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(57) ABSTRACT 

A system guides a user (or a vehicle 100) in reference to a 
target position via sound changes. The system virtually 
disposes a sound source at the target position de?ned in a 
geographical data ?eld covering the positional arrangement 
of the user and the target object, and (ii) actually outputs 
simulated sounds to the user as if the target position emitted 
sounds and the sounds Were propagated from the target 
position to the user at the current position. The sounds 
change as the user moves in the geographical data ?eld. For 
example, sound propagation paths, through Which sound 
Waves from the sound source are propagated to the user 

While being in?uenced by other objects or obstacles, are 
calculated based on positional data from a position detection 
system 10. Simulated sounds expressed by combining 
directly transmitted Waves, diffraction Waves, and re?ection 
Waves, Which arrive at the user through the sound propaga 
tion paths, are generated, and the generated sounds are 
outputted from multiple speakers 34a to 34a' in such a Way 
that the three-dimensional position of the sound source can 

(51) Int. Cl.7 ................................................... .. G01C 21/28 be identi?ed. 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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POSITION GUIDING METHOD AND SYSTEM 
USING SOUND CHANGES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a system to guide 
a user to a destination object such as a surrounding plot of 
ground or a building via sound changes as the user moves. 
The invention particularly relates to a position guiding 
system, a position guiding method, and a sonic navigation 
system, Which are suitable for sensorially understanding the 
positional relation betWeen a destination object and the 
current position of the user via sound changes in an envi 
ronment croWded With other objects or obstacles such as 
buildings. 
[0003] 2. Description of the Related Art 

[0004] Conventionally, as systems to guide a user to a plot 
of ground or building in the vicinity of a target destination 
When a vehicle is traveling as Well as to guide a user to the 
destination Which a passenger heads for as the vehicle 
moves, a so-called car navigation system is Widely knoWn, 
and there Was, for eXample, a navigation system loaded on 
a vehicle as released in the Japanese Patent Laid-open No. 
H10-197264. 

[0005] This navigation system loaded on a vehicle pos 
sesses a CD-ROM Which stores map data, a microprocessor 
Which reads map data of a block surrounding the current 
position from the CD-ROM by calculating the current 
position of the vehicle using various sensors, a display 
processor Which displays a map of a block surrounding the 
current position together With the current position on a 
display, and a sound generating device. The microprocessor 
has a function to set up any point on the map as a registered 
point on the instruction of a user and a function to detect a 
registered point Within a given range from the current 
position. The sound generating device outputs an alarm 
sound from a speaker When a registered point is detected by 
the microprocessor. 

[0006] Thus, even While driving a vehicle, a user can 
determine a registered point near the current position by a 
sound. 

[0007] The present inventors have recogniZed problems 
residing in the conventional navigation systems. That is, in 
the case of the above-mentioned conventional navigation 
system loaded on a vehicle since its con?guration is only to 
notify a user by a sound such as an alarm sound When a 
registered point Which is a destination object enters Within a 
given range from the current position of the vehicle, the user 
could knoW that the destination object Was Within a given 
range, but that Was all that could be understood. It Was 
dif?cult for the user to sensorially understand the relation 
betWeen the destination object and the current position, such 
as hoW long it Would take from the current position to the 
destination object. 

[0008] For this reason, to ultimately lead the user to a 
destination, it Was necessary to signify a route to the 
destination object by a sound or to shoW the destination 
object on a map on the display. In the former case, the user 
had to understand a route read aloud Without any visual aid, 
and in the latter case, the user had to look at the display 
carefully. 
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[0009] Accordingly, a con?guration in Which a sound such 
as an alarm sound, etc. is outputted at a sound volume 
corresponding to a distance of a destination object from the 
current position can be considered. According to such a 
con?guration, When a destination object enters Within a 
given range from the current position of the vehicle, the 
nearer to the destination object the vehicle is, the higher the 
sound volume becomes. Conversely, the more distant from 
the destination object the vehicle is, the loWer the sound 
volume becomes. Hence, the user can understand the posi 
tional relation betWeen a destination object and the current 
position sensorially to some eXtent. 

[0010] If a sound such as an alarm sound, etc. is outputted 
simply at a sound volume corresponding to the distance 
betWeen a destination object and the current position, a 
realistic sense of distance to the destination object could be 
felt if the destination object is located in an open suburb. 
HoWever, if the destination object, is located in a city 
croWded With many buildings, for eXample, at the rear of a 
building, a sense of distance to the destination object could 
be felt differently. In other Words, to feel realistically a 
distance to a destination object in an environment croWded 
With many buildings, it is important to be able to understand 
not only the distance to the destination object but also 
geographical conditions of blocks surrounding the destina 
tion object. 

SUMMARY OF THE INVENTION 

[0011] The present invention is accomplished by taking 
notice of unsolved problems Which these conventional tech 
niques have. Among others, an object of the present inven 
tion is to provide a position guiding system, a position 
guiding simulation and navigation system and a position 
guiding method Which are suitable for sensorially under 
standing the positional relation betWeen a destination object 
and the current position in an environment croWded With 
many buildings by giving consideration to the distance to the 
destination object and the geographical conditions of a block 
around it. 

[0012] To achieve the above-mentioned object, a position 
guiding method according to an embodiment of the present 
invention is a position guiding method Which guides a user 
in reference to the positional arrangement of a target object, 
via sound changes as the user’s observation point moves, by 
(i) virtually disposing a sound source at the target object in 
a geographical data ?eld, and (ii) outputting a simulation of 
sounds from the target object calculated in the geographical 
data ?eld as if the target object actually emitted sounds. The 
method may (a) simulate actual propagation paths through 
Which sound Waves from the target object are propagated to 
the observation point While being in?uenced by objects or 
obstacles, and (b) considering the propagation paths, syn 
thesiZe and output a simulation of sounds from the target 
object Which the user Would hear at the current observation 
point if the target object actually emitted sounds. 

[0013] In this method, as the observation point moves, a 
simulation of sounds from the target object Which Would be 
heard at the observation point is generated and outputted, 
giving consideration to propagation paths through Which 
sound Waves from a sound source are propagated While 
being in?uenced by objects or obstacles. 

[0014] Consequently, because propagation paths, through 
Which sound Waves from the target object are propagated 
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While being in?uenced by objects or obstacles, are consid 
ered When sounds are synthesized, the positional relation 
betWeen the positional arrangement of the target object and 
the observation point can be understood sensorially, includ 
ing the geographical conditions of blocks surrounding the 
positional arrangement of the target object (the positional 
arrangement and siZe of the target object). In the above, the 
user hears actual sounds but, of course, the target object does 
not emit actual sounds. Simulation is conducted using a 
computer, and the actual geographical conditions are virtu 
ally reproduced in the computer, Wherein the user and the 
target object are located in a geographical data ?eld, and the 
target object emits sounds. 

[0015] The geographical data ?led may be in the form of 
a simulation map, preferably a three-dimensional simulation 
map. HoWever, the geographical data ?eld need not be 
visible to a user, as long as the user can input the coordinates 
of target objects in relation to the position of the user. The 
coordinates can be de?ned by the address, for example, 
Which can be inputted by oral instructions or using a 
keyboard. If the geographical data ?eld is displayed on a 
monitor, the user can select the target objects on the monitor. 
The geographical data ?eld covers the positional arrange 
ment of the user and the target object(s). The geographical 
data ?eld can be con?gured using a GPS (Global Positioning 
System) using an orbiting satellite, a PHS (Personal Phone 
System) using many relay antennas, or any other means for 
identifying the positional arrangement of the user and the 
target objects. When the system receives positional signals 
of the user and the target objects, the system can con?gure 
the geographical data ?eld using a database of a geographic 
information. The database can be preloaded in the system or 
can be obtained by accessing external sources via the 
Internet, etc. 

[0016] Synthesized sounds can be outputted using speak 
ers Which can be installed in a vehicle itself, a helmet (e.g., 
for a motorbike), or a headset or headphone. Preferably, the 
system is installed in a vehicle, but the system can be 
portable. 

