; Fig. 15 is a bl ock diagram show ng an arrangenent
.of a position detection syseemin a radi2dcomuni cati on system based upon a
position detection nmethod according to a tenth enbodi nent of this

i nvention; Fig. 16 shows an exanple of the layout of roons in which a

{5 peomunCaEe T SASLEECODL) ) L.00) Ludh el cgbbun oF P abear o
method according to another embodiment of the invention, the
radio strength levels from a plurality of base stations at a
measuring point within a service area are measured plural

5 times and accumulated in a radio strength data storage
section which makes a <corresponding relation (mapping)
between the reception radio strength levels and a position
expressible with a continuous value such as coordinate, and
the reception radio strength levels in the radio strength

10 data storage section are compared with reception radio
strength levels at a position detecting point at the time of
the position detection, and when a position detection
section estimates the position of the wmobile station by
introducing such a statistic method as to calculate a

15 weighted mean of a plurality of radio strength data that the
radio strength level comparison result shows a small error.
Accordingly, the estimated position is not limited to the
actual measurement point and the position of the mobile
station can be estimated within a range smaller than a

20 distance between the measuring points.

Preferably, the reception radio strength levels and the
position coordinates are accumulated in a radio strength
data storage section, the position coordinates are
accumulated as a position expressible with a discrete value,

25 and the radio strength data in the radio strength data
storage section are compared with the reception radio
strength 1levels at the position detection so that the
position of the mobile station is estimated by employing a
statistic method in which, for example, a position detection

30 control section makes a majority decision using a plurality
of radio strength data that the radio strength comparison

result shows a small error, and the degree of the



32 Fig. 17 illustrates an e:~anple of a meeting roomreservation system

-connected to

a radi ocomruni cation system adopting the position detection

nmet hod according to the tenth enbodinent; Fig. 18 is a graphic illustration

of connections between roons in a radi oconmuni cat PERFIRIATIERT PR

%§3the

-position detection nmethod according to the tenth enbodinent; Fig. 19 is a

bl ock di agra

m showi ng an arrangenent of og.position detection systemin a

" radi ocomuni cati on system based upon a position detection nmethod according
to an el eventh enbodi nent of this invention; Fig. 20 shows an arrangenent

. of di [ ni ti t whi ch adopt i it det ti
et hod:  ahBLFRELL55Ys Rowe i BPFaRdBRemt 1 o Thadt SeORNRR cdti Gty stem
tég(lsg%[) F{JI?@E:R%‘_%IBIEW aPesgialii QR jdeteation vt hed. « DESCRLRTIN Gk TéE: PREFERRED
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position to a plurality of extracted radio strength data.

According to one embodiment of the invention, a
wireless radiocommunication system which performs
radiocommunications between a mobile station and a base
station is equipped with radio strength data storage section
for retaining positional information on a plurality of
measuring points expressible with continuous values and
radio strength data including reception radio strength
levels from a plurality of base stations at the respective
measuring points, a position detection section having means
for comparing the radio strength data in the radio strength
data storage section with radio strength levels at a
position detecting point to estimate the position, an error
radio strength data storage section for holding a plurality
of radio strength data involving a small error on the
comparison in the position detection section, and the
position detection section performs the position detection
using the plurality of radio strength data in the error
radio strength data storage section. Thus, the estimated
position is not limited to the actual measuring point but
the position can be estimated with a range smaller than the
interval between the measuring points.

According to another embodiment of the invention, a
wireless radiocommunication system which performs
radiocommunications between a mobile station and a base
station is equipped with radio strength data storage section
for retaining positional information on a plurality of
measuring points expressible with discrete values and radio
strength data including reception radio strength levels from

a plurality of base stations at the respective measuring



Referring now to the drawi ngs, a description will be made herei nbel ow of
-enbodi nents of the present invention. First Enbodi ment A nobile station
posi tion detection method according to a first enbodineng of %ka_%ﬂyention
is such that the relationship between the radio sF*BﬁGF% hesb el SARTH 6P
"plurality of base stations and the position of a nobile station is |earned
_through a neural network to estimate th@7position of the nobile station on
the basis of the radio strength | evels neasured by the nobile station. In a
radi oconmruni cati on system whi ch introduces this detection nethod 33
..accordi ng e firs dirent _J sh i.n,_Fi X i _
station 18§9P§géonﬁbségﬁgﬁgghggbé?ggégg??ong%%%%%gl gg?%fgﬁ ngé#gr tor
control | i sgmpheiaperals andifo tderamdihedstat ian tHl radiqdsorehgengtta
measuring section 103 for measuring the radio strength | evel of a signal
from a baSEosREE| oPRFLHAE &'ifbi FéddCat FERCRERASM REFbR aHd PecBpBibAON
section 1 . SL.J .lra 1 SSJ d ent i . and a ti .10S
e mde uncor ok B A O S e OB R o o ¢ RaCLY
oper at ponsetehbehbadet st alticedd6 seatliase Soat ilopldingsn splaradidy of
reception section 107 for signal transm ssion and reception to and fromthe
nobi | e st&RABA 194reRFENa Bake ttFRN BYRHCaING ofFt s&&kodn 1p8 Ebe

signal tr LSS| a r ti . and .cantr, tatio 1 rough
awre Ii§§§ﬂgggg§§rtﬁg} the c&%??%?lgﬁat?%ggE?igﬁs é%%?%ﬁg% Wi %&a %gﬁtro
station cpastolioseciatosctdidn f @ectdrir obétrfigrinbe tdper abisdn ioh t et eobiveal

station 111 a conmuni cation _control section 113 for controlljing the
communi caB¥BREFFLRLENY s &g A3, Valpssi t MSA™Enfdte sekitakt v 40for

under ggi ngo5he §ARULGR ORI f1AendaL 00 2ohad] QRN NIBRSUEL N,

poi nt, position |earning processing section 115 for le I ng) throug
neur al nes&ot kont he Acoraled gtosmit et weenetheoposicheorasfid het rabgtle §&aki on

10l and the reception radio strength | evel at .that point and for storing
the correlBtit t?ﬁ§%%e?ﬁé@ﬁ?t§n TRET t PERTEST MY oRepiEdgsty ¥ikhi on

110 1o R e, pomLaiat e, PR sesabign, A0 hd oLl ano
correl atidate¢hion34 &nhg. 4) poweriPs |@9tendian0 cepteséntseftienemapase
statiops gach HeYi P! R SR A ANIRIRNLX8Rp1 020 A1 ti8RASe Statiop; 40~

method to make a majority decision on the plurality of radio

strength data in the error radio strength data storage

section which makes a small comparison error and further

estimates the degree of the reliability of the obtained

20 position by, for example, employing a statistic method to

calculate the rate of the estimated position to the

plurality of radio strength data.

In a further embodiment, a position detection knowledge

gsection may be provided which has a knowledge on a person

25 carrying the mobile station and an action rule or schedule

of that person, and the position detection section carries

out the position detection through the use of the plurality

of radio strength data in the error radio strength data

storage section and the knowledge in the position detection

30 knowledge section. Because of using the knowledge on a

person and an action rule and schedule of that person at the

position estimation, it is possible to remove data with a



Fig. 2 shows a systeminmage of this radi ocommunication system The system
-conprises a nobile station 201, base stations 202, 203, 204 respectively
havi ng radi o zones 205) 206, 207) and a control station 208 eguj wWth a
position input section 209) a position |earning prHERLLs %@eeé'egﬂ“gﬁ& 0 and
"a position estimtion processing section 211. In this system in cases
~where as shown in Fig. 2 the nobile statZ8¢n 201 si nul taneously stands
within the radio zones 205) 206, 207 of the plurality of base stations 202,
203, 204, the detection of the position of the nobile station 201 is nade

- on the bagi d1g StIapUh hoyehenel thenr adi ¢ wavesy eoha
stations %8%,%%b§h fbifsﬂeasured bynt%e nDBiIe station %%%9}5§yoge%§§€%
the functiion® < trhempdsitti vo isepfeictseddatanwi®@®, 4 haipbsigoowmibebityngf
processi ng section 210 and the position estination processing section 211
belonginngHeFW@tébnthﬁnng@i Siyet FBPttHgﬁboEPFESHOHeﬂ%%§¢%%l%$ R

nobi | e st ation),t e Qpesat | of the system conprises two nodes: a |earning
node and ghﬂbgstienat%l on rméjecspl n the | earning node, the position coordinates

correspondi ng Farahehucale,t ya ogfopi elleh edetred ippasurawigedip: nEscat eni maylt t ed

t hrough the position input sectiqQn 114 of the control station 111 and
st or ed inbﬁhé’rﬁﬁ’slidﬁ%n"‘%é‘é}ﬂn A§ Iy LRcFPEn TEERtIQnIRiR PRRWRen

nunbers i ndicatiye ©f bhe Qa8 Olst RepIRASYLAREN, SLAT & assidned Lo, Lhe

measuring points, and the ‘coordinate systemrepresentative of the positions
of the neasdrithe p35ipbémtdetscsiingl yseatatiomm meyd condiueds tier potheion

osition detecti,on i s nade. en the infqormation on the asuring, points
gre conve EH_eFlrnlBﬁ‘ghu_%brh% ﬁE\agbsul_f%ﬂf%_ r?%bizf%ék?atsit(fﬁ saaé,a iglfnpt _Flg‘e
measunpngepebit SAL1iQ | SEh-cabed whth Pofﬁdltai_:{é)”s@cmn LR mpélﬁnéw&ageelgl

is transferred to the indicated points inthe order of neasurenents, T.
in the order et posatiiosr sdefecheonedsunwleyqrwi sestinmer e tierangii | ehe

station transm ssSi and re ion section 104 _receives, radi o waves from
the base BF&ti &fs %(r%‘? %’?“@ﬁ%ﬁ?o hd %ﬁg r§8i18%§ﬂ’§6191 QST Rg 5BEtion
103 neasupesrbhetiecaPthosif aghs shiper@il Jievelstf atbereicgnals ddwer ef pom

The nobile station transm ssion and reception section 104 transmits the
measur emehe dmssitd @ heobgsxe lsidgti onf 10Bewrlairgridduces tiealig ghksengali o

strength | | . . 1N e ion sf.atjon transm ssion
and rgéepgggg shee\cﬂ{aleg&nﬂ 15£}Qr g%g?\%e?aﬁleo rsetg:igép?#%ﬁ ?%?]go Sts‘forfear%% hs%é?%to’fqrom
t he nobi | enst d@kiten déhotd henbasenstationn comnt rt sechiossikl@ desi desigbe

kind of data and transmts it through the_ input and output section 108 to

the contr8ReSPEFi 0RT11TCY n ithe CEFHSTHO%at ih 8 W Eohvini @4t i bRe
control sggtign 113 yeceiyes theqfLception r@&l%ogmtht%ta Lsom 88

nobi |l e station 101 through the base station 105 and the control” station
control séeteohidh?adevrdey.the reception of the reception radio strength

dat a d hands_it over t.o the position |learnin rocessin ection 115.
Thus_,the recepty &n %ﬁ?lbegt?@ﬁﬁaﬁma a _c%‘%‘?rﬁfﬁ%%t gﬁtf%rcgr’rlof’hé“%tln’??e
station 18dntQcthe ROSIUO d el PRQECSEENGUERRl] U Idid sheeQierr of
36 ' neasurenents, so that the correspondence (nmapping) is made between the

posi ti on dabpdinediesiBf thife gEEPRcrRdéOnEd iGN data storage section

is changed in accordance with the degree of the error
between the radio strength levels at the position detecting

25 point and the radio strength data in the radio strength data
storage section. Since the number of the radio strength
data in the error radio strength data storage section varies
in accordance with the degree of the error, the improvement
of the position detection accuracy is possible.

30 Moreover, the position detection section may be
equipped with a position accumulation section for

accumulating short-term positions the position detection



points inputted in advance through the position input section 114 and the
-reception radio strength data fromthe nobile station 101 at the respective
measuring points. The learning in the position |egarnin rocessin ction
115 is made through the use of a neural network, §H¥m@&§ﬁﬁﬁﬁﬂ%5?”gﬁﬁ in
-Fig. 3. In Fig. 3, nuneral 30l represents an input |ayer, nunmeral 302
depicts an internedi ate | ayer and nunetab-303 denotes an output |ayer. This
" neural network has a | ayered perceptron structure made such that, when the
reception radio strength | evels due to base stations froma nobile station
are input L nto des .of e J t yer h osjtlo .
coordinat%§g8¥8bhggggﬁgiganﬁii%#%ééggﬁa?hgegsaﬁgﬁgﬁ%ﬂé%é%§%g%u€%ﬁF%88
fromthe potpuledialieig 308e ldppgdimrietkmds febdorkhe appdpiataide 681 tNgauS
functions such as the si%nnid functions are used as the input and out put
funct i onsORokhenP#DHEs OITHIRE nEafaP MEtvRNICH sdase habdcial theurarror

network b I bei i : a i i h

rot o encebj a3 FrenTERANRS dR et SRERLER O R A TGt e
brevity. #setbstieheeangesittiter e arpfudddd hefati emanhnBieahanftNeurdling
Net wor ks" publ i shed by Sangyo Tosho g1978),,wwitten by _Shuni chi AMARI and
"| nf or mat $ bEUPE eBssishgdeeifedr AN NeiGom@sigubPLs Hete by at&s§y e Tothated
(1988), i y Hi i . . NOS|1i I i r Y secti on
15, e ott ETel” sborfinatiets i iRicth Bl AR Mheh RE LR TR
radio  3fusthengthel @uasertn pbeiuvbbhl enst atieont 104 at tthethessut t Hgn .

poi nts, which are made in the con~esponding relation to each other) are
used as the | 88tni MPREPRTEdFCt he WUr aPCREERBFK (FREERFEORasdP t Roain

" eCeply ONd A Lr SAT Nt s dfP! ScpET VRoInhe S sbgnakaeand dhe, popkt i on
coordi nates act as the teacher signals). First) the reception radio
strength ¢elVebladaé boa ahd dasis yodf thasesksbmt + toesmi hithergohid edstadiéon
101 standing at the neasuring Pinh are inputted into, the nodes of the

i nput | ay'et€ BGEPXEOP%&é@E‘ie\?éIy‘? AFRENSSHITRDSG iRORREEER  n rRO$EFPR so
that the Qutput;yal ugs iﬁg%weiﬂog%%u%c le output layer 303 after passing
through the internediate Tayer 302 coincide with the position coordi nates
of the neasurihyg paldittidvbr eigpepldécealdy, arbemudiaghing obheorsientt -orsrm
betmeﬁg t he ngdes of the En ut. quer 301tand the nodes of .the internqgiate
| ayer 30 % %‘P\%S\AEF%P:{“S G CBhnedti BRE “hefneetY e HiBd8S SEPTYhEaY be

i nt er nedi gd€ah BYEhed02randnthe negescfurtdien toifput Heayga s 80% -8 Adiaist ed
to reduce the error between the actual outputs (the values of the outputs
of the oyl fayé&he3@s afish thewWhiapht thegyarosole rekaties hhe mediesl in
strength u an he.,cor ti rdi hi.s | earni rul e
is generéﬁﬁé ?%%%?r%ﬁ&tgjgé gggéggggyoﬁ%ga??%nﬂhﬁﬁ%ﬁéﬂFg e ogﬁﬁeﬁgg?gtnot
limted ttetrhe s et hddkciblee detrai | shaboblastilse le@@ar nthg r phes amewdsenwel |
known, and the,descrie%%on thereof will be omtted %see t he above-nenti oned

f
rof er PhodSTReT SR e O 4H° { REPHRESUFFAG :BBF nt RetRFBUGRE hEd TIIRERA ¢ he
recepti oy Post ri@gaﬁgkeﬁehgt@ueofonum respective Q?ﬁ?oﬁ%@étéﬂs the8 1N
the nobil'e station 101, the |l earning for the output of e position
position detection is again conducted. Since the
appropriateness of the position estimated by the possible
movement range of the mobile station on the past experiences
25 of the mobile station is judged from the long-term history,
the improvement of the position detection accuracy 1is

possible.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention
30 will become more readily apparent from the following
detailed description of the preferred embodiments taken in

conjunction with the accompanying drawings in which:



- coordinates is made till the convergence (for exanple, the convergence
-condition is that the sumof errors at each of the neasuring points cones
to below a given value). After the conpletion of the |earning, the_pgsition
| ear ni ng processing section 115 passes the meight§”UW“$%ﬁW§%t#%ﬁVE%$ en
the input [ayer 301 and the internediate |ayer 302 the the weights on
_connections between the internediate |-a3%x-302 and the output |ayer 303 to
the position estimation processing section 116 which in turn, stores them
This is the operations in the learning node. In the estimtion node, the

Position of the bbi1 e ot &I mee T notRe amnl LU Bn 07 e rini P62

stati on t radsmcesimum iaradt iracepy s dams editiictin dddptecei wess iteost vdbkectddiro
wave signals froma plurality of base stations af a timng according to the
i nput i nsPRGECFoNSCERFRINTe Uer &t B s bisTRRYLPRht , Cht BRCopBr&EEsta
timng on;the syst,emor at a constant time interval. Subsequently) the

radi o strengtﬁ measuring section 103 nmeasures the radi o wave signals

t her ef 5om (t heFigceptd oniand areasil buentatiohngefar eanndématiee cont r gheof
the nobile station contraol section 102), and the bransnissjon and reception
section 1839PSABIUIY SAHIOT cBEPEEBNPAEEM0 WRIRNEER RS HiPN f erteRhAPIe,
the seleckgdnpase stallapghs, whichpausestde highesteradi oombbsigble , -

l evel . In the base station 105, the base station transm ssion and recepti on
section 107 receives the reception radio strength data fromthe nobile
station 39 101, while the base station control section 106 judges the
kind of data and sends it through the input and output section 108 to the
control station 111. In the control station 111 ) the communication control
section 113 receives the radio strength data fromthe nobile station 101

t hrough the base station 105 and the control station control section 112
deci des the reception thereof and hands it over to the position estimation
processi ng section 116. The position estinmation processing section 116
constructs a neural network with the same structure as that of the neural
network used at the |l earning on the basis of the weights on connections fed
fromthe position |earning processing section 115. Further, the reception
radio strength data due to the plurality of base stations in the nobile
station 101 are inputted to the constructed neural network to obtain as

out puts the position coordinates of the nobile station 101 at the tine that
the nobile station 101 neasures and reports the reception radio strength

| evel s. Thus) the position estimation processing section 116 estimtes and
detects the position of the nobile station 101 on the basis of the
reception radio strength levels due to the plurality of base stations in
the nobile station 10l. The accuracy of the position detection depends upon
the learning result in the | earning node, and in general, on the |earning
characteristic of the neural network, the accuracy thereof can inprove in
such a manner as to increase the nunber of measuring points or the nunber
of tinmes of neasurenents at the neasuring points in the | earning node. 40
Al t hough in the above description the operation of the radi ocomunication
systemis divided into the | earning node and the estimation node, it is

al so possible that the control station 111 nmakes the sw tchi ng between

t hese operational nodes in a clear expression or the control station
control section 112 switches the operation in accordance with the kind of
data in a state where the node information indicative of the kind of data
is added to the reception radio strength data the nobile station 101
reports. Further) although the nobile station used in the |earning node and
the nobile station used in the estinmation node are described as the nobile
station 101 in Fig. 1) there is no need for these nobile stations being the
sane. Second Enbodi nent A description will be nmade herei nbel ow of a
position detection nmethod of a radio nobile station according to a second
enbodi nent of this invention. This detection nethod is to make a



neural network learn in a way that the position of a charger for the nobile
-station is treated as a nmeasuring point. A radi ocomruni cati on system based
on this detection nmethod is) as shown in Fig. 4, equipped with nobile
stations 401, 402, 403, chargers 404, 3§05, 406 for charaina the nobile

- stations 401, 402, 403, base stations 407) 408) 409) and a control station
_ 410. The control station 410 is nade up of a neasurenent position storage

section 411 for stigringhohes I%SERJL&@% dfMhOEHBENRE O o MR uPERHENBgK PR Nt S
predetermned in pOsition, a position | earning processinj 41 section 412

for learninge L,Qequgn 2 JocHig 1@5@%9@@&&3%5 Wrs@&ﬁBhOBf'tRQEt ween the
measuring points the reception radio”strength evel's at the neasuring

poi nts and : i : o] Lat i r n L it L on
estimation fﬁ?@‘c@gﬁfﬁgﬁéé@??@n%‘ﬁﬂi o@egﬁlgngtglgﬁé&fh%e%ggﬁoﬁ %ﬁggﬁéfhe nobi | e
station on i.s  of e reasuned;: .0 strength val ues through the use
of the corrépg??cgin.g It§ Eﬁg.ﬁ‘%‘? %ﬁ'rpg)%é{n%ﬂﬁ desi gnates a coordi nate system
This systemis e tgk.i na into (ozonsi ge(rbr:ti on,the case.that the chargers
are fixedly di spdd€d htiSpPBIATAPSFIMERT pRkid TAAC ARMUBICHIOR SYHEM ase t hat
a charger is f.i edILy al aced on a.di s& of .each Eraon inafirm Inthis
case, the p8dHERoMTEHUEES: & NQSLEPR \ECleRtPReCtAPE BRERIKHBE I 2 hsaqead
predet er mi ned cogordi nate, system 414 (the coordi nate systemcan freely be
set), and tﬁglttﬁfglim‘?’btn szoégkfi ABVERLPRer eof are stored in the nmeasurenent
position storage _section 411 of the control station 410. Now, let it be
assumed that theFibid dssent AGABSAMENt 400 2 1931 CFOMIMUARRAIRN ySKSIEET Wi t hi n
the radi o zones of the base stations 407, 408, 409 and are set on the
arbitrary chdvigbr edapts; aqpopitiws, datesiient ingghgd agcarding ttonw) third nobi |l e
stations 401) 402, 403 detect that they are in the charged conditions, and
obtai n the ehmraiménterafi thisatinventiofipr mati on fromthe chargers 404) 40-)
406, respectively) and further nmeasure the reception radio strength |evels
fromthe base st #igores i40dn 4Q8ngd®i8nt Sefc andhdioconemmmiidtéorst Afstoms 401,
402) 403 reports the charger identification information and the reception

radio strenglfich fQlbwyehSpbsieiont detdoarm Thefhiodnacdbidind08o #0urk ough one
of the base stations 407, 408, 409 to the control station 410. In response

to the repoembdHeSHtORY ithist higvePndiol station 410, the position |earning
processi ng section 412 obtains the position coordinates corresponding to

the reception ragig strigngh hatréyedmentasiunedadiod ongpani@didly deesmpbile
stations 407, 408, 409 referring to the positional information on all the

char ger s st afigh  faguagop ol o UcTBAR GENiQPARELIM " F0RLAPOL On 41L

i.e., the position coordihates expressed the coordi ffate system 414.

Furt her) asewdﬂgﬁﬁhﬁth%ﬂ kiist iﬁgrm%ﬂr;ent, for the | earning a neural network
e IC

i s construct receives as I nputs the reception radio strength | evels

fromthe respectgyg kase ﬁ%ﬁg@erﬁénﬁﬁ?%gpﬁﬁ%ﬁ i D QURULS s fg £or een

correspondi ng posi®ion coor S, an on “‘connecti ons

Lre, 1o o, AR P E 350 Dol dhBat 5 g e
invention;
Fig. 9 is an arrangement of a radiocommunication system
which introduces a position detection method according to a
seventh embodiment of this invention;
Fig. 10 is an arrangement of a radiocommunication system

based upon a position detection method according to an eighth

embodiment of this invention;



In this way) for collecting the data for learning of the correlation

. between the reception radio strength levels fromthe plurality of base

stations in the nobile stations and the positions of the nobile stations,

the plurality of nobile stations are 3ited and the reception radio strength

- level s therefromare neasured at the known positions of the chargers.
Accordingly, it is possible to sinplify the input of the position

~ coordinates of t'I"‘i’g.”ﬁQS‘i'iid‘%l@&i Ndiggrdm Midgﬂh’n MG ebite tmBasyr ement s of

the reception radi 0 strength levels®are al ways possibl & while the nobile

stations are, i; 4 r ondi tLlo it | i ol | ect
| ar ge amun?a(gpcgg% aUBEﬁJg&gnﬁgﬂgﬁnﬁsﬁg p Soint iao e?é@t ?fgﬁe%@gﬁr acy.

