1 METHOD AND SYSTEM FOR LOCATI ON MANAGEMENT AND LOCATI ON | NFORMATI ON

PROVI DI NG SYSTEM 5 Background of the Invention Field of the Invention f |10
The present invention relates to a nethod and a wirel ess comruni cati on
system for managi ng i nformation on Iocatj'Dgns 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 information
about which area (called "location area” ) each of nobile stations is

| ocated When an incomng call directed to a nobile station occurs, the

devi ce i deMIBTHED t haNI»c B8YSIEM eal ORex 1,OCATION deviAddAgsieaNeEs pagDng
signal to transmt to the nobile station via a switch covering the |ocation
area and dr@CHITON INEERMATIONPRVIDENAGSYS KM switch. In the
registration of a location area, firstly a nobile station receives
information on | ocation area. Secondly, the nobile station transmts a
nunber .to identify the nobile station and the |ocation area infornmation,

Vi a thé base station and 25 the switch. Especially, there is a |ocation
rranagerrenthék%%@Bfﬂwnm%ﬁgo tation in a train. In such a system a
communi cation=device Is provided in a train, to collectively mnage

| ocation registration of all nobile stations in the train (reference will be
made to Japanese Patent Application No. H 1-355835). However, it is

cunber songrialttofithetlaventicat t o provi de such device in a train capable of
processi ng requests of location registration from many nobile stations.

Even if such devices are introduced, base stations and switches still nust

oC | t . t ially i b ity wh
poresh, aoe Shpiita o heoiest pnch S Lty Byl el s oy
signal s 1oL ¢ ahl Wakdihs ihfindlon 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

L=y

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 the switch. Especially, there is a location management system of a mobile station in
atrain. In such a systermn, 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 cumbersome and costs a lot to provide such device in a train



5 between a | ocation registration server and nobile stations. Therefore,
radio frequency bandw dth avail able for voice and data comrunication is
restricted thereby conmunication traffic volune increases. It is often the
case that a noving object such as a train or a bus noves to a place such as
a tunnel into which a radio wave transnitted froma base station does not
propagate. In this case the base station does 10 not receives any signals
either fromthe object and a nobile station in the object, so that the
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a system f provi g n information stored in the ocation server
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can be tracked in real-tinme. In principle, it is possible to know a future
| ocati on afncum®bf requist edpatialy iaanlwban ety avikee mariy tramsnohi | Spetifically) get
off a train, However, in the cgnventional system such information on future
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i dentified by the object i entifBi ng 1 iformation; converting the novenent

i nf or mat i Gerient® an ekeerdlitermaniea [h’hck asystem, adochtivansde mobilostationtanbet he

mobi | e station on the basis of the |ocation area information. )
tracked in real-time. In principle, it is possible to know a future location of a mobile

15 station as long as a user of the mobile station get off a train. However, in the
conventional system such information on future location 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 provides 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 fransmitting 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

and the mobile identifying information;



51n this nethod, a |l ocation of nobile station is tracked by transmtting a
pair of nobile identifying information and object identifying information.
It is not necessary to provide an expensive device, which can deal with
regi stration requests fromnmany nobile stations in an object at one tine.
It is only an inexpensive device for nertly transntting the object

i dentifying information that is needed Thus, this system can 10 be
established in at low cost. In a preferable enbodi ment, upon receiving a
cal |  for ghpfnFRbben §tafioBentd AetREich @aﬂﬁﬁg%na@é}ﬂénttdﬁhg%g&rﬁbjea
information for the traffic control device. In another preferablé
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i nformati on when detecting novenent of the object. 15 A method for

communi catconreitmgrhe onovemerttinfommsyion entoaf lochgoparaanformiativsnaitdn havi ng a
server on a nnbil@vyetmork for communication wth bile station and a

traffic comnagngiagagieniadithesiabileisialiog amtheasttoldammncriion arafende@palion. upon
L TR AT B S ot AP P
e mobi | A0S Firn FuRYEtn, 2a Bl dabAB3kie Pl bt gRleos B ™' ™

server re?gb%hezhﬂ Riel Gevislenwhichi g del %ﬂ%{:ﬁt{a}pﬁng%. eS8 fRGh man

i denti fyi I nf or lon; storing the nobile ide Imformation a?;dthe
obj ect i dendbileystaonnincariebjectnat czie tone.r eRpo ndlyngl iexpbesive dedcy fognrrelgl |

for the nobile station identified by the nobile identifying _information,
retri evi ngransaisingsbe obipshideniifying infbomaten that coneasedondihng, this syisternssn| e

i dent | yig)% inf?rggéi.on' and transgitting retrieve ob{ect i dentifyin
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the serverpaff@€ontrol device.  In another preferable embodiment the traffic control device

notifies the server of the movement information 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
information;
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



t he server converting received novenent information into |ocation area

i nformation; 5 and paging the nobile station on the basis of the | ocation
area information. By using this nethod, it is not necessary to update
registration of location every tinme a bile station noves into anot her

| ocation area, once the object identifytng information is registered with
the server. Therefore, radio traffic 10 according to location registration
is reduced. |In another enbodi nent, upon detecting a novenent change of the
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transmts to t server the~ object 1dentifying informatio genera
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converts recei'ved novenent information into 15 | ocation area information

about an dramamifting genetatednidvenreni infermbbon tmthieseromasmdi and stores the
object identifying informati on and the |ocation area_information .
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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 information

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 communication 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



recei ving 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 conprises neans for stqglng t he object identifying

I nformati on and the nobile identifying i-nformation correspondingly, both of
whi ch sent fromthe nobile station, neans for retrieving and transmtting
to the |l ocation server the object identifying information corresponding to
the mobi | ¢uiitp@RtowitchDand B BbJERL infSrmaMRseFGgby EafnurieatipariMidie bcation
inquiry of 10 location area information on the nmobile stafion including the
nobi | e i deatvief yindg the fafficrebhol dedicaeaThel arobilecstatiom connrises hgeahs efor
information server and transmtting to the switch the |ocation area
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conprises neans for feceiving fromthe 20 object information server the
obj ect i demhbrytting to tioloratioroseraadihg @bfsa idagifving infomraten tcoimebponditg om on
t he basis of recelved object identifying information and neans_for
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conprises neans for receiving fromthe traffic control “device the 0bject

i denti fyi nbjectfidentdyingninforthatiba. mifhe raject iinformatibn ceren dofprises veegans rigr
recei ved novenent _information into |location _area i nformation
receiving from the location server and transmitting to the traffic control device the

15  object identifying information, means for receiving from the traffic control device
movement information 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



representing an area within which the nobile station is | ocated and neans
for transmtting to the | ocation server the object identifying information
and the location area information. The | ocation server conprises a first
storing neans for receiving 5 fromthe ogject i nformati on server and storing
correspondi ngly the object identifying nformati on and the | ocation area

I nformati on, a second storing neans for storing correspondingly the object
identifying information and the nobile identifying information, both of

whi ch senteohienirighereeivetlie mbatinent aidomeativh f ottor dbedtiemi ngreh r dafortdgiopecond
storing neans the object identifying information corresponding to the 10

nobi | e i deapiekgntig ianf arcaawithm wineh thecsiobilagstinamis Hecated tartd ancansqglor y of
the location area informatjon including th n%alnl e | dentifying. informtion.
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station. o e on heiit e B2 R 3naR yhdated location information on the

