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(57) ABSTRACT 

A position detection System of a mobile terminal includes a 
Small Zone 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 dis 
patched 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 
identified 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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POSITION DISPLAY SYSTEM OF MOBILE 
TERMINAL 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a position display 
System of a mobile terminal, a center Station therefor, and a 
mobile terminal thereof. Particularly, 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. 
0.003 2. Description of the Background Art 
0004. A method of detecting the position of a mobile of 
interest to the present invention is disclosed in Japanese 
Patent Publication No. 6-93.650, for example. According to 
the present publication, waves from a plurality of repeaters 
are received at respective mobiles in a mobile communica 
tion System for carrying out communication between a 
repeater and a mobile via a wave. By using a coverage 
contour of a reception electric field level from each repeater 
obtained in advance, the range in which a mobile can be 
located corresponding to each reception level is obtained to 
detect the current position of a mobile from the overlap of 
each range. 
0005. However, it is difficult to draw the coverage con 
tour 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 by a geog 
raphy 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 (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. 

0006 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 (Auto 
matic Vehicle Monitoring System), and GPS (Global Posi 
tioning System). Each will be described hereinafter. 
0007 (1) MCA 
0008 Today, a great number of vehicles for various 
delivery and transportation Such as those of a delivery 
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 common to Send the instruction to the 
vehicle located closest to that customer from the Standpoint 
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 
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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 Sequen 
tially until an appropriately located vehicle is identified. It 
was common to carry out Such confirmation procedures. 
0009 (2) AVM 
0010 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), a repeater (user operation center), a sign post, and a 
mobile Station. This System is already employed to dispatch 
taxis and the like efficiently. 
O011) (3) GPS 
0012. This system is generally employed to identify the 
position of a mobile vehicle. It is already commercially 
available as a navigation System for vehicles. 
0013 The above-described systems are known as con 
ventional methods for detecting the position of mobile 
vehicles and objects. 
0014) 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 recep 
tion, there is a possibility that an inquiry of the position of 
the vehicle from a wireless of the dispatch center is not 
responded. 
0015 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. 
0016 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 consid 
erable 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. 
0017. 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 1 W. 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. 

0018) As to the GPS system, the mobile vehicle per se 
can confirm its own position. However, additional commu 
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nication means is required to transmit the position informa 
tion to the center Side. Reduction in size, weight, and cost as 
a terminal System cannot be achieved. 
0019. There are also position confirmation devices that 
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 
allowed according to the current WireleSS Telegraphy Act. 
Such position confirmation devices are not practical. 

SUMMARY OF THE INVENTION 

0020. 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. 
0021 Another object of the present invention is to pro 
vide a mobile terminal that allows position detection at a low 
cost and at high accuracy. 
0022. 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. 
0023 Still another object of the present invention is to 
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. 

0024. A still further object of the present invention is to 
automatically provide the position of a mobile terminal 
carried by an individual to a center Side apparatus without 
manual operation. 
0.025 Yet a further object of the present invention is to 
provide a positioning System that can easily determine a 
propagation pattern of a wave. 
0026. 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 
center 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 communi 
cation 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. 
0027. 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 terminal is located in. 

0028 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. 
0029 Preferably, the center control station includes a 
database for identifying the plurality of Small Zones. The 
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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 repeater of the communication destination Stored in the 
database. 

0030 Since the database of the center control station is 
used to detect the position of a mobile terminal, the repeater 
with which the mobile terminal is communicating can easily 
be identified. 

0031. In the position display system, the mobile terminal 
preferably includes a wireleSS communication unit for car 
rying out wireleSS communication with the center Station. 
The mobile terminal enters a signal identifying the repeater 
during communication there with. The mobile terminal posi 
tion detector detects the position of the mobile terminal 
according to the Signal from the mobile terminal designating 
a repeater. 

0032. 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, posi 
tion of a mobile terminal can easily be detected without 
using the database of the PHS system. 
0033. 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 the transmitted 
electric field intensity of a plurality of repeaters. 
0034 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 plurality of repeaters, 
data of the center control Station does not have to be used. 

0035. According to another aspect of the present inven 
tion, 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 repeater 
of the communication destination, and an output unit for 
providing the detected identification number to the center 
Station. 

