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NAVIGATION APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to navigation appa-
ratuses and, more specifically, to navigation apparatuses for
guiding a user to a destination through the use of carto-
graphic data.

[0003] 2. Description of the Background Art

[0004] Described below are first and second background
arts relating to the present invention, and also their prob-
lems.

[0005] (First Background Art)

[0006] Navigation apparatuses of a general type usually
have the function of guiding a user along a route found to be
optimum from a predetermined position to a user-defined
destination.

[0007] Such a guidance function has recently been
improved, i.e., several route options are to be found between
departure point and destination which are both user-defin-
able, and the user selects one route out of those. Along the
selected route, the navigation apparatuses guide the user
toward the destination .

[0008] As such, the user’s preferences are taken into
consideration at the time of route selection. In this sense,
such an improvement has contributed the guidance function
to be more user-friendly.

[0009] The guidance function after improvement, how-
ever, poses the problem of requiring the user to operate the
input device of a navigation apparatus to select one route
from several others. In the case where a large number of
routes are searched and found, the user has to operate the
input device again and again until he/she eventually selects
one. As such, route selection under the improved guidance
function requires the user cumbersome operation.

[0010] (Second Background Art)

[0011] Some navigation apparatuses also have the func-
tion of re-routing, with which route search is performed, if
the user’s vehicle goes off the originally-found route, to
newly find any other route toward the destination from the
user’ position at that time (current position). With such a
re-routing function, detour options are to be offered to the
user when there occurs any traffic accident, traffic jam, or the
like, on the originally-found route.

[0012] The problem here is that the conventional re-
routing function is not activated unless the user goes off the
originally-found route. The user thus has no way of knowing
before going off the route whether he/she can avoid traffic
accidents and jams on the way ahead with ease. If the worst
happens, the user may find the detour option at hand takes
him/her much longer to reach the destination.

[0013] There is another problem with the conventional
re-routing function, that is, provided to the user is only one
detour option. Consequently, the user’s preferences or actual
traffic conditions are not appropriately reflected in the detour
route. More specifically, users have their own preferences,
and some may want to go along major roads if possible at all,
or reaching the destination as soon as possible may be of
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their high priority. As such, offering only one detour option
under the conventional re-routing function is not sufficient to
meet the users’ varying preferences.

[0014] Moreover, after taking the offered detour route, the
user may find it also jammed. If so, with the conventional
re-routing function offering only one detour option, the user
has to go off the detour route to have any other alternative
route. The conventional re-routing function is not thus
helpful enough for the user to find detour routes as traffic
conditions demand.

SUMMARY OF THE INVENTION

[0015] Therefore, an object of the present invention is to
provide navigation apparatuses capable of automatically
selecting one route from several others derived through
route search.

[0016] Another object of the present invention is to pro-
vide navigation apparatuses capable of offering a user,
before going off the originally-found route, several other
route options.

[0017] The present invention has the following features to
attain the objects above.

[0018] A first aspect of the present invention is directed to
a navigation apparatus for guiding a user to a destination
through the use of cartographic data. The navigation appa-
ratus comprises: a route search section for searching for a
plurality of routes from a starting point to one or more of
destinations by using the cartographic data, and generating
route data for each of the found routes; a movement infor-
mation generation section for generating movement infor-
mation which relates to the user’s movement; a selection
section for selecting, based on the movement information
generated by the movement information generation section,
one of the route data plurally generated by the route selec-
tion section; a guidance data generation section for gener-
ating, based on the route data selected by the selection
section and the cartographic data, guidance data for guiding
the user to the corresponding destination; and an output
section for outputting an image or a sound for guiding the
user toward the destination in accordance with the guidance
data generated by the guidance information generation sec-
tion.

[0019] Asecond aspect of the present invention is directed
to a navigation apparatus for guiding a user to a destination
through the use of cartographic data. The navigation appa-
ratus comprises: a route search section for searching for a
first route from a departure point toward the destination by
using the cartographic data; a guidance data generation
section for generating guidance data for guiding the user
toward the destination based on the first route found by the
route search section and the cartographic data; and an output
section for outputting the guidance data generated by the
guidance information generation section. When a predeter-
mined starting condition is satisfied during when the guid-
ance data is being outputted, the route search section further
searches for a plurality of second routes from the user’s
current position toward the destination. The navigation
apparatus further includes a warning data generation section
to generate warning data for notifying the user of the
plurality of second routes found by the route search section.
The warning data thus generated by the warning data
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generation section is also outputted from the output section.
Here, the plurality of second routes are varying in course on
the way from the user’s current position to the same desti-
nation as the first route, and should not coincide with the first
route.

[0020] These 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

[0021] FIG. 1 is a block diagram showing the structure of
a navigation apparatus Anavil according to a first embodi-
ment of the present invention;

[0022] FIG. 2 illustrates the first half of a main flowchart
showing the procedure of a CPU 1 of FIG. 1;

[0023] FIG. 3 illustrates the second half of the main
flowchart showing the procedure of the CPU 1 of FIG. 1;

[0024] FIG. 4 is a flowchart showing the detailed proce-
dure of route search (step S205) of FIG. 2;

[0025] FIG. 5 is a flowchart showing a first generation/
display process as an example of step S207 of FIG. 2;

[0026] FIG. 6A is a diagram showing the result of a
display process subjected to warning data Dwarn1l in step
S505 of FIG. 5;

[0027] FIG. 6B is a diagram showing the result of the
display process subjected to warning data Dwarn12 in step
S704 of FIG. 7,

[0028] FIG. 7 is a flowchart showing a second generation/
display process as another example of step S207 of FIG. 2;

[0029] FIG. 8 is a flowchart showing a third generation/
display process as still another example of step S207 of FIG.

[0030] FIG. 9 is a diagram showing the result of the

display process subjected to warning data Dwarnl3 in step
S806 of FIG. 8,

[0031] FIG. 10is a flowchart showing a fourth generation/
display process as still another example of step S207 of FIG.

>

[0032] FIG. 11 is a flowchart showing the detailed pro-
cedure of a guidance process (step S213) of FIG. 2;

[0033] FIG. 12 is a diagram showing the result of the
display process subjected to guidance data Dguid in step
$1103 of FIG. 11,

[0034] FIG. 13 is a diagram showing another example of
a plurality of routes plurally found in step S205 of FIG. 2;

[0035] FIG. 14 is a block diagram showing the structure
of a navigation apparatus Anavi2 according to a second
embodiment of the present invention;

[0036] FIG. 15 illustrates the first half of a main flowchart
showing the procedure of a CPU 1 of FIG. 14;

[0037] FIG. 16 is a diagram for illustrating angle infor-
mation langl and lang2 generated in step S1501 of FIG. 15;
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[0038] FIG. 17 is a block diagram showing the structure
of a navigation apparatus Anavid according to a third
embodiment of the present invention;

[0039] FIG. 18 illustrates the first half of a main flowchart
showing the procedure of a CPU 1 of FIG. 16;

[0040] FIG. 19 is a block diagram showing the hardware
structure of a navigation apparatus Anavi4 according to a
fourth embodiment of the present invention;

[0041] FIG. 20 illustrates the first half of a main flowchart
showing the procedure of a CPU 21 of FIG. 19;

[0042] FIG. 21 illustrates the second half of the main
flowchart showing the procedure of the CPU 21 of FIG. 19;

[0043] FIG. 22 is a flowchart showing the detailed pro-
cedure of guidance process (step S206) of FIG. 20;

[0044] FIGS. 23A and 23B are diagrams each showing an
exemplary screen of the display device 27 in the guidance
process (step S206) of FIG. 20;

[0045] FIG. 24 is a flowchart showing the detailed pro-
cedure of second route search (step S210) of FIG. 21,

[0046] FIG. 25 is a flowchart showing a first generation/
display process of warning data as an example of step S212
of FIG. 21,

[0047] FIG. 26 is a flowchart showing a second genera-
tion/display process of warning data as another example of
step S212 of FIG. 21;

[0048] FIG. 27A is a diagram showing the result of a
display process subjected to warning data Dwarn22 in step
S2604 of FIG. 26,

[0049] FIG. 27B is a diagram showing the result of the
display process subjected to warning data Dwarn23 in step
S2806 of FIG. 28;

[0050] FIG. 28 is a flowchart showing a third generation/
display process of warning data as still another example of
step S212 of FIG. 21;

[0051] FIG.29 is a flowchart showing a fourth generation/
display process of warning data as still another example of
step S212 of FIG. 21;

[0052] FIGS. 30A and 30B are diagrams showing warn-
ing data Dwarn21' and Dwarn22', respectively, which are
generated by the CPU 21 of FIG. 19 and displayed on the
screen of the display device 27;

[0053] FIGS. 31A and 31B are diagrams showing warn-
ing data Dwarn23' and Dwarn24', respectively, which are
generated by the CPU 21 of FIG. 19 and displayed on the
screen of the display device 27;

[0054] FIG. 32 illustrates the first half of a main flowchart
showing the procedure of a CPU 21 of a fifth embodiment;

[0055] FIG. 33 is a flowchart showing the detailed pro-
cedure of a setting flag writing process (step S1401) of FIG.
32,

[0056] FIGS. 34A and 34B are diagrams each showing an
exemplary screen of the display device 27 displaying mes-
sage data Dmessl outputted in an inquiry process (step
$1501) of FIG. 33; and
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[0057] FIG. 35 illustrates the first half of a main flowchart
showing the procedure of a CPU 21 of a sixth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] FIG. 1 shows the hardware structure of a naviga-
tion apparatus Anavil according to a first embodiment of the
present invention. In this embodiment, the navigation appa-
ratus Anavil is of a vehicle-mounting type, including a CPU
1, a ROM 2, a RAM 3, a storage device 4, an input device
5, an output section 6, a locator 9, and a communications
device 10.

[0059] The ROM 2 is a program memory on which a
program Pnavil for the navigation apparatus Anavil has
been previously recorded. After the navigation apparatus
Anavil is turned on, the CPU 1 starts executing the program
Pnavil in the ROM 2. During when the program Pnavil is
executed, the CPU 1 uses the RAM 3 as a working area.

[0060] The storage device 4 is typically composed of a
DVD drive, a CD drive, a hard disk drive, or an IC memory,
and stores a cartographic database DBcart.

[0061] The cartographic database DBcart may be of a
known type, and composed of a collection of cartographic
data Dcart included in one or more files. The cartographic
data Dcart generally includes display data which is dis-
played as a map on a display device 7, and road network data
which represents road connections on the map.

[0062] The map here is a written representation of the
geographic features on a given scale together with graphic
characters and map symbols on a plane. This map is different
from a route diagram, which will be described later.
Examples of the map are a bird’s eye view, and a plane view,
among others. The bird’s eye view represents three dimen-
sional geographic and graphic features on a plane viewed
from the above. The plane view represents objects on the
ground projected onto a plane. In the plane view, those
objects appear as viewed from directly above.

[0063] The road network data represents road connections
by nodes and links, which correspond to intersections and
roads, respectively. Since the road network data is known,
no further description is given.

[0064] The cartographic data Dcart has been previously
provided with additional information Iaddi. In the present
embodiment, the additional information Iaddi is a cost or
information about intersection names. The information
about intersection names defines main intersections on the
road network by name, and is assigned to nodes representing
those main intersections. The cost is a weight each assigned
to links, indicating a time or a distance to be taken for the
user’s vehicle to pass through the corresponding road. The
cost is used at the time of route search (step S205 of FIG.
2).

