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| METHOD AND SYSTEM FOR LOCATI ON MANAGEMENT AND LOCATI ON | NFORVATI ON
PROVI-DI NG SYSTEM 5 Background of the Invention Field of the Invention 10
The present invention relates to a nmethod and a wirel ess conmuni cati on
system for managi ng i nformation on Iocat%gns of nobile stations and a

| ocation information providing system scription of the Related Art 15
In the conventional nobile comunication system a device for managi ng

| ocation of a plurality of nobile stations is provided, to store

i nformati on about which area (called "location area” ) each of nobile

stations mgid.}ﬁgfn n incom'Fgg call directed to a nobile station
occurs, t i i TENE 1H2Rt i BOGAFHONNe MANAGEMENTi cAND
gener at es [ [ mﬁgﬁ R #’ﬂphg&oi?glljﬁ station via a switch
covering t@mgﬁgﬂﬁ ﬁﬁki?gg iﬂt i ons belonging to the
switch. In the registration of a |location area, firstly a nobile station
receives information on |ocation area. Secondly, the nobile station
transnpts a nunber to identify the nobile station and the |ocation area

information, via the base station and 25 the switch. Especially, there is a

| ocati on iackgremuatofithe fevertiona nobile station in a train. In such a
system a communi cation device is provided in a train, to collectively
manage | ocation registration of all nobile stations in the train (reference

will be Japanese Patent Application No. H11l-355835). However, it
i s cunberﬁ‘ﬂéoiﬁbeﬁg’ﬁgoﬁ lot to provide such device in a train 2 capable

of processing requests of |ocation registration from many nobil e stations.
Even if such devices are introduced, base stations and switches still nust

proceB® |arge ANBYSLSer®lintQfienstelASP%6 A nbothdd AR 4 Wilesd EmNGLEATNY
trains run. Specifical I.y, ]
system for managing information on locations of mobile stations and a location

information providing system.

Description of the Related Art
15

In the conventional mobile communication system, a device for managing
location of a plurality of mobile stations is provided, to store information about which
area (called “location area” ) each of mobile stations is located. When an incoming
call directed to a mobile station occurs, the device identifies the location area. Next,

20  the device generates paging signal to transmit to the mobile station via a switch
covering the location area and one of the base stations belonging to the switch.

In the registration of a location area, firstly a mobile station receives
information on location area. Secondly, the mobile station transmits a number to
identify the mobile station and the location area information, via the base station and

25  theswitch. Especially, there is a location management system of a mobile station in
atrain. In such a system, a communication device is provided in a train, to collectively
manage location registration of all mobile stations in the train (reference will be
made to Japanese Patent Application No. H11-355835).

However, it is cambersome and costs a lot to provide such device in a train



radi o channel s have to be allocated to exchange signals for |ocation
registration 5 between a |location registration server and nobile stations.
Therefore, radio frequency bandw dth avail able for voice and data

comuni cation is restricted thereby co nication traffic vol une
increases. It is often the case that a rfoving object such as a train or a
bus noves to a place such as a tunnel into which a radio wave transmtted
froma base station does not propagate. In this case the base station does
10 not r ecapabbs ofmrosdsgingl fqaedthef lbcaivr heriahitiont framdmanyolobie Sitaidan in
the object, so that the |location server cannot recognize a |location of the
nobi | e st Bvemif suthelewides are ingrotducad; basepstatudi angl dveitchies siill imisb provesolargg or ed
in the | ocation erver to an external termnpal. In such a system _a
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obj ect such"as frains and buses are tracked accurately a

addi ti on, cathmficgionsteaffici volamiei inorepsesy i dess afteninel caseathapn lﬁﬁﬁhrgf’rbl_f;j@bt
providing a future_ |ocation of a nobile station to a third party. To
attain th®xhbas/a W) et bus mevedvtd afpladeesysheasen tunnel éntoi whichar radio ayavey

| ocati on ] nformation on a i1e station in an object by a server on a
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the nobile station; the server receiving and storing correspondingly the
obj ect identi f yTherei infoosystrdior paonddiripelovatioh enformatiof storgd iinfthe fetatom, | 3
obtaining, froma traffjc control device which controls npvenent of the

obj ect, offeitoane termma}. In such a system, a location of a mobile station can be

tracked in real-time. In principle, it is possible to know a future Jocation of a mobile

it

15 station as long as a user of the mobile station get off a train. However, in the
conventional system such information on future Jocation cannot be provided.

The present invention, as its object, provides a wireless communication
system at a low cost, in which locations of mobile stations moving together with an
object such as trains and buses are tracked accurately and efficiently. In addition, the

/20 present invention providés a communication system for providing a future location of
a mobile station to a third party.

To attain the above object, a method of the present invention for managing
location information on a mobile station in an object by a server on a mobile network
comprising the steps of:

25 upon receiving object identification information from a transmitting device provided
in the object, the mobile station transmitting to the server received object identifying
information and mobile identifying information for identifying the mobile station;
the server receiving and storing correspondingly the object identifying information

andthe mobile identifying information;



nmovenent information of the object identified by the object identifying

i nformation; converting the novenent information into a | ocation area

i nformati on; and managi ng | ocation of the nobile station on the basis of
the location area information. 5 In thks nmethod, a location of nobile
station is tracked by transmtting a pair of nobile identifying

I nformati on and object identifying information. It is not necessary to
provi de an expensive device, which can deal with registration requests from
many nobobiainngtfromsa traffisrcontipbdevied which ¢ontels ovemennbf therobjeetx pbjest ve
device for nerely, transmtting the object identifying information that is
needed Thi¥Vvemsns infpsmatior ehthemtyectsdenifiadsmethe objeat 1dent fymg infomnation;
pref erabl e enbodi nobil e station, the

nt, upon receiving. a call .for th
server inafen‘feéen&%mwﬁ&l%v@%mﬂqw ﬁg@qa&qnfaéga ematiek@pd cont r ol
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obj ect conprises the steps of upon receiving an object identifying

i nf or mat | previde an expensiye dgvickewhighecan tleanwith registration requpstsefrone npamyvi ded
in the object; the nobile station transpgitting tqQ the server,. 20 nobilge
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i nformati on corresgond_i ng to the nobile identifying informtion; and

transmi t tirafic devicebj edn angtheripreferable ambodunensrihe graffieecantedlidayice

control dr?c‘fthfees; m%ngenlf:er of the movement mformation when detecting movement of the
object.

15 A method for communication in a communication system of the present

invention having a server on a mobile network for communication with a mobile

station and a traffic control device for controlling an object comprises the steps of:

upon receiving  an object identifying information for identifying the object from a

transmitting device provided in the object, the mobile station transmitting to the server
) 20 mobile identifying information for identifying the mobile station and received object

identifying information; and

the server receiving the mobile identifying information and the object identifying

mformation;

storing the mobile identifying information and the object identifying information

25  correspondingly;

when receiving a call for the mobile station identified by the mobile identifying

information, retrieving the object identifying information corresponding to the mobile

identifying information; and

transmitting retrieved object identifying information to the traffic control device; and



4 the traffic control device generating novenent information on the object
identified by the object identifying information; and transmtting
generated novenent information to the server; and the server converting
recei ved novenent information into |ocatjon area information; 5 and pagi ng
the nobile station on the basis of the ﬂocation area information. By using
this nethod, it is not necessary to update registration of |ocation every
time a nobile station noves into another |ocation area, once the object

i denti fyi g traffiocontrolodevice ge@irainy @dvatieht inffermagtiorrdn thehshj&d ddénti ety
traffic 10 according to |ocation registration is reduced. | n another
enbodi nenthe elgect idettefyirignmfarmaticayantd change of the object, the traffic
control device, generates novenent information, transmts to the server the
obj ect i dEABSRIAg geReralofamPEeMEntindemeationde thesemeritandnf or mati on. And t he
server receives the novenent information, converts received noyvenent
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t he nq@il§%§tation is located and stores the object identifying

I nformati and the location area information correspondi ngly. Wen

recei vi nggagiﬁgldme hbileleatihon theBad]s oFhé MSdAidhged iaﬁox?ﬁgsdxﬁ | dentifying

I nformation,; The server retrieves the |ocation area I nformation

cor respondi ng tBKtMgrﬂlﬁblrﬁeuhdd,nitiifsy-idnmeb&fmnm updatendgisageen tofdooativr e
station on 20 the basis of the |ocation area information. In this

enbodi neneveryhimeog amiobilesgatien kewgss intheamethess dodationt arsa, anea thendbjentt i on
on a nobilge station.. Therefare, the |ocatign server es pot necessarily
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a nobjd e ' 11S.J : s ] yfying the nobile station to
tranglrg t %&ﬁzg@%gog%@%%ggﬁ%gaﬁ_&%‘leggg‘%d‘qui ckl'y. A communi cation system of
the present i nVBf‘éﬂd?Her*’éﬁb&iifr{eﬁf,fdgﬁnWiﬂg L9V ERent &ian%@%fﬂﬂ% &‘éj@gt, the
novenent of an object and a nobi'l e network.” The nobil e network onprises a
nobi | e st aaffencomrdladevict genenates anoearmentninfetratipnyi ttanshiies wothiel sersemthieon,

object identifying information and generated movement information.  And the server

receives the movement information, converts received movement information into
15  location area information about an area within which the mobile station is located and
stores the object identifying information and the location area nformation
correspondingly. ' When receiving a call for the mobile station including the mobile
identifying information, the server retrieves the location area information
corresponding to the mobile identifying information and pages the mobile station on

) 20 the basis of the location area information.