0036) Since the mobile terminal includes only the above 
described components, a mobile terminal of a simple struc 
ture can be provided. 
0037 According to a further aspect of the present inven 
tion, the center Station of the first aspect includes 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 of 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. 
0038 Since the center station receives an identification 
number of a repeater with which the mobile terminal is 
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communicating So that the position 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. 

0.039 According to a still further aspect of the present 
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 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 detects the position of 
the mobile terminal according to the repeater identify infor 
mation. 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 plurality of Small Zones without using the 
information of the center control Station. 

0040 Preferably, the mobile terminal includes a monitor 
for monitoring the intensity of an electric field of the 
plurality 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 terminal. The position detector 
identifies the position of the mobile terminal according to 
the wave propagation pattern information and the electric 
field intensity from the plurality of repeaters. 

0041 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 infor 
mation according to the position of the mobile terminal, the 
position of the mobile terminal can be identified at high 
accuracy. 

0042. 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 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 elec 
tronic map, a unit for 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 propaga 
tion pattern taking into account influence of the building 
from the crossing point of the first wave propagation pattern 
and the profile of the building. 

0043. Since the second wave propagation pattern is auto 
matically produced taking into consideration the profile of a 
building from the crossing point between the first wave 
propagation pattern generated according to the wave maxi 
mum propagation distance centered about the wave genera 
tion 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 
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pattern and computing according to the determined pattern. 
Therefore, a wave propagation pattern can be determined 
easily. 
0044 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 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. 
0045 Since the overlapping portion of a plurality of 
Second wave propagation patterns is obtained to determine 
the position using the Overlapping portion, a position deter 
mining System that can easily determine a position can be 
provided. 
0046) The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIG. 1 is a block diagram showing an entire 
Structure of a position display System of a mobile terminal 
according to the present invention. 
0048 FIG. 2 is a block diagram showing a structure of a 
center Station according to the present invention. 
0049 FIG. 3 is a block diagram showing a specific 
structure of a dedicated terminal (mobile station) used in the 
present invention. 
0050 FIG. 4 is a diagram showing the locus of travel of 
a mobile Station. 

0051 FIG. 5 shows an example of a structure of a 
transmission identification code and a reception identifica 
tion code transferred between a repeater and a mobile Station 
in a Self-management System. 
0052 FIG. 6 shows an example of a structure of a 
transmission identification code and a reception identifica 
tion code transferred between a repeater and a mobile Station 
in a public System. 
0053 FIG. 7 is a circuit diagram of a dedicated terminal 
(mobile Station). 
0054 FIG. 8 is a flow chart of a position search proce 
dure in the center Station. 

0055 FIG. 9 shows the principle of the position opera 
tion of a mobile Station. 

0056 FIG. 10 shows an example of a control circuit of 
the center Station. 

0057 FIG. 11 is a block diagram showing a structure of 
a center Station according to the first embodiment. 
0058 FIG. 12 is a schematic diagram showing the inter 
nal Structure of a center control Station. 

0059 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. 
0060 FIG. 14 is a block diagram showing a structure of 
the center Station according to the Second embodiment. 
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0061 FIG. 15 is a schematic diagram showing a modi 
fication of the Second embodiment. 

0.062 FIGS. 16 and 17 are schematic diagrams showing 
a three dimensional map and a wave propagation pattern 
obtained from that map. 
0063 FIG. 18 shows a method of identifying the position 
of a mobile Station according to a plurality of wave propa 
gation patterns. 

0064 FIG. 19 shows a range of location of a mobile 
terminal when a test is actually carried out. 
0065 FIG. 20 shows traces of a mobile terminal at 
different time points. 
0.066 FIG. 21 is a block diagram showing a structure of 
the center Station of a position determining System according 
to the present invention. 
0067 FIG. 22 is a flow chart showing the procedure for 
obtaining a wave propagation pattern of a repeater. 
0068 FIGS. 23 and 24 show specific operations for 
obtaining a wave propagation wave of a repeater. 
0069 FIG. 25 shows the accuracy and the distance range 
per one byte. 
0070 FIG. 26 shows the angular interval of a coordinate 
point train and the data length of a wave propagation pattern. 
0071 FIG. 27 is a flow chart showing the procedure of 
calculating a wave propagation pattern of an arbitrary elec 
tric field intensity. 
0072 FIG. 28 shows measured value data of electric 
field intensity and distance. 
0073 FIGS. 29a and 29b show specific operations for 
calculating a wave propagation pattern of an arbitrary elec 
tric field intensity. 
0074 FIG. 30 is a flow chart for obtaining an overlap of 
wave propagation patterns. 
0075 FIG. 31 shows a specific operation for obtaining an 
overlap of wave propagation patterns. 