[0065] The input device 5 is typically composed of a
remote controller, a touch sensor, keys, buttons, or a mouse,
all of which are user operable, or a microphone through
which the user inputs voice. Alternatively, the input device
5 may be composed of two or more of a remote controller,
a touch sensor, keys, buttons, a mouse, and a microphone,
depending on the design specifications of the navigation
apparatus Anavil.
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[0066] The output section 6 is typically composed of the
display device 7 and a speaker 8, and various data generated
by the CPU 1 is outputted therefrom to the user. The various
data will be described later when appropriate.

[0067] The locator 9 corresponds to a movement informa-
tion generation section in claims, and is typically composed
of a GPS receiver (Global Positioning System). The locator
9 detects the user’s current position, and generates position
information Icp which indicates the coordinates of the
position. Thus generated position information Icp is trans-
ferred to the CPU 1.

[0068] The communications device 10 is typically com-
posed of a VICS (Vehicle Information and Communication
System) receiver, and received thereby is traffic information
Itraf from beacons located in the proximity of roads. In the
present embodiment, the traffic information Itraf specifies,
by coordinates, the locations where the traffic accidents or
jams are occurring. The communications device 10 may
include a mobile phone to provide the navigation apparatus
Anavil with the function of connecting to the Internet.

[0069] Described next is the operation of the navigation
apparatus Anavil. After the navigation apparatus Anavil is
turned on, the CPU 1 starts executing the program Pnavil
recorded on the ROM 2. Here, the first half of the procedure
written in the program Pnavil is shown in FIG. 2, and the
second half in FIG. 3.

[0070] Referring to FIG. 2, the CPU 1 receives from the
locator 9 the position information Icp indicating where the
user currently is (step S201).

[0071] In step S202, from the cartographic database
DBcart into the RAM 3, the CPU 1 reads the cartographic
data Dcart representing the map of a predetermined area 1.
Here, the predetermined area a1 covers the area around the
user’s current position indicated by the position information
Icp. The CPU 1 then performs map matching by using the
cartographic data Dcart on the RAM 3 and the position
information Icp so as to generate display data Ddis, indi-
cating the user’s current position by a mark appropriately
disposed on any corresponding road in the predetermined
area al1. The resultant display data Ddis is forwarded to the
display device 7. The display device 7 applies a display
process in accordance with the display data Ddis so as to
display on its screen a map including the mark overlaid on
the position where the user is (step S202).

[0072] The CPU 1 then determines whether or not to
perform route search (step S203). As a representative
example, the deciding factor is an instruction signal Sinstl
coming from the input device 5, and responding thereto, the
CPU 1 starts route search. The input device 5 generates the
instruction signal Sinst1 if the user operates a predetermined
portion thereof assigned to start route search.

[0073] If the CPU 1 has received no instruction signal
Sinst1, before step S203, the procedure returns to step S201.

[0074] If having received, the CPU 1 determines now is
the time to perform route search, and the procedure goes to
step S204. The CPU 1 then derives the coordinates of
starting point and destination for route search this time (step
S204). In step S204, the starting point is the user’s departure
point. As a representative example, the CPU 1 derives the
coordinates of departure point and destination by decoding
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coordinates information Icdn generated and provided by the
input device 5. Here, the coordinates information Icdn is the
one specifying, by coordinates, the departure point and the
destination inputted by the user via the input device 5.

[0075] As another specific example, in step S204, the user
may input only the destination through the input device 5. In
response, the input device 5 generates the coordinates infor-
mation Iedn for specifying the inputted destination by coor-
dinates. The CPU 1 receives the resultant coordinates infor-
mation Icdn, from which the coordinates of the destination
are to be derived. The CPU 1 also receives from the locator
9 the position information Icp, from which the coordinates
of the user’s current position are to be derived. Thus derived
coordinates of the user’s current position are used as those
of the departure point.

[0076] The CPU 1 then searches for several routes under
any well known route search algorithm such as the Dijk-
stra’s algorithm (step S205). At this time, the CPU 1 works
as a route search section in claims.

[0077] Thus found routes share the same starting point and
destination, which are those derived in step S204. The
routes, however, differ in course on the way. Such routes
include, for example, those taking the user to his/her desti-
nation in the shortest distance and the second-shortest dis-
tance, or in the shortest time and the second-shortest time. In
the below, an expression “optimum route” denotes a route
taking the user from the current position toward the desti-
nation in the shortest distance or time, while an expression
“next-optimum route” in the second-shortest distance or
time.

[0078] The route search in step S205 is described in more
detail with reference to the flowchart of FIG. 4. In FIG. 4,
from the cartographic database DBcart into the RAM 3, the
CPU 1 first reads the cartographic data Dcart of a predeter-
mined area o2 (step S401). Here, the predetermined area a2
typically is a rectangular region including both the starting
point and the destination derived in step S204.

[0079] The CPU 1 then searches for one single optimum
route by using the cartographic data Dcart on the RAM 3,
more specifically, the road network data and the cost, i.c.,
additional information Iaddi. Then, route data Droutell
which represents the found optimum route is generated on
the RAM 3 (step S402). Here, the route data Droutell is
typically composed of a node string configuring the opti-
mum route. In step S402, a total cost Ctotalll of the
optimum route is written onto the RAM 3. Here, the total
cost Ctotalll is a value obtained by adding every cost
previously assigned to all of the links configuring the
optimum route.

[0080] Also with the road network data on the RAM 3 and
the cost, i.e., additional information Iaddi, the CPU 1
searches for a next-optimum route (step S403). Here, the
cost for each of the links configuring the optimum route
derived in step S402 is set larger this time, whereby a
next-optimum route can be successfully derived in step S403
without coinciding with the optimum route. In step S403, a
total cost Ctotall2 of the next-optimum route is written onto
the RAM 3. Here, the total cost Ctotall2 is a value obtained
by adding every cost assigned to all of the links configuring
the next-optimum route.

[0081] In some places, the difference in time or distance
between the optimum and next-optimum routes may be quite

Page 39 of 53

May 2, 2002

large, and if so, the resultant next-optimum route is consid-
ered not practical enough. In this point of view, after step
S403 is through, the CPU 1 determines whether or not the
difference between the total costs Ctotalll and Ctotall2 is
exceeding a predetermined threshold value Vthl (step
S404). Here, the threshold value Vthl is determined accord-
ing to the design specifications of the navigation apparatus
Anavil, and is criteria by which to judge whether the
next-optimum route is practical.

[0082] If the difference is exceeding the threshold value
Vthl, the CPU 1 determines that no next-optimum route has
been derived, and the procedure now goes to step S206 of
FIG. 2. On the other hand, if not exceeding, the CPU 1
generates, on the RAM 3, route data Droute12 which
represents the next-optimum route derived in step S403 (step
S405). The route data Droutel2 is typically composed of a
node string configuring the next-optimum route.

[0083] After step S405 is through, the procedure goes to
step S206 of FIG. 2. The CPU 1 then determines whether or
not both the optimum and next-optimum routes are derived
in step S205 (step S206). This determination is based on
whether the RAM 3 carries the route data Droutell only or
together with the route data Droutel2.

[0084] If determined in step S206 that only the optimum
route has been derived, the procedure goes to step S212. The
CPU 1 then generates message data Dmessl, and transfers
it to the output section 6. The message data Dmess1 is image
data or sound data, with which the user is notified in the form
of a message that derived in step S205 is only the optimum
route. In accordance with the received message data
Dmessl, the output section 6 performs the display process in
the display device 7, or a sound output process in the speaker
8 s0 as to output the message to the user (step S212). After
step S212 is through, the procedure goes to step S213 (will
be described later) of FIG. 3, i.e., circled letter A.

[0085] On the other hand, if determined in step S206 that
both of the optimum and next-optimum routes have been
derived, the procedure goes to step S207 for a process of
generating and displaying warning data Dwarn (step S207).
In the present embodiment, any one of the following first to
fourth generation/display processes is performed in step
S207.

[0086] The first generation/display process is now
described in detail by referring to the flowchart of FIG. 5.
In the procedure of FIG. §, used as the basis of the warning
data Dwarn is a displaying portion of the cartographic data
Dcart read out in step S401.

[0087] In FIG. 5, the CPU 1 receives from the locator 9
the position information Icp indicating where the user cur-
rently is (step S501). The CPU 1 then performs map
matching by using both the position information Icp and the
corresponding cartographic data Dcart so as to generate, on
the RAM 3, intermediate image data Dim11 in which a mark
denoting the user’s current position is appropriately dis-
posed on any corresponding road in the map (step S502).

[0088] On the basis of the coordinates information Icdn of
the destination used in step S205 and the intermediate image
data Dim11 generated in step S502, the CPU 1 then gener-
ates, on the RAM 3, intermediate image data Dim12 in
which a mark denoting the destination is disposed on the
map (step S503).
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[0089] Moreover, on the basis of the route data Droutell
and Droutel2, and the intermediate image data Dim12
generated in step S503 on the RAM 3, the CPU 1 generates
warning data Dwarnll which allows the optimum and
next-optimum routes to be displayed on the map (step S504).
More specifically, such warning data Dwarnll allows the
display device 7 to display the user’s current position, the
destination, and the optimum and next-optimum routes
overlaid all together on the map.

[0090] In step S504, it is preferable if the warning data
Dwarnl1 displays the optimum and next-optimum routes in
different colors or line styles on the map. With such warning
data Dwarnll displayed in step S505, the user can distin-
guish the optimum and next-optimum routes easily which is
which.

[0091] TInstep S504, it is still preferable if the optimum
route is displayed in more noticeable color or line style than
the next-optimum route. Accordingly, the optimum route
looks conspicuous with the warning data Dwarnll dis-
played, enabling the user to intuitively recognize it.

[0092] Tt should be noted that steps S501 to S504 can be
carried out in any desired order, but step S501 should be
followed by step S502.

[0093] After step S504 is through, the CPU 1 transfers the
generated warning data Dwarnll to the display device 7.
The display device 7 performs the display process in accor-
dance with the warning data Dwarn11 so as to display on its
screen a map image having, at least, the optimum and
next-optimum routes overlaid thereon. Such a map image is
shown in FIG. 6A. Through the map image, the user sees
several available route options, i.e., optimum and next-
optimum routes (step S505). After step S505, the procedure
goes to step S208 of FIG. 2.

[0094] Described next is the second generation/display
process by referring to FIG. 7. Compared with FIG. 5, the
procedure of FIG. 7 further includes steps S701 to S704.
This is the only difference therebetween, and in FIG. 7, any
step identical to that in FIG. 5 is under the same step number
and not described again.

[0095] In FIG. 7, after the CPU 1 receives the position
information Icp (step S501), the procedure goes to step
S701.

[0096] Here, the optimum and next-optimum routes share
the same starting point and the destination, but vary in
course on the way. The optimum and next-optimum routes
thus head in different directions at a certain intersection. In
the below, such an intersection is referred to as a junction
intersection.

[0097] Instep S701, in comparison between the route data
Droutell and Droutel2 in terms of node strings, the CPU 1
specifies, by coordinates, which node is the junction inter-
section. Based on the coordinates of the node, i.e., junction
intersection, and the coordinates indicated by the position
information Icp, the CPU 1 determines whether or not the
user is being close to the junction intersection (step S701).
More specifically, in step S701, those coordinates are used
to calculate the distance between the user’s current position
and the junction intersection, and the calculated value is
compared with a predetermined threshold value Vth2. Here,
the threshold value Vth2 is determined in advance according
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to the design specifications of the navigation apparatus
Anavil, and criteria by which to judge whether the user is
approaching an intersection.

