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TITLE OF THE INVENTION

Position Display System of Mobile Terminal
BACKGROUND OF fHE INVENTION
Field of the Inveﬂfion

The present.invéﬁtion relates to a position display
system of a mobile terminal, a center station therefor,
and a mobile terminal thereof. Partigularly, the present
invention relates to a position display apparatus of a

mobile terminal employing a small zone communication

_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
the present publication,.waves from a plurality of |
repeaters are received at respective mobiles in a mobile
communication system for cafrying out communication -
between a repeater and a mobile via a wave. .By using a
coverage contour of a receptioh electric field level from
each repeater obtained in advance, the range in which a
mobile can be located corre;ponding to each 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 cé#erage contour

in the freQuency range used for a general mobile wireless



telephone system and, therefore, it 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 depending
on the time elapsed and-holding attitude or holding
direction of the detector owing to a multipath or fading
caused ﬁ& a geography which is affected by building, réws
and moving vehicles. As a result, the detected values
constantly vary within the range of some.dﬁ to some ten dB
(microvolts). Therefore, such a system can be applicable
only to locate rough position of wvehicles moving high
speed. However, such a system cannot be applied to the
system wherein the location of a man br a vehicle is
detected with a precision of some 10 meters.

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
(Antomatic Vehicle Monitoring System), and GPS (Global
Positidning System). Each will be described hereinafter.

(1) McA .

Today, a great number of vehicles for various
delivery and transportation such as thosé of a deiive;y
service company are seen all over the streets. When the

dispatch center of a delivery service company wants to



inform delivery or reception of an object to one of the
delivery vehicles running in town upon receiving a call
from a customer, it is commoh to send the instruction to
the vehicle located closest to that customer from the
standpoipt of time and efficiency. In general, most of the
delivery vehicles have a wireless such as of a MCA mounted.
Conventionally, the dispatch center contacts the delivery
vehicle considered to be running closest to that client by
wireless. If the contacted vehicle is actually located
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 ideﬂtified.' It was common to carry out
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 centér),
a repeater (user operation center), a sign post, and a
mobile station. This systeﬁ is already employed to
dispatch taxis and the like efficiently.

(3) GPS '

This system is generally employed to ideﬁtify the

position of a mobile vehicle. It is already commercially
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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
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 wvehicle to
have the driver'’s current lécation 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. In



practice, the center side will contact a vehicle
arbitrarily by a wireless to reach an appropriate 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 transmitter is 1W. There is also a problem that“the
position information of a mobile station must be
transmitted to the center station through a 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, ;he 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.



There are also position confirmation devices that
emits a weak wavé 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
allowed according 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
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.

A further object of the present invention is to
provide a center appafatus that is employed ih 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
provide a system that allows automatic transmission of
position information of a m;bile 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

automatically provide the position of a mobile terminal
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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
propégation 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
position display system of a mobile terminal includes a
mobile terminal carrying out communication with a repeater,
a benter control station for processing communication data
with a plurality of repeaters, and a center station
connected to the center control station and that can
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
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

identify which of the plurality of small zones the mobile
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terminal is located in.

Preferably, the small zone communication system is a
PHS system (Personal.Handyphone System). A small zone
'communication system does not have to be newly developed
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
mobile terminal and a repeater. The position detector
detects the position of the mobile terminal according to
the name of the repeéter of the communication destination
stored in the datab&se.

Since the aatabase of the center control station is
used to detect .the position of a mobile terminal, the
repeater with which the.mobile terminal is communicatiﬁg
can easily be identified.

In the position display system, the mobile terminal
preférably includes a wireless communication unit for
carrying out wireless communication with the center
station. The mobile termin;l enters a signal identifying
the repeater'during communication therewith. The mobile
terminal position detector detects the position of the
mobile terminal according to the signal from the mobile

terminal designating a repeater.



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
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
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 tﬁe transmitted éleétric field intensity of a plurality
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 terminal can be identified
according to the electric field intensity from the
pldrality 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

detecting an identification number that designates a
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repeater of the communication destinafion, and an output
unit for providing the detected identification number to
the center station.

Since the mobile terminal includes only the above-
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 includés
a unit for providing connection with the small zone
communication system, a unit for requesting the
identification number of a repeater with which the mobile
terminal is communicating, a unit for receiving an
identification number and detecting the position pf the
mobile terminal according to the received identification :
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
communicating so that the position of the mobile terminal
can be detected according és that ndmber 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.

