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(57) ABSTRACT 

A navigation apparatus has a camera for taking images of a 
road on which the vehicle is traveling, means for detecting 
and monitoring lane markers on the road by processing the 
images, and road determining means for determining the 
road on which the vehicle is traveling just after passing a 
fork. This road determination is made based on predeter 
mined conditions relating to the fork and the lane markers 
detected and monitored. According to the Structure 
described above, it is possible for the navigation apparatus 
to know the road on which the vehicle is traveling imme 
diately after passing the fork. Further, when the vehicle's 
actual location is displayed at a wrong position on the digital 
road map, the navigation apparatus can correct the position 
immediately after passing the fork. This is advantageous in 
that the driver can know its accurate location from the 
displayed information immediately after passing the fork. 
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RESULT 
1 

RESULT 
2 

LANE MARKER 
DETECTION RESULTS 

R-HAND LANE MARKER: 
SOLD LINE 

-HAND LANE MARKER: 
SOLID LINE 

MEANING OF 
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THE DETECTION RESULTS 

The vehicle is on a 
single-lane road. 

R-HAND LANE MARKER: 
BROKEN LINE 

L-HAND LANE MARKER: 
BROKEN LINE 

The vehicle is in a 
center lane (or one 
of Center side 
lanes) of a road 
having three or 
more lanes. 

RESULT 
3 

R-HAND LANE MARKER: 
SOLD LINE 

-HAND LANE MARKER: 
BROKEN LINE 

-- 

The Vehicle is in the 
rightmost lane of a 
road having two or 
more lanes. 

RESULT 
4 

R-HAND ANE MARKER: 
BROKEN LINE 

-HAND ANE MARKER: 
SOLID LINE 

The vehicle is in the 
leftmost lane of a 
road having two or 
more lanes. 

RESULT 
5 

Within Images from Camera, 
L-Hand Lane Marker is 
Moving from L-Side to 
R-Side. 

The vehicle is 
getting into an 
adjacent lane on 
the left side. 

RESULT 
6 

Within Images from Camera, 
R-Hand Lane Marker is 
Moving from R-Side to 
L-Side. 

The vehicle is 
getting into an 
adjacent lane on 
the right side. 

Fig.11 
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NAVIGATION APPARATUS, METHOD FOR MAP 
MATCHING PERFORMED IN THE NAVIGATION 
APPARATUS, AND COMPUTER-READABLE 
MEDIUM STORING A PROGRAM FOR 

EXECUTING THE METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a navigation apparatus, a 
method for map matching performed in the navigation 
apparatus, and a computer-readable medium Storing a pro 
gram for executing the method. 
0003 2. Description of the Prior Art 
0004 Conventional navigation apparatuses are capable 
of computing recommended routes based on destination data 
established by a user (e.g., driver) and vehicle information 
Such as vehicle Speed, the current position of the vehicle and 
the like. Further, the conventional navigation apparatuses 
are capable of displaying the computed recommended routes 
on a Screen to provide route guidance to the user. 
0005 Further, the conventional navigation apparatuses 
are also capable of carrying out a map matching process. In 
this map matching process, first the conventional navigation 
apparatus compares the “shape' of a vehicle's route that the 
vehicle has passed to the “actual road layout.” Then, the 
navigation apparatus “matches the vehicle's actual location 
on the road to its position on a digital road map on the 
SCCC. 

