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Abstract

An electric field intensity distribution preparation 

apparatus defines the neighborhood about a repeater as a

5 mesh of an arbitrary size. Then, each mesh is determined 

whether it is a mesh with sight, a mesh without sight, or 

a mesh that cannot be reached by a wave on the basis of 

data of an electronic map. The electric field intensity of 

each mesh is obtained for the mesh with a sight to produce

10 an electric field intensity distribution of the 

neighborhood of a repeater. As a result, an electric field 

intensity distribution preparation apparatus that can 

easily determine a wave propagation pattern centered about 

a repeater is provided.
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Specification

Electric Field Intensity

Distribution Preparation Apparatus

5 Technical Field

The present invention relates to an electric field 

intensity distribution preparation apparatus for obtaining 

the electric field intensity about an electric wave 

generation source and a mobile communication system for

10 determining the position of a mobile using the electric 

field intensity distribution preparation apparatus. More 

particularly, the present invention relates to a mobile 

. communication system that produces an electric field 

intensity distribution using an electronic map to

15 determine the position of a mobile using the produced 

electric field intensity distribution.

. Background Art

A mobile position detection method of interest to the

present invention is disclosed in, for example, Japanese

20 Patent Publication No. 6-93650. According to the

publication, waves from a plurality of repeaters are

respectively received at a mobile in a mobile

communication system for carrying out communication

between a repeater and a mobile via the wave. By using a 

coverage contour of a reception electric, field level from 

1
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each repeater obtained in advance, the range in which a 

mobile can be located corresponding to each reception 

level is obtained to detect the position of the mobile 

from the overlap of each range.

5 However, such a position detection method using a

coverage contour is a macro detection method that does not 

take into consideration the blocking and reflection of the 

waves due to the building around the mobile and the 

geography in the actual detection of the position of a

10 mobile. Therefore, this method is suitable for the 

position detection of a vehicle and the like that travels 

at high speed. However, there was a problem that this

. method is not suitable for the position detection of a 

human being or object that travels at a low speed.

15 Thus, there is a position determining system

utilizing a wireless communication network of small zones 

such as a PHS. In such a positioning system, applications 

is considered of a radiation pattern of a wave to carry 

out position detection of high accuracy. Such a small zone

20 wireless network is shown in Fig. 10.

Referring to Fig. 10, when a fixed or movable center 

station 91 is to establish conversation communication with 

a mobile station 7 that is currently on the move, 

conversation is allowed with a mobile station 7 that is

8 of approximately 100m in radius 

2
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about a repeater 6 from an exchange station 2 to which 

center station 91 is connected through a main line 3 and 

an exchange station 4 through another main line 5. A 

center control station 51 is connected to main lines 3 and

5 5.

In a PHS system, there is a PHS database. When center 

station 91 communicates with mobile station 7, the 

location of mobile station 7 within cell 8 of repeater 6 

is recorded in a database 38 of that repeater provided at

10 center control station 5. Alternatively, the entry of 

mobile station 7 into the area of cell 8 is immediately 

stored in the database without effecting communication

. with repeater 6. It is identified that mobile station 7 is 

within a circle of a radius of approximately 100m about

15 that repeater 6 by utilizing the position information of 

repeater 6 that is known in advance. Thus, the location of

. mobile station 7 can be identified.

The information identifying a repeater 6 

corresponding to a certain cell 8 in which mobile station

20 7 is located at a certain time point can be stored and

maintained in the database of the PHS. Technically 

speaking, center station 91 can receive that information.

Center station 91 includes a system that provides a 

display of a map information on a display device. It is 

25 well known that such a system providing a display of map

3
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information is easily available in the form of a CD-ROM as 

in the navigation system of a vehicle.

The position information of a repeater 6 

corresponding to a cell 8 in which mobile station 7 is

5 located obtained from the database of the PHS is displayed 

on a map on the screen of the display device at center 

station 91. Repeater 6 is indicated by a marker and the 

like. A circle of 100m in radius is provided on the 

display centered about the marker. Identification is

10 presented that the mobile station is located within that 

circle.

Fig. 11 shows a structure of center station 91. 

Referring to Fig. 11, center station 91 of the present 

invention includes a personal computer or a work station 

12, and 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 to be connected to a telephone exchange station 2 

shown in Fig. 10 via modem 13 for the center station.