A though. | nothh3aeBOdidIRD o e A% | LAB5aRhehNSOCIALIShIeABR X0 L0

obtain the posSitron coordP es hé rmeasuring points o0 & | earning

data (reception i Qastren e I e re e between the
chargers and thei:ﬁg'bﬁgegsgtaa?bltlg#s qﬁgé%eég%&g&éﬁcgﬁ%&g&g}gl Sg Zbossi ble to
adopt a net hod. of speci L%I ng tpe nobi | e _st.ation | earni ng data measurin

poi nt wi t hoBPSIHiM FEEREONGSHEIGR cHE i {nTHPEP FER P B 24100m LS Ngr a
met hod of determ ni.ngl the | earnin dcfta nmegsuri ng ROi nt at every, nobile
station. Fubthd?9sipo iéeé?“stborhp‘ﬁ‘reglﬂ AEATARE WOorthe oPIHR; eAAPPEENERES ni ng
data, on the nmeasuring point there are provided a |earning data col | ector
equi pped with onFy8a 1gaéﬁ ds i Hesigatmo @i H§agecedl dn radiocosamunicatiome
reception radio strength levels froma plurality of base stations and a
transni ssi ofy¥am rbﬁﬁ@gt upens dae | pesition tdesgrsion tingthedeacamadpng otp rthdi o
strength levels through the base station to the control station and further
for receivingnth comboslimginghal fromthe control station. In this

enbodi nent, the operation of the radi ocommuni cation systemin the position
estimtion node Fsg.t hdAsdsmea ddowhabaitnshdwingsi positi@stdatettion pudessn t he
first enmbodi ment. Third Enbodi nent Furthernore, a description will be taken
her ei nbel owirpfa aragadst dinenunlieheioni gystezhhadopfing theli posividn elatatioan
according to a third enbodi ment of this invention. The third enbodi nent

44 provi despthadi acodRiihg $6 atieomindsi émbodigkact i on nmethod in which - the
user carrying a nobile station finds) through the nobile station, its own

present |ocationFes 1AB PPS Fi Hare sHofvfifs entprimiiphp p'iirﬁbhoﬂf dhe a
radi oconmruni cati on” system adopting this detection nethod) as shown in Fig.

S obi| & Stgbliens ARGl oROBToBd SHURDCHbEDTRRhIGRALd 0 0N 1 O

sections S 508 for contr Ing the operations of the nobi"le stations
A501) ' BSOT ad dighife S NeHsiBRARLECADO SHLARNE 2eBerdim thothd™iin! N the
radi o strengt eVel's signal's received frombase Stations, mobile
station traé’nﬁm i RBpgnd reception sections S06, S12 for conducting
transm ssion an re_cep’ti on of signals to and fromthe base stations,
Do o girPul SBEL! 9555041540 difkradh | AWARS! BR WAGheLchEPE d ear i o

data neasuring positions) and positYon inquiry sections while a
control statj 16, | Vi ith a ] i C | Eon 517
for taking é(ltzl%ﬁé} oqetgﬁtgggoﬁ?%gpwo’fn tzhel%gbé(g%fllng&nrﬁ%?B?He%gg{’iﬁ?oﬁ%g% tion
516, a communication .contrpl section 518 for controlli he ¢ ni cations
i th 1 he babRo;a, POREEH, Ref S, PEMES +Sinsfits eQuas (PRl swbBPOibesh 1 or
maki ng a req¢1e t f.or tp}e radio strength levels to the nobile stations 501
507, a posi®i dM' RYAPHG pr ocessi ng section 519 for |earning, through a
neural networ k) %he ﬁgr rel ation betw?en g&]e l.ocat | o?s_of the mohi] es
stations 501 ) 558-ah@ YRV AOeFERBIPIF Rfi NS AEAYE RLIQAMS 1Ht WHER b | e
station locatjons and further for storing the correlation therebetwen, and
a position 186K PHAMIBRIISAGIOLS T4 Be AGOPIIER 1theo rPesitipratdehec AR paRiNodon of

the nmobil e stations 501, 507 on the basis _ .
according to the tenth embodiment accomplishes a position

detection;



45 of the neasured radio strength val ues through the use of the stored -

. correlation. The arrangenent of each of base stations 513, 514, 515 is the
sanme as that of the base station in the first enbodinent (see Fig. 1).
First) a description will be taken heB&i nbel ow of the operation of this

- systemin a |l earning node. The user carrying the nobile station A501 inputs
positional information through the position input section 504 at a | earning

data nmeasuring p@ggtiion.i]jgearauent xamiphe oW IBestlinéi AAbAOREJeRlationt | ON
502 detects the input and gives instructions to the radio strength

Teasuri 9 SECLERN S0l dePRSUS erid1BoBRERLNAMRyY AYsfeid! @BGhIN SR S 17 om

all the base stations including the plurality o se stations 51 514,
515 (sim | aphky: L t i gt | I 0 Rkl e station
). Artor cRetiidE iUy’ REhRE, GoLERRG, o) BYE Both DEMARIRR O
transmts the neasyr r.ecepti.on: ragdi ren vels fr plurality
of base stations ‘I’n‘deit%hégpaostlrf:l ﬁghcal%ﬂ}‘lgtfrgﬁlégt ?gn%donﬁle? E‘Z’“ﬁeg%&%‘b O:)quﬁfs
t hrough the.transnj.ssion _and r.ecepti gn segti gnUSRﬁS to t.rtle base shati on 513
whi ch causeH! t hefHHGRBTIMPRICAFON R YF 5P 0 28PPEASt A1 eDRP1U QN Y HEpase
station 513 cQ ni cates these data to th ontrol station 516. In the
cont r ol sta{qedﬁggl geee néoﬁﬂumecatﬁ‘ E‘E)‘?ﬁo of€8&ct i on 518 receives these
dat a, whereas thgcogtgrol S%iti on,517 'ugg%es_the ki nd of data ?nd conveys
these data to t h&EiHodPt iof PAeGkiHASTAR HIRVHE d8:AMBRESTENLWPEH ¢ hi s
process, the data for the | earning of the neural network are collected in
t he positi oROPidEITi Grfectins Syoiedssithgd skdipepmMmBnicaON fsHINoMasEdt he
position |earning processing section 519 subsequently conducted is the sane
as those of uppe poppsitton |dedeclion mesked saerprdang i Ondnofele yenth
embodiment of this invention;
Fig. 20 shows an arrangement of a radiocommunication
system which adopts a prior position detection method; and
Fig. 21 shows an arrangement of a radiocommunication
system based upon a prior position detection method.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings, a description will be made
hereinbelow of embodiments of the present invention.
First Embodiment
A mobile station position detection method according to a first
embodiment of this invention is such that the relationship between
the radio strength levels from a plurality of base stations and the
positiorr of a mobile station is learned through a neural network to
estimate the position of the mobile station on the basis of the radio

strength levels measured by the mobile station. In a

radiocommunication system which introduces this detection method



radi oconmuni cati on systens according to the first and second enbodi nents.

. Secondly, the description proceeds to an operation in an estimation node.

In this instance, let it be assumed that the user of the nobile station

A501 tries to find its own position o33the position of the nobile station

» B507 being a different nobile station. The user of the nobile station A 501
first) when wanting its own position, gives instructions therefor to the

posi tion i ngedgrdiseabl et F03t anfbodieen gt anGhbler PASFid.oNn, of mbkilet her
nobil e station B, |nputs the identification nunber (tel ephone nunber or the

. like) for t%tl’@ﬁb'lb‘i $4 aldrRpofed BMBKmAE REHidY -cdrirdiNge€@88 962 9F3r N9
instructions for the inquiry on its own position, the position inquiry

section 5050@1%611?] b'o| Rrish | ﬁf‘ RENHYi1S8¢460R P2, 0 AHYS stren%t}}]l

instructions to t |o strengt measuring section 503 to neasure

recepti on rﬁl%'agH Leggéﬁo{xe‘féhsﬁéf QHéfsjujnﬁJ‘ethQa?fdl%t Sgﬂe‘ﬂ@%h fVe§! of NE

measur ement s I'0 Strength neasuring secti VS ot hd

516, 1 tnes@Rt Pk ARy %E%l@fﬁﬁi B Aol %‘%‘forh A %'ﬂ%fia“

o1 ocess ng GEEPLRH S2500RA0dodPt FIRPBL VPO Rk RaPUR L Ui bl
L?St‘?ini“?eéece%it?%ﬁff? dsitido ugy 'af".vaﬁ'rbsas‘e)?\s;eafé@o%f@ﬁe%kﬁ{f%iﬁorﬁém
whi ch al ready cojnpl et the I ear %ghl n the OSI tiopn | earning processing

section 519CPRITBHIRS nt h@PEFﬂftF‘é% igh %ls URn ch-dRAnBRes  St#HENposi ti on

coordi nates thus | .
transmission and reception section 107 for signal transmission and

reception to and from the mobile station 101, and a base station
input and output section 108 for signal transmission and reception
to and from a control station 111 through a wire line, and further
the control station 111 is equipped with a control station control
section 112 for controlling the operation of the control station 111,
a communication control section 113 for controlling the
communication with the base station 105, a position input section
114 for undergoing the input of coordinate data on a radio strength
measuring point, position learning processing section 115 for
learning, through a neural network, the correlation between the
position of the mobile station 101 and the reception radio strength
level at that point and for storing the correlation therebetween, and
a position estimation processing section 116 for estimating the
position of the mobile station 101 on the basis of the measured

radio strength level through the use of the stored correlation. In



obtained are delivered to the comrunication control section 518 to be

. transmtted through the base station 513 to the nobile station S01, so that
the nobile station A501 can find its own present |ocation. On the other
hand, in the case that in the nobile 8#ation A the instructions for the
position of the nobile station B, together with the identification nunber
of the nobile station B, are given) the position inquiry section S05 gives

i nstructiongigo It hauideakm 199 andand Or eepidstan SigrdreAn B tseatipagssadh t he
inquiry request and the identification nunber of the target nobile station

. through theth@‘ﬁf‘ég Shet 58MeS hArahQehthicut ihak &t ahkOBadd Sstalidnt E@ﬂ?on”ol

station 516, communi cati on-control section 518 receives these

informtion and e eonhbQls SeCiidh IhRANFYaRs {doLsrertaAdga to mke

a decision to that®it is an inquiry reqliest for the position o e nobile
station B a ds e o) : ' I t4ihr e ting
section SZOW%EQE rgt:% \?9%%? héé&ég[.lg?g ihfeél?jgpge%aég&r%?i%qldap%% %tginﬁt'égl of
the nobile ti B,and O 1Y, 5 eguest: f ShRELO ereqf , the
radi o strengbz’égg%rgage %ﬂ%fhggHéé%?égﬁ Oigéﬂég%%ﬂgagpé’g%?gnﬁpa Peport
request on the bile statLon B to.the comuni.cation control s ion ~ 18.
The comruni E%’Pfrgﬂ %GﬁPPo?bgeEHP‘&Peglg‘{“%? c%osdﬁpf’o?%mt ﬁgcﬂ'ﬁgeﬁgﬁt a 48
managenent s &the functi.ons provided in Iheééﬁand%gds for .the - portable
t el ephones BPSiBIRss)Ieamninge PABCTSSIh $e68iofk (20 Gdord {BRSIHBRI FEUMmALi hs)
retrieves thegeneral caLIing freﬁ (an areaconprising theradi o zones ofa
plurality oPTRfESSING SEFHAB £bt- t ABgBYIEr BSERMY 1Ay CAFASCAVRENEORSt SROWN 1n
transm ssion to the nobile station)for thenobilestation B507and transmts
the radi o sFigngdt tihe emebileegtatsen o2Q hesiobiltanesusty issdy. withén the nadbo| e
station B507 receives the radio strength report request) the radio strength
measuri ng szenéor205092¢ead@esf the plurality of base stations 202, 203, 204,

the detection of the position of the mobile station 201 is made on

the basis of the strength levels of the radio waves from the base

stations 202, 203, 204, measured by the mobile station 201, by

means of the functions of the position input section 209, the

position learning processing section 210 and the position estimation

processing section 211 belonging to the control station 208.

For the position detection of the mobile station, the operation

of the system comprisés two modes: a learning mode and an

estimation mode. In the learning mode, the position coordinates

corresponding to a plurality of predetermined measuring points are

inputted through the position input section 114 of the control

station 111 and stored in the position learning processing section

115. At this time, numbers indicative of the order of the

measurements are assigned to the measuring points, and the

coordinate system representative of the positions of the measuring



the reception radio strength levels fromall the base stations receivable
.and reports themthrough the control station 516. In response fromthe
nobil e station B507, in the estimation processing section 515 obi station
B517 and the communication it to the 8Bbile station A501. Thus, an

- appropriate base station to to the radio strength report control station
516 the position :ains the position of the nobile control section 518

Ctransmits t@@imbiié esifbhf | AteAAPlecan it tigedeoeRd | Posifont MR 18®HHh s
station B507. In any case, a nethod of displaying to the user its own or

et hods. ar 6 R oy Befto i bF o aR ShIRE e Tulds O TS G ¥edl, 1 o
2 descripti Shraha seB% BB RS anb RSy st 1PloAREE: Efhsn et hod of a
The radi o mASTEnAORC a0 brfedn Wbk ETRER FEchoBene R RIEHE ¢ he
fourth enbodiyent iz, for 1mprovi ng ! he, aceuracy of; the; pogiti on, detection
measurements, i.e., in the order of the numbers of the measuring
points, where the mobile station transmission and reception section
104 receives radio waves from the base stations 105, 109 and 110
and the radio strength measuring section 103 measures the
reception radio strength levels of the signals therefrom. The mobile
station transmission and reception section 104 transmits the
measurement data to the base station 105 which produces the
highest radio strength level.
When in the base station 105 the base station transmission
and reception section 107 receives the reception radio strength
data from the mobile station 101, the base station control section
108 decides the kind of data and transmits it through the input and
output section 108 to the control station 111. In the control station
111, the communication control section 113 receives the reception
radio strength data from the mobile station 101 through the base
station 105 and the control station control section 112 decides the
reception of the reception radio strength data and hands it over to
the position learning processing section 115. Thus, the reception

radio strength data are communicated from the mobile station 101

to the position learning processing section 115 in the order of



doi ng the neasurenents over again when the estimation result shows a | ow
.reliability. In a radi ocomunication systemintroducing this detection

nmet hod) as shown in Fig. 6 a control station 608 includes a control station
control section 609 for controlling tI&5 operation of the control station
-608, a conmuni cation control section 610 for controlling the conmunication
Wi th base stations, a position input section 611 for accepting the position
"of a nmeasurimgap@idthen®®, PSS tHa@N thead MiirBgp PHRARTS | (A Fsidlg) Ofs 6fhddleor

| ear ni ng, through a neural network, the correlation between the position of
.a mbile St HdQraNAhtCqRRIAON Eatidinalesell! ihd eNapcalbe! MdadiRpad] o and
further for storing the correl ation therebetween, position estitmation
processi ng ik O raeSHi i 8h PRSI td QN kh:enstiatd on on
Phe basi o ofPThe: rapeiip 3RS DBcbRENCOR P Aigh BFnCSetes e
correl ation re b radi n r t.e LN i 614
for maki ng a&%qtﬁgs? &w??%grardggo%r é%%&t gjtearezrl a@i%gﬁ sttl{eeggﬁﬁﬂkegteaﬁg&{ oﬁ?%e
nobil e statign,,a position ac #rml. ion.s[ ction 615 for accunul ating the
past positi éB%r 'SrPaetcélsveofmg T iP%”%?'ati on, and a history decision
section 616 for iding,.on.thg basis.of the .past positions, whet t he
esti mat ed presen'(tj'Fé‘c(:)sletz‘i%alﬁ‘gofmtﬁ'lé3 R slteéf'?l&for ip§83?)sﬁﬂ%r§d<ﬁtborbrpﬁ%tl.s The
arrangenments_of a nobile station_ 601 and,each o bile stations 605, 606,
607 are the Bafe HUOLRHSEG PsenafffraEUIahtR Ik (eEXRIpIE 35 SRORE The
operation of, this system.in the |earni node is the same as that in the
first enmbodilfefis- %ﬁer@aflgn %h@‘l%ﬁlrrggiloﬁﬁfﬁél"e“tﬁhéns‘}’é’t”érﬂadﬁéf dygnerd
follows. That is, in the control station 608) the position_ accunul ation
section 61~ X%rdepicke HbsinterRediabt diaysr eandf numerahe3 0@ hlerotesatnons
obtai ned by the position estimation processing section 613 in the past as
time series wHpatatayever yI hisbineural actwark t beethdayaradh pereeptned st anp.
When the nobile station 601 reports the reception radio strength | evels
from a pluratingtupd hrsle stabi theg, nwhsor ¢t yecepéionadadicst steerygth ewslsri ng
section 603 through the base station 605 to the control station 608 in sone
occasi on) t htnecaorbase adtationsofrormwla srobilenstali®nofare himpueted ahtstthei on 608
receives this report, and the control section 609 decides the kind of data
and conveys riddeso of hehepdapuii day&st3I0Omt ihen é)r@rsnmﬁmﬁmteis of &hd. midtsile
position estimati on processing section 613 obtains the position coordinates
of the nobilsgagbat h@mlﬁ@lnﬁ&shﬂﬂcb?ﬁﬁﬁt Giret Batp&Red t RS eﬁﬁptdﬂgutarﬂyer
strength | evels due to the pl ur af’i y of base stations through the arse of
the neural rmg3w0r KnWehich neardl gl oflbe a'p‘p%gfiﬂﬁh_ i bt Aesifunefongak it RY
processi ng section 612 and passes them {0 the history decision section 616.
The history jde¢hsi Anssidt FERct®d®s retehsed st hRe Pﬁ]?utpﬁﬁdtbﬁfptﬁot)ﬁﬁétﬁ@ﬁ@S of
the nmobile station 616 accunulated in the position accumul ation section 615

to decide Wgkhgle hd@eBr SSEIIS ROSAL | OftwRirkt e dMPhL! sp&diaf if¥url Gefdtoriat ed

in the position estinmation processin; section 613 is proper or not. For the

deci si on Crigir [OWelY ALAOWT WENIRE WRR1en 3L hakNcaF QalifB "R Ghed et hod

is available to cal cul'ate € novi Ag - spee asis’o e position

obt ai ned N gHGULDE Last (RSt HORLEAN ARENSA LAEQE IR SR IdIRidan A the

present position an rese I'de whet her or” not _
cal Cul ot 20 WEEHy. 5 ABPERETERLEILEL, KREAIFL SLINLARLRP TR Gyt ation or
appropriate s. omnt he basis qf.th egree (an~angl e noVI. vector or
the PPkey o earat ot eres it ooy ey o tiihor (8P 2 e il enES) ocue.
However) this enbodi i.s not,Jimted to these.neth . If r opf i ate)
Thi's. coor di reNcRE ABFARE ABS. alitPHoRhobe ERPCEOLE | o puitte NERHRE
station 601 and. outputted fromthe pqsition estinati rocessi ng section
613 (the deé’t“ibi’a??‘feén%bfasaﬁéyamgpélb‘? a@sg§§i)t WELLiERe bfogﬁijglfl ﬁgéi-on, t he
nobil e station 6Q1 ) a different ) ) _ .

In ‘the position learning processing section 115, the position

coordinates of the measuring points and the reception radio



nobile station or the like). On the other hand, if not appropriate, the

- history decision section 616 gives instructions to the radio strength
report requesting section 614 to issue a radio strength report request
toward the nobile station 601. The radfo strength report requesting section
- 614 transmts the radio strength report request to the nobile station 601
so that the nobile station 601 again neasures the receivable radio strength
" level s fromsathgtheldvase ist ahé onbaled stapot t 0T het nkasnreagering ¢oihtss. \Wen
receiving this request through the base station 60~, in the nobile station
- 601 the radiwhighr aﬁ@tmaﬁeawrﬂhegcaﬁ@kP@ﬁdﬁ@S reRARH @9 khAehr edfirvadlee radi o
strength levels fromall the base stations and reports the neasurenent

results to fyRedcpntihe! 1sddid @ndf8for Mhé NeerantilvorkS2isStiald @As808het he
position estimati on processing section 613 finds the - |ocation of the

obi | e st at i ack 9dn AL bNEbh 3PNy ERCISEIAN REThE Ofh A siifigesyd derhe

appropri at eness of the coordi Rate values. 1f not appropri©ate,
above- nenti : o&s:]w i peat gd. €Ly niafrt Ni §; J. NS PPN
necessary tgggfe{%@? rrclcne t aetegp{ﬁ(gtr %?i gn%t ton E\fheg%&#gsr' o?lﬂtspn%}g@g%r:?é%gbi tion
of the radi LI rt. reqguest to . i tati: 601 .in advance.
In the case%tl%é)t %g%é%gégggiegbn Cﬁ(;]% ?1% %p@ru(%%lﬁ atenéggécsghtlgﬁﬁe& tbﬁe
estimation of the positi resunes th imted nunber of times of the
Fepet: tion GiePie AL, d0 RS e A4 e RuBITE chofl Gifelatissetn such
a way that the st appropri,ate valye is opted or the values estimted so
far are aveF%@egRe A&O%E%é’gi i IQBB"Vi?y‘?rn 3@&@ rﬁég?‘fti%?\lydetgétﬁ’éﬁ ehod
according to this epbodi nent, in cases where, for exanple, a great
variation ofh§ REWAECRETWORY dParndi sor thait ths PWPLhevaliss Sfomi dhe wedes
radi oconmuni cati on systemor the | earning accuracy is insufficient so that
the reliabi Pft theofoutpat abdsierad3orlisss PasBALothrowg hndbe| engrmmeddateobt ai ned
in the position estimation processing section is expected to be |low, the
measur enent layert B&2msieineidst atitlonthee posson cowgenatedl 9of chedumeasreng
position estimation, with the result that the accuracy and reliability of
t he positiopott ecMane specifigallyvethel nveighis iomn)connectioak sbe twgrrophieat e
that in this systema nmeasurenent interval neasuring section is provided in
t he nobil e abdes oof abt, imnmat fdweer 36ilo astdr emytrivdesasbr they isermetia6d3
measures the radio strength levels froma plurality of base stations at a
layer 302 and the weights on connections between the nodes of the

intermediate layer 302 and the nodes of the output layer 303 are
adjusted to reduce the error between the actual outputs (the values
of the outputs of the output layer 303 when the input layer 301
receives the radio stréength values) and the correct position
coordinates. This learning rule is generally referred to as a back
propagation, but this embodiment is not limited to this method.
The details about the learning rules are also well known, and the
description thereof will be omitted (see the above-mentioned
references).

