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Description

[0001] The present invention relates to a navigation
apparatus and a navigation processing method.
[0002] There is a technology adopted in a car naviga-
tion apparatus in the known art, whereby a map is divided
into a plurality of units, map data files are created each
in correspondence to one of the units and the map data
files are updated in correspondence to the individual units
(see Japanese Laid Open Patent Publication No.
2001-56823).
[0003] The technology disclosed in Japanese Laid
Open Patent Publication No. 2001-56823 relates to a
map data update and does not apply to an update of
search data used in the navigation apparatus. Accord-
ingly, there is a great need for a method that establishes
with efficiency and reliability correspondence between
map data and search data so as to facilitate the update
of the map data and the search data.
[0004] WO-A-2004/008172 describes a method appa-
ratus and computer program product for providing a
graphical user interface with a linear map component,
employing a database that includes data representing
transportation segments and point of interest features.
[0005] The present invention provides a navigation ap-
paratus and a navigation processing method that estab-
lish the correspondence between map data and search
data efficiently and reliably.
[0006] According to a first aspect of the present inven-
tion, there is provided a navigation apparatus comprising:
a map data obtaining means for obtaining map data; a
navigation processing means for executing navigation
processing by using the map data having been obtained;
a search data obtaining means for obtaining search data;
a specific data detection means for detecting specific da-
ta for a specified search target by using the search data
having been obtained; a correspondence table obtaining
means for obtaining a correspondence table indicating
correspondence between identification information used
to identify individual road units into which each road is
divided in predetermined units and map data road unit
information related to map data road units defined in the
map data individually corresponding to the road units;
and a map position determining means for determining
a position of the specified search target in the map data
based upon the specific data for the specified search
target having been detected and the correspondence ta-
ble having been obtained; wherein: the specific data cor-
responding to each of various search targets, which are
included in the search data, contain identification infor-
mation used to identify a road unit at which the search
target is located; and the map position determining
means is configured to obtain the map data road unit
information from the correspondence table having been
obtained, which corresponds to the identification infor-
mation contained in the specific data for the specified
search target having been detected, and to identify the
map data road unit in the map data based upon the map

data road unit information having been obtained.
[0007] The specific data corresponding to each of var-
ious search targets, which are included in the search da-
ta, may contain information related to positions of at least
a start point and an end point of the map data road unit
corresponding to the road unit, in addition to the identifi-
cation information, and the map position determining
means may be further configured to determine the direc-
tionality of the map data road unit in the map data by
using the information related to the positions of at least
the start point and the end point contained in the specific
data for the specified search target having been detected.
[0008] According to a second aspect of the present
invention, there is provided a navigation processing
method comprising: obtaining map data; executing nav-
igation processing by using the map data; obtaining
search data; detecting specific data for a specified search
targets by using the search data; obtaining a correspond-
ence table indicating correspondence between identifi-
cation information used to identify individual road units
into which each road is divided in predetermined units
and map data road unit information related to map data
road units defined in the map data individually corre-
sponding to the road units; and determining a position of
the specified search target in the map data based upon
the specific data for the specified search target and the
correspondence table; wherein: the specific data corre-
sponding to each of various search targets, which are
included in the search data, contain identification infor-
mation used to identify a road unit at which the search
target is located; and determining a position of the spec-
ified search target in the map data includes obtaining the
map data road unit information from the correspondence
table, which corresponds to the identification information
contained in the specific data for the specified search
target, and identifying the map data road unit in the map
data based upon the map data road unit information.
[0009] According to a third aspect of the present in-
vention, there is provided a computer program compris-
ing instructions for performing the method.
[0010] According to a fourth aspect of the present in-
vention, there is provided a computer readable-medium
storing the computer program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 shows a search data update system adopted
to update search data used in a navigation appara-
tus, as achieved in an embodiment of the present
invention;
FIG. 2 shows a block diagram of the on-vehicle nav-
igation apparatus 1;
FIG. 3 shows the relationship among the search data
21, the inherent number correspondence table 22
and the map data 23;
FIG. 4 shows the data structure adopted in the sub-
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stance data constituting part of the name search data
24;
FIG. 5 shows the data structure adopted in the sub-
stance data constituting part of the street address
search data 25;
FIG. 6 shows the data structure adopted in the in-
herent number correspondence table 22;
FIG. 7 shows a flowchart of the search processing
executed in the navigation apparatus 1;
FIG. 8 shows an illustration provided to facilitate an
explanation on how the link information sequences
should be coordinated;
FIG. 9 shows the processing in the data provider
center 9 and the information exchange between the
navigation apparatus 1 and the data provider center
9, executed when updating search data; and
FIG. 10 shows how the program may be provided to
a personal computer in a recording medium such as
a CD-ROM or via a data signal on the Internet or the
like.

DESCRIPTION OF PREFERRED EMBODIMENT(S)

[0012] FIG. 1 shows an update system with which
search data used in a navigation apparatus are updated,
as achieved in an embodiment of the present invention.
An on-vehicle navigation apparatus 1 reads map data,
search data (guidance search data) and the like from a
recording medium 2 such as a CD-ROM or a DVD-ROM.
A server 6 at a data provider center 9 reads map data
and search data respectively from a map database 7 and
a search database 8 and provides update data to be used
to update map data and search data to the navigation
apparatus.
[0013] The navigation apparatus 1 in the embodiment
updates search data by ensuring that the updated search
data maintain optimal correspondence with the relevant
map data.
[0014] The navigation apparatus 1 is able to connect
with a communication device 4 such as a portable tele-
phone. The navigation apparatus 1 is also able to connect
with a telephone network 5 via the communication device
4 and then connect with the server 6 via the telephone
network 5. The server 6 saves in the map database 7
map data including older versions of map data and the
latest version of map data and also saves in the search
database 8 search data including older versions of
search data and the latest version of search data. Thus,
the server 6 is able to provide the navigation apparatus
1 with update data to be used to update part of the map
data or the search data via the telephone network 5.
[0015] The navigation apparatus 1 includes a control
device 11 and a nonvolatile memory 12. The control de-
vice 11 is constituted with a microprocessor and its pe-
ripheral circuits. The nonvolatile memory 12 is a hard
disk or a flash memory built into the navigation apparatus
1. The nonvolatile memory 12 may be any type of storage
device as long as data written therein are not lost when