In this embodiment, the location server keeps the latest location area
information on a mobile station. Therefore, the location server does not necessarily
request movement information to the traffic control device, when a call for a mobile
station is issued. Thus, identifying the mobile station to transmit a paging signal can be

25  done quickly.

A communicatton system of the present invention has a traffic control device
for controlling movement of an object and a mobile network. The mobile network
comprises a mobile station, a base station for communicating with the mobile station,

a switch for communicating with the base station, a location server for communicating



a switch for communicating with the base station, a |ocation server for
comuni cating 5 with the switch, and an object information server for
comunicating with the location server and the traffic control device. The
nobi l e station conprises neans for receiving object identifying
information for identifying the object and transmtting to the base
station received object identifying information and nobile identifying 5
information for identifying the nobile station. The | ocation server

conpri seswiiahe switeh, &iddr olgjedtrinfophiadion stdenforfoonauhithongwiitothedocatidie
mobi |l e identifying informatiion correspondingly, both of which sent from
t he nobi | erstrmaandnthentrafie €amtroledeviexi nfhamiobile atetint tongprises trhearisodat i on

server the obpject_ identifying informtion corresponding to_ the nobile
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control device _novenent information on the object identified by the object
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conprises neans, fqr . 25 detecting _novenent change of the obj.ect and
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15  object identifying information, means for receiving from the traffic control device
movement infonmation on the object identified by the object identifying information,
means for converting received movement information into the location area
information and means for transmitting converted location area information to the
location server. The traffic control device comprises means for receiving from the
} 20 object information server the object identifying information and generating the
movement information on the basis of received object identifying information and
means for transmitting generated movement information to the object information
sever.
In a preferable embodiment, the traffic control device comprises means for
25  detecting movement change of the object and generating movement information
representing movement of the object and means for transmitting to the object
information server the object identifying information and the movement information.
The object information server comprises means for receiving from the traffic control

device the object identifying information and the movement information and



The object information server conprises nmeans for receiving fromthe
traffic control device the object identifying information and the novenent
i nformati on and 6 converting received novenent information into | ocation
area information representing an area within which the nobile station is

| ocated and neans for transmtting to the |ocation server the object

I dentifying information and the |l ocation area information. The |ocation
server conprises a first storing neans for receiving 5 fromthe object

i nf or mat i consetingr raoelved omanementr esfomdition! yintde ladajient drete ntinfoymaton
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15 mobile station and the mobile identifying information. In addition, when receiving
the Jocation area information and the mobile identifying information sent from the
mobile station, the location server stores to the second storing means the mobile
identifying information and the updated location area information correspondingly,
instead of the object identifying information.

)20 An information providing system of the present invention for providing
location information on a mobile station in a mobile network to a terminal comprises a
location server in the mobile network for managing location of the mobile station and
a Jocation information server for carrying out communication with the terminal.
Upon receiving from a transmitting device provided in an object identifying

25 information for identifying an object, the mobile station transmits to the location
server the mobile identifying information for identifying the mobile station and
received object identifying information. The location server receives and stores

correspondingly the object identifying information and the mobile identifying

information sent from the mobile station. Upon receiving from the terminal an



recei ved object identifying information. The |ocation server receives and
stores correspondingly the object identifying information and the nobile
identifying information sent fromthe nobile station. Upon receiving from
the termnal An 7 inquiry of location information on the nobile station
including the nobile identifying inforrmation, the |ocation information
server judges whether the object identifying information corresponding to
the nobile identifying information is stored in the |location server. If

the obj ecinquityrofi Ibyativ infiérerationi @ntheanebile etltion ﬁr@d}ﬁ@mg_shé fdbile iBertefyHighal
boarding information representing that the nobile stafion is in the object.
By using trHermatien,the loeatiom infessation servpejsdgescehethenihe kbject demtifyirige
station is in the object. In a preferable enbodi pent, the |ocation
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station usjng the nobi | denti fyi,ng.d nfornmation, .10 carryi ng out
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 control diheialgesthi ch controls novenent of the object. Upon receiving from

the termnal an_inquiry of |ocation information including the nobile
i dentifying i nkbi peferghle enrhodiment, itamldacation mformaticresarver firthesedrnprisdse

‘nmobile identifyln l.af.ormation .to the | ocation server,. A.so, .upon .

obt ai ni ngm,epra#%ﬁiqngf)gpggﬁe %8@&? stlaﬁgn %ﬂ?%mq%rﬂﬁoﬂﬁﬁ% wfrezgn%%t i on
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to the object information server the object identifying information

cor r esponaifeigmateon ard thedocatiandiaforiiationg i nf or mati on. Upon receiving the

object identifying information fromthe |ocation server, the object
i nf or mat i %@F%‘é’r embedigiantn dhe r Hempatiosn (previdinag | Sstam e fadharnent

I nf or mat | Qé}n&qséshﬁl 8@5&01%1'0%8{&8%%89‘/% TS carrying out communication with a traffic

15 control device which controls movement of the object. Upon receiving from the

terminal an inquiry of location information including the mobile identifying

information, the location information server transmits the mobile identifying

information to the location server.  Also, upon obtaining from the location server the

location information, the location information server transmits to the terminal the

) 20 boarding information and the location information. Upon receiving from the

location information server the mobile identifying information, the location server

transmits to the object information server the object identifying information

corresponding to the mobile identifying information. Upon receiving the object

identifying information from the location server, the object information server obtains

25  from the traffic control device the movement information on the object corresponding

to the object identifying information, converts obtained movement information into

the Jocation information, and transmits the location information to the location
information server via the location server.

It is possible that when receiving from the terminal an inquiry of the location



to the object identifying information, converts obtained novenent
information into the location information, and transmts the | ocation
information to the location information server via the |ocation server. It
I S possi ble that when receiving fromthg termnal an inquiry of the

| ocation 8 information on the nobile station, the | ocation information
server generates, on the basis of the novenent information, estinated

| ocation information representing a future location on the nobile station
and tr ansinférsndtion es theratobilel atidn, the lodadondnfoemativa seheert@neigied,.od the hi s
system a person can obtain a future location of a nmobile 5 station in
addi t i on tasis pé the eeevamensciaforomationn estmatedr logatidre informatioh adprasanting tae
object informgtion seryer sg res .t he verment _informtion obtained from
the traf fﬂ'ﬁl@ﬂggﬂ‘%qlﬁm Ql‘eﬁ?ecrélo statign gp¢ depsmis fhe esHimgied logasiondnfrmation
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I's possi Hheridiwdr preferabietrbbliiifers, 1 nfoRRaA6n Sérven Stoftd BE movdifient

traffic control "device updates and notifies to the object information
server ofinfdrmatione obtzined difomn nthei wafficAtentrolt deviobj and thefcbjeett identifginger
receives the novenent information 15 and geperates the |ocation .
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mobi | e identifying information for identifying the nobile station; the
server st ori ng It isepassibbathat upen détectmg a movemserit changgiof the olpbit] the traffic
L nf or mati,on cor,respondi receiving fromthe term nal

i dentifyin | y;. whe
an i nqut SPRG! CEXisE paten ABd mofies, o it Shiectamfarmation server of the movement

information.  Also, the object information server receives the movement information

15  and generates the location information on the basis the movement information.
A method of the present invention for providing location information of a mobile
station in a mobile network to a terminal comprises the steps of:
the mobile station receiving, from a transmitting device provided in an object, object
identifying information for identifying the object; transmitting to a server in the
} 20  mobile network the object identifying information and mobile identifying information
for identifying the mobile station; |
the server storing the object identifying information and the mobile identifying
information correspondingly;
when receiving from the terminal an inquiry of location information on the mobile
25 station including the mobile identifying information, judging whether the object
identifying information corresponding to the mobile identifying information is stored
in the server; and
if the object identifying information is stored, generating and transmitting to the

terminal boarding information representing that the mobile station is in the object.



25 station including the nobile identifying information, judging whether
the object identifying information corresponding to the nobile identifying
information is stored in the server; and if the object identifying
information is stored, generating and tigansmtting to the term nal
boardi ng information representing that the nobile station is in the object.
1 91n a preferable enbodi nent, the server stores the object identifying
information and_ the nobile identifying information correspondingly. Wen
recei vi nglrf a peferable ephadimaentathd seyver stoods the cbijecs dentifyingenformationt drel

nobi | e st&%ion I, céfdi@%ﬁthe nobile identifying information, the server
retrieves h@“ﬂ%@e gi Mfprpation somespendinglyor Whpangreiymg from thei | e

i denti fyi i nformati.on bt ai ns vement informgtion on . the object. .

| dent i 11 @B A BARIEEPI fosafien Iyfprgaton op s Mokile sBior indudipedht saobile
novenent j [ ' t I L on, r et i na transmis the.

| ocati on fdlaﬁﬁ r t@g%ﬁé%ﬁ}nhgﬁ F eg%%%glﬁm#@egsﬂgogg’m é%ﬁ%@"@&]ﬁ?@&%% ng

t he nave ' . | B8, ; HBASiHF e
ovemant TSP et G2 mobiR: RRKSIng RN, Rhaind hblEndRhfoiiotol, 1y
| ocation ai thteobjedi identified itgn the dbjecanidantifyind énfoshbtidt edonveett bbfained
information to the termnal. Brief Description of the Drawings 15 Fig. 1

i s shows mO¥OMEDhilBETMahonysienthbakesdtion infimiationt arditratismatst the Hocptioni s a
scherrati;i{'&i(ie;%gram of ,a |location server in the system Fig.3 shows a detail
of a | ocdf} zft%ﬂﬂ@mﬁt?rﬁémélystem Fig.4 is a schematic di agram of an

obj ect | | 8 | - S - . 1S sequence di agram of
he syst ans B8 i okt BB Thmsht nfoltion: 1 RS ERvEr
used 1001 the HaSITBAMhE Advendi $h Ak SBfhdidle Hif&?iiﬁ%xﬂfegﬁeseﬁ'

shows det aiel s of afirst and a se?ﬁso% ci?ocatio}\&?g@?e of the catlgﬁg?a
server. future location of the mobile station and transmits the estimated location information

to the terminal.