In terms of all the measuring points, through the input of the

reception radio strength levels due to the respective base stations



53 constant tinme interval neasured by the measurement interval measuring
.section to report the neasurenent results through the base station to the
control station 608. In this instance, since it is possible to establish
the history on the position of the noBgle station at the constant tine
interval) and hence it is possible to nore accurately judge the
appropriateness of the estimated position coordinates of the nobile

" station. Fifd hhem%irr@rgttag&hlloI,urtﬁ@elr:hnﬂndewitﬁeieﬁt | b bget HeRMkion

! ! it
her ei nbel ow of a position detection method 6f a radio bil e station

- according { eogrdinhidy SUbRAUECAN Ghe [ ArBYRDE | @Br JRAmpIAULRe MODI |

station position detection net accor gto enbodi nent i s nmade
such that t j t i, | S d s vert i n e di stance
bet ween thepﬁ%%%%gﬁﬁ?@%Rgﬁdqgﬁéﬁbggg glglglt io(lgn%ﬁggsd%\thggcn%uéfglthgetvvork

| earns on the hasis of .the distanc rebetween. .1 n a radi ocommuni cation
system condm,etalgHéntghipglrgitét 8@%6&?%3}6@%& %agws%vmw%'ﬁ é?ge)r h‘?:ont r ol
station 708 is provide vvitrf a contrgl station,control section 709 for

t aki ng char® SHAR ObntheoleH R fre RONPPHIHOD: A AIBHNG 0BIOGESSPMENSRCERN on
control sec 'gn 710 fO{1 controlling the communi cation wi{h base stations, a
position i nul BadsaSonny 1 Veights 10RepPNRGFHPR PRSIRELthehiNPesilay ehsd O

measuring points, a position |earni processi ng.section 712 faor |earning,
through a n afiendnieime dighee ageF 6108 | 6 Bﬁ@w@hglaqseomﬁomin@ﬁu@m mobi | e
station and the reception radio strength |evels at that 54 position and
further forbetweemgthendntesmediatei dayehaEbheantkedhy Quitpwodayenn3@3t towati on
processing section 713 for estinmating the position of the nobile station on
t he basis othet lpositiasuestdmatioaptproeessang osesttiamgt 16 |'whidls inhtormh stdresuse
of the correlation therebetween, and a di stance cal cul ati on section 714 for
t heor eti cal thental difliat isnghe hepedasoande bet ieemihpermmomei | e station and the
base stations. In this system) the arrangenents of a nobile station 701 and

each of base staln othe 2QHmatdd) modearthet hetimAnpossidihadsettiohhguhttish
enbodi ment (see Fig. 1 ). In this system the distance cal cul ation section

714 of the woRks Oher2t abi efnir@ Shar preszant hpositionCalf tdimobilet 3bReon.

characteristic
In the mobile station 101, the mobile station transmission and
reception section 104 receives receivable radio wave signals from a
plurality of base stations at a timing according to the input
instructions from the user at an arbitrary point, at an operational
timing on the system or at a constant time interval. Subsequently,
the radio strength measuring section 103 measures the radio wave
signals therefrom (the reception and measurement timings are
under the control of the mobile station control section 102), and the
transmission and reception section 103 transmits this reception
radio strength data to, for example, the selected base station 105
which causes the highest radio strength level. In the base station

105, the base station transmission and reception section 107

receives the reception radio strength data from the mobile station



(this signifies the relationship between the distance fromthe base station
. and the radio strength |l evel therefromand under an ideal condition the
radio strength attenuates in inverse proportion to the square of distance
therefron) of the base station and cad3@ul ates the theoretical distances
between the nobile station 701 and the plurality of base stations 70~, 706,
707 on the basis of the reception radio strength |evels due to the base
stations 7090 7061 Ohe BASE! &dibhORLAIE] TRRLIE 108! fededOInt NfiOf e use
of the stored radio distance characteristic. Further; the distance

cal cul ation ct.ign oyt hg, di. {iti 0 ear nj

~ processing %%%t%gﬁ ?%éé?H?tﬁgbﬁégrﬁthﬁhgggﬁgﬁgn%agﬁﬁgghbp ggktgé B%gition
estimation grqpegsung S tHon 713 in the estimation node (if the

t heor et i cal “ Yt EPante o8 Jides with the actual distance) the specification

of the position of the nobile stati I S,,possible wth 55 only a..
geonetric cal cul gql@’r‘? cﬂ&?ﬂ;efﬁat“ioﬁ’ ﬁgclt t ef%l%c%tb?rhc?%tmi WS e
ot her becauile of the influence fromthe reflection waves or noi sef Thus,
the positiohld eEGRiRES ghgcEadionglieagth ofatr1 rom fhgyumodiler statdarnIQhe
deviation fromthe theoretical dist na(%@. In the | earni ng node, the,
position | ATANER Prockass siptiatt} theafARtrof nitatigh SO aped@mor k,
the correlatjion between the theoretical distance fromthe nobile station
701 to eachl b} decidgasthestracepnen hereely sads hondsnit @iver atfcdheapesitian on
section 714) and the | earning neasuring point position coordinates of the
mobi | e st atéssimationi ppocessdng hsaxuign thid.podihei osithput esténtation 711 as wel |
as the first enbodi nent and commruni cates the connection weights of the
neural netwrdcebgingy sebdonedlGi cgnsasaly @ treurhe prsidrkowigkt theatdaome
processing section 713 which in turn, stores them On the other hand, in
the esti matgtouctoeleas tthat polithe onewsl i netwerk wsedeasithg bemhimy o 3thenput s
the theoretical distance fromeach of the base stations to the nobile

station 70Ilbs8vep atlef Wenphfie odi sbaneaiod Feliafiosn GRCtRtidd 4dagnimgnet wor k
constructed using the connection wei ghts undergoing the |learning to obtain

the positi %ko‘é@%i%ign%b@ﬁoﬂf 118e npbitherstRé i Ateptibnasadib Cdtkdiith Haws. the
t heoretical™ knowl edge is introduced for the learning in the position

|earning prieessl Ak SEGEAREY GE3padiithiaofeTRALRA bblle! bfd Sforerdedi ent

t he | earning processing cornducted through the neural network beconmes easier

T he S PBESUE SRURE QR Ao 5ACT PSR AUl o0 o
theoreti Calpcggim)ﬂn%ordinates of the mobile station 101 at the time that the
mobile station 101 measures and reports the reception radio
strength levels. Thus, the position estimation processing section
116 estimates and detécts the position of the mobile station 101 on
the basis of the reception radio strength levels due to the plurality
of base stations in the mobile station 101. The accuracy of the
position detection depends upon the learning result in the learning
mode, and in general, on the learning characteristic of the neural
network, the accuracy thereof can improve in such a manner as to

increase the number of measuring points or the number of times of

measurements at the measuring points in the learning mode.



56 between the nobile station and each of the base stations is - calcul ated
.as a function of the reception radio strength levels fromthe plurality of
base stations neasured in the nobile station) and the correl ati on between

t he theoretical distance and the posifgpon of the nobile station is |earned
- through the neural network, thus estimating the position of the nobile
station through the use of the correlation. Wth this operation, the

position estimati e hj,ah c kS, pessi bl c red with the
first enbodi nent .REB%ﬁgr %r{eh,% ?Egegng%%&%%ﬂh % @‘esggieg%%égbggg&gan
_appropriately ,accept the changes. Far exanpl,e. in cases where the nobjle
Station out pHALOGABMAMLEATRoRr S ab U 8 ORHL in{oadlip: Tearmite: mads G n
l evels, it is also appropriate.that ,the neasurenment, is nade plural tj|pmes at
Lhe saire poitRE SUTFALON, RROGni & VAFRIP O BN et HibuRgth e SEtion ot L
processi ng of {he asurement values is outputted as the final neasurenent
val ue. Thi s TB2kgs s‘gieecéwlﬁfrﬁeés PP rthess OPRFational mpdesy dieht CBRIt he
measur enent accuracy. Still further, it is also possible that two frequency
synt hesi zer $XPIeSPPBYPHed S € ONHO! nddtioa sPALINSEB1ehal )2 esrsiiches othe of the
frequency synthesizers is in the synchronized condition during a call) the
measur enent Qperafien Huiascordatagt itk vidies kirdrofa dgtairial iat gtase wheee sthet i ons
i's possible through the use of the other frequency synthesizer. In
addi tion, itmode aindormpationblirdichtive t dfe thebkind ofadatan iseadtted e demsur ement
results on the reception radio strength levels to the control station at a

const ant ti meceptienvaddioorstichetivedstar ehentrmobiled Bthyionhéd Odeaspossent
i nterval neasuring section so that the control station periodically detects

and nmanages Rur¢hgrosalthoonghf thehenobide | stasioat weed oin tthe bewrnén @f midde and
measurenent results. A simlar systemcan also be realized in such a manner

that the radhe msiotenOtdiatieROnied QHUES idgimatdn Omodl bhe EORTIYd dsatthen
periodically requests for the report on the reception radio strength |evels

fromthe nobpbgilst@htion- 10Nese BySUethed li9Whd NReddoThi itBBs@GaEBHEAL i ON
section of the control station t0 be usable for the position managenent of
the mobile siAldR: belngt IhETAHE Nt
Second Embodiment
A description will be made hereinbelow of a position
detection method of a radio mobile station according to a second
embodiment of this invention. This detection method is to make a
neural network learn in a way that the position of a charger for the
mobile station is treat¢d as a measuring point. A
radiocommunication system based on this detection method is, as
shown in Fig. 4, equipped with mobile stations 401, 402, 403,
chargers 404, 405, 406 for charging the mobile stations 401, 402,
403, base stations 407, 408, 409, and a control station 410. The
control station 410 is made up of a measurement position storage

section 411 for storing the positional information on the measuring

points predetermined in position, a position learning processing



Furthernore) a description will be nade herei nbel ow of a position detection
. nmethod according to a sixth enbodi nent of this invention. The detection

met hod according to the sixth enbodinment is designed to detect an area with
an expansion, such as a roomor distr4tt a radio nobile station exists.

- According to this detection nethod, a position |earning processing section
of a control station constructs a neural network as shown in Fig. 8. In

" Fig. 8, nu : 10 r AtS an a 1 [ t :

i nt er medi a{%E?Q?ér ;%%ng%ﬁlr%fg%ﬁgl’ %nggnésxgggalaﬁgﬁgﬁt gﬁgygﬁég%téo? he

di fference fr e ural .n rk.(se i g . 0 n fl Ljent, is
the output IB59BecRoott TRosRbeerstinnt . SesBlishlrblify HrehsdJgRpIE
station is ressed with t.he na r. synbol qf I . represent.ative of
that addr es$her BICBWAS SO GHIR e KT oM GEr TR nECLeRe e Ly

i ndoor pl ace %nd a dwel i n@, ﬁl.ace nunber or the Ii4§e_), i.n _the.outdoor  place.
The number @NAnddPOSHON SHIMAOR  PRRGESS & SeEHRR *d IsdOr t BSUBatingIdhGi t h
t he nunber of spots ét Fe nunber of  roons) the nunber of districts in the
sanme dwel | | P@SLEPN ¢ Pk thek@obilgestAtirn o tthe Bada okithg Basretiragider
position detection, and the neural network is constructed sg that the
respective figagthfvalnes ohrpugh |thpensa orf3the carrelatent o-lan&Figord.espondence
relation to the respective spots. Fig. 8 shows the case that each of the
nodes of thauseeialht 414yaicsiggogesor r eepsligste systeom Each of the out put
val ues of the output |ayer can assunme a continuous value within a constant
range such as 0 tkhis eystagsusemady takingf int@o cpneidierationntht \caseesthatuch as
0 or 1. This output configuration depends upon the selection way of the

i nput and otsheuthingeesi are dixedle disposed ayeprededesmindd tphesisiopspi fbr
function (f(x) =1/ { 1 + exp (-ax) } ) a : constant) is used as the input
and out put Ewagiplen.thé heaseutiist a cenifrgeriiatfiegdliys ptacedessed diskh ofheadlor mer
format. On the other hand, if the threshold function (when x < 8, f(x) =0,
when X >_ Apefdon in &)fiBn, Ancemist aake) e pbeitidnse of sthempespRdivei t is
expresed with the latter format. The fol lowi ng description will be nade in

terms of thehgassrst hgk te'i?ré&feﬂmwﬁﬁ'nfthaug?édélerﬂl&&i(pé@éﬁcﬁﬁa’(! t fydtBen
former format. First) in the learning mode, in the neural network thus

construct edq1yhethd Q%O?%ﬁfattéi §ysftéi:x%' dail FRRY Mhd &xe),s aﬁaofﬂ@é%ﬂéi'fi%hi ty of

base stations neasured by a nobile stationat a predetermn measuri ng

D01} AR 100 R0l B P Uk RimEROTRRUS Yrorage
section 411 of the control station 410. Now, let it be assumed that
the mobile stations 401, 402, 403 simultaneously exist within the
radio zones of the base stations 407, 408, 409 and are set on the
arbitrary chargers 404, 405, 406, respectively. At this time, the
mobile stations 401, 402, 403 detect that they are in the charged
conditions, and obtain the charger identification information from
the chargers 404, 405, 406, respectively, and further measure the
reception radio strength levels from the base stations 407, 408,
409.

Secondly, the mobile stations 401, 402, 403 reports the

charger identification information and the reception radio strength



59 made such that the node of the output |ayer corresponding to the spot (a
.room a district or the like) including that neasuring point outputs 1 and
t he other nodes of the same output |layer output 0. In this instance) in one
place a plurality of neasuring points42an al so be set in accordance with
.its extent. Further) if the place is relatively small, one neasuring point
can represent that place (or the average of the neasurenent values at a
“plurality o SHri Ng,. o . n d Learning .
Bther hanc) SRS nirorLoin A SloRFTOE 4087 B hRSaat 4 1R 4y bhef
measuring pojnis are.sef.s0 iformy exis ithin e region. At thi
“time, unli o Statiah s al7a A0k ﬁ/@pk[%%hc%%ttsgg%% 4107 S honstetthem

its output |ayer i

, strjct th ification.of th i
poi nt's 15 nEEDGHSCEISEIPMS ifodds OBRPL I WEGR (AT (h (HE P31 SBEBHE y, in

t he estimati on node, when thzg,;mb'le station inputs the radio strength

| evel s fronPEOGSSHRE i $§FLHAN whie %é"éi“i‘%n € POTHAM r 83974182135 neural net wor k
whi ch conpl eted the | earning) the respectjve nodes of the output |ayer 1003
out put val uESIISEPRBEMD % t%.e FECRMEOHoEAMPofIER SEhel ovshs | measui¢dbnang
specified to one £I ace) the place) i.e., aroomor district)

coi - ~ espontEparted byethrodaobilonstations 40Val4R8.cHO9esefarsing ite st putted is
detected as the position of the nobile station. Further, in cases where the
speci fi cat i posisfortdleinfoammtion wmedegbar ghangdrs tstosedaini edivadce oins Hdne
several candidates for the places, it is also possible to show a plurality
of pl aces calgssspandnngpositi@nplstoralget geofiomod ks, \itmsetheutppsitsomr e
relatively large (close to 1). Mreover) since there is a correlation

between  6fobidnavgnidxpdeseid e that podrdighuee syotkrhhd 191 obRbithiety af the
actual existence of the nobile station at the place corresponding to that

node, it isweOBSsbltRet firdtr esfyudibdeatpastt ihen leehesd | ®Omeaall fe@dork is
exi stence probability to express the degree of the probability that the
mobi | e stat pgRs@utid whickPTecPIv@8€as inputs the reception radio strength
levels from the respective base stations at each position and
outputs the corresponding position coordinates, and the weights on
connections between the nodes in the neural network are stored as
the learning results in the position estimation processing section
413.

In this way, for collecting the data for learning of the
correlation between thé reception radio strength levels from the
plurality of base stations in the mobile stations and the positions of
the mobile stations, the plurality of mobile stations are used and
the reception radio strength levels therefrom are measured at the
known positions of the chargers. Accordingly, it is possible to
simplify the input of the position coordinates of the measuring

points. In addition, since the measurements of the reception radio

strength levels are always possible while the mobile stations are in



As described above, in the position detection nmethod according to this
-enbodi nent, the respective nodes of the output |ayer of the neural network
are made corresponding to the places, with the result that the position
detection of the nobile station can bgadone in units of regions with an
-extension, such as a roomor a district. This position detection nethod can
~be enpl oyed for the systens in the above-described enbodi nents, and the
oper ati ons e ve descript:i i an% i t he
oper ati ons 3@%;}@%@@ hé&g(rjvggo |Sr'relgt§. E) gg‘%}‘eﬂr)l ﬁWELrT%%%ﬁmlsnF I\/%?Ig(g{/'gr ana&a,
descri ption

i 1| _be md i nbel f_a.radi bile stati it
“Getect | on mibHooe BB BEndit oPBS Tt Riie iR arIRRCYt i i S 1 <iventi on. The

position detectio t hpd, accordi n o this enbodinment allows that a nobile
Sation f1nds i t ABRAUER eifbrit hoRMBPBHIERY JhENPLIOM fnHe HPTESE e | n
a radioco ni cation system based upon this det cé{elon nmet hod) as shown in
Fig. 9 a noBH¥ stpapib{%ngéhe RS HPBeEOArdiBRIeSe 05t S REAIININDIPYIBEY ifoF 902
for taking charge of the control of the operation of the nobile station
901, a radi éhetleasping MaaufiesgpEost Frahoosrensth nexsls)i nif the radio
strength levels frombase stations) a nobile 61 station transm ssion and
recepti on s€Orfasposdenter betwesn ndicowhar gerst vads e smabikhdstatiospt ivn of a
signal to and froma base station 907, a learning result storage section
90~ for stomadg gar adearss of i dleamesaiple oigpladoptl manetiodnefwepécifying
transmtted froma control station 913, and a position calculation section
906 for conshe untabite astadonalearaingr &atas nmepsulnm goapaimet with@stooddainn thbe

| earning result storage section 905 to calculate its own position. The
arrangement sdedtifieadoat affornmty, frofil th®@12handré her conhethodtatt i on 913 are
the sane as those in the first enbodi nent (see Fig. 1). Secondly) a

descri ptiondetddmbingakied herginelaw efedsheineperaht om afverhi mslisgéem A
position | earning processing section 917 of the control station 913 | earns,

through a n@gt?én nerypiter, tiheiscarsbehgbfmmet WREN fobecs16@ph & Ofher adi 0

strength levels due'to a plurality of base stations neasured by the nobile

station 901)@frndn pl ﬁ&ﬁt‘,i by e r?ﬁewﬂiﬁeh?@inmt aqe%edaw%mh&é%oyﬂ&fm%

measuring poi nts.”The processes up to This are the sarme as those I n t

first enbodi t a I3S sttty € Egh c Fops bet ween
t he nodes a'rcllggz{c])t%%l}-{?ogx% e |rclig V{]}%}é ﬁ)éltff;tf ﬁr@%%@%ie%‘ﬁhcﬁﬂggﬁ&p 1g‘fed t he
| earni ng i ns&@ﬁo

| earning, | nsLOGORORLE LERLLERER! 08 REOESSOH A RSCLpRH Teob ReogoR TSl
and sLored LRy 57" D00 SETH 218 8%8RE R0 e B ek o on
daca i or ookt kBRI T T RGRPURD houn” SRl kOB GtIBgh” ! C7 The
base station to the control station and further for receiving a
control signal from the control station. In this embodiment, the
operation of the radiocommunication system in the position
estimation mode is the same as that in the position estimation mode

in the first embodiment.

Third Embodiment

Furthermore, a description will be taken hereinbelow of a
position detection method of a radio mobile station according to a

third embodiment of this invention. The third embodiment



62 the nobile station 901 through the use of a communication line of the

- radi o communi cation systemto to be communi cated to the | earning result
storage section 90~ or an off-line nmethod in which, in the case that the
nmobi l e station 901 is equipped with a#4interface nade with a recording

- mediuminterface such as a CDROM a floppy disc and an I C card (for
exanple) a portable information termnal with a conmuni cation function or a
not ebook- si geoPRIesORAlrad IMHbLBIei BRGTIMO sk tidn ad € rdtionC ePIhiYACdhi evhikhden) ,
the paraneter data is once stored in the recording mediumwhich in turn, is
. given to th‘%‘hélsﬁfzfer""*&ﬁnlﬁﬁg hhg omR 's?at%r@tfiﬁa's,g(?ﬂroiﬁgﬂ hat biehiPar &aelos

data is taken out fromthe recording nediumto the I'earning result storage

section 90~;@f othie o%ﬁ}é@éh@lé&z?ttiéﬁrk?@(?ﬂe Mﬁ%ﬁrofWedirfﬁegggﬁtﬁbb%a@%%ﬂﬁ ng

nethod in this enb nent i1s not limted to these net When t he user

carrying thgn ”Bbirﬁc?io%b%h%’ﬂi@;@il?rﬂgésﬁ?iﬂé{‘%idg)t&?i‘hioc”lﬁ'bslt {%&g?ﬁoﬁoﬁeﬂh’b@“ freans

(a command due to a button, thé no ati on eontrof
section 902 t gues the. ecthpn i ts, own position the
nobi | e stat Ffég(vélo?lﬁrgf’s§ch%@i%§g&é&§%s&$¢lg’t rBt}Piqﬂ}l (?rsgg %m’h\%dr a'itl?) strength
measuring s i to _neasyre the r (RY; e radio, strengt,h levels from
all the basg&&@?i%ﬁé)onaﬁanﬁrgxc%ecttwgsr §§?0 i(?éret}‘?ét ﬁoﬂggilﬁpgngn‘esecti on 903
conveys the measuremne esul ts, to the positio cul ation section 906
accor di ng tBPFFPe“‘?rl’%t&Iué{lFoﬁ@blllenét%%‘?sfi‘%%btal t iréal%e%fq'%ﬁf 906
constructs a neural network 1%36 us%&g hg_e dat a storeﬁd in the learning result
storage sectREAPUGUEE H5§t10053 S03puP 7t FREA N ENE nther 43dIQ sS1EemgEYed from
the radio siFr quth m:asuii ng secti ?n 903 to the neural network to obtain
the positio t Ak $8BRISe ISeRivEEnIOm . Dastu$iations, hMORiEt $AH8Bcor di ng to
this enbodi ment, the learning result obtained in_the position_|earning
processi ng S@ASIYRSION tangl depepprn ssertias i XPDthePd2i for heomditting st ation in
advance, and in the case that the user carrying the nobile station wants to
know hi's owrapsgiission, ahds reseptpuosiafi sigriads det endalftemt hheoubhse rsdationgr nal
processing of the nobile station without the inquiry to the control station
t hr ough t hepositmamiingut osecemals D04p.5 18 dgbr halbowang nhet uBer ttbeimpute) a
description will be made herei nbel ow of a

learning data measuring positions, and position inquiry sections

505, 511, while a control station 516 is provided with a control

station control section 517 for taking charge of the control of the

operation of the control station 516, a communication control

section 518 for controlling the communications with the base

stations, a radio strength report requesting section 520 for making

a request for the radio strength levels to the mobile stations 501,

507, a position learning processing section 519 for learning, through

a neural network, the correlation between the locations of the

mobiles stations 501, 507 and the reception radio strength levels at

the mobile station locations and further for storing the correlation

therebetween, and a position estimation processing section 521 for

estimating the position of the mobile stations 501, 507 on the basis



position detection nethod according to an eighth enbodi nent of this

. invention. the position detection nethod according to this enbodinent is
made such that a plurality of base stations neasure the radio wave enmtted
froma nobile station to detect the ppsition of the nobile station on the

- basis of the neasurement results. In a radi oconrnunication s$~stem adopti ng
this detection nethod) as shown in Fig. 10, a nobile station 1101 conpri ses

“a nmobile stati ont S o) co ' t operatli q t he
nobi | e st at?att)rﬁﬁ{ll]lg?%zﬁﬁgéda rﬁ@ﬁ# I %rés]%‘g%l E’%f%ersagéfﬁqjséﬂl gﬁcarﬁ}ger §§e%}e’| osgogefedcti on
11 03 and a base station, | 104 conprises. a _base.statiop contragl, s (o} 10
for controqurﬁfgla?‘I?é"op‘gPﬁt prgﬁng,?r%png %fasc@C@t af | elf%‘éfo% bsgée Siéti

transm ssiqn gnd reception section, 106 for carrying out the, transm ssion

and recept iléna’tﬁ S3MG dfal 2‘ttoognt(ﬁ‘ef PasG StEA0R Hid r%?)i ﬂé“s?gll?%jd“i%lge& base
station inﬁ#lt %nd out put section 1107 for perform ng the transm ssion and
reception dfl8a Ji gnal through a wire circuit to and froma control station

1111 ) and a radio strength_ neasuring section 1108 for measuring the radio

strength |evel OFirat,spgAascripteen t Wall nbeilakest Bergabelomw &f r ifgpssation t he

control statjon 1111 is the sanme as that in the first enbodi ment (see Fig.