According to a still further aspect of the present
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invention, a position display system of a mobile terminal
employing a small zone communication system includes a

_ repeatef provided in each of a plurality of small zones,
and a mobile terminal for carrying out communication with
a repeater. The repeater provides its own ID information
to a mobilé terminal during communication with that mobile
éerminal. The position display system of the mobile
terminal further inéludes a center station that can
communicate with a mobile terminal. The center station
~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
can easily identify where the mobile terminal is located
in the plurélity of small zones without using the
information qf the center control station.

.Preferably, the mobile termiﬁél includes a monitor
for monitoring the intensity of an electric field of the
plurality of repeaters, and a transmitter for sending the
electrig field inténsity 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

terminal. The position detector identifies the position of
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the mobile terminal according to the wave propagation
pattern information and the electric field intensity from
the plurality of repeéters.

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

According to yet a furthgr 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
pattern according to the obtained maximum propagation
distance, a unit for detecting the arrangement and profile
of a building around the wave geﬁeration source according
to an electronic map, a unit fﬁr obtaining a crossing
point of the first wave propagation pattern and the
profile of a building, and a unit for automatically
producing a second wave probagation pattern taking into
account influence of the building from the crossing point
of the first wave propagation pattern and the profile of
the building.

Since the second wave propagation pattern is
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automatically produced taking into consideration the
profile of a building from the crossing point between the
first wave propagation pattern generated according to the
wave maximum propagation distance centered about the wave
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
determined pattern. Therefore, a wave propagation pattern
can be determined easily.

| Preferably, there are a plurélity of wave generation
sources. A plurality of second wave propagation patterns
are generated from the first wave propagation pattern on
the basis of the pluralitj of wave generation source# 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
second wave propagation patterns is obtained to determine
the position using the overiapping porﬁion, a position
determining system that can easily determine a position
can be provided. |

The foregoing and other objects, features, aspects

and advantages of the present invention will become more
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apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

.BRIEF DESCRIPTION OF THE DRAWINGS

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 stfucture of a
center station according to the present invention.

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.

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
transmission idenﬁification.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).

Fig. 8 is a flow chart of a position search procedure
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in the center station.

Fig. 9 shows the principle of the position operation
of a mobile station.

Fig. 10 shows an example of a control circuit of the
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.

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 accordiﬁg to the second embodiment.

Fig. 15 is a schematic diagram 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.

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

Fig. 19 shows a range of location of a mobile

terminal when a test is actually carried out.

Fig. 20 shows traces of a mobile terminal at
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different time points.

Fig. 21 is a block diagram showing a structure of the
centér station of a position detérmining system according
to the present'iﬁvention.

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
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
éalculating a wave propagation pattern of an arbitrary
electric field intensity.
| Fig. 28 shows measured value data of electric field
intensitj and distance. _

| Figs. 29a and 29b show specific operations for
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

overlap of wave propagétion patterns.
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Best Mode for Practicing the Invention

(A) First Embodiment

Embodiments of the present invention will be
described hereinafter with reference to the drawings. The
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
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 uséd as a
-handy portable telephone. The PHS greatly differs from the
- 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 syétem. ‘A cellular type
portable telephone has an output of at least 600 mW as a
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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has a weak output of approkimately 10 mW for a mobile
station. The output of a repeater is 20 mW, and only 100
mW at the outskirts. Therefore, the distance between a
base distance and a mobile station allowing communication
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 zoné systém of the PHS has a
plurality of advantages set forth in the following.

(1) Since the repeater ;s feduced in size and weight,
it can be installed on a telephone pole and on public
telephone booths.

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

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

(4) Many more subscribers can use a certain channel
number since the cell (zone) is small.

Howevér, there is a disadvantage that it is not
suitable for vehicles running at high speed 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 inveﬁtiéﬁ of the present application employs a

wireless communication network of a small zone such as the
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PHS. The small zone wireless network 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'but conversation
with a mbbile station 7 that is cur:ently 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
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
information that mobile station 7 is located within cell 8
of repeater 6 is stored in a repeater database 38 provided
in cénter control station 51. Even if mobile station 7
does not establish éonversation with repeater 6,
information of its location is similarly stored into the
database'ap 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

advantage of the position information of repeater 6. Thus,
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the location of mobile station 7 can be identified.

Since information specifying repeater 6 corresponding
to cell 8 in which mobile station 7 is located at a
certain time point is entered and held in the PHS database,
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
device is easily available in the form of a CD-ROM such as
in a navigation system of a wvehicle.