Brief Description of the Drawings
15
Fig. 1 is shows a communication system based on the first embodiment.
Fig.2 is a schematic diagram of a location server in the system.
Fig.3 shows a detai] of a location table in the system.
Fig.4 is a schematic diagram of an object information server in the system.
)20  Fig.5 is a sequence diagram of the system.
Fig6 is a schematic diagram of an object information server used for a
communication system based on the second embodiment.
Fig.7 shows details of a first and a second location table of the location server.
Fig.8 is a sequence diagram of the system based on the second embodiment.
25  Fig.9 is an information providing system based on the third embodiment.
Fig.10 is a schematic diagram of an information server in the system.
Fig.11 is schematic diagram of a mobile station.
Fig.12 is a sequence diagram of the system.

Fig.13 is a schematic diagram of an object management device in an information



Fig.$ is a sequence diagram of the system based on the second enbodi nent.
25 Fig.9 is an information providing system based on the third enbodi nent.
Fig. 10 is a schematic diagram of an information server in the system

Fig.l | is schematic diagramof a nobileystation. Fig. 12 is a sequence

di agram of the system Fig.13 is a schematic diagram of an object

managenent device in an information 10 providing system based on the
fourth enbodi ment. Fig.14 shows a detail of a managenent table of the

obj ect i nboovrdingsystam based dii the fosrthensbabmennce di agram of the infornmation
provi di ng_system based aon the fourth enbodinment, 5 Detailed Description

Ref er ence g 1# shewsisedeigibiet @ magagement tgblaef the obsact infoanaoan seves of t he
i nventi on,.. anpl es of ich are illustrated in,.the accqnpanyin awi ngs.
10" Fr i LA et Rrinca ARz o fad angoeaticst Prgvedna e bt Gpdfe doai

first enbglq,j@%e ‘i.g. 1 illustrates a wireless comunication system based on
the first “enoodinent of the invention. As shown in Fig. 1, the system
conprisges a nobile 15 network NET, a noving object 2, and a traffic
control device 30. Object 2 is, for exanple, a train, a bus, and other
nmeans of Deaa:itqnbnmiripnimn It wll now be described assum ng that Moving
object is atrain. Inthe figure only a noving object 2 is illustrated but
in actuality, many trains 2 exist in the system Traffic control device 30

of oach { RERTENGHBEH PPRahd 0k 38 diedde e PErlerpd s PMS AR R e,
cont rol  aegRpiesgTReR AFEUN el R RepitiBingt Geflinsten TS the 1 atest
i nforygati on on a novenent of an _
1. First embodiment
1-1. Configuration of 2 communication system of first embodiment
Fig.1 illustrates a wireless communication systern based on the first
embodiment of the invention. As shown in Fig.1, the system comprises a mobile
15  network NET, a moving object 2, and a traffic control device 30.
Object 2 is, for example, a train, a bus, and other means of transportation. It will now
be described assuming that Moving object is a train. In the figure only a moving
object 2 is illustrated but in actuality, many trains 2 exist in the system. Traffic
control device 30 manages movements of the trains. Traffic controls device 30
) 20  keeps track of each train, specifically, has present location, train schedule, and other
information related to the train such as delay. Also, Traffic control device 30 generates
movement information INFx, which is the latest information on a movement of an
object, to transmit other devices.
Movement information INFx includes object location information INF1 on a
25  location of Object 2 and related information INF2 for the movement.  Specifically, a
form of location information INF1 takes a form of “Longjtude, Latitude” or “Name
of kine, Distance from neighboring station, Direction” .  For example, the detail of
Location information INF1is “Long. 136° 15 E. 35 45 N.”,or “ Tokaido
line, 2km from Shinagawa, to Yokohama” . Related information INF2 includes a



object, to transmt other devices. Mvenent information | NFx includes
object location information INF |1 on a 25 location of Qbhject 2 and rel ated
information INF2 for the nmovenent. Specifically, a formof |ocation
information INF 1 takes a form of "Longj]{ude, Latitude” or "Nanme of I|ine,
D stance from nei ghboring station, Direction"” . For exanple, the detail of
Location information INF 1 is "Long. 136 15 E., 35 45" N ", or " Tokaido
l'ine, 2km from Shinagawa, to_Yokohama" . Related information INF2 includes
a 1 11 namameffa traimsuctsash ‘HikaNegi 0’ Ncanﬁoid@la)doasuwjeamonr suspensi on.
Mobi | e comruni cati on network NET has a urallty of hase stations 3-1,

3-2, ...; apl ub@hﬂ@ycczfqua@ﬁasmtwpr 5T has; 2 giyprabity pheserstations skl yer

ot or mat é??: 3%'%39 Eéﬁgﬁ@tﬁﬁ%‘)%@e@é PR ??492%2%2‘@82@%6% L
2, .

2 base s SV S e ol ofbndh, SHVEE oD b AR Tokp R, AR BRI 8 ol B °

Mﬁgo‘,@r@ch of base stations can carry out radio conmmunication
W|th m)blﬁgel stations within one of base station areas 4 it covers. As 10

shown, each of Badeoftiaisé atstichs131hrRpgh. & prodided it enebrigh SRsdicstRbinon
areas 4a through 4f. Each Location area 5 [ettered 5A and 5B is a

conpi | at | arighboringensand covers abasesstation eashdoéachietierads” 4-4n” 4- througltdver s
one of Location areas AF ?oj eigt has gﬂtl ng .devi ce TD and npves on
2 Tai | rodll L. AREIIWEIR Fig lox 1BrRIGCrawOBLs Bk ol base SAPNY GuhCRBH Qi agi0s.
Transmtt d |G l: . ect | DX radi 0. Each of
bj ect s as @%ﬁ%ﬂ%ﬁﬂ%@f«: %’%%@ﬁhlqﬁ? 0@5@%% 9@ §98Y?18ns§f
storqg a g]-ﬁlj\ﬂu SR tAHES-1! 555%1
uni quely. Mobi'l e IDfin%r%gr I'S, e%%r%%?@%w’%one nu% en a us?er of
Mobi | e stthrdwgh 4f. i FavhtLocationtarai 5 lethbedl 54 aidSD madompﬁmdﬁ@flm.d stdtiones
Location area information_ INF fromBase station 3. Wien Mbile station 1
areas 4s. Each of Switches 4-1,4-2,...covers one of Location areas 4.
Object 2 has a transmitting device TD and moves on arailroad L. Railroad
L extends across boundaries of Location areas 5. Transmitting device transmits an
15  object ID number IDt by radio. Each of Objects 2 has a unique object ID number

IDt. Each of Mobile stations | stores a unique mobile ID number IDm to identify a

mobile station uniquely. Mobile ID number is, for example, a phone number.
When a user of Mobile station 1 is not in a train, Mobile station 1 receives and
stores Location area information INF from Base station 3. When Mobile station 1
I 20 moves into another Location area 1, Mobile station 1 notifies Location information
INF and Mobile ID number IDm to mobile communication network NET via Base
station 3. When a user of Mobile station 1 gets aboard Object 2, Mobile station 1
receives Mobile ID number IDm from Transmitting device TD and notifies Mobile
ID number IDm and received Object ID number IDt to mobile communication

25 network NET via Base station 3.