15 mobile station and the mobile identifying information. In addition, when receiving
the location 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 Jocation 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 location information server for camrying out commmunication with the terminal.
Upon receiving from a transmitting device provided in an object identifying

25 nformation 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



inquiry of location information on the nobile station including the nobile
identifying information, the |ocation information server judges whether the
object identifying information corresponding to the nobile identifying

i nfonnation is stored in the 1ocation rver. If the object identifying
information is stored, transmts to the'5 term nal boarding information
representing that the nobile station is in the object. By using the
terminal in this system a person can know that the nobile station is in

t he objec " A7 RN ; haRin e
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station, and obtaining fromthe nobile station the |ocation informtion and
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| ocati on ﬂ%&@jrect.Al so, upon obtaining fromthe |ocation server the |[|ocation
information, tthe | ocation information server transmts to the termnal the
20 boardi ng i nf i agireferabiembbeinhean athe docadtiohdnforinaton stiven furtee cwimgists om
the location information server the nobile i denti{sﬁn i nformation, the
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obj ect | degforfnatiod anAfthé RLHEA infopR¥ghhS obt ai ned novenent information into
the location information, and transmts the location information to the

| ocati on Inntnotet i prfaebleeemboaunbet, | ﬂmatihﬁjmﬁoneprodidinlgs spsteni bhethehat
when receiving fromthe termnal an inquiry of the |ocation .
comprises an object information server for 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 inclhuding 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
transmuts 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 location 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



8 information on the nobile station, the |location information server
generates, on the basis of the novenent information, estimated | ocation
information representing a future |ocation on the nobile station and
transmts the estimated | ocation informgtion to the termnal. In this
system a person can obtain a fixture |lo€ation of a nmobile 5 station in
addition to the present location. In another preferable enbodi nent, the

obj ect information server stores the novenent information obtained fromthe
traffic caibiphtilevhaBe 3EbildS&abh bk bR fifbifatidr & BREERRates, on the
correspondi ngly. When receiving fromthe |ocation server the object
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information is stored, generating and transmtting to the

contro] device updates and notifies to the object information 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 transmutting device provided in an object, object

identifying information for identifying the object; transmitting to a server mn the

{20 mobile network the object identifying information and mobile identifying information

for identifying the mobiule 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.



term nal boarding information representing that the nobile station is in the
object. 9 1In a preferable enbodi nent, the server stores the object
identifying information and the nobile identifying information

correspondi ngly. When receiving fron1th§; termnal an inquiry of |ocation

i nformati on on the nobile station including the nobile identifying

I nformati on, the server retrieves the object identifying information 5
corresponding to the nobile identifying information, obtains novenent
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obj ect information server used for a comunication system based on the

second eninfoimshon té-thy terminals details of a first and a second | ocation
table of the | oc iﬁl)&g sgéver. . Fi %8 s a seq{;‘%nce,di agram of the system
based on &8 POss: hyben kespving ihe maeyemeny 1gionmahen, Hae seVehERSTaICEOBy st em
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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 detail 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.
Fig.6 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  Fig9 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.13 is a schematic diagram of an object managenent device in an

I nformation 10 providing systembased on the fourth enbodinent. Fig. 14
shows a detail of a managenent table of the object information server.
Fig.15 is a sequence di agram of the inf bmat i on providing system based on
the fourth enbodinent. 5 Detailed Descri‘ption Reference will now be nmade in
detail to the preferred enbodi nents of the invention, exanples of which are
illustrated in the acconpanying drawings. 10 1. First enbodi nent 1-1.
Conf i gur atgrevidihg %ﬁ&%&@é&@ﬁﬂ%fmaﬂb@cﬂhﬁémst enbodi nent Fig.1

Il lustrat es a wreless comuni cati on system based on the first enbodi nent
of the i n\Rigtldmhowssa détaiMof amdfiageniknt tdbde of tiecsbjedinpforamtion sepkir] e 15
network NET, a noving object 2, and a traffic control device 30. (bject 2
is, for eﬁgﬂﬁes agequenos, diagramsof the informetionpeaiading Systems basedzon the. fourthwi | |
now be descri hed assum ng that Moving object is a train. In the figure only
a novi ng eMlis jllustrated but in actuality, many trains 2 exist in
the system Traffic control device 30 nanages novenents of the trains-
TraffitT controls device 30 20 keeps track of each train, specifically, has
present | ﬁl;@o chedul e, and other information related to the
train sucﬂﬁgéﬂ(?fgp sr(?) Traffic control device 30 generates novenent

i nformati on | NFx, WhICh is the latest information on a novenent of an
object, to transmt other devices. Mywvenent information | NFx includes object
| ocat i on iRxfferemee ivaitl idViF be amade mzfetdlibuaﬂieanefﬂrreﬁﬁxabbdimmd tHeamnwdntion,

I nformation INF2 for the mpvenent, Specifically, a formof |ocation

i nf or mat i examytes of which are albstragad mt ﬁgp@@aﬁanxlagmmmg%r 'Name of |ine,

Di st a&ge from nei ghboring station, Direction" . For exanple, the detail of

Location information INF1 is "Long. 136 15 E., 35 45 N ", or " Tokai do
1. First embodiment

1-1. Configuration of a communication system of first embodiment
Fig.1 illustrates a wireless communication system 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 contro] device 30.
Object 2 1s, 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 1s 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 “Longitude, Latitude” or “Name
of line, Distance from neighboring station, Direction” .  For example, the detail of
Location information INF1 is- “Long. 136" 15" E,35° 45 N.,or “ Tokaido
line, 2km from Shinagawa, to Yokohama” . Related information INF2 includes a



i ne, 2km from Shi nagawa, to Yokohama" . Related information INF2 includes a
11 nane of a train such as "H kari No. 10" and a del ay or suspension. Mbile

comuni cati on network NET has a plurality of base stations 3-1, 3-2, ...; a
plurality of switches 4-1,4-2, ...; object information server 40A; and

| ocation server 50A. Location server 50A nanages | ocation area information

of all nobile 5 stations it covers. Eath of base stations 3-1, 3-2, ... is

provi ded at a certain distance from neighboring one and covers a base

station areas 43 each | t%erclgq(;.ﬁg" t,tyguq{}l" r4fu' gssiéshomn in Fig. 1. In
ot her wor d8"&d r?_tf)‘fflflﬁﬁg St ArBHY O dgn Carry " YEBrS “tommuni cation with
mobi l'e stations Mobilk edMGuficallas Shetivdkil NERIRRSa fliifalieP VST Base StakiOns Rown,
each of base stations 3-1 through 3-6 covers each of Base station areas 4a

t hr ough 4f 3-Eacha phoalityoof swiezheS 4- etZr. edotctantbriibBion seever diipi; laatlilocatoh
base station areas 4s. Each of Switches 4-1,4-2.... covers one of_ Location
areas 4. OBP@Et SPMakocptionastinen oY Ngaagsseloraion areroyiermation (ofj 4l sabile,
Rai | roa? Ltsaﬁj]Xtequ across boundaries of Location areas 5. Transmtting