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

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 the centroid, the center or the

center of the shape surrounding the obtained figure to

determine the center of the circle.
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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
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.

In a map 10 appearing on a screen of the display of
personal computer or work station 12 at center station'l,
a marker 9 representing repeeter 6 COrresponding'te cell 8
'in which mobile station 7 is located, and a circle range
of approximately 100 m in radius (may.not be a circle in
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 kefboard 11 and a mouse not
shown can be used for manipulation..

Fig. 11 is a block diagram sho%ing 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 l, a display 61
connected to CPU 60 for displaying the position of mobile

station 7 on a map, ROM 62 and RAM 63 storing programs and
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the like defining the operation of center station 1, and
an I/0 interface 64 which provides interface with external
devices.

A CD-ROM driver 65 for displaying map data, an
automatic calling device 66 for providing connection with
e#change station 2 for the PHS system, and a line .
disconnection unit 68 for effecting a céll in automatic
calling device 66 if necessary and disconnecting the line
immediately after obtaining data of repeater 6 near Which
mobile station 7 is located are conﬁected 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
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/0 interface 64. Detection of
whether that input subscriber is a predetermined proper
subscriber or not can be carried out using a subscriber
database 69 connected to I/0 interface 64.

The procedure for emitfing a signal to search for the
position of mobile station 7 and receiving positioﬁ
information is set forth in the following with reference
to Figs. 1, 2 and 11. First, keybocard 11 at center station

1 is operated and the PHS telephone number of mobile
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station 7 of interest is dialled automatically under
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
cell 8 in which mobile 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 eof
the relevant repeater 6 is recognized and stqred in the
PHS database. Since this recognition and storage is
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 represented by a
éode number of repeater 6 or by a latitude and longitude
of repeater 6. The pésition information is immediately
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
station 12. The map information is displayed as map 10 on
a screen of display 61. By Bverlaying the position
information expreésed 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

circle region of approximately 100 m in radius centered
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aboﬁt 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 thelstructure shown in Fig. 2.

As described above,.the entry of a mobile station 7
into a cell 8 of a repeatef 6 causes the position
information to be recognized and s£ored 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 conversatibn 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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modified from that of a general conversation for obtaining
position information, this is of no technical problem.
This means that mobile station 7 does not necessarily
have to be the normal telephone set in the invention of
the present application. Only the function of
communication with repeater 6 is basically required.
Alternatively, an exclusive mobile station dedicated for
;hé present invention may be used in the system in which
mobile station 7 is telephoned from center station 1 such
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
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 effebted
mainly using a control channel of the PHS. Therefore,
various push buttons, a liqﬁid 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

emergency state when an abnormal state occurs at the
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mobile statioh 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 aﬁ emergency button.

| Although the éténdard type portable telephone of the
PHS can be used as a mobile station inlthe present
inventioﬁ, 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
advantageoué. Such an exclusive mobile station can be
considerably reduced in size, weighﬁ 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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. Center station 1 places a telephone call to mobile station
7 through several exchange stations and a repeater 6 of
the PHS corresponding to cell 8 in which mobile station 7
is located. 1In contrast to the normal state where the bell
of the telephone of mobile station 7 is rung at this stage,
the bell is mute in the present invention since only
_repeatér 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
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 ﬁhe circuit of
the mobile station must be partially modified for this
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 Eig.
12, a control unit 52, and a repeater identify database 54
for identifying the PHS repéater 6 connected to control
unit 52 are connected to centér control unit 51. A ring
control unit 53 for providing control of suppressing or
not suppressing a bell ring of mobile station 7 is

connected to control unit 52. Ringing or not ringing the
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bell of mobile station 7 is effected 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
is transmitted to center station 1. The position
information of each repeater expressed by the accurate
longitude and latitude is prepared in advance in repeater
database 53 in center control sta;ion 51. The code or
longitude and latitude of a relevant repeater 6 is
notified to center station 1. Center station 1 attains a
standby state where map 10 is provided on display 61 of
various computers such $s personal computer or work
station 12. This map display system is a part of the
existing system that is generally used in the navigation
system of a vehicle and the like. All the map information
is displayed together with the information of the
longitude and the latitude. Therefore, the longitude and
latitude information of repeater 6 transmitted from a
telephone central office to center statioﬁ 1 can be
displayed as shown in Fig. ? marked with repeater 6 where
it is actually located on the map of the-displaylscreen of
the above-mentioned computer.