Specifically, Mobile station 1 keeps watching on reception of Object ID
number IDt.  Only when Mobile station receives Object ID number IDt, Mobile ID
number IDm and Object ID number IDt are transmitted to Mobile communication
network NET. In other words, Location area information INF is not transmitted



20 noves into another Location area 1, Mbile station 1 notifies Location

i nformation | NF and Mobile I D nunber 1Dmto nobil e conmunication network
NET via Base station 3. Wien a user of Mbile station | gets aboard Object
2, Mobile station 1 receives Mbile | unber 1Dm from Transmitti ng device
TD and notifies Mbile |ID nunber 1Dm and received Object ID nunber IDt to
nobi | e conmuni cation 25 network NET via Base station 3. Specifically,

Mobil e station | keeps watching on reception of Goject ID nunber IDt. Only
when Mbbi fdurisg athieondeecdihiese@iisein 4 Deduotioer of Difequdinyl of | tEansmuistien bHmM
and Object 1D nynber IDt, are transm tted to Mbile comuyni cation network
NET. | n oHHErMakeRen 1@%@@@%@“&?é@bllﬁﬁfsé%fmﬂ@hlslﬂﬁp%@m&l‘&W@@Fﬁtmd 12
during the ride. This results in a reduction of frequency of transm ssion
of information on |ocation about a nobile station that is necessary for a

registratic S | | f tion server 50A 5 As shown in
Fig. 2, Loggﬁjor]{]@géigé}{ ég;{)ﬁattais()%;%eg‘éﬁﬁw unit 51 and a location table TBL.
Contrgl unit 51Ars%ﬁ€ﬁmfi’h‘l¥’l'g% LWCAGSP sdrPel SGA AR (ARt &)fjﬁﬁéa. l%)?%tiorlr'la Cion

addition, Control unit 51 carries out communication wt ject |

server AtbleafBISW Cohtrd], utio Shaeadefibar af vaites o Lalchtidb gille EBBtdaas Th in
Mobi | e conmmuni cation network NET. In addition, Location server S50A

gener at esagdigpngConokigih 3l canass aul ¢omoninieation| with €bjretbinfermsatian sarver i s

I ssued. Fi, 9,3 shows.ipfqrmation staqred.in Lacgtion, table . TBL., Locati.q

tabl o TeLA0As aBd” BReitch A JOomapags lasatiass, o ' Whobi€, atians Tofinwhieiea
Mobi | e | D.qunher: | i Nt i.on: of hhe '

b1 e 1 oSG Altlork 8981 o MARRATE bR P Ohral B NG,
Coj eqip | DsipHAP®hen 2R ¥édrhizd! dall. fol EShiR Wi €idaswdtion 1 is in a train

object ID nunber 1Dt 1s stored, while when not in a train Location area

i nf or mat i big.3 Mhows information Rewreé ammcation falde FBIL] eLstatioroabidHd. Mabid e | D
nunber IDmis,"X0001", s in Object 2 whgse Cbject | D nunber is "AUL234"
"X00001" Biwgalitgoafregerdsdtlal.RbZ.cq, imeah obwhidh at Mebile db) aumbier IDm and

correspongdi ngLy h‘?f{s)ﬁﬁg'lg(\)lw of.’ a m'tz)ibﬂé %tatllcn]; are stored.  The location information is either
Location information INF or an Object ID number. Specifically, when a Mobile
15 station 1 is in a train Object ID number IDt is stored, while when not in a train

Location area information INF is stored.

For example, if a mobile station whose Mobile ID number IDm is “X0001”,

is in Object 2 whose Object ID numberis “A01234” , “X00001” and “A01234”

are stored in Rbl of Location table TBL correspondingly as shown in Fig.3. If a

' 20  mobile station whose Mobile ID numberis “X00003” is not in Object 2, Mobile ID

number “X00003” and Location area information INF  “5B” are stored
correspondingly in a record Rb3.

1-3. Configuration of Object information server 40A

25 Fig.4 is a schematic diagram of Object information server 40A.  As shown,
Location information server has a control unit 41 and a convert unit 42.  Contro] unit
41 carries out communication with Traffic control device 30 and Location server S0A
as well serves as nerve center of Object information server 40A. Convert unit 42

converts Object location information INF1 included in Movement information INFx



20 nobil e station whose Mobile ID nunber is "X00003" is not in Cbject 2,
Mobile I D nunber "X00003 " and Location area information |INF "5B" are
stored correspondingly in a record Rb3. 1-3. Configuration of Object
information server 40A 25 Fig.4 is a scfrematic di agram of Obj ect

I nformati on server 40A. As shown, Location information server has a
control unit 41 and a convert unit 42. Control unit 41 carries out
comuni cation with Traffic control device 30 and Location server 50A as
vel | ser veentsimdiradicentrel devicodlanto Latationereainfornagon BSE. Convert unit

42 converts bject, | gcation |nfqrmatjon F.1 included .in Muwvenent

i nf or mat i {%OIP@\PJS@@BIESQHPVW‘ Hmtﬂﬂﬁm%%%b%%forémwxpnmmgmmrar ea

i nformat i I NF, ;I n.one exanple, Convert, unif . 42. a first table for
Stori ng. LOTE: Rish [0eRS 1BERREREE, 55 HEbts i JofBRe orprpoudingdyognd o

| atitude Lt | Y. e t [ tion
on 1t out o xpni e 8 T ERAESR ST or (il Bd TSN B thatidl] AN
Movement UpbArsihingip MNibvemém mforstiony A “pdanudko itGQav e ni t
42 retri eyﬁebg fromthe first tabl% Locat?glill ggéryg a%gﬁoutb%@slglto Oontﬂr)o >uni t
41 i nf or n€ohvert onit A2gptriedies frono thebfistiabledcadation dred andvedtpats tb\Fonttdl 1edse of
reception of NMovenent information INFI in a "Line nane, Distance from

nei ghbor i hb Wiermasion pprrespansing fter abjedo neeationu mformatiore tiNFev elbn faasen ofie

second table 10 a ut puts to. Control it. 41 a.present |ocation of bject
2 corr esSREPHRY t@dPﬁ Vé)%‘]“eé@"%‘@%‘t“i‘o@ﬁf’&r Rat | &ANG NEMe,| PIptanett AL hat

al t hough | : : ‘| matg I VAL

conver si o%g%#ﬁ%%@ rtt))l*-&{n%(;:l ati fgﬁﬂadl:le}"gv%%@gﬁrﬂ #gtrl&(;ﬁﬁsﬁ\ﬁ&:rﬁgg ﬁe(té)g{deﬁm% ted
by Qenvednd vuiputsd Coatrbl 4nitQPebaireint Qbcdtion éﬂ@bﬁé&%ﬁ&?ﬂﬂ f
oper ations of ?uwi_rel_ess comuni cation systemof the inventi oﬁﬁl\%olol thr?ow be
descri bedObgict tocatigninformationdNFlgs. Fig.5 is a sequence diagram of the

conmuni cati on system en bil e station, 1 cqonmes jnto Cbject 2, .
It 1s noted that alt%%ugf‘l Object location information INF1 (J:ould take various

forms, conversion of any types of Location area information INF1 can be effected by

Convert unit 42.
15
1-4. Operation of the system
One example of operations of a wireless communication system of the
invention will now be described referring to the drawings. Fig.5 is a sequence
diagram of the communication system. When Mobile station 1 comes into Object 2,
) 20  the Mobile station ! receives an Object ID number IDt sent from Transmitting device
TD (step S1) and transmits to Location server 50A registration request including the
Object ID number IDt and a Mobile ID number IDm via Base station 3 and Switch 4
(not shown) (step S2). 'When Location server 50A receives the registration request,
the Object ID number IDt and the Mobile ID number IDm are extracted from the
25  request and stored in Location table TBL (step S3).
For example, if the Mobile ID number IDmis “X0002” and the Object ID
numberis “A01234” , “X0002” and “A01234” are stored comespondingly in
Rb2 of Location table TBL as shown in Fig.3.

1t 1s noted that even when a Mobile station 1 comes across a border between




20 the Mobile station 1 receives an bject |ID nunber IDt sent from
Transmtting device TD (step S 1) and transmts to Location server 50A
regi stration request including the Object ID nunber IDt and a Mobile ID
nunber | Dmvia Base station 3 and Switcfy4 (not shown) (step S2). WWen
Location server 50A receives the registration request, the Object ID
nunber I Dt and the Mobile I D nunber 1Dm are extracted fromthe 25 request
and stored in Location table TBL (step S3). For exanple, if the Mbile ID
nunber | Dipcation sy thealviphileestainne ¢ tdded naturamsmit BotAiioasy inforkemoa’ aand
"A01234" are stor correspondingly j.n Rb2 of Location table TBL as  shown
in Fig. 3. ang wﬁﬁgﬂ%&t mtﬂcﬁbbmﬂbﬁcmgmby keeps resaving Olpiect Aoy masber
bor der be en 14 location areas, the Mbile station | does not transmt
Location a information as long as the Mobile station 1 is in an object

Feceivas o oal | s Glpof Buifiher & SRR 2 if forVEBIE Yl E TSR ECH 4,
request REQlestloe@idt reaeSTEON (8 PDcESHEFerod) SO.BE%eePfSed ugeggggiﬁauaée

nunber 1Dm of the Mbile station 1. Wien Location serv e Locati on
request RefghileQD tmmhberdDim 5 thet Mobyle sstdticen] Lo 8hérp hotatidre sérvenrédives

i nformation corresponding to the Mbile ID nunber (step S5). Control unit
51 j’udge%ommé@qqeéb&g%, Cowatrol amit $loremevasn fiom Lgecatipn ntables Jocation

information INE.or 10 Chj,ect 1D n e . ntrol_.uni{ 51 retrieves

Locat | on PRORIHEH GoTFRentsnta e MppieID prabeniriep Dy | Ssdrol gat Son

I nf or mat i ] - | S:. Gase {] . ver

gener at oo Tog pyhetcr eoeltbd ifedhion’ Borbaich BT 0GR A infBiEop BYE pres,

REQ2 10st e@bfct IDuEhedqDti nf or mati on server 40A generates and transmits to

Traffic control device 30 a novenent request REQ including the Object ID

nunber | Dt (stef Goptrol Tnitf £ cretrsves ol ocaticre énfofinbiios tINF, cOontrok siniteSéi ved

Qobject ID number IDt into g certain, . . .

transmits retneved tion information INF to the Switch 4. In this case, Location

server 50A generates and transmits to Object information server 40A location request
REQ?2 (step 6).