[0017] Further, to achieve the above-mentioned purpose, a 
position guiding method according to another embodiment 
of the present invention is a method Which guides a user in 
reference to the positional arrangement of a target object, via 
sound changes as the user’s observation point moves, by 
virtually disposing a sound source at a target object and by 
generating and outputting a simulation of sounds from the 
target object as if the sounds Were emitted from the target 
object, Which method comprises the step of con?guring 
a geographical data ?eld in a computer system, (ii) desig 
nating a target object in the geographical data ?eld as a 
sound source, (iii) designating an observation point in the 
geographical data ?eld, (iv) de?ning the propagation of a 
sound from the sound source to the observation point as a 
sound signal Which is a function of at least a distance from 
the sound source to the current observation point, (v) sepa 
rating a sound signal arriving at the observation point into 
multiple audio element signals according to the direction of 
the sound source observed from the observation point, and 
(vi) reproducing and outputting to the user the multiple 
audio element signals Whereby the user sensorially recog 
niZes the position of the target object from the current 
observation point. 

May 2, 2002 

[0018] The present invention can also be applied to a 
position guiding system for guiding a user With reference to 
a target object via sound changes, comprising: (a) a posi 
tional information detector Which obtains positional infor 
mation for locating the position of the user’s observation 
point in a geographical data ?eld; (b) a geographical data 
?eld-user interface Which virtually disposes a sound source 
at the target object in a geographical data ?eld; (c) a 
propagation path calculation unit Which identi?es propaga 
tion paths, through Which sound Waves from the target 
object are propagated to the observation point, based on the 
positional information obtained by the positional informa 
tion detector, (d) a sound synthesiZer Which synthesiZes a 
simulation of sounds as if the target object actually emitted 
sounds and the sounds Were propagated to the user’s current 
observation point via the propagation paths, and (e) multiple 
sound output devices Which outputs the synthesiZed sounds, 
said multiple sound output devices being arranged in dif 
ferent positions With respect to the positions of the user’s 
ears to enable the user to sensorially recogniZe the positional 
arrangement of the target object. 

[0019] For purposes of summariZing the invention and the 
advantages achieved over the prior art, certain objects and 
advantages of the invention have been described above. Of 
course, it is to be understood that not necessarily all such 
objects or advantages may be achieved in accordance With 
any particular embodiment of the invention. Thus, for 
example, those skilled in the art Will recogniZe that the 
invention may be embodied or carried out in a manner that 
achieves or optimiZes one advantage or group of advantages 
as taught herein Without necessarily achieving other objects 
or advantages as may be taught or suggested herein. 

[0020] Further aspects, features and advantages of the 
present invention Will become apparent from the detailed 
description of the preferred embodiments Which folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] These and other features of the present invention 
Will noW be described With reference to the draWings of 
preferred embodiments Which are intended to illustrate and 
not to limit the invention. 

[0022] FIG. 1a is a schematic diagram shoWing an 
embodiment of the present invention. 

[0023] FIG. 1b shoWs a block diagram of a con?guration 
of a navigation system loaded on a vehicle, to Which the 
present invention is applied. 

[0024] FIG. 2 shoWs a ?oWchart of target object extrac 
tion processing executed at a target object extraction unit 22. 

[0025] FIG. 3 shoWs a draWing of map divisions. 

[0026] FIG. 4 shoWs a ?oWchart of propagation path 
calculation processing executed at a propagation path cal 
culation unit 24. 

[0027] FIG. 5 shoWs a draWing of a propagation path 
through Which sound Waves from a sound source disposed 
corresponding to the position of a target object “i” are 
propagated to a vehicle 100. 

[0028] FIG. 6 shoWs a draWing of a propagation path of 
diffraction Waves from above the vehicle 100. 
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[0029] FIG. 7 shows a drawing to describe a calculation 
process of diffraction Waves When an object is a polygon. 

[0030] FIG. 8 shoWs a block diagram of a speci?c con 
?guration of a navigation system loaded on a vehicle, to 
Which the present invention is applied. 

[0031] In the draWings, numeral 10 is a position detection 
system, 20 is a sound generation unit, 22 is a target object 
extraction unit, 24 is a propagation path calculation unit, 26 
is a sound synthesiZing unit (synthesizer), 30 is a sound 
output unit, each of 32a to 32a' is an ampli?er, each of 34a 
to 34a' is a speaker, 40 is an input device, 42 is a noti?cation 
conditions setting unit, 44 is a noti?cation conditions 
memory unit, 50 is a sound input device, 52 is a map data 
registration DB, 54 is a sound data registration DB, 56 is a 
sound registration unit, 70 is a CPU, 72 is a ROM, 74 is a 
RAM, 79 is a bus, 80 is a map data input device, each of 41, 
51, and 81 is UP, 90 is a navigation system, 92 is a display. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] The present invention includes various embodi 
ments, one of Which is a position guiding method for guiding 
a user in reference to a target object via sound changes as the 

user’s observation point moves, comprising the steps of: virtually disposing a sound source at the target object in a 

geographical data ?eld covering the positional arrangement 
of the user and the target object; (ii) calculating propagation 
paths in real time through Which sound Waves from the 
target object are propagated to the observation point in the 
geographical data ?eld, based on geographical conditions 
de?ned in the geographical data ?eld; and (iii) synthesiZing 
and outputting a simulation of sounds as if the target object 
actually emitted sounds and the sounds Were propagated to 
the user’s current observation point, using the calculated 
propagation paths. The present invention is not limited to 
this embodiment but includes other embodiments described 
beloW. The embodiment numbers indicated beloW are sim 
ply for convenience and in no Way limit the scope of the 
present invention. The elements described in each embodi 
ment are interchangeable betWeen embodiments and can be 
used in any combination. 

[0033] In a ?rst embodiment of the present invention, a 
position guiding system guides a user in reference to the 
positional arrangement of a target object, via sound changes 
as the user’s observation point moves, by virtually 
disposing a sound source at the target object in a geographi 
cal data ?eld, and (ii) outputting a simulation of sounds from 
the target object calculated in the geographical data ?eld as 
if the target object actually emitted sounds. The system may 
(a) simulate actual propagation paths through Which sound 
Waves from the target object are propagated to the observa 
tion point While being in?uenced by objects or obstacles, 
and (b) considering the propagation paths, synthesiZe and 
output a simulation of sounds from the target object Which 
the user Would hear at the current observation point if the 
target object actually emitted sounds. This embodiment can 
be illustrated in FIG. 1a. In this ?gure, a user 1 moves in a 
toWn Where several buildings 2 are constructed. The system 
con?gures a geographical data ?eld 3 (a three-dimensional 
map) covering the positional arrangement of the user and 
disposes a sound source at a target object. Sounds emitted 
from the sound source is preselected. Here, the user selected 
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three target objects. The ?nal destination is target object #3, 
but by using multiple target objects, it can be easier for the 
user to understand the position of the user in relation to the 
?nal destination. The system then calculates propagation 
paths of sounds and synthesiZes a simulation of sounds as if 
the target objects emitted sounds and the sounds Were 
propagated to the user in the real World. Factors to be 
considered to formulate a simulation of sounds may include 
the distance betWeen the user and each target object, the 
arrangement of obstacles and other objects, and the user’s 
moving velocity and direction. The synthesiZed sounds are 
inputted to the user using speakers. The above processes are 
conducted in real time as the user moves. 

[0034] In this con?guration, as the observation point 
moves, a simulation of sounds from the target object Which 
Would be heard at the observation point is generated and 
outputted, giving consideration to propagation paths through 
Which sound Waves from a sound source are propagated 
While being in?uenced by objects or obstacles. 

[0035] Consequently, because propagation paths, through 
Which sound Waves from the target object are propagated 
While being in?uenced by objects or obstacles, are consid 
ered When sounds are synthesiZed, the positional relation 
betWeen the positional arrangement of the target object and 
the observation point can be understood sensorially, includ 
ing the geographical conditions of blocks surrounding the 
positional arrangement of the target object (the positional 
arrangement and siZe of the target object). In the above, the 
user hears actual sounds but, of course, the target object does 
not emit actual sounds. Simulation is conducted using a 
computer, and the actual geographical conditions are virtu 
ally reproduced in the computer, Wherein the user and the 
target object are located in a geographical data ?eld, and the 
target object emits sounds. 

