- TI TLE OF THE | NVENTI ON Position Display System of Mbile

Ter mi nal’ BACKGROUND OF THE | NVENTI ON Field of the Invention
5 The present invention relates to a position display system
“of a nobile termnal, a center station therefor, and a nobile

termnal thereof. Particularly, the present Invention relates to a

position display apparatus of a nobi | e term nal enploying a snal

zone conmmuni cation 10 system a systemtherefor, and a nobile term nal

t her eof . - Description of the Background Art A et hod of

detecting the position of a nobile of I nterest to the present

I nvention is disclosed in Japanese Pat ent Publication No. 6-93650,

for exanpl e.pAGEOTHH HiE INVENTION
Position Display System of Mobile Terminal
BACKGROUND OF THE INVENTION
Field of the Invenﬁion |
5 The present invention relates to a pésition display
system of a mobile terminal, a center station therefor,
and a mobile terminal thereof. Particularly, the present
inventiqn relates to a position display apparatus of a
mobile terminal employing a small zone communication
10 system, a system therefor, and a mobile terminal thereof.
Description of the Background Art
A method of detecting the position of a mobile of
interest to the present invention is discloséd in Japanese
Patent Publication No. 6-93650, for example. According to
15 the present publication, waves from a plurality of
repeaters are received at respective mobiles in a mobile
communication system for carrying oﬁt communication
between a repeatér and a mobile via a wave. -By using a
coverage contour of a reception electric field level from
20 each repeater obtained in advance, the range in which a
mobile can be located corresponding to eaéh reception
level is obtained to detect the current position of a
mobile from the overlap of each range. |
However, it is difficult to draw the coverage contour

25 in the frequency range used for a general mobile wireless



-15, the present publication, waves froma plurality of ~ repeaters
are recei ved at respective nobiles in a nobile comuni cation system
for carrying out conmunication between a repeater and a nobile via a
“wave. -By using a coverage contour of a reception electric field

| evel from 20 each repeater obtained in advance, the range in which a
nobi | e can be | ocated corresponding to each reception | evel is
obtained to detect the current position of a nobile fromthe overl ap
of each range. - However, it is difficult to draw the coverage
contour 25 in the frequency range used for a general nobile wireless

t el ephone system and, therefore, it is not practical. The reason i s

that when ancéTdshehd VsPétdiCakd StRdfefdfld i€ is not practical. The
reason is that when an intensity of the electric field is
to be measured, the fixed value is seldom obtained due to
the fact that the electric field value changes depénding

5 on the time elapsed and holding attitude or holding

direction of the detector owing to a multipath or fading
caused by a geography which is affected by building, rows
and moving vehicles. As a result, the detected values
constantly vary within the-range of some dB to some ten dB

10 (microvolts). Therefore, such a system can be applicable
only to locate rough position of vehicles moving high
speed. However, such a system cannot be applied to the
system wherein the location of a man or a vehicle is
detected with a precision of some 10 meters.

15 There are various conventional methods to detect the
position of a mobile vehicle or object. Means generally
used for detecting the position on the ground and in the
streets includes MCA (Multi-Channel Access), AVM
(Automatic Vehicle Monitoring System), and GPS (Global

20 Positioning System). Each will be described hereinafter.

(1) McA

Today, a great number of vehicles for various
delivery and transporﬁation such as those of a delivery
service company are seen all over the streets. When the

25 dispatch center of a delivery service company wants to



"to pe neasured, the fixed value is sel dom obtained due to t he fact
that the electric field val ue changes dependi ng 5 on the time el apsed
~and hol ding attitude or hol ding direction of the detector owing to a
‘mul tipath or fading caused by a geography which is affected by
bui | di ng, rows and noving vehicles. As a result, the detected val ues
constantly vary within the range of sone dB to sonme ten dB 10
(mcrovolts). Therefore, such a system can be applicable only to
| ocat e rough position of vehicles noving high ~ speed. However, such a
system cannot be applied to the system wherein the |location of a man
or a vehicle is detected with a precision of sone 10 neters. 15

There are vafhfbhsm CREVEM PR f@‘ée%?@ﬁfr} Oofieér?%bté@t t%o ong POBI{AEN Of a

nobi | e vehicle or object. ans genera etectlng t he
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.. and GPS (G obwdm 2Custsd:s, ONd Nk eiinh -to Fasty Wnd Hiesdasedidedo
“hereinafter. (1) MCA _ Today, a great nunber of
vehi cl es fortharvehicle located closest to that customer from the
5 standpoint of time and efficiency. In general, most of the
delivery vehicles have a wireless such as of a MCA mounted.
Conventionally, the dispatch éenter contacts the delivery
vehicle considered to be running closest to that client by
wiréless. If the contacted vehicle is actually located
10 near that client, a relevant instruction is provided to
that vehicle. If the vehicle is located far away in
contrary to the dispatch center’s expectation, other
vehicles are contacted sequentially until an appropriately
located vehicle is identified. It was common to carry out
15 such confirmation procedures.
(2) AVM
AVM is a practical system that can grasp the current
position and state of activity of a running vehicle. This
system includes a fixed station (operation control center),
20 a repeater (user operation center), a sign post, and a
mobile station. This system is already employed to
dispatch taxis and the like efficiently.
(3) GPS
This system is generally employed to identify the

25 position of a mobile vehicle. It is already commercially



-delivery and transportation such as those of a delivery service

delivery

10

conpany ‘are seen all over the streets. Wen the 25 di spatch center of a
delivery service conpany wants to - 2 -
‘informdelivery or reception of an object to one of the delivery
vehicles running in town upon receiving a call froma custoner, it
I's common to send the instruction to the vehicle | ocated closest to
that custoner fromthe 5 standpoint of tinme and efficiency. 1In
general, nost of the delivery vehicles have a wirel ess such as of a
MCA nount ed. Conventionally, the dispatch center contacts the

vehi cl e considered to be running closest to that client by

available as a navigation system for vehicles.

The above-described systems are known as conventional
methods for detecting the position of mobile vehicles and
objects.

A problem encountered in a MCA will be set forth in |
the following. If the driver of a vehicle also has to
handle the deliVery (simply referred to as "driver"
hereinafter), the driver must leave the vehicle near the
customer’s destination to deliver or receive an item to or
from the customer in an apartment or a building of an
enterprise. Since the driver is remote from the vehicle

during the door delivery or reception, there is a

possibility that an inquiry of the position of the vehicle

15

20

25

from a wireless of the dispatch center is not responded.

The dispatch center may not easily catch a delivery
vehicle near the client even though the client has urgent
needs. There was a problem that a complaint was filed of
delayed service from customers.

Furthermore, the dispatch center must take the
trouble to contact the driver of the mobile vehicle to
have the driver’s current location described orally in
this MCA method. The driver must be frequently contacted
through a wireless to accurately grasp the current
position of the vehicle. This is not only tedious, but

also places a considerable burden on the driver. 1In



is a practical systemthat can grasp the current
of activity of a running vehicle. This

-wirel ess.
client,
vehicle is located far away in

s. If the contacted vehicle is actually located 10 near that
‘a relevant instruction is provided to _ that vehicle. If the
contrary to the dispatch center's

systemincludes a fixed

station (operation control center), 20 a repeater (user operation
center),

GPS.

position of
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a sign post, and a
enpl oyed to
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_ systemis general Iy enployed to |dent|?y the 25
8rBPPLLEI YENLY! & w1£élé§saféeﬁgacﬁoﬁﬁﬁéﬁbﬁbbflate vehicle

after repeating contact to several vehicles. There was a

problem that confirmation of the position information is
troublesome.

In the AVM, a sign post provides the position

~information. However, such sign posts are installed only

in the coverage area of the service vehicle. Naturally,
there is a limit in using this system over a wide area
range. There is also a problem that the sign post zone is
so large that specification of the position of a mobile
station becomes too rough to result in low precision of
the position. There is also a limit in reducing the size
and weight of.the mobile station since the output power of
the fransmitter is 1W. There is also a problem that the
position information of a mobile station must be
transmitted to the center station through 5 taxi wireless
and the like, which is rather tedious. Furthermore,
extension of the sign posts causes increase in the
facility cost.

As to the GPS system, the mobile vehicle per se can
confirm its own position. However, additional
communication means is required to transmit the position
information to the center side. Reduction in size, weight,

and cost as a terminal system cannot be achieved.

nobi l e station. This systemis already

(3)

*expectation, other vehicles are contacted sequentially until an
appropriately | ocated vehicle is identified. It was comon to carry
out 15 such confirmation procedures. (2) AWM AVM

position and state



avai |l abl e as a navigation system for vehicl es. The

above-descri bed systens are known as conventional nmet hods for
detecting the position of nobile vehicles and objects. 5 A
“probl em encountered in a MCAw ||l be set forth in the followi ng. If
the driver of a vehicle also has to handl e the delivery (sinply
referred to as "driver" hereinafter), the driver nust |eave the
vehi cl e near the custoner's destination to deliver or receive an item
to or 10 fromthe customer in an apartnment or a building of an
enterprise. Since the driver is renote fromthe vehicle during the
door delivery or reception, there is a possibility that an inquiry of

the position of tfg.¥ehifleaso pod {OIBR ALl GRSt Bin iy fhapathiy center is

not responded.
emits a weak wave and that can be carried by children, the

aged, and handicapped individuals. However, the coverage
area is extremely limited with such a weak wave that is
5 allowed accordiné to the current Wireless Telegraphy Act.
Such position confirmation devices are not practical.
SUMMARY OF THE INVENTION
In view of the foregoing, an object of the present
invention is to provide a position display system of a

10 mobile terminal that can have its position detected at a
low cost and with high accuracy.

Another object of the present invention is to provide
a mobile terminal that allows position detection at a low
cost and at high accuracy.

15 A further object of the present invention is to
provide a center apparatus that is employed in a position
detection system of a mobile terminal at a low cost and at
high accuracy.

Still another object of the present invention is to

20 provide a system that allows automatic transmission of
position information of a mobile terminal carried by a
driver and the like to a center apparatus even when the
driver is remote from a vehicle.

A still further object of the present invention is to

25 automatically provide the position of a mobile terminal



-15 - The dispatch center may not easily catch a delivery vehicl e
near the client even though the client has urgent needs. There was a
problemthat a conplaint was filed of del ayed service from custoners.
"Furthernore, the dispatch center nust take the 20 trouble to contact the
driver of the nobile vehicle to have the driver's current |ocation
described orally in this MCA nethod. The driver nmust be frequently
cont act ed through a wireless to accurately grasp the current
position of the vehicle. This is not only tedious, but 25 al so places a
consi derabl e burden on the driver. 1In
- 4 -

carried by an individual to a center side apparatus

without manual operation.
Yet a further object of the present invention is to
provide a positioning system that can easily determine a
5 propagation pattern of a wave.
A position display system of a mobile terminal
according to an aspect of the present invention employs a
small zone communication system. A repeater is provided in
respective regions of a plurality of small zones. The
10 position display system of a mobile terminal includes a
mobile terminal carrying out communication with a repeater,
a Eenter control station for processing communication data
with a plurality of repeaters, and a center station
connected to the center control station and that can
15 access communication data within the center control
station. The center station includes a detection unit for
detecting the position of a mobile terminal according to
. communication data.
Since a mobile terminal communicates with a repeater
20 provided in each of a plurality of small zones so that the
center station can access the center control station that
processes the communication data to detect the position of
the mobile terminal according to the communication data,
the center station can easily

25 identify which of the plurality of small zones the mobile



"practice, the center side will contact a vehicle arbitrarily by a

Wi reless to reach an appropriate vehicle after repeating contact to
several vehicles. There was a. probl em that confirmation of the
“position information is 5 t roubl esone. ' In the AVYM a sign
post provides the position I nformati on. However, such sign posts are
installed only I n the coverage area of the service vehicle.

Nat ural |y, there is alimt in using this systemover a wide area 10
range. There is also a problemthat the sign post zone is - so large

t hat specification of the position of a nobile station becones too
rough to result in |ow precision of the position. There is also a

limt in reddeinenbieisi 78cated iANd Wei ght of the nobile station since the
out put power of 15 the transmtter is 1W There is also a problemthat

the posi ti oprbfé@aBRY], OBhef sRaPbibRe SEShh@ALEMEloResystem is a
transmtted to the center station through a taxi wrel ess and the

like, which pPHSrsybeemt gHeps6naFURANEGYPRORe SystempXt Q0L Ofzdde Si gn
" posts causes increase in the 20 facility cost.
communication system does not have to be newly developed
5 since an existing PHS system is to be employed.
Preferably, the center control station includes a
database for identifying the plurality of small zones. The
name of the repeater of the communication destination is
stored in the database during communication between a
10 mobile terminal and a repeater. The position detector
detects the position of the mobile terminal according to
the name of the repeater of the communication destination
stored in the database.
Since the database of the center control station is
15 used to detect the position of a mobile terminal, the
repeater with which the mobile terminal is communicating
can easily be identified.
In the position display system, the mobile terminal
preferably includes a wireless communication unit for
20 carrying out wireless communication with the center
station. The mobile terminal enters a signal identifying
the repeater'during communication therewith. The mobile
terminal position detector detects the position of the
mobile terminal according to the signél from the mobile

25 = terminal designating a repeater.

-8 -



"As to the GPS system the nobile vehicle per se can confirmits own

position. However, additional comuni cation neans is required to
transmt the position information to the center side. Reduction in
‘size, weight, 25 and cost as a term nal system cannot be achieved.

- 5 - There are al so position confirmation devices
t hat emts a weak wave and that can be carried by children, the

aged, and handi capped individuals. However, the coverage area is
extrenely limted with such a weak wave that is 5 al  oned according to
the current Wrel ess Tel egraphy Act. Such position confirmation

devi ces are not practical.
The mobile terminal transmits the signal input during

communication with a repeater that designates that
repeater to the center station by wireless communication.
The center station detects the position of the mobile

5 terminal according to the signal indicating the repeater.
Thus, position of a mobile terminal can easily be detected
without using the database of the PHS system.

Further preferably, the mobile terminal includes a
monitor for monitoring the intensity of an electric field

10 for the plurality of repeaters, and a transmitter to send
the electric field intensity of a repeater monitored by
the monitor to the center station. The position detector
identifies the position of the mobile terminal according
to the transmitted elect;ic field intensity of a plurality

15 of repeaters.

Since the mobile terminal monitors the intensity of
an electric field for a plurality of repeaters so that. the
position of the mobile termihal can be identified
according to the electric field intensity from the

20 plurality of repeaters, data of the center control station
does not have to be.used.

According to another aspect of the present invention,
the mobile terminal of the first aspect includes an
antenna for communication with a base unit, a unit for

25 detecting an identification number that designates a



-SUMMARY . OF THE | NVENTI ON In view of the foregoing, an object of

t he present I nvention is to provide a position display systemof a

10 nobil e term nal that can have its position detected at a | ow
“cost and with high accuracy. Anot her object of the present

i nvention is to provide a nobile termnal that allows position

detection at a | ow cost and at high accuracy. 15 A further

obj ect of the present invention is to provide a center apparatus that

I's enployed in a position detection systemof a nobile termnal at a

| ow cost and at hi gh accuracy. Still another object of the

present inventionis to 20 provide a systemthat allows autonmatic

trans”iSSiOnrgﬁeagefhgffftéi98m$&ﬂfé§@i$8ndggt appiye %ﬁ%g&@ﬁ%pgﬁﬂéied by

a driver  an e to a center apparatus eveh

driver is regpig fé?”?ﬁon@iﬁbethe detected fﬁéﬁéi%ﬁééﬁégﬁrn&mﬁéftt f the
present invention is to 25 automatically provide the position of a
_mobile term gAé center station.
Since the mobile terminal includes only the above-
5 described components, a mobile terminal of a simple
structure can be provided.
According to a further aspect of the present
invention, the center station of the first aspect includes
a unit for providing connection with the small zone
10 communication system, a unit for requesting the
identification number of a repeater with which the mobile
termihal is communicating, a unit for receiving an
identifiéation number and detecting the position of the
mobile terminal according to the received identification
15 = number, a unit for displaying a map in the proximity of
the repeater, and a unit for displaying the position of
the mobile terminal with a predetermined mark on the map.
Since the center station receives an identification
number of a repeater with which the.mobile terminal is
20 communicating so that the poéition of the mobile terminal
can be detected according to that number and displayed on
a map, a center apparatus of low cost and high accuracy
used in a position detection system of a mobile terminal

can be provided.

25 According to a still further aspect of the present

- 10 -



- 6 - carried by an individual to a center side

appar at us w t hout manual operation. - Yet a further object
of the present invention is to provi de a positioning systemthat can
‘easily determne a 5 propagation pattern of a wave. A
position display systemof a nobile term nal according to an aspect
of the present invention enploys a smal | zone communi cati on system
A repeater is provided in respective regions of a plurality of small
zones. The 10 posi tion display systemof a nobile term nal includes a
nobil e term nal carrying out conmmunication with a repeater, a center

control station for processing comrunication data
invention, a position display system of a mobile terminal

employing a small zone communication system includes a
repeater provided in each of a plurality of small zones,
and a mobile terminal for carrying out communication with
5 a repeater. The repeater provides its own ID information
to a mobile terminal during communication with that mobile
terminal. The position display system of the mobile
terminal further includes a center station that can
communicate with a mobile terminal. The center station
10 detects the position of the mobile terminal according to
the repeater identify information. Since a mobile terminal
obtains a repeater identify information during
communication with that repeater which is used to detect
the position of the mobile terminal, the center station
15 can easily identify where the mobile terminal is located
in the plurality of small zones without using the
information of the center control station. |
Preferably, the mobile terminal includes a monitor
for monitoring the intensity of an electric field of the
20 pPlurality of repeaters, and a transmitter for sending the
electric field intensity of the plurality of repeaters
monitored by the monitor to the center station. The
position detector has pattern information of a wave
propagation according to the position of the mobile

25 terminal. The position detector identifies the position of

- 11 -



‘wWth a plurality of repeaters, and a center station connected to the
center control station and that can 15 access commruni cation data within
the center control station. The center station includes a detection
‘unit for detecting the position of a nobile termnal according to
communi cati on dat a. Since a nobile term nal communicates with a
repeater 20 provided in each of a plurality of small zones so that the
center station can access the center control station that processes
t he conmuni cation data to detect the position of the nobile term na
according to the comunicati on dat a, the center station can easily
25 i dentify which of the plurality of snmall zones the nobile

-7 - the mobile terminal according to the wave propagation
pattern information aﬁd the electric field intensity from
the plurality of repeaters.

