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(57) ABSTRACT 

A navigation apparatus has an information taking-in means 
for taking-in road-in-facility information, Which indicates 
roads placed in a facility and is supplied from the outside, 
and a displaying means for displaying a location map 
according to the road-in-facility information read out from 
the information taking-in means and for-navigation location 
map data read out from a storing means and displaying a 
position of a driver’s car and a guiding route on the location 

map. 
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NAVIGATION SYSTEM 

CROSS-REFERENCE TO The RELATED 
APPLICATION 

[0001] This application is a continuation of International 
Application No. PCT/JP99/04383, Whose International ?l 
ing date is Aug. 12, 1999, the disclosures of Which Appli 
cation are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a navigation sys 
tem in Which a route search is performed by using a 
navigation function and a road placed in a facility of a 
private land is connected to a retrieved route to perform a 
door-to-door route guidance. 

[0004] 2. Description of Related Art 

[0005] FIG. 1 shoWs a conventional navigation apparatus, 
for example, disclosed in the Published Unexamined J apa 
nese Patent Application H7-93696 (1995). In FIG. 1, 1 
indicates a global positioning system (GPS) receiver for 
receiving electric Wave from a GPS satellite. 2 indicates a 
position detecting means for detecting a position of a 
driver’s car. 3 indicates a storing means, comprising a 
CD-ROM or the like, for storing for-navigation location map 
data. 4 indicates a display computer for displaying a speci?c 
piece of location map data read out from the storing unit 3 
on a display means 5 Which comprises a liquid crystal 
display (LCD) or the like. A current position of the driver’s 
car is included in the speci?c piece of location map data. 6 
indicates an operating means comprising a cursor moving 
key or the like. 

[0006] NeXt, an operation is described. 

[0007] Electric Wave transmitted from the GPS satellite is 
received in the GPS receiver 1, a current position of the 
driver’s car is detected in the position detecting means 2 in 
Which the received electric Wave is received, a speci?c piece 
of location map data, in Which the current position of the 
driver’s car is included, is selected from the for-navigation 
location map data stored in advance in the storing unit 3 and 
is read out by the display computer 4, and a location map 
indicated by the speci?c piece of location map data is 
displayed on the displaying means 5 With a prescribed mark 
indicating the current position of the driver’s car. 

[0008] To perform a route guidance to each of a plurality 
of destinations, a destination setting list, in Which both a 
location map code allocated to a location map of a peripheral 
area of one destination and coordinates of the destination in 
the location map are included, is stored in the storing means 
3 for each of the destinations. When a desired destination is 
set by a driver Who operates the operating means 6, the 
destination setting list of the desired destination is read out 
from the storing means 3 in the display computer 4, location 
map data corresponding to the location map code of the 
destination setting list is read out from the storing means 3 
in the display computer 4, a location map indicated by the 
location map data is displayed on the displaying means 5, a 
guiding route to the desired destination is determined in the 
display computer 4 according to the read-out location map 
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data, and the guiding route is displayed in the location map 
displayed on the displaying means 5. 

[0009] Because the conventional navigation map has the 
above con?guration, information, Which indicates roads 
placed in each facility and is obtained according to the 
destination search, is only composed of pieces of point 
information such as latitudes and longitudes. In this case, a 
driver is not guided to any road other than roads (that is, 
public roads respectively having a Width Wider than a 
prescribed Width) of the location map data stored in the 
storing means 3. Therefore, as shoWn in FIG. 2, the driver 
is guided to only a position P of a public road nearest to a 
destination 0 placed in a facility M, and a driver’s car is 
moved from this ?nal guided position P to the destination 0 
of the facility M according to the driver’s judgment. There 
fore, in cases Where an entrance I of the facility M, Which 
has a large area, is placed far aWay from the ?nal guided 
position P, it is dif?cult to reach the entrance I and to reach 
the destination 0 of the facility M. 

[0010] Also, because there is usually no location map for 
driving the car in private land With a large area, it is 
impossible to correct the position of the driver’s car accord 
ing to a map matching With a location map of the private 
land. Thus there is a problem that positional precision for the 
driver’s car is loW. Also, in cases Where all roads of a facility 
are indicated by road-in-facility data, a large volume of 
road-in-facility data is required. Therefore, there is another 
problem that it is not proper in practice to use the road-in 
facility data. 