0006 Furthermore, the conventional navigation appara 
tuses are also capable of carrying out a corner control 
operation. In this corner control operation, the conventional 
navigation apparatus automatically shifts down into a low 
Speed transmission gear when the vehicle approaches a 
corner, So that the vehicle can turn the corner with low speed 
Sufficient for passing the corner Safely. 
0007 Hereinafter, problems involved in the conventional 
navigation apparatuses are described with reference to FIG. 
4. In FIG. 4, a freeway 50 has a main way 51 and an 
off-ramp (branch way) 52 which branches off at a fork. As 
shown in this figure, within the distance “D” indicated by the 
arrow, the off-ramp 52 is “gradually' away from the main 
way 51 according as the off-ramp 52 extends. 
0008. When the vehicle having such a conventional navi 
gation apparatus has entered the off-ramp 52 to drive off the 
freeway 50, it is impossible for the conventional navigation 
apparatus to know the exact location of the vehicle until the 
vehicle reaches a position where the off-ramp 52 is far 
enough away from the main way 51. In other words, it is 
impossible for the conventional navigation apparatus to 
properly judge whether the road on which the vehicle is 
actually traveling is the main way 51 or the off-ramp 52 until 
the vehicle reaches a position where the off-ramp 52 is far 
enough away from the main way 51. This is because the 
shape and position of the main way 51 within the distance 
D is very similar to those of the off-ramp 52 within the 
distance D, and therefore the conventional navigation appa 
ratus cannot properly carry out the above-mentioned map 
matching process. 
0009. Therefore, when the vehicle having the conven 
tional navigation apparatus enters the off-ramp 52 from the 
main way 51, there is a possibility that the following 
problems occur. 
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0010 First, since the conventional navigation apparatus 
cannot exactly determine the road on which the vehicle is 
traveling just after passing the fork, there is a possibility that 
the vehicle's location is displayed at a wrong position on a 
digital road map on the Screen for a while after passing the 
fork. 

0011 Second, even when the vehicle has inadvertently 
entered the off-ramp 52 from the main way 51, the conven 
tional navigation apparatus cannot compute a new recom 
mended route just after passing the fork. This is because the 
conventional navigation apparatus cannot properly know its 
current position until the vehicle is far enough away from the 
main way 51. Therefore, in Such a case, the conventional 
navigation apparatus cannot provide information as to a new 
recommended route just after passing the fork. 
0012. On the other hand, when the vehicle having the 
conventional navigation apparatus travels Straight on the 
main way 51 without entering the branch way 52, there is a 
possibility that the following problem occurs. Namely, when 
the vehicle travels straight on the main way 51, there is a 
possibility the conventional navigation apparatus misjudges 
that the vehicle has entered the branch way 52. This is 
because the shape and position of the main way 51 within 
the distance D is very similar to those of the branch way 52 
within the distance D, and therefore the navigation apparatus 
cannot properly carry out the map matching process. 
Accordingly, in the case where the conventional navigation 
apparatus has made Such a misjudgment, the navigation 
apparatus judges there is a corner 53 in front of the vehicle, 
although the vehicle is actually traveling on the main way 
51. In Such a case, the navigation apparatus carries out the 
corner control operation to reduce the Speed of the vehicle, 
thus leading to the possibility of a car clash. 

SUMMARY OF THE INVENTION 

0013 In view of the above, it is an object of the present 
invention to provide a navigation apparatus which makes it 
possible to properly carry out the map matching process to 
determine the road on which a vehicle is traveling just after 
passing a fork or on which the vehicle is traveling just after 
passing the fork. 
0014 Further, it is another object of the present invention 
to provide a method for the map matching performed in the 
navigation apparatus. 