1 ). Secondythis dgstem pni anlearningbeneditle Mbeelsdrelcawyangt the epebidei on of

this system In the |earning node of this systen) the nobile station 1101

i ssues a radatonavied {hninmss r pasitionnd r bifosingtiain ghetugls theapdsitignr esponse

signal and a calling signal) at a point set in advance, while the base

station 11GApuecsictisn t504 atadi deasaveg adutat heeasaring $osésighh neasuring
section 1108 of the base station 1104 neasures the radio strength | evel and
reports theSuthryueatBNt theestbbilehsouinh tdunthssgestiahi 6021 mzgéctanchout put
section 1107 to the control station 1111. At this tine, in a simlar way
the other Hapatsimdi ghesliNfrudidhs recehyeradid sraage mRaseAg Kadiionwave
emtted fromthe nobile station 1101 and report the neasurenent results to

the control5ey abl QRedshkd. thhakcéSabld radessti@iBant 180elsherdthr @Ngihe of the
radio wave emtted fromthe nobile station are done at a plurality of

poi nts set {i.ady . 125 CO 1, t \en i i 0 ontr ol
section 1115§3Fegte{#% tlhglug?g‘étﬁ%c P?Jflre %ﬁs??e%%%%@%ﬁ?e at’e?q?(’) ?%g

mobile StAGARIRINL ERARLISE (homAIE SARREH IKGehATRoR! AHieORRoRqe passes

the data to a positi ear ¥i ng processing®section 1l posi tion

I [ [ ' 1 h d
near al meurs i aR: 0t k- anran ecledif disugnt: TR Tl ALY T
t | t f.the ti b tatij. i;t h t ot h

AP G L o

bi | t atd 01 at t.hat tine. Furth t.h i t.i. ' . i
Secti on_ 11 FEOReAPRsPRHalieh: phi TR ont A neanty ot reeubBnah TarBIsBresdt n -
| evel s on tFe radi o wave from the rrgbiée station .1101, asured by the
plurality SRChERRASUTHIS oINS nHIOHEN,ARE ¢ FBRSEHSEHRE MTFI@CQPHPPOH 1101 at
th ' time. (Th iti l. inf ti. I jt f [
poi nt's. st SFRUAAVARGe 1P <Henget cHatiARoddn XHSCE: ERterd pe: Mt on 1114
into the positiogn |earning processing section 111 as well the first
enbodi nment [C&FRIPRe YO égrﬁ&gélli‘ n’&VFEI aYYl?li‘?]sﬁ‘iep BweiGh asur enent
result data at the base stations and the posjitional information is
est abl | shedOmMMuINCagfethRsg &ata rfor ke fsoritokmiddpheat §)

In the control station 516, the communication control section
518 receives these data, whereas the control section 517 judges the
kind of data and conveys these data to the position learning
processing section 519. With this process, the data for the learning

of the neural network are collected in the position learning



On the other hand) in the estimation node) the base stations 1104, 1109)
1110 receive and neasure any radio signal (control signal) emtted fromthe
nobil e station 1101 at an arbitrary point and report the neasurenent
results to the control station 1111. H® the control station 1111, the
- conmuni cation control section 1113 receives the electric field strength
data of the radio wave fromthe nobile station 1101, reported fromthe
respective paseesslingi sgrdjorarid han®het bpsraeiar dfotle pRssitiban I&ahimgt i on
processi ng section 1116. The position estinmation processing section 1116
. once col | e?%ﬁoces@@n& hgsqi& e&tglﬁlﬁs'eﬁhenﬁrt/r%eaancsé@t gs afik 's’h@#& Sad NERRe
electric fiéld strefigth data to the neural network which conpleéeted the
| earning in.kh [ o fs i Si ti@n la thus obtaining
of o RRARN, IR BBl OGRS SRERS LI

the position o @s Its output. Thus, in the system
according t | ' t posi 4 Oone: Qf le station
" a manner TPYMC SRR | S, BEboldIfe DR T BHE PR ave
emtted from{%&gg%%iglstg station. Tn a radi ocomruni cation system for |and

mobi | e radi § a plurality of base stations nmeasure the radi o wave
emtted froma iled?tai'on at the tine of dﬁterm' ni ngar{the exi stence area
% i

of the nobile st&COH e FG LRI, PTEGFed % e 28y BRETHLOT dfi dDzone of a

base station which sho t he hj,ghest radiq strength | eve], K and,the system
accor di ng tSS?mailoéhBBag?renﬁ“cgﬁseWﬁf%cF’ﬁﬁé o aﬂﬁsqudt yhat ttheaquser of
radi oconmuni cati op, syst em bas upon such a way and particularly effective
t her et o. Alf}lﬁ)lfﬁﬁgllﬁ méloabwldégl@ﬁim wﬁaltinqwm pesition wasth&tpasitag
nmeasure the radio wave emtted fromthe nobile station and the reception
radi o strengf htheemokileredatipadBapé beingca diffprantt mobile skatioeur Alhaet wor k,
in order to elimnate the detection error resulting fromthe variation of

t he strengt Hsexf afhtha maabie sstasionr AdiXD wdiunst.f mdvant eamtbig | s sowhion) it is
al so appropriate that the ratio of the reception radio strength |evels
measur ed bypobiiomnsgeets viastrasdoss atliegaforn doustes] pesitioa inguiryvakodono t he
neural network. Further, although for the description only the same nobile
station 11030bsandedvhen tweniirgr thengositien asfd théreothed 7Tmedilenatatdon nBde) in
fact there is no need to use the sane nobile station in both the nodes, as

wel | as theidputst tleerbiddinnifidatiochs mbmbetis(téfephonkee nabober dasaheplikel), fud t h
the radio nobile
the mobile station B to make an inquiry. In the case of giving
instructions for the inquiry on its own position, the position inquiry
section 505 asks the mobile station control section 502 to give
instructions to the radio strength measuring section 503 to measure
the reception radio stréngth levels from all the base stations. After
the measurements, the radio strength measuring section 503
conveys the measurement results through the base station 513 to
the control station 516.
In the control station 516, the communication control section
518 receives the measurement results and passes them to the

position estimation processing section 521. The position estimation

processing section 521 inputs the reception radio strength levels on



station position detection nethods according to this invention, the data on
.the neasuring points are used for the learning to obtain the position of
the nobile station. Accordingly, these nethod can renove the need for
previously drawing the electric field4trength nap at every base station
-and further allows the position detection of the nobile station only in
such a manner that the reception radio strength levels in the nobile
station at sheeiabrdIRIS Wi BdsPOUAlidnd! feplas!I PO Nhadvestiee Rasioles, even
if the variation of the electric field strength occurs, it is possible to
-qui ckl'y copeawplh (fhi evnﬂédﬁi'ﬁ’&wd:ﬂkr Wich 'a'l‘retaﬁg E%%ﬁr#l'c?é(}j P'ﬁlteegEhfmn%Et hod
t et erm ne

where the positions o € neasuring points are i n advance,’ t he

Posi i on 1R 66 bUSIRASLLINAL PBIANSSTAGCSEEAN £00 i8R o becores

easy. Still e posttion détection nethod 1n he

positions of t char.gers are set as;.the ne i ng.-points, the reception
radi o stt engﬁﬁm%ﬂlgﬁeﬁtosftéoéoég? laatgari ﬁEH%‘ h@g%ﬁg)rngicndgorgfﬁ?t}‘?é B 1 e
stations, and hence it is posséble ho autonaticglly cotlict t he rﬁggption
radi o strendt HelEh 318 LS o191 P af PN UHICAHER” SPRITOSN8SGHE0N ¢ to

| earni ng) and since the,pgsitipns of, the chargers, are fhe neasuring points,
the positi o:l)q n%ﬁ?s@ftt?%eﬁ‘r?@élg r tBRy %lenlsgatb%‘goi& t@aéb? ﬁgﬂﬁil r#ﬁ%@,ﬂ
according to_the positiaon detection nethaod in which the positional data of
the nmeasuri rﬁg(gboﬁﬁt thadr thg dpabiledstatiom g@é A8 ﬁw& e St iRfi§SCRhe
reception radio strength level at an arbitrary position can be used as the
| ear ni ng datl@C@tiOiout fixing the measuring points in advance. In addition)
with the position detection nmethod in which the value obtained after the
statistical proce@si the sithehdapidurial thee£ase eimghtinr trulmebile #atignt edhas a
measur enent value) even if the the neasurenent error of the reception radio
strengt h dudnstructiensctor thacpositionoiof etheommaebide | Sthgogr Bat togesbeurwitht he
position detection can inprove in accuracy. Further, in the nobile station,
it is possihhe idertificatiors wwmbpr esferthe pmobtleostasrornt M, presgivenporiet i on of
a person carrying a different nobile station. Still further, with the

posi tion detmufition HBgHRY BBeEoh05050Ebvdshenpwsttions o sher yraofsniikeiombil e
station, the appropriateness of the presently detected position is judged
using the pagid ireBeptidhok¥ctivht BOENeo reandrhit hRg inkgifel defuielt tandf tHehe
position detection can inprove. Mreover, with the position detection

met hod in wWhygehtifRa BRIl inBéAtdOMhPefdradt GRbbler §RAIdE th8uBRathE CHERY
result of the reception radio strength fevels to the control “station at a

constant tingafifhes¥8! do ithe | SoMPSEiskAtford & 1RNSEK Uk Bosdrdl taBhCh1det ects
the position of the nobile station at a regular interval and nanages the

position t h%heOEprﬂ:ﬂuﬁi’@iddrp%oxﬂ?ﬁprs@cﬁ%nt <51t8hje,eeﬁietsi Qﬁeﬁetﬁ%fﬁaugﬁt hod

where t he reception radi o strengt i's converted into a t heoretical distance

for the 'eara'HdI”QPle”gén&Bi ys[e}:'ﬁ%n' ‘S“’lﬁ”'aﬁglfz%gu{l?e‘:%b%ﬁ&?.&‘ﬁ‘dr% H@k‘éprak can
ep I

hei ghten butal sot ositron esStinma n accuracy ‘can i nprove. Further,

det et on”t 10" AT PSR Thor 67 LRGN R AIUOD BERE G727
G ber o' PR R, B RIS gl AT oo

result can be indicated.to be .easi t nder st and as,co red with the
nuner i ¢ coorBPRE: GEAUFSH GREGR, SED- | VAT, (RORai s dhEo CRkathe: the
plurality of, ,pl aces .as the candidates for, the whereabouts, whereby the
posi tion det‘ggﬂlg‘ﬁa\tﬁoﬂ“h nymPGh&f f i‘BBB}IFt§/mit‘s°np£szi‘ et?lﬁs 12 dred with
the presentation of. a s}@ﬁcifi.c positio?. urt her nor e, V\fj]th t he position
det ecti on mEEABESH fORNS RQ\Sé“PEalﬂPﬁrﬁﬁ-chﬁl BEg SEGnEN nEjRMtk is held in
the interior of the nobile station) since the nobile station can inplenent
the detecti GAQpediéegsserfion 2@ Ganeporsitade) stragid irepat neadcstoon Hae
inquiry through communications to the control station, with the result that
t he comuni daebide stasionr Be thstheacapimuamitioie coasdnsastivac Ssldar yThat i |
obtaining the detection result becones shortened.

communication control section 518, which performs the movement



Particularly) in the case that a radi ocomruni cati on systemto which the

_position detection 'nmethod according to this invention is applied is

constructed using a public wireless network, the conmuni cation charge

i nposed on the user at the position dggection becones unnecessary.

-lvloreover) the position detection where a plurality of base stations

nmeasures the radio wave froma nobile station so that the position of the

"nobile stati ' t o] ' h S r I is

2ppl i cabl o 1823 PoEREE (el RabioRE dibuiled O THESSIARRLS| 5L ire

r adi ot el ephone ich has a mechajy t hat 7 I 1ity. of stations

"~ neasures thé)orréz\gﬁ](? MBEP%%% %sge Ol ét‘?o[ﬁ?m%ﬁgl E%)glistt{%horbfoqzﬁﬁﬁtor
vehicle or the like is detectable gn the basis,of the neasurenment results

of a plural iPQPYE BSOS of §tEKYES | Ha iRl n,ca{lﬁ%g\/\?’re&ngég arca

radi oconmuni catian, s séemﬁcor di ngr?go this inve t'bon can .COI’]d{JCt he

above- ment i GFAAPHSHIS itBR FARCEPRES Et hokirality (Hebase gitatens tfor the

radi ocomruni cati on S)fs,t em i ncl udi @}gYa hear ning.data col |l ector, it is,

possi bl e t o geaerakicaliag) exhin gl s tha HapsRaEFies; R Giss &robile optakign)and

in a continuous way, and even if_the systemis _ in an operating condition)

t he | ear ni ndoacthe ampbilgn statp VB QhdandetigBsmdisohe efadipi sHeagehr sepodan

hei ghten. Further, in the systemhaving a control station equipped with a

radi o strengehquestpdot th@mgikngtmd%@he control station issues a radio

strength report request to a nobile station so that the nobile station

measures the receMhem thadhmbite estgtion | BSEIs récaines gleurratid ystoén pidse

stations and reports the neasurenent results, with the result that the

present posir"e'ﬁ@ﬁt afequlet,moht | fadibatstrengai araguiinr aeygtionnSAANmzashisesnd in

response to the request fromthe dontrol station side. Moreover, in the

syst em havi nfearé@dpticn Stadid ostreigehi deeklvi flona Hlll utted idaseoktatysrihesi zers,

t he neasurenent of the reception radio strength |levels for the | earning and

the positionegsivadmei aRdi eptrite @en hibhBH hhe apPRYSHans iive SRafibat téhe

| earning and the estimation of the position become possible even during the

call. Ni nthtﬁ?bQQh%Ptsta,tiBill Stl | funkfssnsed tgeqr 'rHHid)rthEdéthb?eg%ge

her ei nbel ow of an operation of a radi ocomruni cati on system based n a

detection d r i &4 O .0 diQ:nmbisl t :
accor d: ng {T?r g&nitéghm?rﬁb%egi@naetgén 21?5’%,: ghi irTll\?efrC\to ?g?\ﬁ %}?E}lml?lﬁsﬁg@b? g@ﬁlon
di agram sche

gt am SOhETRL RN prAIs Ik AR SHSTRANSIAS Bl AUSREATTE AR RBRAKSt o
et ect  on untetiph B 7 The " EpBiRTRIH B, WaBdl3EeuFh, AT8 Efm Y
Fig. 11, nuneral , 1151 aRr es nt s bim tatiaon g .1 %mld%ignates
a radio strgﬁgtf’htlﬁ%a@ﬁh Egsggl&ni Sﬁ or 'ég’uﬂfengn?%ggo gﬁtognéﬁ e\sflé‘l s from

a base statipon, nuneral .l 153 denotes.,a coptro ction for issuing
measur enent f?‘l‘%tﬁhﬁc PGHEOR cf’?ftﬂ}ée r"ﬁﬂﬁﬂesﬁtf‘gﬁat hsmasuri ng section 1152 and
further for cont ;Eol | i ng radi ocorrg{.l?ry'sc?t i .onf% .numerah 11 54 depicts a nobile
station transm ssifoRM¥n82%%clgif &t VISRIPVARS ¢ Wk ithE WIREr Y& gD of
transm ssion _and reception in, radi oconmuni caf.i ons,. nunerals 1155, 1156,
1157 stand fdifiesaBe moRilEoAELIANMRAsAII0N 1680Tdingliec S0% 12 midedi grd
control section for controlling conmunication with the plurality of base
stations 1138§thodses arg 15vailahlgetaldispBy dhgndtaeds avelugssandsdsiplandthe
reception section for transm ssion and reception in radi oconmuni cati ons)
nuner al 116Giatepinesbat maangorel plogieg ithemf @A 8oMAPoliMag§- communi cat i ons
bet ween the nobile station 1151 and the communi cation control section |158)
numer al 116/Faleghgiaméodimeniput and out put section for conmunications with
t he 72

Furthermore, a description will be taken hereinbelow of a

position detection method of a radio mobile station according to a

fourth embodiment of this invention. The radio mobile station



comuni cation control section |158) nuneral |162 denotes a network, nuneral
1163 depicts a position information center, nuneral 1164 signifies a
comuni cation control section for performng transm ssion and reception to
and fromthe network 1162 to control agosition detection processing, and
nuneral 1165 stands for a position detection unit for detecting a position
controll ed through the comuni cati on control section 1164. Furthernore, in
Fig. 12) nungral.; 120 res h {;it.i;on, d i bt he. ;1)
nuner al 1202%ﬁ§gf%ﬁa§%§%§Oﬁagﬁgﬁgpr2ﬁg§ﬁhhﬁtgosﬁgfggg9ggg?Pgﬁa o?h?eF%ining

DOsiton i nf gh bk SXPT 55 Bl et e AL bRUAN, YAliWESoRnth WPALRRG: ote 2

plurality of neasuring points an o stre a conprising reception
radio strengt;h.levels fr r.al.i -ha i.0 iLhed_ in.a

moi e st at | SA RS e ulst oty Bt VT eC R RAGRRT Bt ey
conparing the, radio strength data in the radio strength data storage
section 1202SHPYs raaZ‘?%' §glﬂgli’1‘$‘ct%' | Hells f&qlogoﬁHEPP}C&%l%tSé’éf?rﬁg goint to
estimate the,fositipn o%,t e nohile s%ation, ﬁnd nunmeral 1204 signjfies an
error radid #¥edReNI4Rl SEtcARE FRPEn ¥Sop ﬂWI“di”hglE’ag-pﬁuiia?‘P@Vo f radio
strength data not i voLvin a |large e[ror” Still fPrthef) in Fig. 13,
nuneral 1301 SkdHHe sing i ReCORHP! oHRUADNEPRITS! 1586510 )f%F304

desi gnate base stations) nunerals 1305 1306, 1307 denote radio zones of the
respective basatroldngothe ryezatiamost thgoaontiphestation3688denotes a contro
station, nuneral 1309 depicts a position detection section) and nuneral

| 310 stands tommuniaiitionstaaminlh sdetiansbdPafer soatralhing the In a

radi ocomruni cati on system according to this enbodinent) in cases where as
shown in Fi gcofiinuhiatini |veitht hasorstd30ds,s anmplos g usipyt sseatdsn Wt hi fort he
respective radi o zones 1300 1306, 1307 of the plurality of base stations
1302) 1303, a36eptinHetheopiositbon deft acimensusiegy ipoint] 30 9pasidi drhdesmdng
strength data storage section | 310 of the control station 1308 detect the
position of phecamig esepttdn G12130t Marhhg, banionghf at heusil engivbrkevigles of
radio signals of the base stations 1302, 1303 ) 1304 neasured by the nobile

station 1301¢offagatder Béivedt Pfthk hBokiaitin0 GImaUmh Silé Oftativht emdageesstiag t o
this enbodinment is divided into a preparation for inputting the positional

e r g 0 ot Fe B R B Tt 0 o angn 1o T VB <8 om o
72021 n avaSeniaioR YISLeRBen PRfoh LSIMALIN Pritashey seer”,
o i mput heONar i ACHRER bra,Ane PEROR BF, IRCHITIe Sl B Cen el o
Stati ons. meals SleRy B0 eR S SR e o e QIR Rk’ B ke Ot ™

at a from bassi e R nfFeBEeh 8ah A %A PREN Gl TORAECRE AR sld SR

connecti on. er, in. this instange he radjo strength data is, already
Cputted i nt BF Al et Ringn raRS o g DB WERT] ) RTINS QLD IR TD]
the inputtin is.amtted for brevity. 74 RefetTing to,a.flow chart of
Flg. 1an o tedBE BadlR ftione aapsiel dsuErgRTOn ARCOBBOLY | BT ¢ aken
until the present position of a nobile statjon is estimted.after.the

nobi | e st at i ®rFHEELAELNG %&m&aﬁbrp%éileet FBH‘4‘8&EF§SP. i ORIy StatieRy on
1153 of the nobile station 1151 waits fgr ? positj.on deteﬁtion,reqéeﬁt
(step 401), M HUSITYndaeiseRt iBRtPBAESt I RGNS (Marthe yDIEOthE
timng according to,an input command fromthe user at an arbitrary point)
at a timng B&sSta POSEE@Rs.opehathEbnther eatimatednBpiessntt PRBILIGH &fvdhe” mpbile
response to the position detection request, the control section 1153 gives
i nstructi onsstAtionr a8l appopege homwsur ehiehtarrangemeetsr odi @ Brobdlegtspation
measuring section 1152 nmeasures the radio strength |evels fromor due to a
plurality of6@hsandtendhond (tbéle 401)onsB&OAUsEO,n607adie ther samgehas s
unstabl e due to the presence of the external factors such as the fading
caused by t hehosef in -thas irsine nedierentr Geeeefigal 1Yari ations, for the
measurenent thereof) there are enployed various ways based upon statistical
processi ng) for exanple, the neasurenent of the radio strength is conducted
at a given tine interval or' plural tinmes so that the neasurenent results
are averaged, the weighted nean thereof is calculated or the maxi mum val ue
thereof is taken. The description of the radio strength neasuring way in
this enbodiment will be omtted here.