[0098] In step S701, if determined that the user is being
close to no junction intersection, steps S502 to S505 are
carried out, and as a result, the user sees an image based on
the warning data Dwarnll.

[0099] On the other hand, if determined that the user is
being close to the junction intersection in step S701, the
procedure goes to step S702. The CPU 1 performs map
matching by using the position information Icp and the
corresponding cartographic data Dcart so as to generate, on
the RAM 3, intermediate image data Dim21 in which a mark
denoting the user’s current position is correctly overlaid on
any corresponding road in the map (step S702). Note herein
that the cartographic data Dcart in step S702 represents an
enlarged map covering the area around the junction inter-
section. In this sense, steps S702 and S502 are not the same.

[0100] On the basis of the route data Droutell and
Droute12 derived in step S205, and the intermediate image
data Dim21 generated in step S702, the CPU 1 generates
warning data Dwarn12 in which roads around the junction
intersection on the optimum and next-optimum routes are
arranged on the map (step S703). More specifically, the
warning data Dwarnl2 is image data which allows the
display device 7 to display an enlarged map of around the
junction intersection including the starting point, and the
optimum and next-optimum routes together.

[0101] In step S703, it is preferable if the optimum and
next-optimum routes are displayed in different colors or line
styles. It is still preferable if the optimum route is displayed
in more noticeable color or line style than the next-optimum
route. Moreover, steps S702 and S703 may be switched in
order.

[0102] After step S703 is through, the CPU 1 transfers the
generated warning data Dwarnl2 to the display device 7.
The display device 7 performs the display process based on
the warning data Dwarn12 so as to display on its screen such
an image as shown in FIG. 6B. The image at least shows the
optimum and next-optimum routes overlaid on the enlarged
map of around the junction intersection. With such an image,
the user can easily perceive the specific location where
several routes (optimum and next-optimum routes) are
branched (step S704). After the image is displayed, the
procedure goes to step S208 of FIG. 2.

[0103] Described next is the third generation/display pro-
cess with reference to the flowchart of FIG. 8. In FIG. 8, the
CPU 1 receives from the locator 9 the position information
Iep indicating where the user currently is (step S801). Then,
the CPU 1 generates intermediate image data Dim31 by
using background image data Dbgl and the received posi-
tion information Icp (step S802). Here, the background
image data Dbgl has been previously at hand, and represents
the background of the image displayed in step S806. The
intermediate image Dim31 shows the user’s departure point,
which is indicated by the position information Icp, by a mark
overlaid on the background image of the background image
data Dbgl.

[0104] Based on the coordinates information Icdn of the
destination used in step S205, and the intermediate image
data Dim31 generated in step S802, the CPU 1 generates
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intermediate image data Dim32 having another mark over-
laid on the background image to indicate the destination
(step S803).

[0105] The CPU 1 reads, from the cartographic database
DBcart, the additional information Iaddi for whatever inter-
section names in need (step S804). To be more specific, read
in step S804 are names of the main intersections found in the
route data Droutell and Droutel2, ie., located on the
optimum and next-optimum routes.

[0106] On the basis of the intersection names read in step
S804 and the intermediate image data Dim32 generated in
step S803, the CPU 1 disposes the intersection names onto
the background image, and then generates warning data
Dwarnl3 on the RAM 3 by connecting those intersection
names by lines so that the optimum and next-optimum
routes are represented thereby (step S805). In more detail,
the warning data Dwarnl3 allows the display device 7 to
display a route diagram, in which several major intersections
located on several routes are connected by lines.

[0107] In step S805, similarly in step S503, the optimum
route is preferably displayed in different color or line style
from the next-optimum route. Further, the color or line style
of the optimum route preferably looks conspicuous than that
of the next-optimum route.

[0108] It should be noted here that steps S801 to S805 can
be carried out in any desired order, but step S801 should be
followed by step S802.

[0109] After step S805 is through, the CPU 1 transfers the
generated warning data Dwarnl3 to the display device 7.
The display device 7 performs the display process based on
the received warning data Dwarnl3 so as to display on its
screen such a route diagram as shown in FIG. 9. With such
a route diagram displayed, the user can perceive what route
options are available, i.e., optimum and next-optimum
routes (step S806). After step S806 is through, the procedure
goes to step S208 of FIG. 2.

[0110] Described next is the fourth generation/display
process by referring to FIG. 10. Compared with FIG. 8, the
procedure of FIG. 10 further includes steps S1001 to S1004.
This is the only difference therebetween, and in FIG. 10, any
step identical to that in FIG. 8 is under the same step number
and not described again. Also, the processes in steps S1001
to S1004 correspond to those of steps S701 to S704 which
have been described in the second generation/display pro-
cess, and thus are not described here in detail.

[0111] Also under the fourth generation/display process,
the user can easily perceive the exact location where the
routes, i.e., optimum and next-optimum routes, start to head
in each different direction. After step S1004 is through, the
procedure goes to step S208 of FIG. 2.

[0112] From those several routes displayed after step
S207, the user selects one of those. In the present embodi-
ment, the most striking feature is that the CPU 1 automati-
cally performs route selection by monitoring the user’s (i.e.,
the vehicle’s) actual movement without the user having to
operate the input device 5. In the below, an exemplary
method for selecting one single route is described.

[0113] The CPU 1 instructs the locator 9 to transfer the
position information Icp, i.e., movement information Imove.
In response, the locator 9 generates the position information
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Icp indicating where the user currently is, and transfers it to
the CPU 1. At this time, the locator 9 exemplarily works as
the movement information generation section in claims. The
CPU 1 then receives the position information Iep coming
from the locator 9 (step S208). Alternatively, in the present
embodiment, the CPU 1 may use the position information
Icp received in step S207 as the movement information
Imove.

[0114] The CPU 1 then performs map matching by using
the cartographic data Dcart on the RAM 3 and the received
position information Icp so as to calculate the user’s current
position on the road network on the map (step S209). At this
time, the CPU 1 works as a calculation section in claims.

[0115] On the basis of the calculation result in step S209,
the CPU 1 determines on which of the optimum and next-
optimum route the user currently is (step S210). As is well
known, map matching performed in step S209 is done to
bring the user’s current position to the corresponding road
on the map. The calculation result of the map matching thus
tells the CPU 1 on which route the user is now moving.

[0116] If the user is determined as being at the junction of
the several routes, the procedure returns to step S207 so that
those several routes remain displayed for the user.

[0117] In step S210, if the user is determined as being on
one specific route (i.e., optimum or next-optimum route), the
route is accordingly selected (step S211). That is, the CPU
1 selects either the route data Droutell or Droute12. In step
S211, the CPU 1 works as a selection section in claims.
Then, the procedure goes to step S213 of FIG. 3, i.¢., circled
letter A.

[0118] Actually, the user may be on none of the routes. If
this is the case, with no relation to the present embodiment,
no description is given here.

[0119] By the time when step S211 or S212 has been
through, the CPU 1 will be completed specifying one route
so as to guide the user therealong, i.e., optimum or next-
optimum route. More specifically, the CPU 1 guides the
user’s vehicle depending on which route data has been
selected, i.e., based on Droutell or Droutel2 (step S213).

[0120] Here, FIG. 11 is a flowchart showing the detailed
procedure in step S213. In FIG. 11, the CPU 1 receives from
the locator 9 the position information Icp indicating where
the user currently is (step S1101).

[0121] Instep S1102, from the map database DBcart to the
RAM 3, the CPU 1 reads out the cartographic data Dcart
representing the map of a predetermined area a 3. Here, the
predetermined area a3 typically covers the area around the
user’s current position indicated by the position information
Icp. In the case that the cartographic data Dcart which is
supposed to be read in step S1102 has been already read out
to the RAM 3 in step S202, the CPU 1 uses the cartographic
data Dcart on the RAM 3, and does not perform reading
from the cartographic database DBcart.

[0122] Then, by using the cartographic data Dcart on the
RAM 3, the route data Droutel (i.e., route data Droutell or
Droute12 whichever selected in step S211), and the position
information Icp, the CPU 1 generates image data. The image
data allows the display device 7 to display the route from the
user’s current position toward the destination overlaid on
any corresponding road on the map. In the case that the
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user’s current position is being close to an intersection, the
CPU 1 generates sound data instructing the user to make a
left or right turn or go straight. In such a manner, the CPU
1 generates, on the RAM 3, the guidance data Dguid
composed of image data only or together with sound data
(step S1102). At this time, the CPU 1 works as a guidance
data generation section in claims.

[0123] The CPU 1 then transfers the guidance data Dguid
to the output section 6. The output section 6 performs the
display process in the display device 7, or the sound output
process in the speaker 8 based on the guidance data Dguid.
More specifically, the display device 7 performs the display
process based on the image data included in the guidance
data Dguid so as to display on its screen such an image as
shown in FIG. 12. In FIG. 12, the screen of the display
device 7 displays the user’s current position, the destination,
and the route selected in step S211 overlaid all together on
the map. The speaker 8 outputs sound to the user based on
the sound data in the guidance data Dguid (step S1103).
Thereby, the CPU 1 guides the user toward the destination.

[0124] After step S1103 is through, the procedure goes to
step S214. Then, the CPU 1 compares the user’s current
position and the destination derived in step S204 in terms of
coordinates so as to determine whether or not the user has
reached the destination (step S214).

[0125] 1If the coordinates of the current position coincide
with those of the destination, the CPU 1 determines that the
user has reached the destination, and the procedure returns
to step S201, i.e., circled letter C. If not, the procedure goes
to step S215, and the CPU 1 determines whether a prede-
termined condition is satisfied for starting re-routing (step
S215). Here, the deciding factor in step S215 is an instruc-
tion signal Sinst2 coming from the input device 5, and
responding thereto, the CPU 1 starts re-routing. The input
device 5 generates the instruction signal Sinst2 if the user
operates a predetermined portion thereof assigned to start
re-routing.

[0126] If the instruction signal Sinst2 has not been
received before step S215, the procedure returns to step
S213 so that the user is guided continuously along the
currently-found route. On the other hand, if received, the
CPU 1 determines that now is the time to start re-routing,
and the procedure goes to step S216. The CPU 1 then derives
the coordinates of the starting point for re-routing this time
(step S216). More specifically, in step S216, the CPU 1
receives the position information Icp from the locator 9 so
that the user’s current position can be specified by coordi-
nates. The user’s current position thus derived is now used
as the starting point for re-routing. Note that, in re-routing,
the coordinates of the destination remain the same as those
used in step S204.

[0127] When step S216 is through, the procedure returns
to step S205 for re-routing. The processes thereafter are
understood from the above, and not described here again. It
should be noted that a starting point is a departure point in
the above, but in re-routing, a starting point is the user’s
current position. Here, in the similar manner described
above for searching the next-optimum route, the cost for
each of the links configuring any already-found route is set
larger this time, whereby any new route can be successfully
derived without coinciding with the route found so far.

[0128] At the time of generation and display of the warn-
ing data Dwarn after re-routing (step S207), displayed are
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several route options starting from the starting point, i.e., the
current position (see FIGS. 6A and 9).

[0129] As such, in the present embodiment, the navigation
apparatus Anavil automatically selects one route from sev-
eral others derived through route search on the basis of the
user’s movement, i.c., movement information Imove (posi-
tion information Icp). The navigation apparatus Anavil
guides the user along the selected route. With such function,
the navigation apparatus Anavil does not require the user
cumbersome operation for route selection.

