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1 2
NAVIGATION DEVICE invention including: a setting unit for setting waypoints and a
destination; a route searching unit for searching for a whole
FIELD OF THE INVENTION

The present invention relates to a navigation device that
carries out route guidance of a route including waypoints
acquired through a route search. More particularly, it relates
to a technology of providing information suitable for users
when a vehicle travels without passing via a waypoint on a
route.

route leading to the destination via the waypoints set by the
setting unit; a route guidance unit for carrying out route
guidance according to the whole route which is searched for
by the route searching unit; an output unit for outputting a
message showing that a vehicle has deviated from a route
leading to a first next waypoint toward which the vehicle has
been heading when the route guidance unit determines that

10 the vehicle has deviated from the route to a predetermined
BACKGROUND OF THE INVENTION distance or more and is traveling along a route after the first
next waypoint; and an input unit for inputting a command

A related art navigation device can set a plurality of way- indicating whether or not to travel via the first next waypoint
points in addition to a destination, and searches for a route in response to the message outputted by the output unit.
leading to the destination via the plurality of waypoints. The 15 Because the navigation device in accordance with the
related art navigation device then provides route guidance of ~ present invention is configured in such a way as to, when the
the route acquired through the route search by using a display vehicle has deviated from the route leading to the first next
screen and voice until the vehicle reaches the destination. Waypoint to the predetermined distance or more and is trav-
Accordingly, the user can head to the destination via the  eling along a route after the first next waypoint, output a
desired waypoints by traveling according to the route guid- 20 message showing that the vehicle has deviated from the route
ance. ) ) ) ) ) and provide a command indicating whether ornot to travel via

By the way, there? 1s a case 1n which Whﬂ? traveling along the first next waypoint in response to this message, the navi-
the.route leading, via the plurality of waypoints, to the desti- gation device enables the user to determine how to handle
nation or a waypoint, the user has not passed a certain way- . . .

. . . . whether to pass via the first next waypoint according to the
point and is traveling along the route toward either another s user’s own will when the vehicle has deviated from the route
waypoint existing forward of the waypoint or the destination . . : ’
according to or against his or her own will. In this case, the and can provide enhanced user friendliness.
navigation device automatically re-searches for a route
returning to the waypoint via which the user has not passed or BRIEF DESCRIPTION OF THE FIGURES
a route in which the waypoint via which the user has not . . . .
passed is not set as a waypoint independently of the user’s °°  FIG. 1is a block diagram showing the structure of a navi-
will, and then provides the route for the user as a new whole gation (.1eV1ce. in accordance with Embodiment 1 of the
route. present mnvention,

As such a navigation device, patent reference 1 discloses a FIG. 2 is a view showing a brief description of the opera-
car navigation device that, when determining that the vehicle tion of the naVigation device in accordance with Embodiment
has entered a guide path, which the user has planned to enter 35 1 of the present invention;
after passing a waypoint, before the vehicle actually passes FIG. 3 is a flow chart showing a main process carried out by
the waypoint, can prevent switching to guidance about the the navigation device in accordance with Embodiment 1 of
path which the user has planned to enter after passing the the present invention;
waypoint. After determining that the vehicle has deviated FIG. 4 is a view showing an example of a destination
from a guidance path leading to a waypoint and then moves to 40 setting screen displayed in the navigation device in accor-
another guidance path which the user has planned to enter dance with Embodiment 1 of the present invention;
after passing the waypoint, if the distance from the current FIG. 5 is a view showing an example of a search condition
position to the waypoint is longer than a predetermined setting screen displayed in the navigation device in accor-
amount (e.g., 1 km), this car navigation device determines dance with Embodiment 1 of the present invention;
that the vehicle has not passed the waypoint and sets a new 45  FIG. 6-1 is a flow chart showing a route guidance process
whole route leading from the current position to the waypoint. carried out by the navigation device in accordance with
[Patent reference 1] JP,2003-166834, A Embodiment 1 of the present invention;

A problem with the above-mentioned related art navigation FIG. 6-2 is a flow chart showing the route guidance process
device is that because the navigation device automatically carried out by the navigation device in accordance with
re-searches for a route returning to a waypoint which the user 50 Embodiment 1 of the present invention; and
has not passed or a route in which the waypoint which the user FIG. 7 is a view showing an example of a waypoint passage
has not passed is not set as a waypoint against the user’s own selection message displayed in the route guidance process
will, e.g., “desires to pass the waypoint” or “desires to cer- carried out by the navigation device in accordance with
tainly pass the waypoint”, and then provides the new whole Embodiment 1 of the present invention.
route for the user, the related art navigation device is inferior 55
in user-friendliness. PREFERRED EMBODIMENTS OF THE