0015. Furthermore, it is other object of the present inven 
tion to provide a computer-readable medium Storing a pro 
gram for executing the method for the map matching per 
formed in the navigation apparatus. 
0016. In order to achieve the above objects, the present 
invention is directed to a navigation apparatus which is 
mounted on a vehicle, the navigation apparatus being 
capable of displaying a vehicle's location on a digital road 
map on a Screen to provide route guidance to a user of the 
vehicle, the apparatus comprising: 
0017 current position detecting means for detecting a 
current position of the vehicle; 
0018 a database which stores route/map data including at 
least information of forks in roads, in which the fork 
information of each of the forks is Stored in association with 
at least two predetermined conditions relating to features of 
the fork; 
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0.019 imaging means for taking images of a road on 
which the vehicle is traveling; 
0020) means for detecting and monitoring lane markers 
on the road to obtain detection results, the detection and 
monitoring being performed by processing the images taken 
by the imaging means, 
0021 first judging means for judging whether or not a 
fork is located ahead of the current position of the vehicle, 
the judgment being made based on the route/map data; 
0022 retrieval means for retrieving the fork information 
of the fork from the route/map data, the retrieval being made 
in a case where the first judging means judges that a fork is 
located ahead of the current position of the vehicle; 
0023 Second judging means for judging whether or not 
the vehicle has entered a Specific area that is Set with respect 
to the fork; and 
0024 road determining means for determining the road 
on which the vehicle is traveling after passing the fork or on 
which the vehicle is going to travel after passing the fork, the 
determination being made based on the detection results and 
the predetermined conditions relating to the fork. 
0.025 According to the present invention described 
above, it is possible for the navigation apparatus to know the 
road on which the vehicle is traveling just after passing the 
Specific fork (or, on which the vehicle is going to travel just 
after passing the specific fork), based on the road determi 
nation result. Further, when the vehicle's actual location is 
displayed at a Wrong position on the digital road map, the 
navigation apparatus can correct the position So that the road 
on which the vehicle is actually traveling immediately after 
passing the fork just corresponds to the road image along 
which the vehicle's mark is moving on the digital road map. 
This is advantageous in the following points. Namely, the 
driver can know its accurate location from the displayed 
information on the Screen immediately after passing the 
Specific fork. 
0026. In this invention, it is preferable that the navigation 
apparatus further comprises third judging means for judging 
whether or not the vehicle has left the specific area, wherein 
the road determining means includes (i) first means for 
making the determination when the vehicle is within the 
Specific area; and (ii) Second means for making the deter 
mination in a case where the third judging means judges that 
the vehicle has left the Specific area. In this case, it is 
preferable that the predetermined conditions include first 
and Second conditions, in which the first means makes the 
determination based on the first condition and the detection 
results obtained when the vehicle is within the Specific area, 
and the Second means makes the determination based on the 
Second condition and the detection results obtained when the 
vehicle is within the Specific area. Further, it is also prefer 
able that the navigation apparatus further comprises fourth 
judging means for judging whether or not the first means has 
Successfully determined the road, wherein the Second means 
makes the determination in a case where the fourth judging 
means judges that the first means has not Successfully 
determined the road. 

0027) Further, in this invention, it is also preferable that 
the detection and monitoring means detects the type of each 
of the lane markers while monitoring lane change performed 
by the vehicle. 
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0028. Furthermore, in this invention, it is also preferable 
that the navigation apparatus further comprises correcting 
means for correcting the vehicle's position displayed on the 
digital road map based on the determined road to match the 
vehicle's location on the road to its position on the digital 
road map. 
0029. Another aspect of the present invention is directed 
a method for map matching performed in a navigation 
apparatus mounted on a vehicle, the navigation apparatus 
being capable of displaying a vehicle's location on a digital 
road map on a Screen and matching the vehicle's location on 
a road to its position on the digital road map, the method 
comprising the Steps of: 

0030 (a) detecting a current position of the vehicle; 
0031 (b) taking images of a road on which the 
vehicle is traveling, 

0032 (c) detecting and watching lane markers on 
the road to obtain detection results, the detecting and 
watching being performed by processing the images 
taken at the step (b); 

0033 (d) judging whether or not a fork is located 
ahead of the current position of the vehicle based on 
route/map data Stored in a database of the navigation 
apparatus, the route/map data including at least 
information of forks in roads, in which the fork 
information of each of the forks is Stored in asso 
ciation with at least two predetermined conditions 
relating to features of the fork; 

0034) (e) retrieving the fork information of the fork 
from the route/map data in the database, the retrieval 
being made in a case where it is judged at the Step (d) 
that a fork is located ahead of the current position of 
the vehicle; 

0035 (f) judging whether or not the vehicle has 
entered a specific area that is Set with respect to the 
fork; 

0036 (g) determining the road on which the vehicle 
is traveling after passing the fork or on which the 
vehicle is going to travel after passing the fork, the 
determination being made based on the detection 
results and the predetermined conditions relating to 
the fork; and 

0037 (h) correcting the vehicle's position displayed 
on the digital road map based on the determined road 
to match the vehicle's location on the road to its 
position on the digital road map. 