In a map 10 appearing on a screen of the display of 

personal computer or work station 12 at center station 91, 

a marker 9 indicating a repeater 6 corresponding to a cell 

8 in which mobile station 7 is located, and a circle 

having a radius of 100m (in some cases, may not be a 

circle) about marker 9 are displayed. It is indicated that

15

20
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10

15

20

mobile station 7 of interest is located within that circle. 

Mobile station 7 per se cannot be shown on the display.

Fig. 12 is a block diagram showing a specific 

structure of center station 91. Referring to Fig. 12, 

center station 91 includes a CPU 60 for providing the 

control of the entire apparatus constituting center 

station 91, a display 61 connected to CPU 60 for providing 

a display of the location of mobile station 7 on a map, a 

ROM 62 and a RAM 63 in which a program and the like 

defining the operation of center station 91 are stored, 

and an I/O interface 64 functioning as an interface with 

an external device.

A CD-ROM drive device 65 for providing a display of 

map data via I/O interface 64, an automatic calling device 

66 for connection to exchange station 2 of the PHS system, 

and a line disconnection unit 68 for effecting a call by 

automatic calling device 66 as necessary and disconnecting 

the line immediately after receiving data of repeater 6 

near which mobile station 7 is located are connected. Line 

disconnection unit 68 is connected to telephone exchange 

station 2 via center station modem 13.

In addition to directly designating a mobile station 

7 from center station 91 via keyboard 11, the line from a 

subscriber 71 asking for the position information of

mobile station 7 is input via I/O interface 64. A check is

5



effected through a subscriber database 69 connected to I/O 

interface 64 to identify whether the input subscriber is a 

proper predetermined subscriber.

The procedure of sending a signal and receiving

5 position information to search for the position

information of mobile station 7 will be described 

hereinafter with reference to Figs. 10, 11 and 12. First, 

keyboard 11 at center station 91 is manipulated to dial 

automatically the PHS telephone number of mobile station 7

10 of interest under control of personal computer or work 

station 12. As shown in Fig. 10, a telephone line is 

connected to mobile station 7 via a repeater 6

. corresponding to cell 8 in which that mobile station 7 is 

located through exchange station 2 and the like. When line 

15 connection is established between center station 91 and 

mobile station 7, the code number of the relevant repeater

. 6 is recognized and stored in the database of the PHS.

Since this recognition and storage is carried out 

instantly, the line between center station 91 and mobile

20 station 7 can be disconnected immediately. The position 

information of repeater 6 is represented by the code of 

repeater 6 or by the latitude and longitude of repeater 6. 

The position information is immediately sent from the PHS 

database to modem 13 at center station 91 and transmitted

6



At personal computer or work station 12, map 

information is sent in advance from the incorporated CD- 

ROM drive 65. The map information is provided as a map 10 

on the screen of display 61. By placing the position

5 information represented by the code or the latitude and 

longitude of repeater 6 on map 10, repeater 6 can be 

indicated by marker 9 as shown in Fig. 11.

As described above, entry of mobile station 7 into 

cell 8 of repeater 6 is recognized and stored in the

10 database. The information thereof is provided to center 

station 1, so that the location of mobile station 7 within 

the circle of approximately 100m in radius about a

. repeater 6 is detected.

When the position is to be determined in such a

15 system, cell 8 is not always a circle depending upon the 

status around the repeater. When the PHS owner is located 

at a site where wave propagation is blocked by some 

building and the like, various wave propagation patterns 

according to various cases shown in Figs. 13A-13C taking

20 account of the arrangement and profile of that building 

and the like is required. Here, a wave propagation pattern 

indicates a pattern of a region having a wave intensity 

emitted from a repeater exceeding a constant value taking 

into consideration the environmental status of the

In accounting for a building structure as an

7
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example of environmental status of the repeater in producing 

a wave propagation pattern, an operator had to select the 

propagation pattern from the pattern shown in Figs. 13A-13C 

according to the position relationship between the repeater

5 and the surrounding facility in the conventional case. The 

propagation pattern had to be calculated according to the 

selected pattern. Thus, there was a problem that 

computation of the wave propagation pattern is time 

consuming.

10 The reference to any prior art in this specification is

not, and should not be taken as, an acknowledgment or any 

form of suggestion that that prior art forms part of the 

common general knowledge in Australia.