SUMMARY OF THE INVENTION 

[0011] The present invention is provided to solve the 
above problems, and an object of the present invention is to 
provide a navigation apparatus in Which the search calcu 
lation of a guiding route to roads placed in a facility in 
private land is performed to guide a car to a door of a 
building of the facility or to guide a car to a recommended 
parking position of the facility and in Which a map matching 
is possible in the driving of the car in the private land, Which 
has a comparatively Wide site, to improve positional preci 
sion of the driver’s car. 

[0012] A navigation apparatus according to the present 
invention comprises a GPS receiver for receiving electric 
Wave from a GPS satellite, a position detecting means for 
detecting a position of a driver’s car according to the 
received electric Wave output from the GPS receiver, a 
storing means for storing for-navigation location map data, 
an information taking-in means for taking-in facility infor 
mation Which indicates roads placed in a facility and is 
supplied from the outside, and a displaying means for 
displaying a location map according to the facility informa 
tion read out from the information taking-in means and the 
for-navigation location map data read out from the storing 
means and displaying the position of the driver’s car 
detected in the position detecting means and a guiding route 
on the location map. 

[0013] Therefore, a search calculation for a guiding route 
to roads placed in a facility in private land can be performed, 
and a guidance to a door of a building placed in the facility 
or a guidance to a recommended parking position placed in 
the facility can be performed. Also, a map matching With a 
location map of the facility can be performed in the driving 
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of the car in private land Which has a comparatively Wide 
site, and positional precision of the driver’s car can be 
improved. 

[0014] In a navigation apparatus according to the present 
invention, the facility information, Which indicates the roads 
placed in the facility, is taken in the information taking-in 
means through a communication means. 

[0015] Therefore, it is not required to make unnecessary 
increases to the capacity of the storing means. 

[0016] In a navigation apparatus according to the present 
invention, the facility information, Which indicates the roads 
placed in the facility, is taken in the information taking-in 
means from a storage medium. 

[0017] Therefore, it is not required to make unnecessary 
increases to the capacity of the storing means. 

[0018] In a navigation apparatus according to the present 
invention, the facility information, Which indicates the roads 
placed in the facility and is taken in the information taking 
in means, is enciphered. 

[0019] Therefore, an illicit use of the facility information, 
Which is not open to the public, can be prevented. 

[0020] In a navigation apparatus according to the present 
invention, the facility information includes a Weighted value 
in a route from a destination placed in the facility to each of 
nodes, and a shortest route to the destination is calculated by 
comparing the Weighted values of the nodes. 

[0021] Therefore, because only one type of additional 
information denoting the Weighted values of the nodes is 
included in the facility information, an amount of data can 
be reduced. Also, a shortest route can be calculated by only 
comparing the Weighted values of the nodes, and it is not 
required to perform a complicated calculation. Also, the 
Weighted value in a route from a connecting point to each 
node is registered in advance, so that a route calculation for 
a driver’s return can be performed in the same manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a block diagram shoWing the con?gura 
tion of a conventional navigation apparatus; 

[0023] FIG. 2 is an explanatory diagram of a route guided 
by the conventional navigation apparatus; 

[0024] FIG. 3 is a block diagram shoWing the con?gura 
tion of a navigation apparatus according to the present 
invention; 

[0025] FIG. 4 is an explanatory diagram of a route guided 
by the navigation apparatus of the present invention; 

[0026] FIG. 5 is an explanatory diagram shoWing the 
preparation of a link list; 

[0027] FIG. 6 is an explanatory diagram shoWing a short 
est connection betWeen a link and a connecting point; 

[0028] FIG. 7 is an explanatory diagram shoWing a 
searching operation performed in cases Where information 
of roads placed in a facility is used; 

[0029] FIG. 8 is a How chart explaining the searching 
operation; 
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[0030] FIG. 9(a) is a table diagram shoWing a result of the 
retrieval of a destination (facility entrance); 

[0031] FIG. 9(b) is a table diagram shoWing a result of the 
retrieval of another destination placed in a facility; 

[0032] FIG. 10 is an explanatory diagram shoWing a 
searching method performed in cases Where the information 
of roads placed in the facility is used; 

[0033] FIG. 11 is a diagram shoWing a format of the 
information of roads placed in the facility; and 

[0034] FIG. 12 is an explanatory diagram shoWing the 
con?guration of a navigation system in Which ciphered 
information of roads placed in a facility is applied for a route 
guidance. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] The invention Will noW be described With reference 
to the accompanying draWings. 