After the neasurenent of the radio strength levels fromthe plurality of

- base stations, the control section | 153 selects) for exanple) the base
station 1153 producing the nmaxi mumradi o strength level and transmts the
reception radio strength data 75 tB®ugh the nobile station transm ssion
- and reception section 1154 to the base station |153. In the base station
1155, the base station transm ssion and reception section 1159 receives the

~ reception radio stHenfdradahaof ram tsheti@bin ehst Rarfimel Foddand the iane
station control section 1160 judges fhe kind of data and then sends the

. reception radi ghgt (engfeh fHiat aehBoAUERnt, N HFRM ANFhOUL RN atiRGt iRBdd 161,

the communi cation control section 1158 and the network 1162 to the position

i nformation I 4 t recepti ' t ata to
be transm ttt}g% e?ee t@ﬁgéazﬁgfaes t@ﬁ%o}@ai o'ﬂf}‘gdttr gsﬁlgﬁ tﬁgvée[?rgk lr %rrtﬁ{tgq ? 8ej’ base
stations th Ll:e Statl ecel L r 1 levels fromall
t he base stgl%&oﬁgél\%@cﬂdtcgg@e@ggog g[g‘%/t\éﬁn vgpﬁe$‘%g%§ ?]tﬁeﬁbggtrf%hst rength

| evel s froma specified n f S ations_whi,ch are taken. in the
order of de898§@inﬂtf’gst eﬁ&nﬁﬁé F‘gﬁobﬂﬁegﬁﬁm roﬁin dolralyy)tﬁff hEOYEC i pt i on

wi || be made of an exanple.of reporti t.nhe hi gher four base .station radio
strength | e\%qlgl.atw{brprggﬁﬁﬁlggn@e H ré@edf‘ e rRabt 028 1 i WG SRTIGSt 9913 A
position informati on.center 1163 sses.the reception radiQ,strength data
to the com‘rﬁﬁ?@'at%ﬁ”@oﬁfartbqn'sé‘?:&qptgﬁr ik By ERE SHRBN cRhdh tg‘gnt rol
section 1164 then conveys it to the position detection uni | 65 tq
estimte thEQULS 1513005 GOe 16BBItSe the aliqCSB“IOPSIag’cS’ o"éfedléﬁht i@%bt iR on
result (step 404). The estinmatiogn result obtained in the position detection
unit 1165 rat puralithr ofighasenstaenprmeasezd thye thenmdioc stieagtlont r ol
section 1158 and the base station 1155 to the nobile station 1151 (step
405). 76 Mmgasheingorsertioaf 03 maraughrithe bawy) sdatderchDpt ionths Idontteolnade
her ei nbel ow of the position detection nethod in the step 404 conducted in

t he positi ostadistne d0&rinuspmel t86asion, Fihg. coumuhicasomi tacmraletsectiban uni t
1201 corresponding to the position detection unit 1165 in Fig. 11 accepts

t he recepti 6b0r afli thestcoangtl hswaiion GOBLreddiyvys (H2s fEport,( BRI HE) )cordde]l E4))
based upon the radio strength levels E1) E2, E3, E4 fromthe base stations
Bl, B2) B3) sé#idist@&PH 4deb)idesThher kihido oft denngtanddabaveyoriage skeetpositiba02
retains radio strength data conprising the positional information on a

plurality obstiR@sitn NGree@issing ardtiohe g1dception radio strength levels from
a plurality of base stations at the plurality of neasuring points, and the

position detecti qQeSgfdsii@0n 12dmaaiBRapescédieng esentdPeIRdborashs et h
|l evel s with the radio strength |evels fromthe base stations at each point

retai ned i nppbigidrAdodr8inRe9tdt @ad andbHEagRALIPACHAN oh2¢e (5429 Gfl2he I N the
conparison Tn radio strength levels, a mathemati cal distance, i.e.) an

arbitrary diiAace feptiodn rRd AL AINEtRI1dEs F @hd O e CBNtalitPNSfapgsdised
for the calculation to"judge the distance on the basis of the Tesultant

gi ven bi nar s Sea o e ReEE BE " nSGER e O PGS REER 1B o
learning in the position learning processing section 612 and passes
them to the history decision section 616. The history decision
section 616 refers to the past position coordinates of the mobile
station 616 accumulated in the position accumulation section 615 to
decide whether the present position of the mobile station 610

estimated in the position estimation processing section 613 is

proper or not. For the decision criterion, various ways can be



1) p (x, x) =0, on the other hand, if p (x, y¥v) =0) x =y 2) P(x~y) =P

(Y, X) 3) Interns of arbitrary three points x, y and z, p (x, z) <_ P (x~

y) + P (Y, 2z2). 77 A distance calculating method will be described

her ei nbel ow in the case of) for e:caldl e, using the Euclidean distance

- involving the concept of a general distance. The position detection unit

1201 receives the radio strength levels E1) E2) E3 and E4 fromthe four

" base stati 1, , Cin i ghe j evel s.
WReRl FiE REnRY B oRIRGHCINAVEILR GDetalbatie gﬁgbglé

In the case etween the received radio stren &t a

_((B1) El),#) ) B%.B, : . j ?r di rength data
((BSj1) Eil ,%%?ngaz,théj S,‘; &%ﬁéﬁ?%fﬁ?&“( @gjg%m% Q’_ﬁr ugfl; 5*.9%21 5 the radio
Fespoct i vel RpReRaned: e AUBF Bhsth s EarOri br DL ansg BEReSTh goaytion
measari ng PRhEREXPISHY, UG 1By Ao Wit Behrd 503 HUS SR ARPY. BeStibnat
measuri ng : | : nat e
the reception radio.strength levels fromthese base stations) is calculated
using the fid] RBRFARTIHGUERY SREI HSHaSAE YRS 1€ FROBUE eStaHRN Of's tunded Y oi ng
t he conparison all coincide wth each qther, that /is) Bl = BSIl, B2 = BSj2,
B3 = BSj 3 4he kpcus odj she (past. pesiyion, higtopy . to=degide (thes apprgpriatenass; ~ -
E2)2 Even if the base stations undergoing the conparison do not all
coi nci de wiam thechasis el the rlegsee danaansle 6f 2 HROWINR yeetor iorethe dikederror)
is easily possible in a manner that the radio strength |levels fromthe base
stati ons whifcbhardeviatioo toithei oenoagr dirgction trslieaied byhéhe aloguset to 0
and added. Wth the decision result of the nmagnitude of the error thus
cal cul at ed)Hawglver,althisy enfibedinmest sl matt éonftednid thesal metlodsl errors S in
the order of increasing voltage and the position coordinates at that tinme
are stored in tH¢ eppespriasd, otlisr eogidindedsa ist derzgminedt aonthHe2Qdressher eas
the position detection section 1203 stores the position coordinates (Xx) Yy)
at that poigysifod bhethealngobidé estatioho6918 and dbhepuatedriroadithespoeitgsm dat a
storage section 204 (step 414) until the nunber of data retained in the
error radi @sfilnfi e hpBdedsii0rsageione G130 HL Wb stigacidas day kbe al d¥AaSr
being 2 or nore) (step 413)." Wien the nunber of radio strength data
(st op 413) T R e B e S O TRt e et
strength s 0 sgetinanyild94 EofRs! h4 el t hat
time are sg%lagrzéf%@Pg\g\ls%gnﬂg%a%l%ég'ge?}?nth? hgﬁgr d%érrpcg’f ??Elggeggé%rg%tsbr.
((xm ynm), . <=3 M: S= K peskt | d ' ti ?? conpar es
t he cal cul attﬁgdhesg(}rr C}:)&]\/I\/|S<it°fr11 %ﬁ%ﬁﬁgrggét" ksosﬁﬁqﬁ&edtﬁ&esrsﬁgrg%gnﬁja §<: m <= k)
stored in o] i t tar age; tLop, 320 f IS
tsrtf]&eeé\%{tﬁ tﬁl%ﬂ@rq Pe il sEiRY Qﬁgggﬁaﬁ(ﬂ 29 1ys§§€ hk?acﬁx% %trelntctﬁ

snmal I er tha radi o’ stremgt (‘xk, _ aving “he maxi num
cTTET ¢ REpSRL balafisiuald A8 Indhe BRGRACBOISC! 5AB. AR nidgphace
e kL% SoBRECTANETEME SPELSTLBY! PGB AG SLLRPEL I e
order of irrlgageaésti %3 the mobile station 601 so that the mobile station 601

again measures the receivable radio strength levels from all the

base stations and reports the measurement results. When receiving

this request through the base station 605, in the mobile station 601

the radio strength measuring section 603 measures the receivable

radio strength levels from all the base stations and reports the

measurement results to the control station 608. In the control



79 error) so that the k radio strength data are newy produced as foll ows

. (step 415). ((xm) ym) 8m) (1 <= m<= k) This operation is repeated til
the conpletion of the conparison of all the data (step 416). After the
conpari son decision of all the data lgdd in the radio strength data storage
- section 1202, the position detection section 1203 estimates the position on
the basis of the k radio strength data stored in the error radio strength

~data storageseat ok, 1808 pdSibe cSJIRl YloBRLNRG. s{Oof X8RI Bnds the

statistical ways are 'avail l e to average rafli o streng ata an
_calculate the ' gq@ [ e I t Irof.S: r radi o
strength Ie\l;oeqagﬁ#rgr(ynff?%e gts)g%s g'tt%c%lns@AI%t%?og%% @ﬁ%&rgb?&glsgggc#%??%n has

been made o he peth of perform ng the,conpari;son_and, deci sj.on of al
the data robhPnoutaas dhe RbtCE BHFRRS: i latie s Ete SRR, 0Bt % s
easy to consider a netB?d q&énarromigﬁuﬂomn t%e.co arison(ﬂatgﬁrﬁth t he
base st ati oRPPIRPIRRC hbiC | ARV G- PIPL pPIHE B b iSRG A S addiO OYED
al t hough in, the, ahove description the nunber k is fixed as being a specific
val ue (an imégaﬁr 1pEtaRGe o 16riSnBEEISSARY dOs ERIGTRIBR e IURRSIdidRitheRetiel ow
of a nmethod to set the maxi num nunber of radio strength data retained in
the error rRAdmbest péndmesdfarepwitage sbcihicomadizostiengihampes veqyesthe
nunber k in accordance with the degree of the error. In the case of k = 5,
let it be atsuhedmabile skiat réfl dadrdvanacengtm thet easst shalgshe edegision 80
1204 retains the followng 5 sets of coordinate data and errors which are
arranged i nof heo oaperopsfatenesse£ointigugsr che estiyad®mn 2o the. oyition

resumes the limited number of times of the repetition and then

stops. In this case, the position is determined in such a way that

the most appropriate value is adopted or the values estimated so

far are averaged.

As described above, in the position detection method

according to this embodiment, in cases where, for example, a great

variation of the electric field distribution in the base stations of a

radiocommunication system or the learning accuracy is insufficient

so that the reliability of the accuracy of position of the mobile

station obtained in the position estimation processing section is

expected to be low, the measurement in the mobile station resumes

to repeatedly conduct the position estimation, with the result that

the accuracy and reliability of the position detection can improve.

In addition, it is also appropriate that in this system a
measurement interval measuring section is provided in the mobile

station 601, and the radio strength measuring section 603 measures

the radio strength levels from a plurality of base stations at a



2. ((31) 22), 4.61) 3. ((34, 22)) 4.78) 4. ((31, 57)) 16.12) 5. ((34, 59))
-18.34) The differences between the errors of these 5 sets of radio strength
data are as follows. Error1-22.042-30.173-411. 344-52.22 As obvi ous from
this) the difference between the errogg of the third and fourth sets is
-large. In this instance) the fourth and follow ng sets of data involve a

| arge error and can be considered to be Iom/in reliability. For exanple,

ol ow ng osbaany Afbe MG CueaRgiedty ) IR Renduretallertd®, - 5 oo
that the esti mt th { de on_the b f.th di

Pt Lhe eSS O PO, e e R PRI 6 JRELY, e
bove) th tion det t bet the radi

ST enbth dabact rhtEReh Lithe Z%br‘irﬁélt SR Sy oo R AROR SRS TG AbdBpt | on
dio strength levels for th tion detecti detect. th

posi i on on BORBBEBSIeS caOHsH e His}org onadho R BAGL B HhEaTRohidF vi ng a

smal | error, retained in the error radio strength data storage_ section)
with the restation Hdt thehe&oastantatisee pe&TYRbnand hﬁfecq iihiiseROosH bltetoact ual
measuring point but the position estimation is possible within a range

smal | er thafMelfe dcsueatedy bidgmecthet BPprepeatantgs pef nthe eatimatador e, i's
al so possible that, in terms of the plurality of radio strength data |n t he
error radi opgsrteorgtmmaimatcswﬁg@lesm@bm statiennunber of radi o strength
data is changed in accordance with the degree of the error to enhance the

posi tion debeéfthi dimbodinrweny. The accuracy of the position detection depends
upon the interval between the nmeasuring points in the preparation, and in

general , increasiSngl tfuethernierdestriptiasumwihly beoitalten drereimbredawi g Iahe nunber
of times of neasurenent at the same neasuring point permts the inprovenent
of the accupasition detection method of a radio mobile station according to a

fifth embodiment of this invention. This radio mobile station

position detection method according to the fifth embodiment is

made such that the radio strength levels measured is converted

into the distance between the mobile station and the base stations

and the neural network learns on the basis of the distance

therebetween.

In a radiocommunication system conducting this detection

method, as shown in Fig. 7 a control station 708 is provided with a

control station control section 709 for taking charge of the control

of the control station 708, a communication control section 710 for

controlling the communication with base stations, a position input

section 711 for accepting the input of the positions of measuring

points, a position learning processing section 712 for learning,

through a neural network, the correlation between the position of a

mobile station and the reception radio strength levels at that



Vari ous ways are available to issue the position detection request. For
exanpl e, when the user wants to know his own position, the position
detection request is issued fromthe nobile station, and when the position
managi ng center manages the position $4 the user, the position nmanagi ng
- center issues the position detection request or the wire or radi o user
i ssues the request through the network 1162. Further, although in the above
description : DOS] 14 fet ect.io ' C a1 h Ll i nf ormation
center det ee{)gﬁtq%e z{pr£3C1si |lgﬁérof%t hge}O&rjr@ﬁtItégs?gﬁ%(l)éﬁlj,?oﬁtﬂ?és?%gkg%lgg%sé ble to
~ place the pgsi.tion detection it..int nobi 2 station or in the base
station or Pgséﬂrhae[szlrﬁgupﬁ Pﬁ‘géﬁs*% o%é%luﬁi jlﬁsefﬁmegté%}% tth‘r‘?e net wor k
1162. These_ar.r.ange ts are..easil.y pract,icable a || _as the arrangenent
T thi s enoBOVIFEHT O TR HTERHBATERR BB S g el HBF prgtsasd o
description will, be de herei nbel ow of an pperation o .
r adi oconl mAFRC€RE08N fgagq eﬁﬂ%gd? B Q“'BHgﬂt i s titgﬁ RRFIGdation a
nobil e station according to a tenth enhodjnent of this invention. In Fig.
15) nurer al thEseReyeil.f RBY @hE1YABFE i GHC UMM | Btiow t7 14 tHe ninth
enbodiment in Fig. 11, nunmeral 1502 denotes a radio strength data storage
section forthesrafinelly calavdatingetp ndigkance datvesnnghpomabidaastatioor mat i on
on a plurality of neasuring points) expressible w th continuous val ues) and
recepti on raul chet bepgtsiatiensl s Inr tris asydtemal they asrangeseentsaof oasiahiker al
1503 depicts a position detection section having neans to conpare the radio
strengt h dagtation 70¢ andi eaddt rafndase ddetaons oHye78€cti0h ars0theanisaime has
radio strength levels at a position detecting point to estimate the
posi tion ofthaseohi Ithesfiasti em)bodimenal (seBOBig.ep).esents an error radio
strength data storage section for holding a plurality of radio strength
data involving alsrhid sistan, theddizaeralcal&ilationdseatios Al1408f tihen
detection know edge section having a know edge on a person using a radio

nobi | e st atd¢@itroRNnstaEbh0oT08UIseor@8daailsediedeht 1aldid halstReES oth Ane t&li HISE S
For the radi oconmuni cation system adopting the position detection nethod

accor di ng t@hishissoﬁifb&ditﬁen%alaﬁoﬂgﬁﬁfi&tttvfeenkuhé 3 td e FrH8] ahegb®aqw of
the radio strength data storage section 83 1502 and an exanple in which

the positiofig:i8nPLAASIHRE SratlibhsGeREINUeYS] AEHIPoU AP urfRY dhnales]
tenporarily stored in the error radio strength data storage section 1504

are PPl i o uiBRR! theNFa@PIERRIE Caltbhlds S S Yol U ER 303 DI On

name, a room nunber ‘and a room nane. The other basic a nien s of this
Fystem are ARE0F ARG THAAE 1o s SHRRS 50h, 8] LAk ARpiepena
ner oi nbot ot er R rer SSRREEECSrt el uhE Thile ShBel U fdd, BT s o T
exir essi bl rERk e ek SaEESGL . B TR ot Tt P B MR 07 e 11 ow
et hat i n "EREPHPAL REERootenatt (RET Riehdoc e sdt REFRIR 1 barent
the positi %‘Ferte%%trtie%n from the mobile station 701 through the use of the

stored radio distance characteristic. Further, the distance

calculation section 714 outputs the distance to the position learning

processing section 712 in the learning mode and outputs it to the

position estimation processing section 713 in the estimation mode

(if the theoretical distance coincides with the actual distance, the

specification of the position of the mobile station is possible with



section 1503 successively conpares the reception radio strength data with
.the radio strength data at each point, retained in the radio strength data
storage section 1502) and makes a decision on the calculated errors to
store the room nunber at that tine ampthe calculated error 8 in the error
radio strength data storage section 1504. The position detection section
1503 keeps the room nunber at that point and the calculated error 8 in the

error radi ooy SM9EBAALE SARLAHFRCOH At A04N AP HIInHBRY | o8 guTDer

of data in? erfor ra o stren _ a stofage reaches a

- SECELTA RS chchhuR BPASE, EVD8 Bl FuhShEP Ao hleet e
storage section.1504 tEaCh s k st.eg %13 . the gositgon ?et e%t izon section
1503 conpar®¥s MOhEscal THPSt &iF RIVHOR {GRING RIRCTINS SEHAGH 2dd a hel d in
the error radio sfrength dafa storage section 1504 and, ,if.8 is smaller,
repl aces t HEAUEHR % €t Aeddt HheaaSYiaﬁ&ﬂ vﬁ?ﬂ@ ptﬁg Wrﬁﬁ%aler?]t??a?(he)t he error
radio strength data_ storage section | 5044 with the room nunber at that tine
and the error 8 Iisttdp kampingrhmedspdhat PORILAN rlepEHNGd PFPFESHIAG SoRHHPRL | On
of the comparison of all the data (step 416). After the conparison and

deci si on of7 k3 | leares,dabeough thengural onattyeiikyt thedairelasioagdeseseinonhes502,
the position detection section 1503 estimtes the é)ositi on of the nobile
station on theerdtiedls doftanee ficomadhe Brobdlegiskatien a/Vkttai sedhi af tthe daser
radio strength data storage section 1504. For exanple) as the estination
met hod, a matiodscaonyeyedkéromoths miktancek eakculagioni sectiewi 3lén,andhil e it
is possible to further estinmate the degree of the reliability of the

esti mat i on theslkdrnasg anfeasotingn point Iposiaoe obordiratest ioffathed modbilkei on to
the k radio st.re_ngth ‘data. For exanple, m/(lgn_ k =5, if all the five data
in the erraogatiedi 304t iepmertdd dedreugh otirgasétidn ompifi04estion Bhé apomennber
"room 20l ", the decision can be made to that the detected position must

al most be "#50QRE26ikst -erABSHIHERL Rt coramiOdteshehd Sorimetiani wgigli@om 201
and 2 data thereof show "room 202", the "room 201" constitutes 60% whil e

the "room Z(2'thOChepaSnérdhk AesrRe diMe0ll¥arnife AaGlG 8 (e Pi&ibR that
probably the nobile 85 station exists in thée "room 201") but there is a

possi bi | i tyes&i?ﬁ&tihﬁ BERRISing" s8Gon PP %ﬂf?é'h ihntm@itﬁﬂ'tog@s thRgn. decpet i on

accuracy can further IITpI’OV@ In a manner Or using, a e position

esti mat | on)nheufouzadgei Lk NEsBERION FRELY B | AIRA Lenmatban and, Lhe

action rule and schedul'e o erson alned i osition detection
Kpon edge SRELLONL®08:8h 07) 3 ISR RGBS OBl d avol oy agre and
CaTrYEng, MRL! oS a0 . 505 sl SHAMIAL R B BB posi 1 on
AR S G R R
connection weights undergoing the learning to obtain the position
coordinates of the mobile station 701 as an output. Thus, the
theoretical knowledge is introduced for the learning in the position
learning processing section 713, and as compared with the first
embodiment, the learning processing conducted through the neural
network becomes easier and the learning accuracy more improves.

As described before, in the mobile station position detection

method according to this embodiment, the theoretical distance



table. Ta a Room No Room Nanme Tanaka izuki Yoshida

. roonR01r ecepti onAACr oonTr oonR02f i r st

counci | BBBr oonr oon203pr esi dent ACCr oont oon204secondBBBcounci |

r oonr oon20Sdevel opnent BCAand nanage- rit

. di vi si onr oonR06busi nessBABdepart nent 86 room 207 conputer C C A rroomroom
208 copying roomA A AIn the table , synbols A) B and C signify the

ang Care A2t IEE RIS SREE R A BF, P R e et s ¢
person, forcus e §F 4 IBRREERRE HRS TenthufF RO SR RGN AR I Tr O °5
Lesult o ke SR SAE SRR e bl 1R TORBIEL T Bl 1
uhile 2 dat g ShouE0am RaRveeh S Bl DA R SAE, SRRk bab Rl
room and ttrt]x%r ?;18 iei gtaitfonpolgsleglrreleé Otherggliggmtﬁetr??&raﬁ hreletwork, thus
estimating the position of the mobile station through the use of the
correlation. With this operation, the position estimation with a
higher accuracy is possible as compared with the first embodiment.
Furthermore, the embodiments described above can
appropriately accept the changes. For example, in cases where the
mobile station outputs the measurement results on the reception
radio strength levels, it is also appropriate that the measurement is
made plural times at the same point so that the single value
obtained through the statistical processing of the measurement
values is outputted as the final measurement value. This statistical
processing permits the sharp improvement of the measurement
accuracy. Still further, it is also possible that two frequency
synthesizers are providéd in the mobile station so that, even if one
of the frequency synthesizers is in the synchronized condition
during a call, the measurement of the radio strength levels from a
plurality of base stations is possible through the use of the other
frequency synthesizer.
In addition, it is also possible that the mobile station sends

the measurement results on the reception radio strength levels to

the control station at a constant time interval for the measurements



detected position is the "room 202" being a first council room
.Furthernore, it is also possible to enploy a nethod for estimating the
position of a nobile station in cooperation with a different system such as
a council roomreservation system ands@n individual or group schedul e

. managi ng system which is used as the position detection know edge section
1506. An estimation nmethod will be described in the case of enploying) as

" one exanpl e, uncil. r. e [ m i.n - is
case) let o 7 t|ﬁt8 E’gédasélégﬁle%litﬁggyﬁe aaé})ﬁﬁft:n%ofétpﬁ\gﬂr ggmsth?to %‘é &g{ﬁet%: ed is
t he sane as at s i j and,t Cil. r -Leservation stem
has dat a onsi é(gr? eggwg’tci%@ &eé%ﬁg ggdtﬁ%nﬁggge@e’l \Pg)%geééﬁcﬁf ﬁBeorfEOEgleshom
in Fig. 17. In.the case of detecting the position of M, Yoshi da at about
bwo 1t e SHLS R Meedasts (95 el dnees wRERRt iraHTe. = &) SHBMaT, slief o
the detection, 3 raﬂ)io _str.encgt.h dat€ of the ragio trength data jn the
error radi oafr @kt Pedealizidrifgsushct i BInash4ANahdfe Fad sepngiRi repart
radi o strength data thereof eces:thog/ "room 202" . The Posi,ti n detection

know edge s&84HSHING 0 Liftthedt dBCwFPRUPheStaHRRC PEIOFHALI % sEsqMast D Ay st em
manages the tine period of the use of the council roons under reservation
and per sons th® HPOEpsOMhtheudBCEMEOR oiddP| St deyelsgiram theemedileod
under reservation at_every council room M. Yoshida is scheduled to join a
syst em specistatien.i od hesadyystemsi ajlovh theepppitisn @sansiulatigamsestiom ofii s
know edge, an estimation is nmade to that the position of M. Yoshida is

Wit hin the the stooohgitationotn thei mgableodor 202" possraapvpanagémint' eff ¢hence
to a nei ghboring roomgraph shown in Fig. 18, a description will be taken
of an esti matolbide mstatomint o esti nate the position using, as the position
detection know edge section 1505, the know edge on the relationship between
a pluralitySéxtlpoEnibedignextpr essi ble with discrete values. In this

i nstance, the layout of roons to be detected is the sane as that shown in

Fig. 16, and Fi gFuttherhooye, an éxevmyptiorofwill ngé albdei Rergiabslowaph pased on
the roons shown in Fig. 16. In terns of the 88 nei ghboring rel ati onshi p)

the Conneptgaﬂitﬁﬁi VEQBctiBR HRAABd heordiddereasqih eahOdiRM® of this
transm ssionh) varies due to the nagnitudes of the contact area between the

roons and the,didn ! NN QRIS hbaEh dR@rdRisdhbofHeNgik@l ati onship
bet ween the roons can involve the connection relrationship in the

i ghbori : h Y t
nel ghhor | nacheRalihertfs USIANEE b OEMIeaReRE' il COOMABH, SRR S)
the assunption, .txjg%"mt&e deaprect 'rﬁgid ehabilONI Mibn iQ{s.esezQEc%IfdihEetcr Qﬁ{?
ot her than corridors are 1n nelghboring relation to each ofher.®ln the case

of detecti ngef:er}%o%o%gh% 0{1t8§§ti%%r 39 nirf.Qr%Fd&%E’Hh% %ctigﬂggggféc@ft?{fﬁéng

t hat, when as a resu the "detection procé&ssi ng,

di h. d i i h d i 1504
(2010, 1 eng e B g Cht B IO S B BT,
f the Fig. 18 | i h it that, b th
A T e

ti 1S04 t adj t to th t i, 05 d " 206" th
SoEL oD LSO BOMEST! ah OB (oq R AT AR ) (1

presuned that  pr.ob Nl r. .Yoshida nay exist i he room, 205" or .
stand in t hand; men?ﬂi%&?n%efr@%&m soaaldedvn (56t Fi2 Botf 288" TR
descri bed above, at the position detecti the radio strength data in the
radi o stren@'f“fbodiéwr’étbsrégé 9éﬂlqto§3}éer"e lg’gﬁpark’dt § R QHIfIEEBbt thé radio

strength levels for a position detection, and the position detection
control secpp&iticsstqfndiesmohde station is expressed with the name or symbol

of a place representative of that address, for example, a room name
or room number in the case of an indoor place and a dwelling, place

number or the like in the outdoor place. The number of nodes of



89 position using a statistical nethod on the basis of a plurality of radio
.strength data involving a conparison error which are retained in the error
radio strength data storage section and estinate the degree of the
reliability of the position detectionggesult through the use of a
-statistical nethod using, for exanple the occupying rate of the estinmated
position to the plurality. In addition, if using the know edge on a person

and the action rule d sc l.e of that .person). the data with | ow entry
possi bi | ity BechRutkRyer nﬂ?ﬁjt‘?oﬁe[oio e‘iﬂ‘B?‘qses ‘%lé%&%“é’)m@\ﬁer%gép?% dat a
~.with a high entry possihility cap be sel ected). thus devel oping the position
det ecti on aéﬁmmbmﬁfhm@ﬁe,tﬂma i‘n@F t%létrkqfémrb & é?amtehép%‘iﬁuw,

rel ati onship between a plurality of positions expressible with discrete

val ues, it PE PEsdik)eincdudedoie thpcargat beingndfe OPiedoHALRE i RASIEPOM a
plurality of radio strengéﬁh data held in the error radio strength data
storage secHetstiaihdand the puyyablretvorieds gonghatcied 0 et thee position
is in the vicinity of the'boundary between the roons) which can inprove the
posi tion detespecttveacmgeacyf Oifee quopit ilapedet@dd iane asconadyp-depends upon
the interval between the nmeasuring point in the preparation, and in

general ) ifconespesdencd helatiohen die messeativy spaitnt s Hig. thehovepahat i on or
i ncreasi ng the nunber of tines of nmeasurenent at the sane neasuring point,
t he accur acyateithht esxch Aft theuglvdesr of thesboyutcldyeri b00Becakesponds to
description the conparison and decision are nmade to all the data retained
in the 90ar pgbh®. St rengt h data storage section 1202) as well as the ninth
enbodi ment it is easily possible to enploy a nethod to narrow down the
conpari son data ichdof h@icbaagpifit #hlRR bPstheOoaRARdIARI Bgn PARESSS| 11T