[0036] Herein, a sound is outputted as an observation 
point moves. It is, hoWever, acceptable if a sound can be 
outputted at least With the movement, and even if a movable 
observation point stands still, a sound can be outputted by 
generating a sound from a target object Which Would be 
observed at the observation point. The same applies to a 
position guiding system of a 3rd embodiment of the present 
invention described beloW, a position guiding simulation 
system of a 9th embodiment of the present invention, and a 
navigation system of a 10th embodiment of the present 
invention. 

[0037] Alternatively, an observation point can be an obser 
vation point in the real World or an observation point in the 
virtual World. In the former case, for example, if the system 
is loaded on a vehicle, it can be used as a navigation system. 
In the latter case, for eXample, if it is applied to a computer 
simulation, it can be used as a position guiding system in 
virtual space. 

[0038] Additionally, sounds are not limited to sounds 
uttered by human beings and animals, and they include 
songs, musical compositions, and sound effects. The same 
applies to a position guiding system of the 3rd embodiment 
described beloW, a position guiding simulation system of the 
9th embodiment described beloW, and a navigation system of 
the 10th embodiment described beloW. 

[0039] Furthermore, a position guiding system according 
to a 2nd embodiment of the present invention is a position 
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guiding system of the 1St embodiment of the present inven 
tion, Wherein propagation paths, through Which sound 
Waves from a target object are propagated to a user’s 
observation point While being in?uenced by objects or 
obstacles, are identi?ed, (ii) simulated sounds are synthe 
siZed by indirectly transmitted Waves Which arrive at the 
observation point via propagation paths or by combining the 
directly transmitted Waves and indirectly transmitted Waves 
if there are propagation paths through Which sound Waves 
from the target object are directly propagated to the obser 
vation point, and (iii) synthesiZed sounds are outputted so 
that the target object can sensorially be recogniZed. 

[0040] In this con?guration, as an observation point 
moves, propagation paths, through Which sound Waves from 
a target object are propagated to an observation point While 
being in?uenced by objects or obstacles, are identi?ed, 
simulated sounds expressed by indirectly transmitted Waves 
Which arrive at the observation point via the identi?ed 
propagation paths are generated and generated sounds are 
outputted so that the target object can sensorially be recog 
niZed. Additionally, if there are propagation paths through 
Which sound Waves from a target object are directly propa 
gated to an observation point, simulated sounds expressed 
by combining these directly transmitted Waves and indi 
rectly transmitted Waves are generated, and generated 
sounds are outputted so that the target object can sensorially 
be recogniZed. 

[0041] Consequently, because indirectly transmitted 
Waves and synthesiZed signals of directly transmitted Waves 
and indirectly transmitted Waves are considered When 
sounds are outputted, the positional relation betWeen the 
positional arrangement of a target object and an observation 
point can be understood sensorially together With the geo 
graphical conditions of blocks surrounding the positional 
arrangement of the target object. 

[0042] Herein, ‘indirectly transmitted Waves’ mean sound 
Waves from a target object, Which arrive at an observation 
point While being in?uenced by objects or obstacles, and 
include, for example, diffraction Waves Which are sound 
Waves from the target object propagated to the observation 
point While being diffracted by objects or obstacles, (ii) 
re?ection Waves Which are sound Waves from the target 
object propagated to the observation point While being 
re?ected by objects or obstacles, and/or (iii) interference 
Waves caused by combining diffraction Waves and re?ection 
Waves. The same applies to a position guiding system of the 
3rd embodiment of the present invention described beloW, a 
position guiding simulation system of the 9th embodiment of 
the present invention described beloW, and a navigation 
system of the 10th embodiment described beloW. 

[0043] Additionally, ‘a sound is outputted so that the target 
object can sensorially be recogniZed’ means that a sound is 
outputted so that the direction of a target object can be 
identi?ed. The same applies to a position guiding system of 
the 3rd embodiment described beloW, a position guiding 
simulation system of the 9th embodiment described beloW, 
and a navigation system of the 10th embodiment described 
beloW. 

[0044] Furthermore, a position guiding system of the 3rd 
embodiment is a system Which guides a user in reference to 
positions in the real World corresponding to the positional 
arrangement of a sound source, via sound changes as the 

May 2, 2002 

user’s observation point in the real World moves, by virtually 
disposing a sound source at the target object in a geographi 
cal data ?eld and by generating and outputting a simulation 
of sounds from the target object as if the sounds Were 
emitted from the target object, Wherein the system comprises 
(a) a positional information detector Which obtains posi 
tional information for locating the position of the observa 
tion point, (b) a sound generator Which generates a simulated 
sounds from the target object based on the positional infor 
mation obtained by the positional information detector, and 
(c) multiple sound output devices Which are arranged in 
different positions With respect to the positions of the user’s 
ears. The sound generator identi?es propagation paths, 
through Which sound Waves from the target object are 
propagated to the observation point While being in?uenced 
by objects, based on the positional information obtained by 
the positional information detector, and (ii) generates simu 
lated sounds expressed by indirectly transmitted Waves 
Which arrive at the observation point via the propagation 
paths or by combining these directly transmitted Waves and 
the indirectly transmitted Waves if there are propagation 
paths through Which sound Waves from the target object are 
directly propagated to the observation point. The multiple 
sound output devices outputs the generated sounds in such 
a Way that the target object can sensorially be recogniZed. 

[0045] In this con?guration, as an observation point in the 
real World moves, positional information is obtained by a 
positional information detector, propagation paths, through 
Which sound Waves from a target object are propagated 
While being in?uenced by objects or obstacles, are identi?ed 
based on the positional information obtained, simulated 
sounds expressed by indirectly transmitted Waves Which 
arrive at the observation point via the identi?ed propagation 
paths are generated, and generated sounds are outputted 
from multiple sound output devices in such a Way that the 
target object can sensorially be recogniZed. Alternatively, if 
there are propagation paths through Which sound Waves 
from the target object are directly propagated to the obser 
vation point, simulated sounds expressed by combining 
these directly transmitted Waves and indirectly transmitted 
Waves are generated, and generated sounds are outputted 
from the multiple sound output devices in such a Way that 
the target object can sensorially be recogniZed. 

[0046] Consequently, because indirectly transmitted 
Waves and synthesiZed signals of directly transmitted Waves 
and indirectly transmitted Waves are considered When 
sounds are outputted, the positional relation betWeen the 
positions in the real World corresponding to the positional 
arrangements of a sound source and an observation point can 
be sensorially understood together With the geographical 
conditions of blocks surrounding the positional arrangement 
of the target object (the positional arrangement and siZe of 
an object). 

[0047] Additionally, as a Way of detecting positional infor 
mation, for example, the positional information can be 
obtained by setting a communication terminal, Which is 
capable of communicating With an observation point to 
detect the position of an observation point. The positional 
information can be also obtained by detecting the position of 
an observation point using a GPS (Global Positioning Sys 
tem), etc. at the observation point or by calculating it using 
a communication terminal based on detected information 
from the observation point. Alternatively, the positional 
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information can be obtained by detecting the position of an 
observation point using a base station connected to the 
observation point or by calculating it using a communication 
terminal based on detected information from the base sta 
tion. The same applies to a navigation system of the 10th 
embodiment described beloW. 

[0048] Furthermore, a position guiding system according 
to a 4th embodiment of the present invention is a position 
guiding system of the 3rd embodiment, Wherein the indi 
rectly transmitted Waves are either or both of diffraction 
Waves Which are sound Waves from the target object propa 
gated to the observation point While being diffracted by 
objects or obstacles, and/or re?ection Waves Which are 
sound Waves from the target object propagated to the obser 
vation point While being re?ected by objects or obstacles. 

[0049] In this con?guration, by use of a sound generator, 
simulated sounds expressed by diffraction Waves or re?ec 
tion Waves Which arrive at the observation point via the 
identi?ed propagation paths can be generated. Alternatively, 
if there are propagation paths through Which sound Waves 
from the target object are directly propagated to the obser 
vation point, simulated sounds expressed by combining 
directly transmitted Waves, diffraction Waves or re?ection 
Waves are generated. 