the power to the navigation apparatus 1 is turned off.
[0016] The map database 7 and the search database
8 at the data provider center 9, which hold all the versions
of map data and search data to date, are mother data-
bases. Data at the map database 7 or the search data-
base 8 may be used by the server 6 to prepare the re-
cording medium 2 having recorded therein the initial (pre-
update) map data or search data.
[0017] FIG. 2 is a block diagram of the on-vehicle nav-
igation apparatus 1. The navigation apparatus 1 com-
prises the control device 11, the nonvolatile memory 12,
a current position detection device 13, a DVD drive device
14, a memory 15, a communication interface 16, an input
device 17, a monitor 18 and the like.
[0018] The current position detection device 13, which
detects the current position of the vehicle, may be con-
stituted with an azimuth sensor that detects the advanc-
ing azimuth of the vehicle, a vehicle speed sensor that
detects the vehicle speed, a GPS sensor that detects a
GPS signal from a GPS (Global Positioning System) sat-
ellite and the like. The DVD drive device 14 reads map
data and the like from a recording medium 2 loaded there-
in. The recording medium 2 in the embodiment is a DVD-
ROM. However, it may be another type of recording me-
dium such as a CD-ROM.
[0019] In the memory 15, vehicle position information
indicating the vehicle position detected by the current
position detection device 13, node information and link
information with regard to the nodes and the links present
on a recommended route calculated by the control device
11, and the like are stored. The memory 15 is used as a
working area by the control device 11. The communica-
tion interface 16 is an interface that connects the navi-
gation apparatus with the communication device 4. The
use of the portable telephone and the connection with
the Internet are enabled via the communication interface
16.
[0020] At the monitor 18, a map, the recommended
route and various types of information are displayed. The
monitor 18 may be provided as an integrated part of the
navigation apparatus main unit or it may be provided as
a stand-alone unit in a separate casing. In addition, the
monitor 18 alone may be installed at a remote location
and connected with the navigation apparatus via a cable
or the like. The input device 17 is used to input a desti-
nation for the vehicle and the like for a route search. It is
also used to enter a search key. The input device may
be a remote-control unit or it may be constituted with a
touch panel disposed on the screen of the monitor 18.
[0021] The control device 11 executes various types
of navigation processing such as road map display, route
calculation (route search) and route guidance by using
the current vehicle position information detected with the
current position detection device 13, the map data and
the search data stored in the recording medium 2 or the
nonvolatile memory 12 and the like. It is to be noted that
a program of the various types of processing executed
by the control device 11 is installed in a ROM (not shown)
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provided inside the control device 11.
[0022] The server 6 at the data provider center 9 is a
computer system that executes various types of process-
ing including update data distribution, by using the data
in the map database 7 and the search database 8. The
computer system at the server 6 may be constituted with
any type of computer, e.g., a general-purpose computer,
a workstation or a personal computer.
[0023] The map data and the search data used in the
navigation apparatus 1 are now explained.

-Map Data-

[0024] The map data are information related to maps
and include background (map display) data, road (loca-
tor) data, route search data (network data) and route
guidance data (information indicating intersection
names, road names and directional terms, directional
guidance facility information and the like). The back-
ground data are used to display a background of a road
or a background in a road map. The road data are used
to specify the current vehicle position on a road for map
matching and the like. The route search data, which are
data constituted with branching information and the like
not directly relevant to the specific road shapes, are main-
ly used when calculating a recommended route (when
executing a route search). The route guidance data in-
clude the names of intersections and the like, and are
used to provide guidance for the driver or the like along
the recommended route having been calculated.
[0025] The road data (locator data) are link string data
that express roads with links, nodes and link strings. The
term "node" is used to refer to an intersection or a special
point specified on a road. A link is equivalent to a road
connecting nodes, which may be regarded as a road unit
defined in the road data, whereas a link string is a string
of a plurality of links representing a single road. The de-
tails of the link string data are of the known art. The back-
ground data may be, for instance, polygon or poly line
data. Roads are displayed by using poly-line data or the
like. It is to be noted that roads may be displayed by using
the road data. In the following description, the term "map
data" is used to specifically refer to road data that express
each road as a set of links, as explained above, as a
typical example of map data.

-Search Data-

[0026] The search data are used to specify a desired
geographical point through a search executed based up-
on information entered through a key input, instead of
specifying the desired geographical point on the map.
For instance, a destination for a route search may be set
by entering the name, the street address or the telephone
number of a POI (point of interest) and in such a case,
the position of the POI can be determined based upon
the search data. The control device 11 sets the geograph-
ical point determined by using the search data as, for

instance, a destination and executes processing such as
route search.
[0027] The search data include various types of data
such as name (phonetic) search data, street address
search data and telephone number search data. As the
name search data, used to specify a position on the map
in correspondence to a POI (facility) name, data files are
prepared each in correspondence to a specific area in a
given category. The name search data categories may
include, for instance, "train stations", "airports", "ferries",
"department stores", "hotels", "gas stations", "ski resorts"
and "golf courses".
[0028] Each file contains search tree data that enable
name-based search and substance data. It is to be noted
that while a POI may be considered to be a target facility,
the term "POI" may be used to refer to a search target
other than a facility such as a building. It may be a geo-
graphical point such as a ski resort, a golf course or a
tourist spot. The name search data may also be referred
to as POI search data.
[0029] As the street address search data, used to
specify a position on the map in correspondence to a
street address, data files are prepared each in corre-
spondence to a specific area. Each file contains search
tree data that enable street address-based search and
substance data.
[0030] As the telephone number search data, used to
specify a position on the map in correspondence to a
telephone number, data files are prepared each in cor-
respondence to a specific combination of numbers as-
signed to the first two digits of an area code. Each file
contains search tree data that enable telephone number-
based search and substance data.
[0031] The search tree data included in the various
types of search data described above are used to narrow
down the search range and are also referred to as search
frame data. The substance data include name informa-
tion indicating the names of individual POIs, telephone
number information or street address information de-
pending upon the type of search data, position informa-
tion and the like. The position information in the search
data is constituted with positional coordinate data indi-
cating the positional coordinates determined based upon
the latitude/longitude or the like of the particular geo-
graphical point. It is to be noted that common substance
data may be held as part of various types of search data.
[0032] It is to be noted that the navigation apparatus
1 achieved in the embodiment operates on the premise
that street addresses are indicated in the Western sys-
tem, i.e., the house number system. In the house number
system, the street address is indicated through a combi-
nation of the street name and the house number. House
numbers are assigned in a predetermined order to hous-
es and facilities on each street. Houses and facilities on
one side of the street may be assigned with even num-
bers and those on the other side may be assigned with
odd numbers. Thus, once the street name and the house
number are ascertained, the target house or facility can
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be identified.