El eventh Enmbodi ment Referring to Fig. 19) a descriptiion will be made

her ei nbel PWc@fltiﬂﬁp%e&ﬂhhoﬁliﬂﬁnaar@&is@&mﬁg&astdc‘hn a8YSt &N basedsipeaR a
radi o nobil e station position detection nethod according to an el eventh
enbodi nent this | ti | Gt n Y t angs;  f e

posi tion de?é%t?%% %pn;f?%op?%?egtgﬂ]ﬂde‘;%n vt]ag%esnilégF a“gesmjg)o | m?\ht nﬂ?\l&rrgpgé‘hl 702
desi gnat es di e a t g jon, for. o il io
strength da?%ﬁﬁék‘rlg?t?éé nggé)%'sdljst ?@r?zll ?ila%f%rlgrgﬂjgnu'o é’fp%e?aﬁrhlp'zﬁg éﬁgmeasuri ng
poi nts expressihle w.th continuous | u and rec i on_.radi. trength
Pevel o fronputmaitPuitih cFF ke cSlibul MakEs Al o 3hS SiaBig Fhacgsh

posi tion dejection,section Vi neans to conpare the radio strength data
in the radi {ﬁé r"eﬁét dafsP t'ﬁ?‘ggeo‘sec%)inéwn »gg Uednay Ak d@f‘fé‘?@t h levels
at a position, det ctiaﬂnpo' nt to esti e the position of,a bl&hg station)

t
nuneral  1709UHRHoLBRCHAN e tNG, ORLRHT CQE?%?HOH&‘%\ SHRIFSY sWL f or
retaining a,plurality of radio strength data invol vi mall erraqr,
nurrer al %70f%é%‘?rctf9r%‘abosi B ea@@lﬁ*ﬁgb%&od?s@@t itlbrﬁsgglrcea@élﬁﬁ‘ﬁlnat(?v X he
positions estimated in_the past, and nunmeral 1706 si gni fies hi story

deci si on sedts &n 8 =d@cidieAgk 2 Bodi®iorn » dh:theoBHANY oF thidifais in the

posi tion accunul ation section 170. )
employed, it is expresSed with the latter format. The following

description will be made in terms of the case that the output
configuration is expressed with the former format.

First, in the learning mode, in the neural network thus
constructed, when the electric field strength levels from a plurality
of base stations measured by a mobile station at a predetermined
measuring point are inputted into the nodes of the input layer

respectively corresponding to the base stations, the learning is



91 A radi ocomruni cation system adopting a position detection - nethod
.according to this enbodi nent is characterised by including the position
accurrul ati on section | 705 and the history decision section | 706 in the
position detection unit 1201 or 1501 kgin addition to the arrangenent of
-the ninth or tenth enbodi nent. The basic arrangenent of this systemis the
sane as that of the ninth or tenth enbodi nent, besides the operational flow
is the sane_as that, shown,in the fl.ow charts of Figs. 14A and 14B.
Referring (BaREgSagh, thatauier nqds of the | SWairdayeharursiaiding: 4 Mési ¢ on
_detecting operation in the case of the pethod, of, detecting the position
coor di nat esSRGt (ATQAMt 1 GhtskH rahithe Alke) lﬂlﬁ@i}agetfbﬂft fiHesHi Hygh point

enbodi ment) the position detection section 1703 successively conpares the
reception rewfipytst} etitd Hhgaoshati NRIEReOr diEosamee Ayt tddaeraoutpet 0.
respective points retained in the error radio strength data storage section
1702, and akt ghis Hasteoapl éni one oplached cpiwsalitys off arRsyeidigsipgns canl t he
data, the position detection section 1703 estimates the position on the
basi s of thalsk badied bt neagtdandat wittk itsagxiantegdiurbeirngf 2ther pharee)is hel d in
the error radio strength data storage section 1704. In the position

det ecti on urelati¢@lyl,smblé, posi theaswactg npoiati oan sepresentl Thst gilaces(or
together with a tinme stanp, all the position coordi nates of the nobile
station obtthena¥ebygd hef phsi ticasudanent i vrlusecit mn(flﬁﬁtﬁitiyn dfhengasirivg tinme
series data at every nobile station. The position detection section 1703
obt ai ns t hep@iasd tse@rcai0Bedubed &or ofhet earfbd). € GhatHeodtidty haadbasi geof the
k coordinate data stored in 92 the error radio strength data storage
section | 704558 fanegeOMieris- pkéR PRI thAN aCPANAIRAL 66 fheadienbi phAtY

deci sion section 1706. The history detection section 1706 refers to the
past positigg Besk @by AN IveitBEALthONreRGsMMulAt elsi irtdle uRdKe! kiRd
accurul ation section 1705 to check whet her the coordi nates of’ the present
posi tion ofy (18] RO 6riS L3hid &&gh@ttﬁg Bok %a@é’stél'u% ﬁﬁ]ﬁcgiso%lﬁgﬁi' on
1703 are appropriate or not. Variodus ways can be taken as the decision

criterion. [BOL a severe strictness in the specification of the measuring

points is not necessary as long as exiting within the region.
Secondly, in the estimation mode, when the mobile station
inputs the radio strength levels from a plurality of base stations it
measures, to the neural network which completed the learning, the
respective nodes of the output layer 1003 output values between O
to 1. If the position of the mobile station is specified to one place,
the place, 1.e., a room or district, corresponding to one node from
which a value closest to 1 is outputted is detected as the position of
the mobile station. Further, in cases where the specification of the
place is unnecessary and it is satisfied to show several candidates
for the places, it is also possible to show a plurality of places
corresponding to a plurality of nodes whose outputs are relatively

large (close to 1). Moreover, since there is a correlation between



exanpl e, the decision can bemade by checki ng whet her thenovi ngspeed

cal cul ated on the basisofthe estimated position i nmedi atel ybefore, the tine
of the estimation and the present position,the tineis appropriate or not
for the usercarrying the nobile statiggO,the appropriateness is

-j udgedont he basis of the degree (anangl enade by a noving vector, orthelike)
~of the deviation fronthenoving direction indicated byadrawn past position
hi st oryl ocus, _Furt he e, in.t S a h f.. deci di.ng e
appropri at entggs%?)#%*}g?%o%ti ttﬁgngﬁ@mgsgﬁg tf')lggt ?fb%‘seéljt&:%gr@ﬁf}gt((g)gr 3tha§g‘§lli ed
.to the det ecti.0{1 of t?e ositf)cfh ex%esshbl e vv'ith a di scretde cy%u% ig t he
tenth enbodi FEAENCENEE hHE: SROOHn RHERT 8h LacR13E CREFTPRBIREMSS tHAH t he
room nunbers accumul ated in the position accunul ation section 1705 can be
consi dered (05 HodurRASIEE [ BIESE S HAFBER rEe GEUPBede I A% 2
short-term history accunul ating the position estimated i nmediately before
and the ti mexpenge| ergbapikthi g@ ofXpresyr the: degpee af rteadirobphilitonghaer m of
approxi mately 6 nonths) accunu] ating the past e:cperiences such as the

pl aces to t}glag molile tHatippberiststadt somehRRcdoved in the past and the
frequencies of the novenents on the basis of the short-termhistories. The
short-term hi st orgsscdastrébedeabds, ihethdepositom oleteadoappratpodat eness of
the position estimated fromthe noving speed or the | ocus as descri bed
above, whil eccloedinghgot ¢him kisbatiynadn the ossEcsiveh noldas, of uthg mptpnom t he
| ong-term hi story whether or not there have been experiences of novenent
thereto, of laker koff aleonstiradngetwdelt aarennidde eormspoadiog sto ehgt platatsa
storage section 1704, the radio strength data indicative of the positional

i nformati on withhtige li@sultatieatt ehé hsosttiohedeteckioht ofuthedfmobilei dedtbdr agnras
being the data with al nost no possibility of novenent, thus enhancing the
detecti on agqguidgy. id fuldife odefdgdof wishmade xiondibal saéh ade kodai drahe not
appropriate) for exanple) the position detection section 1703 again issues

the radi o stgigpgdth I'PROY thosRUMESdetbtibRSHERhbH e AP ieQﬂpPiBIc@C_tfbf)“t;he _
Accordingly, even if a large variation of the electric field distribution

of a base Sts?ésité}ﬁso?ﬁu e, hBGvE- QE@riB@WH&&?&Mt?Y%ﬁ“ besﬁrg%éei%?i}q;entshe

b i
position detection nmethod according to this enbodi nent can |

apor opr | ateriggs: ahahNen eI SPABORORDY LRkl atichg bt MBVAY Speed.

the locus o n asi s the short-termhistory. Further,

using the | Oil%irﬁﬁro%hitﬁ&{ yg‘ ttt?lee jetqﬁggg@té?rgtfs. the appropri ateness of the

estimated position is Possible on of the possibility of novenent
on the past gxgerieg&e.! Ilﬁvegthel ess, if the reliability in the accuracy
94 of the p the nobile station obtained in the position

estimation procesﬁliorr]gm?gftgocri]esicsfipeﬁ(c?r?cvtvﬁ? B rlﬂgdel: Ol\{\gretirrfgelow of a radio
mobile station position detection method according to a seventh
embodiment of this idvention. The position detection method
according to this embodiment allows that a mobile station finds its
own present position through its internal processing. In a
radiocommunication system based upon this detection method, as
shown in Fig. 9 a mobile station 901 comprises a mobile station
control section 902 for taking charge of the control of the operation
of the mobile station 901, a radio strength measuring section 903

for measuring the radio strength levels from base stations, a mobile



posi tion neasurenent in the nobile station is again done to repeatedly
carry out the position estimation so that the accuracy and reliability of
the position detection inprove. Wth the position detection nethod
according to this invention) in the figyst place, in the case of detecting
-the position expressible with continuous val ues such as coordi nates, the
_position detection section conpares the radio strength data in the radio
strength data storar%e section wi,th the. reception r()?'ldifo strength | evels for
the positiof REPRCIMIAMIZSIQR: a8 FHERIHY t5°6H8n Hire [RASFRTISING BREIEG ty
.of radio strength data involving a spall error retained in the error radio
strength datEATSIBISSIRN ek iTaegPHPR Hof e ST to amg: 1B asbrsat €atiedsi ti on
is not limted to the actual neasuring points _and the estinmation of the
posi tion is ssablearpingiresalty sHyagensgqtian tHih fohestafing vparagretere of
measuring points. In the next place, a plurality of radio strength data of
the recepti an leathiagseempioied evasirel fRefwatke tRismitiad Homage comardlons
measured in the nobile station are used for the position detection) with
the result tshationt913, padsiabpesitoretadetlatioa pestion oP0& Uik asnstruotimg a
expressible wth a discrete value and further to estimte the degree of the
reliability nefurhhensstdnkatiusih godie ipnrameuetsharorede inbyheisieagnine resulM edge
on a person and the action rule or schedul e of that person at the position
estimation, stérage gestbhl 05otd eaveulate itatavi pdsidonow PhssaRiahigkmendts
novenent , 95 such as the inhibition of entry to a room out of

consi derati @f whss eastibhs i 30P09TDIE % angeltREtcddieolddtAion tP1 R dvedhhe
possibility of nmovenent) thus inproving the position detection accuracy.

Still furthgpmedusUsidi@ Ghechleneit e@aghaimenie(seut pad, n¢l ati onshi p between a
plurality of positions expressible with discrete values, the data renote in

connect i on are r ekl iy osaiphiunaliilly vef uiadi destiabh ¢ met ored

the error radio stren ta storage section) and it 1s possible to decide

whet her or %%tgrﬁtti]gn p8isitthiif%gjs§erh.n mepégi?forﬁi 1¥arind [}ﬁf"%%g% 365695534’69'17

roons) which*can 1 nprove posi tiontdetection actura over) fthe

nuber of a gpl walidyof tadle 54 eNgL dalaR bNReREIChLAILS ShLenath

data storag on 1 ed” 1'n accordance® e magni tude of the
error, there i roving the position.detect.ion r 4 Further, the

nmovi ng spee&gﬁelgﬁgnl bgﬁge?g @‘ﬁ Jﬁ?%ﬁ’%@ﬁf faéihoasgﬁﬁgth ﬁé&ﬁ%%ii"[eo%? o deci de
the appropriateness af the estimated gosit'on, Wi th,the ragsult @ﬂat t he

| npr ovenent PUTAIHY BasPRi S RkPRS tTERS HEduPIClT sTBBUE: SO I hett g ng
a long-term histor t he appropri ateness of the . estimte osition is
AR TR st A A e i PR o R S R P AV
shoul d be understo t hat the foregoi ng rel ages to onli (g%gf.erred .

embodi nentsPSFnttsheQ]g]?ees@ﬁPe?WeHPi thignare 4 $ams A5 feeifadd the UEr al

changes and nodif.icati on% of the enbodi nents of tgt}g i nvention herein used
for the purg8seadigienthe dhgcpaimeterni-h dbe nWelLYAsONt GPBNERHARS ures from

the spirit and scope of the invention. )
between the nodes and others, expressing the neural network

which completed the learning in the position learning processing
section 917 of the control station 913 are transferred through some
means to the mobile station 901 and stored in the learning result
storage section 905 of the mobile station 901.

As a method to transfer the parameter data expressing the
learning-completed neural network, there is an on-line method in

which the data is radio-transmitted through the base station 907 to



Substitute Sheet - 15 April 2003 -96 THE CLAIMS: 1. A nethod of detecting a
-position of a nobile station in a wireless radi ocommuni cati on system

i ncluding said nobile station, a plurality of base stations and a control
station, S said nethod conprising theggeps of: nmaking said nobile station
-comruni cate a measurenent result, obtained by neasuring reception radio
strength levels fromsaid plurality of base stations at a neasuring point,

station Teartt mopdlsor AT BT Aeftl e TG ek P REI Qi a0t
.reception raﬁlio s.rength | evel s and the Posithon of said nobi|le station on

the basis ofN$afdf!ReSSHHBHRIALOSs SISt L0 18] AF aF PEYMERIGRES Ul HgCpoi nt s
and position data of said measurin olnts; 15 ing sai hile station
convey measlFURRE TSN (SOBRS aeSeR ot otk omsmﬂg}% et inovthish: d
plurality of base stations, neasured at an_arbjtrary pojnt, through said
base st ati oitdes giage chritr e smebilorstatipg ﬂ&kiﬁgegaiﬁp%ﬁﬂtbl aBt at i on
estimate a position of said 20 nobile station, producing said neasurenent
resul ts, onintesfasgsimads widhda ciscpediagi sredivmepierfasge surbnas «ali GDRO¥hgt h
| evel s and a position of said nobile station attained through the |earning;
wherei n sai @ fo@pyr idasr puidnas dCecsisbt(foraexwmpp, 25 poitabder nfarmatiorat ed t o
charge said nobile station. 2. A position detection nmethod as defined in
claiml, whéemnimadandtireascommumpontivs &vectden eori meniotiehoadvsizee and each
of nobile stations neasures reception radio strengt h 30 levels fromsaid
plurality obebamalsicampmnerainddrpooatingonr eadiand orgniaeisationg modeamm),
Substitute Sheet - 15 April 2003 _97_

the parameter data is once stored in the recording medium which

in turn, is given to the user who uses the mobile station 901 so that

the parameter data is taken out from the recording medium to the

learning result storage section 905 of the mobile station 901.

However, the parameter transferring method in this embodiment is

not limited to these methods.

When the user carrying the mobile station 901 gives

instructions through some input means (a command due to a

button, or the like) to the mobile station control section 902 for the

request for the detectibn of its own position, the mobile station

control section 902 gives instructions to the radio strength

measuring section 903 to measure the receivable radio strength

levels from all the base stations, and hence the radio strength

measuring section 903 conveys the measurement results to the

position calculation section 906 according to the instructions. The

position calculation section 906 constructs a neural network by

using the data stored in the learning result storage section 905 and



- 3. Aposition detection nethod as defined in claim1, wherein said nobile
.station conveys positional data of said neasuring point and said reception
radio strength levels fromsaid plurality of base stations, nmeasured at
said 5 neasuring point, through said ase station to said control station.
‘4. A position detection nethod as defined in any one of clains 1 to 3,
‘Wherein said nobile station nmeasures 10 reception radio strength levels
fromsaid pI.uraIitréeof base stations .plural tinmes.at one of .the
n

h
measuring polREthCaMEISHE R S0t HES areh Cied Srpm iy dagicesgength

plurality of resultant neas nt values to obtain a SLE?ﬁl e val ue and
outputs it ABCHSUTIRG| SGREA AL RS URFUra) sNE WOk, 8Q PPEHNG RS cPPHH OPet hod
as defined in any one . of clains, 1l to 4, wherein said nobile station

measur es repthdrmpadicosttidh@H | evel s due to said plurality of base
stations at an arbitrary point and communi cates the 20 neasurenent results
t hr ough sai d baselkist ibrthio systemcaneosiingt tx itbis empbo@iment; epponse to the
conmmruni cation fromsaid nobile station said control station estimtes a
posi tion of leandngobédwdt sobtindd pinodbei pgsisuind lnersogepentesseBgl sectdont he
basis of the correlation between reception 25 radio strength levels and a
posi tion of ofathe romittod stasioinons dizldi medh¢ hmobgh sfacionedn nadwanc®, #nd in
position detection nmethod as defined in any one of clains 1 to 4, wherein,
when sai d nobel easet ahaprthe ngssrr eartydn O0theandolmidatstationt stanesn foorkrepwpokist i on
of a different nobile station, said control station gives instructions to

sai d differewn npbsitionst his @wit opogidsur és adulecapds tthreaght tl int&whasti tute
Sheet - 15 April 2003 -98 - radio strength levels due to said plurality of

base stati opgoadskifst bfredhes notids| dth@bnolvietadd eid finganty mebthe &mtdon on
the basis of the reported neasurenent results to convey the estimation

result to saiisRbtHRuehalth@Ncommunication each time.

Eighth Embodiment

Furthermore, a description will be made hereinbelow of a
position detection method according to an eighth embodiment of
this invention. the position detection method according to this
embodiment is made such that a plurality of base stations measure
the radio wave emitted from a mobile station to detect the position
of the mobile station on the basis of the measurement results. In a
radiocommunication system adopting this detection method, as
shown in Fig. 10, a mobile station 1101 comprises a mobile station
control section 1102 for controlling the operation of the mobile
station 1101 and a mobile station transmission and reception
section 1103 and a base station 1104 comprises a base station
control section 1105 for controlling the operation of the base station
1104, a base station transmission and reception section 1106 for

carrying out the transmission and reception of a signal to and from



7. A position detection nethod as defined in any one of clains 1 to 6,
-wherein said control station successively stores the estimation results on
the position of said nobile station and estimtes a position of said nobile
station on 10 the basis of new neasurggent results and further decides, on
-the basis of the past positions of said nobile station, whether the
estimated position of said nobile station is appropriate or not, and, if

" not appropri.ate, gives instruﬁions to said nobile station to again perform
the 15 measHterBAPiiegstatighsh kibnadbpdctstehonettitd 48ddepiRRd SFRENaI m 7,
.wherein said npobile station nmeasures reception radio strength | evels from
sai d plural 1197 ofoppesttminHrifeatraasousuensfadt raGeplqhtel \dalsigndl conveys
t he nmeasurenent results through said base station to said control station.
9. A positi rodgheet Mare mBfhol tasandfireay 4 woatsplostation dildilpsandtad 8,
wherein said Control station converts said 25 reception radio strength

| evel s conveadi@ fstismgéhi chaasbring seatipon 1ilABo far t measeringalthdi sadince

bet ween said base station and said nobile station and |earns, through said
neural netwstrkngeh develelodt hosigmat wieem shedmidielr etitcah. diBianaeamgemehe
position of said nobile station. 30 10. A nethod of detecting a position of
a nmobile stefithe tonaolisteliess]! hlliiectmmsameatas othasyist ehe i fiedtudi ng sai d
nobi | e Substitute Sheet - 15 April 2003 -99 station, a plurality of base
stati ons angmdodniene! (sseaFign,l)said method conprising: a step in which
said nobile station neasures reception radio strength levels fromsaid

plurality of basgegbadlyons Bedriptio®asilli bW LaAHBt heRifPOIHWI SAt@et he
measurenent results through said base station to said control station; a

step in whi sgelsaaidh QINthiQ! spdiah]. onld QAENRarhiHOWIHdS HRURA sP8EMR! khed
correl ati on between said reception radio strength |evels and”a position of

sai d mobi | epfiafd Qa@Ont P01 issues a radio wave (an upstream control signal
such as a calling response signal and a calling signal) at a point set
in advance, while the base station 1104 receives this radio wave
and the radio strength measuring section 1108 of the base station
1104 measures the radio strength level and reports the
measurement result through the base station input and output
section 1107 to the control station 1111. At this time, in a similar
way the other base stations 1109, 1110 receive and measure the
same radio wave emitted from the mobile station 1101 and report
the measurement results to the control station 1111. That is, the
measurement of the strength of the radio wave emitted from the
mobile station are done at a plurality of points set in advance.