The present invention is made in order to solve the above- INVENTION
mentioned problem, and it is therefore an object of the present
invention to provide a navigation device superior in user- In order to explain the invention in greater detail, the pre-
friendliness that enables a user to determine how to handle a 60 ferred embodiments of the invention will be explained below
waypoint on a route which the user has not passed according with reference to the accompanying figures. Embodiment 1.
to the user’s own will. FIG. 1 is a block diagram showing the structure of a navi-

gation device in accordance with Embodiment 1 of the
DESCRIPTION OF THE INVENTION present invention. This navigation device is comprised of a
65 navigation unit 1, a monitor 2, a remote controller (abbrevi-

In order to solve the above-mentioned problem, there is
provided a navigation device in accordance with the present

ated as a “remote control” from here on) 3, an audio speaker
4, and an external memory 5.
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The navigation unit 1 forms the heart of this navigation
device, and carries out processes including display of a map,
a route search, display of a route, and route guidance. The
details of this navigation unit 1 will be mentioned below.

The monitor 2 is comprised of, for example, an LCD (Lig-
uid Crystal Display), and displays a map, a vehicle position
mark, a whole route to a destination, a route guidance view,
and other various messages according to an image signal sent
thereto from the navigation unit 1. A remote control light

4

The gyro sensor 15 detects the heading of the vehicle. The
heading of the vehicle detected by this gyro sensor 15 is
informed to the control unit 10 as a heading signal.

The road information receiver 16 receives a road informa-
tion signal transmitted thereto from, for example, an external
road traffic data communications system. The road informa-
tion signal received by this road information receiver 16 is
sent to the control unit 10. The control unit 10 creates a
message showing the traffic congestion conditions of roads

g . P A . 10 on the basis of the road information signal sent thereto from
receiving unit 21 is disposed in this monitor 2. The remote . . . . .
. .. . . . . this road information receiver 16, and notifies the message to
control light receiving unit 21 receives a light signal sent . . .
. . the user by outputting the message via the monitor 2 and the
thereto from the remote control 3, and sends the light signal to audio speaker 4.
the navigation unit 1 as an 1nput. signal via the monitor 2. The input unit 17 receives and analyzes an input signal sent
The .remote control 3 is us.ed m order for a user tF’ scrolla thereto, via the remote control light receiving unit 21, from
map displayed on the monitor 2, input a waypoint and a  the remote control 3, and sends the result of this analysis to the
destination, and respond to a message for urging the user to control unit 10 as an operation command. A setting means and
perform a certain operation. Instead of the remote control 3 or an input means in accordance with the present invention is
together with the remote control 3, a touch panel can be  comprised of buttons formed on the screen of the monitor 2,
disposed. The touch panel is comprised of a touch sensor 20 the remote control 3 for pointing one of these buttons, the
placed on the screen of the monitor 2, and the user is allowed  remote control light receiving unit 21, and the input unit 17.
to directly touch this touch sensor to input various pieces of As an alternative, the setting means and the input means can
information to the navigation device. be comprised of a microphone and the input unit 17 provided
The audio speaker 4 outputs, by voice, a route guidance with a voice recognition function of recognizing a voice sig-
message according to a voice signal sent thereto from the 25 nal sent from this microphone.
navigation unit 1. The external memory 5 is optional and is The output unit 18 creates an image signal on the basis of
comprised of, for example, a memory card or a USB memory. drawing data for drawing a map, which are sent from the
Map data similar to map data stored in a recording medium control unit 10, drawing data for dravymg the vehicle position
11a inserted into a disk drive unit 11 which will be mentioned mark and the.r01.1te, and the op.eratlon gommand, and also
below are stored in this external memory 5. Use of this exter- creates an e}udlo 51gne.11 on the.ba51s of audio data.sent from the
- - control unit 10. The image signal created by this output unit
nal memory 5 makes it possible to access the map data at a . . L
hieh speed. as well as to store a lot of map data. 18 is sent to the monitor 2.. Furthermore, the audio signal
£1 speed, . .. nap & . created by the output unit 18 is sent to the audio speaker 4. An
Next, the details of the navigation unit 1 will be explained. . - - .
L . . . output means in accordance with the present invention is
T,he naylgathn unit 1 is comprised of a.contr ol unit 10, the 35 comprised of the output unit 18, the monitor 2, and the audio
disk drive unit 11, a map data storage unit 12, a GPS (Global speaker 4.
Positioning System) receiver 13, a speed sensor 14, a gyro Next, the details of the control unit 10 will be explained.
sensor 15, a road information receiver 16, an input unit 17, The control unit 10 is comprised of, for example, a micro-
and an output unit 18. computer, and controls the whole of this navigation unit 1.
The control unit 10 is comprised of, for example, a micro- 40 This control unit 10 is comprised of a vehicle position detect-
computer, and controls the whole of the navigation unit 1. The ing unit 90, a human-machine interface (abbreviated as
details of this control unit 10 will be mentioned below. “HMTI” from here on) unit 100, a map display unit 110, a map
The disk drive unit 11 reproduces the recorded contents of matching unit 120, a route searching unit 130, and a route
the recording medium 11a, such as a DVD (Digital Versatile guidance unit 140. These components can be comprised of an
Disc) or a CD (Compact Disc), in which map data are 45 application program that operates under the control of the
recorded when the recording medium 11aq is inserted there- microcomputer.
into. The map data include map information, such as node The vehicle position detecting unit 90 detects the current
information, road link information, and a lane marker. The position of the vehicle on the basis of the current position
mayp data reproduced by this disk drive unit 11 are sent to the signal sent thereto from the GPS receiver 13, and also detects
map data storage unit 12. 50 the current position of the vehicle through dead reckoning on
The map data storage unit 12 temporarily stores the map the basis of both the speed signal sent thereto from the speed
data sent thereto from the disk drive unit 11 or the external sensor 14, and the heading signal sent thereto from the gyro
memory 5. The map data stored in this map data storage unit sensor 15. Because the vehicle position detecting unit can
12 are referred to by the control unit 10. The map data storage detect the current position of the vehicle through dead reck-
unit 12 can be comprised of an HDD (Hard Disk Drive). In 55 oning even if the GPS receiver 13 cannot receive GPS signals
this case, the disk drive unit 11 and the external memory 5 when, for example, the vehicle is travelling through a tunnel
become unnecessary. orthe like, the navigation device can always detect the current
The GPS receiver 13 detects the current position of the position of the vehicle correctly. Current position data show-
vehicle on the basis of GPS signals received, via an antenna, ing the current position of the vehicle detected by this vehicle
from GPS satellites. The current position of the vehicle 60 position detecting unit 90 are sent to the HMI unit 100, the
detected by this GPS receiver 13 is informed to the control mayp display unit 110, the map matching unit 120, the route
unit 10 as a current position signal. searching unit 130, and the route guidance unit 140.
The speed sensor 14 detects the speed of the vehicle on the The HMI unit 100 processes the operation command sent
basis of an external signal sent thereto from the vehicle in thereto from a not-shown operation panel or the input unit 17
which this navigation device is mounted. The speed of the 65 with reference to both the map data sent thereto from the map