[0130] In the above embodiment, the display device 7
applies the display process according to the warning data
Dwarnll to Dwarnl3 so as to offer optimum and next-
optimum routes to the user. Alternatively, the CPU 1 may
generate warning data Dwarnlv, and transfer it to the
speaker 8 to have the speaker 8 performed the audio output
process in accordance therewith so as to provide the user
with optimum and next-optimum routes by sound. Here, the
warning data Dwarnl may be outputted from the output
section 6 in the form of image or sound.

[0131] In the above, searched and found by the CPU 1 are
two routes, i.e., optimum and next-optimum routes. This is
not restrictive, and three or more routes will do.

[0132] Moreover, in the above, the route data Droutel is
presumably composed of a node string, but may be of a link
string.

[0133] Further, the deciding factor for starting re-routing
is whether or not an instruction signal Sinst2 has been
received before step S215. This is not restrictive, and the
deciding factor may be any other condition set for the
purpose. For example, the CPU 1 may start re-routing when
the user’s current position comes closer to an intersection, or
when any traffic accident or jam is occurring on a route
along which the user is guided in step S213. For the CPU 1
to know if any traffic accident or jam is occurring, the traffic
information Itraf received by the communications device 10
is utilized.

[0134] Also in the above, routes are plurally found from
the starting point (departure point or the user’s current
position) to one destination in step S205. Alternatively, as
shown in FIG. 13, the destination is not necessarily only
one, and route options searched from the starting point
(departure point or the user’s current position) to several
destinations may be displayed in step S207.

[0135] Described next is a navigation apparatus Anavi2
according to a second embodiment of the present invention.
FIG. 14 shows the structure of the navigation apparatus
Anavi2. Compared with FIG. 1, the navigation apparatus
Anavi2 of FIG. 14 includes a ROM 12 as an alternative to
the ROM 2, and the locator 9 further includes an azimuth
sensor 13 in addition to the receiver in the first embodiment.
These are the only differences, and in FIG. 14, any con-
stituent identical to that in FIG. 1 is under the same
reference numeral, and no further description is given here.

[0136] The ROM 12 is a program memory on which a
program Pnavi2 for the navigation apparatus Anavi2 has
been previously recorded.

[0137] The azimuth sensor 13 is also called a gyro sensor.
The azimuth sensor 13 detects in which direction the user’s
vehicle is now heading, and generates direction information
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Idrc which indicates the detected direction. Thus generated
direction information Idre is transferred to the CPU 1.

[0138] Described next is the operation of the navigation
apparatus Anavi2. After the navigation apparatus Anavi2 is
turned on, the CPU starts executing the program Pnavi2
recorded on the ROM 12.

[0139] FIG. 15 is a flowchart showing the first half of the
procedure of the CPU 1 written in the program Pnavi2. Here,
the second half of the procedure in the program Pnavi2
shows no difference from that in FIG. 3, and thus is not
described nor shown again. Compared with FIG. 2, FIG. 15
includes steps S1501 to S1503 in place of steps S208 to
S210. This is the only difference therebetween, and in FIG.
15, any step identical to that in FIG. 2 is provided with the
same step number and is not described again.

[0140] With several route options displayed to the user
after step S207 in FIG. 15, the CPU 1 generates angle
information Iangl for the optimum route, and angle infor-
mation Tang2 for the next-optimum route (step S1501).

[0141] FIG. 16 is a diagram for illustrating the angle
information langl and Iang2. In FIG. 16, the program
Pnavi2 previously defines a reference line Lref (see two-
dotted line), which is a line started from a junction inter-
section (see first embodiment) towards a predetermined
direction. In step S1501, the CPU 1 calculates an angle 61
between the reference line Lref and the optimum route at the
junction intersection, and retains the calculation result on the
RAM 3 as the angle information Iangl. The CPU 1 also
calculates an angle 62 between the reference line Lref and
the next-optimum route at the junction intersection, and
retains the calculation result on the RAM 3 as the angle
information lang2.

[0142] After step S1501 is through, the CPU 1 instructs
the azimuth sensor 13 to transfer the direction information
Idrc as another example of the movement information
Imove. In response, the azimuth sensor 13 generates the
direction information Idrc indicating in which direction the
user is now heading, and transfers it to the CPU 1. To be
more specific, the direction information Idrc specifies the
angle at which the user is heading with reference to the
reference line Lref. At this time, the azimuth sensor 13
exemplarily works as the movement information generation
section in claims. The CPU 1 receives such direction infor-
mation Idrc from the azimuth sensor 13 as the movement
information Imove (step S1502).

[0143] The CPU 1 then determines whether the direction
in which the user’s vehicle is now heading is practically the
same as that of the optimum route or the next-optimum route
(step S1503). More specifically, the CPU 1 compares the
direction information Idrc received in step S1502 with the
angle information Iangl and lang2 on the RAM 3 so as to
determine whether the value of the direction information
Idrc coincides with only either of the angle information
Iangl or Tang2.

[0144] If not, the CPU 1 determines that the user is not
positioned on only one route, and the procedure returns to
step S207 to continually display several routes to the user.

[0145] On the other hand, in step S1503, in the case that
the value of the direction information Idrc coincides with
one of the angle information Iangl and Iang2, the CPU 1
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determines that the user is now on only one route, i.e.,
optimum or next-optimum route, and accordingly selects the
route (step S211).

[0146] After step S211 is through, the procedure goes to
step S213 of FIG. 3, i.e., circled letter A, and goes through
the same process as described in the first embodiment.

[0147] As such, the navigation apparatus Anavi2 auto-
matically selects one route from several others derived
through route search on the basis of the user’s movement,
i.e., movement information Imove (direction information
Idrc). Therefore, the navigation apparatus Anavi2 does not
require the user cumbersome operation for route selection.

[0148] In the second embodiment, the CPU 1 has no need
to obtain the direction information Idrc until the user reaches
a junction intersection. Therefore, another step may be
provided between steps S1501 and S1502 to determine
whether the user has reached any junction intersection. The
procedure may return to step S207 if not yet reached, and if
reached, go to step S1502.

[0149] Described next is the structure of a navigation
apparatus Anavi3 according to a third embodiment of the
present invention. FIG. 17 is a diagram showing the struc-
ture of the navigation apparatus Anavid. Compared with
FIG. 1, the navigation apparatus Anavi3 includes a ROM 14
as an alternative to the ROM 2. This is the only difference,
and in FIG. 17, any constituent identical to that in FIG. 1
is under the same reference numeral, and no further descrip-
tion is given.

[0150] The ROM 14 is a program memory on which a
program Pnavi3 for the navigation apparatus Anavi3 has
been previously recorded.

[0151] Described next is the operation of the navigation
apparatus Anavi3. After the navigation apparatus Anavi3 is
turned on, the CPU 1 starts executing the program Pnavi3
recorded on the ROM 14.

[0152] FIG. 18 is a flowchart showing the first half of the
procedure of the CPU 1 written in the program Pnavi3. Here,
the second half of the procedure in the program Pnavi3
shows no difference from that in FIG. 3, and thus is not
described nor shown again. Compared with FIG. 2, FIG. 18
includes steps S1801 to S1803 in place of steps S209 to
S211. This is the only difference therebetween, and in FIG.
18, any step identical to that in FIG. 2 is provided with the
same step number and is not described again.

[0153] After step S207 is through, the CPU 1 receives the
position information Icp from the locator 9 (step S1801).
Then, the CPU 1 generates trail information Itraj as another
example of the movement information Imove (step S1802).
At this time, the CPU 1 works as a trail information
generation section in claims. More specifically, every time in
step S1802, the trail information Itraj is to be updated by
being added with coordinate values of the position informa-
tion Iep derived in step S1801. Thus, the trail information
Itraj indicates the trail the user has moved so far, and is
composed of the string of coordinate values indicated by
several pieces of position information Icp.

[0154] The CPU 1 then determines whether or not the
user’s trail substantially coincides with only one route, i.e.,
optimum or next-optimum route (step S1803). To be more
specific, in comparison among the trail information Itraj
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generated in step S1802, and the route data Droutell and
Droutel2 on the RAM 3, the CPU 1 determines if the route
specified by the trail information Itraj coincides with only
either of the optimum route specified by the route data
Droutell or the next-optimum route specified by the route
data Droutel2.

[0155] If not in step S1802, the CPU 1 determines that the
user is not being on one route so that the procedure returns
to step S207 to continually display several routes for the
user.

[0156] If yes in step S1802, the CPU 1 determines that the
user is now being on one route, and accordingly selects the
route on which the user currently is (step S211).

[0157] After step S211 is thorough, the procedure goes to
step S213 of FIG. 3, i.e., circled letter A, and goes through
the process in the same manner as the first embodiment.

[0158] As is understood from the above, the navigation
apparatus Anavi3 automatically selects one route from sev-
eral others derived through route search on the basis of the
user’s movement, i.e., movement information Imove (trail
information Itraj). Therefore, the navigation apparatus
Anavi3 does not require the user cumbersome operation for
route selection.

[0159] In the first to third embodiments, the navigation
apparatuses Anavil to Anavid are presumably of a vehicle-
mounting type. This is not restrictive, and the navigation
apparatuses Anavil to Anavid are easily realized in the
portable application. Moreover, the programs Pnavil to
Pnavi3 can be easily implemented in computer devices such
as mobile phones, Personal Digital Assistants (PDAs), and
personal computers, and accordingly those computer
devices can be easily provided with the navigation function.

[0160] The programs Pnavil to Pnavi3 may be distributed
in recording media typified by CDs, DVDs (Digital Versatile
Disks), MO (Magnetic-Optical) disks, or semiconductor
memories. Also, the programs Pnavil to Pnavid may be
stored on the storage device of a network server so that the
computer devices can download those programs therefrom.

[0161] FIG. 19 is a diagram showing the hardware struc-
ture of navigation apparatuses Anavi4 to Anavié according
to fourth to sixth embodiments, respectively, of the present
invention. In the below, when simply referred to as “navi-
gation apparatus Anavi” , it means all of the navigation
apparatuses Anavi4 to Anavi6. In the present embodiment,
the navigation apparatus Anavi is of a vehicle-mounting
type, and includes a CPU 21, a ROM 22, a RAM 23, a
storage device 24, an input device 25, an output section 26,
a locator 29, and a communications device 210.

[0162] The ROM 22 is a program memory on which
programs Pnavi4 to Pnavi6 for the navigation apparatuses
Anavi4 to Anavi6, respectively, have been previously
recorded. After the navigation apparatuses Anavi4 to Anavi6
are turned on, the CPU 21 starts executing the programs
Pnavi4 to Pnavi6 in the ROM 22. During when the programs
Pnavid to Pnavi6 are executed, the CPU 21 uses the RAM
23 as a working area.

[0163] The storage device 24 stores the cartographic data-
base DBcart as does the storage device 4 in the first to third
embodiments. The cartographic database DBcart may be of
a known type, and composed of a collection of cartographic
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data Dcart included in one or more files. The cartographic
data Dcart generally includes display data which is dis-
played as a map on a display device 27, and road network
data which represents road connections on the map. Here,
the map is the same as that in the first to third embodiments,
and is not the same as the route diagram which will be
described later. The road network data and the cartographic
data Dcart are the same as those in the fist to third embodi-
ments, and no further description is given here. As already
described, the cartographic data Dcart includes the costs,
i.e., the additional information Iaddi, are used at the time of
route search (step S2005 in FIG. 20, and step S2010 in FIG.
21).