Since the position of a mobile terminal can be
5 identified according to the electric field intensity of
| the plurality of repeaters and wave propagation pattern
information accprding to the position of the mobile
terminal, the position of the mobile terminal can be
identified at high accuracy.

10 According to yet a further aspect of the present
invention, a position determination system includes a unit
for obtaining the maximum propagation distance centered
about a wave generation source for each level of electric
field intensity to produce a first wave propagation

15 pattern according to the obtained maximum propagation
distance, a unit for detecting the arrangement and profile
of a building around the wave generation source according
to an electronic map, a unit for obtaining a crossing
point of the first wave'propagation pattern and the

20 profile of a building, and a unit for automatically
producing a second wave propagation pattern taking into
account influence of the building from the crossing point
of the first wave propagation pattern and the profile of

the building.

25 Since the second wave propagation pattern is

- 12 -



termnal is |located in. Preferably, the small zone

conmmuni cation systemis a PHS system (Personal Handyphone System). A
smal | zone comuni cati on system does not have to be newly devel oped
‘5 since an existing PHS systemis to be enpl oyed.

Preferably, the center control station includes a dat abase for
identifying the plurality of small zones. The name of the repeater

of the communi cation destination is stored in the database during
communi cation between a 10 nobile termnal and a repeater. The position
det ect or detects the position of the nobile term nal according to
the name of the repeater of the communi cation destination stored in

the databaseautomatically st&&Ecéd el APaseeof cdieidsieiof Ad 0l station
is 15 used to detect ¥he position of a nobile termnal, the

repeater wtpropitd dPeanplil@ingr fiol the LHERIME Pk betweert dhe£asi |y
be identified. In the position display system the nobile
;terninal first wave propagation pattern generated according to the
wave maximum propagation distance centered about the wave
5 generation source obtained for each electric field
intensity and the profile of the building around the wave
generation source obtained according to an electronic map,
it is not necessary to take the trouble of determining a
wave propagation pattern and computing according to the
10 determined pattern. Therefore, a wave propagation pattern
can be determined easily.
| Preferably, there are a plurality of wave generation
sources. A plurality of second wave propagation patterns
are generated from the first wave propagation pattern on
15 the basis of the plurality of wave generation sources and
the profile of a building. A position is determined by
detecting the overlapping portion of the plurality of
formed polygons.
Since the overlapping portion of a plurality of
20 second wave propagation patterns is obtained to determine
the position using the overlapping portion, a position
determining system that can easily determine a position
can be provided.

The foregoing and other objects, features, aspects

25 and advantages of the present invention will become more

- 13 -



. preferably includes a wireless communication unit for 20 carrying out

wi rel ess conmuni cation with the center station. The nobile term nal
enters a signal identifying t he repeater during comrunication

- therewith. The nobile term nal position detector detects the
position of the nmobil e term nal according to the signal fromthe
nobile 25 term nal designating a repeater.
- 8 - The nobile termnal transmts the signal
I nput during conmuni cation with a repeater that designates that
repeater to the center station by wreless comunicati on. The center

station detects the position of the nobile

apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
5 Fig. 1 is a block diagram showing an entire structure

of a position display system of a mobile terminal
according to the present invention.

Fig. 2 is a block diagram showing a structure of a
center station according to the present invention.

10 Fig. 3 is a block diagram showing a specific
structure of a dedicated terminal (mobile station) used in
the present invention.

Fig. 4 is a diagram showing the locus of
travel of a mobile station.

15 Fig. 5 shows an example of a structure of a
transmission identification code and a reception
identification code transferred between a repeater and a
mobile station in a self-management system.

Fig. 6 shows an example of a structure of a

20 transmission identification code and a reception
identification code transferred between a repeater and a
mobile station in a public system.

Fig. 7 is a circuit diagram of a dedicated terminal
(mobile station).

25 Fig. 8 is a flow chart of a position search procedure

- 14 -



.5 termnal according to the signal indicating the repeater. Thus,
position of a nobile termnal can easily be detected W t hout using

t he dat abase of the PHS system Further preferably, the nobile
‘termnal includes a nmonitor for nonitoring the intensity of an
electric field 10 for the plurality of repeaters, and a transmtter to
send the electric field intensity of a repeater nonitored by

the nonitor to the center station. The position detector identifies
the position of the nobile term nal according to the transmtted
electric field intensity of a plurality 15 of repeaters.

Since the nobile termnal nonitors the intensity of an electric

field for a pluralit f_r S so that the position of the
nmobi | e terniﬁQItg ncéggfaeggggﬁgé' according to the electric field

intensity fromthe. 20 ak Ly ~0k t 8ES a tibheoperheiofontrol -
station dogggﬁo? ﬁgéggtgh%epgggg$sié BESend big%o%dingﬁto angther

aspect of thgfp%eﬁggglgng%gghgﬁu the nobile termnal of the first
-aspect includes an antenna for conmunication with a base unit, a
unit for Fig. 10 shows an example of a control circuit of the

5 center station.

Fig. 11 is a block diagram showing a structure of a
center station according to the first embodiment.

Fig. 12 is a schematic diagram showing the internal
structure of a center control station.

10 Fig. 13 is a.schematic diagram showing transfer of
information among a repeater, a mobile station, and the
center station according to a second embodiment.

Fig. 14 is a block diagram showing a structure of the
center station according to the second embodiment.

15 Fig. 15 is a schematic diagraﬁ showing a modification
of the second embodiment.

Figs. 16 and 17 are schematic diagrams showing a
three dimensional map and a wave propagation pattern
obtained from that map.

20 Fig. 18 shows a method of identifying the position of
a mobile station according to a plurality of wave
propagation patterns.

Fig. 19 shows a range of location of a mobile
terminal when a test is actually carried out.

25 Fig. 20 shows traces of a mobile terminal at

- 15 -



25 detecting an identification nunber that designates a

-9 - _ repeater of the conmunication destination, and an
out put unit for providing the detected identification nunber to

the center station. Since the nobile term nal includes only the
above- 5 descri bed conponents, a nobile term nal of a sinple

structure can be provided. According to a further aspect of the
pr esent i nvention, the center station of the first aspect includes

a unit for providing connection with the small zone 10 conmunication
system a unit for requesting the

different time points.

Fig. 21 is a block diagram showing a structure of the
center station of a position detérmining system according
to the present invention.

5 Fig. 22 is a flow chart showing the procedure for
obtaining a wave propagation pattern of a repeater.

Figs. 23 and 24 show specific operations for
obtaining a wave propagation'wave of a repeater.

Fig. 25 shows the accuracy and the distance range per

10 one byte.

Fig. 26 shows the angular interval of a coordinate
point train and the data length of a wave propagation
pattern.

Fig. 27 is a flow chart showing the procedure of

15 éalculating a wave propagation pattern of an arbitrary
electric field intensity.

Fig. 28 shows measured value data of electric field
intensity and distance.

Figs. 29a and 29b show specific operations for

20 calculating a wave propagation pattern of an arbitrary
electric field intensity.

Fig. 30 is a flow chart for obtaining an overlap of
wave propagation patterns. .

Fig. 31 shows a specific operation for obtaining an

25 overlap of wave propagation patterns.

- 16 -



i dentification nunber of a repeater with which the nobile _ term nal
I's communi cating, a unit for receiving an identification nurber and
detecting the position of the nobi | e term nal according to the
received identification 15 nunber, a unit for displaying a map in the
proxi mty of the repeater, and a unit for displaying the position of
the nobile terminal with a predeterm ned mark on the nmap. Si nce
the center station receives an identification nunber of a repeater
with which the nobile termnal is 20 comuni cating so that the position
of the nobile term nal can be detected according to that nunber and
di spl ayed on a map, a center apparatus of |ow cost and high accuracy
used in a positi gasieirmeld %xsm%mlefm@ TRl TRveRtTbn! can be
‘provided. 25 According to a still further aspect of the present
- 10 - (A) First Embodiment
Embodiments of the present invention will be
described hereinafter with reference to the drawings. The
5 first embodiment will be described in which a small zone
wireless communication system such as a PHS (simple
portable telephone) is used.
A portable terminal of the PHS (referred to as
"mobile station" hereinafter) is generally used as a
10 cordless telephone at home. It can be used outside the

house to be connected to a public network or a digital

network via an indoor public repeater or an outdoor public

repeater. In other words, it can be literally used as a

handy portable telephone. The PHS greatly differs from the

15 existing cellular type portable telephones (here, the

existing portable telephone system will be generically

referred to as the cellular system) in that the PHS is

implemented based on a small zone system. A cellular type

portable telephone has an output of at least 600 mW as a

20 mobile station with a repeater installed for every region

with a radius of 2-3 km in towns. The output of a repeater

is 25-45 W. There are some that cover the distance of

approximately 10 km at the outskirts. In contrast, the PHS
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invention, a position display systemof a nobile term nal enpl oyi ng
a small zone comuni cation systemincludes a repeater provided in
each of a plurality of small zones, and a nobile termnal for
carrying out communication with 5 a repeater. The repeater provides
its own IDinformation to a nobile term nal during conmunication
with that nobile termnal. The position display systemof the nobile
termnal further includes a center station that can conmuni cate with
a nobile termnal. The center station 10 detects the position of the
nobil e term nal according to the repeater identify information.
Since a nobile term nal obtains a repeater identify information

during hagoaMBakabuepuws b éFp’fokEﬁ&ﬁéE{r i@ f6r usefoblélet ect
the position of the nobile termnal, the center station 15 can easily

i dentify wheseatbhenlDliHe dwtpithadf i teedtask is 20 niwW) taml Einlyalliogy of

smal | zones w thout using the _
mW at the outskirts. Therefore, the distance between a
base distance and a mobile station ailowing communication

5 is approximately 100 m in towns and approximately 500 m at
the outskirts. Although some telephone companies adapt a
middle zone system for the PHS, it is not'suitable for
position detection. The small zone system of the PHS has a
plurality of advantages set forth in the following.

10 (1) Since the repeater is reduced in size and weight,
it can be installed on a telephone pole and on public
telephone booths.

(2) The mobile station can be reduced in size, weight,
and cost since the transmission output is low.

15 (3) Only a small capacity of the battery for a mobile
station is required-since the transmission output is low.

(4) Many mére subscribers can use a certain channel
number since the cell (zone) is small.
However, there is a disadvantage that it is not

20 suiﬁable for vehicles running at high speéd in towns since
the cell is small. However, it can be used in vehicles
running at high speed at the outskirts since the cell is
large.

The invention of the present application employs a

25 wireless communication network of a small zone such as the
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-informati on of the center control station. Preferably, the

mobil e term nal includes a nonitor for nonitoring the intensity of
an electric field of the 20 plurality of repeaters, and a transmtter

“for sending the electric field intensity of the plurality of
repeaters nonitored by the nonitor to the center station. The
position detector has pattern information of a wave pr opagati on
according to the position of the nobile 25 termnal. The position
detector identifies the position of the nobile term nal
according to the wave propagation pattern information and the
electric field intensity from the plurality of repeaters.

Since the ppHSLiI oPhefsmahbbzdse tveireleds qeentdkerk is briefly shown in
Fig. 1.
Referring to Fig. 1, when a center station 1 that is
fixed or that can be moved is to carry out conversation
5 with a mobile station 7 that is currently moving,
connection for conversation is established with mobile
station 7 located within a cell 8 having a radius of
approximately 100 m centering about a repeater 6 from an
exchange station 2 to which center station 1 is connected
10 through a main line 3, another exchange station 4, and
another main line 5. Main lines 3 and 5 are connected to a
center control station 51.
There is a PHS database in the PHS system. When
center station 1 communicates with mobile station 7, the
15 .information that mobile station 7 is located within cell 8
of repeater 6 is stored in a repeater database 38 provided
in center control station 51. Even if mobile station 7
does not establish conversation with repeater 6,
ihformation of its location is similarly stored into the
20 database at the moment mobile station 7 enters the region
of cell 8. Since the position of repeater 6 is identified
in advance, the location of mobile station 7 can be
identified to be within a circle range of approximately
100 m in radius centered about repeater 6 by taking

25 advantage of the position information of repeater 6. Thus,
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.5 identified according to the electric field intensity of t he
plurality of repeaters and wave propagation pattern I nformation.
according to the position of the nobile termnal, the position of
‘the nobile term nal can be identified at high accuracy. 10
According to yet a further aspect of the present I nvention, a
position determ nation systemincludes a unit for obtaining the

maxi mum propagati on di stance centered about a wave generation source
for each level of electric field intensity to produce a first wave
propagation 15 pattern according to the obtained maxi num propagati on
distance, a unit for detecting the arrangenent and profile of a

bui | di ng ar ogkl 1deatEe SENRSEE IO NI ie A degidentifidd an
el ectronic map, a unit for obtaining a crossing point of the first

wave propagati on hiderinfouhdtion Xpec pfywing erepeatdiid diampespahdingi t
for automatically produci ng a second wave propagation pattern taking
into aos oz 1 | &1f Lnertvisclofmaoticl dus talki ion {7 oks tIrcatess Ath@ poi nt
-of the first wave propagation pattern and the profile of
certain time point is entered and held in the PHS database,
5 center station 1 can obtain that information from the
technical standpoint. '

Center station 1 has a system_that can display map
information on a display device. It is well known that a
system for displaying a map information on a display

10 device is easily available in the form of a CD-ROM such as
in a navigation system of a vehicle.

The position information provided from the PHS
database of repeater 6 corresponding to cell 8 in which
mobile station.7 is located can be displayed on a screen

15 of a display device of center station 1. Repeter 6 is
indicated by a marker or the like. A circle area of 100 m
in radius centering about that marker is displayed. It is
identified that the mobile station is located within that
circle area.

20 | The center of this circle is obtained in a following
manner. More specifically,.an overlapping portion of a
plurality of wave propagation patterns from a plurality of
repeaters and based on thé centroid, the center or the

center of the shape surrounding the obtained figure to

25 determine the center of the circle.
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-the building. 25 Since the second wave pfopagation pattern is

- 12 - automatically produced taking into consideration
t he profile of a building fromthe crossing point between the

‘first wave propagation pattern generated according to the wave

maxi mum propagati on di stance centered about the wave 5 generation
source obtained for each electric field intensity and the profile of
t he buil ding around the wave generation source obtained according to
an el ectroni c nmap, it is not necessary to take the trouble of

determ ning a wave propagation pattern and conputing according to

the 10 determ ned pattern. Therefore, a wave propagation pattern
The configuration of center station 1 is shown in Fig.

2. Referring to Fig. 2, center station 1 according to the
present invention includes a personal computer or a work
station 12, a display 61 and a keyboard 11 connected to

5 personal computer or work station 12. Personal computer or
work station 12 is connected to a modem 13 for the center
station.” Exchange station 2 of the telephone central
office shown in Fig. 1 is connected to center station
modem 13.

10 In a map 10 appearing on a screen of the display of
personal computer or work station 12 at center station 1,
a marker 9 representing repeater 6 corresponding to cell 8
in which mobile station 7 is located, and a circlé range
of approximately 100 m in radius (may not be a circle in

15 some cases) centering about marker 9 are displayed. It is
indicated that mobile station 7 of interest is located
within this circle region. Mobile station 7 per se cannot
be provided on the display. A keyboard 11 and a mouse not
shown can be used for manipulation.