Summary of the Invention

15 The present invention provides an electric field

intensity distribution preparation apparatus comprising: 

means for dividing a neighborhood of a wave generation 

source into meshes of a desired size, centered about said 

wave generation source,

20 means for determining a predetermined type of said mesh

on the basis of a map including the neighborhood of said

wave generation source,

means for obtaining electric field intensity for each

mesh according to a determination result by said
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determination means and a distance between said wave

generation source and said mesh, and

means for preparing an electric field intensity

distribution of the neighborhood of said wave generation

5 source according to said obtained electric field intensity.

The invention also provides a mobile communication

system for carrying out communication between a mobile

second station and a third station via a first station,

wherein said first station emits a wave of a predetermined

10 frequency at a predetermined intensity, comprising:

means for producing an electric file intensity 

distribution of a wave emitted from said first station at a 

neighborhood of said first station,

said means for producing an electric field intensity

15 distribution comprises

means for dividing the neighborhood of the first 

station into meshes of a predetermined size, centered about 

said first station,

means for determining a predetermined type of said mesh

20 on the basis of a map including the neighborhood of said

first station,

means for obtaining electric field intensity for each

said mesh according to a determination result by said 

determination means and a distance between said first
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station and said mesh, and

means for producing an electric field intensity

distribution of the neighborhood of said first station 

according to said obtained electric field intensity,

5 wherein said second station provides information

identifying said first station and electric field intensity 

thereof to said third station when communicating with said 

first station,

wherein said third station determines a position of

10 said second station from said provided identification

information and electric field intensity of said first 

station, and said electric field intensity distribution.

A wave intensity distribution production apparatus of 

one embodiment of the invention includes means for dividing 

15 the neighborhood about a wave generation source into meshes

of a desired size, means for determining a predetermined 

type of the mesh on the basis of a map including the 

neighborhood of the wave generation source, means for 

obtaining electric field intensity of the mesh according to

20 the determination result by said determination means
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and the electric field intensity of the wave generation

source, and means for producing an electric field intensity

distribution of the neighborhood of the wave generation

source according to the obtained electric field intensity.

5 The neighborhood of the wave generation source is

divided into meshes of a desired size. Each divided mesh is 

determined corresponding to a predetermined type according 

to the electronic map. The electric field intensity of each 

mesh is obtained according to the determination result and

10 the electric field intensity from the wave generation

source. An electric field intensity distribution of the 

neighborhood of the wave generation source is produced 

according to the electric field intensity. Since the 

electric field intensity distribution is produced taking

15 into consideration the actual geometry of the wave

generation source, a wave propagation pattern of the 

neighborhood of the wave generation source can be easily 

determined.

According to another embodiment of the present

20 invention, a mobile communication system carries out

communication between a moving second station and a third

station via a first station. The first station emits a wave

of a predetermined frequency at a predetermined intensity.

he mobile communication system includes means for producing 

/



the electric field intensity distribution of the wave 

emitted from the first station at the neighborhood of the 

first station. The means for producing an electric field 

intensity distribution includes means for dividing the

5 neighborhood about the first station into meshes of a 

desired size, means for determining a predetermined type 

for the mesh on the basis of a map including the 

neighborhood of the first station, means for obtaining the 

electric field intensity for each mesh according to the

10 determination result by the determination means and the 

distance between the first station and the mesh, and means 

for producing an electric field intensity distribution of

. the neighborhood of the first station according to the 

obtained electric field intensity. The second station

15 provides the information for identifying the first station 

and the electric field intensity thereof at the time of 

communication with the first station to the third station. 

The third station determines the position of the second 

station from the identification information and the

20 electric field intensity of the first station sent from 

the second station, and an electric field intensity 
distribution.

In a mobile communication system that carries out 

communication between a moving second station and a third

25 station via a first station, the electric field intensity

10
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distribution of the neighborhood of the first station from 

which the wave is emitted is produced for every 

predetermined mesh. In communication with the third station, 

the second station provides the electric field intensity of

5 the first station. From the electric field intensity and 

the electric field intensity distribution, the position of 

the second station is determined at the third station.

Thus, a mobile communication system that can easily 

determine the position of a second station in a short time

10 can be provided.

Brief Description of the Drawings

Fig. 1A is a block diagram showing a structure of a 

center station of a position determination system of an 

embodiment of the invention, and Fig. IB is a diagram 

15 showing contents of data of a repeater electric field 

intensity distribution database.

Fig. 2 is a flow chart indicating the procedure of 

producing an electric field intensity distribution centered 

about a repeater.

20 Fig. 3 is a diagram showing a concept of meshes

centered about a repeater.