[0036] Embodiment 1 

[0037] FIG. 3 is a block diagram shoWing a schematic 
con?guration of a navigation apparatus according to a ?rst 
embodiment of the present invention. In FIG. 3, 11 indicates 
a global positioning system (GPS) receiver for receiving 
electric Wave from a GPS satellite. 12 indicates a position 
detecting means for detecting a position of a driver’s car. 13 
indicates a storing means, made of a CD-ROM or the like, 
for storing for-navigation location map data. 14 indicates a 
display computer for displaying a speci?c piece of location 
map data read out from the storing unit 13 on a display 
means 15 Which is made of a liquid crystal display (LCD) or 
the like. A current position of the driver’s car is included in 
the speci?c piece of location map data. 16 indicates an 
operating means made of a cursor moving key or the like. 17 
indicates an information taking-in means for taking-in road 
in-facility information Which indicates roads placed in a 
facility and is supplied from the outside. 

[0038] As shoWn in FIG. 4, the road-in-facility informa 
tion is de?ned and prepared in a rectangular area in Which 
a reference point Z is set as an original point of a local 
co-ordinate system. A connecting point (that is, an entrance 
of a facility) I With a main road is included in the road-in 
facility information. A set of latitude/longitude of the con 
necting point I is calculated from a set of latitude/longitude 
of the reference point Z, and a position of the connecting 
point I in map data stored in a CD-ROM is calculated. Here, 
in FIG. 4, a sign A indicates a data preparing range of 
external road data, and a sign B indicates a search range of 
road links to calculate the connecting point I. 

[0039] [Calculation Method of Connecting Point] 

[0040] @Method of calculating a mesh number of the map 
data from the latitude/longitude and calculating normaliZed 
co-ordinates of a mesh 

[0041] Normally, map data included in a CD-ROM is 
divided into pieces of map data of a plurality of rectangular 
areas, and co-ordinates of the map data in each rectangular 
area are normaliZed in a range from 0 to 1 and are stored. 
Therefore, in cases Where the co-ordinates of one piece of 
map data are projected on another piece of map data, it is 
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required to calculate a mesh number and normalized co 
ordinates of the piece of map data. 

[0042] For example, in cases Where mesh siZes in the 
X-aXis and Y-aXis are set to 7.5‘ and 5.0‘ respectively, a 
method of calculating a mesh number of the map data, Which 
includes a latitude 0 and a longitude )» and is placed in the 
loWest layer, is as folloWs. 

[0043] Mesh-X=(latitude 
map)/7.5‘ 

0-reference latitude of 

[0044] Mesh-Y=(longitude )t-reference longitude of 
map)/5.0‘ 

[0045] Also, a method of calculating normaliZed co-ordi 
nates X and Y of map data of each mesh is as folloWs. 

[0046] X=(latitude 0-reference latitude of Mesh-X)/ 
7.5‘ 

[0047] Y=(longitude )t-reference longitude of Mesh 
Y)/5 .0‘ 

[0048] @Also, the connecting point is projected on a link 
(or road) of a map, and a method of retrieving the link is as 
folloWs. 

[0049] (a) As shoWn in FIG. 5, a search area B 
including the connecting point I is set, and to-be 
searched link lists “a” and “b” are selected. Here, a 
sign “c” indicates a not-to-be-searched link list. 

[0050] (b) A distance betWeen each of the to-be 
searched link lists a and b selected in the item (a) and 
the connecting point I is calculated. That is, as shoWn 
in FIG. 6, in cases Where it is possible to construct 
a line perpendicular to the to-be-searched link list 
“a” from the connecting point I, a distance from the 
connecting point I to an intersection point of the 
perpendicular line and the to-be-searched link list 
“a” is calculated. Also, in cases Where it is impos 
sible to construct a line perpendicular to the to-be 
searched link list “b” from the connecting point I, a 
shortest distance from the connecting point I to an 
end point of the to-be-searched link list “b” is 
calculated. A link relating to a distance, Which is 
shortest among the calculated distances, is set as a 
connecting link, a point of the connecting link, at 
Which a distance from the connecting point I is 
shortest, is set as a virtual node, and the virtual node 
is neWly prepared in softWare. Thereafter, the con 
necting point I is replaced With the virtual node each 
time the virtual node is neWly prepared. 

[0051] Next, an operation is described. 