[0164] The input device 25 is the same as the input device
5 in the first to third embodiments, and thus is not described
again. The output section 26 is typically composed of the
display device 27 and a speaker 28. The locator 29 generates
position information Icp which specifies the user’s current
position by coordinates. The position information Icp is then
transferred to the CPU 21. The communications device 210
is in the same structure as the communications device 10 in
the first to third embodiments, and no further description is
given.

[0165] Described next is the operation of the navigation
apparatus Anavi4 of the fourth embodiment. After the navi-
gation apparatus Anavi4 is turned on, the CPU 21 starts
executing the program Pnavi4 recorded on the ROM 22.
Here, FIGS. 20 and 21 are flowcharts showing the proce-
dure of the CPU 21 written in the program Pnavi4.

[0166] Referring to FIG. 20 first, the CPU 21 receives
from the locator 29 the position information Icp indicating
where the user currently is as in step S201 of FIG. 2 (step
$2001). The CPU 21 operates similarly to step S202 of FIG.
2 so that the display device 27 displays a map including a
mark overlaid on the position where the user is (see first
embodiment)(step S2002). The CPU 21 determines whether
or not to perform route search in the similar manner to step
S203 of FIG. 2 (step S2003), and if no instruction signal
Sinstl has been received, the procedure returns to step
S2001.

[0167] 1If the instruction signal Sinstl has been received
before step S2003, the CPU 1 determines that now is the
time to perform route search for the first time (first route
search), and the procedure goes to step S2004. The CPU 21
then derives both coordinates of a departure point and a
destination for the first route search (step S2004). As a
representative process in step S2004, the CPU 21 derives the
coordinates of departure point and destination by decoding
coordinates information Icdn generated and provided by the
input device 25. Here, the coordinates information Icdn is
the one specifying, by coordinates, the departure point and
the destination inputted by the user via the input device 25.

[0168] As another specific example, in step S2004, the
user may input only the destination through the input device
25. In response, the input device 25 generates the coordi-
nates information Icdn for specifying the inputted destina-
tion by coordinates. The CPU 21 receives the resultant
coordinates information Icdn, from which the coordinates of
the destination are to be derived. The CPU 21 also receives
from the locator 29 the position information Icp, from which
the coordinates of the user’s current position are to be
derived. Thus derived coordinates of the user’s current
position is used as those of the departure point.
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[0169] After step S2004 is thorough, the CPU 21 then
performs the first route search under any well known route
search algorithm, for example, Dijkstra’s algorithm to find a
first optimum route (step S2005). The process in step S2005
is the same as that in step S205 of FIG. 2, and is not
described here. In the below, the “first optimum route”
denotes a route taking the user from the current position
toward the destination in the shortest distance or time, that
is, the route with which the total cost Ctotall from the
departure point toward the destination is minimum. After
route search, the CPU 21 generates, on the RAM 23, route
data Droutel which indicates the first optimum route. The
route data Droutel is generally composed of a node string
configuring the first optimum route. Here, the total cost
Ctotall is written onto a predetermined region of the RAM
23 as required. Here, the total cost Ctotall is a value
obtained by adding every cost assigned to all of the links
configuring the first optimum route.

[0170] Instep S2006, the CPU 21 guides the user’s vehicle
along the first optimum route derived in step S2005. Here,
FIG. 22 is a flowchart showing the specific procedure in step
S2006. In FIG. 22, the CPU 21 goes through the same
process as in step S1101 of FIG. 11 so as to receive the
position information Icp indicating the user’s current posi-
tion from the locator 29 (step S2201). Then, in the similar
manner to step S1101 of FIG. 11, the CPU 21 generates
guidance data Dguid on the RAM 23 (step S2202), and
transfers it to the output section 26. In response to the
guidance data Dguid, the output section 26 accordingly
performs the display process in the display device 27, or the
sound output process in the speaker 28 based on the guid-
ance data Dguid. More specifically, the display device 27
performs the display process based on the image data
included in the guidance data Dguid so as to display on its
screen such an image as shown in FIG. 23A. In FIG. 23A,
the screen of the display device 27 displays the user’s
current position, the destination, and the first optimum route
overlaid together on the map. The speaker 28 outputs sound
to the user based on the sound data in the guidance data
Dguid (step S2203). Thereby, the CPU 21 guides the user
toward the destination.

[0171] After step S2203 is through, the procedure goes to
step S2007. Then, the CPU 21 compares the user’s current
position and the destination in terms of coordinates so as to
determine whether or not the user has reached the destina-
tion (step S2007).

[0172] 1If the coordinates of the current position coincide
with those of the destination, the CPU 21 determines that the
user has reached the destination, and the procedure returns
to step S2001. If not, the procedure goes to step S2008 to
keep guiding the user. The CPU 21 then determines whether
a predetermined condition is satisfied for starting route
search for the second time (second route search)(step
S2008). Here, the deciding factor in step S2008 is an
instruction signal Sinst2 coming from the input device 25,
and responding thereto, the CPU 21 starts the second route
search. The input device 25 generates the instruction signal
Sinst2 if the user operates a predetermined portion thereof
assigned to start the second route search.

[0173] If no instruction signal Sinst2 has been received
before step S2008, the procedure returns to step S2006 so
that the user is guided continuously along the first optimum
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route. On the other hand, if received, the CPU 21 determines
that now is the time to start the second route search, and the
procedure goes to step S2009 of FIG. 21. The CPU 21 then
derives the coordinates of the departure point (the user’s
current position) for the second route search (step S2009).
More specifically, the CPU 21 receives the position infor-
mation Icp from the locator 29 so that the user’s current
position can be specified by coordinates. The user’s current
position thus derived is used as the departure point for the
second route search. Note that, in the second route search,
the coordinates of the destination remain the same as those
used in step S2004.

[0174] The CPU 21 then performs the second route search
to find several of second routes under the route search
algorithm (step S2010). Here, the second routes should vary
in course on the way but share the same departure point and
destination, which are those derived in step S2009. Also, the
second routes should not coincide with the first optimum
route. Such second routes include, for example, those taking
the user to his/her destination in the shortest distance and the
next-shortest distance, and in the shortest time and the
next-shortest time. In the below, an expression “second
optimum route” denotes a route taking the user from the
current position toward the destination in the shortest dis-
tance or time, while an expression “second next-optimum
route” in the next-shortest distance or time.

[0175] The second route search is described in more detail
with reference to the flowchart of FIG. 24. In FIG. 24, from
the cartographic database DBcart into the RAM 23, the CPU
21 first reads the road network data representing the road
network of a predetermined area a4 (step S2401). Here, the
predetermined area o4 typically is a rectangular region
including both the user’s current point and the destination
derived in step S2009.

[0176] The CPU 21 then searches for one single second
optimum route by using the road network data on the RAM
23 and the costs, i.c., additional information Iaddi, so as to
generate, on the RAM 23, second route data Droute21 which
represents the found second optimum route (step S2402).
Here, the second route data Droute21 is typically composed
of a node string configuring the second optimum route. In
step S2402, a total cost Ctotal2l of the second optimum
route is written onto the RAM 23. Here, the total cost
Ctotal21 is a value obtained by adding every cost assigned
to all of the links configuring the second optimum route.

[0177] In step S2402, it should be noted that the user is
now guided along the first optimum route, that means, the
user is now on the first optimum route. Accordingly, the
route considered currently optimum from the user’s current
position toward the destination is the first optimum route,
but in step S2402, there needs to find a second optimum
route being different from the first optimum route. Thus, in
the present embodiment, in order to search for a second
optimum route, the cost for each of the links configuring the
first optimum route derived in step S2005 is set larger this
time, whereby a second optimum route can be successfully
derived in step S2402 without coinciding with the first
optimum route.

[0178] The CPU 21 then uses the road network data on the
RAM 23 and the costs, i.e., additional information Iaddi, so
as to search for the second next-optimum route (step S2403).
Here, the second next-optimum route needs not to coincide
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with the first and second optimum routes, the cost for each
of the links configuring the second optimum route derived in
step S2402 is set larger this time, whereby any new route can
be successfully derived in step S2403 without coinciding
with the first and second optimum routes. Instep S2403, a
total cost Ctotal22 of the second next-optimum route is
written onto the RAM 23. Here, the total cost Ctotal22 is a
value obtained by adding every cost assigned to all of the
links configuring the second next-optimum route.

[0179] In some places, the difference in time or distance
between the second optimum and second next-optimum
routes may be quite large, and if so, the resultant second
next-optimum route is considered not practical enough. In
this point of view, after step S2403 is through, the CPU 21
determines whether or not the difference between the total
costs Ctotal21 and Ctotal22 is exceeding a predetermined
threshold value Vthl (step S2404). Here, the threshold value
Vithl is determined according to the design specifications of
the navigation apparatus Anavi4, and is criteria by which to
judge whether the second next-optimum route is practical.

[0180] If the difference is exceeding the threshold value
Vithl, the CPU 21 determines that no second next-optimum
route has been derived, and the procedure now goes to step
S2011 of FIG. 21. On the other hand, if not exceeding, the
CPU 21 generates, on the RAM 23, route data Droute22
which represents the second next-optimum route derived in
step S2403 (step S2405). The second route data Droute22 is
typically composed of a node string configuring the second
next-optimum route.

[0181] After step S2405 is through, the procedure goes to
step S2011 of FIG. 21 so that the CPU 21 determines
whether or not the second route is plurally derived in step
S2010 (step S2011). This determination is based on whether
the RAM 23 carries the second route data Droute21 only or
together with the second route data Droute22.

[0182] If determined in step S2011 that only the second
optimum route has been derived, the procedure goes to step
S2015. The CPU 21 then generates warning data Dwarnl,
and transfers it to the output section 26. The warning data
Dwarnl is image data or sound data, with which the user is
notified in the form of a message that derived in step S2010
is only one single second route. In accordance with the
received warning data Dwarnl, the output section 26 per-
forms the display process in the display device 27, or the
sound output process in the speaker 28 so as to output the
message to the user (step S2015).

[0183] After step S2015 is through, the procedure goes to
step S2006 of FIG. 20, i.c., circled letter B. The CPU 21
guides the user (step S2006 of FIG. 20). The process in step
S2006 is the same as above, and thus not described again. It
should be noted, however, used as the basis in this step
S2006 is not the first optimum route derived in step S2005
but the second optimum route derived in step S2010.

[0184] On the other hand, if determined in step S2011 that
several of the second routes have been derived, the proce-
dure goes to step S2012 for a process of generating and
displaying warning data Dwarn2 (step S2011). In the present
embodiment, any one of the following first to fourth gen-
eration/display processes is performed in step S2011.

[0185] The first generation/display process is now
described in more detail by referring to the flowchart of
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FIG. 25. In the procedure of FIG. 25, used as the basis of
the warning data Dwarn21 is a displaying portion of the
cartographic data Dcart read out in step S2401.

[0186] In FIG. 25, the CPU 21 receives from the locator
29 the position information Icp indicating where the user
currently is (step S2501). The CPU 21 then performs map
matching by using both the position information Icp and the
corresponding cartographic data Dcart so as to generate, on
the RAM 23, intermediate image data Dim11 in which a
mark denoting the user’s current position is appropriately
disposed on any corresponding road in the map (step
$2502).

[0187] On the basis of the coordinates information Icdn
about the destination used in step S2010 and the interme-
diate image data Dim11 generated in step S2502, the CPU
21 generates, on the RAM 23, intermediate image data
Dim12 in which a mark denoting the destination is disposed
on the map (step S2503).