It can therefore be identified that the position of
the vehicle in which mobile station 7 is mounted is

located within the circle area of approximately 100 m in
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radius centering about repeater 6 displayed on map 10 on
display 61. In this case, visual attraction can be
obtained by displayiné only the marker of the relevant
repeater 6 in a blinking manner.

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
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
carried out with no burden on the driver of the delivery
service vehicle and with no ﬁrouble 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
moment. Thé telephone usage fee to carry out polling for’
the purpose of collecting po%ition 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 enterprise of the PHS settles a contract

with the user at a fixed amount system (a fixed fee per
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month), the expense for the user will not increase even if
the number of pollings is increased. |

Since center station 1 can constantly grasp the
locatioh of all mobile stations 7 on map'lo on display 61,
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 _
telephone, a PHS type telephone, or a MCA type telephoﬁe,
.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
pPresent 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
speed since the area of a cell is small in towns. Strictly
speaking, the position infofmation of a vehicle that is
running at high speed cannot easily be obtained in real
time. However, communication is allowed when such a
vehicle stoﬁs or slows down at crossings and signals.

Therefore, there is no great problem in practical usage.
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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
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 sequentiglly extracting and
reproducing the data of position information afterwards,
the locus of the position of mobile station 7 can be
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
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,
whefeby a bell rings and connection of a line is
maintained.

In the above, a method was descfibed of obtaining
position information indicafing which cell of repeater 6
mobile station 7 is located according to the data stored
in the database of the telephone company side. 1In the
following, a method of identifying the position

information of mobile unit 7 without using the database
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will be described.

(B) Second Embodiment

In the second embodiment, thg small zone wireless
communication system (including wireless telephone) such
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
- 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 é self-management
system. ~

Fig. 5 shows an exemplary structure of a transmission
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 fo
Fig. 5, a transmission identification code specifying a
repeater is formed of 42 bits, including a 29-bit system
call éode 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

statjon is formed of 28 bits.

Fig. 6 shows an exemplary structure of a transmission
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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,
including a 9-bit company identification code which is
code for a telephone company, and a 33-bit outdoor public
additional ID code foi spécifying a repeater for an
outdoor public network. The doér public additional ID code
includes a simultaneous call area number and an additional

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
additional ID information (data) indicating the code
number of a repeater 6 is extracted an& entered at the
mobile station 7 side, and then transmitted to center
station 75 via a relevant wireless communication system
(including wireless telephone), the information of which
cell of repeater 6 mobile station 7 is ibcated in can be
obtained by center 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

according to the second embodiment of the present
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invention. Referfing to Fig. 13, mobile station 7 is
called from repeater 6 forming the PHS system in the
second embod;ment. When an idéntification number
specifying a repeater 6 corresponding to mobile station 7
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
is similar to center station 1 of the first embodiment,
provided that a repeater database 38, a mdbile 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
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
identified. The identified repeater is provided on display
61.

The additional ID iﬁformation indicating the code
number of repeater 6 can be stored in a memory at the
mobile station 7 side. When requested from the center

station 1 side, the data of the additional ID can be
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- transmitted to the central station 1 via a relevant
wireless communication system.

Although mobile station 7 identifies a repeater 6 by
- a call from repeater 6 in the above embodiment,
transmission and feception of a request command can be
effected by a wireless system 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
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 (ﬁopile station 7).
The audio circuitry, display circuitry, and key operation
circuitry ate-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 for transmission
and reception, a reception amélifier circuit and a
demodulation circuit 21 for amplifying and demodulating a
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

signal amplified by the reception amplifier circuit 20.
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. 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
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 ciréuit 26, a modulation
circuit 27, a transmission amplifier circuit 28, and
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 stofed in storage circuit 25
are sent from storége circuit 25 to control circuit 24 in
response to a request command from center station 75 to be
applied to transmission signal generation circuit 26.

The position aetection operation can be represented
as Fig. 8. Fig. 8 is a flow chaft showing the procedure of
position detection according to the second embodiment.
Upon request of position information from an authorized
user of position information (user under contract) to
center station 75 (step S11: "step" omitted hereinafter),
center station 75 confirms the user with a password or the
like (S12). If the contracﬁor is a proper one, a request
for information of repeater 6 is dispatched to the

terminal of interest (513); Upon receiving information of
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repeater 6 from mobile station 7 (S14, S15), the
information is analyzed and repeater database 38 is
referred to in order to identify the position (S16, S17).
The information of repeater 6,.i.e. the address or
longitude and latitﬁde of repeater 6 with reSpecﬁ to the
ID code of repeater 6 together with the transmission power
‘and other informaﬁibn of repeater 6, is stored in repeater
database 38. The obtained position information is provided
to user 71 requesting the position information to complete
the position detection operation. By using this method,
even the electric field intensity of mobile station 7 éan
be grasped at center station 75. Therefore the ppsi;ion
can be identified not to the ambiguous level of within an
:area of 100 m in radius about repeater 16, but to a
considerably higher precise level. The reception powér 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).