Fig. 4 is a diagram showing a concept of meshes with 

and without sight.

Fig. 5 is a diagram showing a mesh determination method

25 taking into consideration the height direction of a



building structure.

Fig. 6 is a diagram showing an electric field 

intensity distribution of a repeater.

Fig. 7 is a diagram showing a wave propagation

5 pattern when the electric field intensity is 20 decibels.

Fig. 8 is a diagram showing measured value data 

between electric field intensity and distance.

Fig. 9 is a diagram showing measured value data 

between electric field intensity and distance.

10 Fig. 10 is a block diagram showing an entire

structure of a position display system of a mobile 

terminal.

Fig. 11 is a block diagram showing a structure of a 

center station.

15 Fig. 12 is a block diagram showing a structure of a
center station.

• Figs. 13A-13C show the relationship with the wave

propagation pattern of a building structure.

Fig. 14 shows a specific example of position

20 identification using an electric field intensity 
distribution.

Fig. 15 is a diagram showing an example of position 

identification using an electric field intensity 
distribution.

Fig. 16 is a diagram showing an example of position

- 12 -
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identification using an electric field intensity 

distribution.

Fig. 17 is a diagram showing an example of position 

identification using an electric field intensity

5 distribution.

Figs. 18A and 18B are diagrams showing measurement 

examples of a delay profile for determination of a direct 

wave.

Preferred Embodiments of the Invention

10 Preferred embodiments of the present invention will be

described hereinafter with reference to the drawings. Fig. 

1A is a block diagram of a center station 1 using the 

positioning system of the present invention. In contrast to 

the conventional case of Fig. 12, provision of an electric

15 field intensity distribution database 81 in which an

electronic map 81a and a repeater electric field intensity 

distribution database 81b are integrally formed differs from 

the conventional center station 91. The data contents of 

the repeater electric field intensity distribution database

20 are shown in the drawing. The data contents of the repeater

electric field intensity distribution database are shown in

Fig. IB. As shown in Fig. IB, the repeater electric field 

^VR^^intensity distribution database includes the ID of

respective repeaters, the latitude and longitude information



indicating the position, and electric field intensity 

distribution data for each mesh at the neighborhood of 

that repeater. The remaining elements are similar to those 

of the conventional case. Corresponding elements have the

5 same reference characters allotted, and their description 

will not be repeated.

A mobile terminal detects the identification

information ID of a plurality of repeaters and electric 

field intensity. This information is sent to center

10 station 1. Center station 1 obtains the region where the 

mobile terminal can be located with respect to each 

electric field intensity using the electric field 

intensity distribution of each repeater obtained in 

advance from the identification information and electric

15 field intensity of the plurality of repeaters. The 

position of the mobile terminal is detected from the 

• overlap of each region.

(1) Production of electric field intensity 

distribution of neighborhood of repeater

20 Description is provided of how center station 1

obtains the electric field intensity distribution of the 

neighborhood of repeater 6.

Fig. 2 is a flow chart of obtaining an electric field

intensity distribution of the neighborhood of repeater 6.

3-6 are diagrams describing the steps of obtaining 

14



an electric field intensity distribution. The method of 

obtaining electric field intensity distribution of 

repeater 6 will be described with reference to Figs. 2-6.

As shown in Fig. 3, a mesh of an arbitrary size about

5 a repeater is defined as the region required to produce a 

wave propagation pattern. Here, this mesh becomes the unit 

in producing an electric field intensity distribution. The 

size of the mesh and the size of the region defining the 

mesh are defined within a tolerable range of precision and 

10 data size.

Referring to Fig. 3, a mesh 101 is formed at the 

neighborhood of repeater station 6. Then, referring to 

electronic map 81a, the shape of the building that becomes 

an obstacle for the wave is formed as a building polygon 

15 111 in the region where mesh 101 is formed (in Fig. 2,

step Sil: "step" omitted hereinafter).

Each divided mesh is subjected to a process set forth 

in the following. When the center point of that mesh is 

located within building polygon 111 on electronic map 81a, 

20 that mesh is set as a mesh with no wave propagation. When 

the center point of the mesh is outside building polygon 

111, the crossing point between building polygon 111 and 

the line connecting the center points of repeater 6 and 

the mesh is obtained (S12-S15). When there is no crossing 

25 point, that mesh is set as a mesh A with good wave 

15



propagation. When there is a crossing point, that mesh is 

set as a mesh B with poor wave propagation. The mesh 

inside building polygon 111 is set as a mesh C with no 

wave propagation. A specific example is shown in Fig. 4.