[0188] Moreover, on the basis of the second route data
Droute21 and Droute22 on the RAM 23, and the interme-
diate image data Dim12 generated in step S2503, the CPU
21 generates warning data Dwarn21 which enables the
second optimum and second next-optimum routes to be
displayed on the map (step S2504). Such warning data
Dwarn21 allows the display device 27 to display the user’s
current position, the destination, and the second optimum
and second next-optimum routes overlaid together on the
map.

[0189] In step S2504, it is preferable if the warning data
Dwarn21 displays the second optimum and second next-
optimum routes in different colors or line styles on the map.
With such warning data Dwarn21 displayed in step S2505,
the user can distinguish the second optimum and second
next-optimum routes easily which is which.

[0190] In step S2504, it is still preferable if the second
optimum route is displayed in more noticeable color or line
style than the second next-optimum route. Accordingly, the
second optimum route looks conspicuous with the warning
data Dwarn21 displayed, enabling the user to intuitively
recognize it.

[0191] It should be noted that steps S2501 to S2504 can be
carried out in any desired order, but step S2501 should be
followed by step S2502.

[0192] After step S2504 is through, the CPU 21 transfers
the generated warning data Dwarn21 to the display device
27. The display device 27 performs the display process in
accordance with the warning data Dwarn21 so as to display
on its screen a map image having, at least, the second
optimum and second next-optimum routes overlaid thereon.
Such a map image is shown in FIG. 23B. Through the map
image, the user sees several available second routes, i.c.,
second optimum and second next-optimum routes (step
$2505). After step S2505, the procedure goes to step S2013.

[0193] Described next is the second generation/display
process by referring to FIG. 26. Compared with FIG. 25, the
procedure of FIG. 26 further includes steps S2601 to S2604.
This is the only difference therebetween, and in FIG. 26, any
step identical to that in FIG. 25 is under the same step
number and not described again.
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[0194] In FIG. 26, after the CPU 21 receives the position
information Icp (step S2501), the procedure goes to step
S2601.

[0195] As is understood from FIG. 23B, the second opti-
mum and second next-optimum routes share the same depar-
ture point and the destination, but vary in course on the way.
The second optimum and second next-optimum routes thus
head in different directions at a certain intersection. In the
below, such an intersection is referred to as a junction
intersection.

[0196] After step S2501 is through, in comparison
between the second route data Droute21 and Droute22 in
terms of node strings, the CPU 21 specifies, by coordinates,
which node is the junction intersection (step S2601). Based
on the coordinates of the node, i.e., junction intersection, and
the coordinates indicated by the position information Icp,
the CPU 21 determines whether or not the user is being close
to the junction intersection (step S2601). More specifically,
in step S2601, those coordinates are used to calculate the
distance between the user’s current position and the junction
intersection, and the calculated value is compared with a
predetermined threshold value Vth2. Here, the threshold
value Vth2 is determined in advance according to the design
specifications of the navigation apparatus Anavi4, and cri-
teria by which to judge whether the user is approaching an
intersection.

[0197] In step S2601, if determined that the user is
approaching no junction intersection, steps S2502 to S2505
are carried out, and as a result, the user sees an image based
on the warning data Dwarn21.

[0198] On the other hand, if determined that the user is
approaching a junction intersection in step S2601, the pro-
cedure goes to step S2602. The CPU 21 then performs map
matching by using the position information Icp and the
corresponding cartographic data Dcart so as to generate, on
the RAM 23, intermediate image data Dim21 in which a
mark denoting the user’s current position is appropriately
overlaid on any corresponding road in the map (step S2602).
Note herein that the cartographic data Dcart used in step
S2602 represents an enlarged map covering the area around
the junction intersection. In this sense, steps S2602 and
S$2502 are not the same.

[0199] Then, on the basis of the second route data
Droute21 and Droute22 derived in step S2010, and the
intermediate image data Dim21 generated in step S2602, the
CPU 21 generates warning data Dwarn22 in which roads
around the junction intersection on the second optimum and
second next-optimum routes are arranged on the map (step
S2603). More specifically, the warning data Dwarn22 is
image data which allows the display device 27 to display the
user’s current position, and the second optimum and second
next-optimum routes overlaid all together on an enlarged
map of around the junction intersection.

[0200] In step S2603, it is preferable if the second opti-
mum and second next-optimum routes are displayed in
different colors or line styles. It is still preferable if the
second optimum route is displayed in more noticeable color
or line style than the second next-optimum route. Moreover,
steps S2603 and S2604 may be switched in order.

[0201] After step S2603 is through, the CPU 21 transfers
the generated warning data Dwarn22 to the display device
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27. The display device 27 performs the display process
based on the warning data Dwarn22 so as to display on its
screen such an image as shown in FIG. 27A. The image
shows at least the second optimum and second next-opti-
mum routes overlaid on the enlarged map of around the
junction intersection. With such an image, the user can
easily perceive the specific location where several routes,
i.e., second optimum and second next-optimum routes, are
branched (step S2604). After the image is displayed, the
procedure goes to step S2013.

[0202] Described next is the third generation/display pro-
cess with reference to the flowchart of FIG. 28. In FIG. 28,
the CPU 21 receives from the locator 29 the position
information Icp indicating where the user currently is (step
S2801). Then, the CPU 21 generates intermediate image
data Dim31 by using background image data Dbgl and the
received position information Icp (step S2802). Here, the
background image data Dbgl has been previously at hand,
and represents the background of the image displayed in step
S2806. The intermediate image Dim31 shows the user’s
current position, which is indicated by the position infor-
mation Icp, by a mark overlaid on the background image of
the background image data Dbgl.

[0203] Based on the coordinates information Iedn about
the destination used in step S2010, and the intermediate
image data Dim31 generated in step S2802, the CPU 21
generates intermediate image data Dim32 having another
mark overlaid on the background image to indicate the
destination (step S2803).

[0204] The CPU 21 reads, from the cartographic database
DBcart, the additional information Iaddi for whatever inter-
section names in need (step S2804). To be more specific,
read in step S2804 are names of the main intersections found
in the second route data Droute21 and Droute22, i.e., located
on the second optimum and second next-optimum routes.

[0205] On the basis of the additional information Iaddi
read in step S2804 and the intermediate image data Dim32
generated in step S2803, the CPU 21 disposes the intersec-
tion names onto the background image, and then generates
warning data Dwarn23 on the RAM 23 by connecting those
names by lines so that the second optimum and second
next-optimum routes are represented thereby (step S2805).
In more detail, the warning data Dwarn23 allows the display
device 27 to display a route diagram, in which several major
intersections located on several second routes are connected
by lines.

[0206] In step S2805, similarly in step S2503, the second
optimum route is preferably displayed in different color or
line style from the second next-optimum route. Further, the
color or line style of the second optimum route preferably
looks conspicuous than that of the second next-optimum
route.

[0207] 1t should be noted here that steps S2801 to S2805
can be carried out in any desired order, but step S2801
should be followed by step S2802.

[0208] After step S2805 is through, the CPU 21 transfers
the generated warning data Dwarn23 to the display device
27. The display device 27 performs the display process
based on the received warning data Dwarn23 so as to display
on its screen such a route diagram as shown in FIG. 27B.
With such a route diagram displayed, the user can perceive
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what second route(s) are available, i.e., second optimum and
second next-optimum routes (step S2806). After step S2806
is through, the procedure goes to step S2013 of FIG. 21.

[0209] Described next is the fourth generation/display
process by referring to FIG. 29. Compared with FIG. 28, the
procedure of FIG. 29 further includes steps S2601 to S2604.
This is the only difference therebetween, and in FIG. 29, any
step identical to that in FIG. 28 is under the same step
number and not described again. Also, steps S2601 to S2604
are already described in the second generation/display pro-
cess, and thus not described in detail here.

[0210] Also under the fourth generation/display process,
the user can easily perceive the exact location where the
second routes, i.e., second optimum and second next-opti-
mum routes, are heading in each different direction. After
step S2604 is through, the procedure goes to step S2013 of
FIG. 21.

[0211] By the time when step S2012 has been through,
several of second routes will be available for the user to
select one from those. In the present embodiment, prefer-
ably, the CPU 21 can automatically perform route selection
by monitoring the user’s (i.e., the vehicle’s) actual move-
ment without the user having to operate the input device 25.
In the below, an exemplary method for selecting one single
second route is described.

[0212] The CPU 21 determines whether or not the user’s
vehicle is now positioning on any one of the second routes
(step S2013). In detail, the CPU 21 performs map matching
by using the cartographic data Dcart on the RAM 23 and the
position information Icp received from the locator 29. As is
well known, map matching is done to bring the user’s
current position to the corresponding road on the map. Thus,
the result of map matching tells the CPU 21 on which of the
second optimum and second next-optimum routes the user is
now moving.

[0213] If the CPU 21 determines that the user is position-
ing on both of the second optimum and second next-
optimum routes, the procedure returns to step S2012 so that
several of the second routes are continually displayed to the
user.

[0214] On the other hand, if the CPU 21 determines that
the user is positioning on one of the second routes, i.c.,
second optimum or next-optimum route, the route is accord-
ingly selected (step S2014). Then, the procedure goes to step
S2006 of FIG. 20, i.c., circled letter B.

[0215] Actually, the user may be on none of the second
routes. If this is the case, with no relation to the present
embodiment, no description is given here.

[0216] After step S2014, the CPU 21 guides the user (step
S2006 of FIG. 20). The process in step S2006 is the same
as above, and thus not described again. It should be noted,
however, used as the basis in this step S2006 is not the first
optimum route derived in step S2005 but either the second
optimum route or the second next-optimum route selected in
step S2014.

[0217] Asdescribed above, in the present embodiment, the
navigation apparatus Anavi4 can start searching for second
routes if any predetermined starting condition is satisfied
(step S2008) during when the apparatus is guiding the user
along the first optimum route. Accordingly, with the navi-
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gation apparatus Anavi4, the user has no more need to go off
the first optimum route to know what other route options,
i.e., second routes, are available. Further, since the second
route is plurally found in step S2010, a wider range of route
choices can be offered to the user to select therefrom
whatever detour route meeting his/her preferences or actual
traffic conditions.

[0218] In the fourth embodiment, the display device 27
applies the display process according to the warning data
Dwarn21 to Dwarn23 so that second optimum and second
next-optimum routes are offered to the user. Alternatively,
the CPU 21 may generate warning data Dwarn2v, and
transfer it to the speaker 28 to have the speaker 28 performed
the audio output process in accordance therewith so as to
provide the user with second optimum and second next-
optimum routes by sound. Here, the warning data Dwarn2
may be outputted from the output section 26 in the form of
image or sound.

[0219] Also in the fourth embodiment, the warning data
Dwarn21 to Dwarn23 are image data enabling at least the
second optimum and second next-optimum routes to be
displayed. Alternatively, by using the following additional
information Iaddi, the CPU 21 may generate warning data
Dwarn21' to Dwarn26' which allow such images as shown
in FIGS. 30 and 31 to be displayed.

[0220] Here, the additional information Iaddi needed for
generating the warning data Dwarn21' to Dwarn26' is pre-
pared in advance, and together with the information about
intersection names and the costs, expected to include
attribute information about roads represented by links. Here,
typically, the attribute information is exemplary of road type
information, road name information. With the road name
information, the roads may be represented as Route X,
Expressway Y, for example. The additional information
Taddi is also expected to include toll information used to
calculate toll for toll roads.

[0221] As shown in FIG. 30A, the warning data Dwarn21'
is image data which allows the display device 27 to display
on the map the time required for the user to reach the
destination if he/she takes the second optimum route or the
second next-optimum route. Here, image elements for indi-
cating such a time can be generated from the total cost
Ctotal21 or Ctotal22. Alternatively, the time may be dis-
played on the route diagram or the enlarged map.