[0050] Consequently, because diffraction Waves or re?ec 
tion Waves, or synthesiZed signals of directly transmitted 
Waves and diffraction Waves or re?ection Waves are consid 

ered When sounds are outputted, the positional relation 
betWeen the positions in the real World corresponding to the 
positional arrangements of a sound source and an observa 
tion point can be understood sensorially together With the 
geographical conditions of blocks surrounding the positional 
arrangement of the target object. 

[0051] Furthermore, a position guiding system of a 5th 
embodiment of the present invention is a position guiding 
system of the 3rd embodiment or the 4th embodiment, 
Wherein the sound source is virtually disposed correspond 
ing to the position of a destination object in the real World. 

[0052] In this con?guration, the positional relation 
betWeen the positions of a destination object in the real 
World and an observation point can be sensorially under 
stood from the outputted sounds. 

[0053] Herein, ‘destination objects’ mean, for example, 
plots of ground such as parks and public roads, structures 
such as buildings and statues, features of nature such as hills 
and rivers and all others Which can become objects. 

[0054] Furthermore, a position guiding system according 
to a 6th embodiment of the present invention is a position 
guiding system of any one of the 3rd to 5th embodiments, 
Wherein the Doppler effect is added to the sounds expressed 
by indirectly transmitted Waves or by combining the directly 
transmitted Waves and the indirectly transmitted Waves. 

[0055] In this con?guration, by a sound generator, the 
Doppler effect is added to the sounds expressed by indirectly 
transmitted Waves or by combining the directly transmitted 
Waves and the indirectly transmitted Waves. 

[0056] Consequently, if an observation point moves, the 
positional relation betWeen the positions of a destination 
object in the real World and an observation point can be more 
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sensorially understood together With the geographical con 
ditions of blocks surrounding the positional arrangement of 
a target object. 

[0057] Herein, a sound generator can possess any con?gu 
ration if the Doppler effect is added to the sounds expressed 
by indirectly transmitted Waves or by combining the directly 
transmitted Waves and the indirectly transmitted Waves. For 
example, the Doppler effect according to the moving veloc 
ity of an observation point can be added to the sounds 
expressed by indirectly transmitted Waves or by combining 
the directly transmitted Waves and the indirectly transmitted 
Waves, or the Doppler effect corresponding to a moving 
velocity unrelated to the moving velocity of an observation 
point can be added. The same applies to a navigation system 
of the 10th embodiment described beloW. 

[0058] Alternatively, a sound generator can add the Dop 
pler effect to the sounds independently of the movement of 
an observation point, i.e., even When the observation point 
stands still. From the point of vieW of sensorially under 
standing the positional relation betWeen the position in the 
real World corresponding to the positional arrangement of a 
sound source and the observation point, it is preferred that 
the Doppler effect is added as the observation point moves. 
The same applies to a navigation system of the 10th embodi 
ment described beloW. 

[0059] Furthermore, a position guiding system according 
to a 7th embodiment of the present invention is a position 
guiding system of the 6th embodiment, Wherein a velocity 
detector Which detects the moving velocity of the observa 
tion point is provided, and the sound generator adds the 
Doppler effect to the sounds expressed by indirectly trans 
mitted Waves or by combining the directly transmitted 
Waves and the indirectly transmitted Waves based on the 
moving velocity detected by the velocity detector. 

[0060] In this con?guration, the moving velocity of an 
observation point can be detected by the velocity detector, 
and the Doppler effect is added to the sounds expressed by 
indirectly transmitted Waves or by combining directly trans 
mitted Waves and the indirectly transmitted Waves by a 
sound generator based on the detected moving velocity 
detected. 

[0061] Furthermore, a position guiding system according 
to an 8th embodiment of the present invention is a position 
guiding system of the 6th embodiment, Wherein the sound 
generator adds the Doppler effect according to a velocity 
unrelated to the moving velocity of the observation point to 
the sounds expressed by the indirectly transmitted Waves or 
by combining the directly transmitted Waves and the indi 
rectly transmitted Waves, When a distance betWeen the 
observation point and the sound source becomes less than a 
given range. 

[0062] In this con?guration, When a distance betWeen an 
observation point and a sound source becomes less than a 
given range, the sound generator adds the Doppler effect 
according to a velocity unrelated to the moving velocity of 
the observation point to the sounds expressed by the indi 
rectly transmitted Waves or by combining the directly trans 
mitted Waves and the indirectly transmitted Waves. 

[0063] Consequently, because the Doppler effect is added 
to an output sound more emphatically than a sound felt at an 
actual moving velocity When a distance betWeen an obser 
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vation point and a sound source becomes less than a given 
range, a user can direct his attention to a fact that the position 
in the real World corresponding to the positional arrange 
ment of a target object is approaching. 

[0064] Additionally, to achieve the above-mentioned pur 
pose, a position guiding simulation system according to the 
9th embodiment of the present invention is a system Which 
a position guiding system of either of the 1St or 2nd embodi 
ments is applied to a position guiding simulation to guide a 
user in reference to the position of a destination object 
disposed in virtual space by the movement of a movable 
body in virtual space, and the observation point is the 
position of the movable body in virtual space. 

[0065] In this con?guration, as the movable body in vir 
tual space moves, simulated sounds from a target object 
Which Would be observed at the position of the movable 
body are generated and outputted, giving consideration to 
propagation paths in?uenced by other objects or obstacles, 
through Which sound Waves from a target object are propa 
gated. 

[0066] Additionally, to achieve the above-mentioned pur 
pose, a navigation system according to the 10th embodiment 
of the present invention is a system Which a position guiding 
system of any one of the 1St to 8th embodiments is loaded on 
a vehicle, and the observation point is the current position of 
the vehicle. 

[0067] In this con?guration, as the vehicle moves, simu 
lated sounds from a target object Which Would be observed 
at the position of the vehicle are generated and outputted, 
giving consideration to propagation paths through Which 
sound Waves from a target object are propagated While being 
in?uenced by objects or obstacles. 

[0068] Herein, the vehicle is an object Which has Wheels 
and moves by rolling and moving of its Wheels, and is not 
limited to vehicles With motors such as automobiles and 
tWo-Wheel vehicles; light vehicles including motorcycles 
under 50 cc are also included. Needless to say, they are not 
limited to these vehicles. 

[0069] Additionally, to achieve the above-mentioned pur 
pose, a position guiding method according to an 11th 
embodiment of the present invention is a method Which 
guides a user in reference to the positional arrangement of a 
target object, via sound changes as the user’s observation 
point moves, by virtually disposing a sound source at a target 
object and by generating and outputting a simulation of 
sounds from the target object as if the sounds Were emitted 
from the target object, Which method comprises the step of 
(i) con?guring a geographical data ?eld in a computer 
system, (ii) designating a target object in the geographical 
data ?eld as a sound source, (iii) designating an observation 
point in the geographical data ?eld, (iv) de?ning the propa 
gation of a sound from the sound source to the observation 
point as a sound signal Which is a function of at least a 
distance from the sound source to the current observation 
point, (v) separating a sound signal arriving at the observa 
tion point into multiple audio element signals according to 
the direction of the sound source observed from the obser 
vation point, and (vi) reproducing and outputting to the user 
the multiple audio element signals Whereby the user senso 
rially recogniZes the position of the target object from the 
current observation point. 
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[0070] Herein, ‘separating a sound signal arriving at the 
observation point into multiple audio element signals 
according to the direction of the sound source observed from 
the observation point’ means that a sound signal Which has 
arrived at the observation point and has been synthesiZed is 
separated into multiple audio element signals so that the 
direction of the sound source can be positioned according to 
the direction of the sound source observed from the obser 
vation point. Consequently, if each audio element signal is 
outputted from multiple sound output devices installed at 
positions by Which a user can understand the direction of a 
sound, it becomes possible for the user to recogniZe the 
direction of the sound. 

[0071] Furthermore, a position guiding method according 
to a 12th embodiment of the present invention is a position 
guiding method of the 11th embodiment, Wherein a function 
expressing the propagation of sound Waves from the sound 
source to the observation point uses as a parameter at least 
one of: a building in the geographical data ?eld, geographi 
cal features, the moving direction of the observation point, 
or the moving velocity of the observation point. 