5 Even if there is a crossing point with building polygon 

111, the mesh is set as a mesh with good wave propagation 

when the height of the building is lower than the 

difference in height from repeater 6 to the center point 

of the mesh. The height of the building is obtained using

10 the information of the number of stories of that building 

and the like on electronic map 81a.

An example of this case is shown in Fig. 5. Referring 

to Fig. 5, when repeater 6 is on a building 112, the mesh 

is set as a mesh with good wave propagation when a

15 straight line 116 connecting repeater 6 with the mesh 

center point 115, indicating the change in height, does

■ not cross building 117.

The electric field intensity of each mesh is obtained 

using a relation equation of an electric field intensity

20 and wave propagation distance on the basis of the distance 

between the center point of the repeater and the center 

point of each mesh (S16). The equation of the relationship 

between electric field intensity and wave propagation 

distance is produced for each type of repeater 6 depending

25 upon whether the wave propagation is superior or not and

16



whether is provided on a telephone booth, a pole, or the 

roof of a building structure. Also, wave reflection and 

waveguide effect due to the state of the building around 

the mesh in obtaining the electric field intensity of each 

5 mesh are taken into account.

An electric field intensity distribution of a 

repeater is produced according to each obtained mesh 

electric field intensity (S17). An example of the electric 

field intensity distribution of the repeater is shown in

10 Fig. 6. In Fig. 6, the bold numeric in the mesh indicates

a mesh with good wave propagation, and a numeric 

represented in a slanted manner indicates a mesh with poor 

wave propagation. The electric field intensity 

distribution is obtained in a similar manner for all the

15 repeaters. A database is produced that can be retrieved by

entering the ID of repeater 6·

The method of determining the position using this 

database will be described hereinafter.

A specified repeater 6 is retrieved from electric

20 field intensity distribution database 81b. A group of

meshes having an electric field intensity of at least an 

arbitrary value is set as the wave propagation pattern of

an arbitrary electric field intensity. This example is

shown in Fig. 7. The shaded area in Fig. 7 represents the

Here, the wave propagation 

17



pattern when the electric field intensity is 20dB is shown. 

By setting the electric field intensity to a desired value, 

a wave propagation pattern of a desired intensity can be 

obtained.

5 The method of obtaining each mesh electric field

intensity of S16 will be described hereinafter. Figs. 8 

and 9 are graphs indicating the measured results of the 

distance from each repeater 6 and the reception electric 

field intensity when wave propagation is good (Fig. 8) and

10 poor (Fig. 9). This corresponds to the case where the 

repeater corresponds to a telephone booth. The equation of 

the relationship between the electric field intensity and 

the maximum wave propagation distance is obtained from the 

graph to result in the following equations.

15 Propagation distance N(m) = - (electric field

20

intensity (dB) - 82)/0.056 ...

good).

Propagation distance N(m)

intensity (dB) - 82)/0.112 ...

poor).

(when wave propagation is

= - (electric field

(when wave propagation is

Electric field intensity for each mesh is obtained

according to the above equation for both cases of good and

poor wave propagation.

The wave propagation pattern of an arbitrary electric

25 field intensity can be obtained from the wave propagation 

18



pattern for each intensity of repeater 6 and an arbitrary 

electric field intensity stored in data base 81 without 

having to obtain the crossing point with the building data 

on the electronic map every time.

5 Also, the computation time for obtaining a wave

propagation pattern of an arbitrary electric field 

intensity is reduced since the crossing with the building 

data on the map is not obtained every time.

It is not necessary to obtain the crossing point with

10 the building data on the electric map for each measurement 

since the electric field intensity of an arbitrary 

position centered about repeater 6 is stored in database 

81b. Therefore, the computation time for obtaining the 

wave propagation pattern of an arbitrary electric field is

15 reduced.

The wave employed in the present invention is

• described hereinafter. The wave used for communication 

..with a repeater is preferably a direct wave, not a 

reflected wave or the like. A method of determining this

20 direct wave will be described hereinafter.