BEST MODE FOR PRACTICING THE 
INVENTION 

0076) (A) First Embodiment 
0077 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. 
0078) 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 used 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 
System. A cellular type portable telephone has an output of 
at least 600 mW as a mobile station with a repeater installed 

Nov. 1, 2001 

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 has a weak output of approximately 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 Zone system of the PHS has a 
plurality of advantages Set forth in the following. 

0079 (1) Since the repeater is reduced in size and weight, 
it can be installed on a telephone pole and on public 
telephone booths. 

0080 (2) The mobile station can be reduced in size, 
weight, and cost Since the transmission output is low. 
0081 (3) Only a small capacity of the battery for a mobile 
Station is required Since the transmission output is low. 
0082 (4) Many more subscribers can use a certain chan 
nel number Since the cell (Zone) is Small. 
0083. However, 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. 
0084. The invention of the present application employs a 
wireleSS communication network of a Small Zone Such as the 
PHS. The small Zone wireless network is briefly shown in 
FIG. 1. 

0085) Referring to FIG. 1, when a center station 1 that is 
fixed or that can be moved is to carry out conversation 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 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. 

0086) 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 
center control station 51. Even if mobile station 7 does not 
establish conversation with repeater 6, information of its 
location is Similarly Stored into the 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 advantage of the position information of repeater 6. 
Thus, the location of mobile station 7 can be identified. 

0087. Since information specifying repeater 6 corre 
sponding 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 tech 
nical Standpoint. 

0088 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 
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is easily available in the form of a CD-ROM such as in a 
navigation System of a vehicle. 
0089. 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 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. 

0090 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. 

0.091 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. 

0092. 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 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 keyboard 11 and a mouse not shown can be used 
for manipulation. 

0.093 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 station 7 on a 
map, ROM 62 and RAM 63 storing programs and the like 
defining the operation of center Station 1, and an I/O 
interface 64 which provides interface with external devices. 
0094) A CD-ROM driver 65 for displaying map data, an 
automatic calling device 66 for providing connection with 
eXchange Station 2 for the PHS System, and a line discon 
nection unit 68 for effecting a call in automatic calling 
device 66 if necessary and disconnecting the line immedi 
ately after obtaining data of repeater 6 near which mobile 
station 7 is located are connected via I/O interface 64. Line 
disconnection unit 68 is connected to exchange Station 2 of 
the telephone central office via center Station modem 13. 
0.095. 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 con 
nected via I/O 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/O 
interface 64. 

0096. 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 
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FIGS. 1, 2 and 11. First, keyboard 11 at center station 1 is 
operated and the PHS telephone number of mobile 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 of the relevant repeater 6 
is recognized and stored 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 code number of repeater 6 or 
by a latitude and longitude of repeater 6. The position 
information is immediately transferred from the PHS data 
base to modem 13 of center station 1 to be transmitted to 
personal computer or work Station 12. 

0097 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 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 circle region 
of approximately 100 m in radius centered about marker 9 
of the relevant repeater is shown, a circle or a graphic form 
of an arbitrary shape can be provided easily by program 
ming. 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. 

0098. 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 pro 
vided 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. 

0099 Alternatively, position information of mobile sta 
tion 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 corre 
sponding 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 modified from that of a general conversation for 
obtaining position information, this is of no technical prob 
lem. 

0100 This means that mobile station 7 does not neces 
sarily 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 exclu 
Sive 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 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. 
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0101. In such a dedicated mobile station, the normal 
conversation function is not required. Only the communi 
cation function with repeater 6, or the function of automatic 
reception and response and disconnection of the communi 
cation after a constant time period is required. In this case, 
identification of repeater 6 corresponding to cell 8 in which 
mobile Station 7 is located is effected 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 emergency State when an abnormal State 
occurs at the 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. 

0102 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. 
0103 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. 

0104. Here, mobile station 7 is called from center station 
1 to obtain the position information of mobile station 7. 
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. In 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 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 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 operation, there is no technical 
problem thereto. Alternatively, the bell may be rung if the 
user does not mind. 

0105 FIG. 12 is a schematic diagram of the internal 
structure of center control station 51. Referring to FIG. 12, 
a control unit 52, and a repeater identify database 54 for 
identifying the PHS repeater 6 connected to control unit 52 
are connected to center 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 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. 