15 Object information server 40A generates and transmits to Traffic control
device 30 a movement request REQ3 including the Object ID number IDt (step S7).

Traffic control device 30 firstly converts received Object ID number IDt into a certain

number available for Traffic device 30 and secondly generates Movement information

INFx. Next, Traffic control device 30 transmits Movement response RES3

} 20  including the Object ID number IDt and the Movement information INFx to Object
information server 40A (step S8).

Object information server firstly 40A converts Object location information

INF1 included in received Movement information INFx into Location area

information INF (step S9) and next transmits a location area response RES2 including

25 the location area information INF and the Object ID number IDt to Location server

50A (step S10).
After the reception of Location area response RES2, Location server S0A

transmits to Switch 4 a location area response RESI including the location area
information INF and the Object ID number IDt (step S11).  Switch 4 issues a paging




nunber avail able for Traffic device 30 and secondly generates Myvenent
information |INFx. Next, Traffic control device 30 transmts Movenent
response RES3 20 including the Object ID nunber IDt and the Movenent
information INFx to Qoject informationjgerver 40A (step S8). bject

I nformation server firstly 40A converts ject location information | NF1

I ncluded in received Movenent information INFx into Location area
information INF (step S9) and next transmits a |ocation area response RES2
i ncl udi ngrepieshandledingitbe Mobe iIhY oumbei tm Base statibnishe vatdiinct lodtionndrea | Dt

to Location server OA (step S 10). After the reception of Location area
response degg,nateg ('é’é{ttg‘é h-osatiquaregonfonmatior MNEFs mﬁxe&ﬁlobﬂg slagleatanswets; ea

response tP‘?ES 1 ngl udi n 151'“ l,ocation area information INF and the bject
| D nunber “PEEORIECHAN & § .‘S%thch 4 issues a paging 15 request including

by the Locati onihts YAPEF AdrobRt s et vl Boffin REbbR i Ao tiibe ™" the
connecs i ofny hofed A ndbAe netWorlk thirir/he fided THBRSreS Hidl 108 ofi 8RS na%&qﬁief y

| ocation area information to 5 any nodes in a nobife network during t

ri de. Thereduwed théreby improves sybennpénferntarics. reduced thereby inproves
system perfornance. |In addition, a comunication device capable of
_retgi sé eri hgadéwT nn?ﬁpném@umti@hé@zm gapab lm?frre_gtstm miang fm@b:imstam t?’x_sari ly -
i ntroduced.. The o evice provided in a, trgin is ,one for.fransmtting an
D hunbor B Aspned & HoRQimseessap @%@93% cth erly device provideddn adraig is ow
cost. In I £4..0 | L LS o] \Y; t
CO8t ot B KR GBS b b ol CAERAR, SARY Sl 5B
locatjon etaBlishedi di £ R RdsB ARG HinleeConGért dittis infrBBhcd tdbbRGdrt
| ocation information which a traffic control device has. 15 2. Second
enbodi menMaévemerfomforguatam ONFafinto ooation esda pfosuatiemINFvinfersaton on
conmuni caIion syst em hased %2 t he second enbodi_nent tjs . .
ocation of a tran can managed regardless of data format of object location

mnformation which a traffic control device has.

15 2 Second embodiment
2-1. Configuration of a communication system
A wireless communication system based on the second embodiment is
similar to that of the first embodiment, except that a location server 50B is introduced
mstead of Location server S0A.

!} 20 Fig.6 is a schematic block diagram of Location server 50B. As shown, Location
server S0B has a control unit 51, first location table TBL1, and second location table
TBL2. Second location table TBL2 is the same as Location table of the first
embodiment. Fig.7 shows details of the First location table and Second location
table. First Jocation table TBL1 has a plurality of records Ral, Ra2,..., each storing

25  Object ID number IDt and location area information INF correspondingly. It is
noted that the records and Objects 2 are same in number. For example, if Object 2 is
located within a location area 5A and Object ID number IDt is “A01234” |

“A01234” and “SA” are stored in a record Ral of First location table TBL1 as

shown in Fig.7.




simlar to that of the first enbodi nent, except that a |ocation server 50B
Is introduced instead of Location server 50A. 20 Fig.6 is a schematic

bl ock di agram of Location server 50B. As shown, Location server 50B has a
control unit 51, first location table TBgI, and second | ocation tabl e

TBL2. Second l|location table TBL2 is the sane as Location table of the first
enbodi nent Fig.7 shows details of the First |ocation table and Second

| ocation table. First location table TBL1 has a plurality of records Ral,
Ra2,..., each st ya&nwpentupdatmg:mtmamm infeiniationt[NIrx anem Ohjcmtr?at i on

I NF corre i ngl noted that the records and Objects are sane
in number . rﬁﬁ%%‘%&?&l V1¢ef Buransmits the updated daformetion ta Objeat M@f@r@aaanw

and Obj ect ~ AQ1 and "5A" are s din a
record Ralserarfe Ql{\}/iﬂg | ﬁ 5?%@%5‘%5&‘. GORVERLY,) reCery OPH‘?E}OH
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ser ver 540nfosbhg6h INPETHRALEN s&Rer SOB40ALhfiisH Sofversns &éo%l&e%fagjluvs%&

esto |
information |INFx into Location area information INF and secondly transmts

the conveftistideation tablea T B theMViboementinfomainNF60Hn thisosay gifoaanties 50B
receives and stores to  First |location table TBL 1 the Mvenent infornmation

| NFx. In tsmd webirstdecationttabls TBL bissepdated-i rlslforrmmstmedabSec@BUomnm
updat ed. | econd_.l ocati.o a B 2 | pdat ed by
notificat i m Wo‘mﬁe‘ggﬁ ﬁc%mfh@oab%‘?@eﬁﬂl E’h&!ﬁ'd&%
10 2-2. O@ﬁgﬁﬂuﬂ Pf the system Operations of the wi reI ess comrunl cation
system based on thée second enbodinent will now be described referring to
Fi g. 810As shown, steps S| through S3 are the sanme as those of first
enbodi nent. 15 When Traffic control device 30 updates Myvenent information
| NFx, Traff2.paration of thixsyisteen 30 transnits a novenent notice Ni including a
Mbbi | e 1D number and.
Operations of the wireless communication system based on the second

embodiment will now be described referring to Fig.8. As shown, steps S1 through

S3 are the same as those of first embodiment.

15 When Traffic control device 30 updates Movement information INFx, Traffic
control device 30 transmits a movement notice N1 including a Mobile ID number and
updated information INFx to Object information server 40A (step S21). When
receiving Movement notice N1, Object information server 40A converts Object
location information INF1 included in the Movement information INFx into Location

) 20  area information INF (step S22). Next, Object information server 40A generates and
transmits to Location server 50B an Area notice N2 (step S23).

Suppose here that Object 2 is  “Tokaido Line” moving from Shinagawa

station to Yokohama station and Shinagawa and Yokohama station are located within

| “5A” and “SB”,respectively. When the train arrives at Yokohama station, Traffic

25 control device 30 generates Object location information INF1 indicating a stop of the
train at Yokohama station. Next, Traffic control device 30 transmits Movement
notice N1 including the information INF1. Object information server 40A receives
Movement notice N1. Convert unit 42 converts INF1 into Location area

information INF. Control unit 41 generates and transmits to Location server S0B




updated information INFx to Object information server 40A (step S21). Wen
recei ving Movenent notice NI, Object information server 40A converts Qbject
| ocation information I NF1l included in the Movenent information |INFx into
Location 20 area information INF (step $§22). Next, oject information
server 40A generates and transmts to Location server 50B an Area notice
N2 (step S23). Suppose here that OQobject 2 is "Tokaido Line" noving from
Shi nagawa station_to Yokohama station and Shi nagawa and Yokohama station
ar e | ocat éweainoice N2 meludanrgian Siject Bspeubenddtyandsthe docdtiontared mfarmaties  at
Yokohama ilon, Traffic 25 control device 30 generates Object |ocation

I nformati INF1L indicating a stop of the train at Yokohama station. Next,
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information |INF. Location server 50B receives the Area notice N2 and
updat es | hoattiamares éaformafion BNFiioredoNFRabis esdmedifrogm t'GAheo TFBEt sHdn
nunber I Df stored in First _location 5 table TBL I (step S24). Specifically,
i f Obj ect M Bigdinbl thipway FirsneebdeABL 1 hasdhe datest information aa movemiAt. n

record Ral is updated fragm 5A" to."5B. shown  n Fig.7. | his way. First
table TBL 1 has™l REMF Y. ’pE?JGﬂ P&‘PFBﬂ“%S%%&Q%dO%W%#@%JTWJﬁe@%@EB) ect
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on the third enbodinent is an application of 15 the system based on the
second enbodi nent. 3-1. Configuration of the system

3. Third embodiment
An information providing system based on the third embodiment is an application of
15  the system based on the second embodiment.
3-1. Configuration of the system
Fig.9 is a schematic diagram of the system of this embodiment. This system
differs from that of the second embodiment only in having a Location information
server 60, Client terminal 70, and Mobile station 1A instead of Mobile station 1.
I 20 Client terminal 70 1s, for example, a Personal Computer (PC), Personal Digital
Assistants (PDA), mobile phone, and other communication devices, which carry out
communication with Location information server 60.
Fig.10 is a schematic block diagram of Location information server 60.
As shown, Location server has a Central Processing Unit (CPU) 61, Read Only
25 Memory (ROM) 62, Random Access Memory (ROM) 63, Interface 64, and Hard

disk 65. Location mformation server 60 provides location information of Mobile

station 1A responsive to a request from Client terminal 70.
Specifically, CPU61 controls all the functions of all devices in Location

information server 60 and executes applications. ROMG62 stores, for example, a boot