vehicle detected by this speed sensor 14 is informed to the
control unit 10 as a speed signal.

data storage unit 12 and the current position data sent thereto
from the vehicle position detecting unit 90. This HMI unit 100
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carries out communications between the navigation device
and the user. The data processed by the HMI unit 100 are sent
to the route searching unit 130 and the output unit 18.

The map display unit 110 reads map data about an area
surrounding the position shown by the current position data
sent thereto from the vehicle position detecting unit 90 from
the map data storage unit 12, and creates drawing data for
displaying a map on the screen of the monitor 2 on the basis
of'these read map data. The drawing data created by this map
display unit 110 are sent to the output unit 18.

The map matching unit 120 matches the vehicle position
shown by the current position data sent thereto from the
vehicle position detecting unit 90 to the map shown by the
map data read from the map data storage unit 12 so as to form
avehicle position mark to be superimposed on the map. Data
showing the vehicle position mark formed by the map match-
ing unit 120 are sent to the route guidance unit 140.

The route searching unit 130 searches for an optimal whole
route leading from the current position of the vehicle shown
by the current position data sent thereto from the vehicle
position detecting unit 90 to the destination (sent via the
following path: the remote control 3 the remote control light
receiving unit 21 the input unit 17 the HMI unit 100) set by
using the remote control 3 according to the search conditions
set by using the remote control 3 and on the basis of the map
data read from the map data storage unit 12. Route data
showing the whole route which has been searched for by this
route searching unit 130 are sent to the route guidance unit
140.

The route guidance unit 140 creates both drawing data for
displaying a route guidance view on the screen of the monitor
2 and audio data for outputting a route guidance message via
voice on the basis of the current position data sent thereto
from the vehicle position detecting unit 90, the data showing
the vehicle position mark sent thereto from the map matching
unit 120, and the route data about the whole route which has
been searched for by the route searching unit 130, and sends
the drawing data and the audio data to the output unit 18.

The output unit 18 creates an image signal on the basis of
the drawing data for drawing the map sent thereto from the
mayp display unit 110 of the control unit 10, the drawing data
for drawing the vehicle position mark and the whole route
which are sent thereto from the route guidance unit 140, and
the operation command sent thereto from the HMI unit 100,
as mentioned above, and also creates an audio signal on the
basis of the audio data sent thereto from the route guidance
unit 140 of the control unit 10.

Next, the operation of the navigation device in accordance
with Embodiment 1 of the present invention configured as
mentioned above will be explained. This navigation device is
configured in such a way as to, when the vehicle is traveling
along a route leading from the place of departure S, via a
waypoint W1, a waypoint W2, and a waypoint W3, to the
destination D, and the vehicle has deviated from a route
leading to the first next waypoint toward which the vehicle
has been heading (abbreviated as the first next waypoint here-
after, and also expressed as the waypoint W1 hereafter) and
has been at a predetermined distance of X meters (X is an
arbitrary number) from the route, as shown in FIG. 2, re-
search for either a route passing via (returning to) the first next
waypoint (i.e., the waypoint W1) or a route not passing via the
first next waypoint (i.e., the waypoint W1) according to the
user’s selection.