Receptidn power = antenna gain of transmitter X
antenna gain of receiver x.transmiSSion power =+ (4m X
distance between transmitter and receiver/wavelength of
wave)? o eee (1)
Therefore, the distance between repeater 6 and mobile

station 7 can be calculated from the magnitude of the
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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
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
drawing a tangent from repéater 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 will be located on
thié 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 displayiﬁg the obtained
position on a map. Referring tb-Fig. 10, 34 designates a
telephone line, 35 designat;s_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 é

position database of mobile station 7, 40 designates a map
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database, and 41 designates a call circuit towards mobile
station 7.

It is important to note that the position of the
repeater cannot be identified just by the data sent from
.mobile station 7 such as the ID code of a plurality of
repeaters. In order to detect the position of a repeater,
repeaﬁer information such aé the position of a base
position 6 (address or the longitude and the latitude),
the transmission output of repeater 6, and the height of
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 stﬁtion 7-uses the &éta_of the plurality of
repeaters sent from mobile station 7 to calculate distance
r between tepeater A having the greatest electric fiéid
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,

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.

(C) Third Embodiment
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A third embodiment of the present invention will be
described hereinafter. Similar to the first and second
embodiments, the small zone wireless communication system
such as the PHS is employed in the third embodiment.

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
thereof. (A) indicates the case where repeater 6 is
installed in the proximity of a crossroad, (B) indicates
the case where repeatér 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
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
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 qﬁt this simulation will be

described hereinafter. The relationship of the distance

- 40 -



between repeater 6 and mobile station 7 and electric -field
ihtensity is represented by the following equation.

D = f (E) -ee (2)

The linear approximate expressions in the
longitudinal direction of the straight road is expressed
by the following equation.

D = - 16E + 1100 | cee (3)

The linear approximate expression in the breadthwise
direction is expressed by D = 30 (m).

Here, D represents the distance from a repeater (m),
and E represents the electric field intensity (dBuv/m).

The distahce between repeater 6 and mobile station 7
can be calculated by the above experimental equations.

Fig. 18 is a schematic diagram for specifying the
position of mobile station 7 according to the simulation;
Referring to Fig. 18, it is now assumed that three pattern
information of pattérn 1, pattern 2, and pattern 3 are
obtained from the electric field information and wave
propagation pattern of three repeaters 6. Mobile station 7
is located at the overlapping portion of these patterns.

Fig. 19 shows the posiiion 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

station 7 obtained at different time points will be
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described with reference to Fig. 20. The locus of the
movement of mobile station 7 can be obtained to trace
mobile station 7 in real time.

The present invention is not limited to the above
embodiment in whicﬁ a threé 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 buildiﬂgs and facilities can be
identified.

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 orgénization. Position information can be
collepted with no burden on the driver. Furthermore, the
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
éarried out speedilf at the request of a customer of the
delivery service organization. Furthermore, 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

displayed on a'map of the display of the employer.
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Communication and also management of the salesman can be
carried out more effectively.

The present invention can also be used to dispiay the
position of a police patrol car. An exclusive terminal of
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
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 dpgrator of center station 1
or 75 thatlan 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.

- The advantage that the exclusive terminal of the
piesent invention can be reéuced in size, weight and cost
allows a mobile station 7 of a size of a cigaretté package
to be carried by an infant, or An individual of senile-

dementia, or one that is mentally or physically

handicapped, 5o that the position of mobile station 7, i.e.
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the individual carrying the terminal of the present
invention, can be traced by displaying a map information
on a domestic personal computer and the like. The person
'carrying the terminal of the present invention can be
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. Fufthermore, when the
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
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
determined.

The repeater of PHS cévers 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.

Although it may seem that identification of the position
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of mobile station 7 is more difficult at suburbs than in
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
made taking into consideration cost effectiveness.

Although the operation of the present invention is
described according te the PHS, the present invention can
basically be applied to any system as long as it is a
small zone wireless communication system.