-Relationship among search data, map data and inherent 
number correspondence table-

[0033] FIG. 3 illustrates the relationship among search
data 21, an inherent number correspondence table 22
and map data 23. The search data 21 in FIG. 3 include
name search data 24 and street address search data 25.
The embodiment is characterized in that the correspond-
ence between the search data 21 and the map data 23
is maintained by referencing the inherent number corre-
spondence table 22.
[0034] FIG. 4 shows the data structure of the sub-
stance data in the name search data 24. The name
search data 24 are constituted with a plurality of records
each holding data corresponding to a given POI. In the
example presented in FIG. 4, the substance data in the
name search data 24 are constituted with n records, hold-
ing therein specific data for n POIs.
[0035] Each of the records constituting the substance
data in the name search data 24 contains therein data
indicating a POI name 31, name phonetic 32, a category
33, a street address (house number) 34, a mesh code
35, link information 36, a house number range 37, a road
shape element inherent number 38, three-point coordi-
nates 39 and the like.
[0036] As the POI name 31, data indicating the POI
name are stored. As the name phonetic 32, data indicat-
ing the phonetic of the POI name are stored. As the cat-
egory 33, data indicating the category of the particular
POI are stored. As the street address (house number)
34, data indicating the house number of the POI are
stored. The house number is assigned to the POI by
adopting the Western street address system explained
earlier. As the mesh code 35, data indicating the mesh
code of the mesh containing the POI are stored. In the
embodiment, the map data are divided into a plurality of
meshes and are stored in units of the individual meshes.
Mesh codes are assigned so as to enable identification
of the individual meshes into which the map data are
divided and are constituted with, for instance, data indi-
cating the latitude/longitude of the individual meshes.
[0037] As the link information 36, information related
to the link corresponding to the road portion where the
POI is located is stored. The link-related information di-
rectly indicates the physical position of the link in the map
data (recording medium). It is to be noted that the term
"link" is used in this context to refer to a link corresponding
to the road shape element indicated by the road shape
element inherent number 38 and thus, it may actually
refer to a plurality of links. In more specific terms, the
link-related information is offset data that indicate the
storage location at which coordinate data for each node
constituting the link are stored in the recording medium 2.
[0038] As the house number range 37, data indicating
the range of house numbers present along the link are
stored. As the road shape element inherent number 38,

data indicating the road shape element inherent number,
to be detailed later, corresponding to the road shape el-
ement on which the POI is located, are stored. As the
three-point coordinates 39, normalized coordinate data
for a start point, a middle point and an end point of the
link indicated by the link information 36 are stored.
[0039] FIG. 5 shows the data structure of the sub-
stance data in the street address search data 25. The
street address search data 25 are constituted with a plu-
rality of records each holding data corresponding to a
specific road shape element indicated by a road shape
element inherent number 46. In the example presented
in FIG. 5, the substance data in the street address search
data 25 are constituted with n records, holding therein
specific data for n road shape elements.
[0040] Each of the records constituting the substance
data in the street address search data 25 contains data
indicating a street name 41, area information 42, a mesh
code 43, link information 44, a house number range 45,
a road shape element inherent number 46, three-point
coordinates 47 and the like. In the embodiment, a geo-
graphical point is specified in correspondence to a street
address based upon the area name, the street name and
the house number, as explained earlier.
[0041] As the street name 41, data indicating the name
of the street address that contains the road shape ele-
ment indicated by the road shape element inherent
number 46 are stored. As the area information 42, data
indicating the name of the area, which the road shape
element corresponding to the road shape element inher-
ent number 46, are stored. As the mesh code 43, mesh
code data corresponding to the mesh, which contains
the road shape element corresponding to the road shape
element inherent number 46, are stored.
[0042] As the link information 44, information related
to the link corresponding to the road shape element in-
dicated by the road shape element inherent number 46
is stored. The link-related information directly indicates
the physical position of the link in the map data (recording
medium). It is to be noted that the term "link" is used in
this context to refer to a link corresponding to the road
shape element indicated by the road shape element in-
herent number 46 and thus, it may actually refer to a
plurality of links. In more specific terms, the link-related
information is offset data that indicates the storage loca-
tion at which coordinate data for each node constituting
the link are stored in the recording medium 2.
[0043] As the house number range 45, data indicating
the range of house numbers present along the link are
stored. As the road shape element inherent number 46,
the inherent number assigned to the particular road
shape element is stored. As the three-point coordinates
47, normalized coordinate data for a start point, a middle
point and an end point of the link indicated by the link
information 44 are stored.
[0044] Since a given street is normally constituted with
a plurality of road shape elements, different records in
the street address search data 25 may contain identical
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street name data 41 indicating a single name. However,
the records, with identical street name data 41 indicating
the same name, hold house number range data 45 indi-
cating different ranges from each other. Accordingly,
once the street name and the house number are speci-
fied, one of the records in the street address search data
25 can be specified.
[0045] FIG. 6 shows the data structure adopted in the
inherent number correspondence table 22. The inherent
number correspondence table 22 is constituted with a
plurality of records each holding data indicating a road
shape element inherent number 51, a corresponding
mesh code 52 and link information 53. In the example
presented in FIG. 6, the inherent number correspond-
ence table 22 contains m records with m road shape el-
ement inherent numbers.
[0046] The road shape element inherent number 51 is
to be described in detail later. As the mesh code 52, mesh
code data for the mesh containing the road shape ele-
ment indicated in the road shape element inherent
number 51 are stored. As the link information 53, infor-
mation related to the link corresponding to the road shape
element indicated in the road shape element number 51
is stored. The link-related information directly indicates
the physical position of the link in the map data (recording
medium). In more specific terms, the link-related infor-
mation is offset data that indicates the storage location
at which coordinate data for each node constituting the
link are stored in the recording medium 2.
[0047] Next, the road shape element inherent numbers
indicated by the road shape element inherent number
data 38, 46 and 51 are explained. The road shape inher-
ent numbers are assigned to individual road portions into
which each road is divided so as to enable identification
of each road portion. Each road shape element inherent
number constitutes information used to identify an actual
road and a road portion is never assigned with more than
one road shape element inherent number. The road
shape inherent numbers may also be used to identify the
actual roads in the databases when generating map data
and search data. They may be a 10-digit BCD code as-
signed with sequence numbers. This means that 5-byte
data must be allocated to each road shape element in-
herent number. If the road shape element inherent
number data are processed in units of words, each road
shape element inherent number must be allocated with
3 words/6 bytes with the last one byte reserved as an
auxiliary bite.
[0048] The predetermined units into which each road
is divided are referred to as road shape elements or sim-
ply road units in the description of the embodiment. The
road may be divided in correspondence to predetermined
units by, for instance, dividing it into road sections at in-
tersections used as cutoff points. Accordingly, a road
shape element basically has a one-to-one correspond-
ence with a link defined in the map data. However, a link
in the map data does not always have a strict correspond-
ence to a road section extending between intersections,