First, a main process carried out by this navigation device
will be explained with reference to both a flow chart shown in
FIG. 3 and examples of the screen shown in FIGS. 4 and 5. In
this main process, processes including a setting of the place of
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6

departure, the destination, and waypoints, a route search, start
of route guidance are mainly carried out. Hereafter, the main
process will be concretely explained.

In the main process, when the power supply is turned on,
the current position data and map data are acquired first (step
ST11). More specifically, the vehicle position detecting unit
90 sends either the current position of the vehicle which the
vehicle position detecting unit has detected on the basis of the
current position signal sent thereto from the GPS receiver 13,
or the current position of the vehicle which the vehicle posi-
tion detecting unit has detected by using both the speed signal
sent thereto from the speed sensor 14 and the heading signal
sent thereto from the gyro sensor 15 through dead reckoning
to the map matching unit 120 as current position data. The
disk drive unit 11 reads map data from the recording medium
11a set thereto, and stores the map data in the map data
storage unit 12.

The map matching unit 120 which has received the current
position data sent thereto from the vehicle position detecting
unit 90 carries out a matching process of matching the vehicle
position shown by the current position data with the map
shown by the map data read from the map data storage unit 12.
Through this matching process, the vehicle position mark is
formed on the map. Data showing the vehicle position mark
acquired through this matching process are sent to the route
guidance unit 140.

A display of a current position screen is then produced
(step ST12). More specifically, the map display unit 110 reads
map data about an area surrounding the position shown by the
current position data sent thereto from the vehicle position
detecting unit 90 from the map data storage unit 12, creates
drawing data for displaying the map on the screen of the
monitor 2 on the basis of these read map data, and sends the
drawing data to the output unit 18. The route guidance unit
140 creates drawing data for displaying the vehicle position
mark on the screen of the monitor 2 on the basis of the data
showing the vehicle position mark sent thereto from the map
matching unit 120, and sends the drawing data to the output
unit 18. The output unit 18 creates an image signal on the
basis of the drawing data received from the map display unit
110 and the drawing data received from the route guidance
unit 140, and sends the image signal to the monitor 2. The
monitor 2 displays, as the current position screen, the map on
which the vehicle position mark is superimposed, the map’s
center corresponding to the current position of the vehicle, on
the basis of the image signal sent thereto from the output unit
18.

A setting of a destination is then performed (step ST13).
More specifically, when the user performs an operation of
commanding the navigation device to set a destination by
using the remote control 3, the navigation device displays a
destination setting screen as shown in FIG. 4 on the monitor
2. In this destination setting screen, a portion enclosed by a
rectangle is a button, and the user is enabled to push down a
desired button by using the remote control 3 to make the
navigation device carry out a function allocated to the desired
button. The same goes for each screen which will be
explained hereafter.

The user sets the destination and a waypoint on the map
currently displayed on the monitor 2 by using the remote
control 3 to select address search, facility search, or telephone
number search. In this case, the user can set a plurality of
waypoints. Data showing the destination and the waypoints
which are set by using the remote control 3 are sent to the
route searching unit 130 via the input unit 17 and the HMI unit
100 of the navigation unit 1.
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A setting of search conditions is then performed (step
ST14). More specifically, after a setting of a destination in
step ST13 is completed, the navigation device displays a
search condition setting screen as shown in FIG. 5 on the
monitor 2. The user then sets conditions for route search
which are displayed on the monitor 2 by using the remote
control 3. Concretely, the user sets a higher-priority search
condition by pushing one of a button showing “fastest route”,
a button showing “shortest route”, and a button showing
“easy route”, the buttons showing higher-priority conditions
respectively. The user also sets whether the navigation device
can use each of the following items: a highway, a toll road, a
ferry, an avoidance route area, and a time-limited road by
pushing down a “use” button or a “nonuse” button.

A “map” button in the search condition setting screen
shown in FIG. 5 is used in order to return the screen of the
monitor 2 to the current position screen, an “enter” button is
used in order to make the settings permanent, an “initial
setting” button is used in order to return the search conditions
to initial ones, and a “return” button is used in order to return
the screen of the monitor to the previous screen. When the
“enter” button in this search condition setting screen is
pushed down, data showing the set search conditions are sent
to the route searching unit 130 via the input unit 17 and the
HMI unit 100 of the navigation unit 1.

A route search process is then carried out (step ST15).
More specifically, the route searching unit 130 searches for a
whole route leading from the current position shown by the
current position data received from the vehicle position
detecting unit 90, via the waypoints set in step ST13, to the
destination according to the search conditions set in step
ST14. Route data showing the whole route which has been
searched for by this route searching unit are sent to the route
guidance unit 140.