devi ce tran@ilsayVrs object ID nunber IDt by radio. Each of Cbjects 2 has

a uni que obj ect ERINWIMAEe ! dhtiodsaghy 08.2Mobi sepsdvidddoas al ceit@nedistned fsha
nobile I D nunber IDnto identify a nobile station uniquely. Mbile ID
nunber i s, ne@hbexiagpire, aad plovers alrdserstatitie areas Wsecadhf lavebed & 44 athiromgh i s
not in atrain, Mbile station receives and _stores lLocation area

i nf oL mat i ot RE $hOBM Bhddg-siafn é&ﬁhes. Wotsn cRiiof dase asﬁfrtmswanze?lﬁim% radieg
o ; . onen FHEbITL R A
o Wobi | o CPEIRBEFR, imt BBbLE sPhis Winhn el of Bl AR Rieb I ' RO As

statiomg3. WheR, dadiseF vake Neliohs 3t ahtdighl3 Betsyerdeadtd oPBAe! stationVakiak &a
station 1 receives bject ID nunber IDt" from  Transmtting device TD and

notifies Mihiough 4fDEacinberatidmmad leteeid/ 24 addj Bdtis Axomupitation| ¢X base stesion e
Ctation 1 REGEESNBRGNPREN URN A onCOYeEBIEE LPETORAET 1 O . Cnl'y when
Mobile station r %%%é{ef hgpjaet%nslngttmm%icé BD aMBBhdFes! B a railroad 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 1 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
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 Object ID number IDt 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 [D
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



nunber | Dm and Qbject ID nunber IDt are transmtted to Mobil e comunication
network NET. In other words, Location area information 1NF i s not
transmtted 12 during the ride. This results in a reduction of fi-equency
of transm ssion of information on Ioca;'on about a nobile station that is
necessary for a registration. 1-2. Conf %uration of Location server 50A 5 As
shown in Fig.2, Location server 50A has a control unit 51 and a | ocation
table TBL. Control unit 51 reads fromor wites to Location table TBL data.

I'n addit dafing Cart fee. UNTHis Sksdlay ihes edicti@imofiteghénsy Wit Bakdihision of
i nformati on server 40A and Switch 4, to manage | ocations of all Mobile
st ati ons infonmitbn loa locaomations g inoobitestabok tHIETs ndoessety ifor @ registoatain.on
server 50A generates paging 10 signal when an incomng call for Mbile
station 1 is issued. Fig.3 shows information stored in Location table TBL.

Locati on |l e TBL has a..plurality o ecords Rol, Rb2, ..., in each of
which a @?I@W%ﬁﬁ%‘épf‘m Ser%%‘éiqfi&on i nformation of a nobile station
are stored The lgcat i.on. ipf i [ ' r ' [: r.oat | . or
an o) St 1 D nufberevabist e Tty Ot At S Es P oRA RRa0F 37
oj ect 1D ?ﬁ?l ' , L gl | hal L t} af.ea

I nformati (t)‘a[r!jl IT'S Dg:togrﬁlgg. t? g%ggrrpq%e, | M%ngg{lr@écaglpgtt?%lg ’\’;\Eoﬁsgﬁ%bbl e ID
nunber | DaddiohXORRED! uniti S Eariebiat toAnmitsaicibivdt Objechinfognation s4QE234"
" X00001" and "A01234" are stored in Rbl of Location table TBL )

cor r espond0AglandaSvetehwd, i to Branage locatoi0 afobll | Mahulet istationk ok einvidibse | D

nunber is "X00003" .is not | ject 2, Mbile I.LD number, "X00003" and
Locati on SPEEMNCHIGMAE rkwssfinaaﬁéﬂ%mn%rsﬁwgﬁé% BENSrales RASIAR or d

Cohent o SRl Wit Bhping PAIFEr MBHOE SR S HsHE  ae "ehown  CLocati on
| nformati File 3 Q00 PSR bRl m%?ﬁ%n%ﬁleampﬁvwahtmﬁ&m%s% uni t

41 carrie Out  conmmuni cation W th Traffic control device 30 and Locati on
server S50pluralityvef recordy/ RS 1aRbASI.Y éncaok &f whichhi dsbilaOrmmahbaniDer xed  40A.

onvert U T(i)ctati?)n information of a mobile station 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 IDmis “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. Ifa

(20 mobile station whose Mobile JD 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. Control unit
41 carries out communication with Traffic control device 30 and Location server 50A
as well serves as nerve center of Object information server 40A. Convert unit 42

converts Object location information INF1 included in Movement information INFx



converts Qbject location information INFl included in Moyvenent information
I NFx 13 sent from Traffic control device 30 into Location area information
INF. I n one exanple, Convert unit 42 has a first table for storing Location
area information |INF and | ocations repiesented by |l atitude and | ongitude
correspondingly; and a second table for®information on routes of trains and
Location area information INF. 5 Upon obtaining Mvenent information INF 1
in a "Latitude, Longitude" form Convert unit 42 retrieves fromthe first

tabl e Locagntdrorareaffancomit] Rlevicet 30 el behtisiadea idfbrination TNH on _
corresponding to object location information INF. In case of reception of

Movenent Imboe eximple, QdEvertiumited2 hiseefirsh teble forstameel deaton area gifboonmition
station, Direction” form Convert unit 42 retrieves fromthe second table 10
and out pulNFt anddacatsinsurapresented by eletimdel aedhtlppgitude cpjrespondinglyy esgoadi ng

to the bject, |locatian.infarmation INF.1.. 1t is noted that althqug ] ect
| ocati on SeBKableotor IRFormAGH Qn Foutes Ok AN S%???é’,onc'gﬁ% rvatign Iy

U Y T R T
communi Cad PRegXFHAD Rrid& frdf YEE i@ tabké Lo AR 4R GLlRSd €bRfrb] At t O

t he draw ngs. e’éi g.5 1s a sequence I agr am o% the communi‘cat 1 on system Wen
Mobi | e st afi ffoAmSHeE corits oﬁihgcm dbjetP Tobstidbdhfoengitiohi DR 1 gceis¢esfan
Qoj ect I D nunber IDt sent from Transmtting device TD (step Si) and

transmi t s reaeptionaof dvlovemeat iHifokmatignsINELi on a equeste nawiey dDistanichefrofibj ect

| D nunber I Dt _and a Nbbile I D numher IDmvia Base statign 3 and Switch 4
(not showRsIghboBpg sEHONNERCHQR at fasm, §amvert usi A retregves fronm therssgord tabde on

R TR 8 SRNTER! B SR R Y R o sy
Ea:rb:)r(argt?%\séﬂg%{%ﬂ\ﬁ)%ﬁl&an Z(r)lggr | Zr exg_'(t)grzedaggr '; ggp(c)}rjljd?(r:lzgl IyDi n
It is noted that although Object location information INF1 could take vartous
forms, conversion of any types of Location area information INF! 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 refemring 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 1 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 S0A receives the registration request,
the Object D number IDt and the Mobile ID number [Dm 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 correspondingly in
Rb2 of Location table TBL as shown in Fig.3.