[0072] Furthermore, a position guiding method according 
to a 13th embodiment of the present invention is a position 
guiding method of any one of the 11th or 12th embodiments, 
further comprising steps Wherein the geographical data 
?eld is displayed to a user on a monitor, (ii) the user 
designates a target position on the monitor, (iii) the user’s 
position is displayed as the observation point, and (iv) the 
real sounds are outputted from multiple sound output 
devices installed at positions by Which the user can under 
stand the direction of sounds. 

[0073] Furthermore, a position guiding method according 
to a 14th embodiment of the present invention is a position 
guiding method of the 13th embodiment, Wherein the posi 
tion of a user is identi?ed by a GPS and the geographical 
data ?eld is constructed based on real map data containing 
the position of the user. 

[0074] Furthermore, a position guiding method according 
to a 15th embodiment of the present invention is a position 
guiding method of the 14th embodiment, Wherein the GPS, 
the monitor and the multiple sound output devices are 
loaded on a vehicle and steps to detect the direction of the 
vehicle from a target position and to allocate multiple audio 
element signals to the multiple sound output devices accord 
ing to the direction of the vehicle, are further included. 

[0075] In the above-mentioned embodiment, position 
guiding systems, a position guiding simulation system, a 
navigation system, and a position guiding method are pro 
posed. Not limited to these, to achieve the above-mentioned 
purposes, the folloWing storage medium can also be pro 
posed: 
[0076] This storage medium is a storage medium Which 
stores a position guiding program to guide a user in refer 
ence to the positional arrangement of a target object, via 
sound changes as the user’s observation point moves, by 
virtually disposing a sound source at the target object in a 
geographical data ?eld, and by outputting a simulation of 
sounds from the target object as if the sounds Were outputted 
from the sound source, Which medium is a computer read 
able storage medium Which stores a program commanding 
the computer to generate simulated sounds from the sound 
source Which Would be heard at the observation point and to 
output the generated sounds. 
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[0077] In this con?guration, a position guiding system 
stored in a storage medium is read by a computer, and When 
the computer executes instructions according to said pro 
gram, equal functions and effects to the position guiding 
system of at least the 1St embodiment can be obtained. 

[0078] The present invention is not limited to the forego 
ing embodiments and includes embodiments comprising any 
combination of elements used in the embodiments. In other 
Words, the elements described above are interchangeable 
and can be used in any given embodiment. 

[0079] Preferred modes for carrying out the present inven 
tion are described beloW referring to the ?gures. HoWever, 
the present invention is not limited thereto. 

[0080] FIGS. 1 to 6 shoW draWings of modes for carrying 
out position guiding systems and a navigation system and a 
position guiding method according to an embodiment of the 
present invention. 

[0081] In these embodiments, a position guiding system, a 
navigation system, and a position guiding method according 
to the present invention are applied to guide a user to a plot 
of ground or a building in a surrounding block When a 
vehicle is traveling. Speci?cally, the present invention is 
applied to guide a user to an object (hereinafter, “a plot of 
ground” or “a building” is referred to as “an object”) 
corresponding to the positional arrangement of a sound 
source via sound changes by virtually disposing a sound 
source corresponding to the object in the real World, and by 
outputting a simulation of sounds from the sound source as 
if the sounds Were outputted from the object. 

[0082] First of all, as one mode for carrying out the present 
invention, a con?guration of a navigation system loaded on 
a vehicle is described referring to FIG. 1b. FIG. 1b is a 
block diagram shoWing the con?guration of a navigation 
system loaded on the vehicle to Which the present invention 
is applied. 

[0083] The navigation system loaded on the vehicle, as 
shoWn in FIG. 1b, is loaded on vehicles such as automo 
biles, and comprises a position detection system 10, a sound 
generation unit 20 Which generates simulated sounds from a 
sound source based on position data from the position 
detection system 10, and a sound output unit 30 Which 
outputs sounds generated by the sound generation unit 20. 
Furthermore, it comprises an input device 40 as a user 
interface, a noti?cation conditions setting unit 42 Which sets 
noti?cation conditions according to the operation of the 
input device 40, a noti?cation conditions memory unit 44 
Which stores noti?cation conditions set by the noti?cation 
conditions setting unit 42, a sound input device 50 Which 
inputs sound as data, a map data registration database 
(hereafter a database is abbreviated as “DB”) 52, and a 
sound registration unit 56 Which registers sound data from 
the sound input device 50 in the sound data registration DB 
52 based on registered data in the map data registration DB. 

[0084] The position detection system 10 receives time 
signals from an orbiting satellite Which transmits time 
signals indicating the current time, detects the position of the 
current point based on a time lag indicated by these time 
signals and the revolution orbit of each orbiting satellite 
utiliZing a so-called GPS Which detects the position, and 
outputs the position of the current point as position data. 
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[0085] The sound generation unit 20 comprises a target 
object extraction unit 22 Which extracts a target object 
Whose position is signi?ed by sound from the map data 
registration DB 52 based on position data from the position 
detection system 10, noti?cation conditions stored in the 
noti?cation conditions memory unit 44 and registered data 
stored in the sound data registration DB 54, a propagation 
path calculation unit 24 Which calculates a propagation path 
in?uenced by other objects or obstacles, through Which 
sound Waves from the target object extracted by the target 
object extraction unit 22 are propagated to the vehicle, and 
a sound synthesiZing unit 26 Which synthesiZes sounds 
expressed by sound Waves Which arrive at the vehicle 
through a propagation path calculated by the propagation 
path calculation unit 24. 

[0086] The sound output unit 30 comprises four ampli?ers 
32a~32d Which amplify sound signals from the sound 
synthesiZing unit 26, and four speakers 34a~34d Which 
correspond to each ampli?er 32a~32d and convert sound 
signals output from these ampli?ers 32a~32d to sounds and 
output the sounds. Each speaker 34a~34d is arranged at a 
different position in the vehicle. By this arrangement, a 
sound source can be positioned depending on hoW the sound 
is outputted. 

[0087] The noti?cation conditions setting unit 42 sets the 
conditions of an object for Which noti?cation by sounds as 
noti?cation conditions is given according to the user’s 
operation of the input device 50, and stores noti?cation 
conditions set in the noti?cation conditions memory unit 44. 
Noti?cation conditions include object categories Which a 
user requests (for example, convenience stores, restaurants, 
etc.), types of noti?cation sounds, and noti?cation ranges 
Which determine a distance betWeen the vehicle and an 
object When noti?cation is given. For example, if the user 
sets a convenience store as an object category, an alarm 
sound as a type of noti?cation sound, and 100 m as a 
noti?cation range using the noti?cation conditions setting 
unit 42, a simulated sound (an alarm sound) Which Would be 
observed at the current position of the vehicle is generated 
and outputted When a distance betWeen a vehicle traveling 
on a street and a convenience store becomes less than 100m, 
by disposing a sound source corresponding to the position of 
the convenience store as if sound Were outputted from the 
sound source. 

[0088] In the map data registration DB 52, in addition to 
map data relating to a map, object data relating to objects are 
registered. Object data comprises block data indicating a 
block in Which an object is located When a map is divided 
into given blocks (for example, a rectangular block of 50 
m><50 m), position data indicating the coordinates for the 
object on the map, category data indicating object catego 
ries, and dimensions data identifying a shape of an object. 
Object data is registered for each of multiple objects and is 
managed by tables, etc. in the map data registration DB 52. 

[0089] In the sound data registration DB 54, in addition to 
multiple sound data for reproducing sounds, pointer data for 
identifying sound data output from a sound source for each 
virtually disposed sound source corresponding to an object, 
block data indicating a block in Which the object Where the 
sound source is disposed is located, position data indicating 
the coordinates for the object on the map, and category data 
indicating object categories are registered. Registered data 
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for each sound source is managed by sound-data correspon 
dence tables, etc. in the map data registration DB 52. 

[0090] Additionally, it is preferred to use sound data With 
details from Which a form of an object can be easily 
recognized, for example, sound data for reproducing a 
commercial song of a convenience store if an object for 
Which a sound source is disposed is a convenience store, 
sound data for reproducing a cheer in a baseball ?eld if an 
object is a baseball ?eld, or sound data for reproducing the 
sound of the Waves if an object is the seaside. 