A route guidance process is then carried out (step ST16).
More specifically, the route guidance unit 140 creates both
drawing data for displaying a route guidance view on the
screen of the monitor 2 and audio data for outputting a route
guidance message via voice on the basis of the current posi-
tion data sent thereto from the vehicle position detecting unit
90, the data showing the vehicle position mark sent thereto
from the map matching unit 120, and the route data sent
thereto from the route searching unit 130, and sends the
drawing data and the audio data to the output unit 18.

A route display screen is then produced (step ST17). More
specifically, the output unit 18 creates an image signal on the
basis of the drawing data for drawing the map sent thereto
from the map display unit 110 of the control unit 10 and the
drawing data for drawing the whole route and the vehicle
position which are sent thereto from the route guidance unit
140. The image signal created by this output unit 18 is sent to
the monitor 2. Accordingly, the guidance route and route
guidance are displayed on the monitor 2. In this state, after the
user checks that the route displayed on the monitor 2 is the
one which the user has desired, he or she commands the
navigation device to start guidance by pushing down a button
(not shown) disposed on the screen of the monitor 2 or utter-
ing a phrase.

Route guidance is then started (step ST18). More specifi-
cally, when the guidance start command is outputted in step
ST17, the navigation device starts route guidance. More spe-
cifically, the output unit 18 creates an image signal on the
basis of the drawing data for drawing the map sent thereto
from the map display unit 110 of the control unit 10 and the
drawing data for drawing the whole route and the vehicle
position which are sent thereto from the route guidance unit
140, and also creates an audio signal on the basis of the audio
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data sent thereto from the route guidance unit 140 of the
control unit 10. The image signal created by this output unit
18 is sent to the monitor 2. Accordingly, the guidance route
and route guidance are displayed on the monitor 2. Further-
more, the audio signal created by the output unit 18 is sent to
the audio speaker 4. Accordingly, the route guidance message
is outputted from the audio speaker 4. After that, because the
route guidance message corresponds to the environment
which varies as the vehicle travels and is outputted in turn, the
user can drive the vehicle according to the route guidance.

Next, the route guidance process which is carried out after
the route guidance is started in the above-mentioned main
process will be explained with reference to a flow chart shown
in FIG. 6, focusing on a process in a case in which the vehicle
has deviated from a route leading to a waypoint.

After the route guidance is started, the user travels along
the route according to the route guidance. The navigation
device carries out the route guidance process (step ST21).
This route guidance process is the same as the process in the
case of starting the route guidance in above-mentioned step
ST18.

Whether the vehicle has deviated from a route leading to
the first next waypoint toward which the vehicle has been
heading to a distance of X meters or more is then checked to
see (step ST22). More specifically, the route guidance unit
140 checks to see whether or not the position shown by the
data sent from the map matching unit 120, the data indicating
the vehicle position mark, has been at a distance of X meters
or more from the route shown by the route data sent from the
route searching unit 130. In this case, X can be an arbitrary
value.

When the route guidance unit, in this step ST22, deter-
mines that the vehicle has not deviated from the route to a
distance of X meters or more, the route guidance unit returns
the sequence to step ST21 and continues the route guidance
process. In contrast, when the route guidance unit, in this step
ST22, determines that the vehicle has deviated from the route
to a distance of X meters or more, the route guidance unit
checks to see whether or not the position is on a route after the
first next waypoint (step ST23). More specifically, the route
guidance unit checks to see whether or not the position shown
by the data sent from the map matching unit 120, the data
indicating the vehicle position mark, is on the whole route
shown by the route data sent from the route searching unit
130.

When it is determined, in this step ST23, that the position
is not on the route after the first next waypoint, it is recognized
that the vehicle has deviated from the route before the vehicle
reaches the first next waypoint, and a route including the first
next waypoint is re-searched for (step ST24). More specifi-
cally, the route searching unit 130 re-searches for a route
leading from the current position shown by the current posi-
tion data sent from the vehicle position detecting unit 90, via
the first next waypoint, to the destination according to the
already-set search conditions. Route data showing this route
which has been re-searched for are sent to the route guidance
unit 140. The route searching unit then returns the sequence to
step ST21, and the navigation device continues the route
guidance process.

In contrast, when it is determined, in step ST23, that the
position is on the route after the first next waypoint, a way-
point passage selection message is then outputted (step
ST25). More specifically, the route guidance unit 140 creates
drawing data showing the waypoint passage selection mes-
sage and sends the drawing data to the output unit 18, and also
creates audio data and sends this audio data to the output unit
18. As a result, the waypoint passage selection message
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including a “yes” button and a “no” button as shown in FIG.
7 is displayed on the monitor 2, while “You has deviated from
the route. Will you pass via the waypoint?” is outputted from
the audio speaker 4. The waypoint passage selection message
corresponds to a “message” in accordance with the present
invention.