Figs. 18A and 18B show a wave delay profile with the 

delay time of the wave arriving at respective points 

plotted along the abscissa and the power of each wave 

plotted along the ordinate. Fig. 18A corresponds to the 

25 case where a direct wave is received. Fig. 18B corresponds 

19
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to the case where a direct wave is not received. Referring 

to Figs. 18A and 18B, the wave with the shortest delay

time is the wave that arrives from the transmitted point 

through the shortest distance. A wave with a longer delay

5 time is a wave that arrives at a reception point through 

reflection and diffraction. Since the distance to the 

reflected»diffracted point is altered as the distance of 

travel increases, the delay profile is altered according 

to the travel. When the direct wave is received within the 

10 sight where the wave is received directly, the wave with 

the shortest delay time is set as the direct wave from the 

delay profile. However, there is a case where the direct 

wave cannot be received by being blocked by the shadow of 

a facility such as the building. In this case,

15 determination is made whether a direct wave is received or 

not using a delay spread property. This delay spread

■ represents the spread of the delay time by rendering the 

area of the shaded region in Fig. 18B constant 

(normalized) . According to the spread of the delay time of 

20 this delay spread property, determination can be made that 

a direct wave is received when the spread is small, and a 

direct wave is not received when the spread is great.

The waveform shown in Figs. 18A and 18B can be 

obtained by separating the components of the arriving wave 

25 (direct wave, reflected wave and the like) by a traversal

20



filter or a filter used in RAKE reception.

In the above embodiment, the position of the mobile 

terminal is determined by obtaining the electric field 

intensity distribution at one repeater. The present

5 invention is not limited to the above embodiment, and the 

positioning can be made more precise by using an electric 

field intensity distribution obtained from a plurality of 

repeaters. In this case, the position of respective meshes 

is identified by the latitude and longitude information of

10 the repeater ID. Therefore, the position of the mobile 

terminal can be easily detected by comparing the electric 

field intensity distribution of respective repeaters for 

each mesh.

An example of this case will be described with

15 reference to Figs. 14-17. Figs. 14-16 show meshes having 

an electric field intensity exceeding a predetermined

• value on the basis of respective repeaters 6A-6C. By 

obtaining the overlapping area on the basis of the data 

from these three repeaters, the precise position of the

20 mobile terminal can be identified as shown in Fig. 17.

In the above embodiment, center station 1 receives 

information of repeater 6 from control station 51 by 

establishing communication between center station 1 and 

mobile station 7. The present invention is not limited to 

25 the above embodiment, and the repeater database can be

21
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provided at center station 1. Information of the 

neighborhood of repeater 6 can be received from mobile 

station 7. The repeater can be identified at center station 

1 according to the received information. In this case, the

5 database of center station 1 includes the ID for identifying 

a repeater and the position information.

Industrial Applicability

Since the electric field intensity distribution 

preparation apparatus of the present invention can easily

10 determine a wave propagation pattern centered about a

repeater, it is applicable to usage , in a position 

determination apparatus employing a wave.

Throughout this specification and the claims which

follow, unless the context requires otherwise, the word

15 "comprise", and variations such as "comprises" and

"comprising", will be understood to imply the inclusion of a 

stated integer or step or group of integers or steps but not 

the exclusion of any other integer or step or group of 

integers or steps.
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Claims

1. An electric field intensity distribution 

preparation apparatus comprising:

5 means for dividing a neighborhood of a wave

generation source into meshes of a desired size, centered 

about said wave generation source,

means for determining a predetermined type of said 

mesh on the basis of a map including the neighborhood of

10 said wave generation source,

means for obtaining electric field intensity for.each 

said mesh according to a determination result by said 

determination means and a distance between said wave 

generation source and said mesh, and

15 means for preparing an electric field intensity

distribution of the neighborhood of said wave generation

■ source according to said obtained electric field intensity.

2. The electric field intensity distribution

20 preparation apparatus according to claim 1, wherein the 

type of a mesh determined by said determination means 

includes a first region of good sight from said wave 

generation source and a second region of poor sight.

25 3. The electric field intensity distribution



preparation apparatus according to claim 2, wherein said 

means for obtaining electric field intensity for each mesh 

is carried out according to the distance from said wave 

generation source and an actually measured value of

5 reception electric field intensity of that distance.

4. The electric field intensity distribution 

preparation apparatus according to claim 2, wherein said 

means for obtaining electric field intensity for each mesh

10 is carried out using

propagation distance N(m) = - (electric field 

intensity (dB) - 82)/0.056 for said first region, and 

propagation distance N(m) = - (electric field 

intensity (dB) - 82)/0.112 for said second region.

15

5. The electric field intensity distribution 

preparation apparatus according to claim 2, wherein said 

second region includes a third region where a wave is not 

reached.