Fig.9 is a schematic diagram of the systemof this enbodiment. This system
differs fromthat of the second enbodi nent only in having a Location
information server 60, Client termnal 70, and Mobile station 1A instead
of Mbile station 1. 20 dient termnaljg0 is, for exanple, a Personal
Computer (PC), Personal Digital Assistants (PDA), nobile phone, and other
comuni cation devices, which carry out communication with Location

i nformati on server 60, Fig. 10 is a schematic bl ock diagram of Location
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receiler Paditioniadi Systens (BPSY Peceivip Utl 0didi6 e, 120, Ginphd deCiogsizd, L%ﬁlﬂ' ay
(LCD) 140, and Bus 150. S receiver 110 receives radio wave sent by a
sat el | i t eCaystalgoisplayt <D fld0mand Busoh50.heGRSerceaivet d ¢ trecaivesf radi iwave
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sends |nfor
communication with Base station 3 under control of CPU61. Input device 130 has

15 buttons including Push Button (PB) and cursor keys and sends information on a user’
s direction into Control unit 100. LCD 140 displays information. Control unit 100
has a CPU 111, ROM 112, RAM 113, and EEPROM 114; and controls all the
functions of all devices in Mobile station 1A. ROM 112 has application programs
for the control of devices, communication with Location information server 60, and

| 20  generation of related information.
The related information includes, for example, a direction and velocity of
Object 2. RAM 113 temporarily stores data and application programs for CPU 111.
EEPROM 114 nonvolatile memory and stores updated application programs. Bus
150 electrically connects all devices.

25

3-2. Operation of the system
Fig.12 is a sequence diagram of the information providing system. It is

noted that this system carries out procedures for updating location area information

INF, which is the same as that in the second embodiment.




s direction into Control unit 100. LCD 140 displays information. Control
unit 100 has a CPU 111, ROM 112, RAM 113, and EEPROM 114; and controls all
the functions of all devices in Mbile station AL ROM 112 has application
prograns for the control of devices, cg nication with Location

I nformati on server 60, and 20 generation of related information. The
related information includes, for exanple, a direction and velocity of
bject 2. RAM 113 tenporarily stores data and application prograns for CPU
111. EEPROM 114 nservapemates €lisphterminsh dOswish deputpdeaieed] Hpp homdss Gocation
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| D nunber | (phone umnber for exanple Cient termnal 70 transnits to

Locati on i nf or mhipopnraeiving 16€ationc aiguest REQ efjukestatishQrdormatioisegverned
Mobile I D nunber I1Dm (step S3 1 Upon. recei Vi n,? | ocati on request REQ 4,
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retbely | o GESTED SoepRlob e kit b OB et 9 oF ol 2,
to "0" (SpectSBBumbexiDt ik sored onSaenddrodafion table HRIS2, Tadatioatsenser set a
ot g 3 S 22 If Object ID number IDt is not stored. the flag FLG is setto “0”
(step S33).
Next, Location server 50 transmits to Location information server 60 a
15  location request RES 5 including the Location area information INF and Flag FLG
(step S34). Location information server 60 receives Location request RES 5 and
executes the estimation program, to page Mobile station 1A (step S35). Specifically,
Location information server pages, via a Switch, Base stations 3 located within an area
identified by the Location area information INF, by sending a paging signal including
! 20 Mobile ID number. In addition, if Flag FLG is setto  “1” , Location information
server 60 generates boarding information indicating whether a user of Mobile station
1A takes on a train. I Flag FLG is setto “0” , the boarding information is not
generated.
Upon receiving the paging signal, Mobile station 1A generates and transmits
25  to Location information server 60 location nformation on the present location and
related information including a direction and velocity (step S36).
Location information server 60 receives the location information and the

related information from Mobile station 1A and transmits the location information,
related information, and the boarding information to Client terminal 70 (step 37).




15 location request RES 5 including the Location area information 1NF and
Flag FLG (step S34). Location information server 60 receives Location
request RES 5 and executes the estimation program to page Mbile station
1A (step S35). Specifically, Location 4fformtion server pages, via a
Switch, Base stations 3 located within an area identified by the Location
area information INF, by sending a paging signal including 20 Mbile ID
nunber. In addition, if Flag FLGis set to "1" , Location information
server 60Fgerexample doaisediofga imélileratation 1 Adabadrdng e twhichaisukeatef at
Mobil e stati A takes gn,a train. If Flag FLGis set to "0" , the

0
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related information, and the boarding information to Client termnal 70
(step 37). 20 Fhrcarangseeis motubeard)Logatimbinformativn @iverAedea ibtardnsaiin
which is |ocated at Long.136 15' E., 35 45" N and heading toward South at
a vel oci t thedroardinginfarmatiensingsdflag Fi.G in bocatien requestRESHS isrsebtorat i0on.

"Long. 13 15' E.,. 35 45 N " | related. informtion "46Km h, Souyth" , and
boar di ng tscrhddabo ml%@g@@ﬁ%@-om bassiagnioERation 25 PeHiasderatiorl

70. Inc ' | o ' oes not
{ransm ¢ TpaniiidH of Sudiile SRR Fa U5ty Chefl @AM 105 135 Wlslibe: Res
is setgto "0" . As described above, people are able to obtain boarding

information as well as location information of Mbile station 1 A by
oper at i ng3-3. Modification oftherhirdembodimenst em 10 3-3. Modification of the

e S ™ G B S SRSkt & S
60 and G (inf(ﬂﬁg the system of the second embodiment to Location server 60 and Client
terminal 70. However, it is possible to introduce a system in which Location server
15 and Client terminal 70 are added to the system of the first embodiment.
In this system, when Location server 50A receives Location request REQ 5
from Location information server 60, steps S5 through $10 shown in Fig.5 are carried
out. In this way Location server S0A obtains and transmits to Location information
server 60 Location area information INF. Next, Location information server 60
pages Mobile station 1A, on the basis of the Location area information INF, similarly
to the third embodiment.

4. Fourth Embodiment
4-1. Configuration of a system

An information providing system based on the fourth embodiment is the
same as that of the third embodiment except for detailed function of Traffic control
device 30 and use of an object information server 40B instead of 40A and Mobile
station 1 instead of 1A. Specifically, Traffic control device 30 transmits Movement

information INFx only when receiving a request from Object mformation server 408,




termnal 70. However, it is possible to introduce a systemin which
Location server 15 and Client termnal 70 are added to the system of the
first enmbodinent. In this system when Location server 50A receives
Location request REQ5 from Location infiormation server 60, steps S5
through S 10 shown in Fig.5 are carried” out. In this way Location server
50A obtains and transmts to Location information server 60 Location area
information 1INF. Next, Location information server 60 20 pages Mbile
station | Amgarly be theasist embodinecrit o c @bjet irdfoamation servert 408 hadlg, managenaerity

to the thir nbodi ment. 4. Fourth Enbodi ment . 4-1. Configuration of a

syst em 25 tablei bk s shewngn &vg.d3 rdjfeying drarp Adactdnfarmativaserverédodi nent i s

the same as that. qf the third enbodinment except for detailed functi of
Traffic control Ei:t‘%@éi%@“@@na‘??@nlggogﬂ!‘}gﬁn%?%éﬁ’ﬁ @ﬁeg(e‘ﬁﬁ’ Ifﬁg(

I nst ead of, { ) lgn 1 instead of . 1 4. ,Speci ficall Traffic
contr ol d%@%@%ﬁﬁ%ﬁ&%@@% r HEPF ﬁf&ﬂzg%gm"ye@ﬁbe PR ng
a request ; ' ' ) ' ; 1173 Ho t '

crbodi pont ey Eppifiioet POEMIBLLACNABIAISHINE. B oo TP TIhSRRb .
shown in A gepréSentslithd eimé gviienoNMdvehRelt thRirafBhi INE:S 5 $Rired 0ASpédiflcal b
shows an exanpl e of information stored in Managenent table TBLK.
ManagenentupoaistenngBMoveaserd ipformatiornt INB, CentvoldmiRtl pbRi time, fremchtisteor i ng
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correspondt hg:000 Cbj ect | D nunber "A01234" at 13:00. 4-2. QOperations of

the system Operations of the systemw ||l now be described referring to Fig.
15. Fig. 15 is

4-2. Operations of the system
Operations of the system will now be described referring to Fig.15. Fig.15is
15  asequence diagram of the system. Steps S41 and S42 is the same as steps S31 and
532 as described above, respectively.
Next, Location server 50B accesses Second location table TBL2. If Object ID
number IDt is stored comresponding to a Mobile ID number, Location sever 50B sets
the flag FLGto “17. Ifthe Object ID number is not stored, FLG is setto “0” (step
b 20 S43). If Object ID number IDt is stored, Location server S0B transmits movement
request REQ 8 including the Object ID number IDt to Object information server 40B
(step S44).
Object information server 40B receives the Movement request REQ 8 and
retrieves from Management table TBLk Movement information INFx and Timestamp
25 T, each comresponding to the Object ID number IDt.  If Movement information INFx
is not stored in Management table TBLk or a predetenmined time has elapsed since
the time represented by Timestamp T, Object information server 40B transmits a
movement request REQ 9 to Traffic control device 30 (step $45).
Traffic control device 30 generates Movement information INFx about an