20 Fig. 11 is a block diagram.showing a specific
structure of center station 1. Referring to Fig. 11,
center station 1 includes a CPU 60 for controlling the
entire apparatus forming-center station 1, a display 61
connected to CPU 60 for displaying the position of mobile

25 station 7 on a map, ROM 62 and RAM 63 storing programs and
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-can.be determ ned easily. Preferably, there are a plurality of
wave generation sources. A plurality of second wave propagation
patterns are generated fromthe first wave propagation pattern on
15 the basis of the plurality of wave generation sources and t he
profile of a building. A position is determ ned by detecting the
over |l apping portion of the plurality of formed pol ygons.
Since the overlapping portion of a plurality of 20 second wave
propagation patterns is.obtained to determ ne the position using the
overl apping portion, a position determning systemthat can easily
determ ne a position can be provi ded. The foregoing and
ot her obj ectthe flddeudefindingethe operatiandoddrentagestakibhe 1pr andnt
invention will becone nore - 13 -
an I/0 interface 64 which provides interface with external
devices.
A CD-ROM driver 65 for displaying map data, an
5 automatic calling device 66 for providing connection with
exchange station 2 for the PHS system, and a line
_ disconnection unit 68 for effecting a call in automatic
calling device 66 if necessary and disconnecting the line
immediately after obtaining data of repeater 6 near which
10 mobile station 7 is located are connected via I/0
interface 64. Line disconnection unit 68 is connected to
exchange station 2 of the telephone central office via
center station modem 13.
In addition to designating mobile station 7 directly
15 from center station 1 via keyboard 11, the line of a
subscriber 71 inquiring the location of mobile station 7
can be connected via I/0O interface 64. Detection of
whether that input subscriber is a predetermined proper
subscriber or not can be carried out using a subscriber
20 database 69 connected to I/0 interface 64.
The procedure for emitting a signal to search for the
position of mobile station 7 and receiving position
information is set forth in the following with reference

to Figs. 1, 2 and 11. First, keyboard 11 at center station

25 1 is operated and the PHS telephone number of mobile
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-apparent fromthe follow ng detail ed description of the pr esent

I nvention when taken in conjunction with the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAWNGS 5 - Fig. 1 is a block diagram
‘'showi ng an entire structure of a position display systemof a nobile
term nal according to the present invention. Fig. 2is a
bl ock di agram showi ng a structure of a center station according to
the present invention. 10 Fig. 3 is a block diagram show ng a
specific structure of a dedicated termnal (nobile station) used in
t he present invention. Fig. 4 is a diagram show ng the |ocus of
travel of a nobile station. 15 Fig. 5 shows an exanple of a

structure ofsttation 7 Jf airftErssdt®ONid ARl fed aiu tmaida 1dyd undeacept i on
control of personal computer or work station 12. Then, a
telephone line to mobile station 7 is established via
exchange station 2 and also repeater 6 corresponding to
5 cell 8 in which mébile station 7 is located, as shown in
Fig. 1. When a line connection is established between
center station 1 and mobile station 7, the code number of
the relevant repeater 6 is recognized and stored in the
PHS database. Since this recognition and storage is
10 carried out in an instant, the line between center station
1 and mobile station 7 can be immediately disconnected.
The position information of repeater 6 is représented by a
code number of repeater 6 or by a latitude and longitude
of repeater 6. The position information is immediately
15 transferred from the PHS database to modem 13 of center
station 1 to be transmitted to personal computer or work
station 12.
Map information is already transferred from the
incorporated CD-ROM drive 65 in personal computer or work
20 station 12. The map information is displayed as map 10 on
a screen of display 61. By overlaying the position
information expressed by a code or the longitude and
latitude of repeater 6 on map 10, repeater 6 can be
indicated with marker 9 as shown in Fig. 2. Although a

25 circle region of approximately 100 m in radius centered
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-identifi,cation code transferred.between a repeater and a nmobi | e

station in a self-mnagenent system
a structure of a 20

“identification code transferred between a repeater and a nobi | e

station in a public system

chart of a position search procedure

10

15

20

25

: in the center station. Fig. 9 shows the
principle of the position operation

about marker 9 of the relevant repeater is shown, a circle
or a graphic form of an arbitrary shape can be provided
easily by programming. Fig. 2 shows only a way of example
of the system of the present invention. The present
invention is not limited to the structure shown in Fig. 2.

- As described above, the entry of a mobile station 7
into a cell 8 of a repeater 6 causes the position
information to be recognized and stored in the database
and then provided to center station 1. Therefore,
identification can be made that mobile station 7 is
located within a circle range of approximately 100 m in
radius about a certain repeater 6.

Alternatively, position information of mobile station

7 can be obtained from the database by telephoning mobile
station 7 from center station 1. Although the bell is rung
in a conversation operation in this system, it is not
necessary to ring the bell in obtaining position
information. It is preferable to.mute the bell so that the
driver will not be distracted. Also, the function is
desired of immediately disconnecting the line between
center station 1 and mobile station 7 right after the code
of a certain repeater corresponding to a cell in which
mobile station 7 is located is transmitted to center
station 1 from the PHS database. Although the

communication procedure (protocol) will be slightly
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Fig. 7is acircuit diagramof a
dedi cated term nal (nobile station). 25 Fig. 8is a flow

Fig. 6 shows an exanpl e of
transm ssion identification code and a reception

14



-of a nobile station. Fig. 10 shows an exanple of a contro
circuit of the 5 center station. Fig. 11 is a bl ock diagram
showi ng a structure of a center station according to the first
“enbodi ment . Fig. 12 is a schematic di agram show ng the interna
structure of a center control station. 10 Fig. 13 is a schematic
di agram showi ng transfer of I nformati on anong a repeater, a nobile
station, and the center station according to a second enbodi nent.
Fig. 14 is a block diagram showi ng a structure of the center station
according to the second enbodi nent. 15 , Fig. 15 is a schematic
di agram showi ng a nodi fication of the second enbodi nent.
Figs. 16 amdodifded frbmnahat dfagrgesesabwcogvarsation fdw esbtla heeivsgonal
map and a wave propagation pattern obtained fromthat map. 20
Fig. 18 shopssatienhbdformation;fyhhg iseofosdt technical probkemobil e
station according to a plurality of wave
This means that mobile station 7 does not necessarily
have to be the normal telephone set in the invention of
5 the present application. Only the function of
communication with repeater 6 is basically required.
Alternatively; an exclusive mobile station dedicated for
the present invention may be used in the system in which
mobile station 7 is telephoned from center station 1 such
10 that the telephone call from center station 1 is first
automatically received and maintained for a constant time
period, followed by automatic disconnection of the line.
In such a dedicated mobile station, the normal
conversation function is not required. Only the
15 communication function with repeater 6, or the function of
automatic reception and response and disconnection of the
communication after a constant time period is required. 1In
this case, identification of repeater 6 corresponding to
cell 8 in which mobile station 7 is located is effected
20 mainly using a control channel of the PHS. Therefore,
various push buttons, a liquid crystal display, a speaker,
a microphone, and relating electronic circuit components
can be omitted adequately. It may be advantageous to

provide an emergency button for calling to notify an

25 emergency state when an abnormal state occurs at the
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-propagat, on patterns. Fig. 19 shows a range of location of a

10

15

20

25

mobile station side. Thus, such an exclusive mobile
station can be considerably reduced in cost and weight
than a general PHS telephone handset. The exclusive mobile
station may not necessarily include an emergency button.
Although the standard type portable telephone of the
PHS can be used as a mobile station in the present
invention, an exclusive mobile station (a exclusive mobile
terminal) having the above-described various buttons,
liquid crystal display, speaker, microphone, and
electronic circuit components related thereto omitted is
advantageous. Such an exclusive mobile station can be
considerably reduced in size, weight and cost by omitting
these electronic circuit components. According to the
present'invention, center station 1 can identify the

position information of mobile station 7 by just having

data provided from the database.

Referring to Fig. 3, an exclusive mobile terminal
(mobile station) includes a main body 15 of the mobile
station, an antenna 16, an emergency button 17, and an LED
lamp 14. The structure of mobile unit 7 shown in Fig. 3 is
only a way of example, and the standard telephone set of
the PHS can be used. Mobile station 7 is not limited to
that shown in Fig. 3.

Here, mobile station 7 is called from center station

1 to obtain the position information of mobile station 7.
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nobi | e terminal when a test is actually carried out. 25

Fig. 20 shows traces of a nobile term nal at

- 15 - different tinme points. - Fig. 21 is a
bl ock di agram showi ng a structure of the center station of a
position determ ning system accordi ng to the present invention. 5
Fig. 22 is a flow chart showi ng the procedure for obtai ning a wave
-propagation pattern of a repeater. Figs. 23 and 24 show
specific operations for obt ai ning a wave propagation wave of a
repeat er.



Fig. 25 shows the accuracy and the distance range per 10 one byte.

Fig. 26 shows the angular interval of a coordinate point train and
the data length of a wave propagation pattern. Fig. 27
is a flow chart showi ng the procedure of 15 cal culating a wave
propagation pattern of an arbitrary electric field intensity.

Fig. 28 shows neasured value data of electric field I ntensity and
di st ance. Figs. 29a and 29b show specific operations for 20
cal cul ating a wave propagation pattern of an arbitrary el ectric
field intensity. Fig. 30 is a flow chart for obtaining an
overlap of wave propagation patterns. Fig. 31 shows a

SptetCI fic opecenten soatidbhal nphgces azﬁelepmw@@lbftmm@pl@mtim
PrrTErnS: 7 through several exchange statléns and a repeater 6 of
the PHS corresponding to cell 8 in which mobile station-7
is located. In contrast to the normal state where the bell
5 of the telephone of mobile station 7 is rung at this stage,
the bell is mute in the present invention since only
repeater 6 corresponding to cell 8 in which mobile station
7 is located has to be identified. The PHS database
instantly recognizes and stores the information that
10 mobile station is located within cell 8 of repeater 6. The
line connection between center station 1 and mobile
station 7 is then disconnected immediately thereafter.
Although the PHS communication protocol and the circuit of
the mobile station must be partially modified for this
15 operation, there is no technical problem thereto.
Alternatively, the bell may be rung if the user does not
mind.
Fig. 12 is a schematic diagram of the internal
structure of center control station 51. Referring to Fig.
20 12, a control unit 52, and a repeater identify database 54
for identifying the PHS repeater 6 cqnnected to control
unit 52 are connected to center control unit 51. A ring
control unit 53 for providing control 6f suppressing or

not suppressing a bell ring of mobile station 7 is

25 connected to control unit 52. Ringing or not ringing the
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Best Mbde for Practicing the Invention (A) First Enbodi nent

Enbodi ments of the present invention will be descri bed hereinafter
with reference to-the draw ngs. The 5 first embodinent will be
described in which a small zone: & W rel ess comuni cati on system such
as a PHS (sinple port able”tel ephone) is used. - A portable
termnal of the PHS (referred to as "nmobil e station" hereinafter) is
generally used as a 10 cordl ess tel ephone at hone.” It can be used
out si de the house to be connected to a public network or a digital
‘network via an indoor public repeater or an outdoor public repeater.
In other words, it can be literally used as a handy portabl e

tel ephone. ThelRHD fomRille Gitfatdion fr A® @ffected by control of ring
control unit 53 by a conversation signal input via a main
line and control unit 53. |

The obtained position information of mobile station 7

5 is transmittedhto center station 1. The pésition
information of each repeater expressed by the accurate
longitude and latitude is prepared in advance in repeater
datébase 53 in cenfer control station 51. The code or
longitude and latitude of a relevant repeater 6 is

10 notified to center station 1. Center station 1 attains-a
standby state where map 10 is provided on display 61 of
various computers such AS personal computer or work
station 12. This map display system is a part of the
existing system that is generally used in the navidation

15 system of a vehicle and the like. All the map information
is displayed together with the information of the
longitudé and the latitude. Therefore, the longitude and
latitude information of repeater 6 transmitted from a
telephone central office to center station 1 can be

20 displayed as shown in Fig. 2 marked with repeater 6 where
it is actually located on the map of the display screen of
the above-mentioned computer.

It can therefore be identified that the position of

the vehicle in which mobile station 7 is mounted is

25 located within the circle area of approximately 100 m in
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15 . existing cellular type portable tel ephones (here, the exi sting

. portable tel ephone systemw || be generically referred to as the
cellular systen) in that the PHS is i mpl enent ed based on a snal |l
zone system A cellular type portabl e tel ephone has an out put of at
| east 600 mMWas a 20 nobile station with a repeater installed for every
regi on wth a radius of 2-3 kmin towns. The output -of a repeater
is 25-45 W There are sone that cover the distance of approxi mately
10 km at the outskirts. In contrast, the PHS
- 17 - ‘

radius centering about repeater 6 displayed on map 10 on
display 61. In this case, visual attraction can be
obtained by displaying only the marker of the relevant
repeater 6 in a blinking manner.

5 Center station 1 sequentially polls a plurality of
mobile stations 7, whereby the position of each mobile
station 7 is displayed.on the map of the display as
respective circle regions of approximately 100 m in radius
by the position information of each repeater. The location

10 of each vehicle can be identified at a glance by assigning
number 1, number 2, number 3, ... to respective mobile
stations 7.

The operation of collecting the position information
of each mobile station 7 from center station 1 can be

15 carried out with no burden on the driver of the delivery
service vehicle and with no trouble according to a system
of a delivery service company. Since polling is carried
out, not for the purpose of conversation, but just for
identifying repeater 6, the line is occupied for only a

20 moment. The telephone usage fee to carry out polling for'
the purpose of collecting position information is
generally at the minimum unit level. It is economical and
there will be no waste in the usage of the PHS channel. If
the operating entérprise of the PHS settles a contract

25 with the user at a fixed amount system (a fixed fee per
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has a weak output of .approximately 10 mNVfor a mobile station. The
output of a repeater is 20 MW and only 100 mVat the outskirts.
Therefore, the distance between a base di stance and a nobile station
al I owi ng communi cati on 5 is approximately 100 min towns and

approxi mately 500 m at the outskirts. Al though sone tel ephone
conpani es adapt a m ddl e zone systemfor the PHS, it is not suitable
for . position detection. The small zone system of the PHS has a
plurality of advantages set forth in the follow ng. 10 (1) Since
the repeater is reduced in size and wei ght, It can be installed on a
t el ephone pole and on public t el ephone boot hs. (2) The

nobi | e statifBneay, behéeéugeﬁ!senfétZ@heW&gebtwnl not 2NEre8sé sveneifhe
transm ssi on output is low 15 (3) Only a small capacity of the

battery for @h&phumBer of polléhgsnissinegeased.since the transm ssion
output is |ow (4) Many nore subscribers can use a certain

channel nunBéncei nentéhestetiofizbneani sossbahtly grasp theHowever,

there is a disadvantage that it is not 20 suitable for vehicles running

at hi gh speedocatiomngfsahtemobile stations 7 on map 10 on display 61,

5 the delivery vehicle closest to the residence of a
customer out of all the mobile stations 7 can be
identified so that the most appropriate delivery vehicle
can be contacted to provide instructions. The telephone
used for providing instructions may be a cellular type

10 telephone, a PHS type telephone, or a MCA type telephone,
or one of other communication systems. However,
conversation communication will probably be carried out
with a PHS telephone in most cases taking into
consideration the fact that the main advantage of the

15 present invention lies in that collection and transmission
of a position information and normal conversation can be
implemented by the same PHS mobile station.

As mentioned Before, the PHS system is not suitable

for communication with a vehicle that travels at high

20 speed since the area of a cell is small in towns. Strictly
speaking, the position information of a vehicle that is
running at high speed cannot easily be obtained in real
time. However, communication is allowed when such a

vehicle stops or slows down at crossings and signals.

25 Therefore, there is no great problem in practical usage.
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the cell .is small. However, it can be used in vehicles runni ng at

hi gh speed at the outskirts since the cell is | ar ge. ~ The

i nvention of the present application enploys a 25 wreless communication
network of a small zone such as the - 18
- PHS. The small zone wireless network is briefly shown
I n Fig. 1. Referring to Fig. 1, when a center station 1
that is fixed or that can be noved is to carry out conversation 5
with a nobile station 7 that is currently noving, connection for

conversation is established with nobile
In the suburbs, the area of a cell is great. Therefore,
there is no problem in collecting the position information
of a vehicle running at high speed.

Alternatively, the position information of mobile
5 station 7 that changes over time can be stored in a hard
disc 70 of personal computer or work station 12 at the
center station 1 side. By sequentially extracting and
reproducing the data of position information afterwards,
the locus of the position of mobile station 7 can be

10 displayed with its time as shown in Fig. 4 while tracing
the position of mobile station 7 on map 10 presented on
display 61. Further alternatively, the time and position
information can be displayed as a list.

Although the procedure for retrieving position

15 information has been described in detail, it is to be
noted that a call under the normal protocol is effected in
the call of a general conversation and data transmission,
whereby a bell rings and connection of a line is
maintained.

20 In the above, a method was described of obtaining
position information indicating which cell of repeater 6
mobile station 7 is located according to the data stored
in the database oflthé telephone company side. In the
following, a method of identifying the position

25 information of mobile unit 7 without using the database
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-station 7 located within a cell 8 having a radius of appr oxi mat el y
100 mcentering about a repeater 6 from an : exchange station 2 to
whi ch center station 1 is connected 10 through a main’line 3, another
"exchange station 4, and another main line 5. Main lines 3 and 5 are
connected to a center control station 51. There is a PHS
dat abase in the PHS system When center station 1 comunicates wth
nobile station 7, the 15 information that nobile station 7 is | ocated
within cell 8 of repeater 6 is stored in a repeater database 38
provi ded in center control station 51. Even if nobile station 7
does not establish conversation with repeater 6, I nformation of its
| ocation iswilll g Idesdmiteeii nto the 20 database at the nonent nobile
station 7 enters the region of cell 8. Since the position of
repeater 6 is idefB) f Sedond Embodimadtance, the |ocation of nobile station
7 can be identified to be wwthin a circle range of approxi mately

100 min radius chnttredcatond emputiments, bhhe wtald zohe widedeissge of t he

-position informati on of repeater 6. Thus,
communication system (1nclud1ng wireless telephone) such

5 as the PHS shown in Fig. 1 is used. In the communication
| between repeater 6 and mobile station 7, a transmission
identification code (CS-ID) and a reception identification
code (PS-ID) as shown in Figs. 5 and 6 are transmitted
therebetween regardless of whether the system is a public
10 system including a center station 1, exchange stations 2
and 4 of a public network, a digital network, and the like,
repeater 6, and mobile station 7, or a self-management
system.
Fig. 5 shows an exemplary structure of a transmission
15 identification code and a reception identification code
for transmission between a repeater (CS) 6 and a mobile
station (PS) 7 in a self-management system. Referring to
Fig. 5, a transmission identification code specifying a
repeater is formed of 42 bits, including a 29-bit system
20 call code representing a calling‘code of the self-
management system and a 13-bit additional ID representing
the repeater ID code of the self-management system. A
reception identification code for specifying a mobile
station is formed of 28 bits.

25 Fig. 6 shows an exemplary structure of a transmission
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-. 19 - : the | ocation of npbbile station 7 can be

i dentifi ed. Since information specifying repeater 6

correspondi ng to cell 8 in.which nobile station 7 is |ocated at a
certain tine point is entered and held in the PHS database, 5 center
station 1 can obtain that information fromthe techni cal standpoint.
Center station 1 has a systemthat can display map I nformation on a
di splay device. It is well known that a system for displaying a map
information on a display 10 device is easily available in the formof a
CD- ROM such as In a navigation systemof a vehicle. The

position information provided fromthe PHS
identification code and a reception identification code

for communication between a repeater 6 and the mobile
station 7 in a public system. Referring to Fig. 6, a
transmission identification code.is formed of 42 bits,

5 including a 9-bit company identification code which is
code for a telephone company, and a 33-bit outdoor public
additional ID code for specifying a repeater for an
outdoor public network. The door public additional ID code
includes a simultaneous call area number and an additional

10 ID number for calling a plurality of a repeaters
simultaneously within a certain area to call up a
particular terminal. The reception identification code for
specifying a mobile station is formed of 28 bits.