[0222] As shown in FIG. 30B, the warning data Drawn22'
is image data which allows the display device 27 to display
on the route diagram the distance to be covered by the user
if he/she takes the second optimum route or the second
next-optimum route. Here, image elements for indicating
such a distance can be generated from the total cost Ctotal21
or Ctotal22. Alternatively, the distance may be displayed on
the map or the enlarged map.

[0223] As shown in FIG. 31A, the warning data Drawn23'
is image data which allows the display device 27 to display
on the enlarged map the toll for the user if he/she takes the
second optimum route or the second next-optimum route.
Here, image elements for indicating such a toll can be
generated from toll fee information which is a part of the
additional information Iaddi. Alternatively, the toll may be
displayed on the map or the route diagram.

[0224] As shown in FIG. 31B, the warning data Drawn24'
is image data which allows the display device 27 to display
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on the map the road attributes of the second optimum route
or the second next-optimum route whichever the user takes.
Here, the road attributes include road type, road name, road
number, or the like. Image elements for indicating such road
attributes can be generated from attribute information which
is a part of the additional information Iaddi.

[0225] Alternatively, although not shown, warning data
Dwarn25' and Dwarn26' may be generated to display the
attributes of the second and the second next-optimum routes
on the route diagram and the enlarged map.

[0226] In the above fourth embodiment, searched and
found by the CPU 21 are two routes, i.e., second optimum
and second next-optimum routes. This is not restrictive, and
three or more of second routes will do.

[0227] Moreover, in the above, the route data Droute is
presumably composed of a node string, but may be of a link
string.

[0228] Further, the deciding factor for starting second
route search is whether or not an instruction signal Sinst2
has been received before step S2008. This is not restrictive,
and the deciding factor may be second and third conditions
set for the purpose in the following fifth and sixth embodi-
ments.

[0229] Described next is a navigation apparatus Anavi$
according to a fifth embodiment of the present invention.
The basic hardware structure of the navigation apparatus
Anavi§ is the same as that of the navigation apparatus
Anavid, and thus FIG. 19 is referred to.

[0230] However, there are some differences between the
navigation apparatuses Anavi4 and Anavi5 as follows. First,
in the navigation apparatus Anavi5, a part of the storage
region of the RAM 23 is reserved for storing a setting flag
Fset. The setting flag Fset is binary information which is
criteria by which to judge whether second route search is to
be performed. In the present embodiment, when the setting
flag Fset indicates “17, it means that the second route search
is to be preformed, but not with “0” indicated by the setting
flag Fset.

[0231] The operation of the navigation apparatus Anavis
is now described. After the navigation apparatus AnaviS$ is
turned on, the CPU 21 starts executing the program Pnavi$.
Here, FIG. 32 is a flowchart showing the first half of the
procedure of the CPU 21 of the navigation apparatus
AnaviS. Here, the second half of the procedure shows no
difference from that in FIG. 21, and thus is not described.

[0232] Compared with FIG. 20, FIG. 32 newly includes
step S3201, and steps S3202 and S3203 in place of step
S2008. These are the only differences therebetween, and in
FIG. 32, any step identical to that in FIG. 20 is provided
with the same step number and is not described again.

[0233] In FIG. 32, immediately after the navigation appa-
ratus Anavi$ is turned on, the CPU 21 applies a process of
writing a setting flag Fset (step S3201). Here, FIG. 33 is a
flowchart showing the detail process of step S3201. In FIG.
33, the CPU 21 first generates message data Dmessl, and
transfers it to the output section 26. Here, the message data
Dmess] is image data or sound data, with which the user is
asked a question whether or not to perform the second route
search during when he/she is driving.
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[0234] In accordance with the received message data
Dmessl, the output section 26 goes through the display
process or the sound output process. More specifically, the
display device 27 displays on its screen such an image as
shown in FIG. 34A based on message data Dmess2 which
is image data. Also, the speaker 28 outputs such a sound as
shown in FIG. 34B to the user based on the message data
Dmessl which is sound data. In this manner, the CPU 21
asks the user a question whether or not to perform the second
route search (step S3301).

[0235] In response to the inquiry from the CPU 21, the
user makes an input via the input device 25. Here, the user
may manually operate the input device 25 via keys and
mouse provided thereon, or speak into the microphone
provided to the input device 25. In response to the user input,
the input device 25 generates response information Irep to
designate yes or no about performing second route search,
and transfers it to the CPU 21.

[0236] The CPU 21 then decodes the received response
information Irep so as to determine whether or not to
perform the second route search (step S3302). If determined
yes, the CPU 21 writes a value “1” as the setting flag Fset
into the reserved region of the RAM 23 (step S3303). On the
other hand, if determined no, writing into the reserved
region of the RAM 23 is a value “0” (step S3304).

[0237] After step S3303 or S3304 is through, the proce-
dure goes to step S2001. The reason to perform step S3201
immediately after the navigation apparatus Anavi5 is turned
on is for safety. It is the time when the user does not yet start
his/her vehicle, and thus there considered no harm if the user
operates the input device 25.

[0238] After step S3201 is through, the procedure goes
through steps S2001 to S2007, which are already described.
Here, in step S2007, if the CPU 21 determines that the user
does not yet reach the destination, the procedure goes to step
S3202. Then, the CPU 21 determines whether the setting
flag Fset is indicating “1” (step S3202). In the case that the
setting flag Fset is indicating “0”, it means that the user is not
requesting the second route search, and thus the procedure
returns to step S2006 so that the user is guided along the first
optimum route.

[0239] On the other hand, if the setting flag Fset is
determined as indicating “1” in step S3202, the CPU 21

receives the position information Icp from the locator 29
(step S3203).

[0240] The CPU 21 then determines whether the second
starting condition is satisfied, that is, whether the user’s
current position is approaching any intersection located on
the first route (step S3204). More specifically, in step S3204,
in comparison among the coordinates indicated by the
position information Icp and those of the nodes configuring
the first route data Droutel, the CPU 21 calculates distances
between the current position and the respective intersec-
tions. The calculated value is then compared with the
predetermined threshold value Vth2.

[0241] In step S3204, if determined that the user is
approaching no intersection, the procedure returns to step
S2006 so that the user is guided along the first optimum
route.

[0242] If determined that the user is approaching any of
the intersections, the procedure goes to step S2009 of FIG.
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21, i.e., circled letter A of FIG. 32. The processes hereafter
are the same as those in the fourth embodiment, and thus no
further description is given.

[0243] As described above, depending on the result
derived in step S3204 as the second starting condition, the
navigation apparatus AnaviS can start searching for second
routes while it is guiding the user along the first optimum
route. Accordingly, with the navigation apparatus Anavi$,
the user has no more need to go off the first optimum route
to know what other route options, i.e., second routes, are
available. Further, since the second route is plurally found in
step S2010, a wider range of route choices can be offered to
the user to select therefrom whatever detour route meeting
his/her preferences or actual traffic conditions.

[0244] In the fifth embodiment, the user is asked a ques-
tion in step S3201 whether or not to perform second route
search before starting driving. Otherwise, the navigation
apparatus Anavi5 may start searching for the second routes
every time the user comes closer to any of the intersections
on the first route. In order not to annoy the user as such, step
S3201 is carried out.

[0245] Described next is a navigation apparatus Anavi6
according to a sixth embodiment of the present invention.
The basic hardware structure of the navigation apparatus
Anavi6é is the same as that of the navigation apparatus
Anavid, and thus FIG. 19 is referred to.

[0246] Described next is the operation of the navigation
apparatus Anavi6. After the navigation apparatus Anavié is
turned on, the CPU 21 starts executing the program Pnavi6.
Here, FIG. 35 is a main flowchart showing the first half of
the procedure of the CPU 21 of the navigation apparatus
Anavié. Here, the second half of the procedure shows no
difference from that in FIG. 21, and thus is not described.

[0247] Compared with FIG. 20, FIG. 35 includes steps
S3501 and S3502 in place of step S2008. This is the only
difference therebetween, and in FIG. 35, any step identical
to that in FIG. 20 is provided with the same step number and
is not described again.

[0248] 1In FIG. 35, immediately after the navigation appa-
ratus Anavié6 is turned on, the procedure goes through steps
S2001 to S2007. In step S2007, if the CPU 21 determines
that the user does not yet reach the destination, the procedure
goes to step S3501. Then, the CPU 21 receives traffic
information Itraf from beacons located in the proximity of
roads via the communications device 210 (step S3501). As
described above, the traffic information Itraf specifies, by
coordinates, the locations where the traffic accidents or jams
are occurring.

[0249] In accordance with the traffic information Itraf and
the first route data Droutel, the CPU 21 determines whether
any traffic jam or accident is occurring on the first optimum
route (step S3502). More specifically, the CPU 21 deter-
mines if the coordinates indicated by the traffic information
Itraf coincide any of those of nodes configuring the first
route data Droutel.

[0250] If determination result tells that no coincidence is
found, the CPU 21 determines that there is no traffic jam or
accident occurring on the first routes. The procedure then
returns to step S2006 so that the user is guided along the first
optimum route.
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[0251] On the other hand, if determination result tells that
there found some coincidence, the CPU 21 determines that
there is a traffic jam or accident occurring on the first route.
The procedure then goes to step S2009 of FIG. 21, i.c.,
circled letter A of FIG. 35. The processes hereafter are the
same as those in the fourth embodiment, and thus no further
description is given. Here, the second and next-optimum
routes searched in step S2010 should sufficiently avoid the
traffic jam or accident currently occurring.

[0252] As described above, in the sixth embodiment,
depending on the result derived in step S3502 as the third
starting condition, the navigation apparatus Anavi6 can start
searching for second routes while it is guiding the user along
the first optimum route. Accordingly, with the navigation
apparatus Anavi6, the user has no more need to go off the
first optimum route to know what other route options, i.c.,
second routes, are available. Further, since the second route
is plurally found in step S2010, a wider range of route
choices can be offered to the user to select therefrom
whatever detour route meeting his/her preferences or actual
traffic conditions.

[0253] In the fourth to sixth embodiments, the navigation
apparatuses Anavi are presumably of a vehicle-mounting
type as those include sensors such as a vehicle speed sensor
or a VICS receiver. This is not restrictive, and the navigation
apparatuses Anavi are easily realized in the portable appli-
cation. Moreover, the navigation apparatuses Anavi can be
easily implemented in computer devices such as mobile
phones, Personal Digital Assistants (PDAs), and personal
computers.

[0254] The programs Pnavi4 to Pnavié described in the
above fourth to sixth embodiments may be distributed in
recording media typified by CDs, DVDs (Digital Versatile
Disks), MO (Magnetic-Optical) disks, or semiconductor
memories. Also, the programs Pnavi4 to Pnavié may be
stored on the storage device of a network server so that the
computer devices can download those programs therefrom.

[0255] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

What is claimed is:

1. A navigation apparatus for guiding a user to a destina-
tion through the use of cartographic data, said apparatus
comprising:

a route search section for searching for a plurality of
routes from a starting point to one or more of destina-
tions by using said cartographic data, and generating
route data for each of the found routes;

a movement information generation section for generat-
ing movement information which relates to the user’s
movement;

a selection section for selecting, based on the movement
information generated by said movement information
generation section, one or more of the route data
plurally generated by said route selection section;

a guidance data generation section for generating, based
on the route data selected by said selection section and
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said cartographic data, guidance data for guiding the
user toward the corresponding destination; and

an output section for outputting an image or a sound for
guiding the user toward the destination in accordance
with the guidance data generated by said guidance
information generation section.