(D) Fourth Embodiment |

Fig. 21 is a block diagram of center station 1 which
is the position determining system according_to the
present invention. In contrast to the first embodiment
shown in Fig. 1, center station 1 of the present
embodiment differs in that a wave propagation pattern
database 81 is provided wherein an electronic map 81a, a
repeater database 81b, and a normalization pattern -
database 81 in which normalized wave propagation patterns
that will be described afterwards are stored are included
'in an integral manner. The remaining elements are similar
to those of the first embodkment. Corresponding components
have the same reference characters_allotted, and their
description will not be repeated.

(1) Definition of Repeter Wave Propagation Pattern

Data
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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
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 S1ll). A line
segment connecting center point O of repeater 6 and points
on the wave maximum propagation distance R is obtained 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
the range of 1 - 120° is selected for the angular interval
(5112 - sS114).

Next, the crossing point between line segment b
representing distance R and building data 11 on the
electfic map is obtained to generate a region (polygon)
enclosed by the crossing points. For example, when
repeater 6 is located at tﬁé 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).

‘A train of coordinate points of the obtained wave
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propagation pattern Ma is converted into the value of
distancé 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.
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
'propagation pattern is reduced.

Fig. 25 shows the relationship between the accuracy
and the distance range per 1 byte. Fig. 6 shows the
relatiénship between the angular interval of the train of
cobrdinate points of the wave propagation pattern and the
data length (when the distance is represented by i Byte).
When the angular interval of the train of coordinate
points is set to 5° withlﬁn accuracy of 4m, the wave
propagatioﬁ pattern of repeater 6 is expressed as follows
when defined with the train of coordinate points (floating
point of 8 bytes). More specifically, 8 X 2 = 16 bytes
with 8 bytes for each of X énd 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

Propagation pattern of repeater 6 can be defined by 1/16.
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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 pfopagation 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
the electric field intensity and wave propagation distance.
Fig. 29 shows the specific operation.

First, wave propagation distance N of an arbitrary
electric field intensity is obtained according to an
expérimental.equation extracted from actually measured
values (3121). |

Referring to Fig. 28, the relationship between the
elgctric field intensity and the wave maximum propagation
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 ;his equation. This propagation distance is normalized

according to the accuracy of the wave propagation pattern
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Ma of repeater 6 stored in the database (S122). If the
- detected wave propagation distance is 400m and the
accuracy is 4m, 400/4 = 100.

Database 81 is searched for to read out the wave
propagation pattern of repeater 6 (S123). The wave
propagation distance N of an arbitrary electric field
intensity (100 in tﬁe 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
of the wave propagation pattern of repeater 6 is greater,
it is substituted with wave propagation distance ﬁb of an
‘arbitrary electric field intensity (S124). $Since distance
R of the wave propagation pattern Ma of repeater 6 is the
maximum propagation distance, wave propagation distance N
will not become greater than distance R. Therefore,
calculation of the wave propagation pattern.of an
arbitrary electric field intensity is possible by just
cbmparing the numeric values. Fig. 29a shows the wave
propagation pattern Ma registered in the database, and Fig.
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

stored in database 81 with distance N of an arbitrary
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electric field intensity. 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.
propagation pattern 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
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 cﬁlcﬁlating the overlap of the
wave propagation patterns. Fig. 31 shows the specific
operétion. |

First, a mesh 22 of an arbitrary size according to
laécuracy is virtually defined within the range including
wave propagation patterns Mc and Md of which the overlap
on a p;edetermined map 21 is to be obtained (S131).
Determination is made whether the center of eachlmesh 22
is included in wave propagation patterns Mc and Md (S132).
"An assembly of the meshes ihcluded 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

polygon and a point, not between polygons.
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Fig. 31 shows the specific operation of obtaining the
overlap. First, one propagation pattern Mc is defined by
one polygon, and then wave propagation pattern Md is
obtained using the other polygon. The position can be
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
whether the center of the mesh is surrounded by the
polygon or not is reduced.

Industrial Applicability _

By mounting, attaching, ér carrying the mobile _
station which is a stfdctural element of the system of the
present invention, position information of.a vehigie 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 provided on the map
information displayed on a display of the center station
in a circle area drawn with respective markers as the
center point (a circle are; of approximately 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.

Furthermore, the present invention is suitable for
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managing and analyzing the movement of the mobile station
since the locus of the movément thereof can be displayed
together with the time. |

Although the present invention has been described and
illustrated in detail, it is clearly understood that the'
same is by way 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.
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WHAT IS CLAIMED IS:

1. 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 obtaining 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.

2. The'position determining system 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 detecting an overlapping portion of said plurality of second wave

propagation patterns.
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