In the control station 1111, a communication control section

1113 receives the electric field strength data related to the mobile
station 1101 reported from the respective base stations and passes

the data to a position learning processing section 1115. The



10 basis of said nmeasurement results at a plurality of nmeasuring points and
-positional data of said neasuring points and conveys paraneters of said
neural network, obtained through the learning, to said nobile station; and
a step in which said nobile station cggstructs a neural 15 network using
-said paraneters to detect its own position on the basis of reception radio
strength levels fromsaid plurality of base stations neasured at an

arbitrary paint..through.the use of the cons te eural network. 20 11. A
posi {1 on’ deBsiiioh TRARUE s GEs Pheq Friahy bhe BRclrHoRes 1Hed® fatdher of o
Said control station |earns, t_hﬁou h ?aid neur al n%twork., a correl ati.on

bet ween sai dNe COPSLIBGET adli BEWR! RHIR I%‘?/‘é’f%rlll‘aﬁﬁh’ﬁ r dGF B SR t IQHEEX pnsi on
including a,roomor a district said nobile statjon exists. 25 12.

wirel ess radPBEbridyAT cBOAGh $h%t EFASBIRSRER] ﬁ@“é“?m%ﬁe | Qe TaEPEAtIVE Qpiﬁ ality
of base stations and a control station, wth said control station detecting
a position 6fatiany Wibi respscat othewrsdiei waysi drambihe mobticontathen udes 30
radi o strength neasuring nmeans for neasuring reception radio strength

| evel s fromld&ild apidurcaitpuis dlie bpasationadf ohe, mokileajtatioonttdOll st athaon

i ncl udes: Substitute Sheet - 15 April 2003 - 100 - position input means
for input otimesitFarbenf the ppesitibnt eahingegyocesgingosaconpddildi bearns

| earni ng processing neans for |earning, through a neural network, a

correl ati onthet pepsladon betvemeptthenrecgitivrstmdingt stréeythl demelswredhey sai d
nobile station at said plurality of neasuring points and the positions of
sai d pl ural iragioofwaeastroinmotheoinmbisilé nxativad 1101 pugkasaied [msithieon i nput
means; and position estinmation processing neans for estimating, on 10 the

basis of repeptdlity bAdb&sesStstaiaid) hryelhe boeiricinict pherglobile atatigse
stations nmeasured by said nobile station at an arbitrary point, a position

of said nobijljg1sthat ieN adasubihgTRARLS €TIRE bbSRi il OMFBrinfAgi oS ©rofa Sai d
correlation said position |learning processing nmeans |earns; 15 wherein a

Cheoe 1O AR TAESHLA RN B s SRS 8 BB o0
mobi | e stat i;09i¢iéh PPl sb¥ioh PRBE hat NS AMoR $OBMIRE processing
section 1115 as well as the first embodiment, and the
corresponding relationship between the measurement result data at
the base stations and the positional information is established in
the same way as in the first embodiment.)
On the other hand, in the estimation mode, the base stations
1104, 1109, 1110 rece¢ive and measure any radio signal (control
signal) emitted from the mobile station 1101 at an arbitrary point
and report the measurement results to the control station 1111. In
the control station 1111, the communication control section 1113
receives the electric field strength data of the radio wave from the
mobile station 1101, reported from the respective base stations,

and hands them over to a position estimation processing section

1116. The position estimation processing section 1116 once collects



20 station, with said control station detecting a position of said nobile
.station, wherein said nobile station includes radio strength neasuring
means for measuring reception radio strength levels fromsaid plurality of
base stations, and said control statigg includes: 25 position storage neans
-for storing a position of each of neasuring points and an identifier of
said nobile station nade corresponding to said neasuring point; position

[earning. b ofeee AT (PGSR 0 SIICIERA SR DRI D
AR PSR B 3T DAL RS T S g L

i 2003 - 1 - . in. i i.ti : . it
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strength levels,fromsaid plyrality of se stations neasured by said
nobi | e st at iP@ﬁltSO%tOtaﬁﬁ%r‘Bpwﬁr§/tab‘8i“n11,182 POy AP siBHSmSBi station

at the nmeasurenent tine_ through the use of said correlation said position
| ear ni ng pr @Eé@gmn@c%émgn@aghg; efRoEmend ehlr getect othec pasyiony ofithe
mobil e station is placed at the position of said neasuring point. 10 14. A
nobi | e st at imebiledstationmini ¢amiaones yidnenthgs phefaligdof nbayeistationsr 13,
wherein a learning data collector is |located at the position of said
measuri ng porgrsursatht |redini wgvdacmittet| &ximr theei mgbélguisppédnwi t h radi o
strength 15 neasuring nmeans for neasuring reception radio strength |evels
from sai d plural ilhy aoradimsensnaticameysteranfor slaindn mobileecept i on neans
for reporting said reception radio strength |levels through said base
station to sadmtelmphoolesstatplanalanyd dgfurtiaser sfavtonseareasurg aheorddiol si gnal
fromsaid 20 control station. 15. A wireless radi oconmunication system as

defined in amweorgninfed |faoib alZnéisild 4stavibar et ntheatigne opf rddteshixiingn ther t her
i ncludes radio strength report requesting neans for
existence area of the mobile station to specify as the existence area
the radio zone of a base station which shows the highest radio
strength level, and the system according to this embodiment can
exhibit the compatibility with a radiocommunication system based
upon such a way and particularly effective thereto.

Although in the above description a plurality of base stations
measure the radio wave emitted from the mobile station and the
reception radio strength levels measured are directly inputted to
the neural network, in order to eliminate the detection error
resulting from the variation of the strength of the transmission
radio wave from the mobile station, it is also appropriate that the
ratio of the reception radio strength levels measured by the
respective base stations is used as the input value to the neural

network. Further, although for the description only the same

mobile station 1101 is used in the learning mode and the



25 transmtting a radio strength report requesting nessage to said nobile
.station so that said nobile station neasures radio strength |evels from
said plurality of base stations and reports the neasurenent results. 30 16.
A wirel ess radi ocommuni cati on system@3® defined in any one of clainms 12 to
- 15, wherein said nobile station is provided with a self nobile station
position inquiring neans Substitute Sheet - 15 April 2003 - 102 J' - for
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result to said npbile stati wi rel ess, radi ocq ni caté\i‘on sygtﬂem as
i 6

n. 17.
defined in clai m$50 %F%i'ﬁio%itgenﬁ PYe d§S&IRIPT: s WabLi hsedadio Ang
different nobi]e station positjon inquiring nmeans for trapsmtf{ing a
request f or SEAHQE rBRSBPNa dglRGtANy AMek Oéjsdiagf:‘é’icgﬁg fdbthis gvantin.t ¢heai d
control station, and when said control stationer receives said request
therefrom daiad onadhe BieAsHHNE PepYst aicedisedt forg thealegarningndai obtaiai ¢he adi o
15 strength reporting requesting nessage to said different nobile station
under goi ng positigesiafi ¢ie imgbileystasion. | nAceepsbingly.t theser apthodotaneasur enent
results on radio strength levels fromsaid different nobile station, said
control starémovestheranesi d£opopigvionsyf draimdngi theraactr20 fiokd | grength on on
the basis of the reported neasurenent results and reports the estimation

result to smiap rmbelerystisdseontdtimt amkeardmirdallogsi the p8sitivonM detbetisn
radi ocomruni cati on system as defined in any 25 one of clainms 15 to 17,

wher ei n sai gf apet bodbidd adthadni belyudessypelsid imangacyhad ahé orecepeion fradio
accurul ating informati on on positions of said nobile station, estinmated by

sai d positigiegsth MBVERN iRr BeeSHobUeMeaNfon idt kbV@ratehieR3uainG Hoihey y
deci si on neans Tfor deciding, on the basis of a 30 transition of the

posi tion of ;gaige pOkiHe; S tAlaABe AC BEEM A, clvd iSaiHE RASidtioM GECHEIUl ation

means with tinme, whether the position of said nobile station estinmated by
electric field strength occurs, it is possible to quickly cope with this
variation. Further, in the position detection method where the
positions of the measuring points are determined in advance, the
position input of the measuring points necessary for the learning
becomes easy. Still further, with the position detection method in
which the positions of the chargers are set as the measuring points,
the reception radio stfength measurement is possible during the
charging of the mobile stations, and hence it is possible to
automatically collect the reception radio strength data related to a
plurality of base stations for the learning, and since the positions of
the chargers are the measuring points, the position input of the
measuring points becomes easy.

Furthermore, according to the position detection method in

which the positional data of the measuring points are inputted from
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. heans is appropriate or not, and when said history decision neans nakes a
decision to that it is not appropriate, said radio strength report

requesti ng neans issues a radio str%?gth report requesting 5 nessage to

- said nobile station. 19. A wrel ess radi ocommunication system as defined in
any one of clains 12 to 18, wherein said nobile station is equi pped wth at
" least two frequency synthesisers so that, 10 even if one frequency

synt hesi s#re imobilea ssythemr she seatepoiod gadio vitrengihc dewelniat annonrkiraryer at
a call, said radio strength measuring neans uses the other frequency

synt hesi spositmmeasurbe nadd oastthenbganingy elasa fwothnosai fixpdgirthlei t y of base
stations. 15 20. A wirel ess radi ocommuni cati on system as defined in any one
of cl ai menieasueinkd,poiheyr éhnagaarnteconin oddditiani owiths thequppprribmi t h di st ance
cal cul ation neans for calculating a distance between said nobile station

and each déteaich bagehad it avhiehs the vilebasitsinetl nfeepthenstadiditizagt rengt h
| evel s fromsaid plurality of base stations neasured by said nobile station

through tRectsRivg of tieopriidamesasdhkat fleshHs Sty enftpht@idstange
characteri stl c attained by outputs and frequencies of said base stations,

and sai d posisur@med? VERL) QGerPrﬁCQﬁé'ﬂ& TREASTE RIS ertdl Widhe neural
network, a correlation between the cal cul ated di stance and the position of

sai d rreasvéeegﬂocp@'mm edb iy ggleeg@ th@de@x%EH@n% gﬁqlmséy%rerfhe%ﬁef' ned

in any 30 o clalns 2‘?0 erein said e station conprises
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Further, in the mobile station, it is possible to find its own present

position or the present position of a person carrying a different
mobile station. Still further, with the position detection method
made to store the position history of the mobile station, the
appropriateness of the presently detected position is judged using
the position history, with the result that the reliability of the
position detection can improve.

Moreover, with the position detection method in which the
mobile station periodically reports the measurement result of the
reception radio strength levels to the control station at a constant
time interval, it is possible to construct a system which detects the
position of the mobile station at a regular interval and manages the
position thereof. In addition, according to the position detection
method where the reception radio strength is converted into a
theoretical distance for the learning, not only the learning accuracy
in the neural network can heighten but also the position estimation

accuracy can improve. Further, with the position detection method
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.-means for constructing a neural network using said paraneters stored in
said learning result storage neans to detect, through the constructed
neural network its own position on the basis of reception 5 radio strength
-levels fromsaid plurality of base s®9tions neasured at an arbi trary point.
22. A wirel ess radi oconmuni cati on system as defined in any one of clains 12
‘to 21, wherein said control station uses 10 said neural network having an
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unnecessary. Moreover, the position detection where a plurality of
base stations measures the radio wave from a mobile station so that
the position of the mobile station is detected on the basis of the

measurement results is applicable to a radiocommunication system

such as a land mobile radiotelephone which has a mechanism that a
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position detection methods. In the wireless radiocommunication
system including a learning data collector, it is possible to collect
the learning data in a fixed point observation way and in a
continuous way, and even if the system is in an operating condition,
the learning accuracy can improve and the position detection
accuracy can heighten. Further, in the system having a control
station equipped with a radio strength report requesting means, the
control station issues a radio strength report request to a mobile
station so that the mobile station measures the reception radio
strength levels from a plurality of base stations and reports the
measurement results, with the result that the present position of
the mobile station at an arbitrary time can be found in response to
the request from the control station side. Moreover, in the system
having a mobile station provided with a plurality of synthesizers,
the measurement of the reception radio strength levels for the
learning and the position estimation is done even during the
conversation, so that the learning and the estimation of the position
become possible even during the call.

Ninth Embodiment
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Still further, a description will be made hereinbelow of an
operation of a radiocommunication system based upon a detection
method (or system) of a position of a radio mobile station according
to a ninth embodiment of this invention. Fig. 11 is a block diagram
schematically showing an arrangement of a radiocommunication
system adopting a position detection method according to the ninth
embodiment, Fig. 12 is an illustration of an example of an
arrangement of a position detection unit in Fig. 11, and Fig. 13
shows an image of this system. In Fig. 11, numeral 1151
represents a mobile station, numeral 1152 designates a radio
strength measuring section for measuring radio strength levels
from a base station, numeral 1153 denotes a control section for
issuing measurement instructions to the radio strength measuring
section 1152 and further for controlling radiocommunications,
numeral 1154 depicts a mobile station transmission and reception
section for taking charge of transmission and reception in
radiocommunications, numerals 1155, 1156, 1157 stand for base
stations, numeral 1158 indicates a communication control section
for controlling communication with the plurality of base stations
1155, 1156, 1157, numeral 1159 signifies a transmission and
reception section for transmission and reception in
radiocommunications, numeral 1160 represents a control section
for controlling communications between the mobile station 1151
and the communication control section 1158, numeral 1161

designates an input and output section for communications with the



104! 1094& ()-1! 10%| & ()-1F10%| & ()- 10 h h 10 h h 10 h h!F'!110% h
Ch& ()-f'" " ()*, rP. VKI sZY409BB& () - #! (sZY40% B'B& () - #! 1¢SZ9%4.0%-B+B&' () - #! ;

sZ%4095B5B& () - #&109B& () - - 1098& ()- 104,,,,9-- . .}[9+V 10BB! @&
%A0YBB& ()-1! @ Y%A0YBB& ()-1!10/ %OYBB& ()-. 109B& ()-
. 9-109B& ()-! #sZYA0YBB& ()-# . a. b. .. o[ 1a?V

10BB! ! 6nPd0% | j | & ()-3! 6nmead0% |j| & ()-3!1 npd0o%|}| & ()-3910%| & () -, 10%}| &
"' ()- 10BB 10BB[ 1] 2234N6N5CEWUGOV 10BB 10" | |
107 | |1, neawgaEnjcation Jomsaloseraps (1581 muosaal| Q2 - denoeeva) 4] & () - 3! ik
109%41| 4| & () - 3C6P5q5u5QB6k 7890M+V! (5494.0% |\ | & ()-3! s4%09R R & () - 3! (| s4%4.0%
V|V & () - B¢63dEk,0%umeR] (11630Uep&tE) a, pOsM] & (Information center,
numeral 1164 signifies a communication control section for
performing transmission and reception to and from the network
1162 to control a position detection processing, and numeral 1165
stands for a position detection unit for detecting a position
controlled through the communication control section 1164.
Furthermore, in Fig. 12, numeral 1201 represents the position
detection unit in Fig. 11, numeral 1202 designates a radio strength
data storage section for retaining position information expressible
with continuous values and obtained at a plurality of measuring
points and radio strength data comprising reception radio strength
levels from a plurality of base stations obtained in a mobile station,
numeral 1203 denotes a position detection section for comparing
the radio strength data in the radio strength data storage section
1202 with radio strength levels at a position detecting point to
estimate the position of the mobile station, and numeral 1204
signifies an error radid strength data storage section for holding a
plurality of radio strength data not involving a large error. Still
further, in Fig. 13, numeral 1301 represents a mobile station,
numerals 1302, 1303, 1304 designate base stations, numerals 1305,
1306, 1307 denote radio zones of the resbective base stations 13032,
1303, 1304, numeral 1308 denotes a control station, numeral 1309
depicts a position detection section, and numeral 1310 stands for a

radio strength data storage section.
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position detection section 1309 and the radio strength data storage
section 1310 of the control station 1308 detect the position of the
mobile station 1301 on the basis of the strength levels of radio
signals of the base stations 1302, 1303, 1304 measured by the
mobile station 1301. The operation of the radiocommunication
system according to this embodiment is divided into a preparation
for inputting the positional information of a plurality of measuring
points within a service area and the radio strength data comprising
reception radio strength levels from a plurality of base stations into
the radio strength data storage section 1202 in advance and a
detection process for estimating the position of a mobile station on
the basis of the stored radio strength data. As the way to input the
data in the preparation, methods are available to communicate and
input the reception radio strength levels from a plurality of base
stations measured by a mobile station, together with the positional
information, in real time or to together input the reception radio
strength data from base stations measured in an online way
through a wire connection. However, in this instance, the radio
strength data is already inputted into radio strength data storage
section, and the description of the inputting way is omitted for

brevity.
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position detection request. The control section 1153 of the mobile
station 1151 waits for a position detection request (step 401), the
position detection request being arbitrarily made at a timing
according to an input command from the user at an arbitrary point,
at a timing on a system operation or at a constant time interval. In
response to the position detection request, the control section 1153
gives instructions for radio strength measurement, and the radio
strength measuring section 1152 measures the radio strength levels
from or due to a plurality of base stations (step 402). Because the
radio strength is unstable due to the presence of the external
factors such as the fading caused by the multi-pass and the
environmental variations, for the measurement thereof, there are
employed various ways based upon statistical processing, for
example, the measurement of the radio strength is conducted at a
given time interval or'plural times so that the measurement results
are averaged, the weighted mean thereof is calculated or the
maximum value thereof is taken. The description of the radio
strength measuring way in this embodiment will be omitted here.
After the measurement of the radio strength levels from the
plurality of base stations, the control section 1153 selects, for
example, the base station 1153 producing the maximum radio

strength level and transmits the reception radio strength data
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the reception radio strength data through the input and output
section 1161, the communication control section 1158 and the
network 1162 to the position information center 1163 (step 403).
As the reception radio strength data to be transmitted here, there
are the radio strength levels from all the base stations the mobile
station can receive, the radio strength levels from all the base
stations which exceeds a given value, and the radio strength levels
from a specified number of base stations which are taken in the
order of decreasing strength. For the illustration only, the
description will be made of an example of reporting the higher four
base station radio strength levels.

When receiving the reception radio strength data, the position
information center 1163 passes the reception radio strength data to
the communication control section 1164 and the communication
control section 1164 then conveys it to the position detection unit
1165 to estimate the position of the mobile station 1151 to obtain
the estimation result (step 404). The estimation result obtained in
the position detection unit 1165 returns through the network 1162,
the communication control section 1158 and the base station 1155

to the mobile station 1151 (step 405).
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10h(h( conducted in the position detection unit 1165. In Fig. 12, the

position detection unit 1201 corresponding to the position detection

unit 1165 in Fig. 11 accepts the reception radio strength data ((B1,

El), (B2, E2), (B3, E3), (B4, E4)) based upon the radio strength levels

El, E2, E3, E4 from the base stations B1l, B2, B3, B4 (step 411). The

radio strength data storage section 1202 retains radio strength data

comprising the positional information on a plurality of measuring

points and the reception radio strength levels from a plurality of

base stations at the plurality of measuring points, and the position

detection section 1203 compares the reception radio strength levels

with the radio strength levels from the base stations at each point

retained in the radio strength data storage section 1202 (step 412).

In the comparison in radio strength levels, a mathematical distance,

i.e., an arbitrary distance function p satisfying the following

conditions are used for the calculation to judge the distance on the

basis of the resultant érror 8. The real number p which is not

negative singly corresponds to given binary values x and y in a set

X to satisfy the following conditions.

1) p (x, x) =0, on the other hand, if p (x,y)=0,x =y
2) px, )=p (y, %)

3) In terms of arbitrary three points x, y and z, p (%, 2) £

p(x,y)+p (y, 2).
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the concept of a general distance. The position detection unit 1201
receives the radio strength levels E1, E2, E3 and E4 from the four
base stations B1, B2, B3 and B4 producing the higher radio strength
levels. In the case that the distance between the received radio
strength data ((B1, E1), (B2, E2), (B3, E3), (B4, E4)) and the jth radio
strength data ((BSjl1, Ejl), (BSj2, Ej2), (BSj3, Ej3), (BSj4, Ej4))
retained in the radio strength data storage section 1202 (where
BSj1, BSj2, BSj3 and BSj4 respectively represent the four base
stations producing the higher reception radio strength levels when
received at the jth radio strength measuring point (Xi, Yi), and Ejl,
Ej2, Ej3 and Ej4 respectively designate the reception radio strength
levels from these base stations) is calculated using the following
equation in cases where the base stations undergoing the

comparison all coincide with each other, that is, B1 = BSjl, B2 =

BSj2, B3 = BSj3 and B4 = BSj4.

V (B, - E)® + (Ei - Ea)® + (Ei3 - E3)? + (Eys - Eo)?

Even if the base stations undergoing the comparison do not all
coincide with each other, the calculation of the distance, i.e., the
error, is easily possible in a manner that the radio strength levels
from the base stations which are in no coincidence relation to each

other are set to 0 and added.
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With the decision result of the magnitude of the error thus
calculated, a plurality of errors selected from the calculated errors &
in the order of increasing voltage and the position coordinates at
that time are stored in the error radio strength data storage section
1204, whereas the position detection section 1203 stores the
position coordinates (x, y) at that point and the calculated errors &
in the error radio strength data storage section 1204 (step 414)
until the number of data retained in the error radio strength data
storage section 1204 reaches k (k: an integer being 2 or more) (step
413). When the number of radio strength data retained in the
error radio strength data storage section 1204 reaches k (step 413),
the k errors 8m (1 <= m <= k) retained in the error radio strength
data storage section 1204 and the position coordinates at that time
are set as follows and arranged in the order of increasing error.

((xm, ym), d8m) (1l <=m<=Kk)

The position detection section 1203 compares the calculated
error § with the largest 8k of the k errors dm (1 <= m <= k) stored in
the error radio strength data storage section 1204. If & is smaller
than 8k, the radio strength data ((xk, yk), 8k) having the maximum
error in the error radio strength data storage section 1204 is
replaced with the radio strength data based on 8 and the
coordinates at that time. The k radio strength data including the
replaced radio strength data are compared in the magnitude of

error with each other and rearranged in the order of increasing
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error, so that the k radio strength data are newly produced as
follows (step 415).

((xm, ym), dm) (1 <=m<=k)

This operation is repeated till the completion of the
comparison of all the data (step 416).

After the comparison decision of all the data held in the radio
strength data storage section 1202, the position detection section
1203 estimates the position on the basis of the k radio strength
data stored in the error radio strength data storage section 1204,
As the estimation method, for example, statistical ways are
available to average the k radio strength data and to calculate the
weighted mean using the values of the errors & or the radio
strength levels from the base stations.

Although the above description has been made of the method
of performing the comparison and decision of all the data retained
in the radio strength data storage section 1202, it is easy to
consider a method of narrowing down the comparison data with the
base station IDs or the' like to speed up the processing.

In addition, although in the above description the number k is
fixed as being a specific value (an integer being 2 or more), a
description will be made hereinbelow of a method to set the
maximum number of radio strength data retained in the error radio
strength data storage section 1204 to m and to vary the number k
in accordance with the degree of the error. In the case of k = 5, let

it be assumed that the error radio strength data storage section
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1204 retains the following 5 sets of coordinate data and errors
which are arranged in the order of increasing error.
1.  ((33, 24), 2.57)
((31, 22), 4.61)
((34, 22), 4.78)
((31, 57), 16.12)
((34, 59), 18.34)

Sl

The differences between the errors of these 5 sets of radio

strength data are as follows.

Error
1-2 2.04
2-3  0.17
3-4  11.34
4-5 222

As obvious from this, the difference between the errors of the
third and fourth sets is large. In this instance, the fourth and
following sets of data involve a large error and can be considered to
be low in reliability. TFor example, let it be assumed that, when the
error difference is 5 or more, the following data are not treated as
the data, the number k is set to k = 3 so that the estimation of the
position is made on the basis of the 3 radio strength data, thus
promoting the position detection accuracy.

As described above, the position detection section makes a
comparison between the radio strength data in the radio strength

data storage section and the reception radio strength levels for the
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position detection to detect the position on the basis of a plurality
of radio strength data involving a small error, retained in the error
radio strength data storage section, with the result that the
estimated position is not limited to the actual measuring point but
the position estimation is possible within a range smaller than the
interval between the measuring points.

Furthermore, it is also possible that, in terms of the plurality
of radio strength data in the error radio strength data storage
section, the number of radio strength data is changed in accordance
with the degree of the error to enhance the position detection
accuracy. The accuracy of the position detection depends upon the
interval between the measuring points in the preparation, and in
general, increasing the number of measuring points or increasing
the number of times of measurement at the same measuring point
permits the improvement of the accuracy.