and the road section between intersections may some-
times be represented by a plurality of links. In addition,
a road shape element may not always correspond to a
road segment between two successive intersections. In
other words, the road shape elements and the links in
the map data may not always maintain a one-to-one cor-
respondence. An explanation is given in reference to the
embodiment by assuming that a given road shape ele-
ment corresponds to at least one link.
[0049] In the map data, link IDs may be assigned to
the links. However, the map data may include data at
varying levels each corresponding to a specific scaling
factor. In such a case, a given road may be assigned with
different link IDs at different data levels. The road shape
element inherent numbers in the embodiment, on the oth-
er hand, are IDs assigned to the actual road portions,
and thus, a given road portion (road shape element) is
assigned with a single road shape element inherent
number. In this aspect, the road shape element inherent
numbers are different from link IDs.
[0050] In the embodiment, the road shape element in-
herent numbers inherent to the individual road shape el-
ements, which are universal numbers defined as de-
scribed above, are used so as to sustain an efficient and
accurate correspondence between the search data 21
and the map data 23 even after the search data 21 are
updated.

-Search Processing-

[0051] FIG. 7 presents a flowchart of the search
processing executed in the navigation apparatus 1. The
processing in FIG. 7 is executed on name search data.
As the user enters the name of a search target POI via
the input device 17, a search for the POI name matching
the entered characters is executed. It is to be noted that
the processing flow in FIG. 7 starts as the option "from
name" is selected to set a destination in a menu screen
at the navigation apparatus. The processing in FIG. 7 is
executed by the control device 11.
[0052] In step S1, the name search data 24 are ob-
tained from the recording medium 2. Assuming that the
target category and the target area, too, have been spec-
ified, the corresponding name search data files are read
from the recording medium 2. In step S2, the user enters
the name of the search target POI via the input device 17.
[0053] In step S3, the name search data 24 are
searched based upon the POI name having been entered
and the substance data for the matching POI are detect-
ed. The search is executed by using the search tree data
stored as part of the name search data 24. In step S4,
the inherent number correspondence table 22 is obtained
from the recording medium 2.
[0054] In step S5, the road shape element inherent
number is obtained from the substance data for the
search target having been detected in step S3 and, based
upon the road shape element inherent number having
been obtained, the inherent number correspondence ta-
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ble 22 is referenced to obtain the corresponding mesh
code and link information. A specific map data file is iden-
tified in correspondence to the mesh code and based
upon the link information, the position (offset) in the re-
cording medium 2 at which the coordinate data for each
of the nodes present in the corresponding link are stored,
is ascertained.
[0055] In step S6, the recording medium 2 is accessed
and the coordinate data for the nodes in the target link
are obtained based upon the mesh code and the link
information having been obtained as described earlier.
If there is only one corresponding link, the coordinate
data for the nodes present at the two ends of the link are
retrieved from the link string data. If there is a plurality of
corresponding links, the coordinate data for a plurality of
nodes constituting the plurality of corresponding links are
sequentially obtained from the link string data.
[0056] The position of the POI is then determined by
using the node coordinate data obtained as described
above, and the street address (house number) 34 and
the house number range 37 indicated in the search target
substance data having been detected in step S3. Name-
ly, the coordinates of the POI position are calculated. For
instance, since the house number range and the house
number itself are known, the range from the link start
point to the link end point may be divided by the number
of house numbers contained in the house number range
and the specific position within the house number, which
corresponds to the house number, may be ascertained.
In other words, the position (coordinates) of the search
target can be determined through a proportional calcu-
lation.
[0057] In step S7, map data of an area around the POI
position having been determined in step S6 are obtained.
In step S8, the roadmap of the area around the POI po-
sition, which contains a mark pointing to the POI position,
is brought up on display at the monitor 18 based upon
the POI position having been determined in step S6, and
the POI position (the geographical point) is set as the
destination. It is to be noted that before setting the POI
position as the destination, the user may be consulted
as to whether or not the POI position determined through
the arithmetic operation should be set as the destination.
[0058] It is to be noted that the directionality of the links
in the name search data 24 and the directionality of the
links in the inherent number correspondence table 22
need to match when the coordinates of the POI position
are calculated in step S6. For instance, the data arrange-
ment in link string data representing a given road may
need to be reversed for an update when updating the
map data 23. Namely, the link string start point and the
link string end point may need to be reversed. Under such
circumstances, even if the corresponding link is success-
fully identified in step S6, the POI position may be calcu-
lated erroneously in correspondence to the house
number since the link string start point and the link string
end point are reversed.
[0059] The three-point coordinate data mentioned ear-