15 a sequence diagram of the system Steps S41 and S42 is the sane as steps
S31 and S32 as described above, respectively. Next, Location server 50B
accesses Second |l ocation table TBL2. If object ID nunber 1Dt is stored
corresponding to a Mobile ID nunber, Logation sever 50B sets the flag FLG
to "i". If the Object ID nunber is not stored, FLGis set to "0" (step 20
S43). If bject ID nunber IDt is stored, Location server 50B transmts
novenment request REQ 8 including the Object ID nunber IDt to Object

i nf or mat i §¥PJedr? edenided by theyrasemed Objest 1D niimbeniDband eramemit40B Ot ves
t he Movene request RE and retrieves from Managenent table TBLk
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5 1f Mve t. inf tion INFx is stored in Managenent table TBLk and a
predeternﬁgéséeprﬁiﬁgs not el apsed since tine T, Qbject information server

40B skips ste t ' a ve response S8to
Locati on servefﬁo%gmz %@%@M&t?gﬁaﬁf‘%%@%%ﬂ@g@m nt
resporse RESemdrCinfehRatsheINGe &P VEsEEbn| %&ﬁgfﬂﬁﬁb& Nser DX P (%%@ats :
information server 60 (step S49). Location information server recei ves
Movenent Lespomsinfetiicnmerer thaetavisWRvefientrdspondd RESE ahd iexfracRENFMN

I NFx inclﬁged inl\a/bvement_ response_ RES. 7 tqo _estimate a future | ocation of
hj ect 2. the: Movement informationsMiy induded i Mevemersurespenset RES 7 wser

of a nobi L& 3@t Ak 1bcation o%‘(ﬁtr)j%(i:trb.moﬁespgcl}ﬁ%c\;/a)lz (E)f erlslflnn?aet{on is as follows:
Suppose that a user of a mobile station 1is in a train whose Object ID number
15 is “A01234” and Management table TBLk stores detailed information shown in
Fig.14. When Location information server 60 receives a location request REQ6
from Client terminal 70, steps S42 through S49 are carried out as described above.
As aresult, Location information server 60 obtains Related information INF2 “Azusa
No.2” . Next, Location information server 60 estimates a future location of the train
)} 20  referring to timetable data stored in Hard disk 65. The estimated location
information generated by Location information server 60 includes, for example,
“ arrive at Kofu in 18 minutes” .

Next, Location information server 60 transmits to Client terminal 70 a
location response RES6 including Object location information INF1, Related
25 information INF2, and Boarding information (step S50).  Specifically, INF1 “Long.
136° 15" E, 35° 45 N” , INF2 “Azusa No.2” , and Estimated location
information “ This train will amive at Kofu in 18 minutes” , and Boarding

information “Now boarding ” is transmitted to Client terminal 70.

As described in this embodiment, a person is able to obtain the present and



15 is "AU1234" and Managenent table TBLk stores detailed information shown
in Fig.14. Wien Location information server 60 receives a |l ocation request
REQ6G from Cient termnal 70, steps S42 through S49 are carried out as
descri bed above. As a result Locatlonaj nformati on server 60 obtains

Rel ated i nformation INF2 "Azusa No.2" Next, Location information server
60 estimates a future | ocation of the traln 20 referring to tinetable data
stored in Hard disk 65. The estimated |ocation information generated by
Locati on futnxsr] reationokae mabiletationdividpating ar MobdeiDenumberrtovdiat téohinal n 18
m nut es” Next, .Location infornmation server 60 transmts to Cient

terninal 79 aln ﬂb%éxst@n,k@@@@myéomw oica Miobile atiercean be abtapred, evennfit i on

| NFI, Rel ted hﬁg |nformat(j£%6: 5 and Boar di ng i nformatj on (step S50).
Speci fi ca equ | tll%‘hdn Ch g CqaNot MSOUW 10 qomppuRIsatieR Wh2Base and

Estlmated arrlv at Kofuin 18

m nut es” ?tEHSI%f%%ar 8‘5 Ejgb%‘ﬁ‘ﬁ‘?&‘{‘{‘%ﬂ“aké 368%?‘8}1 };96 $ransnmitted to
Clients t erm nal 1/. (iR

obt ai r?the pr eslgnéhdé@@) qgéﬁuturgofﬁggﬁe%t&m %‘?I tﬁgﬁbﬂb%jen%qn%ﬁﬁl ng
a Mobil e laRstifoamhation Gni &Nbbjeer GarBE mifBnided. t @uﬁcesmj&ﬁnfo%ﬁﬁbﬂ rsever

i nformation of a Mobile station can be obtained, even 1f the nobil

station i #0Bujhecks Tlmastamp Cator )udgatwhahemtocobmmﬂmamfmmamdrhﬁﬁm £} raﬁic
stations beca Ject 2 i's nmoving, thyough a tunnel, for example. 5 In

addi ti on, OQ‘W@ ndeves - i IngethesswordsTihe finformmionols ebtamed ethaientlyeand ng

the late @% Jsgg ormation on an object can be mnimzed. Since Qbject

i nformat i 40B checks Tinmestanp T, to judge whether to obtain the

i nforygat i on from Traffic control device 30. In other words, the
information is obtained efficiently and precisely. 10 4-3. Mdification of

t he four t4-3eMiodification bf tHesfonethembrlitieat Traffic control device 30
transmts the |atest Mvenent information |NFx to Movenent information
server 40B everlf is ipassiblee thah flyafiet ¢antrol device 30 transmits the latest Movement
information INFx to Movement information server 40B every time the information
INFx 1s updated. In this case, Location server is able to obtain the latest information
15 on Object 2 and needs not to refer to Timestamp T.

It is also possible that a person uses Client terminal 70, to designate the
detailed future location of a Mobile station. For example, a user inputs the desired
time (an hour later, for example) in addition to Mobile ID number. ~ After reception of
Object location information INF1, Related information INF2, and Estimated location

} 20 information, the Location information server 60 retrieves the estimated location of
“Azusa No.2” (near Matsumoto station, for example) referring to the schedule

stored Hard disk 65. Retrieved information is transmiited to Client terminal 70.

5. Supplement

25 As described in the above embodiments, when a user of Mobile station 1 gets
aboard a train, Mobile station 1 receives Mobile ID number IDm from Transmitting
device TD and notifies Mobile ID number IDm and received Object ID number IDt to
Mobile communication network NET via Base station 3.  However, it is possible that
a device provided in Object 2 transmits Mobile ID numbers IDms each of which is



INFX is updated. In this case, Location server is able to obtain the | atest
information 15 on Object 2 and needs not to refer to Timestanp T. It is

al so possible that a person uses Client termnal 70, to designate the
detailed future |location of a Mbile stajion. For exanple, a user inputs
the desired tine (an hour later, for exanple) in addition to Mobile ID
nunber. After reception of Object location information INFl, Related
information INF2, and Estinmated |ocation 20 infornation, the Location

i nf or mat i eentsicemeMaliler stativedeand Kbjestt ratumabdrolt; k®@malile tAnusmidaticti
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In this case, the device has the function of receiving Object ID nunber

| Dt and Mobile ID nunber 1Dm As an exanple, Transmtting device TD may
have t he functigp "él'gie poi.nt is that ,Object I.D nunber I Dt and Mobile ID 5
nunber | Dm ar e SiBaugh the foregeing escripfianm Brovadesomanyiivasations fastussr af feT,

when a e boar Al t hough, t he foregoi descriptio .ovi.des many
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t her ef or ewithpehdeparting fronn shig seepmand witheut sliminishing itsiattendanttasivahtages.

di scl oseﬁtoi\%. odi.ment bd"etcl ﬁ'gl?%d be def.i ned.in. accoi.dance with ¢l

which fo erefore mten e present invention is not limited to the dlsc?clysrgl
embodiments but should be defined in accordance with claims which follow.
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15} 25 What is clained is: 1. An information providing systemfor
providing |ocation information on a nobile station in a nobile network to
a termnal conprising: a location server in said nobile network for
managi ng | ocation of said nobile statiaf' and a location information
server for carrying out comunication '§ said termnal; and wupon
receiving froma transmtting device provided in an object identifying
information for identifying an object, said nobile station transmts to
said location server said nobile identifying information for identifying
said nobile station and received object identifying information; and said
| ocation server receives and st or@hatiydlgismahidt ngly said object identifying
i nformati on and said nobile identifying information sent fromsaid nobile
station; and upon receiving fromsaid termnal an inquiry of |ocation

I nformation on_said nobile, station includjng said npbile identifyin

i nf or mat i bn AR #iermaen PEYIdAE SYSER ¥5 preywire lqcateie formaatsy or a; racb% ect
identifyﬁéﬁﬁinfornablon ggr espaondi ng,to the. nobile identifying

i nf or mat | BRGNS HogHengtvEark fojade CQRAPUSINE and i f the obj ect

it or et 107 8T8 giq foplieaEprk B AEreRiEoRA b d el ARLIRRRIEESS 1 o

i nformatigy providing systemof claim1l , wherein said |ocation information
server furfher. conprises neans_for identifying said nobjle station using
sai d nobid catla@mrf%nwh@n PeTver f%tcﬂﬁb{}n&ﬁlﬂtr%ﬂm@uﬁi&aﬁ@émﬁ@gttﬁm;tﬂ@dt he

T e e S, B R RO S R DS W SO, o
and the |aeqil oy fbfr%é‘i?d%&g]arg gyjbiég{féé‘fd RSIBRESR tnOMiS! 1B%aRy J6EHAT

claim 11 flurther Cconprisin
server said mobile identifying information for identifying said mobile station and

received object identifying information; and

said location server receives and stores correspondingly said object identifying
information and said mobile identifying information sent from said mobile station;
and

upon receiving from said terminal an inquiry of location information on said mobile
station including said mobile identifying information, said Jocation information server
judges whether said object identifying information corresponding to the mobile
identifying information is stored in said location server; and if the object identifying
information is stored, transmits to said terminal boarding information representing that

said mobile station is in the object.