Various ways are available to issue the position detection
request. For example, when the user wants to know his own
position, the position detection request is issued from the mobile
station, and when the position managing center manages the
position of the user, the position managing center issues the
position detection request or the wire or radio user issues the
request through the network 1162. Further, although in the above
description the position detection unit located in the position
information center detects the position of the mobile station, it is

also possible to place the position detection unit in the mobile
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station or in the base station or to situate it in the wire or radio
user side using the network 1162. These arrangements are easily
practicable as well as the arrangement in this embodiment.
Tenth Embodiment

Referring now to Fig. 15, a description will be made
hereinbelow of an operation of a radiocommunication system based
upon a position detection method of a mobile station according to a
tenth embodiment of this invention. In Fig. 15, numeral 1501
signifies the position detection unit in the ninth embodiment in Fig.
11, numeral 1502 denotes a radio strength data storage section for
retaining radio strength data comprising positional information on a
plurality of measuring points, expressible with continuous values,
and reception radio strength levels from a plurality of base stations,
numeral 1503 depicts a position detection section having means to
compare the radio strength data in the radio strength data storage
section 1502 with the radio strength levels at a position detecting
point to estimate the position of a mobile station, numeral 1504
represents an error radio strength data storage section for holding a
plurality of radio strength data involving a small error, and
numeral 1505 indicates a position detection knowledge section
having a knowledge on a person using a radio mobile station, an
action rule and a schedule of that person and others.

For the radiocommunication system adopting the position
detection method according to this embodiment, a description will

be taken hereinbelow of the radio strength data storage section
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1502 and an example in which the positions expressible with
continuous values such as coordinates temporarily stored in the
error radio strength data storage section 1504 are applied to
positions expressible with discrete values such as a region name, a
room number and a room name. The other basic arrangements of
this system are the same as those in the ninth embodiment, and the
operational flow is the same as that shown in Figs. 14A and 14B.
An operation for detecting the position expressible with a discrete
value will be described hereinbelow with reference to Fig. 15 in
addition to the flow charts of Figs. 14A and 14B. In this case, a
room number is taken as the position expressible with the discrete
value. Further, of the operation of the flow charts of Figs. 14A and
14B, the operation up to the step 403 is the same as that in the
ninth embodiment.

As in the case of the ninth embodiment, the position detection
section 1503 successively compares the reception radio strength
data with the radio strength data at each point, retained in the
radio strength data stotrage section 1502, and makes a decision on
the calculated errors to store the room number at that time and the
calculated error 8 in the error radio strength data storage section
1504. The position detection section 1503 keeps the room number
at that point and the calculated error 8 in the error radio strength
data storage section 1504 (step 414) until the number of data in
the error radio strength data storage section 1504 reaches a specitic

number k (k: an integer being 2 or more) (step 413). On the other
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hand, when the number of data in the error radio strength data
storage section 1504 reaches k (step 413), the position detection
section 1503 compares the calculated error 8 with the k radio
strength data held in the error radio strength data storage section
1504 and, if & is smaller, replaces the radio strength data involving
the maximum error in the error radio strength data storage section
15044 with the room number at that time and the error & (step
415). This operation is repeated till the completion of the
comparison of all the data (step 416).

After the comparison and decision of all the data in the radio
strength data storage section 1502, the position detection section
1503 estimates the position of the mobile station on the basis of the
k radio strength data retained in the error radio strength data
storage section 1504. For example, as the estimation method, a
method can be taken to simply make a majority decision, while it is
possible to further estimate the degree of the reliability of the
estimation result as a function of the rate of the estimated position
to the k radio strength *data. For example, when k = 5, if all the five
data in the error radio strength data storage section 1504 show one
room number "room 201", the decision can be made to that the
detected position must almost be "room 201". Assuming that 3 data
of the 5 data signify "room 201 and 2 data thereof show "room
202", the "room 201" constitutes 60% while the "room 202" occupies

40%. Accordingly, the decision is made to that probably the mobile
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station exists in the "room 201", but there is a possibility that it

stands in the “"room 202",

In addition, the detection accuracy can further improve in a
manner of using, at the position estimation, the knowledge on the
person carrying the mobile station and the action rule and schedule
of that person retained in the position detection knowledge section
1505. Fig. 16 shows an example of the layout of rooms and the
following table shows a knowledge on the connections of persons
carrying mobile stations to each of the rooms shown in Fig. 16. A
description will be taken hereinbelow of a method to estimate the
position of the mobile station using the knowledge in the position
detection knowledge section 1506 with reference to the following

table.

Table

Room No Room Name Tanaka Suzuki Yoshida -----

room 201 reception A A C
room

room 202 first council B B B
room

room 203 president A C C
room

room 204 second B B B

council room
room 205 development B C A

and manage-
ment division

room 206 business B A B
department
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room 207 computer C C A
room
room 208 copying room A A A

In the table , symbols A, B and C signify the degrees of the
connections to persons and the meanings of the symbols A, B and C
are as follows.

A : room used frequently

B : room used sometimes

C : inhibition of entry or room seldom used

For detecting the position of one person, for example Mr
Yoshida, in the case of k = 5, assuming that as a result of the
detection processing, of the k radio strength data in the error radio
strength data storage section 1504, 3 data show "room 201" while 2
data show "room 202", judging from the knowledge table it can be
considered that Mr. Yoshida seldom uses the room 201" being a
reception room, and therefore it is possible to estimate that the
detected position is the "room 202" being a first council room.

Furthermore, it is also possible to employ a method for
estimating the position of a mobile station in cooperation with a
different system such as a council room reservation system and an
individual or group schedule managing system which is used as the
position detection knowledge section 1506. An estimation method
will be described in the case of employing, as one example, a

5

council room reservation system shown in Fig. 17. In this case, let
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it be assumed that the layout of the rooms to be detected is the
same as that shown in Fig. 16 and the council room reservation
system has data on the reservation status of the respective council
rooms as shown in Fig. 17. In the case of detecting the position of
Mr. Yoshida at about two in the afternoon, let it be assumed that,
when k = 5, as a result of the detection, 3 radio strength data of the
radio strength data in the error radio strength data storage section
1504 show "room 204" while 2 radio strength data thereof show
"room 202". The position detection knowledge section 1506
connected with the council room reservation system manages the
time period of the use of the council rooms under reservation and
persons or groups who use the council rooms during the time
period under reservation at every council room. Mr. Yoshida is
scheduled to join a system specification study meeting in the first
council room. From this knowledge, an estimation is made to that
the position of Mr. Yoshida is within the first council room being
"room 202",

Moreover, with reference to a neighboring room graph shown
in Fig. 18, a description will be taken of an estimation method to
estimate the position using, as the position detection knowledge
section 1505, the knowledge on the relationship between a
plurality of positions expressible with discrete values. In this
instance, the layout of rooms to be detected is the same as that
shown in Fig. 16, and Fig. 18 shows an example of a neighboring

room graph based on the rooms shown in Fig. 16. In terms of the
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neighboring relationship, the connection between the rooms, i.e., the
ease of radio wave transmission, varies due to the magnitudes of
the contact area between the rooms and the wall thicknesses.
Although the neighboring relationship between the rooms can
involve the connection relationship in the neighboring length, the
distance from the center of the room and others, for the simplicity
the description will be taken of an example graphed on the
assumption that the connecting relationship is present if the rooms
other than corridors are in neighboring relation to each other.

In the case of detecting the position of one person, for
example Mr. Yoshida, assuming that, when k = 5, as a result of the
detection processing, 3 data of the radio strength data in the error
radio strength data storage section 1504 show "room 205", one data
shows "room 206" and one data shows "room 202", from the Fig. 18
neighboring room graph it is supposed that, because the "room 202"
indicated by one data in the error radio strength data storage
section 1504 is not adjacent to the other "room 205" and "room
206", the data correspbnding to the "room 202" is incorrect.
Whereupon, it is presumed that probably Mr. Yoshida may exist in
the "room 205" or may stand in the vicinity of the "room 206"
adjacent to the "room 205".

As described above, at the position detection the radio
strength data in the radio strength data storage section are

compared with the reception radio strength levels for a position

detection, and the position detection control section estimates the
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through the use of a statistical method using, for example the

occupying rate of the estimated position to the plurality. In

addition, if using the knowledge on a person and the action rule and

schedule of that person, the data with a low entry possibility such

as the inhibition of entry is removable, whereas the data with a

high entry possibility can be selected, thus developing the position

detection accuracy.

Furthermore, when using the knowledge on the mutual

relationship between a plurality of positions expressible with

discrete values, it is possible to remove the data remote in

connection from a plurality of radio strength data held in the error

radio strength data storage section, and it is possible to decide

whether or not the position is in the vicinity of the boundary

between the rooms, which can improve the position detection

accuracy. The position detection accuracy depends upon the

interval between the measuring point in the preparation, and in

general, if increasing the number of measuring points in the

preparation or increasing the number of times of measurement at

the same measuring point, the accuracy heightens.

Although for the simplicity in the above description the

comparison and decision are made to all the data retained in the
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down the comparison data using the base station IDs to speed up
the processing.
Eleventh Embodiment
Referring to Fig. 19, a description will be made hereinbelow of
an operation of a radiocommunication system based upon a radio
mobile station position detection method according to an eleventh
embodiment of this invention. In Fig. 19, numeral 1701 stands for
the position detection unit of Fig. 11 in the ninth embodiment,
numeral 1702 designates a radio strength data storage section for
retaining radio strength data comprising positional information of a
plurality of measuring points expressible with continuous values
and reception radio strength levels from a plurality of base stations,
numeral 1703 represents a position detection section having means
to compare the radio strength data in the radio strength data
storage section 1702 with radio strength levels at a position
detecting point to estimate the position of a mobile station, numeral
1704 denotes an error radio strength data storage section for
retaining a plurality of radio strength data involving a small error,
numeral 1705 depicts a position accumulation section for
accumulating the positions estimated in the past, and numeral 1706

signifies a history decision section for deciding a position on the

basis of the data in the position accumulation section 1705.
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section 1706 in the position detection unit 1201 or 1501, in
addition to the arrangement of the ninth or tenth embodiment. The
basic arrangement of this system is the same as that of the ninth or
tenth embodiment, besides the operational flow is the same as that
shown in the flow charts of Figs. 14A and 14B.

Referring to Fig. 19, a description will be made hereinbelow of
a position detecting operation in the case of the method of detecting
the position coordinates in the ninth embodiment. As in the case of
the ninth embodiment, the position detection section 1703
successively compares the reception radio strength data with the
radio strength data at the respective points retained in the error
radio strength data storage section 1702, and after the completion
of the comparison and decision of all the data, the position detection
section 1703 estimates the position on the basis of the k radio
strength data (k: an integer being 2 or more) held in the error radio
strength data storage section 1704.

In the position detection unit 1701, the position accumulation
section 1705 stores, together with a time stamp, all the position
coordinates of the mobile station obtained by the position detection
section 1703 in the past as time series data at every mobile station.

The position detection section 1703 obtains the position coordinates

of the mobile station on the basis of the k coordinate data stored in
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the position coordinates to the history decision section 1706. The
history detection section 1706 refers to the past position history of
the mobile station accumulated in the position accumulation section
1705 to check whether the coordinates of the present position of
the mobile station estimated in the position detection section 1703
are appropriate or not.

Various ways can be taken as the decision criterion. For
example, the decision can be made by checking whether the moving
speed calculated on the basis of the estimated position immediately
before, the time of the estimation and the present position, the time
is appropriate or not for the user carrying the mobile station. Or,
the appropriateness is judged on the basis of the degree (an angle
made by a moving vector, or the like) of the deviation from the
moving direction indicated by a drawn past position history locus.

Furthermore, in the case that the method of deciding the
appropriateness of the position using the past position history is
applied to the detectioh of the position expressible with a discrete
value in the tenth embodiment, the history information such as the
time stamps and the room numbers accumulated in the position
accumulation section 1705 can be considered to be accumulated in
a state with being divided into a short-term history accumulating
the position estimated immediately before and the time and a long-

term history, for example a relatively long term of approximately 6

months, accumulating the past experiences such as the places to
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the radio strength data indicative of the positional information with
a low rate to the whole is left out of consideration as being the data
with almost no possibility of movement, thus enhancing the
detection accuracy.

If the decision is made to that all the k data are not
appropriate, for example, the position detection section 1703 again
issues the radio strength report request to resume the position
detection.

Accordingly, even if a large variation of the electric field
distribution of a base station occurs, the radio communication
system based upon the position detection method according to this
embodiment can judge the appropriateness of the estimated
position by calculating the moving speed, the locus or the like on
the basis of the short-term history. Further, using the long-term
history, the judgment of the appropriateness of the estimated
position is possible on the basis of the possibility of movement on

the past experience. Nevertheless, if the reliability in the accuracy
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repeatedly carry out the position estimation so that the accuracy
and reliability of the position detection improve.

With the position detection method according to this
invention, in the first place, in the case of detecting the position
expressible with continuous values such as coordinates, the position
detection section compares the radio strength data in the radio
strength data storage section with the reception radio strength
levels for the position detection to detect the position on the basis
of a plurality of radio strength data involving a small error retained
in the error radio strength data storage section, with the result that
the estimated position is not limited to the actual measuring points
and the estimation of the position is possible within a range smaller
than the interval of the measuring points.

In the next place, a plurality of radio strength data of the
reception radio strength levels from the plurality of base stations
measured in the mobile station are used for the position detection,
with the result that it is possible to detect the position such as a
room expressible with a discrete value and further to estimate the
degree of the reliability of the estimated position.

Furthermore, by using the knowledge on a person and the

action rule or schedule of that person at the position estimation, it

is possible to leave the data with a low possibility of movement,
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such as the inhibition of entry to a room, out of consideration
whereas it is possible to select the data with a high possibility of
movement, thus improving the position detection accuracy.

Still further, by using the knowledge on the mutual
relationship between a plurality of positions expressible with
discrete values, the data remote in connection are removable from
a plurality of radio strength data stored in the error radio strength
data storage section, and it is possible to decide whether or not the
position is in the vicinity of the boundary between rooms, which
can improve the position detection accuracy. Moreover, the
number of a plurality of radio strength data in the error radio
strength data storage section is changed in accordance with the
magnitude of the error, thereby improving the position detection
accuracy. Further, the moving speed or the locus is calculated from
a short-term history to decide the appropriateness of the estimated
position, with the result that the improvement of the position
detection accuracy is possible. Further, using a long-term history,
the appropriateness of'the estimated position is judged on the basis
of the moving possibility on the past experience.

It should be understood that the foregoing relates to only
preferred embodiments of the present invention, and that it is
intended to cover all changes and modifications of the embodiments
of the invention herein used for the purposes of the disclosure,

which do not constitute departures from the spirit and scope of the

invention.



L 10%' & ()-10k 10k 10k & 109% & ()-Z12347|obU43 10%"' & ()-10x' 10x' 10x'
(:110%' & ()-@Ys! 10K ()-@Ys! 10%' & ()-@' ! 10%" & ()-97| TU|[:-410#&
|1 1096188 () - - | 10%& ()-- 110%" & ()-- 11096 & ()-- 3&L0% & ()

10%' & () - UMZDA41010x! F.!1109%! & ()-- 3& 10% & ( Pubstivigygpegt - 1& Agril 2003
1109%! & ()- 10%! & ()- 10#&10#&A41010x! S:10%' & ()- M10%' & ()-Y
3940%" & ()- 10%' & ()- 10%' & ()-10x!9P0x! vT310 !10% & ()-s!!10%[& ()-s
1098 & ()- 109 & ()-10>' 10> 10> 3Y!10%' & ()-}]=vT310

810% & ()-&10% & ()-&10% & ()- FUM0% & ()- 11"10% & ()- f 109 & ()-0S7vT310
&10% & () W& Ms/ Ky }&10% & ()-&10% & ()-&10% & ()-[; vT310

&10% & ()-/Ky }&10% & ()-&10% & ()-&10% & ()-&10% & ()-_/vT3/ Ky

18&10% & ()L-&10% &qHhhel 004 e Fegldvga( PogLtMaR (9L pTwIBiky station in

a wireless radiocommunication system including said mobile
station, a plurality of base stations and a control station,

5 said method comprising the steps of:

making said mobile station communicate a measurement
result, obtained by measuring reception radio strength
levels from said plurality of base stations at a measuring
point, through said base station to said control station;

10 making said control station 1learn, through a neural
network, a correlation between said reception radio strength
levels and the position of said mobile station on the basis
of said measurement results at a plurality of measuring
points and position data of said measuring points;

15 making said mobile station convey measurement results
of reception radio strength levels form said plurality of
base stations, measured at an arbitrary point, through said
base station to said control station; and

making said control station estimate a position of said

20 mobile station, producing sald measurement results, on the
basis of said correlation between reception radio strength
levels and a position of said mobile station attained
through the learning;

wherein said measuring points are spots at which

25 chargers are located to charge said mobile station.

2. A position detection method as defined in claim 1,
wherein said measuring points are determined in advance and
each of mobile stations measures reception radio strength
30 levels from said plurality of base stations at its own

corresponding measuring point.
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station.

4. A position detection method as defined in any one of
claims 1 to 3, wherein said mobile station measures
reception radio strength levels from said plurality of base
stations plural times at one of the same measuring point and
an arbitrary point and statistically processes a plurality
of resultant measurement values to obtain a single value and

outputs it as a final measurement result.

5. A position detection method as defined in any one of
claims 1 to 4, wherein said mobile station measures
reception radio strength levels due to said plurality of
base stations at an arbitrary point and communicates the
measurement results through said base station to said
control station, while in response to the communication from
gsaid mobile station said control station estimates a
position of said mobile station producing said measurement
results on the basis of the correlation between reception
radio strength levels and a position of said mobile station

obtained through the learning.

6. A position detection method as defined in any one of
claims 1 to 4, wherein, when said mobile station inquires to
said control station for a position of a different mobile
station, said control station gives instructions to said

different mobile station to measure and report reception
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the basis of the reported measurement results to convey the

estimation result to said mobile station.

7. A position detection method as defined in any one of
claims 1 to 6, wherein said control station successively
stores the estimation results on the position of said mobile
station and estimates a position of said mobile station on
10 the basis of new measurement results and further decides, on
the basis of the past positions of said mobile station,
whether the estimated position of said mobile station is
appropriate or not, and, if not appropriate, gives
instructions to said mobile station to again perform the

15 measurement.

8. A position detection method as defined in claim 7,
wherein said mobile station measures reception radio
strength levels from said plurality of base stations at a
20 constant time interval and conveys the measurement results

through said base station to said control station.

9. A position detection method as defined in any one of
claims 1 to 8, wherein said control station converts said
25 reception radio strength levels conveyed from said mobile
station into a theoretical distance between said base
station and said mobile station and learns, through said
neural network, a correlation Dbetween said theoretical
distance and the position of said mobile station.
30
10. A method of detecting a position of a mobile station in

a wireless radiocommunication system including said mobile
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station, a plurality of base stations and a control station,
said method comprising:

a step in which said mobile station measures reception

radio strength levels from said plurality of base stations
at a measuring point to communicate the measurement results
through said base station to said control station;
a step in which said control station 1learns, through a
neural network, a correlation between said reception radio
strength levels and a position of said mobile station on the
basis of said measurement results at a plurality of
measuring points and positional data of said measuring
points and conveys parameters of said neural network,
obtained through the learning, to said mobile station; and

a step in which said mobile station constructs a neural
network using said parameters to detect its own position on
the basis of reception radio strength levels from said
plurality of base stations measured at an arbitrary point

through the use of the constructed neural network.

11. A position detection method as defined in any one of
claims 1 to 10, wherein said control station learns, through
said neural network, a correlation between said reception
radio strength levels and a region with an expansion

including a room or a district said mobile station exists.

12. A wireless radiocommunication system comprising a
mobile station, a plurality of base stations and a control
station, with said control station detecting a position of
sald mobile station, wherein said mobile station includes
radio strength measuring means for measuring reception radio
strength levels from said plurality of base stations, and

said control station includes:
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plurality of measuring points;
position learning processing means for learning,
through a neural network, a correlation between said
5 reception radio strength 1levels measured by said mobile
station at said plurality of measuring points and the
positions of said plurality of measuring points inputted
through said position input means; and
position estimation processing means for estimating, on
10 the basis of reception radio strength levels from said
plurality of base stations measured by said mobile station
at an arbitrary point, a position of said mobile station at
the measurement time through the use of said correlation
said position learning processing means learns;
15 wherein a charger for charging said mobile station is

placed at the position of said measuring point.

13. A wireless radiocommunication system comprising a
mobile station, a plurality of base stations and a control

20 station, with said control station detecting a position of
said mobile station, wherein said mobile station includes
radio strength measuring means for measuring reception radio
strength levels from said plurality of base stations, and
said control station includes:

25 position storage means for storing a position of each
of measuring points and an identifier of said mobile station
made corresponding to said measuring point;

position learning processing means for learning,
through a neural network, a correlation between said

30 reception radio strength levels said mobile station
corresponding to said measuring point measures at said

measuring point and the position of said measuring point
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5 at an arbitrary point, a position of said mobile station at
the measurement time through the use of said correlation

said position learning processing means learns;
wherein a charger for charging said mobile station is

placed at the position of said measuring point.

10

14. A mobile station radiocommunication system as defined
in claim 12 or 13, wherein a learning data collector is
located at the position o©of said measuring point, said
learning data collector being equipped with radio strength
15 measuring means for measuring reception radio strength
levels from said plurality of base stations and transmission
and reception means for reporting said reception radio
strength levels through said base station to esaid control
station and further for receiving a control signal from said

20 control station.

15. A wireless radiocommunication system as defined in any
one of claims 12 to 14, wherein said control station further
includes radio strength report requesting means for
25 transmitting a radio strength report requesting message to
said mobile station so that said mobile station measures
radio strength levels from said plurality of base stations

and reports the measurement results.

30 16. A wireless radiocommunication system as defined in any
one of claims 12 to 15, wherein said mobile station 1is

provided with a self mobile station position inquiring means
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said control stationer receives said request therefrom, said

radio strength report requesting means transmits said radio

15 strength reporting requesting message to said different
mobile station undergoing the position inquiry, and in
response to a report of measurement results on radio

strength levels from said different mobile station, said

control station estimates a position of said different

20 mobile station on the basis of the reported measurement
results and reports the estimation result to said mobile

station that makes said ingquiry.

18. A wireless radiocommunication system as defined in any
25 one of c¢laims 15 to 17, wherein said control station
includes ©position accumulation means for accumulating
information on positions of said mobile station, estimated
by said position estimation processing means, in time series
and history decision means for deciding, on the basis of a
30 transition of the position of said mobile station
accumulated in said position accumulation means with time,

whether the position of said mobile station estimated by
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salid position estimation processing means 1s appropriate or
not, and when said history decision means makes a decision
to that it is not appropriate, said radio strength report
requesting means issues a radio strength report requesting

message to said mobile station.

19. A wireless radiocommunication system as defined in any
one of claims 12 to 18, wherein said wmobile station is
equipped with at least two frequency synthesisers so that,
even if one frequency synthesiser is 1in a synchronised
condition with a communication carrier at a call, said radio
strength measuring means uses the other frequency
synthesiser to measure radio strength 1levels from said

plurality of base stations.

20. A wireless radiocommunication system as defined in any
one of claims 12 to 19, wherein said control station is
equipped with distance calculation means for calculating a
digtance between said mobile station and each of said base
stations on the basis o©f reception radio strength levels
from said plurality of base stations measured by said mobile
station through the use of a theoretical electric field
strength distance characteristic attained by outputs and
frequencies of said base stations, and said position
learning processing means learns, through a neural network,
a correlation between the calculated distance and the

position of said measuring point.

21. A wireless radiocommunication system as defined in any
one of claims 12 to 14, wherein said mobile station
comprises learning result storage means for storing

parameters of a neural network conveyed from said control
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station and a position calculation means for constructing a
neural network using said parameters stored in said learning
result storage means to detect, through the constructed
neural network its own position on the basis of reception
radio strength levels from said plurality of base stations

measured at an arbitrary point.

22. A wireless radiocommunication system as defined in any
one of claims 12 to 21, wherein said control station uses
said neural network having an input layer whose nodes accept
reception radio strength levels from said plurality of base
stations and an output layer with nodes corresponding in
number to areas defining a range under detection such as a
room and a district to learn a correlation between said
reception radio strength levels and said areas in which said

mobile station stands.