lier, stored as part of the search data 21, are used to
eliminate this problem in the embodiment. FIG. 8 illus-
trates consistent link information arrangement coordina-
tion is sustained.
[0060] FIG. 8 shows an example in which the road
shape element indicated by a road shape element inher-
ent number 001 in the name search data 24, at which a
given POI is located, is constituted with three links. FIG.
8A shows that "001" is stored as the road shape element
inherent number 38 for a record 001 in the name search
data 24, and that coordinate data (x1’, y1’), (x3’, y3’) and
(x4’, y4’) are stored as the three-point coordinates 39 to
respectively indicate the coordinates of the storage start
point, the storage middle point and the storage end point.
[0061] FIG. 8B shows that a storage start point offset
1, offset 2, offset 3 and a storage end point offset 4 are
stored in the link information 53 corresponding to the road
shape element inherent number 001 in the record 001 at
the inherent number correspondence table 22. FIG. 8C
shows that the coordinates; offset 1 = (x4, y4), offset 2
= (x3, y3), offset 3 = (x2, y2) and offset 4 = (x1, y1) are
stored in the map data corresponding to the link informa-
tion 53 at the inherent number correspondence table 22.
[0062] By comparing the three-point coordinates 39
(x1’, y1’) (x3’, y3’) and (x4’, y4’) extracted from the search
target substance data having been detected in step S3
with the coordinates (x4, y4), (x3, y3), (x2, y2) and (x1,
y1) having been read out with the offset in the link infor-
mation 53 at the inherent number correspondence table
22, it can be judged that (x1’, y1’) ≈ (x1, y1), (x3’, y3’) ≈
(x3, y3) and (x4’, y4’) ≈ (x4, y4) . The symbol ≈ is used
since the map data update may have resulted in a slight
shift in the coordinate values but they can still be regarded
to indicate the identical coordinate points as long as the
coordinate values substantially match.
[0063] Through this check, the links can be judged to
be the same links since the coordinate values at the three
points match. However, the check results also indicate
that the start point and the end point are reversed, i.e.,
the link direction has been reversed. Accordingly, the da-
ta arrangement is reversed and the POI position is de-
termined through an arithmetic operation based upon the
house number by using the reversed data. As a result,
even when the link direction, i.e., the data arrangement,
has been reversed, the POI position can be calculated
correctly by taking into consideration the link direction
reversal.

-Updating Search Data-

[0064] FIG. 9 shows the processing at the data provid-
er center 9 and the information exchange between the
navigation apparatus 1 and the data provider center 9,
executed as search data are updated. The processing
at the navigation apparatus 1 is executed by the control
device 11 in conformance to a specific program. The
processing in the data provider center 9 is executed by
the server 6 in conformance to a specific program.
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[0065] The processing at the server 6 is started up as
it becomes necessary to update search data. It is as-
sumed that the type of search data to be updated, the
filename of the search data file to undergo the update
and the like are already specified. In step S21, update
data to be used to update the update target search data
are obtained. The update data may be input by an oper-
ator through a keyboard or update data having been gen-
erated separately may be read.
[0066] In step S22, the search tree data and the sub-
stance data in the update target search data are updated
based upon the update data having been obtained in step
S21. The substance data are updated by adopting a road
shape element inherent number assignment system
identical to the road shape element inherent number as-
signment system adopted in conjunction with the pre-
update search data, and updated search data adopting
the data structure explained earlier are generated.
[0067] In step S23, the updated search data are pro-
vided to the navigation apparatus 1. More specifically, a
line connection is established via the communication de-
vice (not shown) at the data provider center 9, the tele-
phone network 5 and the communication device 4 at the
navigation apparatus 1 and the search data are provided
through the line connection thus established.
[0068] Upon determining that the update searched da-
ta have been provided by the data provider center 9, the
control device 11 at the navigation apparatus 1 receives
the data and executes search data update processing in
the navigation apparatus 1 in step S11. More specifically,
the control device 11 rewrites the file with the correspond-
ing filename.
[0069] At this time, the inherent number correspond-
ence table 22 in the navigation apparatus 1 is not updat-
ed. Namely, if only the search data have been updated
without updating map data, the pre-update inherent
number correspondence table 22 is continuously used.
If, on the other hand, map data are updated, the inherent
number correspondence table 22, too, is concurrently
updated, since the update may result in a change in the
correspondence between the road shape elements and
the links in the map data.
[0070] It is to be noted that an explanation is given
above on an example in which the navigation apparatus
1 is simply provided with updated search data by the data
provider center 9. Instead, a search data update request
originating from the navigation apparatus 1 may be trans-
mitted to the data provider center 9 and the data provider
center 9, in turn, may provide the update search data as
required. In such a case, the update processing should
start as a menu "update search data" is selected in a
menu screen or the like at the navigation apparatus 1.
[0071] The following advantages are achieved in the
search data update system explained above.

(1) Universal (or permanent) road shape element in-
herent numbers are assigned to indicate individual
shape element units (road units) constituting the ac-