0038 Further, another aspect of the present invention is 
directed a computer-readable medium which Stores a pro 
gram for executing a method for map matching performed in 
a navigation apparatus mounted on a vehicle, the navigation 
apparatus being capable of displaying a vehicle's location on 
a digital road map on a Screen and matching the vehicle's 
location on a road to its position on the digital road map, the 
method comprising the Steps of 

0039 (a) detecting a current position of the vehicle; 
0040 (b) taking images of a road on which the 
vehicle is traveling, 
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0041 (c) detecting and watching lane markers on 
the road to obtain detection results, the detecting and 
watching being performed by processing the images 
taken at the step (b); 

0042 (d) judging whether or not a fork is located 
ahead of the current position of the vehicle based on 
route/map data Stored in a database of the navigation 
apparatus, the route/map data including at least 
information of forks in roads, in which the fork 
information of each of the forks is Stored in asso 
ciation with at least two predetermined conditions 
relating to features of the fork, 

0043 (e) retrieving the fork information of the fork 
from the route/map data in the database, the retrieval 
being made in a case where it is judged at the Step (d) 
that a fork is located ahead of the current position of 
the vehicle; 

0044) (f) judging whether or not the vehicle has 
entered a specific area that is Set with respect to the 
fork; 

0045 (g) determining the road on which the vehicle 
is traveling after passing the fork or on which the 
vehicle is going to travel after passing the fork, the 
determination being made based on the detection 
results and the predetermined conditions relating to 
the fork; and 

0046 (h) correcting the vehicle's position displayed 
on the digital road map based on the determined road 
to match the vehicle's location on the road to its 
position on the digital road map. 

0047 These and other objects, structures and advantages 
of the present invention will be apparent more clearly from 
the following description of the invention based on the 
examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.048 FIG. 1 is a block diagram which shows structure of 
a navigation apparatus according to the present invention; 
0049 FIG. 2 is another block diagram which shows the 
Structure of the navigation apparatus according to the 
present invention; 
0050 FIG. 3 shows data structure of route/map data 
Stored in a database of the navigation System, and data 
Structure of fork data included in the route/map data; 
0051 FIG. 4 shows an example of a road having a fork 
which has a main way and a branch way (off-ramp) branch 
ing off from the main way at the fork, 
0.052 FIG. 5 is a flowchart which shows a main routine 
executed by the navigation apparatus, 
0.053 FIG. 6 is a flowchart which shows a map matching 
process routine executed by the navigation apparatus, 
0054 FIG. 7 is a flowchart which shows a road deter 
mination process routine executed by the navigation appa 
ratus, 

0055 FIG. 8 shows an example of a road having a 
Specific fork where a roadway divides into a main way and 
a branch way; 
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0056 FIG. 9 is an example of a road having a fork that 
is not judged to be a Specific fork, 
0057 FIG. 10 is another example of a road having a fork 
that is not judged to be a specific fork; 

0.058 FIG. 11 shows detection results which can be 
obtained by processing images from a camera of the navi 
gation apparatus, and meaning of each detection result, 
0059 FIG. 12 shows an example of a first type road 
having a specific fork, in which two traveling courses 
between which a driver can choose are indicated by arrows, 
0060 FIG. 13 is a flowchart which shows a main routine 
executed by a lane marker detector of the navigation appa 
ratus, 

0061 FIG. 14 shows an example of a digital roadway 
image taken by the camera of the navigation apparatus; 
0062 FIG. 15 shows another example of the digital 
roadway image; 

0063 FIG. 16 is a flowchart which shows a lane marker 
type determination process routine executed by the lane 
marker detector of the navigation apparatus, 
0064 FIGS. 17 and 18 show an example of a second 
type road having a specific fork, in which four traveling 
courses between which the driver can choose are indicated 
by arrows, 
0065 FIGS. 19 and 20 show an example of a third type 
road having a specific fork, in which six traveling courses 
between which the driver can choose are indicated by 
arrOWS, 

0066 FIGS. 21-23 show an example of a fourth type road 
having a specific fork, in which nine traveling courses 
between which the driver can choose are indicated by 
arrOWS, 

0067 FIGS. 24-26 show an example of a fifth type road 
having a specific fork, in which twelve traveling courses 
between which the driver can choose are indicated by 
arrOWS, 

0068 FIGS. 27-30 show an example of a sixth type road 
having a specific fork, in which sixteen traveling courses 
between which the driver can choose are indicated by 
arrows, and 