[0091] In the sound registration unit 56, sound data from 
the sound input device 50 is registered in the sound data 
registration DB 54 based on object data stored in the map 
data registration DB 52. For example, When a neW sound 
source is set up, While inputting a sound using the sound 
input device 50, a user displays a map based on map data in 
the map data registration DB 52 and selects an object from 
the map, for Which he Wants to dispose a sound source. 
When sound data is inputted from the sound input device 50 
and an object is selected, the sound registration unit 56 reads 
object data of the selected object from the map data regis 
tration DB 52 and registers the read object data in a 
sound-data correspondence table and the inputted sound data 
in the sound data registration DB 54 respectively. 

[0092] Next, the con?guration of the target object extrac 
tion unit 22 is described referring to FIG. 3. The target 
object extraction unit 22 is designed to repeatedly execute 
target object extraction processing shoWn in a ?oWchart in 
FIG. 2 by interruption handling for every given cycle upon 
restarting the system. FIG. 2 is a ?oWchart indicating target 
object extraction processing to be executed by the target 
object extraction unit 22. 

[0093] The target object extraction processing is the pro 
cessing to extract a target object Within a given range from 
the current position of a vehicle based on noti?cation 
conditions stored in the noti?cation conditions memory unit 
44 and registered data stored in the sound data registration 
DB 54. When the processing is executed at the target object 
extraction unit 22, ?rst, it shifts to Step S100 as shoWn in 
FIG. 2. 

[0094] At Step S100, a unit area or a block in Which the 
vehicle is located is identi?ed based on position data from 
the position detection system 10 and registered data in the 
map data registration DB 52. The map is divided, for 
example, in such Way as shoWn in FIG. 3. FIG. 3 shoWs a 
draWing of map division. 

[0095] The map, as shoWn in FIG. 3, is divided using a 
block in a rectangular shape as a unit. The map shoWn in 
FIG. 3 is divided into 5 blocks horiZontally and 6 blocks 
longitudinally, and it comprises 30 blocks in total. Addition 
ally, multiple objects are disposed on the map and for each 
object, a sound source is disposed corresponding to each. 

[0096] In an example shoWn in FIG. 3, When letters A to 
E are assigned to the horiZontal blocks from left to right as 
horiZontal marks and numbers 1 to 6 are assigned to longi 
tudinal blocks from top to bottom as longitudinal marks and 
if each block is identi?ed by a combination of a horiZontal 
mark and a longitudinal mark, Object “a” is disposed in 
BlockA1, Object “b” is disposed in Block C1 and Object “c” 
is disposed in Block B2. Additionally, Objects “d”, “e”, “f”, 
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“i”, “j” and “k” are disposed in Block C2, E2, D3, C4, D5 
and E6, respectively, and Object “g” and “h” are disposed in 
Block B4. 

[0097] Ablock in Which the vehicle is located is identi?ed 
by searching a satisfying block from coordinates on the map 
Which are identi?ed by position data from the position 
detection system 10. In FIG. 3, a White circle indicates the 
position of the vehicle. At a point in time marked by No. 1, 
Block D2 is identi?ed as a block in Which the vehicle is 
located, and at a point in time marked by No. 2 or No. 3, 
Block C2 or Block C3 is identi?ed as a block in Which the 
vehicle is located, respectively. 

[0098] Next, shifting to Step S102, blocks surrounding the 
vehicle are identi?ed based on registered data in map data 
registration DB 52. For example, eight blocks adjacent to the 
block in Which the vehicle is currently located are identi?ed 
as surrounding blocks. In the example shoWn in FIG. 3, at 
a point in time marked by No. 1, Blocks C1~E1, C2, E2 and 
C3~E3, Which are enclosed With a border line 60 are 
identi?ed as surrounding blocks. Additionally, at a point in 
time marked by No. 2, Blocks B1~D1, B2, D2 and B3~D3, 
Which are enclosed With a border line 62 are identi?ed as 

surrounding blocks, and at a point in time marked by No. 3, 
Blocks B2~D2, B3, D3 and B4~D4, Which are enclosed With 
a border line 64 are identi?ed as surrounding blocks. 

[0099] Next, shifting to Step S104, the block data of 
blocks is read from a sound-data correspondence table, and 
based on the block data read, objects Within the blocks 
identi?ed in Steps S100 and S102 are extracted. In the 
example shoWn in FIG. 3, at a point in time marked by No. 
1, objects “b”, “d”, “e” and “f” are extracted. Additionally, 
at a point in time marked by No. 2, objects “b”, “c” and “f” 
are extracted and at a point in time marked by No. 3, objects 
“c”, “d”, “f”, “h” and “i” are extracted. 

[0100] Next, shifting to Step S106, the position data of 
blocks is read from a sound-data correspondence table, 
based on the position data read and the position data from 
the position detection system 10, a distance betWeen each 
object extracted in Step S104 and the current position of the 
vehicle is calculated. When coordinates are rectangular 
coordinates, a distance is calculated by squaring the remain 
der betWeen x coordinates of an object and x coordinates of 
the current position of the vehicle and squaring the remain 
der betWeen y coordinates of the object and y coordinates of 
the current position of the vehicle, then adding tWo squares 
and obtaining the square root of the sum. 

[0101] Next, shifting to Step S108, objects Within a given 
range from the vehicle (for example, 80 meters) are 
extracted. In the example shoWn in FIG. 3, at a point in time 
marked by No. 3, inside a region indicated by a circle With 
the radius of r from the vehicle as a center is Within a given 
range. Since Object “i” is located in this given range, Object 
1 is extracted as a target object. 

[0102] Next, shifting to Step S110, the category data of 
objects is read from a sound-data correspondence table and 
noti?cation conditions are read from the noti?cation condi 
tions memory unit 42, and based on the category data read, 
from the objects extracted in Step S108, objects agreeing 
With the category of noti?cation conditions are extracted. 
For example, if a convenience store is set as a category for 
objects Which a user Wants to be noti?ed of, a convenience 
store is extracted from the objects extracted in Step S108. 
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[0103] Next, shifting to Step S112, a distance between the 
target object extracted in Step S110 and the current position 
of the vehicle and an angle Which the line connecting the 
target object and the vehicle from a given direction of the 
map (for example, north) is calculated. Shifting to Step 
S114, for example, by differentiating the position data from 
the position detection system 10 With respect to time, a 
moving velocity of the vehicle is calculated, then the pro 
cessing shifts to Step S116. 

[0104] In Step S116, dirnensions data of objects is read 
from the map data registration DB 52, and While dirnensions 
data are being read, the position data of objects, and the 
distance, the angle and the moving velocity Which are 
calculated in Step 112 and Step 114 are outputted to the 
propagation path calculation unit 24 and the sound synthe 
siZing unit 26 for each target object. The current position of 
the vehicle is outputted to the propagation path calculation 
unit 24 and the sound synthesiZing unit 26. Upon completing 
a series of processes, the processing returns to the original 
process. 

[0105] Next, the con?guration of the propagation path 
calculation unit 24 is described referring to FIG. 4 and FIG. 
5. 

[0106] The propagation path calculation unit 24 is 
designed to repeatedly execute propagation path calculation 
processing shoWn in a ?oWchart in FIG. 4 by interruption 
handling for a given cycle upon restarting the system. FIG. 
4 shoWs a ?oWchart indicating propagation path calculation 
processing executed by the propagation path calculation unit 
24. 

[0107] The propagation path calculation processing is 
processing to calculate a propagation path in?uenced by 
other objects or obstacles, through Which sound waves from 
a sound source disposed corresponding to the position of a 
target object based on data from the target object extraction 
unit 22 are propagated. When the processing is executed at 
the propagation path calculation unit 24, the processing ?rst 
activates Step S200 as shoWn in FIG. 4. 

[0108] The processing of each step is described beloW 
additionally referring to FIG. 5. FIG. 5 is a draWing of a 
propagation path through Which sound waves from a sound 
source disposed corresponding to the position of a target 
object “i” are propagated to a vehicle 100. 