tual roads and the correspondence between the
search data and the map data is managed through
the use of the road shape element inherent numbers.
As a result, efficient, reliable and accurate corre-
spondence between the search data and the map
data is assured. This, in turn, allows the search data
and the map data to be updated independently of
each other with a high level of freedom. The search
data in particular should be updated constantly since
search targets continually change. Accordingly, by
assuming the structure described above, the search
data can be updated freely, regardless of the update
status of the map data.
(2) The correspondence between the search data
and the map data is regulated via the inherent
number correspondence table 22 and thus, efficient,
reliable and accurate correspondence can be sus-
tained through a simple structure.
(3) When search data alone have been updated with-
out updating the map data, the pre-update inherent
number correspondence table 22 is continuously
used. As a result, the correspondence between the
updated search data and the map data that have not
been updated can be maintained with ease and re-
liability.
(4) When map data are updated to result in a link
change, the inherent number correspondence table
22 can be simply updated as the map data are up-
dated, without having to update the search data.
Namely, the update data can be kept to the smallest
possible volume since only the data that need to be
updated is updated.
(5) The use of road shape element inherent numbers
reduces the volume of, in particular, map data, com-
pared to the volume of map data required when uni-
versal inherent link IDs are assigned to all the links.
In addition, compared to a navigation apparatus in
which data indicating the correspondence between
the new link IDs and the old link IDs must be saved
every time data are updated, the navigation appara-
tus according to the present invention assures
speedy processing that satisfies practical require-
ments since the data are handled simply and effi-
ciently.
(6) Each record in the search data contains the nor-
malized coordinate data of the coordinates for the
link start point, the link middle point and the link end
point of the link indicated by the link information, to-
gether with the road shape element inherent number.
Thus, the correspondence of the directionality of the
road shape element and the directionality of the link
can be checked. As a result, even if the directionality
of the road shape element and the directionality of
the link are reversed from each other, i.e., even if
the data arrangement is reversed, the POI position
can be calculated accurately by taking into consid-
eration the data arrangement reversal.
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[0072] While an explanation is given above in refer-
ence to the embodiment on an example in which the nav-
igation apparatus 1 and the data provider center 9 are
connected via the telephone network 5, the present in-
vention is not limited to this example and the navigation
apparatus and the data provider center may be connect-
ed through another communication network (communi-
cation medium). For instance, they may be connected
with each other via the Internet or via a dedicated line.
[0073] While an explanation is given above in refer-
ence to the embodiment on an example in which the up-
dated search data are provided via a communication line
(communication medium) in the telephone network 5, the
present invention is not limited to this example. The up-
dated search data may be provided in a recording medi-
um such as a CD-ROM or a memory card.
[0074] While the search data are managed in units of
individual files and are also updated in units of the indi-
vidual files in the embodiment explained above, the
present invention is not limited to this example. For in-
stance, each file may be further divided into smaller units
and the data update may be managed in these smaller
units, instead. Namely, the search data may be managed
in any units as long as they facilitate search data update
management.
[0075] While the search data include the name search
data, the telephone number search data and the street
address search data in the example explained in refer-
ence to the embodiment, the present invention is not lim-
ited to this example and the search data may include
another type of search data. Namely, the present inven-
tion may be adopted in conjunction with any type of
search data as long as they are used to determine a
specific position.
[0076] While the name search data in each category
are provided as data files each created for an area unit,
the telephone number search data are provided as data
files each corresponding to a specific combination of nu-
merals representing the first two digits in an area code
and the street address search data are provided as data
files each corresponding to an area unit in the example
explained in reference to the embodiment, the present
invention is not limited to this example and data files may
be created in correspondence to units defined differently.
[0077] While an explanation is given above in refer-
ence to the embodiment on an example in which the co-
ordinate data indicating the coordinates at the three
points, i.e., the start point, the middle point and the end
point of the link indicated by the link information are stored
as the three-point coordinate data, coordinate data indi-
cating the coordinates of the start point and the end point
alone may be used. The correspondence of the direc-
tionality of the road shape element and the directionality
of the link can be checked based upon two-point coordi-
nate data as well. However, the directionality of a link
that starts and ends at the same point cannot be deter-
mined without the coordinates of a middle point. In addi-
tion, coordinate data indicating the coordinates at more

than three points may be used.
[0078] While an explanation is given above in refer-
ence to the embodiment on an example in which the DVD
drive device 14 is installed at the navigation apparatus
1, the present invention is not limited to this example.
The navigation apparatus 1 may include the nonvolatile
memory 12 such as a hard disk alone, and may obtain
map data and search data entirely through communica-
tion. In addition, the navigation apparatus 1 may include
a slot for an IC card or the like and thus update data to
be used to update search data may be provided in a
removable memory such as an IC card.
[0079] While an explanation is given above in refer-
ence to the embodiment on an example in which the
present invention is adopted in a navigation apparatus
installed in a vehicle, the present invention is not limited
to this example and may be adopted in a portable navi-
gation apparatus. Furthermore, the present invention
may be adopted in an apparatus other than a navigation
apparatus. Namely, the present invention may be adopt-
ed in all types of apparatuses in which search data and
map data, are used and managed in correspondence to
each other. In other words, the present invention may be
adopted in all types of apparatuses in which the position
of a search target searched by using search data need
to be correlated to a position on the map data.
[0080] While the programs executed in the navigation
apparatus 1 and the server 6 are already installed in the
respective apparatuses in the embodiment explained
above, the present invention is not limited to this example.
These programs may instead be provided via recording
media such as DVD or CD-ROM. In such a case, the
individual apparatuses will each need to be equipped with
a device that reads the data from the recording medium.
Alternatively, such programs may be provided via a trans-
mission medium such as a communication network, a
typical example of which is the Internet. Namely, the pro-
grams may each be transmitted as a signal on a carrier
wave that carries a transmission medium. Furthermore,
the navigation apparatus 1 in the data update system
shown in FIG. 1 may receive the necessary program from
the server 6.
[0081] While an explanation is given above in refer-
ence to the embodiment on an example in which the
present invention is adopted in a dedicated navigation
apparatus installed in a vehicle, the present invention is
not limited to this example and the navigation apparatus
may be embodied by executing the control program for
the navigation apparatus 1 described above on a per-
sonal computer. In such a case, the current position de-
tection device 13 and the like should be connected to
specific I/O ports of the personal computer.
[0082] FIG. 10 shows how the program may be pro-
vided to a personal computer 100 in a recording medium
such as a CD-ROM or through a data signal on the In-
ternet or the like. While reference numeral 100 indicates
a personal computer, the program may be provided to
the navigation apparatus 1 or the server 6 in a similar

15 16 



EP 1 757 905 B1

10

5

10

15

20

25

30

35

40

45

50

55

manner. The personal computer 100 acquires the pro-
gram via a CD-ROM 104. The personal computer 100 is
also capable of connecting with a communication line
101. A computer 102 is a server computer that provides
the program stored in a recording medium such as a hard
disk 103. The communication line 101 may be a commu-
nication network for Internet communication, personal
computer communication or the like or it may be a ded-
icated communication line. The computer 102 reads out
the program from the hard disk 103 and transmits the
program to the personal computer 100 via the commu-
nication line 101. Namely, the program embodied as a
data signal on a carrier wave is transmitted via the com-
munication line 101. Thus, the program can be distributed
as a computer-readable computer program product
adopting any of various modes including a recording me-
dium and a carrier wave.
[0083] It should be noted that as mentioned above, the
map data and the search also can be distributed as a
computer-readable computer data product adopting any
of various modes including a recording medium and a
carrier wave.
[0084] While the invention has been particularly shown
and described with respect to a preferred embodiment
thereof by referring to the attached drawings, the present
invention is not limited to this example and it will be un-
derstood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the invention, as defined in the claims.