Nov. 1, 2001 

0106 The obtained position information of mobile sta 
tion 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 station 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 com 
puterS 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 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 Station 1 can be 
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. 
0107. 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 radius 
centering about repeater 6 displayed on map 10 on display 
61. In this case, visual attraction can be obtained by dis 
playing only the marker of the relevant repeater 6 in a 
blinking manner. 
0.108 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. 
0109 The operation of collecting the position informa 
tion 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 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 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 enterprise of the 
PHS settles a contract with the user at a fixed amount system 
(a fixed fee per month), the expense for the user will not 
increase even if the number of pollings is increased. 
0110 Since center station 1 can constantly grasp the 
location of all mobile stations 7 on map 10 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 telephone, or one of other communication 
Systems. However, conversation communication will prob 
ably be carried out with a PHS telephone in most cases 
taking into consideration the fact that the main advantage of 
the present invention lies in that collection and transmission 
of a position information and normal conversation can be 
implemented by the same PHS mobile station. 
0111 AS mentioned before, the PHS system is not suit 
able for communication with a vehicle that travels at high 
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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. Therefore, 
there is no great problem in practical usage. 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. 
0112 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 Sequentially 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. 
0113 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, whereby a bell 
rings and connection of a line is maintained. 
0114. 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 of the telephone company Side. In the following, a 
method of identifying the position information of mobile 
unit 7 without using the database will be described. 
0115 (B) Second Embodiment 
0116. In the second embodiment, the 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 a Self-management 
System. 

0117 FIG. 5 shows an exemplary structure of a trans 
mission 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. Refer 
ring to FIG. 5, a transmission identification code specifying 
a repeater is formed of 42 bits, including a 29-bit System 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 iden 
tification code for Specifying a mobile Station is formed of 
28 bits. 

0118 FIG. 6 shows an exemplary structure of a trans 
mission 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, includ 
ing 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 
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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. 

0119) By providing a function in mobile station 7 So that 
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 (including wireless tele 
phone), the information of which cell of repeater 6 mobile 
station 7 is located in can be obtained by center station 1 
without depending upon the database of the telephone 
company. 

0120 FIG. 13 schematically shows transfer of informa 
tion among repeater 6, mobile Station 7, and center Station 1 
according to the Second embodiment of the present inven 
tion. Referring to FIG. 13, mobile station 7 is called from 
repeater 6 forming the PHS system in the second embodi 
ment. When an identification 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 
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 
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 iden 
tified repeater is provided on display 61. 
0121 The additional ID information 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 transmit 
ted to the central Station 1 via a relevant wireleSS commu 
nication System. 
0.122 Although mobile station 7 identifies a repeater 6 by 
a call from repeater 6 in the above embodiment, transmis 
Sion and reception 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. 

0123 FIG. 7 is a block diagram showing a circuit con 
figuration of an exclusive terminal (mobile station 7). The 
audio circuitry, display circuitry, and key operation 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 for transmission and recep 
tion, a reception amplifier circuit and a demodulation circuit 
21 for amplifying and demodulating a Signal received by 
antenna 19, an additional ID detection circuit 22 for detect 
ing an additional ID to identify repeater 6 according to the 
demodulated Signal, and an electric field intensity measure 
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ment circuit 23 for measuring an electric field intensity 
according to the Signal amplified by the reception amplifier 
circuit 20. 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 circuit 26, a modulation circuit 27, a transmission 
amplifier circuit 28, and antenna 19. The operation will be 
described hereinafter. 

0124. 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 applied 
to transmission signal generation circuit 26. 
0.125 The position detection operation can be repre 
sented 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 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 contractor is a proper one, a request for 
information of repeater 6 is dispatched to the terminal of 
interest (S13). Upon receiving information of repeater 6 
from mobile station 7 (S14, S15), the information is ana 
lyzed 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 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 infor 
mation is provided to user 71 requesting the position infor 
mation to complete 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 an area of 100 m in radius about repeater 16, but to 
a 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). 

Reception power=antenna gain of transmitterxantenna 
gain of receiverxtransmission power+(4xdistance 
between transmitter and receiver/wavelength of 
wave)' (1) 

0.126 Therefore, the distance between repeater 6 and 
mobile station 7 can be calculated from the magnitude of the 
reception power obtained by electric field intensity measure 
ment circuit 23 shown in FIG. 7. The basic principle is 
shown in FIG. 9. 