[0052] Electric Waves transmitted from the GPS satellite 
are received in the GPS receiver 11, a current position of the 
driver’s car is detected in the position detecting means 12 in 
Which the received electric Wave is received, a speci?c piece 
of location map data, in Which the current position of the 
driver’s car is included, is selected from the for-navigation 
location map data stored in advance in the storing unit 13 
and is read out by the display computer 14, and a location 
map indicated by the speci?c piece of location map data is 
displayed on the displaying means 15 With a prescribed 
mark indicating the current position of the driver’s car. 
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[0053] To perform a route guidance to each of a plurality 
of destinations, a destination setting list, in Which both a 
location map code allocated to a location map of a peripheral 
area of one destination and co-ordinates of the destination in 
the location map are included, is stored in the storing means 
13 for each of the destinations. When a desired destination 
is set by a driver operating the operating means 16, the 
destination setting list of the desired destination is read out 
from the storing means 13 in the display computer 14, 
location map data corresponding to the location map code of 
the destination setting list is read out from the storing means 
13 in the display computer 14, a location map indicated by 
the location map data is displayed on the displaying means 
15, a guiding route to the desired destination is determined 
in the display computer 14 according to the read-out location 
map data, and the guiding route is displayed in the location 
map displayed on the displaying means 15. The above 
described processing is the same as that in the prior art. 
HoWever, in the present invention, because the road-in 
facility information supplied from the outside is taken in the 
information taking-in means 17, as shoWn in FIG. 7, the 
guiding route to the entrance of the facility, Which denotes 
the connecting point I, is retrieved and determined. The 
above-described operation denotes a search processing 
operation of a step STI shoWn in a flow chart of FIG. 8, and 
FIG. 9A is a table shoWing the retrieval result. 

[0054] Thereafter, in the present invention, because the 
road-in-facility information supplied from the outside is 
taken in the information taking-in means 17, the procedure 
proceeds to both the search of roads placed in the facility and 
a guidance to one road. Initially, in the method @ of 
calculating the connecting point I, a virtual node, With Which 
the connecting point I is to be replaced, is prepared. 

[0055] Also, as shoWn in FIG. 10, because a destination 0 
placed in the facility is determined in advance in the 
information registration, a Weighted value (a value indicated 
in each set of parentheses of FIG. 10) in a route from the 
destination to each node is calculated in advance as the 
road-in-facility information and is stored. In this case, a 
minimum value among candidates for the Weighted value of 
each node is stored as a Weighted value of the node. 

[0056] That is, in cases Where the road-in-facility infor 
mation supplied from the outside is taken in the information 
taking-in means 17, it is advantageous in the data transfer 
time to set an amount of data as small as possible. In 

contrast, to perform the route search, various types of 
attribute data are usually required, so that an amount of data 
becomes enormous. Also, required information depends on 
a searching algorithm. Though there is a method in Which a 
type of road data supplied from the outside is altered to 
another type to match the road data With the searching 
algorithm, a large amount of information converting pro 
cessing is required. 

[0057] Therefore, as is described above, an amount of 
information required for the route search can be minimiZed 
by including the Weighted value of each node in the road 
in-facility information. Also, a search function for the road 
in-facility information can be added by adding a simple 
processing of a search logic (step ST2). FIG. 11 shoWs a 
format of the road-in-facility information. 

[0058] Thereafter, the retrieval result, in Which the con 
necting point I retrieved in the step STI in the same manner 
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as in the prior art is set as the destination, is combined With 
the retrieval result in Which roads placed in the facility are 
retrieved in the step ST2, and a guiding route to a destination 
placed in the facility is retrieved (step ST3). A retrieval 
result is shoWn in FIG. 9B. 

[0059] As is described above, in the ?rst embodiment, an 
amount of information can be reduced. That is, in the 
information normally used, various types of information 
indicating directions, suspension of traf?c, road Widths, road 
types are additionally included as Well as information of 
point co-ordinates and connection information, these types 
of information are synthetically considered, and the 
Weighted value of each node is determined in the execution 
of the search calculation. HoWever, in the present invention, 
because the Weight calculation is performed in advance, 
only one type of information indicating Weighted values of 
nodes is included as additional information in the road-in 
facility information. Accordingly, an amount of information 
can be reduced. 

[0060] Also, in the normal search, no node is Weighted, 
but each link is Weighted. Thereafter, all patterns possible as 
a route to the destination are searched, and one route pattern, 
in Which a sum of Weighted values of links is minimiZed, is 
set as an optimum route. Therefore, to calculate the sum for 
each of all candidates for the route to the destination in cases 
Where roads eXist in the netlike arrangement, a complicated 
logic is required, and a memory capacity required for the 
calculation using the complicated logic is enlarged. In 
contrast, in the present invention, in cases Where a Weighted 
value is allocated to each node, the Weighted values of all 
nodes respectively connected With a node are compared With 
each other in the real route search calculation, and one node 
having the minimum Weighted value among those of the 
nodes is selected one after another. Therefore, this type of 
calculation requires simple logic, and a capacity of a 
memory to be used can be made small. 