It is noted that even when a Mobile station 1 comes across a border between



Rb2 of Location table TBL as shown in Fig.3. It is noted that even when a
Mobil e station 1 cones across a border between 14 | ocation areas, the
Mobil e station 1 does not transmt Location area information as |ong as the
Mobile station 1 is in an object ther ebz keeps receiving Object |D nunber

| Dt. When one of Switches 4 receives a ﬁ for Mobile station 1, the Switch
4 5 issues a |location request REQI to Location server 50A (step $4). REQ 1
i ncludes Mobile ID nunber IDmof the Mbile station 1. When Location server

recei ves lbegtiehi @vag, el ddobiREQhtiofdntdos notrinspdit Ricktiel esed rdorrhagad iagn
tabl e location information corr espondi ngnto the Mobile I D nunber (step S5).

Cont r ol unong 54 thej Mobie station Has inm en ebyesti thevelat kenpsiredeavingtOljact B hooser on
area information INF or 10 Object ID nunber IDt. If Control unit 51
retrievesIDécation information INF, Control unit 51 transmts retrieved

cves X
Conar ;?QS'QnSH W ot ol el Pl g Loyl Risane, koeation sery u 25"’*
RE

Trart s comibop obihEEut RO AR e SRS RRERE RORPRI RS
nunber | DMbeﬂ@mSﬁmnbeff 1Bf bf tH@MblS’i'le @eﬁbﬁq SOMfeh%aéueﬁrﬁe%éﬁreeeﬁeg ved

bj ect | D nunber into a certain nber available for Traffic device 30

and seconiecageﬂafequea RECEe0bntirolf qnﬂaﬁl aetrigvi xfro¥e Klocatiorafthble keatiow!
device 30 transmts Myvenent restﬁ)_gnse RES3 20 i ncl udi n%ét he (Object |D nunber

| Dt and t hefovmation moriasponding i tontheNMobile 1Bjrasnberi (stapr ). o@oeeobemtmh
ot o mat | HIENReligE Pegrated IocABoR DEHPIADOR e ocRHP v SEPRRS IR or
ospole RSBt IBHEREIIE (he [ ocation arca information TipaaLSC?E'eOc”abf‘ ect
I D nunber 1Dt t qf LOGREAIOfini® €3 IV §btriev8d [(SdaBiBn Sirkamation INF, Control unit 51
transmits retrieved Location information INF to the Switch 4. In this case, Location
server S0A generates and transmits to Object information server 40A location request
REQ2 (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 mformation
INF1 included in received Movement information INFx into Location area
information INF (step S9) and next transmits a focation area response RES2 including
25  the location area information INF and the Object IID number IDt to Location server
50A (step S10).
After the reception of Location area response RES2, Location server 50A

transmits to Switch 4 a location area response RES] including the location area

information INF and the Object ID number [Dt (step S11).  Switch 4 issues a paging



After the reception of Location area response RES2, Location server 50A
transmts to Switch 4 a |location area response RES 1 including the |ocation
area information INF and the Object ID nunber IDt (step Si | ). Switch 4

I ssues a paging 15 request including t@s Mobil e I D nunber to Base stations
3 wthin a location area designated by the Location area information | NF.
When the Mobile station answers, the connection is established. In this
system a nobile station does not notify |ocation area information to 5 any

nodes in geqmdst ligclngingothk MobiledD henttedeo Bdver itises 3 twithinoadoemidrherea
network is "reduced thereby inproves system performance. In addition, a
comruni catdesigndtedi byethed paiation afear iafpratation A Frayhao the Matnlrtstagion answeers;t r ai n
at one time is not. necessarily, introduced The only device provided in a
train is thmeonmgctiondpesmblishtd.-an | D nunber by radio. Therefore, this system

can be 10 established af a | ow, cost .In additiaon,..since. Convert.unit. is

i ntroduced to céﬂ\ﬁg}stsysmén’élﬁpﬁFr#@PHéﬁ?eéﬁqtmifYﬁ OPCAER I on to
informatign. | N _info i I i of ' e .
Fegar ap esngyis 17 BiofRle 8RS b bisditiecr, Thebt Bl B R 5Pt
control deyj %;qun hHiBide 2-1. Configuration of a

comuni ca??%ﬁ&g;gté%e A %r?el e@s}&égﬁﬁﬁlhcat Il on system based on the second
enbodi nmentlnizgglditiin)al einhanicatibn devich @apabls bf esfisieing Manyexobilt staiiahs @ a

| ocation server 50B is introduced instead of Location server 50A. 20 Fig.6
i s a scherten at photineds agt necassarily caitodced.er Ybe obiBdevice pravuged o trainois

server 50B has a contcal unit_Si, f{ars | ocation,table TBL1, and second
| ocat i on tO3I§] dOr FBPSMIERS oA MAHHMBH OXpraciapL 2 NCECIPHe VEET $@Rt O6n
tiabl e;pf the,f.irs di.ent v FliG..7 S etails .of t 1L I Lon
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Qoj ects 2 jacftica e d raituchRrbe mpdnaged mppadidst ddbdsat fatmias of object location

information 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
instead of Location server 50A.

{ 20 Fig.6 is a schematic block diagram of Location server S0B. As shown, Location
server S0B has a control unit 51, first location table TBL 1, 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 location table TBL1 has a plurality of records Ral, Ra2,..., each storing

25  Object ID number IDt and location area information INF comrespondingly. 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 TBLI as

shown in Fig.7.



| ocated within a | ocation area 5A and Object I D nunber IDt is "A01234" |
"A01234" and "5A" are stored in a record Ral of First location table TBLI as
shown in Fig.7. 16 1In this system upon updating novenent information | NFx
on an Object 2, Traffic control device 30 transmits the updated information
to bject information server 40A. Object information server 40A firstly
converts received information |INFX int® Location area information |INF and
secondly transmits the converted 5 information INF to Location server 50B.
Location server 5(,2 receives and d}tt.ores to Fir?t | gcat | tabl e BL]t %he
Movenent i nform&lﬁi B PRE YPET YR %Jn%?lg?%ltn' gy i #r tfje(fo ation
tabl e TBLITrhfiURSRTSAddediBé FomRahaRits tRE %dhﬂédsi%?%ﬂatioﬁcﬂi IYjectt Aenatdh2 1S
updated by notification from Mbile station 1, as described”in the first
enbodi mentservkd 42. Ofjectatnfomation lservey st0sim fidetly atdnwests ofectived winfeineson
comuni cati on system based on the second_enbodinment will now be described
ref er ri ng INGxFigo sLogatiom spge zfoamatian NI qwnghseoondly drangmitsathe genyaitede of

first enmbadinent. e f 0 Vi C e ve

(1t amootkplion HRRE Dol L6y o808 Lol o6r, HSSLERALKR SRS o,

i ncl udi ng FArsEib@Elon! LRUTBEN theX Mo@flentP 6@k tioh! INFRE InOthid My inforsRitRat