0127 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 
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 circum 
ference of the circle of r meters in radius, mobile station 7 
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will be located on this arc 33. As a result, the position of 
mobile station 7 can be identified at a higher level of 
accuracy. 

0128 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 position on a map. Referring to FIG. 10, 34 
designates a telephone line, 35 designates a signal demodu 
lation circuit, 36 designates a mobile Station position detec 
tion calculation circuit, 37 designates a display, 38 desig 
nates a database of repeater 6, 39 designates a position 
database of mobile Station 7, 40 designates a map database, 
and 41 designates a call circuit towards mobile Station 7. 
0129. 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, 
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 the antenna corre 
sponding to the ID of respective repeaterS 6 must be pre 
pared in advance as repeater database 38. Also, database 40 
of an electronic map must also be prepared. Position detec 
tion calculation circuit 36 of mobile station 7 uses the data 
of the plurality of 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, 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. 

0.130) (C) Third Embodiment 
0131) A third embodiment of the present invention will 
be described hereinafter. Similar to the first and second 
embodiments, the Small Zone wireleSS communication Sys 
tem such as the PHS is employed in the third embodiment. 
0132 FIG. 16 is a schematic diagram showing wave 
propagation pattern information of center Station 1 accord 
ing 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) indi 
cates the case where repeater 6 is installed in the proximity 
of a crossroad, (B) indicates the case where repeater 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. 

0133. 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 out 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. 

0134) The relationship between distance and electric field 
intensity for carrying out this simulation will be described 
hereinafter. The relationship of the distance between 
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repeater 6 and mobile station 7 and electric field intensity is 
represented by the following equation. 

D=f(E) (2) 
0135 The linear approximate expressions in the longitu 
dinal direction of the Straight road is expressed by the 
following equation. 

D=-16E-1100 (3) 

0.136 The linear approximate expression in the breadth 
wise direction is expressed by D=30 (m). 
0.137 Here, D represents the distance from a repeater 
(m), and E represents the electric field intensity (dBuV/m). 
0.138. The distance between repeater 6 and mobile station 
7 can be calculated by the above experimental equations. 
0139 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 pattern 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. 

0140 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. 

0141 Next, a case where a plurality of positions of 
mobile station 7 obtained at different time points will be 
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. 

0142. The present invention is not limited to the above 
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 configu 
ration of buildings and facilities can be identified. 
0143 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 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 delivery Service organization. Further 
more, the Search and confirmation of a missing object can 
also be carried out Speedily. 
0144. 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. Com 
munication and also management of the Salesman can be 
carried out more effectively. 

0145 The present invention can also be used to display 
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 
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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 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. 

0146 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 handicapped, So that the 
position of mobile Station 7, i.e. the individual carrying the 
terminal of the present invention, can be traced by display 
ing 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. Furthermore, 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 noti 
fied at once to take the individual under protection at a 
relatively earlier period. 

0147 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. 

0.148. 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. Although it 
may seem that identification of the position 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 consider 
ation cost effectiveness. 

0149. 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. 

0150 (D) Fourth Embodiment 
0151 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 embodiment. 
Corresponding components have the same reference char 
acters allotted, and their description will not be repeated. 
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0152 (1) Definition of Repeter Wave Propagation Pattern 
Data 

0153. How repeater 6 obtains the wave propagation pat 
tern of a repeater will be described hereinafter. 
0154 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 S11). 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 hori 
Zontal direction (angle A=0) as the base in a counter clock 
wise manner. Here, an arbitrary angle within the range of 
1-120° is selected for the angular interval (S112-S114). 
O155 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) 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). 
0156 A train of coordinate points of the obtained wave 
propagation pattern Ma is converted into the value of 
distance 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 800 m, and the 
accuracy is 4 m, 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. 

0157 FIG. 25 shows the relationship between the accu 
racy 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 
data length (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 4 m, the wave propagation 
pattern of repeater 6 is expressed as follows when defined 
with the train of coordinate points (floating point of 8 bytes). 
More specifically, 8x2=16 bytes with 8 bytes for each of X 
and Y coordinates. With the angular interval of 5, 360/5= 
72. 16x72=1152 bytes. Only 72 bytes is required for defi 
nition from the center of repeater 6 as in the fourth embodi 
ment. The wave propagation pattern of repeater 6 can be 
defined by 1/16. 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 propa 
gation pattern of an arbitrary repeater 6 from database 81. 
0158 (2) Calculation of a Wave Propagation Pattern of an 
Arbitrary Electrical Field Intensity 
0159 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. 
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0160 First, wave propagation distance N of an arbitrary 
electric field intensity is obtained according to an experi 
mental equation extracted from actually measured values 
(S121). 
0161 Referring to FIG. 28, the relationship between the 
electric 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)/ 
O.O56. 