Whether the vehicle has deviated from the route is then
checked to see (step ST26). More specifically, the route guid-
ance unit 140 checks to see whether or not the position shown
by the data sent from the map matching unit 120, the data
indicating the vehicle position mark, has been distant from
the route shown by the route data sent from the route search-
ing unit 130. When it is determined in this step ST26 that the
vehicle has deviated from the route, the waypoint passage
selection message is deleted (step ST27). More specifically,
the route guidance unit 140 stops the process of sending the
drawing data showing the waypoint passage selection mes-
sage to the output unit 18. Accordingly, the waypoint passage
selection message currently displayed on the monitor 2 is
deleted. Then, the navigation device advances the sequence to
step ST24, and re-searches for a route including the above-
mentioned first next waypoint.

In contrast, when it is determined in step ST26 that the
vehicle has not deviated from the route, whether or not the
“yes” button has been pushed down is checked to see (step
ST28). More specifically, the route guidance unit 140 checks
to see whether or not data showing that the “yes” button is
pushed down has been sent from the remote control 3 by way
of'the remote control light receiving unit 21, the input unit 17,
and the HMI unit 100. When it is determined in this step ST28
that the “yes” button has been pushed down, the navigation
device recognizes that the user has selected to pass via the first
next waypoint, i.e., the waypoint toward which the user has
been heading the next time, advances the sequence to step
ST24, and re-searches for a route including the above-men-
tioned first next waypoint.

In contrast, when it is determined in step ST28 that the
“yes” button has not been pushed down, whether or not the
“no” button has been pushed down is then checked to see (step
ST29). More specifically, the route guidance unit 140 checks
to see whether or not data showing that the “no” button is
pushed down has been sent from the remote control 3 by way
of'the remote control light receiving unit 21, the input unit 17,
and the HMI unit 100.

When it is determined in this step ST29 that the “no” button
has been pushed down, the navigation device recognizes that
the user has selected not to pass via the first next waypoint,
i.e., the waypoint toward which the user has been heading the
next time, and automatically changes the waypoints (step
ST30). More specifically, the route searching unit 130 com-
pares the current position shown by the current position data
sent from the vehicle position detecting unit 90 with the map
shown by the map data acquired from the map data storage
unit 12 to set other waypoints existing forward of the first next
waypoint as new waypoints.

A route including the waypoints existing forward of the
first next waypoint is then re-searched for (step ST31). More
specifically, the route searching unit 130 re-searches for a
route leading to the destination via the new waypoints set in
step ST30 according to both the state of the vehicle, such as
the position and traveling direction of the vehicle, and the
already-set search conditions. Route data showing this route
which has been re-searched for are sent to the route guidance
unit 140. After that, the navigation device returns the
sequence to step ST21 and continues the route guidance pro-
cess.
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The navigation device can be configured in such a way as to
carry out processes of steps ST32 and ST33 instead of the
processes of above-mentioned steps ST30 and ST31. The
processes in this case will be explained hereafter. When it is
determined in step ST29 that the “no” button has been pushed
down, the navigation device recognizes that the user has
selected not to pass via the first next waypoint, i.e., the way-
point toward which the user has been heading the next time,
and changes the waypoint list (step ST32). More specifically,
the route searching unit 130 sends the data showing all the
waypoints set at the time to the route guidance unit 140. The
route guidance unit 140 creates drawing data for displaying
the waypoint list which is the list of the waypoints on the basis
of the data showing the received waypoints, and sends the
drawing data to the output unit 18. Accordingly, the waypoint
list is displayed on the monitor 2. In this state, the user can
select waypoints via which the user desires to pass by using
the remote control 3, or delete waypoints via which the user
does not desire to pass. Accordingly, new waypoints are set.

A route including the changed waypoints is then
re-searched for (step ST33). More specifically, the route
searching unit 130 re-searches for a route leading to the
destination via the new waypoints set in step ST32 according
to the already-set search conditions. Route data showing this
route which has been re-searched for are sent to the route
guidance unit 140. After that, the navigation device returns
the sequence to step ST21 and continues the route guidance
process.

When it is determined in above-mentioned step ST29 that
the “no” button has not been pushed down, the navigation
device recognizes that the user has neglected the selection
operation, and then checks to see whether the vehicle has
returned to the route (step ST34). More specifically, the route
guidance unit 140 checks to see whether or not the position
shown by the data sent from the map matching unit 120, the
data indicating the vehicle position mark, is on the route
shown by the route data sent from the route searching unit
130.

When it is determined in this step ST34 that the vehicle has
not returned to the route, whether a fixed time has elapsed is
then checked to see (step ST35). More specifically, the route
guidance unit 140 refers to a not-shown timer to check to see
whether a fixed time has elapsed after, in step ST22, deter-
mining that the vehicle has deviated from the route to a
distance of X meters or more. When it is determined in this
step ST35 that the fixed time has not elapsed, whether the
vehicle has traveled a fixed distance is then checked to see
(step ST36). More specifically, the route guidance unit 140
checks to see whether the position shown by the vehicle
position data sent from the vehicle position detecting unit 90
has changed by a fixed distance after, in step ST22, determin-
ing that the vehicle has deviated from the route to a distance
of X meters or more.