I nformati on server 40A (step S21). Wien receiving Myvenent notice N1,

Obj ect i nfstoradhtin diirss évoation46iecodl brig spdispe cinformmtmini soredniioSevand docativil

i ncluded in the Myvenment infor m}t i Qn I NFx i nto Location 20 area .infornmation
[

INF (step oI Blg g updsipe by naitisatian ifem Mekils stabon Jege dgs@dedriy the fistspi ¢ s
to Locati QN SeF Vel 50B an Area notice N2 (step S23). Suppose here that
bject 2 1i5S oKal do Li ne" novi ng from Shi nagawa station to Yokohama
stati o and Shi nagawa and Yokohanma station are |ocated within "5A" and
"5B", respectively. Wien the train arrives at Yokohama station, Traffic 25
control dév2cepaatigenétlat ostedbj ect | ocation information INFI indicating a
stop of the 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 Object ID number IDt
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 S0B 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 NI. Convert unit 42 converts INF1 into Location area

information INF. Control unit 41 generates and transmits to Location server 50B



train at Yokohama station. Next, Traffic control device 30 transmts
Movenment notice N1 including the information I NF1. Object information
server 40A receives Myvenent notice NL. Convert unit 42 converts INFl into
Location area information INF. Control znit 41 generates and transmts to
Location server 50B 17 Area notice N2 rncluding an Object |ID nunber |IDt and
the location area information |INF. Location server 50B receives the Area
notice N2 and updates |location area information INF corresponding to the
Qoj ect | D Awertietick N2 Fichiding an BhjestID nembeolDt dnd tel lecaiidld ares iefors4ibn

Specifically, if Cbject ID nunber IDt is "A01234" |, Locat I on area

I nformati NF |n record Ral is updated from"5A" to "5B" shown in Fig.7.
In this way Flr tabl e TBL has t he | at est |nforna n qQn vengnt. In
ot her words, elpR FePRROBhesevee the dacapetice M2 aad updates lecalion asa
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Fig.9 is dan¥pematbhchidivagrFinteiblt TBISY baethediteshinforendiagi orenovementsyst em
differs fromthat of the second enbodi nent only in having a Location
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Interface 64, and Hard
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.
(© 20 Client terminal 70 is, 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 information server 60 provides location information of Mobile
station 1 A 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. ROMS62 stores, for example, a boot



di sk 65. Location information server 60 provides |ocation information of
Mobile station | A responsive to a request fromCient termnal 70.
Specifically, CPU6l controls all the functions of all devices in Location

i nformati on server 60 and executes appligations. ROVW2 stores, for exanple,
a boot 18 program RAM 63 tenporarily Stores data or application prograns
for CPU6l. Hard disk 65 stores application prograns, which are a
connunication program for the communication with Cient termnal 70 and
Locat i on gram. SABAMSEsémpetandy stareoglatamof applibatiers progtmsnforf CRUBIL ur e
| ocati on of ct 2, and a call programfor 5 calling Mbile station | on
t he basi s Hdrd cimﬁs storesapplicatian pragraons, MUECIBake aeommunigesioalprogieni fredbe

Mobile station I A differs form Mbjl ati in havin unctions of

gener at i oﬁoa'ﬁ'ﬁuﬁﬂ%?%@mwllﬂbré fteﬂB’é’éf 73}1 ?ﬂ???&kqno RCTVER h1 an pslirgation
schemati c di agra bi l.e stati.on | bi | t|on 1A has a
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I nf or mat i gpkanllidesigkesent |ocation of Mbile station 1A including the

| ongi tude and latitude. Radio device 120 carries out radio comunication
wi th Base st ati dolilaistiioncdAt differo ffoRUsobilenptatiodel i inehadfg Haactidnsbof t ons
including Push Button (PB) and cursor keys and sends information on a user’
s di rect i @eneration @odttragsmiitance xddocation 1 19! aysg-l hiva seheneatic dl@gtanbl

the 1 uncil VIEDUF SEIPT i o8 STRPIm PSR A/ has Renzatiad00dalobel: Fon
o 80 Hoighds SERERR (CPSIRUCES 11 ¢ SRIMERLE 290 bl AR 3 96, Tiguid

related i @Fgﬁémnls@ay '(EUBbeMOfﬁ{d BudnBloe, Y@l el eadibYwale
bj ect 2. M 113 tenporarily stores data and application prograns for CPU

111. EEPReM lyl 4 satiiite lant igeneratesanforamation toor the prestat éotatppbof ddobitenstatiagr ans.

Bus 150 electrically connects all devices. . . . i
A including “the longitude and latitude. Radio device 120 camies out radio

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.
EFEPROM 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.



25 3-2. (Operation of the systemFig.12 is a sequence di agram of the
information providing system It is noted that this systemcarries out
procedures for updating |ocation area information |INF, which is the sane as
that in the second enbodinment. 19 A user operates Cient termnal 70 with

| nput device 130 to access Location information server 60. Cient term nal
70 displays in LCD 140 direction for idfut of Mbile ID nunber. Wen the
user input a Mobile ID nunber |Dm (phone unber, for exanple), dient

termnal 70 tra zﬁrﬂsteﬁ/bggﬁage%f%ﬁélﬁ:}gohﬂfrﬁgmz\g@gFI)ﬁ@.gV(?JVlgéolﬁ@cf@tab&%s IDchfGh est

REQ 4 i ncl udi ng the Upon recelving location

request REQfdrmdtmaddrost 60f Oleratte@ninabno elisflfys tnr BB 48 dixectidn dor mqueﬁt
REQ 5 including the Mobile ID nunber to Location server 50B (step at)
Locat i on shfobele IBoBimberiWhen ﬂm:asemnput@qM@bﬂe&E@Iah@r Héltﬂrﬁptb%% umb@b of on
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if  oj gect réqlaeglﬁ%)@ éLépEudlnfglﬁlte%ﬁpﬂgp%ﬁﬁ%gngglcnggérpoﬁ f)abl e TBL2, Location

server Set ect i S not stored t he

flag FLGis set U@on OreceivaigeNodadidh. régexét, RIBGE at,i Docativny énfob@atiomnsenvedr s6@ o
Location information server 60 a 15 ocation request RES 5 including the

Locati on atressmit§ bcation oequesFRESY SHndgdmgGhe (Mobie @Mumh@c@tLQﬁ#UPﬂfs@fVﬁﬁt i on
60 t ut

oro0r am t S0BAGEPNBERY 4 leh SRV @QR il focofBE FERH RITQS yufie
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area iden ocation are rmation y sendi ng a pagi ng

si gnal jp nclodtiog tZ@leWBlUleamcD Sesohe rlocdtivnaddilé ITBI.2 i (btepl 833 FLiGrilersete, tif
"1", Location information server 60 generates boardi ng i nformation
i ndi cati nthm@ttHErannbﬁeIDtdﬁ stased e Seeand becation tﬁbll@eEB A hogatignrseryer spt ag

FLG s set ﬂgg FLG to ‘tlhe 11%0(% ectnfblnum blt%] nlo $ ored tﬂerﬁ‘\a a{:ﬁﬂ; is set to “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 response 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 1is set to “1”, Location mformation

server 60 generates boarding information indicating whether a user of Mobile station

1A takes on a train. If Flag FLG is set to “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 information 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).



