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map of a lower level of detail, a map of one lower level
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APPARATUS FOR ROAD PATH SEARCHING
APPLICABLE TO CAR NAVIGATION SYSTEM
AND OPERATION METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an appara-
tus for road path searching, and particularly to an appa-
ratus which can search for a road path in a short time.
This invention has particular applicability to a car navi-
gation system.

2. Description of the Background Art

Recently, a navigation system to be carried on a car
has been developed and is commercially available.
Road path searching apparatuses are provided in some
such navigation systems. Upon designation of a destina-
tion, the road path searching apparatus detects a road or
a path most suitable for getting to the destination from
the present location, and displays the path on a CRT
display. An example of a conventional road path search-
ing apparatus is described in Japanese Patent Laying-
Open No. 62-86500. By employing a road path search-
ing apparatus, a driver can take the displayed most
suitable road and arrive at the destination in the shortest
time.

A conventional road path searching apparatus, how-
ever, requires a long time to detect a road or a path to
be taken by a driver. Generally, a plurality of road maps
with different detailedness (level of detail) or amount of
data for showing one area are previously provided for
in a navigation system. When path searching is per-
formed by a road path searching apparatus, a location of
the present time and a destination are designated or set
in the first place. Generally, as the present location and
the destination often face relatively narrow roads, des-
ignation or setting thereof is performed based on de-
tailed or high detailed road map data. Thus, when a
road path searching apparatus searches for a preferable
road path, the search is performed based on the detailed
road map data. Generally, there are a great number of
roads to be taken on the way from the present location
to the destination on a detailed road map. A great
amount of processing is required to select the suitable
one out of the enormous number of road combinations.
As a result, it takes a long time to search for a preferable
road path. In addition, even if the road path is detected
taking a long time, the detected path often includes
narrow roads. In practice, as a driver generally does not
like to drive on narrow roads on the way, the detected
road or path is not useful for the driver in some cases.

A further example of a conventional road path
searching apparatus is described in Japanese Patent
Laying-Open No. 61-213718. Also in the disclosed road
path searching apparatus, road map data of different
detailedness for one area are provided for in advance. In

the retrieving operation, after road searching based on a

less detailed road map, or road map data of low de-
tailedness, road searching based on road data of high
detailedness is performed. That is to say, the detailed-
ness of the road data used in searching operation gradu-
ally advances from low level to high level. More specif-
ically, first, main intersections to be passed are detected
based on a simple road map, and next, intersections
between the detected main intersections are detected
based on a road map more detailed by one level. In
other words, each portion between one intersection and
the other intersection detected on a less detailed road
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map is interpolated by intersections detected on a map
containing an additional level of detail. By repeating the
interpolation process from low level to high level of
detail, intersections to be passed are determined. As a
result, time required for road searching is reduced com-
pared to the above described example of the prior art.

SUMMARY OF THE INVENTION

It is an object of the invention to reduce time required
to search for a road path between two positions in a
path searching apparatus.

It is another object of the invention to select the most
major possible roads as roads to be searched for by a
path searching apparatus.

It is still another object of the invention to select the
data to be used a searching process by a path searching
apparatus in the order of detail beginning with a more
detailed road data to a less detailed road data.

It is yet another object of the invention to reduce time
required to search for a road path between two posi-
tions in a car navigation system.

It is a still further object of the invention to reduce
time required to search for a road path between a start-
ing point and a destination point in a car navigation
system.

In short, a path searching apparatus in accordance
with this invention comprises a storage device to store
node data for defining roads provided on a predeter-
mined area. The storage device stores a first data group
for defining roads in more detail and a second data
group for defining roads in less detail. The first data
group comprises data which coincides with that of the
second data group. This path searching apparatus fur-
ther comprises a designating device for designating first
and second positions based on the first data group, an
adjacent node detecting device for detecting first and
second adjacent nodes respectively adjacent to the first
and second positions, an existence detecting device for
detecting existence of node data corresponding to at
least one of the detected first and second adjacent nodes
in the second data group, and a determining device
responsive to the existence detecting device to deter-
mine the detected adjacent node data as node data de-
fining a path to be searched for.

In operation, when at least one of'the first and second
adjacent nodes detected by the adjacent node detecting
device exists in the second data group, the determining
device determines the adjacent node data as path data
defining the path to be searched for. Thus, as the path
data is selected out of the second data group defining
roads in less detail, following path searching is per-
formed based on the second data group. Accordingly,
as the data amount to be processed is reduced, time
required for the searching process is shortened.

In another aspect, the path searching apparatus in
accordance with this invention comprises a storage
device for storing node data for defining roads provided
on a predetermined area. The storage device stores a
first data group for defining roads in more detail and a
second data group for defining roads in less detail. The
first data group comprises data which coincides with
data of the second data group. The path searching appa-
ratus further comprises a designating device for desig-
nating first and second positions based on the first data
group, a distance detecting device for detecting dis-
tance between the first and second positions, a selecting
device responsive to the distance detecting device to
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select either of the first or second data groups, and a
searching device for searching for a path between the
first and second positions based on the data group se-
lected by the selecting device.

In operation, in response to the detected distance
between the first and second positions, a data group to
be used is selected. Thus, the time required for the
searching process is reduced.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a hardware of a road
path searching apparatus illustrating one embodiment of
this invention.