2. The navigation apparatus according to claim 1, wherein

said movement information generation section is com-
posed of a locator for detecting the user’s current
position,

said locator generates, as said movement information,
position information which indicates the detected
user’s current position, and

said selection section performs route selection based on
the position information detected by said locator.
3. The navigation apparatus according to claim 2, wherein
said selection section

includes a calculation section for calculating the user s
current position on a road network by performing map
matching based on said cartographic data and the
position information generated by said locator, and
performs route selection based on the user’s current
position calculated by said calculation section.

4. The navigation apparatus according to claim 1, further
comprising a warning data generation section for notifying,
immediately after route search by said route search section
is completed, the user of the plurality of routes based on the
route data plurally generated by the route search section,
wherein

said output section outputs an image or a sound which
specifies the plurality of routes in accordance with the
route data generated by said warning data generation
section.

5. The navigation apparatus according to claim 1, wherein
said route search section searches for the plurality of routes
from the user’s departure point as said starting point to one
or more of the destinations.

6. The navigation apparatus according to claim 1, wherein
said route search section searches for the plurality of routes
from the user’s current position as said starting point to one
or more of the destinations when a predetermined starting
condition is satisfied during when said output section is
performing an output process in accordance with the guid-
ance data.

7. The navigation apparatus according to claim 1, wherein
said route search section searches for the plurality of routes
varying in course on the way from said starting point to one
of the destinations.

8. The navigation apparatus according to claim 1, wherein
said route search section searches for the plurality of routes
from said starting point to two or more of the destinations.

9. The navigation apparatus according to claim 1, wherein

said movement information generation section is com-
posed of an azimuth sensor for detecting in which
direction the user is heading,

said azimuth sensor generates direction information, as
said movement information, indicating the detected
user’s heading direction, and

said selection section performs route selection based on
the direction information generated by said azimuth
Sensor.
10. The navigation apparatus according to claim 1,
wherein
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said movement information generation section is com-
posed of a trail information generation section for
generating, as said movement information, trail infor-
mation indicating the user’s trail, and

said selection section performs route selection based on
the trail information generated by said trail information
generation section.
11. Anavigation method for guiding a user to a destination
through the use of cartographic data, said method compris-
ing:

a route search step of searching for a plurality of routes
from a starting point to one or more of destinations by
using said cartographic data, and generating route data
for each of the found routes;

a movement information generation step of generating
movement information which relates to the user’s
movement;

a selection step of selecting, based on the movement
information generated in said movement information
generation step, one of the route data plurally generated
in said route selection step;

a guidance data generation step of generating, based on
the route data selected in said selection step and said
cartographic data, guidance data for guiding the user to
the corresponding destination; and

an output step for outputting an image or a sound for
guiding the user toward the destination in accordance
with the guidance data generated in said guidance
information generation step.

12. The navigation method according to claim 11, wherein

said movement information generation step generates, as
said movement information, position information
which indicates the user’s current position, and

said selection step performs route selection based on the
position information generated in said movement infor-
mation generation step.

13. The navigation method according to claim 12, further
comprising a calculation step of calculating the user’s cur-
rent position on a road network by performing map match-
ing based on said cartographic data and the position infor-
mation generated in said movement information generation
step, and

said selection step performs route selection based on the
user’s current position calculated in said calculation
step.
14. A program for realizing, on a computer device,
navigation for guiding a user to a destination through the use
of cartographic data, said program comprising:

a route search step of searching for a plurality of routes
from a starting point to one or more of destinations by
using said cartographic data, and generating route data
for each of the found routes;

a movement information generation step of generating
movement information which relates to the user’s
movement;

a selection step of selecting, based on the movement
information generated in said movement information
generation step, one of the route data plurally generated
in said route selection step;

a guidance data generation step of generating, based on
the route data selected in said selection step and said
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cartographic data, guidance data for guiding the user to
the corresponding destination; and

an output step for outputting an image or a sound for
guiding the user toward the destination in accordance
with the guidance data generated in said guidance
information generation step.

15. The program according to claim 14, wherein

said movement information generation step generates, as
said movement information, position information
which indicates the user’s current position, and

said selection step performs route selection based on the
position information generated in said movement infor-
mation generation step.

16. The program according to claim 15, further compris-
ing a calculation step of calculating the user’s current
position on a road network by performing map matching
based on said cartographic data and the position information
generated in said movement information generation step,
and

said selection step performs route selection based on the
user’s current position calculated in said calculation
step.
17. A navigation apparatus for guiding a user to a desti-
nation through the use of cartographic data, said apparatus
comprising:

a route search section for searching for a first route from
a departure point toward the destination by using said
cartographic data;

a guidance data generation section for generating guid-
ance data for guiding the user toward the destination
based on the first route found by said route search
section and said cartographic data;

an output section for outputting the guidance data gener-
ated by said guidance information generation section;

a route search section for searching for a plurality of
second routes from the user’s current position toward
the destination when a predetermined starting condition
is satisfied during when the guidance data is being
outputted; and

a warning data generation section for generating warning
data for notifying the user of the plurality of second
routes found by said route search section, wherein

said output section further outputs the warning data
generated by said warning data generation section, and

said plurality of second routes are varying in course on the
way from the user’s current position to the same
destination as said first route, and are different from the
first route.

18. The navigation apparatus according to claim 17,
wherein said warning data generation section generates on a
map represented by said cartographic data, as said warning
data, image data which enables said plurality of second
routes to be displayed.

19. The navigation apparatus according to claim 18,
wherein, when the user approaches a junction intersection
where said plurality of second routes are branched, said
warning data generation section further generates image data
representing an enlarged view of around the junction inter-
section as said warning data.

20. The navigation apparatus according to claim 17,
wherein said warning data generation section generates, as
said warning data, image data representing a route diagram
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in which a plurality of intersection names are connected for
each of said plurality of second routes.

21. The navigation apparatus according to claim 20,
wherein, when the user approaches the junction intersection
where said plurality of second routes are divided, said
warning data generation section generates, as said warning
data, image data representing an enlarged view of around the
junction intersection.

22. The navigation apparatus according to claim 17,
wherein said warning data generation section generates, as
said second route data, image data which enables the user to
distinguish which of the second routes is an optimum route.

23. The navigation apparatus according to claim 17,
wherein said warning data generation section generates
warning data for notifying the user of a time taken for the
user to reach said destination for each of the plurality of
second routes found by said route search section.

24. The navigation apparatus according to claim 17,
wherein said warning data generation section generates
warning data for notifying the user of a distance to said
destination for each of the plurality of second routes found
by said route search section.

25. The navigation apparatus according to claim 17,
wherein said warning data generation section generates
warning data for notifying the user of a toll cost for the user
to reach said destination for each of the plurality of second
routes found by said route search section.

26. The navigation apparatus according to claim 17,
wherein said warning data generation section generates
warning data for notifying the user of an attribute of roads
configuring each of the plurality of second routes found by
said route search section.

27. The navigation apparatus according to claim 17,
further comprising an input device for generating an instruc-
tion signal in response to the user’s operation, and transfer-
ring the instruction signal to said route search section,
wherein

said route search section starts searching for said plurality
of second routes responding to said instruction signal as
said starting condition.
28. The navigation apparatus according to claim 17,
further comprising

a locator for detecting the user’s current position, and

a determination section for determining whether the user
is approaching an intersection by using the second
routes found by said route search section, and the user’s
current position detected by said locator, wherein

said route search section starts searching for said plurality
of second routes responding to a determination result of
said determination section as said starting condition.
29. The navigation apparatus according to claim 17,
further comprising:

a reception section for receiving traffic information for
specifying a location where a traffic jam or a traffic
accident is occurring; and

a determination section for determining whether or not
there occurs any traffic jam or traffic accident is occur-
ring on said first route based on the traffic information
received by said reception section, wherein

said route search section starts searching for said plurality
of second routes responding to a determination result of
said determination section as said starting condition.
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30. A navigation method for guiding a user to a destina-
tion through the use of cartographic data which is previously
stored, said method comprising:

a first route search step of searching for a first route from
a departure point toward the destination by using said
cartographic data;

a guidance data generation step of generating guidance
data for guiding the user toward the destination based
on the first route found in said route search step and
said cartographic data;

a guidance data output step of outputting the guidance
data generated in said guidance information generation
step,

a second route search step of searching for a plurality of
second routes from the user’s current position toward
the destination when a predetermined starting condition
is satisfied during when said guidance data is being
outputted;

awarning data generation step of generating warning data
for notifying the user of the plurality of second routes
found in said second route search step; and

a warning data output step of outputting the warning data
generated in said warning data generation step, wherein

said plurality of second routes are varying in course from

the user’s current position to the same destination as
said first route, and different from the first route.

31. The navigation method according to claim 30, further

comprising a reception step of receiving an instruction

signal generated in response to the user’s operation, wherein

said second route search step starts searching for said
plurality of second routes responding to said instruction
signal received in said reception step as said starting
condition.
32. The navigation method according to claim 30, further
comprising;

a reception step of receiving the user’s current position,
and

a determination step of determining whether or not the
user is approaching an intersection by using the first
route derived in said route search step, and the current
position received in said reception step, wherein

said second route search step starts searching for said
plurality of second routes responding to the determi-
nation result in said determination step as said starting
condition.
33. The navigation method according to claim 30, further
comprising:

a reception step for receiving traffic information for
specifying a location where a traffic jam or a traffic
accident is occurring; and

a determination step of determining traffic condition on
said first route based on the traffic information received
in said reception step, wherein

said second route search step starts searching for said
plurality of second routes responding to the determi-
nation result in said determination step as said starting
condition.
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34. A program for realizing, on a computer device,
navigation for guiding a user to a destination through the use
of cartographic data which is previously stored, said pro-
gram comprising:

a first route search step of searching for a first route from
a departure point toward the destination by using said
cartographic data;

a guidance data generation step of generating guidance
data for guiding the user toward the destination based
on the first route found in said route search step and
said cartographic data;

a guidance data output step of outputting the guidance
data generated in said guidance information generation
step,

a second route search step of searching for a plurality of
second routes from the user’s current position toward
the destination when a predetermined starting condition
is satisfied during when said guidance data is being
outputted;

a warning data generation step of generating warning data
for notifying the user of the plurality of second routes
found in said second route search step; and

a warning data output step of outputting the warning data
generated in said warning data generation step, wherein

said plurality of second routes are varying in course from

the user’s current position to the same destination as
said first route, and different from the first route.

35. The program according to claim 34, further compris-

ing a reception step of receiving an instruction signal
generated in response to the user’s operation, wherein

said second route search step starts searching for said
plurality of second routes responding to said instruction
signal received in said reception step as said starting
condition.

36. The program according to claim 34, further compris-

ing;

a reception step of receiving the user’s current position,

and

a determination step of determining whether or not the
user is approaching an intersection by using the first
route derived in said route search step, and the current
position received in said reception step, wherein

said second route search step starts searching for said
plurality of second routes responding to the determi-
nation result in said determination step as said starting
condition.
37. The program according to claim 34, further compris-
ing:
a reception step for receiving traffic information for

specifying a location where a traffic jam or a traffic
accident is occurring; and

a determination step of determining traffic condition on
said first route based on the traffic information received
in said reception step, wherein

said second route search step starts searching for said
plurality of second routes responding to the determi-
nation result in said determination step as said starting
condition.