[0109] In FIG. 5, on both sides of a roadWay 102 Which 
the vehicle 100 travels, objects 1, 04, 106 and 108 are 
disposed. The object 104 is disposed on the left side of the 
roadWay 102 from the traveling direction of the vehicle 100. 
The object 108 is on the right side of the roadWay 102 from 
the traveling direction of the vehicle 100 and is disposed on 
the left side of the object 106 along the roadWay 102. The 
target object “i” is disposed on the left side of the object 104 
from the traveling direction of the vehicle 100. The vehicle 
100 is positioned on a line extended from the target object 
“I” and the object 104. 

[0110] Herein, let the coordinates of the center, right top 
and left top of the target object “I” be (x1, y1), (x2, y2), (x3, 
y3) respectively and let the coordinates of the right top, right 
bottom, left bottom and left top of the object 104 be (x5, y4), 
(x5, y8), (x4, y4), and (x4, y4) respectively. Additionally, of 
the propagation path through Which sound waves from the 
center of the target object “i” are propagated to the vehicle 
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100 after being diffracted above the object 104, let the 
coordinates of a diffraction point at the object 104 be (x5, 
y6), and of the propagation path through Which sound waves 
from the center of the target object are propagated to the 
vehicle 100 after being re?ected by the object 108 above the 
object 104, let the coordinates of a diffraction point at the 
object 104 and of a re?ection point at the object 108 be (x6, 
y5and (x7, y7) respectively. Furthermore, let the coordinates 
of the current position of the vehicle 100 be (x6, y4). These 
coordinates are identi?ed based on dirnensions data inputted 
from the target object extraction unit 22 and the current 
position of the vehicle 100. 

[0111] In Step S200, it is determined Whether or not there 
is a propagation path through Which sound waves from a 
sound source disposed corresponding to the position of a 
target object are directly propagated to the vehicle 100. 
When it is decided that there is a propagation path through 
Which the sound Waves are directly propagated (Yes), the 
processing shifts to Step S202 and the propagation paths of 
directly transrnitted waves from a sound source and arrival 
time With Which sound waves from a sound source arrive at 
the vehicle 100 through the propagation path are calculated. 
The propagation path of directly transrnitted Waves is cal 
culated by calculating a one-line distance betWeen the 
coordinates of a target object and the coordinates of the 
vehicle 100 and by calculating the real rnoving velocity of 
the vehicle 100. The real rnoving velocity of directly trans 
rnitted Waves is calculated by multiplying a cosine of an 
angle made by an incidence of the propagation path incident 
on the vehicle 100 and the traveling direction of the vehicle 
100 by the moving velocity of the vehicle 100. The arrival 
time of directly transrnitted Waves is calculated by dividing 
a distance of the propagation path by the speed of sound. 

[0112] Next, shifting to Step S204, the propagation paths 
and arrival time of diffraction waves from the front of the 
traveling direction of the vehicle 100 are calculated. Shifting 
to Step S206, the propagation path and arrival time of 
diffraction waves from the rear of the traveling direction of 
the vehicle 100 are calculated, then the process shifts to Step 
S208. 

[0113] In Step S208, the propagation paths and arrival 
time of re?ection Waves are calculated. In an example shoWn 
in FIG. 5, of the propagation path of re?ection Waves, a 
distance of the propagation path is calculated by adding a 
distance from (x1, y.) to (x5, y5), a distance from (x5, y6) to 
(x6, y7), and a distance from (x6, y7) to (x6, y9). Additionally, 
of the propagation path of re?ection Waves, a real rnoving 
velocity is calculated by multiplying a cosine of an angle 
made by the line connecting (x6, y7) and (x6, y9) and the 
traveling direction of the vehicle 100 by the moving velocity 
of the vehicle 100. Additionally, the arrival time of re?ection 
Waves is calculated by dividing a distance of the propagation 
path by the speed of sound. 

[0114] Next, shifting to Step S208, calculation results in 
each step are outputted to the sound synthesiZing unit 26. 
Upon completing a series of processes, the processing 
returns to the original process. 

[0115] Additionally, in Step S200, if it is decided that there 
is no propagation path through Which sound waves from a 
sound source disposed corresponding to the position of a 
target object are directly propagated to the vehicle 100 (No), 
shifting to Step S212, the propagation paths and arrival time 
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of diffraction Waves from the front of the traveling direction 
of the vehicle 100 are calculated. In the example in FIG. 5, 
of the propagation path of diffraction Waves, a distance of 
the propagation path is calculated by adding a distance from 
(x2, y2) to (x5, y4) and a distance from (x5, y4) to (x5, y9). 
Additionally, of the propagation path of diffraction Waves, a 
real moving velocity is calculated by multiplying a cosine of 
an angle made by the line connecting (x5, y4) and (x6, y9) 
and the traveling direction of the vehicle 100 by the moving 
velocity of the vehicle 100. Additionally, the arrival time of 
diffraction Waves is calculated by dividing a distance of the 
propagation path by the speed of sound. 

[0116] Next, shifting to Step S214, the propagation paths 
and arrival time of diffraction Waves from the rear of the 
traveling direction of the vehicle 100 are calculated. In the 
example shoWn in FIG. 5, of the propagation path of 
diffraction Waves, a distance of the propagation path is 
calculated by adding a distance from (x3, y3) to (x4, y8) and 
a distance from (x4, y8) to (x6, y9). Additionally, of the 
propagation path of diffraction Waves, a real moving veloc 
ity is calculated by multiplying a cosine of an angle made by 
the line connecting (x4, y8) and (x6, y9) and the traveling 
direction of the vehicle 100 by the moving velocity of the 
vehicle 100. Additionally, the arrival time of diffraction 
Waves is calculated by dividing a distance of the propagation 
path by the speed of sound. 

[0117] Next, shifting to Step S216, the propagation paths 
and arrival time of diffraction Waves from above the vehicle 
100 are calculated, then the process shifts to Step S208. In 
the example shoWn in FIG. 5, of the propagation path of 
diffraction Waves, a distance of the propagation path is 
calculated by adding a distance from (x1, y.) to (x5, y6) and 
a distance from (x5, y6) to (x6, y9).Additonally of the 
propagation path of diffraction Waves, a real moving veloc 
ity is calculated by multiplying a cosine of an angle made by 
the line connecting (x5, y6) and (x6, y9) and the traveling 
direction of the vehicle 100 by the moving velocity of the 
vehicle 100. Additionally, the arrival time of diffraction 
Waves is calculated by dividing a distance of the propagation 
path by the speed of sound. 

[0118] Consequently, if there is a propagation path 
through Which sound Waves from a sound source are directly 
propagated to the vehicle 100, the propagation path and 
arrival time of directly transmitted Waves, diffraction Waves 
from the front, diffraction Waves from the rear and re?ection 
Waves are calculated. If there is no such propagation path, 
diffraction Waves from the front, diffraction Waves from the 
rear, diffraction Waves from above and re?ection Waves are 
calculated. Furthermore, diffraction Waves and re?ection 
Waves are calculated With an object adjacent to the roadWay 
102 as a target. The reason for this is that, even if an 
in?uence from an object Which cannot be observed from the 
vehicle 100 is considered, it is dif?cult for a user to recog 
niZe the object visually. Consequently, by considering only 
an in?uence of an object Which can be observed from the 
vehicle 100, it helps the user to recogniZe the direction of a 
sound source and a distance. Additionally, calculations are 
simpli?ed. 

[0119] Next, the con?guration of the sound synthesiZing 
unit 26 is described in detail referring to FIG. 6. FIG. 6 is 
a draWing of a propagation path of diffraction Waves from 
above the vehicle 100. 
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[0120] The sound synthesiZing unit 26 is designed to read 
the sound data of a target object referring to a sound-data 
correspondence table, and based on sound data read and the 
propagation paths and arrival time of directly transmitted 
Waves, diffraction Waves from the front, diffraction Waves 
from the rear, diffraction Waves from above and re?ection 
Waves, synthesiZe sounds expressed by combining directly 
transmitted Waves, diffraction Waves from the front, diffrac 
tion Waves from the rear, diffraction Waves from above and 
re?ection Waves. Speci?cally, sounds from each propagation 
path are synthesiZed respectively after shifting their phase 
according to the transmission time, attenuating them based 
on diffraction coefficients and re?ection coef?cients, and 
further adding the Doppler effect corresponding to the 
moving velocity of the vehicle 100 based on a real moving 
velocity of the propagation path. 