20

6. The electric field intensity distribution 

preparation apparatus according to claim 1, wherein said 

means for dividing into meshes determines said desired 

size by a precision of said electric field intensity



7. The electric field intensity distribution 

preparation apparatus according to claim 1, wherein said 

means for obtaining electric field intensity is carried 

out taking into consideration reflection of a wave from

5 said wave generation source due to a building structure at 

the neighborhood of said mesh.

8. The electric field intensity distribution 

preparation apparatus according to claim 1, comprising

10 means for storing said produced electric field intensity 

distribution.

9. The electric field intensity distribution 

preparation apparatus according to claim 1, wherein a

15 plurality of said wave generation sources are provided, 

and said means for producing electric field intensity 

distribution produces said electric field intensity 

distribution for said plurality of wave generation sources.

20 10. The electric field intensity distribution

preparation apparatus according to claim 9, comprising 

means for storing said produced plurality of electric 

field intensity distributions .

25 11. The electric field intensity distribution

25
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preparation apparatus according to claim 10, wherein said 

storing means stores said produced plurality of electric 

field intensity distributions as a database.

12. The electric field intensity distribution 

preparation apparatus according to claim 1, wherein said 

wave generation source is a repeater of a communication 

system.

13. The electric field intensity distribution 

preparation apparatus according to claim 12, wherein said 

communication system includes a mobile communication 

system that effects communication with said repeater as a 

base.

14. A mobile communication system for carrying out 

communication between a mobile second station and a third 

station via a first station, wherein said first station 

emits a wave of a predetermined frequency at a 

predetermined intensity, comprising:

means for producing an electric field intensity 

distribution of a wave emitted from said first station at 

a neighborhood of said first station,

said means for producing an electric field intensity 

distribution comprises

26
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means for dividing the neighborhood of the first 

station into meshes of a predetermined size, centered 

about said first station,

means for determining a predetermined type of said 

mesh on the basis of a map including the neighborhood of 

said first station,

means for obtaining electric field intensity for each 

said mesh according to a determination result by said 

determination means and a distance between said first 

station and said mesh, and

means for producing an electric field intensity 

distribution of the neighborhood of said first station

■ according to said obtained electric field intensity, 

wherein said second station provides information 

identifying said first station and electric field 

intensity thereof to said third station when communicating 

with said first station,

wherein said third station determines a position of 

said second station from said provided identification 

information and electric field intensity of said first 

station, and said electric field intensity distribution.

15 . The mobile communication system according to 

claim 14, comprising a plurality of said first stations, 

wherein said second station carries out communication

27
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via said plurality of first stations,

wherein said electric field intensity distribution 

producing means produces electric field intensity of the 

neighborhood of said plurality of first stations,

5 wherein said second station provides information

identifying said plurality of first stations and electric

• · 4 ·

field intensity thereof to said third station when

10

15

communicating with said plurality of first stations,

wherein said third station determines a position of

said second station from said provided information of

identifying said plurality of first stations and electric

field intensity thereof, and said electric field intensity

distribution.

16. An electric field intensity distribution preparation

apparatus substantially as hereinbefore described with

reference to Figures 1 to 9 and 13 to 18.

17. A mobile communication system substantially as

• · ·· 
• · · ·

20 hereinbefore described with reference to Figures 1 to 9 and

13 to 18.



2FIG. ΙΑ

61 60 62

TO EXCHANGE STATION

FIG. IB

REPEATER ID LATITUDE LONGITUDE 
INFORMATION

ELECTRIC FIELD INTENSITY 
DISTRIBUTION DATA



F I G. 2



00

F I
 G

.



F I G
.



F I G. 5



F I G. 6



F I G. 7

8 A 0 0 0 / ' 8 0 osΌ-A S' J) ■“JI :----
0 0 0 1 8f A

8 10 Tn A 1/ 10 /0 0 0 0 <0 V A 10 ww 0 0 0 θ
/0

/° 0

13 13 13 0 0 0
/ 0 0 0 w A 0 0 / 0 0

0 0 0 T 15 15 "&x A 0 /° 0 0 0 s 15 1T A /5 0 0

0 0 0 r
AA 18 Ty 0 0 0/ 0 A 15 0

0 0 0 15 / 0 0 0 s w14 0 0 Ί8 Λ 10 s'