[0061] Embodiment 2 

[0062] Because the road-in-facility information used in 
the ?rst embodiment denotes information of roads placed in 
a private facility, it is not desirable to make the road-in 
facility information public. Therefore, a facility’s oWner 
requires to encipher the road-in-facility information and to 
provide the ciphered road-in-facility information for users. 
This requirement is satis?ed in a navigation system shoWn 
in FIG. 12 according to a second embodiment. 

[0063] In FIG. 12, 21 indicates a facility’s oWner. 22 
indicates a host computer for enciphering the road-in-facility 
information supplied from the facility’s oWner 21 by using 
a cipher key (or a public key) and outputting ciphered 
road-in-facility information. 23 indicates a navigation appa 
ratus possessed by a person Who is permitted by the facility’s 
oWner 21 to use the ciphered road-in-facility information 
and has a deciphering key. 24 indicates a storage medium for 
storing the ciphered road-in-facility information Which is 
enciphered according to a request of the facility’s oWner 21. 

[0064] Next, an operation is described. 

[0065] In cases Where the host computer 22 is used, a user, 
Who desires to use the road-in-facility information, obtains 
permission of the facility’s oWner 21 in advance to use the 
road-in-facility information, and the facility’s oWner 21 
informs the host computer 22 that the facility’s oWner 21 
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gives permission to the user. Thereafter, When a person 
makes a request to the host computer 22 to alloW the person 
to use the road-in-facility information, it is judged in the host 
computer 22 Whether or not the person agrees With the user 
Who obtains permission of the facility’s oWner 21 to use the 
roadin-facility information. In cases Where the person agrees 
With the user Who obtains permission of the facility’s oWner 
21, the ciphered road-in-facility information is sent from the 
host computer 22 to the navigation apparatus 23 of the user. 
Thereafter, the user deciphers the ciphered road-in-facility 
information by using the deciphering key, and the user uses 
the deciphered road-in-facility information. 

[0066] In contrast, in cases Where a user does not receive 
or transmit information from/to the host computer 22, the 
user receives the storage medium 24, in Which the ciphered 
road-in-facility information is stored, from the facility’s 
oWner 21. Thereafter, the user inserts the storage medium 24 
into the navigation apparatus 23 of the user to read out the 
ciphered road-in-facility information, the user deciphers the 
ciphered road-in-facility information by using the decipher 
ing key, and the user uses the deciphered road-in-facility 
information. 

[0067] As is described above, in the second embodiment, 
the road-in-facility information is enciphered, and the 
ciphered road-in-facility information is provided for the 
user. Accordingly, it is possible to ensure prevention of the 
leaking-out of a secret of the facility, and a guiding route can 
be retrieved even in the facility grounds. 

[0068] As is described above, because the road-in-facility 
information is used to retrieve a guiding route, a map 
matching can be, for eXample, performed for roads of a 
facility such as a factory or a public facility, and the 
navigation apparatus according to the present invention is 
appropriate to a door-to-door route search. 

What is claimed is: 

1. A navigation apparatus, comprising: 

a GPS receiver for receiving electric Wave from a GPS 

satellite; 

a position detecting means for detecting a position of a 
driver’s car according to the received electric Wave 
output from the GPS receiver; 

a storing means for storing for-navigation location map 
data; 

an information taking-in means for taking-in facility 
information Which indicates roads placed in a facility 
and is supplied from an outside; and 

a displaying means for displaying a location map accord 
ing to the facility information read out from the infor 
mation taking-in means and the for-navigation location 
map data read out from the storing means and display 
ing the position of the driver’s car detected in the 
position detecting means and a guiding route on the 
location map. 

2. A navigation apparatus according to claim 1, Wherein 
the facility information, Which indicates the roads placed in 
the facility, is taken in by the information taking-in means 
through a communication means. 
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3. A navigation apparatus according to claim 1, Wherein 
the facility information, Which indicates the roads placed in 
the facility, is taken in by the information taking-in means 
from a storage medium. 

4. A navigation apparatus according to claim 1, Wherein 
the facility information, Which indicates the roads placed in 
the facility and is taken in by the information taking-in 
means, is enciphered. 
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5. A navigation apparatus according to claim 1, Wherein 
the facility information includes a Weighted value in a route 

from a destination placed in the facility to each of nodes, and 
a shortest route to the destination is calculated by comparing 
the Weighted values of the nodes. 