Upon receiving the paging signal, Mbile station | A generates and transmts
25 to Location information server 60 | ocation information on the present

|l ocation and related information including a direction and velocity (step
S36). Location information server 60 receives the |ocation information and
the related information from Mobile station A and transmts the |ocation
information, related information, and20he boarding information to Cient
termnal 70 (step 37). 20 For exanple, a user of a nobile station |IA aboard

atrain ich is located at. Long.136 15 , 1900.45' N and, headi t owar d
Sout h at @%%ﬂdﬁ‘ﬁ’ & U3¢ ki3 %ggjtﬂ(l?r gyaﬁSErFAl abqand ct%%,wﬁlc(f@a%si goncg%d &t

| nformati %I@Lfm; 143@ 155 Eg5' 8P’ andtThealling t6®hdt &huithf & BRGERRIty 46K,
Sout h", and Boarding information "Now 5 boardi ng" are transmtted” to Cjent
term nal 7Kilotheteesbeura rsethid scaset Iadvatod, idformstien Tlodmgy. ndd6 ol S5eEveBS560
does not transnit _the boarding information since Flag FLG in |ocation

response RES N.'j sredated tiglompation A46Kadky iSeuth aide bogEtpg eindpranatione “New
obt ai n boar di snformati.gn,as |]. as.| tion information of Mbobile
stati _on})I / °5'§} lgEeF‘%ettir?‘@nEﬁF%E‘? Cﬁ?in%eﬂg}na%ai n this system 10 3-3.

Modi fication of 1hh@sd Rivser RTRANLERRL (A%t GITbRASIAPRCer M BosyRéERMit he
third enbodi nent is conprised by adding the systemof the second enbodi nent

t o Locat i othe denuEng 6ofcamdtiGhisemte Flagrifi@ah [80atiddovespense RESi § ipeostsiobT® t o
i ntroduce a system.in which Location server

1(% and . Cient terngnal 70 are
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Locatign server 50A obtains and transmits to Location information server 60
Location area information I NF. Next, Location information server 60 20 pages
Mobi | e st ai-BoMddicasiont dfehbdsrdembodineentocat i on area i nformation | NF,
simlarly to the third enbodi nent. 4. Fourth Ephodi pent ) .

As described above, the system of the third embodiment is comprised by
adding 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 S0A receives Location request REQ 5
from Location information server 60, steps S5 through S10 shown in Fig.5 are carried
out. In this way Location server S0A obtains and transmits to Location information
server 60 Location area information INE. Next, Location information server 60

20 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

25 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 information server 40B,



4-1. Configuration of a system 25 An information providing system based on
the fourth enbodinent is the sane as that of the third enbodi nent except
for detailed function of Traffic control device 30 and use of an object

i nformati on server 40B instead of 40A a q Mobile station 1 instead of |A
Specifically, Traffic control device 30"transmts Mywvenent information | NFx
only when receiving a request from Object information server 40B, 21
simlarly to the first enbodi nent. Cbject information server 40B has a
managenentsimilaily eo T Krsasmbodimneritn  Bibgect 3nfotinbfien sagef 408 Habjaatianagdmenat i on
server 40A. Fig. 14 shows an exanple of information stored in Managenent

t abl e TBLKableNEBbyasshownabifag 18| diffenngdrondbect nfamatonmsedseriA. Rc2, . . .,
each storing an [

5 ject 1D nunb LD, M t f ti | NF d
imestanp T. Ti AREdAmRONS appeseple of tmiormiien aiesed mdiamagement ik 1 nFx
' t d. | fi torjng.M t o ty | NF Cont
uni ¢ 81 onvaPRge o e T e hERIYT 6 AR Re Fior 5hh woh ne
ti t 1 I Nl t hat
o ect 3 ocaneanEy L I A MENgibh PR AEEAYE. R BhEIErIL, "0y, o7

cor r espondp %Pfe@el% tRE ttirh® WHSH Moﬂfei?ﬁérﬁ%?onﬁﬁo@ﬂ@?x i¢-store@P € SpletiRAINT t5he

system Qperations of the systemw now be described referring'to Fig. 15.

Fi g. 15 i s updn stoag dMoeanehtagfommation TRExs Coneol ust SpobBaits dntk S4 4 sinidre
sane as steps S31 and S32 as descri bed above, respectively. Next, Location

server 50Bwichevgem techgarel adawiites thaline T@Managen@it dable | TBLkunfer ot i s
stored correspqndi ng .Mbile ID nunmber, Localion_ se 50R sets_ the
flag FLG t%mnpngecqrag{%aphﬁ@@wmaﬁth?@f@hﬁat ﬁ!}ﬁﬁféi Qrg. 136 "o
(step R0 ). df ject number I DX | s stor Lo ioniserve »
ranetfos Toveferts ABqueNt. REgersiaRor e R Bt PR e 9 BEY
Qoj ect i nfgrpgdon server 40B (step S44). bject information server 40B
recei ves the Myvenent request REQ 8 and

4-2. Operations of the system
Operations of the system will now be described referming to Fig.15.  Fig.151s
15  asequence diagram of the system. Steps S41 and S42 is the same as steps S31 and
S32 as described above, respectively.
Next, Location server 50B accesses Second location table TBL2. If Object ID
number IDt is stored corresponding to a Mobile ID number, Location sever 50B sets
the flag FLGto “1”. Ifthe Object ID number is not stored, FLG is setto “0” (step
(20 S43). If Object ID number IDt is stored, Location server 50B 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 mformation INFx and Timestamp
25 T, each corresponding to the Object ID number IDt.  If Movement information INFx
is not stored in Management table TBLk or a predetermined time has elapsed since
the time represented by Timestamp T, Object information server 40B transmuts a
movement request REQ 9 to Traffic control device 30 (step S45).

Traffic control device 30 generates Movement information INFx about an



retrieves from Managenent table TBLk Movenent information | NFx and Ti
mestanp 25 T, each corresponding to the Qbject ID nunber IDt. If Mvenent
information INFXx is not stored in Managenent table TBLk or a predeterm ned
time has el apsed since the tine repr esent ed by Tnnestanp T, Object

I nformati on server 40B transmts a novenent request REQ 9 to Traffic
control device 30 (step $45). Traffic control device 30 generates Myvenent

i nformati on 1NFx about an 22 bject 2 identified by the received Ghject ID
nurber | DObgend 2 idensifiet oyt theQeicented Obfeot bibt manbareDeand @@namite ten®biect
response RES 9 including the INFx (step S47). Object information server 40B
t ransni t sitformaiten S@ﬁersg@B@rnw@smnhmﬁpm D onchedingitie: BNFrdstegi b4/ x he
Movenent information | NFx (s $48). 5 Lf Mbverrent i nformation INFX is

st or ed inqm@%a”%lﬁmat@m@e‘ taRMES 1)L eerian e YRE P 0F YSRGS IeHORER ed

' ti bj.ect inf ti . . 4 Kj $45 th h S47 and
Cr anem ¢ SRESS peninerBe RAEanaRs Bt Brics N RS B 08 (st ep Sie).,
Locat i ' - _ ' VORI 10
Voverht. i nf or nhch P RES AR YSTR s s FRd B Maepyfort B89 JE 3B 2
Location | féi‘ﬁﬁﬂl&f‘tiﬁl%rﬂé@ho@@la{a@&?éiﬁ%tiﬁ@%%bcﬁiﬁﬁﬂﬁﬁﬁ@n@@%&QGE ipg act s