When it is determined in this step ST36 that the vehicle
having traveled the fixed distance, when it is determined in
above-mentioned step ST34 that the vehicle has returned to
the route, and when it is determined in above-mentioned step
ST35 that the fixed time has elapsed, the waypoint passage
selection message is deleted (step ST37). The process of this
step ST37 is the same as that of above-mentioned step ST27.

A route re-search is then carried out (step ST38). In this
step ST38, whether to carry out a re-search for either a route
leading via the first next waypoint or a route not leading via
the first next waypoint can be predetermined in the navigation
device or selected by the user. After that, the navigation
device returns the sequence to step ST21 and continues the
route guidance process.
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When it is determined in above-mentioned step ST36 that
the vehicle has not traveled the fixed distance, whether the
vehicle has reached the destination is then checked to see
(step ST39). More specifically, the route guidance unit 140
checks to see whether the position shown by the vehicle
position data sent from the vehicle position detecting unit 90
matches the position set as the destination. When it is deter-
mined in this step ST39 that the vehicle has not reached the
destination, the output returns to step ST26 and the above-

12

2. The navigation device according to claim 1, wherein
when the command is inputted from the input unit, the output
unit deletes the message which said output unit outputs and
the route searching unit re-searches for a new whole route.

3. The navigation device according to claim 1, wherein
when the command indicating that the vehicle does not travel
via the first next waypoint is inputted, the output unit outputs
a waypoint list in which a list of the waypoints set by the
setting unit is shown, and the route searching unit re-searches

mentioned process is repeated. 0 g hol " dino t int list which
In contrast, when it is determined in step ST39 that the .orane.W\:ivbo eilou e.accolf ne o a.ne\;l waypour (lisbw ¢ q
vehicle has reached the destination, the waypoint passage 18 acquirec by changing t. © Waypplnt st outputted by sai
selection message is deleted (step ST40) The process of this output unit by. using said ! nput umt.. . .
step ST40 is the same as that of above-mentioned step ST27. 4. The naVlgaUOI,l d?VIC,e according to. claim 1, wherein
Then, the route guidance process is ended. 15 When the command 1nd.1ca.t11}g that the vehicle does nqt trave?l
As previously explained, the navigation device in accor- via the first next waypoint is inputted, th.e route searchlpg qmt
dance with Embodiment 1 of the present invention is config- re-searches for a new whole route leading to the destination
ured in such a way as to, when determining that the vehicle ~ Vvia another waypoint when the other waypoint exists forward
has deviated from a route leading to the first next waypoint to of the first next waypoint, or re-searches for a new whole
a predetermined distance or more and is traveling along a 20 route leading to the destination when no other waypoint exists
route after the first next waypoint, output a waypoint passage forward of the first next waypoint.
selection message showing that the vehicle has deviated from 5. The navigation device according to claim 4, wherein the
the route, and issue a command indicating whether or not to route searching unit checks a traveling direction of the vehicle
pass via the first next waypoint in response to this waypoint and a section on the whole route in which the vehicle has
passage selection message. Therefore, the navigation device 25 entered, extracts waypoints via which the vehicle should
enables the user to determine how to handle whether to pass travel except for waypoints existing backward of said section,
via the first next waypoint according to the user’s own will and re-searches for a new waypoint leading to the destination
when the vehicle has deviated from the route. Therefore, the via said extracted waypoints.
navigation device can provide enhanced user friendliness. 6. The navigation device according to claim 4, wherein
30 when the vehicle continues to travel in a state in which the
INDUSTRIAL APPLICABILITY output unit outputs the message showing that the vehicle has
deviated from the route leading to the first next waypoint, the

As mentioned above, the navigation device in accordance  route searching unit checks a traveling direction of the vehicle

with the present invention is configured in such a way as to, and a section on the whole route in which the vehicle has
when determining that the vehicle has deviated from a route 35 entered, extracts Waypoints via which the vehicle should
leading to the first next waypoint to a predetermined distance travel except for waypoints existing backward of said section,
or more and is traveling along a route after the first next  and re-searches for a new waypoint leading to the destination
waypoint, output a waypoint passage selection message via said extracted waypoints.

showing that the vehicle has deviated from the route, and 7. The navigation device according to claim 1, wherein
issue a command indicating whether or not to pass viathe first 40 when the command indicating that the vehicle travels via the
next waypoint in response to this waypoint passage selection first next waypoint is inputted, the route searching unit re-
message. Therefore, the navigation device is suitable for use searches for a new whole route leading to the destination via
as a car navigation device which enables the user to determine said first next waypoint.

how to handle whether to pass via the first next waypoint 8. The navigation device according to claim 1, wherein the
according to the user’s own will when the vehicle has devi- 45 output unit includes a display unit, and the input unit inputs
ated from the route, and which carries out route guidance of a the command according to either pushing down of a button
route including waypoints acquired through a route search, displayed on a screen of said display unit, or voice.