By providing a function in mobile station 7 so that

15 additional ID information (data) indicating the code
number of a repeater 6 is extracted and entered at the
mobile station 7 side, and then transmitted to center
station 75 via a relevant wireless communication system
(iﬁcluding wireless telephone), the information of which

20 cell of repeater 6 mobile station 7 is located in can be
obtained by cenfer station 1 without depending upon the
database of the telephone company.

Fig. 13 schematically shows transfer of information
among repeater 6, mobile station 7, and center station 1

25 according to the second embodiment of the present
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dat abase of repeater 6 corresponding to cell 8 i n which nmobi | e
station 7 is located can be displayed on a screen 15 of a display device

of center station 1. Repeter 6 is i ndicated by a narker or the liKke.
A circle area of 100 m in radius centering about that marker is

di splayed. It is identified that the nobile station is | ocated

Wi t hin that circle area. 20 The center of this circle is
obtained in a fol | ow ng manner. More specifically, an overl apping
portion of a plurality of wave propagation patterns froma plurality
of repeaters and based on the centroid, the center or the

center of the shape surrounding the obtained figure to 25 determ ne the
center of thgniiendlidn. Referring to Fig. 13, mobile stati@d 7 is

called from repeater 6 forming the PHS system in the
second embod;ment. When an identification number
specifying a repeater 6 corresponding to mobile station 7
i 5 is obtained by that call, a relevant signal is transmitted
to a center station 75 via wireless. Fig. 14 is a block
diagram showing a structure of center station 75 according
to the second embodiment, and corresponds to Fig. 1 of the
first embodiment. Referring to Fig. 14, center station 75
10 is similar to center station 1 of the first embodiment,
provided that a repeater database 38, a mobile station
database 39, and a wireless receiver unit 72 are added.
The remaining elements are similar to those of Fig. 11,
and their description will not be repeated. Wireless
15 receiver unit 72 receives a transmission identification
code of repeater 6 sent from mobile station 7 via a
wireless. The received transmission identification code
refers to repeater database 38 and mobile unit database 39,
whereby repeater 6 corresponding to mobile station 7 is
20 identified. The identified repeater is provided on display
61.
The additional ID information indicating the code
number of repeater 6 can be stofed in a memory at the
mobile station 7 side. When requested from the center

25 station 1 side, the data of the additional ID can be
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The configuration of center station 1 is shown i.n-Fig. 2. Referring

to Fig. 2, center station 1 according to the present invention

i ncl udes a personal conputer or a work station 12, a display 61 and a
keyboard 11 connected to 5 personal conputer or work station 12.

Per sonal conputer or work station 12 is connected to a nodem 13 for
the center station. Exchange station 2 of the tel ephone central
office shown in Fig. 1 is connected to center station nodem 13. 10
In a map 10 appearing on a screen of the display of per sonal conputer
or work station 12 at center station 1, a marker 9 representing
repeater 6 corresponding to cell 8 I n which nobile station 7 is

| ocated, andtgafibméteefaBgethe cenbtadpptaxiont &l yid08 pelevaadi us (nmay not
be a circle in 15 sone cases) centering about marker 9 are displayed.

It is wiipgdil easedoiinahioabiba syatemn 7 of interest is |ocated
within this circle region. Mbile station 7 per se cannot be
provi ded on the dA3phaughAmkbibeastiationn@ adentiéiesta repeater 6 by
r a call from repeater 6 in the above embodiment,

5 transmission and reception of a request command can be
effected by a wireless systen independent of the telephone
network of the PHS system to output a repeater data
(additional ID) that specifies the zone where it is
located to identify the position of mobile station 7 at

10 the center station 1 side. A schematic diagram of such a
case corresponding to Fig. 13 is shown in Fig. 15.

Fig. 7 is a block diagram showing a circuit

configuration of an exclusive terminal (ﬁobile station 7).
The audio circuitry, display circuitry, and key operation

15 circuitry are removed since the terminal is a dedicated
one. Referring to Fig. 7, a mobile station 7 serving as an
exclusive terminal includes an antenna 19 fdr transmission
and reception, a reception amplifier circuit and a
demodulation circuit 21 for amplifying and demodulating a

20 signal received by antenna 19, an additional ID detection
circuit 22 for detecting an additional ID to identify
repeater 6 according to the demodulated signal, and an
electric field intensity measurement circuit 23 for

measuring an electric field intensity according to the

25 signal amplified by the reception amplifier circuit 20.
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shown can be used for manipul ation. 20 Fig. 11 is a block diagram

~showi ng a specific structure of center station 1. Referring to Fig.
11, center station 1 includes a CPU 60 for controlling the

entire apparatus formng center station 1, a display 61 connected to
CPU 60 for displaying the position of nobile 25 station 7 on a map, ROM
62 and RAM 63 storing prograns and - 21 -
the like defining the operation of center station 1, and an 1/0
interface 64 which provides interface with external devi ces.

A CD-ROM driver 65 for displaying map data, an

Mobile station 7 further includes a control circuit 24
connected to ID detection circuit 22 and electric field
measurement circuit 23 for providing control of the entire
mobile station 7, and a storage circuit 25 connected to

5 control circuit 24. Following detection of a repeater, the
additional ID and the electric field intensity of that
repeater are provided to center station 75 via a
transmission signal generation circuit 26, a modulation
circuit 27, a transmission amplifier circuit 28, and

10 antenna 19. The operation will be described hereinafter.

In Fig. 7, the ID and electric field intensity of one
or a plurality of repeaters 6 stored in storage circuit 25
are sent from storage circuit 25 to control circuit 24 in.
response to a request command from center station 75 to be

15 applied to transmission signal generation circuit 26.

The position detection operation can be represented
as Fig. 8. Fig. 8 is a flow chart showing the procedure of
position detection according to the second embodiment.
Upon request of position information from an authorized

20 user of position information (user under contract) to
center station 75 (step S1l1l: "step" omitted hereinafter),
center station 75 confirms the user with a password or the
like (S12). If the contractor is a proper one, a request
for information of repeater 6 is dispatched to the

25 terminal of interest (S13). Upon receiving information of
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5 ~autqmatic calling device 66 for providing connection with

exchange station 2 for the PHS system and a |line di sconnection unit
68 for effecting a call in automatic calling device 66 if necessary
and di sconnecting the line i medi ately after obtaining data of
repeater 6 near which 10 nobile station 7 is |ocated are connected via
/0O I nterface 64. Line disconnection unit 68 is connected to
exchange station 2 of the tel ephone central office via center
station nmodem 13. In addition to designating nobile station 7
directly 15 fromcenter station 1 via keyboard 11, the line of a
subscriber 71 inquiring the | ocation of nobile station 7 can be

connect ed Vi AL QLS 1AL Gl S (214, ST MR N2 T Ut

subscriber is éa‘épre eterm ne bscr’i ber ‘dr n(‘)at can be

d O f :
carried out ugj %*‘*Sﬁ{ ﬁ%tﬁ%t@%m%%@w I O interface

64. The procedur gnal to search for the

position of nEbidsered ad Oh et r&pqdemﬁﬂap%ﬁé osition I(rsfw,nmw?n s
set forth in the following with reference gs. and 1
First, keyboarkk linfdretici off aldp¥iater 6, i.e. the address or
5 longitude and latitude of repeater 6 with respect to the
ID code of repeater 6 together with the transmission power
and other information of repeater 6, is stored in repeater
database 38. The obtained position information is provided
- to user 71 requesting the position information to complete

10 the position detection operation. By using this method,
even the electric field intensity of mobile station 7 can
be grasped at center station 75. Therefore the position
can be identified not to the ambiguous level of within én-
area of 100 m in radius about repeater 16, but to a

15 considerably higher precise level. The reception power is
inversely proportional to the square of the distance of
the antennas between a transmitter and a receiver
according to the transmission equation of Friis shown in
eQuation (1).

20 Reception power = antenna gain of transmitter.x
antenna gain of receiver X transmission power =+ (41 X
distance between transmitter and receiver/wavelength of
wave)2 ees (1)
Therefore, the distance between repeater 6 and mobile

25 station 7 can be calculated from the magnitude of the
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25 , 1 is operated and the PHS tel ephone nunber of nobile

- 22 - station 7 of interest is dialled automatically
under control of personal conmputer or work station 12. Then, a

tel ephone line to nobile station 7 is established via exchange
station 2 and al so repeater 6 corresponding to 5 cell 8 in which nobile
station 7 is located, as shown in Fig. 1. Wien a |ine connection is
est abl.i shed between center station 1 and nobile station 7, the code
nunber of the relevant repeater 6 is recognized and stored in the

PHS dat abase. Since this recognition and storage is 10 carried out in an
Instant, the |line between center station

reception power obtained by electric field intensity
measurement circuit 23 shown in Fig. 7. The basic
principle is shown in Fig. 9;
Assuming that r meters is the distance between the
5 transmitter and the receiver obtained by reverse-
calculation of equation (1), it is appreciated that mobile
station 7 is located substantially on the circumference of
a circle with a radius of approximately r meters from
repeater A of the strongest electric field intensity. By
10 drawing a tangent from repeater B and repeater C having
the next strongest level of electric field intensity
towards the circle with this radius of r meters to form an
arc which is a portion of the circumference of the circle
of r meters in radius, mobile station 7 wiil be located on
15 this arc 33. As a result, the position of mobile station 7
can be identified at a higher level of accuracy.
Fig. 10 shows an example of elements of the system at
- the center station 75 side for the calculation to obtain
detection of mobile station 7 and displaying the obtained
20 position on a map. Referring to Fig. 10, 34 designates a
telephone line, 35 designates a signal demodulation
circuit, 36 designates a mobile station position detection
calculation circuit, 37 designates a display, 38
designates a database of repeater 6, 39 designates a

25 position database of mobile station 7, 40 designates a map
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1 and nobile station 7 can be i nmedi ately di sconnect ed. The position

I nformation of repeater 6 is represented by a code nunber of
repeater 6 or by a latitude and | ongitude of repeater 6. The
position information is imrediately 15 transferred fromthe PHS dat abase
to nodem 13 of center station 1 to be transmtted to personal

conputer or work station 12. Map information is already
transferred fromthe i ncorporated CD-ROM drive 65 in personal
conputer or work 20 station 12. The map information is displayed as map
10 on a screen of display 61. By overlaying the position

I nformati on expressed by a code or the |ongitude and | ati tude of

repeater 6 on JRapile [ SAGLT 0893 BBe a cari"UisBhel VLA R KBRS

shown in Fig gron of approxi mate
radius centeredation 7. - 23 -

It is important to note that the positibn of the
repeater cannot be identified just by the data sent from
5 mobile station 7 such as the ID code of a plurality of
repeaters. In order to detect the position of a repeater,
repeater information such as the position of a base
position 6 (address or the longitude and the latitude),
the transmission output of repeater 6, and the height of
10 the antenna corresponding to the ID of respective
repeaters 6 must be prepared in advance as repeater
database 38. Also, database 40 of an electronic map must
also be prepared. Position detection calculation circuit
36 of mobile station 7 uses the data of the plurality of
15 repeaters sent from mobile station 7 to calculate distance
| r between repeater A having the greatest electric field
intensity and the mobile station to draw a circle with a
radius of r centered about repeater A, and then draws a
tangent from the respective positions of repeaters B,
20 C, ... having the second, third, ... strongest electric
field intensity to form arc 33. The position information
of the repeater is designated referring to map database 40
to display mobile station 7 on the map. Database 39 of
mobile station 7 stores the calculated data.

25 : (C) Third Embodiment
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about, marker 9 of the relevant repeater is shown, a circle or a

graphic formof an arbitrary shape can be provided easily by
programm ng. Fig. 2 shows only a way of exanple of the system of the
present invention. The present 5 invention is not limted to the
structure shown in Fig. 2. As described above, the entry of a
nobi l e station 7 into a cell 8 of a repeater 6 causes the position

i nformati on to .be recogni zed and stored in the database and t hen
provided to center station 1. Therefore, 10 i dentification can be nade
that nobile station 7 is | ocated within a circle range of
approximately 100 min radi us about a certain repeater

Al ternatively, posg;{ﬂgr&n£@58§i* OéfnPRélgrégéﬁﬁofnvent on wéf?r

obt ai ned fromthe ase pnlng no
center Stat'anécréhéﬁoﬂgPeiHSféék"é&ﬂi!&k to the'fhfb@QﬁMF@%Hdﬁw

operation in this system it Is not
embodiments, the small zone wireless communication system

such as the PHS is employed in the third embodiment.

5 Fig; 16 is a schematic diagram showing wave
propagation pattern information of center station 1
according to the third embodiment. The left side
represents a three dimensional map shown in map 10, and
the right side represents the wave propagation pattern

10 thereof. (A) indicates the case where repeater 6 is
installed in the proximity of a crossroad, (B) indicates
the case where reﬁeater 6 is installed at a straight road,
and (C) shows the case where repeater 6 is installed in
the proximity of a forked road. Fig. 17 shows the wave

15 propagation pattern where there is a building at one side
and a park at the other side of a'straight road.

In the third embodiment, such information is stored
in CD-ROM 65 of center station 1 and in repeater DB 38.
Center station 1 carries ouf a simulation according to

20 this information and the electric field information from
the plurality of repeaters shown in the second embodiment
to identify the specific position of mobile station 7.

The relationship between distance and electric field
intensity for carrying out this simulation will be

25 described hereinafter. The relationship of the distance
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necessary to ring the bell in obtaining position information. It is

preferable to nute the bell so that the driver will not be

di stracted. Also, the function is 20 desired of inmediately

di sconnecting the |ine between center station 1 and nobile station 7
right after the code of a certain repeater corresponding to a cel

I n which nobile station 7 is located is transmtted to center
station 1 fromthe PHS database. Al though the 25 comuni cati on procedure
(protocol) will be slightly _ - 24 -
nodified fromthat of a general conversation for obtaining position

i nformation, this is of no technical problem Thi s neans t hat

mobi | e stati Qi t{lf S dPlatRRCFS Hd bbile station 7 and electric field
intensity is represented by the following equation.
D = £ (E) -ee (2)
The linear approximate expressions in the
5 longitudinal direction of the straight road is expressed
by the following equation.
D = - 16E + 1100 oo (3)
The linear approximate expression in the breadthwise
direction is expressed by D = 30 (m).
10 Here, D represents the distance from a repeater (m),
and E represents the electric field intensity (dBuV/m).
The distance between repeater 6 and mobile station 7
can be calculated by the above experimental equations.
Fig. 18 is a schematic diagram.for specifying the
15 position of mobile.station 7 according to the simulation.
Referring to Fig. 18, it is now assumed that three pattern
information of pattern 1, pattern 2,.and patﬁern 3 are
_ obtained from the electric field information and wave
propagation pattern of three repeaters 6. Mobile station 7
20 is located at the overlapping portibn of these patterns.
Fig. 19 shows the position of mobile station 7
identified according to the present embodiment. Mobile
station 7 is located at the shaded area in Fig. 19.
Next, a case where a plurality of positions of mobile

25 station 7 obtained at different time points will be

- 41 -



have. to be the nornal'telephone set in the invention of 5 the present

application. Only the function of comuni cation with repeater 6 is

basically required. Al ternatively, an exclusive nobile station

‘dedi cated for t he present invention may be used in the systemin

whi ch nobile station 7 is tel ephoned fromcenter station 1 such 10
that the tel ephone call fromcenter station 1 is first automatically
recei ved and naintained for a constant tine period, followed by

aut omati c di sconnection of the line. In such a dedi cated nobile
station, the normal conversation function is not required. Only the

15 comuni cation function with repeater 6, or the function of

aut omati C I eGRYJ b Fritds RYTEeMe® Fos §qNelyl,onpRE wéus of the
comuni cation after a constant tinme period’is required this case,

i dentificati eoveindrRP @ Globd 1e0/ste%aondi7Ng aln0 be _obtaci%h %ol %r\é{ebch mobi | e
station 7 is located is effected 20 mai nly using a control channel of

the PHS. Therodfidree,station Varinowgadutiimeuttons, a liquid crystal display,
‘a speaker, a mcrophone, and relating electronic circuit conponents
The present invention is not limited to the above
5 embodiment in which a three dimensional map is used. A
wave propagation pattern can similarly be produced and
used even with a normal plan map as long as the
configuration of buildiﬁgs and facilities can be
identified.
10 Although the present invention can be applied in
various fields, it is particularly effective in retaining
the position information of respective vehicles for a
delivery service organization. Position information can be
collected with no burden on the driver. Furthermore, the
15 driver will not be disturbed by the ringing bell of the
telephone. The center can grasps the position of the
delivery vehicles while the driver is completely unaware.
Therefore, collection and delivery of an item can be
carried out speedily at the request of a customer of the
20 delivery service organization. Furfhermore, the search and
confirmation of a missing object can also be carried out
speedily;
As an alternative application, the location of a

salesman whether in a vehicle or walking around can be

25 displayed on a map of the display of the employer.
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-can .be omtted adequately. It may be advantageous to provi de an
energency button for calling to notify an 25 energency state when an

abnormal state occurs at the - 25 -
‘mobil e station side. Thus, such an exclusive nobile station can be
consi derably reduced in cost and wei ght than a general PHS tel ephone
handset. The excl usive nobile station may not necessarily include an
ener gency button. 5 Al t hough the standard type portable tel ephone
of the PHS can be used as a nobile station in the present

I nvention, an exclusive nobile station (a exclusive nobile term nal)
havi ng the above-descri bed vari ous buttons, liquid crystal display,

speaker, m CpBpARSca®?8n and also management of the salesman can be
carried out more effectively.
The present invention can also be used to display the
position of a police patrol car. An exclusive terminal of
5 the present invention can be carried or mounted in a bank
transport truck or vehicle of a bank or a security service
company. By incorporating an exclusive terminal into the
case where money is packed, the position of the case or
vehicle carrying the money can always be monitored by

10 center station 1 or 75. By the pressing an emergency
button that emits an emergency signal from exclusive
mobile station 7 when a trouble occurs, an emergency
interrupt state can be imposed on display of center
station 1 or 75 to notify the operator of center station 1

15 or 75 that an emergency situation has occurred by
providing the marker indicating the repeater closest to
the relevant vehicle in a blinking manner. The operator
can immediately notify the police to facilitate a speedy
solution of the trouble.