[0121] Additionally, for example, as shoWn in FIG. 6, the 
larger the angle [3 made betWeen diffraction Waves and the 
horiZontal direction is When sound Waves from a target 
object “i” is diffracted at the object 104, the higher frequency 
of the sound Waves arriving through the propagation path is. 
This is because sound Waves have a property that the higher 
their frequency, the harder they are to be diffracted. 

[0122] Next, operation of the above-mentioned embodi 
ment is described. 

[0123] When the poWer for the navigation system loaded 
on the vehicle is turned on, the target object extraction unit 
22 and the propagation path calculation unit 24 are activated, 
and target object extraction processing at the target object 
extraction unit 22 and propagation path calculation process 
ing at the propagation path calculation unit 24 are repeatedly 
executed for each given cycle. Needless to say, other pro 
cessing units are also activated upon turning the poWer on. 

[0124] When the vehicle 100 travels on the roadWay 102 
and as it travels, the current position of the vehicle 100 is 
detected by the position detection system 10 and the 
detected current position is outputted as position data to the 
target object extraction unit 22. 

[0125] At the target object extraction unit 22, When posi 
tion data is inputted, by going through Steps S100 to S104, 
a block in Which the vehicle 100 is located and blocks 
surrounding the vehicle 100 are identi?ed based on inputted 
position data and registered data in the map data registration 
DB 52, and objects Within the identi?ed block are extracted 
based on block data in a sound-data correspondence table. 

[0126] Next, going through Steps S106 to SilO, a distance 
betWeen each object extracted and the current position of the 
vehicle 100 is calculated based on position data in the 
sound-data correspondence table and inputted position data. 
Based on the calculated distance, objects Within a given 
range from the vehicle 100 are extracted. Next, noti?cation 
conditions are read from the noti?cation conditions memory 
unit 42, and based on category data in a sound-data corre 
spondence table, an object Which agrees With the category of 
noti?cation conditions is extracted from the objects 
extracted. 

[0127] Next, going through Steps S112 to S116, a distance 
betWeen an extracted target object and the current position 
of the vehicle 100 and an angle made by the line connecting 
the target object and the vehicle 100 from a given direction 
on the map are calculated, a moving velocity of the vehicle 
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100 is calculated, and these calculation results are outputted 
to the propagation path calculation unit 24 and the sound 
synthesizing unit 26. 

[0128] Next, described is a case Where there is a propa 
gation path through Which sound Waves from a sound source 
disposed corresponding to the position of a target object are 
directly propagated to the vehicle 100. 

[0129] At the propagation path calculation unit 24, When 
the calculation results from the target object extraction unit 
22 are inputted, going through Steps S200 to S210, the 
propagation paths and arrival time of directly transmitted 
Waves, diffraction Waves from the front, diffraction Waves 
from the rear and re?ection Waves are calculated, and these 
calculation results are outputted to the sound synthesiZing 
unit 26. 

[0130] At the sound synthesiZing unit 26, When the cal 
culation results from the propagation path calculation unit 
24 are inputted, sound data of the target object is read, 
sounds expressed by combining directly transmitted Waves, 
diffraction Waves from the front, diffraction Waves from the 
rear and re?ection Waves are synthesiZed based on the 
propagation paths and the arrival time of directly transmitted 
Waves, diffraction Waves from the front, diffraction Waves 
from the rear and re?ection Waves, Which have been calcu 
lated by the propagation path calculation unit 24, and sound 
data read, and synthesiZed sounds are outputted from speak 
ers 34a to 34a' in such a Way that a sound source can be 
positioned. 

[0131] Next, described is a case Where there is no propa 
gation path through Which sound Waves from a sound source 
disposed corresponding to the position of the target object 
are directly propagated to the vehicle 100. 

[0132] At the propagation path calculation unit 24, When 
the calculation results from the target object extraction unit 
22 are inputted, going through Steps S200, and S212 to 
S216, the propagation paths and the arrival time of diffrac 
tion Waves from the front, diffraction Waves from the rear, 
diffraction Waves from above and re?ection Waves are 
calculated, and these calculation results are outputted to the 
sound synthesiZing unit 26. 

[0133] At the sound synthesiZing unit 26, When the cal 
culation results are inputted from the propagation path 
calculation unit 24, sound data for the target object are read. 
Sounds expressed by combining diffraction Waves from the 
front, diffraction Waves from the rear, diffraction Waves from 
above, and re?ection Waves are then synthesiZed based on 
the propagation paths and the arrival time of diffraction 
Waves from the front, diffraction Waves from the rear, 
diffraction Waves from above, and re?ection Waves. These 
data have been calculated by the propagation path calcula 
tion unit 24. SynthesiZed sounds are then outputted from 
speakers 34a to 34a' in such a Way that the location of the 
sound source can be identi?ed. 

[0134] Consequently, a user Who is a passenger of the 
vehicle 100 is not only able to sensorially understand a 
distance to a target object but also able to sensorially 
understand the geographical conditions of blocks surround 
ing the target object. For example, the closer the vehicle 
approaches the target object, the higher the sound volume 
becomes. Conversely, the farther the vehicle goes aWay from 
a destination object, the loWer the sound volume becomes. 
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If there is another object betWeen a target object and the 
vehicle 100, even When the vehicle is approaching the target 
object, the sound volume becomes loW until the vehicle 
passes the obstacle. After passing the obstacle, the sound 
volume increases again. The movement of the vehicle 100, 
therefore, enables the user to recogniZe, by sound changes, 
Whether a target object is behind another object, or there is 
no other object in front of the target object. 

[0135] Thus, this embodiment is designed so that a 
sound source corresponding to the position of a target object 
is virtually disposed, (ii) a propagation path in?uenced by 
other objects or obstacles, through Which sound Waves from 
the sound source are propagated, is identi?ed based on 
position data from the position detection system 10, (iii) 
simulated sounds expressed by combining directly transmit 
ted Waves, diffraction Waves, and re?ection Waves, Which 
arrive at the vehicle 100 through propagation paths, are 
generated, and (iv) generated sounds are outputted from 
multiple speakers 34a to 34a' in such a Way that the target 
object can sensorially be recogniZed. 

[0136] Thus, because synthesiZed signals of directly trans 
mitted Waves, diffraction Waves and re?ection Waves are 

considered When outputting a sound, the positional relation 
betWeen a target object and the vehicle 100 can be senso 
rially understood together With the geographical conditions 
of blocks surrounding the target object. Consequently, as 
compared With conventional systems, the positional relation 
betWeen a target object and the vehicle 100 can be senso 
rially understood in environments croWded With objects. 

[0137] Furthermore, this embodiment is designed so that 
the Doppler effect according to a moving velocity of the 
vehicle 100 is added to sounds expressed by combining 
directly transmitted Waves, diffraction Waves and re?ection 
Waves based on a moving velocity detected by the target 
object extraction unit 22. 

[0138] Thus, When the vehicle 100 moves, the positional 
relation betWeen a target object and the vehicle 100 can be 
more sensorially understood together With the geographical 
conditions of blocks surrounding the target object. Conse 
quently, the positional relation betWeen a target object and 
the vehicle 100 can be more sensorially understood in 
environments croWded With many objects. 

[0139] Furthermore, this embodiment is designed so that 
the category data of objects is read from a sound-data 
correspondence table, noti?cation conditions are read from 
the noti?cation conditions memory unit 42, and objects 
agreeing With the category of noti?cation conditions are 
extracted from the objects extracted in Step S108 based on 
the category data read. 

[0140] Thus, since sounds are outputted for an object for 
Which a user desires to receive noti?cation, guidance rela 
tively according to the user’s desire can be realiZed. 

[0141] In the above-mentioned embodiment, position data 
corresponds to position information of the 3rd embodiment, 
an object corresponds to an object of the 1St to 4th embodi 
ments, diffraction Waves and re?ection Waves correspond to 
indirectly transmitted Waves of the 2nd, 3rd, 4th, 6th or 7th 
embodiments, and the current position of the vehicle 100 
corresponds to an observation point of the 1St to 4th, 7th 10th, 
11th, 12th or 13th embodiments. Additionally, the position 
detection system 10 corresponds to a positional information 