and the like. 9. The navigation device according to claim 1, wherein

The invention claimed is: when the command is not inputted from the input unit even if

1. A navigation device comprising: 50 a predetermined period of time has elapsed after the output

asetting unit configured to set waypoints and a destination; unit outputs the message showing that the vehicle has devi-

a route searching unit configured to search for a whole ated from the route, the output unit deletes the message which
route leading to the destination via the waypoints set by said output unit outputs and the route searching unit
said setting unit; re-searches for a new whole route.

a route guidance unit configured to carry out route guid- 55  10. The navigation device according to claim 1, wherein
ance according to the whole route which is searched for when the route guidance unit determines that the vehicle has
by said route searching unit; deviated from the route to the predetermined distance or more

an output unit configured to output a message showing that in a state in which the output unit outputs the message show-
avehicle has deviated from a route leading to a first next ing that the vehicle has deviated from the route, the output
waypoint toward which the vehicle has been heading 60 unit deletes the message which said output unit outputs and
when said route guidance unit determines that the the route searching unit re-searches for a new whole route.
vehicle has deviated from the route to a predetermined 11. The navigation device according to claim 9, wherein
distance or more and is traveling along a route after said the route searching unit re-searches for a new whole route
first next waypoint; and leading to the destination via the first next waypoint.

an input unit configured to input a command indicating 65  12. The navigation device according to claim 10, wherein

whether or not to travel via said first next waypoint in
response to the message outputted by said output unit.

the route searching unit re-searches for a new whole route
leading to the destination via the first next waypoint.
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13. The navigation device according to claim 9, wherein
the route searching unit re-searches for a new whole route
leading to the destination via another waypoint when the
other waypoint exists forward of the first next waypoint, or
re-searches for a new whole route leading to the destination
when no other waypoint exists forward of the first next way-
point.

14. The navigation device according to claim 10, wherein
the route searching unit re-searches for a new whole route

14

the route, the output unit deletes the message which said
output unit outputs and the route searching unit re-searches
for a new whole route leading to the destination via the first
next waypoint, a new whole route leading to the destination
via another waypoint when the other waypoint exists forward
of'said first next waypoint, or a new whole route leading to the
destination when no other waypoint exists forward of said
first next waypoint.

18. The navigation device according to claim 1, wherein

leidlng to the des.tmaitﬂlon Vl; a;l oﬁheg waypont Whe?n the 10 when the route guidance unit determines that the vehicle has
roé :;ajzelll}égoflorl; :)1(11;\55 vflfg:rroz tet1:a dlrrslfg Itlgxtthzv?lzgoi;?{iooé reached the destination, the output unit deletes the message
when no other waypoint exists forward of the first next way- which said °.“tp?“ unit outputs. e .
point. . 19. A navigation mf:thod performed by utilizing a naviga-
15. The navigation device according to claim 1, wherein 15 tion apparatus, Comprising: . .
when the route guidance unit determines that the vehicle has setting, by utlh.zmg a setting untt of the navigation appa-
returned to the route leading to the first next waypoint in a ratu.s, waypou.lt.s a nda destlnatlon;. . .
state in which the output unit outputs the message showing searchlng, by utilizing a route searching untt of the navi-
that the vehicle has deviated from the route, the output unit gation apparatus, for? whole route leadl.ng to the desti-
deletes the message which said output unit outputs. 20 pation via the waypotnts set by S.ald setting step; .
16. The navigation device according to claim 1, wherein carrying out, by utilizing a route guidance untt of the navi-
when the command is not inputted from the input unit even if gation apparatus, route guidance .accordlng to the whole
a predetermined period of time has elapsed after the output route which is s.e.ar.ched for by said route searchlng step;
unit outputs the message showing that the vehicle has devi- outputting, by utilizing an output unit Of the navigation
ated from the route, the output unit deletes the message which 25 apparatus, a message showing that a vehicle he.ls deviated
said output unit outputs and the route searching unit from a route .leadlng to a first Jnext waypoint .toward
re-searches for a new whole route leading to the destination WhICh the Vehl?k.: has beer} heading when, b y said route
via the first next waypoint, a new whole route leading to the guidance step, it is determined thaF the V?hlde has devi-
destination via another waypoint when the other waypoint ated .from the? route o a predetermmed. distance or more
exists forward of said first next waypoint, or a new whole 30 and is traveling along a route after said first next way-
route leading to the destination when no other waypoint exists . pomt; and . . . .
forward of said first next waypoint. inputting, by utlhzlng an input unit of'the navigation appa-
17. The navigation device according to claim 1, wherein ratus, a command 1nd19at11}g whether or not to travel via
when the command is not inputted from the input unit even if said first next waypoint in response to the outputted
the vehicle travels a fixed distance after the output unit out- 35 message.

puts the message showing that the vehicle has deviated from
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