20' The advantage that the exclusive terminal of the
present invention can be reduced in size, weight and cost
allows a mobile station 7 of a size of a cigarette package
to be carried by an infant, or an individual of senile
dementia, or one that is mentally or physically

25 handicapped, so that the poéition of mobile station 7, i.e.
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10 .electronic circuit conponents related thereto omtted is

advant ageous. Such an exclusive nobile station can be consi der abl y
reduced in size, weight and cost by omtting t hese el ectronic
circuit conponents. According to the present invention, center
station 1 can identify the 15 position informati on of nobile station 7
by just having data provided fromthe database.

Referring to Fig. 3, an exclusive nobile term nal (nobi l e station)
i ncl udes a main body 15 of the nobile station, an antenna 16, an
energency button 17, and an LED 20 | anp 14. The structure of nobile
unit 7 shown in Fig. 3 1is only a way of exanple, and the standard

tel ephone set gk indiViEBg;P§§E£9Enaetﬂéeé?ﬁ&%ﬁg%g%?t@ﬂé rgséﬁsnOt limted

to t hat shown 1 n Fi _ ;o !e station S ca!led
fromcenter s§aveARioR? canlbéotPQEé&”b&héigﬁfégiéﬁ?& Ahep "PhESPMREiGRDI | €

station 7.

on a domestic personal computer and the like. The person
carrying the terminal of the present invention can be

5 explicitly identified to be within a circle area of
approximately 100 m-in radius according to the position
information. Since the location of the individual can be
monitored at domestic facilities, it is effective from the
aspect of safety and protection. Furthermore, when the

10 individual carrying the terminal of the present invention
wants to contact anyone at home urgently, depression of
the emergency button will cause a blinking display of the
marker indicating repeater 6 on the monitor of a domestic
personal computer or the like. The emergency can be

15 notified at once to take the individual under protection
at a relatively earlier period.

The terminal of the present invention can also be
attached to the collar of a pet. When the pet strays off,
it can be located rather easily since its location can be

20 determined.

The repeater of PHS covers a range of a circle area
of 100 m in radius in cities and towns. From the
standpoint of economy, a coverage area of 2-3 km in radius
for one repeater is planned for the outskirts of the city.

25 Although it may seem that identification of the position
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-Center station 1 places a tel ephone call to nobile station 7 through

several exchange stations and a repeater 6 of the PHS correspondi ng
to cell 8 in which nobile station 7 is located. In contrast to the
‘nornmal state where the bell 5 of the tel ephone of nobile station 7 is
rung at this stage, the bell is mute in the present invention since
only repeater 6 corresponding to cell 8 in which nobile station

7 is located has to be identified. The PHS dat abase i nstantly
recogni zes and stores the information that 10 nobil e station is |ocated
within cell 8 of repeater 6. The | i ne connection between center
station 1 and nobile station 7 is then disconnected i nmedi ately
thereafter. of mopAhlh@4@Ribhe 7PHS #@PEURI¢# AN tPaR! 8aBLur8BdthAf ¢hrcuit
of the nobile station nust be partially nodified for this

towns, location in the range of approximately 2-3 km in
radius may be sufficient since the number of facilities or
residents at the suburbs is small. A compromise must be
5 made taking into consideration cost effectiveness.
Although the operation of the present invention is
described according to the PHS, the present invention can
basically be applied to any system as long as it is a
small zone wireless communication system.
10 (D) Fourth Embodiment
Fig. 21 is a block diagram of center station 1 which
is the position determining system according to the
present invention. 1In contrast to the first embodiment
shown in Fig. 1, center station 1 of the present
15 embodiment differs in that a wave propagation pattern
database 81 is provided wherein an electronic map 8la, a
répéater database 81b, and a normalization pattern
database 81 in which normalized wave propagation patterns
that will be described afterwards are stored are included
20 in an integral manner. The remaining elements are similar
to those of the first embodiment. Corresponding components
have .the same reference characters allotted, and their
description will not be repeated.
(1) Definition of Repeter Wave Propagation Pattern

25 Data
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-15 , operation, there is no technical problemthereto. Al ternatively,

the bell may be rung if the user does not m nd. Fig. 12
is a schematic diagram of the internal structure of center contro
'station 51. Referring to Fig. 20 12, a control unit 52, and a repeater

I dentify database 54 for identifying the PHS repeater 6 connected to
control unit 52 are connected to center control unit 51. Aring
control unit 53 for providing control of suppressing or not
suppressing a bell ring of nobile station 7 is 25 connected to control
unit 52. Ringing or not ringing the - 27
- bell of nobile station 7 is effected by control of
rrng How repeater 6 obtains the wave propagation pattern

of a repeater will be described hereinafter.

Fig. 22 is a flow chart for obtaining the wave

propagation pattern of repeater 6. Figs; 23 and 24 are

5 schematic diagrams for showing the procedure of obtaining
the wave propagation pattern of repeater 6. First, the
wave maximum propagation distance R of repeater 6 is
obtained using actually measured values (step S11). A line
segment connecting center point O of repeater 6 and points

10 on the wave maximum propagation distance R is obéained as
shown in Fig. 22. In this case, line segments are obtained
connecting points at equal angular intervals with the
horizontal direction (angle A = 0) as the base in a
counter clockwise manner. Here, an arbitrary angle within

15 the range of 1 - 120° is selected for the angular interval
(S112 - S114).

Next, the crossing point between line segment L
representing distance R and building data 11 on the
electric map is obtained to generate a region (polygon)

20 enclosed by the crossing points. For example, when
repeater 6 is located at the center of the crossing point,
~and when there are buildings at three corners, a region as
shown in Fig. 24 is automatically obtained as wave
propagation pattern Ma (S115 - S117).

25 A train of coordinate points of the obtained wave
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control unit 53 by a conversation signal input via a nmain i ne and
control unit 53. The obtai ned position information of nobile
station 7 5 is transmtted to center station 1. The position
informati on of each repeater expressed by the accurate | ongi t ude and
| atitude is prepared in advance in repeater dat abase 53 in center
control station 51. The code or | ongi tude and |l atitude of a rel evant
repeater 6 is 10 notified to center station 1. Center station 1 attains
a standby state where map 10 is provided on display 61 of

vari ous conputers such as personal conputer or work station 12. This
map di spl ay systen1is a part of the existing systemthat is

general Iy UsgdobRohbfoRothebtRMa lBs coUPLEERA! ifeycbhé! Fapad bbe | i ke,

Al'l the map tlon is displayed together wth the information
of the dibeaftbuegomEhé NeohBbttyfere @sfsfose s |onaidnete and

| atitude i nformation of repeater 6 transmtted froma t el ephone
central offig¢glte £ensebredaihodadarasebel P2O118§i spened tife didyande Fi g.

‘2 marked with repeater 6 where

is saved as a value normalized to an arbitrary accuracy.

5 For example, if the wave maximum propagation distance is
800m, and the accuracy is 4m, the value is normalized and
saved as 800/4 = 200. Since a value converted into such a
normalized value is stored, the time required for
retrieval can be reduced since the data length of the wave

10 propagation pattern is reduced.

Fig. 25 shows the relationship between the accuracy
and the distance range per 1 byte. Fig. 6 shows the
relationship between the angular interval of the train of
coordinate points of the wave propagation pattern and the

15 data lenéth (when the distance is represented by 1 byte).
- When the angular interval of the train of coordinate
points is set to 5° with an accuracy of 4m, the wave
- propagation pattern of repeater 6 is expressed as follows
when defined with the train of coordinate points (floating
20 point of 8 bytes). More specifically, 8 X 2 = 16 bytes
with 8 bytes for each of X and Y coordinates. With the
angular interval of 5°, 360/5 = 72. 16 X 72 = 1152 bytes.
Only 72 bytes is required for definition from the center
of repeater 6 as in the fourth embodiment. The wave

25 propagation pattern of repeater 6 can be defined by 1/16.
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it is actually located on the map of the display screen of t he

above- nenti oned conputer.
t he position of

25 | ocated within the circle area of approximately 100 min

- 28 -

radi us centering about repeater 6 displayed

map 10 on display 61. In this case, visual attraction can be
obt ai ned by displaying only the nmarker of the rel evant repeat er
a blinking manner. 5 Center station 1 sequentially polls a

plurality of

10

15

20

25

. It can therefore be identified that
the vehicle in which nobile station 7 is nounted is

on

6 in

nobil e stations 7, whereby the position of each nobile
station 7 is displayed on the map of the display as

Representation of the wave propagation pattern of repeater
6 with small data means that the data registered in the
database is also reduced. The time for retrieval can be
reduced in searching for the wave propagation pattern of
an arbitrary repeater 6 from database 81.

(2) Calculation of a Wave Propagation Pattern of an
Arbitrary Electrical Field Intensity

Fig. 27 is a flow chart showing the procedure for

such calculation. Fig. 28 shows the relationship between

Eig. 29 shows the specific operation.

First, wave propagation distance N of an arbitrary
electric field intensity is obtained according to an
experimental eguation extracted from actually measured
values (S121).

Referring to Fig. 28, the relationship between the

electric field intensity and the wave maximum propagation

“the electric field intensity and wave propagation distance.

distance according to various measured results is obtained.

For example, the following equation is obtained from Fig.
28.
.Propagation distance N = - (electric field
intensity - 82) /0.056.
The wave propagation distance is obtained according
to this equation. This propagation distance is normalized

according to the accuracy of the wave propagation pattern
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respective circle regions of approximately 100 min radius by the
position information of each repeater. The |ocation 10 of each vehicle

can be identified at a gl ance by assigning nunber 1, nunber 2,
hunber 3, .... to respective nobile stations 7. The
operation of collecting the position information of each nobile
station 7 fromcenter station 1 can be 15 carried out with no burden on
the driver of the delivery service vehicle and with no trouble
according to a system of a delivery service conpany. Since polling
is carried out, not for the purpose of conversation, but just for

I dentifying repeater 6, the line is occupied for only a 20 nonment. The

tel ephone usagg B?eréﬁ?§?%%¥§8%£?ggél{ﬂgtﬂgé%%$% §egp§%§?fpp%§*¥he

col l ecting posrtron™i e’ mnimum unit

level. It is QFQQ??E83%69Qd?ﬁ%pa%atigﬁr§i¥£$ﬁcgei§°4 tend Nehde usage of

the PHS chann operating enterprise of the PHS settles a
contract 25 ac¥hkBeihesUsR! aboafLixeglpanount system (a fixed fee per

= Database 81 is searched for to read out the wave

5 propagation pattern of repeater 6 (S123). The wave
propagation distance N of an arbitrary electric field
intensity (100 in the above example) is compared with
distance R of the wave propagation pattern Ma of a
repeater 6 (200 in the above example). When the distance

10 of the wave propagation pattern of repeater 6 is greater,
it is substituted with wave propagation distance Mb of an
arbitrary electric field intensity (S124). Sinée distance
R of the wave propagation pattern Ma of repeater 6 is the
maximum propagation distance, wave propagation distance N

15 will not become greater than distance R. Therefore,
calculation of the wave propagation pattern of an
arbitrary electric field intensity is possible by just
comparing the numeric values. Fig. 2%9a shows the wave
propagation pattern Ma registered in the database, and Fig.

20 29b shows the wave propagation pattern of an arbitrary
electric field intensity.

Thus, the wave propagation pattern of an arbitrary

electric field intensity can be obtained by just comparing
the distance of wave propagation pattern Ma of repeater 6

25 stored in database 81 with distance N of an arbitrary
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fmont h), the expense for the user will not increase even if t he nunber

of pollings is increased. Since center station 1 can constantly
grasp the | ocation of all nobile stations 7 on nap 10 on display 61,
5 the delivery vehicle closest to the residence of a cust oner out
of all the nobile stations 7 can be identified so that the nost
appropriate delivery vehicle can be contacted to provide

i nstructions. The tel ephone used for providing instructions may be a
cellular type 10 t el ephone, a PHS type tel ephone, or a MCA type

t el ephone, or one of other conmunication systens. However,
conversation comuni cation w.ll probably be carried out with a PHS

tel ephone in gt GRSES 1K iiNEndli®y. The crossing point with the

building data on the electric map does not have to be
obtained every time.

Therefore, the time required for calculating the wave

5 propagation pattefn of an arbitrary electric field

intensity can be reduced.

(3) Calculation of Overlap of Wave Propagation
Pattern |

Calculation of the overlap of the wave propagation

10 patterns described in (2) will be described hereinafter
with reference to Figs. 30 and 31. Fig. 30 is a flow chart
showing the procedure for célculating the overlap of the
wave propagation patterns. Fig. 31 shows the specific
operation.

15 First, a mesh 22 of an arbitrary size according to
accuracy is virtually defined within the range including
wave propagation patterns Mc and Md of which the overlap
on a predetermined map 21 is to be obtained (S131).
Determination is made whether the center of each mesh 22

20 is included in wave propagation patterns Mc and Md (S132).
An assembly of the meshes included in wave propagation
patterns Mc and Md is set as the overlap of the wave
propagation patterns (S133). The calculation time can be
reduced since the overlap is obtained by calculation of a

25 polygon and a point, not between polygons.
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-consi deration the fact that the nmain advantage of the 15 pr esent

I nvention lies in that collection and transm ssi on of a position

i nformati on and normal conversation can be i npl emented by the sane
"PHS nobi |l e station. As nentioned before, the PHS systemis not
sui tabl e for conmmunication with a vehicle that travels at high 20
speed since the area of a cell is small in towns. Strictly speaki ng,
the position information of a vehicle that is runni ng at hi gh speed
cannot easily be obtained in real ti me. However, conmunication is

al l oned when such a vehi cl e stops or slows down at crossings and
signals. 25 . Therefore, there is no great problemin practical usage.

- 30 - Fig. 31 shows the specific operation of obtaining the
overlap. First, one propagation péttern Mc is defined by
one polygon, and then wave propagation pattern Md is
obtained using the other polygon. The position can be

5 determined by obtaining the overlapping portion Me.
Here, the size of the mesh that is virtually defined
can be increased (low accuracy) or reduced (high accuracy).
A lower accuracy allows the time required for calculation
to be reduced since the number of times for determining
10 whether the center of the mesh is surrounded by the
polygon or not is reduced.
Industrial Applicability
By mounting, attaching, or carrying the mobile
station which is a structural element of the system of the
15 present invention, position information of a vehicle or an
individual can be transmitted to a center station via an
exchange station of the PHS. The position (location) of
the vehicle or individual can be pfovided on the map
information displayed on a display of the center station
20 in a circle area drawn with respective markers as the
center point (a circle area of apéroximately 100m in
.radius in towns, and a circle area of approximately 2-3 km
in radius in the outskirts). Therefore, the location of a
vehicle or an individual can be identified at a glance.

25 Furthermore, the present invention is suitable for

- 51 -



I.Ln the suburbs, the area of a cell is great. Therefore, there is no

problemin collecting the position information of a vehicle running
at hi gh speed. Al ternatively, the position informtion of

rmobi | e 5 station 7 that changes over tinme can be stored in a hard
disc 70 of personal conputer or work station 12 at the center
station 1 side. By sequentially extracting and reproduci ng the data
of position information afterwards, the | ocus of the position of
nobile station 7 can be 10 dlsplayed withits time as shown in Fig. 4
whil e tracing the position of nobile station 7 on map 10 presented
on display 61. Further alternatively, the tine and position

i nformation Cﬁanaalqbsahaysﬂa§§z§nbléf.e movement of ©héhpuBh1LhgeREosgdur e
for retrieving poSition information has been described in detail, it
is to be SLnBQteﬁetMB&ué 68| th&nflevehbRt NEhERLC P Q4RCHE dssPiéh ed in
the call of a general conversation and data transm ssion, ereby a
bell rings andogetReet woBhotha time.i s mai nt ai ned.

Although the present invention has been described and

5 illustrated in detail, it is clearly understood that the
same is by ﬁay of illustration and example only and is not

to be taken by way of limitation, the spirit and.scope of

the present invention being limited only by the terms of

the appended claims.

- 52 -




20 . I'n the above, a nethod obtalnlng
_posi tion information indicati ng ‘mﬂl Emﬁ H ater nobi | e
station 7 is |located according to c ___Ln_Lhe_daLgpase of

the tel ephone conpany side. In the fol | ow ng, 4 ﬁmgggggpgASBEEN

i dentifying the position 25 i nformati on of nobil g} unit gEpMalcEPUL ng
t he dat abase - 31 -

wi |l be described. (B) Second Enbodi nment In the
second enbodi nent, the small zone wreless . conmuni cation system

(including wreless tel ephone) such 5 as the PHS shown in Fig. 1 is
used. In the conmunication :

WHAT IS CLAIMED IS: - A

1. A position display system of a mobile terminal
employing a small zone communication system, said small
5 position display system comprising:
a repeater provided in each of a plurality of small
zones,
a mobile terminal for communicating with said
repeater,
10 a center control station for processing communication
data with a plurality of said repeaters, and
a center station that can access the communication
data of said center control station,
wherein said center station includes detection means
15 for detecting a position of said mobile terminal according

to said communication data.

2. The position display system of a mobile terminal
according to claim 1, wherein said small zone

20 communication system includes a PHS system.