A '0 0 0 7 0 0 ■w■ 0 '0 0 18 0 0 0 A

15 S 0 0 0
/

0 0 0 Uw w 
m 0 0 0 0 7

w? 0
/0

0 0 0 te 55/ O' sW?
' 0 0 0 0

/

0 fb ■ϋ 0 0 w 0 0 0 18 0 7 %
7 7 0 // » » w w0w 

w w?
'0 0 0 0 w

iw
/0 o' Tn A// 0 0 TbSJlϋw to 0 0 0 0/ w 0 0 0 0

'0 °/ AA 0 0 jw ne 0 §7Sg /0 0 0 0 0 0
8^ A /( 0 0 sSjs /0

0/
I

8 ς*τ«κ  w0
W5 w0I

w 0 0 0 J
/0 0 0

8 10 1J A 0 0 0 PB8 /° w? 0 iAy 0 0 0
/o VA 15 IS* 0 0 0 0

I Hl w pA 0

0 0 0 >A w
H1

0 0 0 sgFg 7 0 Hls 15

0 0 0
/

0 θ' III w iw 0 0 °/ '0 0 0 0 <7Q 15

0 0 0/ 0 0 0 0/
1i iΆ 0 0 0 7 0 0 V 715

0 0 0 /° AA 18 18 0 0 0 7 0 0 0 7 8

S 10 i> 0 °/
K

w
0 0 0 1 15 15 Tt A '0 0 0 0

I

Λ
0 ΎA 13 13 || 0 0 0 3

f
0 A A 13 13 0 7 '10 1

0 / 0 VA w iW 0 0 7 10f Q 0 0
io

10 10 To 10 '0

°/ 0 0 0 7 15 15 15 8 s' A1Ϊ θν A h 0 o' 8 8 s'



FIG. 8

80

70

60

RECEPTION „
ELECTRIC 50
FIELD 
INTENSITY

(dBu) 40

30

20

10
571(m) I

J I I I I ■ ■ t I I ■ I ■ I \ll I I I I I I I I L0
0 200 400 600 800 1000

DISTANCE (m)



F I G. 9

DISTANCE (m)



FIG. 10
50 
/ 

_Z

1□ □□□□

------------------]

I
I
I
I
I

2.exchange!
STATION

7.M0BILE STATION

7.MOBILE STATION

6. REPEATER

8.CELL

I
I
I
I
I
I
I
I
I
I
I
I
I 
I 

4.EXCHANGEI 
------ STATION I

I
I
I
I
I

5.MAIN LINE I
I
I
I
I
I
I
I
I
I
I
I 
I 

________________I

3.MAIN LINE

CENTER 
CONTROL 
STATION

A
□ □□□□



FIG. 11

10.MAP ON SCREEN OF DISPLAY

61.DISPLAY

.CELL

9.MARKER INDICATING 
REPEATER■ )

12.PERSONAL COMPUTER
OR WORK STATION

13.MODEM FOR CENTER STATION

TO TELEPHONE EXCHANGE STATION <p Pl



F I G. 1 2

61 60

SUBSCRIBER

9 1

66

1371

TO EXCHANGER



FIG. 1 3 A

)

FIG. 1 3 B

REPEATER
BUILDING ζ_______BUILDI NG

BUILDING BUILDING

FIG. 1 3 C

BUILDING

REPEATER

BUILDING

BUILDING





.(3c<c<c<cii:<c.5s>ir<c<a·QiCi&CiEiEiiFJE’ ""
f S· c< G> £C

£tf38G»li3ffC<

FI
G

. 15

-------------- :εΦβΕ>8&ε<Ξ91— 
■9OCSISCIDEID9CiSDI3DOQkL·—_ 

i£tt^£>Br<W!5i3ti.ff«3S3PCiSSC!ii;M— 
^CyWSfSPDCJGEDlSSe Oe«3S>Di 
^^■"'SISiliOtJQCIICieDOi-------------

<at«- .«’



7

tf
ηΒ

τ
ΣΠI

1

ΤΓ’“""" ■■*

■ —c

J—

~1

■

ί®

11
■“““ ΞΞ]
i
crLJJ

jL ιί:λ
4ηΤ~“ 1

—-ΙΞ ιt JUZ-
X'

ΠΙΙΐΙΐΙΙΜί- 
rawp

1





FIG. 1 8 A

RELATIVE 
RECEPTION 
LEVEL

RELATIVE DELAY TIME

FIG. 1 8B

RELATIVE 
RECEPTION 
LEVEL

RELATIVE DELAY TIME