INF2 fromthe Myvenent information I NFx i ncluded in Movenent response RES 7

to estinmeteps 845 uhtough! adndirasimitdi esdvenend regponté RESBYo bbcagon sadvepn i s
as follows: Suppose that a user of a nobile station 1 is in a train whose
Obj ect | D5ABASEP S48. i s "A01234" and Managenent table TBLk stores detail ed

I nformati on sho I 0 Fir%' %éﬁ When lLocation informatio erver. 60 receives
a | ocation requﬁg‘tx“t _ £ oHP IR @rrﬁpﬁ%ﬂneﬂbfe%f’%??sﬁﬁz tIRF % are
oot o L R¥ofnaRn PRGN TREs 08, FoRy, infohaRhl *Rer . KOt SRME on

server 607 @ghtioR {aH ssrder qLRELIQBS Rio ﬁt&@épgﬁé’@@h%aiéa&akg Nt abl e

data stored 1 n Hard disk 65. The estimted | ocat | nformati on gener at ed

by Locat i ¢ton nhe Mevémentsarforenatit INEk udelided an lefoxeplest response/ RES Kafu in
18 m nutes" .
estimate a future location of Object 2. A specific way of estimation is as follows:

Suppose that a user of a mobile station lis 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
t 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 Chent terminal 70 a
location response RES6 including Object location mformation 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 amrive 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



Next, Location information server 60 transmits to Client termnal 70 a
| ocati on response RES6 including Object location information |INF1l, Related
25 information INF2, and Boarding information (step S50). Specifically, INF

1 "Long. 136 15" E., 35 45 N " , INF2 jfzusa No.2" , and Estimated |ocation
information " This train will arrive at“Kofa in 18 m nutes" , and Boardi ng
I nformation "Now boarding " is transmtted to Cient termnal 70. As

described in this enbodinent, a person is able to obtain the present and 23

future | ofigtiedncatiorofiabndldlesstaiondsy byuttingtd MdtgledDMVialnber tol hiemdtermiral
Client termnal 70. In this system [ocation information of a Mbile

station cdf. bln this aystenh, leation imiformaeomoba Mobilestaban ican 8bjobtained, caendf
carry out radi o communication with Base stations because Object 2 i s noving
t hrough atheummdile sighonxianibiect 3 canngd dtarmyo pUL radionepmannirationgwithe Base

can be. m RAHPORBECSSAADIEH ST UHAND T BBOEh oUBBRMMecks T meet amp T Lo
biner ords. 1 ol PP Bt SRR A ARDE Tork! dRiEE AP Sor BiGE 6 4[5
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device 30 transmts t atest Movement I nformation to venent

i nf or mat i d0Bseliecks AR I, to ) whethep toRibtAn thé Mrformatiom dasradTralffic t hi s
case, Location server is able to obtain the latest information 15 on Object

2 and needentmalt deviceed@r I heestaady the intforrsatarsas piganed efhtently aed son
uses Cient termnal 70, to designate the detailed future |location of a
Mobi | e st REGSH€LY.For exanpl e, a user inputs the desired time (an hour |ater,
fior e@rrpl e) in addition to Mobile ID nunber Anmer reception of QObject

| ocatton information INFl, Related information INF2, and Estimated | ocation

2001 oo g BRIl gt o7 80 [l vcs L erl il
the schedule It is possible that Traffic control device 30 transmits the latest Movement
information INFx to Movement information server 40B every time the information
INFx is 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 transmitted 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 Dt to
Mobile communication network NET via Base station 3. However, it is possible that

a device provided in Object 2 transmits Mobile ID numbers [Dms each of which is



stored Hard disk 65. Retrieved information is transmtted to Cient term nal
70. 5. Supplenent 25 As described in the above enbodi nents, when a user of
Mobile station 1 gets aboard a train, Mbile station | receives Mbile ID
nunber IDmfrom Transmitting device T&%nd notifies Mbile I D nunber |Dm
and received bject ID nunber IDt to )i | e conmruni cation network NET via
Base station 3. However, it is possible that a device provided in Object 2
transmts Mbile ID nunbers | Drs each of which is 24 sent from Mbile
station lsandiéd RMdbileDstatobdr ahdObjeet D hiurgbaolai o eashily cofehupcktidiET. | n
this case, the device has the function of receiving Object ID nunber |Dt
and Mobi | setvidrkuNBEL  1IDnthisAsase the adepice, has dns fimdtiongotl eederangDObpary Tave
the function. The point is that Qbject ID nunber IDt and Mpbile I D 5 nunber
Mn are thamber ibtand ddebie IDrammlssi I mc odysan example, hensontingevighdl a

Var | att ondHB0RaE TR, prBeHRinT B B Oiect RSB MBI g daviabile Mhoul d
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many nodi giﬁgoé@gghoﬁﬂq equi val ent i nplenmentations wthout departing from
this scope and"w thout dimnishing its attendant advantages. It is
therefore intended that the present invention is not limted to the

di scl osed enbodi ments but should be defined in accordance with clai ns which
follow 15 25 Mithough the doregdingsdestription ipndadesmany yarmtions dor ases o€ or
provi ding | ocatjon information of mpbil e station within a npbile

communi ca_pl‘%ﬁnﬁﬁél%?iﬂnaf@ﬁs@/\ﬁﬁ@ﬁ_@gs @m&ﬁhﬁ}ﬂddﬁibwm e hrbipe) i@ &t i on
10 16 T8 e RS L GORREUE A o SR e IR L B0,
receive fiamntiB EORILPEBIR! Py 'MSAhLAHGR! 14 Shuivalent implementations
without departing from this scope and without diminishing its attendant advantages.
It is therefore intended that the present invention is not limited to the disclosed
embodiments but should be defined in accordance with claims which follow.
15



the nobile station and an identification of an object on which the nobile
station is carried; a location information storage in which the |ocation of
the nobile station is identifiable with reference to the object notified by
the nobile station; a location informati on provider adapted to carry out
communi cation with the termnal, that determ nes, using the |ocation
information storage, whether the nobil g5 station is carried on the object,
so as to provide information on the |ocation of the nobile station with the

termnal in response to a request romlthe termnal. 2. The information
- . at1s clainied e . .
provi ding systemof claim1, the ['ocation inf'ormation provider further

conprising: neans for identifying the nobile station using the |ocation
information storage with reference to an,',deﬁtif_i cat}on of ap obj e,i:e;te

notified by AhdveERHiRaProviding FEkHe iPbPTRUHARIAPCHPT ABLORREEPT RE anBBbIe
station S Qufdn AR ahdbile WoMiRliAfn Mtk BCFLRILO bohAnitBid Fid R T oN. 3.