3. The position display system of a mobile terminal
according to claim 2, wherein said center control station
includes a database for identifying said plurality of

25 small zones, and wherein a name of a repeater with which
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-between repeater 6 and nobile st ssion
i dentification code (CS-1D) and g“ﬂﬂ# lﬂ @E@@ fication code

(PS-1D) as shown in Figs. 5 and 6are therebetmeen _
‘regardl ess of whether the systemis a publlc SA-EH-epait a
center station 1, exchange stations 2 and 4 onuasmmEMHﬁSﬁﬁﬂb L a

digital network, and the I|ike, repeater 6, and nOREPIAGHEDRL | on or a
sel f - managenent system Fig. 5 shkews—am exenpr ary
structure of a transm ssion 15 i dentification code and a reception

I dentification code for transm ssion between a repeater (CS) 6 and a
nobi | e station (PS) 7 in a self-nmanagenent system Referring to

Fig. 5 a tsahdnmebide tdeminhlcebmmuniodeespesi syongdain said repeater is
formed of 42 bits, including a 29-bit system 20 call code representing a
cal li ng coddabébake dering commumboagtorntheysbetwaean,a 13-bit additional

1D representing the repeater 1D code of the self-management system A
reception identiwhexneinnsabdepébsitipncidépeayionmmeane detectstation is
"formed of 28 bits. 25 Fig. 6 shows an exenplary structure of a

transm ssi oposition of said mobile terminal according to said

5 repeater name of communication stored in said database.

4. The position display system of a mobile terminal
according to claim 1, wherein said mobile terminal
includes wireless communication means for carrying

10 wireless communication with said center station,

wherein said mobile terminal has a signal identifying
said repeater entered during communication with said
repeater,

wherein said means detecting the position of said

15 mobile terminal carries out detection according to said

signal identifying said repeater from said mobile terminal.

5. The position display system of a mobile terminal
according to claim 1, wherein said mobile terminal
20 comprises
monitor means for monitoring electric field intensity
of a pluralify of said repeaters, and
means for transmitting to said center station the
electric field intensity of the plurality of repeaters

25 monitored by said monitor means,

- 54 - This Sheet Has Been Replace




- 32 - . a and a reception
identification code f ﬁlm amﬁmm et ween a repeater 6 and the
e 6

nobi | e station 7 in a publtctsystem ferring to Fig.

transm ssion identification code is formed of 42 bigss <§Egﬂi g a
9-bit conpany identification code which is '

conpany, and a 33-bit outdoor public addi t i opal

specifying a repeater for an out door public . The door public
additional |ID code i ncl udes a sinultaneous call area nunber and an
addi tional 10 | D nunber for calling a plurality of a repeaters

simultaneously within a certain area to call up a
wherein said position detection means identifies the

position of said mobile terminal according to said
transmitted electric field intensity from the plurality of

repeaters.

6. The position display system of a mobile terminal
according to claim 1, wherein said position detection
means comprises

means for displaying a map around the position of

10 said mobile terminal, and
means for displaying the position of said mobile

terminal on said map at a predetermined configuration.

7. The position display system of a mobile terminal
i5 according to claim 4, wherein said center station
comprises means for calling said mobile terminal for

operating said position detection means.

8. The position display system of a mobile terminal
20 according to claim 7, wherein said position display system
of a mobile terminal is operated in a normal mode and a
position detection mode, wherein control is provided so
that a call ring bell is set mute at said mobile terminal
in said position detection mode.

25
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particular termnal. The reception i | ode for
specifying a nobile station i S'forrm li%"! mmugrlm By providing
: . : . {

a function in nobile station 7 so | =l onal |ID |nfornat|on

(data) indicating the code nunber of a repeater-6 =R _ nd
entered at the mobil e station 7 side, and th¢nTpﬁ§ﬂHEEﬁH%%BFo'anter
station 75 via a relevant wireless communi cati on sys P dh! ng
wirel ess tel ephone), the information of which 20 eeb=6T T epeat er

nobile station 7 is located in can be obtai ned by center station 1

wi t hout dependi ng upon the dat abase of the tel ephone conpany.

Fig. 13 schematically shows transfer of information anong repeater
6, nobile station9{, Bhel pesitiostdisphay syStem afcarmbobilé otdidneirselond
enbodi ment of the present - 33 -

according to claim 8, wherein said center station
comprises storage means,
wherein said position detection means detects a
5 position of said mobile terminal for a plurality of times
at different time points, and wherein results of said
detected position of a plurality of times are stored in

said storage means.

10 10. The position display system of a mobile terminal
according to claim 8, wherein said center station
comprises disconnection means for disconnecting é line
between said center station and said mobile station in
said position detection mode after communication between

15 said mobile terminal and said repeater is established to
have data designating said repeater entered into said

mobile terminal.

11. A mobile terminal described in claim 1,
20 comprising:
an antenna for communicating with said repeater,
means for detecting an identification number
designating said repeater of communication, and
means for providing said detected identification

25 number to said center station.
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¢ T

-invention. Referring to Fig. n 7 1Sy THIS

repeater 6 forming the PHS sy mﬂu!ﬁﬁ "‘Eau secon nB r‘i’iASW@h fa

i dentification nunber speci ter Frnql QEPto bil e
‘station 7 5 is obtained by that call, a relevant signal is transmtted

to a center

showi ng a structure of center station 75 according

enbodi nent ,

station 75 via wreless. Fig. 14 is a bl ock di agram

and corresponds to Fig. 1 of the first enmbodi nent.

to the second

Referring to Fig. 14, center station 75 10 is simlar to center station

1 of the fi
nobi | e st at
added.

rst enbodi nment, provi ded that a repeater database 38,
I on dat abase 39, and a wireless receiver unit 72 are
The 12eneThe ngokel bactesmingl sacedading tdhoskaih Flg. 11,

a

and their description will not be repeated. Wreless 15 receiver unit 72
recei ves a ttnatdeirssooprigdng feeasi dor storingodeidf idepbafécagionnt from

nobi | e st at
i denti ficat

10

15

20

25

ion 7 via a wi rel ess. The received transm ssion
ingpbegde :

13. The mobile terminal according to claim 12,
further comprising audio input means and audio output

means.

14. The mobile terminal according to claim 11,
wherein said means for providing an identification number
to said center station outputs an identification number in

response to a call from said center station.

15. The mobile terminal according to claim 14,
further comprising emergency notify means, wherein an
operation of said emergency notify means is provided to
said center station together with an identification number
of said repeater when said emergency notify means is

operated.

16. The mobile terminal according to claim 14,
comprising means for automatically disconnecting line
connection with said center station after providing said
identification number to said center stétion in response

to a call from said center station.
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refers to, repeater database 38 and '
repeater 6 corresponding to nobil GHHQLI
identified repeater is provided on

additional 1D information indicating the code

1

: base 39, wher eby
I@U‘ﬂl Iml T‘E identified. The
M S * _ v —__——______. -

can be stored in a nenory at the nobile statio

requested fromthe center 25 station 1 side, the d

| D can be - 34 -

transmtted to the central station 1 via a rel evant Wi rel ess
comuni cati on system Al t hough nobile station 7 identifies a
repeater 6 by a call fromrepeater 6 in the above enbodi nent,

17. A center station described in claim 1,
comprising:

means for connécting to said small zone communication
systemn,

s 5 means for requesting an identification number of a

repeater communicating with said mobile terminal,

means for receiving said identification number and
detecting a position of said mobile terminal according to
said identification number,

10 means for displaying a map in the proximity of said

repeater, and

means for displaying a position of said mobile

terminal on said map with a predetermined mark.

15 18. The center station according to claim 17, wherein
said identification number receiving means achieves

reception via said small zone communication system.

19. The center station according to claim 17, wherein
20 said identification number receiving means receives an

identification number directly from said mobile terminal.

20. The center station according to claim 17, further
comprising means for storing a position of a mobile

25 terminal detected by said position detection means.
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5 transm ssion and reception of ar ' n be effected
by a wirel ess system i ndependent of tmumnuﬁmﬂmﬂ net wor k of the PHS
systemto output a repeater data *(afdi tichal®s I D) that—specifies th
zone where it is | ocated to identify the position Ufﬂmg@?--‘?‘“r-
at 10 the center station 1 side. A schematic diagran]of sug

case corresponding to Fig. 13 is shown in Fig. 15. =
bl ock di agram showing a circuit configuration of an exclusive
termnal (nobile station 7). The audio circuitry, display circuitry,
and key operation 15 circuitry are renoved since the termnal is a

dedi cat ed one. Referring to Fig. 7, a nobile station 7 serving as an
excl usi ve term nal2ili.nchupgesisfhoandespdafOsystemrafisai ssbbhe termimall
reception, a reception anplifier circuit and a denodul ation circuit
21 for anpli fusiimg andnradiiodonat coqmanization gysitemeceniddpbgisdonnna 19
an additional ID detection circuit 22 for detecting an additional 1D
to identify displayesystem omprdisdingg to t he denodul ated signal, and an

electric field intensity nmeasurenent circuit 23 for )
a repeater provided in each of a plurality of small

h 5 zones, and

'a mobile terminal for carrying out communication with
said repeater,

wherein said repeater provides information
designating said repeater to said mobile terminal during

10 communication with said mobile terminal,

a center station that can communicate with said
mobile station,

wherein said center station comprises detection means
for detecting a position of said mobile station according

15 to said repeater designating information.

22. The position display system of a mobile terminal
according to claim 21, wherein said mobile terminal
comprises

20 monitor means for monitoring electric field intensity
of a plurality of said repeaters, and

means for transmitting to said center station
electric field intensity of a plurality of repeaters
monitored by said monitor means,

25 wherein said position detection means identifies
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anplified by the reception anpllfle

measuring, an electric field intensi ﬂmnﬂm'“llaﬂll ﬁm he si gnal

_35_
tircuit 24

measurenent circuit 23 for providing control of the enﬂ;
and a storage circuit 25 connected to 5

station 7,

Mobile station % fdrther*incl
connected to I D detection circuit 22 3

Fol |l owi ng detection of a repeater, the additional 1D and thefelectrlc

field intensity of that

via a

circuit 27,

transm ssion signal generation circuit 26, a nodul ation
a transm ssion anplifier circuit 28, and 10 antenna 19.

operation w lpostis idesofi saddheobilef terminal according to said

10

15

20

25

transmitted electric field intensity of said plurality of

repeaters and a wave propagation pattern information

~according to a position of said mobile terminal.

23. A position determining system comprising:

means for obtaining a wave maximum propagation
distance centering about a wave generation source for each
level of electric field intensity for generating a first
wave propagation pattern according thereto,

means for detecting an arrangement and profile of a
building around said wave generation source according:to
of an electronic map,

means for obtainihg a crossing point of said first
wave propagation pattern and said profile of a building,
and

means for automatically generating a second wave
propagation pattern taking into consideration said profile
of a building from said crossing point of said first wave

propagation pattern and said profile of a building.

24. The position determining system according to
claim 23, wherein a plurality of said wave generation
sources are provided, further comprising:

means for forming a plurality of second wave

repeater are provided to center station 75
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kn Fig. 7, the ID and electric fiel or a plurality
.of repeaters 6 stored in storage ciml'm“ifgﬁlh Ilf"lmre sent from storage
circuit 25 to control circuit 24 i Se to a request conpmn

fromcenter station 75 to be 15 - applied to trans P I,

generation circuit 26. The position det ect|i BNSoPE 41 Ca ibe

represented as Fig. 8. Fig. 8is a flom/chartlshomﬁ g’ [he proecedlre
of position detection according to the second —emt )

Upon request of position information froman authorized 20 user of
position information (user under contract) to center station 75
(step S11: "step" omtted hereinafter), center station 75 confirns
the user wi tPrepsgadiond patteras from slailde fi®s2) wavke plepagatioator is a
proper one, a request for information of repeater 6 is dispatched to

the 25 tePﬁFﬁ&FnoﬁndnﬁéﬂésPr9§13F ofUpobuidddingi,ngndnf or mat i on of
- 36 - :
means for detecting an overlapping portion of said

plurality of second wave propagation patterns.

UK
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repeater H fromnobile station 7 (814 S15), the information is

anal yzed and repeater database 38 js~~ = ° .referred to in order to
identify the position (S16, S17). The information of repeater 6,

i .e. the address or 5 | ongi tude and | atitude of r .
respect to the | D code of repeater 6 together tﬂmSQﬁEEfﬁﬂ§@éEN' n
power and other information of repeater 6, is ored HE@Lﬁgggater
dat abase 38. The obtai ned position information is provreed

71 requesting the position information to conplete 10 the p03|t|on
detection operation. By using this nethod, even the electric field
intensity of nobile station 7 can be grasped at center station 75.
Ther ef ore t hABSERACTOQOF THE DIS£LOS®REdentified not to the ambi guous | evel
of within an area of 100 min radius about repeater 16, but to a 15

consi derabl y hi ghé& posdtiioa detectionhsystéempbifon mobdilei terminal inversely

proportional to_the square of the distance of
includes a small zone communication system (50) such as

~ s
-~

the PHS system, and a center station (1) connected to an

: 5 exchange station (2) forming the PHS system. When a call
is dispatched from the center station to the telephone
number of a mobile station 7 of which the position is to
be identified; the call signal is transmitted to a
repeater (6) located closest to the mobile station (7) via

10 exchange stations (2, 4) and main lines (3, 5) forming the
PHS system (50). Since the mobile station (7) can identify
the identification number of the closest repeater (6), the
position of repeater (6) can be identified by referring to
the database of the PHS system (50) using the repeater

15 database provided in a center control station (51). The
position can be dieplayed on a CRT screen at the center
station (1) side. A position detection apparatus of a
mobile terminal that can detect a position at low cost and

at high accuracy is provided.
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the antennas between a transnmitter and a receiver according to the

7.MOBILE STATION
8.CELL

transm ssion equation of Friis shown in equation (1). 20
Recepti on power: = antenna gain of transmtter X. antenna gai n of
receiver x transm ssion power [err] (4[err] X di stance between
transmtter and receiver/wavel ength of wave) 2
.. (D Therefore, the distance between repeater 6 and nobile 25
station 7 can be cal culated fromthe magni tude of the
- 37 - recepti on power obtained by electric field
I ntensity measurenent circuit 23 shown in Fig. 7. The basic
FIG 1
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principle is shown in Fig. 9. Assumi ng that r nmeters is the

di stance between the 5 transmtter and the receiver obtained by
reverse- cal cul ation of equation (1), it is appreciated that nobile
station 7 is l'ocated substantially on the circunference of acircle
with a radius of approximately r neters from repeater A of the
strongest electric field intensity. By 10 drawi ng a tangent from
repeater B and repeater C having t he next strongest |evel of
electric field intensity towards the circle with this radius of r
neters to form an arc which is a portion of the circunference of the
circle of r neters in radius,FribGi,| & station 7 will be |ocated on
15 this arc 33. As a result, the position of npbile station 7 can
be identified at a higher |evel of accuracy. 7~ Fig. 10 shows an
exanpl e of elenents of the system at the/cent er station 75 side for

the calculation to obtain d i @E i ation 7 and
di spl ayi ng the obtained 20 p(;g(?'m Ogrnls lﬂgﬁp legg,\ligrri ng to Fig. 10, 34
desi gnates a telephone || ~—35 designates a signal denodul ation

circuit, 36 desiignates a nnbi £ station position detection :

N 8.CELL
A @ E?]ND >

men \wlA vn” s, | 61.DISPLAY

|| 9-MARKER INDICATING
REPEATER

ZZ 7 7 7 Z 7 T T T 1T UX '
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LZZZ7 7 7771 XX A\
11.KEYBOARD

12.PERSONAL COMPUTER
OR WORK STATION
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calculation circuit, 37 designates a display, 38 designates a
dat abase of repeater 6, 39 designates a 25 position database of nobile

station 7, 40 designates a nap : ' - 38 -

dat abase, and 41 designates a call circuit towards nobile station 7.
It is inportant to note that the position of the repeat er cannot be
identified just by the data sent from 5 nobi |l e station 7 such as the ID
code of a plurality of repeaters. In order to detect the position of
a repeater, repeater information such as the position of a base

posi‘tion 6 (address or the |ongitude and the |atitude),

FIG, 3

|_16. ANTENNA

" 14.LED LAWP -

\
/ 17.EMERGENCY BUTTON
15.MAIN BODY OF MOBILE STATION



the transm ssion output of repeater 6, and the height of 10 t he antenna
corresponding to the I D of respective repeaters 6 nust be prepared in
advance as repeater dat abase 38. Al so, database 40 of an electronic
map nust al so be prepared. Position detection calculation circuit

36 of nobile station 7 uses the data of the plurality of 15 repeaters
sent fromnobile station 7 to cal cul ate di stance r between repeater A
having the greatest electric field intensity and the nobile station
to draw a circle with a radius of r centered about repeater A and
then draws a tangent fromthe respective positions of repeaters. B,

20 C, ... having the second, third, ... strongest electric field
intensity to formarc 33. The position information of the repeater
is designated referring to map dat abase 40 to di splay nobile station
7 on the map. Database 39 of nBol & st ation 7 stores the cal cul ated
data. 25 (© Third Enbodi nent -
39 -

18.LOCUS OF MOBILE STATION
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A third embodi ment of the present invention wll be descri bed
hereinafter. Simlar to the first and second enbodi nents, the smal
zone W rel ess conmuni cation system such as the PHS is enployed in
the third enbodi nent. 5 Fig. 16 is a schematic diagram show ng
wave propagation pattern information of center station 1

according to the third enbodi nent. The left side represents a three
di mensi onal nmap shown in nmap 10, and the right side represents the
wave propagation pattern 10 = thereof. (A) indicates the case where
repeater 6 is installed in the proximty of a crossroad, (B)

I ndi cat es the case where repeater 6 is installed at a straight road,
and (C) shows the case where repeater 6 is installed in t he
proximty of a forked road. Fig. 17 shows the wave