2. The information providing system of claim 1 , wherein said location information
server further comprises means for identifying said mobile station using said mobile
identifying information, carrying out communication with the mobile station, and
obtaining from the mobile station said location information; and transmitting to said

terminal said boarding information and the Jocation information.



i nformati on server for carrying out conmunication with a traffic contro
device which controls novenent of said object; and wherein upon receiving
fromsaid termnal an inquiry of location information including said
nobil e identifying information, said | tion informati on server transmts
the nobile identifying information to sald | ocation server, and upon
obtaining fromsaid |ocation server said |location information, transmts to
said termnal said boarding information and said |ocation information; and
upon receidvi Tige finfofradon [br@'?ﬁﬁxhgrj@ ySIBfr0 OEdlhidn IS e fifhers 8bith Hﬁﬁh | 81 gbject
|dent|fyun§) i nformati on, said Tocation server transmts I d obJect

i nfor mat i rgmtmersem&)mwmg outctemtrinipicaton it mﬁh\c@uroiebpmﬁdvmght 0
the nobile |d ntifying infor and upon receiving said object

i dent i fyiGogL megho $@@ggﬁpﬁaﬂécatlon server, said object information
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sai d | ocafangmigetiecmotitle TtIFAHST FfbInRAticH Q! Hidd] géﬂﬁél?r@eﬁercla?\ti”h on

wherein said object information “server stores sai novenent tion

obt ai ned obtaimregaifiont rsaid ilocationt saiverguidc docatidn bt Clransieity ith ydaid
i nformation corres%?ndl ngly; and when receiving fromsaid | ocation server

sai d obj ésmmingbsaid g hformatiaroand Sé’gérh@@%msnﬁ:a’matiomandon | nf or mat i on
on sai d affjcectredeieint ol Didt RO eRforngfidn fwhveg sehaf f rﬁff?z&%e
e i nf or na

basi s of sStored novenent information on the object.

provi di ngnfymtationpsaid laiation semketrensmitpsaitbolgets mﬁarmati@\@ﬁﬂﬁrtsaﬁiﬁb]@@t of
said object, said traffic control device updates and notifies to said

obj ect i AfentiRngnf emngteon @@rrmndmg\ﬁertbﬂmobﬂ‘eadmmf}mg irformston, oty ect

i nformati on server. recej v th vement. i nfornati on nd generates said

| ocat i on YRPOFGARIVIES éﬁiﬁiﬂé 1RE ﬁHblS 1Q9ﬂt1012?335\f61‘rﬁ@1d
from said

tor m nal SRRy @% i B R BT RoliCde o8 st thaieiing,

sai d information on said object conespondmg to the object identifying information;

T

converts obtained movement information into said location information; and transmits

the location information to said location information server via said location server.

4. The information providing system of claim 3, wherein said object information
server stores sald movement information obtained from said traffic control device and
said object identifying information correspondingly; and
when receiving from said location server said object identifying information,
generates said location information on said object identified by the object identifying

information on the basis of stored movement information on the object.

5. The information providing system of claim 4, wherein upon detecting a
movement change of said object, said traffic control device updates and notifies to
said object information server of said movement information; and
said object information server receives the movement information and generates said

location information on the basis the movement information.



| ocation information server generates, on the basis of said novenent

I nformation, estinmated |ocation information representing a future |ocation
on said nobile station and transmits said estimated | ocation information
to said termnal. 7. A method for providing |ocation information of a
nobile station in a nobile network to term nal conprising the steps o
said nobile station receiving, froma transmtting device provided in an
obj ect, object identifying information for identifying said object;
transmtting-{,0 a . server in said nobile network said object identifying

i nformati &n éﬁ?ﬁ RSB Aon B lygrﬁg’stenhpgrc}mm oh Wheraln avhernf secatyingifomobi | e
station; .sa er vie ] sai fi0obj-ect. i.dent.i fying infornation and said
o1 o ot Ferphl®an Wlihn B S KRALE dniriEpn o nd B HaemoRdal d
ter mi nal JaeHORCRI¥nRor S50 BBndrRbOT Ry i St SO

i ncludi ng the nobil e i éienti ygng r@ﬂgﬁﬁﬁgﬁ’@@%%ﬁ%gﬁ%@ﬁﬂgr&i@?@% ect

i dent i fyiestgmiatedolocation informatap essteRetihg 4 AeufDiichon BANGd Yidtlld §hgsirati on
is stored in said server, and if the object identifying informationis
stored, gadéraasinig sarbestinzatedridcation information t¢ exiditashinhbar di ng i nf or mat i on
representing that said nobile station is in said object. S. A nethod for
providing |location information on a nobile station in a nobile network to
atermn c ri,si Rg- t he ste of . sai d server gbtaiping and storing

cor r espondi n%@ﬁ?@g@r Pﬁé‘ﬂéﬁngapﬁﬂlqnn PFEEGHof @rmopHe $tatopi Wga anolilg ect
and nobi | t{'ﬁvgﬂ('%d'sibé‘n@ﬁ]' A1 pqpslhll' | dentifying said nobile station;
when recg@vi ng from sai cl Iog{ m nagﬂ]aefné%ié%s{qﬁﬁry of location information on

sai d nobidak] mebilk Ismtionrreésidimg?ﬁbhﬁa tfRBEMmeting et/ ik Wroeded 19| jéh, object
retrieving said object identitying information corresponding to thé nobile
i dent i f yiidentifying mdomoatior? Soroldeatifiiing sand ebyact; trarfsonittaty thm acsersei th chijdect
identified by the object, identifyi ng{ information; convertjng obtajned

movenent MePik npe i 5eid shyert adentifsing nindermatiosn;angnamobile  identifying

mnformation for identifying said mobile station;

said server storing said object identifying information and said mobile identifying
information correspondingly;

when receiving from said terminal an inquiry of location information on said mobile
station including the mobile identifying information, judging whether said object
identifying information corresponding to the mobile identifying information is stored
in said server; and

if the object identifying information is stored, generating and transmitting to said
terminal boarding information representing that said mobile station is in said object.

8. A method for providing location information on a mobile station in a mobile
network to a terminal compnsing the steps of:
said server obtaining and storing correspondingly object identifying information for
identifying an object and mobile identifying information for identifying said mobile
station;
when receiving from said terminal an inquiry of location information on said mobile
station including the mobile identifying information, retneving said object 1dentifying

information corresponding to the mobile 1dentifying information;



transmtting said |location information to said termnal. 9. A nethod for
providing |ocation information on a nobile station in a nobile network to
a termnal conprising the steps of upon receiving, fromtransmtting device
provided in an object, object identifying infornmation for identifying said
object, said nobile station transnitting nmobile identifying information
for identifying said nobile station and said object identifying

information to a server in said nobile network, said server storing said

obj ect i gjw%m@xﬁfiﬁ%ﬁﬁﬂoﬁ% SAUGUIBA! {denifenby tié dject ideantiirigon

n i f
correspo‘?l en recerving from sail ermnal an inquiry of |ocation
i nf or mat j,g8mRaticigi d nobile station including the nobile identifying

information, retrieving said obj ect identi fyi_nﬁ i nformati on correspondi ng
to the nefivestinglebtaiied mgvement mioimatjorointa saidigeatsneronmationeaRdt i on on
said object identified by the object identifying information; converting
obt ai nedtramsretteng saidfosatien informationdgisald 8RN n i nfor mati on: and
transmitting said |location information to said termnal. ip. The nethod of
claim9, wherein when receiving said novenent information, said server

Pnor mat Koy aiRaeE 4 igthab PR FCETbroRla) oY b mh g S
transm tﬁe%rﬁto%%éﬁﬂﬁﬁﬁgoﬂxﬁﬁﬁhg% kfepgofmtion to said term nal.
upon receiving, from transmitting device provided in an object, object 1dentifying
information for identifying said object, said mobile station transmitting mobile
identifying information for identifying said mobile station and said object identifying
information to a server in said mobile network;
said server storing said object identifving information and said mobile identifying
information correspondingly;
when receiving from said terminal an inquiry of location information on said mobile
station including the mobile identifying information, retrieving said object identifying
information corresponding to the mobile identifying information;
obtaining movement information on said object identified by the object identifying
information;
converting obtained movement information into said location information; and

transmitting said location information to said terminal.

10. The method of claim 9, wherein when receiving said movement information,
said server generates, on the basis of the movement information, estimated location
information representing a future location of said mobile station and transmits said

estimated location information to said terminal.