Claims

1. A navigation apparatus, comprising:

a map data obtaining means (11,14,16) for ob-
taining map data (7, 23);
a navigation processing means (11) for execut-
ing navigation processing by using the map data
having been obtained;
a search data obtaining means (11,14,16) for
obtaining search data (8, 21);
a specific data detection means (11) for detect-
ing specific data for a specified search target by
using the search data having been obtained;
a correspondence table obtaining means
(11,14,16) for obtaining a correspondence table
(22) indicating correspondence between identi-
fication information (51) used to identify individ-
ual road units into which each road is divided in
predetermined units and map data road unit in-
formation (53) related to map data road units
defined in the map data individually correspond-
ing to the road units; and
a map position determining means (11) for de-
termining a position of the specified search tar-
get in the map data based upon the specific data
for the specified search target having been de-

tected and the correspondence table having
been obtained;

wherein:

the specific data corresponding to each of vari-
ous search targets, which are included in the
search data, contain identification information
used to identify a road unit at which the search
target is located; and
the map position determining means is config-
ured to obtain the map data road unit information
from the correspondence table having been ob-
tained, which corresponds to the identification
information contained in the specific data for the
specified search target having been detected,
and to identify the map data road unit in the map
data based upon the map data road unit infor-
mation having been obtained.

2. A navigation apparatus according to claim 1, where-
in:

the specific data corresponding to each of vari-
ous search targets, which are included in the
search data, contain information related to po-
sitions of at least a start point and an end point
of the map data road unit corresponding to the
road unit, in addition to the identification infor-
mation; and
the map position determining means is further
configured to determine the directionality of the
map data road unit in the map data by using the
information related to the positions of at least
the start point and the end point contained in the
specific data for the specified search target hav-
ing been detected.

3. A navigation processing method, comprising:

obtaining map data (7, 23);
executing navigation processing by using the
map data;
obtaining search data (8, 21);
detecting specific data for a specified search tar-
gets by using the search data;
obtaining a correspondence table (22) indicating
correspondence between identification informa-
tion (51) used to identify individual road units
into which each road is divided in predetermined
units and map data road unit information (53)
related to map data road units defined in the
map data individually corresponding to the road
units; and
determining a position of the specified search
target in the map data based upon the specific
data for the specified search target and the cor-
respondence table; wherein:

17 18 



EP 1 757 905 B1

11

5

10

15

20

25

30

35

40

45

50

55

the specific data corresponding to each of vari-
ous search targets, which are included in the
search data, contain identification information
used to identify a road unit at which the search
target is located; and
determining a position of the specified search
target in the map data includes obtaining the
map data road unit information from the corre-
spondence table, which corresponds to the
identification information contained in the spe-
cific data for the specified search target, and
identifying the map data road unit in the map
data based upon map data road unit information.

4. A computer program comprising instructions for per-
forming the method steps of a method according to
claim 3.

5. A computer readable-medium storing the computer
program according to claim 4.

Patentansprüche

1. Eine Navigationsvorrichtung mit:

einem Kartendaten-Erhaltemittel (11, 14, 16)
zum Erhalten von Kartendaten (7, 23);
einem Navigationsverarbeitungsmittel (11) zum
Ausführen der Navigationsverabeitung durch
Nutzung der erhaltenen Kartendaten;
einem Suchdaten-Erhaltemittel (11, 14, 16) zum
Erhalten von Suchdaten (8, 21);
einem spezifische-Daten-Erfassungsmittel (11)
zum Erfassen spezifischer Daten für ein spezi-
fiziertes Suchziel durch Nutzung der erhaltenen
Suchdaten;
einem Korrespondenztabellen-Erhaltemittel
(11, 14, 16) zum Erhalten einer Korrespondenz-
tabelle (22), die eine Korrespondenz anzeigt
zwischen Identifikationsinformationen (51), die
zur Identifikation individueller Straßeneinheiten,
in die jede Straße in vorbestimmten Einheiten
unterteilt ist, genutzt werden, und Kartendaten-
straßeneinheiteninformationen (53), die sich auf
Kartendatenstraßeneinheiten beziehen, die in
den Kartendaten individuell korrespondierend
zu den Straßeneinheiten definiert sind; und
einem Kartenpositionsermittlungsmittel (11)
zum Ermitteln einer Position des spezifischen
Suchziels in den Kartendaten basierend auf den
erfassten spezifischen Daten für das spezifizier-
te Suchziel und der erhaltenen Korrespondenz-
tabelle;

wobei:

die spezifischen Daten, die mit jedem der unter-

schiedlichen Suchziele, die in den Suchdaten
enthalten sind, korrespondieren, Identifikations-
informationen enthalten, die zum Identifizieren
einer Straßeneinheit, in der das Suchziel loka-
lisiert ist, genutzt werden; und
das Kartenpositionsermittlungsmittel dazu ge-
eignet ist, die Kartendatenstraßeneinheitenin-
formationen aus der erhaltenen Korrespon-
denztabelle zu erhalten, die mit den Identifikati-
onsinformationen korrespondiert, die in den
spezifischen Daten für das erfasste spezifizierte
Suchziel enthalten sind, und die Kartendaten-
straßeneinheit in den Kartendaten basierend
auf den erhaltenen Kartendatenstraßeneinhei-
teninformationen zu identifizieren.

2. Eine Navigationsvorrichtung gemäß Anspruch 1,
wobei:

die spezifischen Daten, die mit jedem der unter-
schiedlichen Suchziele korrespondieren, die in
den Suchdaten enthalten sind, korrespondie-
ren, zusätzlich zu den Identifikationsinformatio-
nen Informationen enthalten, die sich auf Posi-
tionen von zumindest einem Startpunkt und ei-
nem Endpunkt der Kartendatenstraßeneinheit
beziehen, die mit der Straßeneinheit korrespon-
diert; und
das Kartenpositionsermittlungsmittel des Wei-
teren dazu geeignet ist, die Richtungsabhängig-
keit der Kartendatenstraßeneinheit in den Kar-
tendaten durch Nutzung der in den spezifischen
Daten für das erfasste spezifizierte Suchziel ent-
haltenen Informationen, die sich auf die Positio-
nen zumindest des Startpunkts und des End-
punkts beziehen, zu bestimmen.