FIG. 5
(Cs-1) (PS-ID)
TRANSMISSION IDENTIFICATION RECEPTION IDENTIFICATION
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FIG. 6
(cs-my (PS-ID)
TRANSMISSION IDENTIFICATION RECEPTION IDENTIFICATION
CODE 42 bit CODE 28 bit
- OUTDOOR PUBLIC ADDITIONAL ID
COMPANY 33 bit

IDENTIFICATION,
CODE 9 bit SIMULTANEOUS

ADDITIONAL ID
CALL AREA NUNEER | ~33-nbit

PS CALL CODE 28 bit




15 propagation pattern where there is a building at one side and a

park at the other side of a straight road. In the third

enbodi nent, such information is stored in CD-ROM 65 of center
station 1 and in repeater DB 38. Center station 1 carries out a
simul ati on according to 20 this information and the electric field

I nformation from the plurality of repeaters shown in the second
enbodi nment to identify the specific position of nobile station 7.
The rel ationship bet ween di stance and electric field intensity for .
carrying out this simulation will be 25 descri bed hereinafter. The

rel ati onship of the distance - 40 -

bet ween repeater 6 and nDblle station 7 and electrlc field

FIG. 7
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infensity I's represented by the foll ow ng equation. D=1f (B

... (2) The |inear approxi mte expressions in the 5

| ongi tudi nal direction of the straight road is expressed by the
foll owi ng equati on. D = - 16E + 1100

.. (3) The |i near approxi mate expression in the breadthw se
direction is expressed by D= 30 (n. 10 Here, D represents the
di stance froma repeater (m, and E represents the electric field
intensity (dB[err]V/im. . The di stance between repeater 6 and
nobil e station 7 can be cal cul ated by the above experi nental

equati ons. Fig. 18 is a schematic diagramfor specifying the

15 position of nobile station 7 according to the simnulation.
Referring to Fig. 18, it is now assunmed that three pattern

information of pattern 1, pattern 2, mndgpagtern 3 are obt ai ned from
the electric field informati on and wave propagation pattern of three
repeaters 6. Mobile station 7 20 is located at the overl appi ng portion
of these patterﬁﬁ_____________
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ng. 19 shows the position of nobile station 7 identified according

to the present enbodi nent. Mbile - station 7 is located at the shaded
area in Fig. 19. Next, a case where a plurality of positions of
mobile 25 station 7 obtained at different tine points will be

- 41 - described with reference to Fig. 20. The | ocus
of the novenent of nobile station 7 can be obtained to trace

nobile station 7 in real tine. The present invention is not
limted to the above 5 enbodinent in which a three dinmensional map is
used. A wave propagation pattern can simlarly be produced and

used even with a normal plan map as | ong as the

FIG. 9

REPEATER B

~ )

REPEATER C



configuration of buildings and facilities can be identified. 10

Al t hough the present invention can be applied in various fields, it
is particularly effective in retaining the position information of
respective vehicles for a delivery service organi zation. Position
information can be collected with no burden on the driver.
Furthernore, the 15 driver will not be disturbed by the ringing bell of
t he t el ephone. The center can grasps the-position of the

delivery vehicles while the driver is conpletely unaware. Ther ef or e,
collection and delivery of an’item can be carried out speedily at
the request of a custoner of the 20 del i very service organization.

Furt hernore, the search and confirmation of a m ssing object can

al so be carried out speedily. As an alternative
application, the location of a gée n whether in a vehicle or
wal ki ng around can be 25 displayeg‘g 'aﬁggp of the display of the

enpl oyer. ' - 42 -
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Communi cation and al so managenent of the sal esman can be carried out

nore effectively. The present invention can also be used to

di splay the position of -a police patrol car. An exclusive term nal
of 5 the present invention can be carried or nounted in a bank
transport truck or vehicle of a bank or a security service conpany.
By i ncorporating an exclusive termnal into the case where noney is
packed, the position of the case or vehi cl e carrying the noney can
al ways be nonitored by 10 center station 1 or 75. By the pressing an
ener gency button that emts an energency signal from exclusive:
nobil e station 7 when a trouble occurs, an energency interrupt state

can be inposed on display of center
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station 1 or 75 to notify the operator of center station 1 15 or 75 that

an energency situation has occurred by provi di ng the marker
i ndicating the repeater closest to the rel evant vehicle in a blinking
manner. The operat or can inmediately notify the police to facilitate
a speedy solution of the trouble. 20 The advantage that the
exclusive termnal of the present invention can be reduced in size,
wei ght and cost allows a nobile station 7 of a size of a cigarette
package to be carried by an infant, or an individual of senile
denentia, or one that is nentally or physically 25 handi capped, so that
the position of nobile station 7, i.e. -
43 -
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the individual carrying the term nal of the present i nvention, can
be traced by displaying a map i nformation on a donestic personal
conputer and the |ike. The person carrying the termnal of the
present invention can be 5 explicitly identified to be within a circle
area of approximately 100 min radius according to the position
information. Since the location of the individual can be moni t or ed
at donestic facilities, it is effective fromthe aspect of safety
and protection. Furthernore, when the 10 i ndi vidual carrying the

term nal of the present invention wants to contact anyone at hone
urgently, depression of t he energency button will cause a blinking
di splay of the mar ker indicating repeater 6 on the nonitor of a
donmestic personal conputer or the |like. The enmergency can be 15
notified at once to take the individu%l Kgdgé rotection at a
relatively earlier period. e ¢ i nal of the present

i nvention can al so be attached to the collar.of a pet. Wen the pet

strays off, j?i
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It can be located rather easily since its |location can be 20 det er m ned.

The repeater of PHS covers a range of a circle area of 100 min
radius in cities and towmns. Fromthe. st andpoi nt of econony, a
coverage area of 2-3 kmin radius for one repeater is planned for

the outskirts of the city. 25 Al though it may seemthat identification

of the position - 44 -
of mobile station 7 is nore difficult at suburbs than in t owns,
| ocation in the range of approximately 2-3 kmin radi us may be
sufficient since the nunber of facilities or residents at the suburbs
Is small. A conprom se nust be 5 made taking into consideration cost
ef f ecti veness.
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Afthough t he operation of the present invention is descri bed

according to the PHS, the present invention can basically be applied
to any systemas long as it is a smal | zone w rel ess comuni cation
system 10 (D) Fourth Enbodjnent . Fig. 21 is a block
di agram of center station 1 which is the position determ ning system
according to the present invention. In contrast to the first
enbodi nment shown in Fig. 1, center station 1 of the present 15
enbodi nent differs in that a wave propagation pattern dat abase 81 is
provi ded wherein an electronic map 8la, a repeat er database 81h, and
a normalization pattern dat abase 81 in which normalized wave
propagati on patterns that will be described afterwards are stored are
i ncluded 20 in an integral manner. F Ji& rempining elenents are simlar
to those of the first enbodi nent. Correspondi ng conponents have t he
sane reference characters allotted, and their descri pts®n w Il not be
r epeat ed. (1) Definition of Repeter Wave Propag?tion Pattern
r’ ——————————— 1
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25  Data _ 45 -

How repeater 6 obtains the wave propagation pattern of a repeater
wi || be described hereinafter. Fig. 22 is a flow chart for
obtai ning the wave propagation pattern of repeater 6. Figs. 23 and
24 are 5 schematic diagrans for showi ng the procedure of obtaining
the wave propagation pattern of repeater 6. First, the wave maxi mum
propagation di stance R of repeater 6 is obt ai ned using actually
nmeasured val ues (step S11). A line segnent connecting center point O
of :repeater 6 and points 10 on the wave maxi num propagation di stance R
is obtai ned as shown in Fig. 22. In this case, |line segnents are
obt ai ned
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connecting points at equal angular intervals with the hori zont al
direction (angle A = 0) as the base in a ~ counter clockw se manner.
Here, an arbitrary angle within 15 the range of 1 - 120[err] is selected
for the angul ar interval (S112 - S114). Next, the
crossing point between |ine segnent L representing di stance R and
buil ding data 11 on the electric map is obtained to generate a region
(pol ygon) 20 encl osed by the crossing points. For exanple, when
repeater 6 is |located at the center of the crossing point, and when
there are buildings at three corners, a region as shown in Fig. 24 is
automatically obtai ned as wave propagation pattern Ma (S115 - S117).
25 A train of coordinate points of the obtained wave

- 46 - '
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propagation pattern Ma is converted into the val ue of di stance from
the center of repeater 6. This distance value is stored in database
81 (S118). Here, the distance is saved as a value normalized to an
arbitrary accuracy. 5 For exanple, if the wave maxi mum propagation

di stance is 800m and the accuracy is 4m the value is nornalized
and saved as 800/4 = 200. Since a value converted into such a
normal i zed value is stored, the tinme required for retrieval can be
reduced since the data | ength of the wave 10 propagation pattern is

r educed. Fig. 25 shows the rel ationship between the accuracy
and the distance range per 1 byte. Fig. 6 shows the rel ati onship
bet ween the angul ar interval of the train of coordi nate points of the

wave propagation nd-the 1 d L epgt-h—wher—tHhe—di-stance i s
represented by 1 . When flhe angul ar |} nterpal of{/the ffrain of
coordi nat e ' [ ‘ 1.th aph acclyracy jof 4mil t he wave
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.propagation pattern of repeater 6 is expressed as follows

when
defined with the train of coordinate points (floating 20 point of 8
bytes). More specifically, 8 X 2 = 16 bytes

with 8 bytes for each of
angul ar interval of 5, 360/5 = 72. 16 X
Only 72 bytes is required for definition fromthe

X and Y coordinates. Wth the
72 = 1152 bytes.

center of repeater 6 as in the fourth enbodi nent. The wave 25
propagation pattern of repeater 6 can be defined by 1/16.
- 47 -

Representation of the wave propagation pattern
of repeater 6 wwth small data neans that the data registered’in the
dat abase is also reduced. The time for retrieval can be
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reduced in searching for the wave propagation pattern of
(2) Calculation of a Wave

repeater

6 from dat abase 81

Propagati on Pattern of an

Arbitrary Electrica
Fig. 27 is a flow chart showi ng the procedure for

Fig. 28 shows the relationship between
and wave propagation di stance.

First,

10

5

Field Intensity
such cal cul ati on
the electric field intensity

an arbitrary

Fig. 29 shows the specific operation.

intensity is obtained according to an

fromactual ly nmeasured
the rel ationship between the

28,

15

wave maxi mum propagati on

results i s obtained.

wave propagation distance N of an arbitrary

experi nment al
Referring to Fig.

val ues (S121).
electric field intensity and the
di stance according to various neasured

electric field
equation extracted

For exanpl E,ICGheZ bl | owi ng equation is obtained

fromFig. 20 28. Propagati on di stance N = - (e%ﬁFtric field
intensity - 82) /0.056. =
/s/
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The wave propagation di stance is obtained according to this equation.
Thi s propagation distance is nornmalized 25 according to the accuracy of
t he wave propagation pattern - 48 -

Ma of reépeater 6 stored in the database (S122). If the . detect ed wave
propagati on di stance is 400m and the accuracy is 4m 400/4 = 100.

Dat abase 81 is searched for to read out the wave 5 propagati on pattern
of repeater 6 (S123). The wave propagati on di stance N of an
arbitrary electric field intensity (100 in the above exanple) is
conrpared with . distance R of the wave propagation pattern Ma of a
repeater 6 (200 in the above exanple). Wen the distance

FIG. 22
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10 of the wave propagation pattern of repeater 6 is greater, it is

substituted with wave propagati on di stance My of an arbitrary
electric field intensity (S124). Since distance R of the wave
propagation pattern Ma of repeater 6 is the maxi mum pr opagat i on

di stance, wave propagation distance N 15 w Il not becone greater than
di stance R Therefore, cal cul ation of the wave propagation pattern of
an arbitrary electric field intensity is possible by just.
conparing the nunmeric values. Fig. 29a shows the wave propagati on
pattern Ma registered in the database, and Fig. 20 29b shows the wave
propagation pattern of an arbitrary electric field intensity.

Thus, the wave propagation pattern ofg aGgardigrary electric field
intensity can be obtained by just conparing t he di stance of wave
propagation pattern Ma of repeater 6 25 stored in database 81 with

di stance N of an arbitrary - 49 -

FIG, 24

11

/

BUILDING

BUILDING BUILDING




electric field intensity. The crossing point with the bui | di ng dat a

on the electric nmap does not have to be obt ai ned every tine.
Therefore, the tine required for calculating the wave 5 propagati on
pattern of an arbitrary electric field i ntensity can be reduced.
(3) Calculation of Overlap of Wave Propagation Pattern
Cal cul ation of the overlap of the wave propagation 10 patterns descri bed
in (2) will be described hereinafter with reference to Figs. 30 and
31l. Fig. 30 is a flow chart showi ng the procedure for calculating
t he-overl ap of the wave propagation patterns. Fig. 31 shows the
specific oper ati on. '
FIG. 25
ACCURACY DISTANCE RANGE PER 1 BYIE
lm 256 n
2n 512 m
4 m 1024 m
FIG. 26
ARCILAR INTERVAL | DATA LENGTH OF WAVE | DATA LENGTH IN TRAIN OF COORDINATE
COGRDINATE POINTS PROPAGATION PATTERN POINTS(WHEN FLOATING POINT 8 BYTES)
1 DEGREES 360 BYIES 5760 BYTES
2 DEGREES 180 BYTES 2880 BYTES
5 DEGREES 72 BYTES | 1152 BYTES




15 First, a nmesh 22 of an arbitrary size according to

accuracy is virtually defined within the range incl udi ng wave
propagation patterns Mc and Ml of which the overlap on a
predetermned map 21 is to be obtained (S131). - Determination is nade
whet her the center of each nmesh 22 20 I's included in wave propagation
patterns Mc and Md (S132). An assenbly of the meshes included in wave
propagati on patterns Mc and Ml is set as the overlap of the wave
propagation patterns (S133). The calculation tinme can be - reduced
since the overlap is obtained by calculation of a 25 pol ygon and a
poi nt, not between pol ygons. - 50 -
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ng. 31 shows the specific operation of obtaining the over | ap.

First, one propagation pattern M is defined by - one polygon, and

t hen wave propagation pattern Ml is obt ai ned usi ng the other

pol ygon. The position can be 5 determ ned by obtaining the overl apping
portion M. Here, the size of the nmesh that is virtually

defi ned can be increased (low accuracy) or reduced (high accuracy).
A lower accuracy allows the tine.required for cal culation to be
reduced since the nunber of tinmes for determning 10 whether the center
of the nesh is surrounded by the pol ygon or not is reduced.

I ndustrial Applicability By nounting, attaching, or carrying
the nobile station which is a structural elenment of the system of
the 15 present invention, position information of a vehicle or an

i ndi vidual can be transmtted to a center station via an exchange
station of the PHS. The position (|l o@®iIi@n) 28 the vehicle or

i ndi vi dual can be provided on the map i nformation displayed on a

di splay of the center station 20 inacircle area drawn with respective

mar kers as the
&)\

70

60

RECEPTION
ELECTRIC 0
FIELD
INTENSITY
(dBu)

10

800 1000

DISTANCE (m)



center point (a circle area of approximately 100min radius in towns,

and a circle area of approximately 2-3 km in radius in the
outskirts). Therefore, the location of a vehi cl e or an individual can
be identified at a glance. 25 Furthernore, the present invention is

sui table for - 51 -

managi ng and anal yzing the novenent of the nobile station since the

| ocus of the novenment thereof can be displ ayed together with the tine.
Al t hough the present invention has been described and 5 illustrated in
detail, it .is clearly understood that the sanme is by way of

illustration and exanple only and is not
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_tb be taken by way of limtation, the spirit and scope of t he present
I nvention being limted only by the terns of t he appended cl ai ns.

FIG. 30
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- 52 - "~ WHAT |'S CLAIMED | S: 1. A position display system
of a nobile term nal enploying a small zone communi cati on system whi ch :
i ncludes a PHS system said small position display system conpri sing:

a repeater provided in each of a plurality of small zones, a nobile
term nal for communicating wth said repeater, a center contro
station for processing communi cation data with a plurality of said
repeaters, and a center station that can access the comunication
data of said center control station, wherein said center station

I ncltudes detection nmeans for detecting a position of said nobile term nal
according to said conmuni cati on dat a. 2. The position display

system of a nobile term nal according to claiml, wherein said center
control station includes a database for(&degtifying said plurality of snal
zones, and wherein a nane of a repeéfér wi R whi ch sai d nobil e ternina

communi cates i s stored I n said database during comuni cation
t her ebet ween, wherein said position detection nmeans detects a
position of said nobile term nal according to said repeater nanme of
conmmuni cation stored in sajid database. 3. The Ltion display
system of a nobile nal Ing to claim1,
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:said mobile termnal incl Udefumnmlltmumml cation nmeans for carrying
wirel ess conmmunication with MRS éﬁfd
‘nobil e term nal has a signal i‘dehtifyithg®said re ACLAUEMENT r

comuni cation with said re eater, wher eifn fsai d Teams—eei’e€ting the

signal identifying said repeater fromsaid nobil g
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term nal according o ai, it g )

conpri ses 9 gﬁ? fpo c}:lsrlﬁ aélg‘% 3 ‘R:%%un the p é’laalld
mobile tepfbpaindihia smali®3Bne Q ﬂf&tggseea't mﬁessaad g e
termnal on said map at a pre eternrne nf 1 gurat The

position gi:spkay systemof a nobile ternrnal accordingly to cIa|n13,
wherein said center station conprises neans for calling said nobile
termnal for operating said position detection neans. 6. The
position display systemof a nobile term nal according to claim5, wherein
sai d position @ispl@Aesysrsinioin adispilby teysteml dfs epenclbile i reexmiorainl
mode and a position detection node, wherein control is provided so that a
cal | ringageprdisgseto malaim 3ai Whe¥ein said center control station

~includes a database for identifying said plurality of small
zones, and wherein a name of .a repeater with which seid mobile
terminal communicates is stored in said database during
communication therebetween,

wherein said position detection means detects a position of
said mobile terminal according to said repeater name of

communication stored in said database.