FIG. 2 is a conceptual diagram of road map data used
in a road path searching apparatus.

FIGS. 3A, 3B and 3C are block diagrams illustrating
examples of road map data prepared in advance in a
road path searching apparatus.

FIG. 4 is a flow chart of a processing operation of a
road path searching apparatus illustrating one example
of this invention.

FIG. 5 is a flow chart of a processing operation of a
road path searching apparatus illustrating another em-
bodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, a road path searching apparatus
comprises a processing unit 1 including a microcom-
puter, a reading unit 2 having a compact disc read only
memory (referred to as “CD-ROM” hereinafter), an
video random access memory (V-RAM) 3 for holding
map data constituting one display, a display unit 4 hav-
ing a CRT, a setting unit 5 having several operation
buttons, a ROM unit 7 having a stored road searching
process program, and a RAM unit 8 for storing road
map data employed in road searching process.

In operation, the CD-ROM in the reading unit 2
comprises road data prepared in advance for each of the
detailedness levels (levels of detail) that are different
from each other. The V-RAM unit 3 holds the road map
data read from the CD-ROM in the reading unit 2. The
CRT in the display unit 4 displays the road map based
on the held data. By operating the operation buttons in
the setting unit 5, a driver performs selection of a road
map, designation of the detailedness of the map, desig-
nation or setting of a present location and a destination,
entry of instructions of road path searching and the like.
For example, when a road map and its detailedness are
designated by the operation of the operation buttons by
the driver, the processing unit 1 instructs the reading
unit 2 to read the data. Thus, the road map data is read
from the CD-ROM in the reading unit 2, and the read
data is provided to the V-RAM 3 after being processed
in the processing unit 1. As a result, the processed road
map is displayed on the CRT screen in the display unit
4.

By referring to the map displayed on the CRT screen,
the driver moves a cursor on the CRT screen by operat-
ing the operation buttons and designates or sets a pres-
ent location and a destination. While the position of the
car changes as the driver drives the car, the present
location detecting unit 6 detects the amount of change
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and estimates the present location. The processing unit
1 rewrites the position data in the V-RAM unit 3 based
on the estimated present location data. Accordingly, the
display of the present location of the car on the CRT
screen in the display unit 4 is changed. Instead of desig-
nating or setting the present location with the operation
buttons as described above, it is also preferable to per-
form the operation automatically based on the detected
data in the present location detecting unit 6.

Road maps illustrated in FIG. 2 to be used in road
searching are previously prepared in the CD-ROM in
the reading unit 2 illustrated in FIG. 1. Referring to
FIG. 2, road maps with different detailedness levels
MA, MB and MC are illustrated. While these three
maps MA, MB and MC illustrate the same area, their
detailedness, i.e., levels of the detail of diagrammatical
information contained in respective maps, are different
from each other. That is to say, the detailedness Sysc of
the road map MC is the highest and the detailedness
Saz4 of the road map MA is the lowest. Thus, detailed-
ness of respective road maps MA, MB and MC, ie,
Sama, Supand Sy, are set to satisfy the following rela-
tion.

SMa<SMB<Smc(l)

For example, while main principal roads are illus-
trated on the road map MA, principal roads that are
more important than prefectural roads, including main
principal roads, are shown on the road map MB. Fur-
thermore, in addition to the road data of the maps MA
and MB, the data of the road map MC comprises road
data of narrower roads.

Referring to FIGS. 3A, 3B and 3C, respective road
data prepared in advance in the CD-ROM will be de-
scribed more specifically. FIG. 3A shows data §1a, 524
and 57a prepared as road data of the map MA. The map
MA, asillustrated in FIG. 2, comprises two main princi-
pal roads 51 and 52, and nodes N, Z, . . . which corre-
spond to intersections on the respective roads. Thus, the
CD-ROM stores a series of node data 51a and 52a defin-
ing respective roads 51 and 52, and coordinate data 57a
defining positions of respective nodes. The positions of
the respective nodes are defined based on the X-Y coor-
dinates commonly predetermined in relation to the
maps MA, MB and MC. Accordingly, for example, the
node C is defined by the coordinates (X, Y¢) as illus-
trated in FIG. 3A.

Similarly, the road data of the map MB is shown in
FIG. 3B. This road data comprises node data 51b, 525,
53b and 546 which define a series of nodes constituting
respective roads 51, 52, 53 and 54, and coordinate data
57b defining positions of all the nodes on the map MB.
The node data 51b and 525 are the same as the node data
51a and 524 shown in FIG. 3A. The coordinate data
commonly included in the coordinate data 57a and 575,
e.g., the coordinate data of nodes H, a, b are identical. A
series of node data 53b and 54b constituting the roads §3
and 54 are newly stored. In addition, the coordinate
data of nodes which do not exist on the map MA but
exist on the map MB, for example, nodes E, K, M are
newtly stored.

As in the case of the maps MA and MB, node data
51c¢, 52¢, 53¢, 54¢, 55¢ and 56¢ of the map MC and coor-
dinate data 57c of the respective nodes on the map MC
are shown in FIG. 3C. As seen by comparing FIG. 34,
3B and 3C, as the detailedness of the respective maps
increases, further road node data and node coordinate


