The information providing systemof claiml, further conprising an object
i nf or mat i onobilersttiod &y a feomirah the/dysgmoeompeismguni cation with a traffic control

devi ce which controls movenent. of the object: a wherein: ..t he .| ogati on
e mat T ok o Tagian SOyt Fidbred o hSngedeston, O el FPTE Setih Subd k.

mobi | e st ahétar dognhlifeakios Ativeiik e tedeite frdr SIROMEKI1d Qatdor’ BOdesifichligt he
termnal; the |l ocation server is adapted to identify an object on which the

nobi | e st dh¢ Girbils statignrandgar igentifigation of ahobigenen Mhedt thsnmgbile B@tigbject to
the obj ect infjormation provider; and the object information provider is
adapted to obtain fromthe traffic control 26 device the novenent

i nformati on on tahecghjnemfqrmation comager in hieh oy éwetien ofifler mabilostatiomiso t he

| ocation i.nfor ian so as to provide t | gcati.on information to the
| ocati on ‘??‘T&'&gﬁfﬁt"f‘gﬁegﬁfﬂ\ﬁé‘éme B%ECW%H{%&@& _edﬂo@_grs\'}aé’ro.’" 4. The information
provi di ng system RtatfdninfBrRativh iRiider ddAReP B B4ty ol smMbAGRIdA QMh @r has an

object information storage in which the novenent information is obtained
fromthe tiemfipalc thapdetconingevising the lneaivei iafdroation steraghe whether the mobile

station 1s carried on the object, so as to provide information on the location of the mobile

station with the terminal in response to a request from the terminal,

2. The information providing system of claim 1, the location information provider further
comprising:

means for identifying the mobile station using the location information storage
with reference to an identification of an object notified by the terminal; and

means for communicating with the mobile station so as to obtain information on

a location of the mobile station.

3. The information providing system of claim 1, further comprising an object information
provider for carrying out communication with a traffic control device which controls
movement of the object; and wherein:

the location information provider is adapted to transmit the identification of the
mobile station to the location server in response to a request from the terminal;

the location server is adapted to identify an object on which the mobile station is
carried and transmit an identification of the object to the object information provider; and

the object information provider is adapted to obtain from the traffic control



identification of the object; and when receiving an identification of an
object identifying information fromthe |ocation server, the object
information provider is adapted to generate |ocation information on the
object using the storage . 5. The information providing systemof C aim 4,
wherei n: upon detecting a novenent change of the object, the traffic control
device updates and notifies the object6i nformati on provider of the novenent
information; and the object information provider receives the novenent
information_an ener S |l ocat | i nf. j j f..the
moverent | OF et g o el RLhAR 8D ddRRRP forlackl

wher ei n whige thededadiongnformmidrso ad er pronale taa ldcagon infoohatidnetol the dddation
information_on the nobile station, the location information provider
generates,mgﬁn@ﬁﬁlﬁﬁgF@rﬁWtWﬂ@“ﬁﬁ@éW@Wﬁ information, estimated | ocation
information representing a future |location of the nobile station and
transmts the estimated |ocation information to the termnal. 7. A nethod
for provi d4.fgelinfoadtion prefidmgayiten obflaam Folhéreinst ati on within a nobile
communi cation netwark for w.rel essl omuni.cat.i it h the mobil ation
fora termnal . D ReE AP DR QS sdton B JT Wik e oot
station, amotdhamt iffoeadtioans obtainee ok Me trafficofdnérol d@MGNntasiceiition exihcthe
provided in an object, transmitting the identification of the object and an
i denti fi caldPication pigheebierieandt ation from the nobile station to a |ocation
server; 27 Stoungd iLeibgleRtdiitRilA O bhjec Tebldrfing liffobRRiAN Aok,
identification of the object correspondingly in a location 1nformation
storage; detsom semer, whet hiectt infoniytiout prosidenris yadagtedhéo ngeedate decatipon i n
response to.a request fromthe termnal by the |ocation server; and

noti fyi ng Wﬂﬁ?ﬁ%?“?%gwﬁ%FﬁE?m?%ﬁ%5¥?V$ng the mobile station to the terninal
8. A nethod for providing location information of a nobile station within a

nobi | e conmmuni cation network for wirelessly comunicating with the nobile
st ati on t oS.ghe information providing system of Claim 4, wherein:

upon detecting a movement change of the object, the traffic control device
updates and notifies the object information provider of the movement information; and
the object information provider receives the movement information and generates

the location information on the basis of the movement information.

6. The information providing system of Claim 3, wherein when receiving from the
terminal an inquiry of the location information on the mobile station, the location
information provider generates, on the basis of the movement information, estimated
location information representing a future location of the mobile station and transmits the

estimated location information to the terminal.

7. A method for providing location information of a mobile station within a mobile
communication network for wirelessly communicating with the mobile station to a
terminal, the method comprising the steps of:

receiving, in the mobile station, an identification of the object from a transmitting
device provided in an object,

transmitting the identification of the object and an identification of the mobile

station from the mobile station to a location server;



termnal, the method conprising the steps of: storing the identification of
the nobile station and the identification of the object correspondingly in
a location information storage of a server for nanaging a |ocation of the
nobil e station; identifying, using the | ocation information storage, an

obj ect on which the nobile station is carried, in response to a request
fromthe term nal obtaining novenent i rf7ormation of the object froma
traffic control device which controls novenent of the object; converting

obt ai ned noveneng, i At | i nt . i | i-1.0960. .
transmtting the&?%@%@%gﬁ%rﬁ%g$ﬁ§?F%Eﬁgggﬁﬁgogg?%?%g?aﬁg?ggﬁgﬁﬁgﬁﬂ%ﬁiof
Claim8, fusrtdspendbaipin siongidntiefoshapnofortgeansmi tting the identification of

the object and an identification of the nobile statjon fromthe nobile
station to the SgivBRNEhehes (g Pirst fopmirs fidarils Sohal ¥t BHPSe ihe
obj ect. 10reqli@ raRE RO brAnalh piAISeativh 8dr@drnathen recei ving the movenent
I nformation, the server@%enerates, on the basis of the novenent

i nformation, estiotfyiag whedar the abiettis earmand ba mabde seEat fnige erminalir e | ocat i on
of the nobile station so as to transnit to the term nal

8. A method for providing location information of a mobile station within a mobile
communication network for wirelessly communicating with the mobile station to a
terminal, the method comprising the steps of:

storing the identification of the mobile station and the identification of the object
correspondingly in a location information storage of a server for managing a location of
the mobile station;

identifying, vusing the location information storage, an object on which the mobile
station is carried, in response to a request from the terminal

obtaining movement information of the object from a traffic control device
which controls movement of the object;

converting obtained movement information into the location information; and

transmitting the location information to the terminal.

9. The method of Claim 8, further comprising the step of transmitting the identification of
the object and an identification of the mobile station from the mobile station to the server

at a time the mobile station is carried on the object.

10. The method of Claim 9, wherein when receiving the movement information, the
server generates, on the basis of the movement information, estimated location
information representing a future location of the mobile station so as to transmit to the

terminal.