3. The position display system of a mobile terminal
according to claim 1, wherein said mobile terminal includes
.wireless communication means for carrying wireless communication
with said center station,

wherein said mobile terminal has a signal identifying said
repeater entered during communication with said repeater,

‘wherein said means detecting the position of said mobile
terminal carries out detection according to said signal

identifying said repeater from said mobile terminal.
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termnal in said position det
di spl ay ‘'system of a nobile te Iﬂﬂl! ml m
‘tenter station conprises stor vvher

detection neans detects a position of sal d m)bl le t
of times at different tinme points, and wherein resul
position of a plurality of tinmes are stored in said jstorage neans.
- 54 - 4. The positipme @bgplaysn syishienhy ofly 3 ook 12 nBrmanal
term nal according to claim6, wherein K said center station conprises

di sconnect3YPFREEHE £6r ‘dll%‘c?‘bnﬁect"i"#?@fe&q i FRIGePRESEIOR FoBftOLt BPREH

and said m)bl Ixelssé ation in said position detection node after communi cation

-SI d p05|t| on

1 n26 DEC WIRI Yyrglity
s| of sai d detedqtgd

means for displaying a map around the position of said
mobile terminal, and
means for displaying the position of said mobile terminal

on said map at a predetermined configuration.

5. The position display system of a mobile terminal
accordingly to claim 3, wherein said center station comprises
means for calling said mobile ‘terminal for operating said

position detection means.

6. The position display system of a wmobile terminal
according to claim 5, wherein said position display system of a
mobile terminal is operated in a normal mode and a position
detection mode, wherein control is provided so that a call ring
bell is set mute at said mobile terminal in said position

detection mode.

7. The position display system of a mobile terminal
according to claim 6, wherein said center station comprises
storage means,

wherein said position detection means detects a position of
'said mobile terminal for a plurality of times at different time
points, and wherein results of said detected position of a

plurality of times are stored in said storage means.
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between said nobile term naI

‘desi gnating sai d repeater lmﬁuﬂnmﬂ“ﬂmmlﬁnb'
*A nmobi |l e term-nal described i'n €latm™, Sconpri si
comuni cating with said repeater, . nmeans f
i dentification nunber designating said repeater
means for providingﬁgald detected _identification
station.

conprising neans for 0 a|d i dentification. n
The nobi I%"‘E‘é’f Pl 1'é?cc‘oin:

nmeans and fg%gngy{f& hed LS for, dlsconne%glng aNes
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fromsaid center station.

- 55 - after communication between said mobile terminal and said

repeater is established to have data designating said repeater

entered into said@ mobile terminal.

9. A mobile terminal described in claim 1,

comprising:

an antenna for communicating with said repeater,

means for detecting an identification number designating

said repeater of communication, and

means for providing said detected identification number to

said center station.

10. The wmobile terminal according to claim 9, further

comprising means for storing said identification number.

11. The mobile terminal according to claim 10, further

comprising audico input means and audio output means.

12. The mobile terminal according to claim 9, wherein said

means for providing an identification number to said center

station outputs an identification number in response to a call

from said center station.
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plnj H4 1 1111112112111 1 i '
term nal according to claim Flng &
‘wherei n ‘an operation of said

S prOV|ded tp
center station together with an |dent|f|cat|on nu

¢r 26 BECA9EpE

sai d emergency notify means is operated. The nobilk term nal
according to claim_ 12, conprising neans for auto tlcally dlsconne"ting
line connectloh3wntﬁh%aF@bGéMJ#e%N¥H4¥W@EF?§¢1%9 2, fuyther

identification nunber to said cepter station _in response to a call_frao
sai d cent 8PURFLEIBR, emergency RAL1LY AeaNS o WAGLRITH AT LRGE e r?fcl“’ﬁ’fﬁ 1,

Syetem. ”gmergemngl%fi FESE nbea PO | BB | BRI T & PR e

communi caf | Qgtﬁ‘@e%:}% an f Qlah‘élk%m:%h number of 'Ea1d {-%%%inf £1Widlg Al

I dentificafltron nu etecting a position of sard term na

accor di Ngef8r§ehéyi HSBidﬁ'ﬁééhinguﬁﬁéf ated. neans for displaying a map
in the proximty of said repeater, and means for displaying a

position of said nobile termnal on said map with a predeterm ned nmarKk.

16. The center station accordingly to claim'15, wherein said

i denti ficati onlaunb®hermokiVe ngermeimsl sadceauiing duoe ilisim WiZg saingbisirslng

Zone conmuni cati on system

R means for automatically disconnecting line connection with said
center station after providing said identification number to said

center station in response to a call from said center station.

15. A center station described in claim 1, comprising:

means for connecting to said small zone communication
system,

means for requesting an identification number of a repeater
communicating with said mobile terminal,

means for receiving said identificétion.number and detecting
a position of said wmobile te;minal according to said
identification number,

means for displaying a map in the proximity of said
repeater, and

means for displaying a position of said mobile terminal on

said map with a predetermined mark.

16. The center station accordingly to claim 15, wherein
said identification number receiving means achieves reception via

said small zone communication system.
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wherein said identificat | on Im mllmi @Mn BN EE]
“identification nunber direct ram sal ! uldw ‘ e
center station according to cI aim 15, further co J 1S, - stor| ng
a position of a nobile term nal detected by sai d]pésidtd J On neans.

19. A position display systemof a nobile termn
conmuni cat i on Igy.st de sengeyoskatbandaepPrding steTries .

repeater provide in each of a plurality of small zones, and a rmblle
term nal ¥¥otidhGahivg s PwGSnﬁBﬁPéHtPﬁﬁ“%Ii-‘-ﬁ reged viespan tfentificatipBrein -

sai d repeat rovid g{ormatl nat | Id repeater to said nobile
t er i nal ’Bﬁ‘&?erfg ‘ﬁ‘(ﬁﬁf&ﬁiyc 5Sh %ﬁ“‘é’iﬂ %rr%ﬁmg'ntagrm nal , a center
station that can communication with said nobile station, wherein said
center station conprises detection neans for detecting a position of said

mobi | e station accesll NgehPepdl St JtERAA SEcHEE1 A IcL RIAT MBI OBurther

comprising means for storing a position of a mobile terminal

detected by said position detection means.

19. The position display system of a mobile terminal,
.wherein said mobile terminal comprises

monitor means for monitoring eleétric field intensity of a
plurality of said repeaters, and

means for traﬁsmitting.to said center station electric field
intensity of a plurality of repeaters monitored by said monitor
means,

wherein said positibn detection means identifies position
of said mobile terminal according to said transmitted electric
field intensity of said plurality of repeaters and .a wave
propagation pattern information according to a positioﬁ of said

mobile terminal.

20. A position determining system comprising:

means for obtaining a wave maximum propagation distance
centering about a wave generation source for each level of
electric field intensity for generating a first wave propagation

pattern according thereto,
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" wherein said nobile terninal _J&p&~
electriic fi'eld intensity of Iﬂ i " "m d _ b
“nmeans for transmtting to sai Qs

plyrality of repeaters nonitored by said nDnltor

position of said nobile termnal.

- 57 - - around said wmmzerf%ﬁada'eaqweaﬁcgméﬂgen’éﬁtDﬁrﬁp FRIGGYROBIC a
bui l ding around said wave generation source according to of an electronic
map, MaPmeans for obtaining a crossing point of said first wave

means for obtaining a crossing point of said first wave
propagation pattern ana said pfofile of a building, and

means for automatically generaﬁing a second wave propagation
pattern taking into consideration said profile of a building from
said crossing point of said first wave propagation pattern and

said profile of a building.

21. The position determining syétem.according to claim 20,
wherein a plurality of said wave generation sources are provided,
further comprising:

means for forming a plurality of second wave propagation.
patterns from said first wave propagation pattern and said
profile of a building, and

means for détecting an.overlapping'portion.of said plurality

of second wave propagation patterns.
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propagation pattern and said profile of a building, and means for
automatical I'y generating a second Wedre s propagat i on . i '

:consi deration said profile of a bdi | di ng. frosr;n sai d ﬁmm% FSE‘&EET
first wave propagation pattern and said profile c gLAEEggN'[gSH ET

The position determ ning systemaccording to claim 3 pl
of said wave generation sources are provided, furfthe ri singj
means for formng a plurality of second wave propogctlar{)D &1987n ffrom

said first wave propagation pattern and said proffil] g} and
means for detecting an overl apping portion of said pIurallty of se¢ond

wave prOPag_at | HEHAAE ' THE DISCLOSURE

A position detection system of a mobile terminal

urality

includes a small zone communication system (50) éuch as
the PHS system, and a center stati&n (1) connected to an
exchange station (2) forming the ?Hs system. When a call
is dispatched from the center station to the telephone
number of a mobile station 7 of which the position is to
be identified, the_call signal is transmitted to a
repeater (6) located closest to the mobile station (7) via
exchange stations (2, 4) and main lines (3, 5) forming the
PHS system (50). Since the mobile station (7) can identify
the identification number of the closest repeater (6), the
position of repeater (6) can be idenﬁified by referring to
the database of the PHS system (50) using the repeater
database provided in a center control station (51). The
position can be displayed on a CRT screen at the center
station (1) side. A position detection apparatus of a
mobile terminal that can detect a position at low cost and

at high accuracy is provided.
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t erm nal *using a smaI”m"I m(“ﬂ“@inﬂ i ~ Eﬁﬁ@ﬁ%\"tﬁ
di spl ay system conprising: '« eaf el prOV| ded in h of a
plurality of small 5 zones, . Nl JUL 1998 for
carryi ggqRYt [SCOMRMAEER{S.on Wi t h sai d repeater, wher ei n
sai d repeater provides | nformation .desi ‘] T el er to said

nobi |l e term nal during

L. A position display system of a mobile terminal employing a small zone
communication system which includes a PHS system, said small position display system

comprising:

a repeater provided in each of a plurality of small zones,

a mobile terminal for communicating with said repeater,

a center control station for processing communication date with a plurality of said
repeaters, and

a center station that can access the communication data of said center control station,

wherein said center station includes detection means for detecting a position of said

mobile terminal according to said communication data.

2. The position display system of a mobile terminal according to claim 1, wherein

said center control station includes a database for identifying said plurality of small zones,
and wherein a name of a repeater with which said mobile terminal communicates is stored
in said database during communication therebetween,

wherein said position detection means detects a position of said mobile terminal

according to said repeater name of communication stored in said database.

3. The position display system of a mobile terminal according to claim 1, wherein
said mobile terminal includes Wireless communication means for carrying wireless
communication with said center station,

wherein said mobile terminal has a signal identifying said repeater entered during
communication with said repeater,

wherein said means detecting the position of said mobile terminal carries out detection

according to said signal identifying said repeater from said mobile terminal.
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10 "~ comunication with sai d”mjllﬂﬁ“ ' a center stat i on
t hat can communi cate with saj} L BHHLIQE tati REP
said center station conprisess : LACEMM '\ﬁJ §HEET

position of said nobile station according 15 tlo }sai d repeater
desi gnating information. 22. The pgsifti 43 JUEAhgy $y$tem of a
nobi | e term nal according to claim 21, Wneqeln said nobile|term nal

conprises 20.  The podifibii @plaPaREnt Of a MBS Rfrhill Rcbififid o ddim I WiHatERSI t Y
of a plurality of said repeaters, and sfor transmifting to

sai d cefaiéipositian ideiection meaes eomprises fi el d intensity of a plurality of
repeaters sai d nopitor neans 25 wherein said

posi tion det %:Elpsgﬁ)r}:fﬁgp&quggg (RaD qrggn_xp the position of 'said mobile terminal. and

means for displaying the position of said mobile terminal on said map at a

predetermined configuration.

3. The position display system of a mobile terminal accordingly to claim 3,
wherein said center station comprises means for calling said mobile terminal for operating

said position detection means.

6. The position display system of a mobile terminal according to claim 5, wherein
said position display system of a mobile terminal is operated in a normal mode and a position
detection mode, wherein control is provided so that a call ring bell is set mute at said mobile

terminal in said position detection mode.

7. The position display system of a mobile terminal according to claim 6, wherein
said center station comprises storage means,

wherein said position detection means detects a position of said mobile terminal for
a plurality of times at different time points, and wherein results of said detected position of

a plurality of times are stored in said storage means.
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,p‘osit}on of said nobile gto ' nsmtted.
“electric field intensi ty] Imﬂﬂ Iﬁ mﬁi ; BE%SEME%\%EET

pr opagat i on patter ninfo

nobi l e term nal . 5 23 A pos t ldal Ng {system

conpri si ng: means for obtainin opagati on

di stance centering about a wave generation}s | evel of
electric figldi mlﬁ%kilﬁnﬁﬁblag‘é‘?ﬁérﬁb'rE."iho%ll tdrfrinal A€bordiNB el BiP AUREre AN
pattern according thereto, f-ofgetectThy an arrangement
and pr chidl @ncdr station compximsld:ismgnmuou nﬂeamaltdr wisconmpeting at live bewveen esaid
accordi ng an electroni c map means for obtaining a

crossi ﬁemsbmﬂ%ﬂn% éi“é mpRil station in %&/EO%F%QEJ‘&‘EH%U‘BQ‘E alemcomguBigaRPn
profil %eRveeﬁ s?le mgbﬁg terminal and %alg repeater is established to have data designating said

repeater entered into said mobile terminal.

2 A mobile terminal described in claim |, comprising:
an antenna for communicating with said repeater,
means for detecting an identification number designating said repeater of
communication, and

means for providing said detected identification number to said center station.

10.  The mobile terminal according to claim 9, further comprising means for

storing said identification number.

Il.  The mobile terminal according to claim 10, further comprising audio input

means and audio output means.

2. The mobile terminal according to claim 9, wherein said means for providing
an identification number to said center station outputs an identification number in response

to a call from said center station.
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,rreansJ for automatically g ' econd. wav
taking into considerati OnTEﬁiMﬁl Mﬂlmill of
crossing point of said fi S opaga

profile of a building. 24. The po
according to claim 23, wherein a pluralit
sources are provided, further conprising: 25

e

plurality ofjzsecoryt wa¥e terminal according to claim 12
propagation patterns fromsaid first wave propal

prof i | exoofy enetonsi, mdicredn amopkration ofiserresnergency ebefyt ineans dnprovizied apgiidigenear t i on

of said '

station together with an identification number of said repeater when said emergency notify

means is operated.

t4. The mobile terminal according to claim 12, comprising means for
automatically disconnecting line connection with said center station after providing said

identification number to said center station in response to a call from said center station.

5. A center station described in claim 1, comprising:

means for connecting to said small zone communication system,

means for requesting an identification number of a repeater communicating with said
mobile terminal,

means for receiving said identification number and detecting a position of said mobile
terminal according to said identification number,

means for displaying a map in the proximity of said repeater, and

means for displaying a position of said mobile terminal on said map with a

predetermined mark.

[6.  The center station accordingly to claim 15, wherein said identification number

receiving means achieves reception via said small zone communication system.
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[7.  The center station according to claim 15, WILLQMH identification nimber

receiving means receives an identification number directly from said mobile terminal.

8.  The center station according to claim 15, further comprising means for storing

a position ot a mobile terminal detected by said position detection means.

9. A position display system of a mobile terminal_using a small zone

communication system, said position display system comprising:

a repeater provide in each of a plurality of small zones, and a mobile terminal for

carrying out communication with said repeater,

wherein said repeater provides information designating said repeater to said mobile

terminal during communication with said mobile terminal,

a center station that can communication with said mobile station, wherein said center

station comprises detection means for detecting a position of said mobile station according

to said repeater designating information,

wherein said mobile terminal comprises

monitor means for monitoring electric field intensity of a plurality of said repeaters,
and

means for transmitting to said center station electric field intensity of a plurality of
repeaters monitored by said monitor means,

wherein said position detection means identified position of said mobile terminal
according to said transmitted electric field intensity of said plurality of repeaters and a wave

propagation pattern information according to a position of said mobile terminal.
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ABSTRACT COF THE DISCLOSURE —

A position detecticn system of a mobile terminal
£ -
inciudes a small zcne communication system (50) such as
the PHS system, and a center station (1) connected to an

exchange station (2),forming the PHS system. When a call

is di

(9]

catched from the center station o the telephone
number of a mobile station 7 of which the position is to
be identifiedh_the calf signal is transmitted to a
rapeater (6) located:closest to the mobile station (7) via
exchange stations (2, 4) and main lines (3, 5) forming the
PHS system (50). Since the mobile station (7) can identify
the identification number of the closest repeater (6), the
position of repeater (6) can be identified by referring to
the database of the PHS sysﬁem (50) using the repeater
database provided in a center control station (S51). The
position can be displayed on a CRT screen at the center
stationE(l) side. A position detection apparatus of a
mobile terminal that can detect a position at low cost and

at high accuracy is provided.
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WHAT IS CLAIMED IS:

A position display system of a mobile terminal employing
communication system which includes a PHS system, said small position display system
comprising: _ |

a repeater provided in each of a plurality of small zones,

a mobile terminal for communicating with said repeater,

a center control station for processing communication dﬁ with a plurality of said
repeaters, and

a center station that can access the communication data of said center control station,

wherein said center station includes detection means for detecting a position of said

mobile terminal according to said communication data.

2. The position display system of a mobile terminal according to claim 1, wherein

said center control station includes a database for identifying said plurality of small zbnes,
and wherein a name of a repeater with which said mobile terminal communicates is stored
in said database during communication therebetween,

wherein said position detection means detects a position of said mobile terminal

according to said repeater name of communication stored in said database.

3. The position display system of a mobile terminal according to claim 1, wherein

said mobile terminal includes- wireless communication means for carrying wireless

communication with said center station,

wherein said mobile terminal has a signal identifying said repeater entered during .

communication with said repeater,

wherein said means detecting the position of said mobile terminal carries out detection

according to said signal identifying said repeater from said mobile terminal.
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