0162 The wave propagation distance is obtained accord 
ing to this equation. This propagation distance is normalized 
according to the accuracy of the wave propagation pattern 
Ma of repeater 6 stored in the database (S122). If the 
detected wave propagation distance is 400 m and the accu 
racy is 4 m, 400/4=100. 
0163 Database 81 is searched for to read out the wave 
propagation pattern of repeater 6 (S123). The wave propa 
gation 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 of the wave propagation 
pattern of repeater 6 is greater, it is Substituted with wave 
propagation distance Mb of an arbitrary electric field inten 
sity (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 comparing 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. 
0164. 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 electric field 
intensity. The crossing point with the building data on the 
electric map does not have to be obtained every time. 
0.165. Therefore, the time required for calculating the 
wave propagation pattern of an arbitrary electric field inten 
sity can be reduced. 
0166 (3) Calculation of Overlap of Wave Propagation 
Pattern 

0.167 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 calculating the Overlap of the 
wave propagation patterns. FIG. 31 shows the specific 
operation. 

0168 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 
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 
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reduced since the overlap is obtained by calculation of a 
polygon and a point, not between polygons. 
0169 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. 
0170 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. 

0171 
0172 By mounting, attaching, or carrying the mobile 
Station which is a Structural element of the System of the 
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 provided on the map informa 
tion displayed on a display of the center Station in a circle 
area drawn with respective markers as the center point (a 
circle area of approximately 100 m 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 indi 
vidual can be identified at a glance. Furthermore, the present 
invention is Suitable for managing and analyzing the move 
ment of the mobile station since the locus of the movement 
thereof can be displayed together with the time. 

Industrial Applicability 

0173 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. 

What is claimed is: 
1. A position display System of a mobile terminal employ 

ing a Small Zone communication 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 
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 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 communica 
tion 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 Small 
Zones, and wherein a name of a repeater with which said 
mobile terminal communicates is Stored in Said database 
during communication therebetween, 
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wherein Said position detection means detects a position 
of Said mobile terminal according to Said 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 wireleSS com 
munication 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. 

5. The position display system of a mobile terminal 
according to claim 1, wherein Said mobile terminal com 
prises 

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

means for transmitting to Said center Station the electric 
field intensity of the plurality of repeaters monitored by 
Said monitor means, 

wherein Said position detection means identifies the posi 
tion of Said mobile terminal according to Said trans 
mitted 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 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 
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 
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. 

9. The position display system of a mobile terminal 
according to claim 8, 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. 

10. The position display system of a mobile terminal 
according to claim 8, wherein Said center Station comprises 
disconnection means for disconnecting a line between Said 
center Station and Said mobile Station in Said position 
detection mode after communication between Said mobile 
terminal and Said repeater is established to have data des 
ignating Said repeater entered into Said mobile terminal. 
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11. 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. 
12. The mobile terminal according to claim 11, further 

comprising means for Storing Said identification number. 
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, compris 
ing 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. 

17. 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 detect 
ing 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. 

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

20. The center station according to claim 17, further 
comprising means for Storing a position of a mobile terminal 
detected by Said position detection means. 

21. A position display System of a mobile terminal using 
a Small Zone communication System, said position display 
System comprising: 

a repeater provided in each of a plurality of Small Zones, 
and 
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a mobile terminal for carrying out communication with 
Said repeater, 

wherein Said repeater provides information designating 
Said repeater to Said mobile terminal during commu 
nication 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 to 
Said repeater designating information. 

22. The position display System of a mobile terminal 
according to claim 21, wherein Said mobile terminal com 
prises 

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 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 
position of Said mobile terminal. 

23. A position determining System comprising: 

means for obtaining a wave maximum propagation dis 
tance 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 propa 
gation 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 propagation 

patterns from Said first wave propagation pattern and 
Said profile of a building, and 

means for detecting an overlapping portion of Said plu 
rality of Second wave propagation patterns. 