3. Ein Navigationsverarbeitungsverfahren mit:

Erhalten von Kartendaten (7, 23);
Ausführen der Navigationsverarbeitung durch
Nutzung der Kartendaten;
Erhalten von Suchdaten (8, 21);
Erfassen von spezifischen Daten für ein spezi-
fiziertes Suchziel durch Nutzung der Suchdaten;
Erhalten einer Korrespondenztabelle (22), die
eine Korrespondenz anzeigt zwischen Identifi-
kationsinformationen (51), die zur Identifikation
individueller Straßeneinheiten genutzt werden,
in die jede Straße in vorbestimmten Einheiten
unterteilt ist, und Kartendatenstraßeneinheiten-
informationen (53), die sich auf Kartendaten-
straßeneinheiten beziehen, die in den Karten-
daten individuell korrespondierend zu den Stra-
ßeneinheiten definiert sind; und
Ermitteln einer Position des spezifischen Such-
ziels in den Kartendaten basierend auf den spe-
zifischen Daten für das spezifizierte Suchziel

19 20 



EP 1 757 905 B1

12

5

10

15

20

25

30

35

40

45

50

55

und der Korrespondenztabelle; wobei:

die spezifischen Daten, die mit jedem der
unterschiedlichen Suchziele, die in den
Suchdaten enthalten sind, korrespondie-
ren, Identifikationsinformationen enthalten,
die zum Identifizieren einer Straßeneinheit,
in der das Suchziel lokalisiert ist, genutzt
werden; und
das Ermitteln einer Position des spezifi-
schen Suchziels in den Kartendaten Erhal-
ten von Kartendatenstraßeneinheiteninfor-
mationen aus der Korrespondenztabelle,
die mit den Identifikationsinformationen
korrespondieren, die in den spezifischen
Daten für das spezifizierte Suchziel enthal-
ten sind, und Identifizieren der Kartendaten-
straßeneinheit in den Kartendaten basie-
rend auf den Kartendatenstraßeneinheiten-
informationen, umfasst.

4. Ein Computerprogramm mit Instruktionen zum
Durchführen der Verfahrensschritte eines Verfah-
rens gemäß Anspruch 3.

5. Ein Computer-lesbares Medium, das das Computer-
programm gemäß Anspruch 4 speichert.

Revendications

1. Appareil de navigation comprenant :

un moyen d’obtention de données cartographi-
ques (11, 14, 16) pour obtenir des données car-
tographiques (7, 23) ;
un moyen de traitement de navigation (11) pour
exécuter un traitement de navigation en utilisant
les données cartographiques ayant été
obtenues ;
un moyen d’obtention de données de recherche
(11, 14, 16) pour obtenir des données de recher-
che (8, 21) ;
un moyen de détection de données particulières
(11) pour détecter des données particulières
pour une cible de recherche particulière en uti-
lisant les données de recherche ayant été
obtenues ;
un moyen d’obtention de tableau de correspon-
dance (11, 14, 16) pour obtenir un tableau de
correspondance (22) indiquant la correspon-
dance entre une information d’identification (51)
utilisée pour identifier des unités routières indi-
viduelles dans lesquelles chaque route est divi-
sée en unités prédéterminées et une information
d’unité routière de données cartographiques
(53) liée à des unités routières de données car-
tographiques définies dans les données carto-

graphiques correspondant individuellement aux
unités routières ; et
un moyen de détermination de position carto-
graphique (11) pour déterminer une position de
la cible de recherche particulière dans les don-
nées cartographiques d’après les données par-
ticulières pour la cible de recherche particulière
ayant été détectées et le tableau de correspon-
dance ayant été obtenu ;
dans lequel :

les données particulières correspondant à
chacune de diverses cibles de recherche,
qui sont incluses dans les données de re-
cherche, contiennent une information
d’identification utilisée pour identifier une
unité routière sur laquelle la cible de recher-
che est positionnée ; et
le moyen de détermination de position car-
tographique est configuré pour obtenir l’in-
formation d’unité routière de données car-
tographiques à partir du tableau de corres-
pondance ayant été obtenu, qui correspond
à l’information d’identification contenue
dans les données particulières pour la cible
de recherche particulière ayant été détec-
tée, et pour identifier l’unité routière de don-
nées cartographiques parmi les données
cartographiques en se basant sur l’informa-
tion d’unité routière de données cartogra-
phiques ayant été obtenue.

2. Appareil de navigation selon la revendication 1, dans
lequel :

les données particulières correspondant à cha-
cune de diverses cibles de recherche, qui sont
incluses dans les données de recherche, con-
tiennent une information liée aux positions d’au
moins un point de départ et un point de fin de
l’unité routière de données cartographiques cor-
respondant à l’unité routière, en plus de l’infor-
mation d’identification ; et
le moyen de détermination de position cartogra-
phique est configuré en outre pour déterminer
la direction de l’unité routière de données car-
tographiques dans les données cartographi-
ques en utilisant l’information liée aux positions
d’au moins le point de départ et le point de fin
contenu dans les données particulières pour la
cible de recherche particulière ayant été détec-
tée.

3. Procédé de traitement de navigation comprenant :

l’obtention de données cartographiques (7, 23) ;
l’exécution d’un traitement de navigation en uti-
lisant les données cartographiques ;
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l’obtention de données de recherche (8, 21) ;
la détection de données particulières pour une
cible de recherche particulière en utilisant les
données de recherche ;
l’obtention d’un tableau de correspondance (22)
indiquant la correspondance entre une informa-
tion d’identification (51) utilisée pour identifier
des unités routières individuelles dans lesquel-
les chaque route est divisée en unités prédéter-
minées et une information d’unité routière de
données cartographiques (53) liée à des unités
routières de données cartographiques définies
dans les données cartographiques correspon-
dant individuellement aux unités routières ; et
la détermination d’une position de la cible de
recherche particulière dans les données carto-
graphiques d’après les données particulières
pour la cible de recherche particulière et le ta-
bleau de correspondance ;
dans lequel :

les données particulières correspondant à
chacune de diverses cibles de recherche,
qui sont incluses dans les données de re-
cherche, contiennent une information
d’identification utilisée pour identifier une
unité routière sur laquelle la cible de recher-
che est positionnée ; et
la détermination d’une position de la cible
de recherche particulière dans les données
cartographiques comprend l’obtention de
l’information d’unité routière de données
cartographiques à partir du tableau de cor-
respondance, qui correspond à l’informa-
tion d’identification contenue dans les don-
nées particulières pour la cible de recher-
che particulière, et l’identification de l’unité
routière de données cartographiques parmi
les données cartographiques en se basant
sur l’information d’unité routière de données
cartographiques.

4. Programme informatique comprenant des instruc-
tions pour exécuter les étapes de procédé d’un pro-
cédé selon la revendication 3.

5. Support lisible par ordinateur sur lequel est stocké
le programme informatique selon la revendication 4.
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