0069 FIGS. 31-34 show an example of a seventh type 
road having a specific fork, in which sixteen traveling 
courses between which the driver can choose are indicated 
by arrows. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0070 Hereinafter, a navigation apparatus, a method for 
map matching performed in the navigation apparatus, and a 
computer-readable medium Storing a program for executing 
the method according to the present invention will be 
described with reference to the appended drawings. 
0071 First, the general structure of the navigation appa 
ratus of this invention is described with reference to FIGS. 
1-3. FIG. 1 is a block diagram which shows structure of the 
navigation apparatus. FIG. 2 is another block diagram 
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which shows the structure of the navigation apparatus. FIG. 
3 ShowS data Structure of data Stored in the navigation 
System. 

0.072 The navigation apparatus of this invention is 
designed to be mounted on a vehicle, and it is capable of 
displaying a vehicle's location on a digital road map on a 
Screen to provide route guidance to a user (driver) of the 
vehicle. 

0073. As shown in FIG. 1, the navigation apparatus 
includes a position detector (current position detecting 
means) 91 for detecting a current position of the vehicle; a 
database 24 which Stores route/map data; a camera 11 
(which includes imaging means Such as a CCD) for taking 
images of a road on which the vehicle is traveling, a lane 
marker detector 14 for detecting and monitoring lane mark 
ers on the road to obtain a detection result(s), which is 
carried out by processing the images taken by the camera 11. 
The camera 11 is mounted at a predetermined location of the 
vehicle, for example, inside the vehicle compartment near 
the rearview mirror on the upper portion of the windshield. 
0.074. Further, the navigation apparatus also includes first 
judging means for judging whether or not a fork is located 
ahead of the current position of the vehicle; fork information 
retrieving section (retrieval means) 92 for retrieving fork 
information of the fork from the route/map data; Second 
judging means for judging whether or not the vehicle has 
entered a Specific area that is Set with respect to the fork, and 
road determining Section (road determining means) 93 for 
determining the road on which the vehicle is traveling after 
passing the fork or on which the vehicle is going to travel 
after passing the fork. These elements will be described later 
in more detail with reference to Steps shown in FIG. 7. 
0075. In addition, as shown in FIG. 2, the navigation 
apparatus also includes an image processor 12 for proceSS 
ing the image taken by the camera 11, which is included in 
the lane marker detector 14, a work area memory 15 which 
is capable of storing edge image data (described later with 
reference to FIGS. 14 and 15) generated by the lane marker 
detector 14, a program memory 16 which Stores various 
programs Such as a recommended-route determination pro 
gram, a route guidance program, a System control program 
and the like; a gyro sensor 22 and a GPS (Global Positioning 
System) receiver 23 which are included in the position 
detector 91 shown in FIG. 1; a system controller 21 for 
controlling operations performed in the navigation appara 
tus; a bus BU via which the above-mentioned elements are 
electrically connected to each other; and a Speed Sensor 33 
connected to the System controller 21. Further, although it is 
not shown in the drawings, the navigation apparatus also 
includes an input devise for inputting various information 
Such as destination data; and a display for displaying various 
information on a Screen. 

0.076 The lane marker detector 14 having the image 
processor 12 functions as “lane marker detection and moni 
toring means' of the navigation apparatus of this invention. 
When the vehicle is traveling within a specific area, this lane 
marker detector 14 detects and monitors each of right and 
left lane markers defining a lane in which the vehicle is 
traveling, and determines the type (i.e., Solid or broken line) 
of each of the lane markers. In this road-type determination 
process, in the case where the type of the lane maker is 
judged to be a Solid line, the lane marker detector 14 Sets a 

Dec. 27, 2001 

Solid-line judgment flag in an ON State. On the other hand, 
in the case where it is judged to be a broken line, the lane 
marker detector 14 Sets a broken-line judgment flag in an 
ON State. Further, in the lane marker monitoring process, the 
lane marker detector 14 monitorS movement of the lane 
markers within continuous digital images form the camera 
11 to make a judgment as to whether the vehicle is changing 
lanes toward the right Side or the left Side. In this monitoring 
process, in the case where the vehicle is judged to be 
changing lanes toward the right Side, the lane marker detec 
tor 14 Sets a rightward lane-change judgment flag in an ON 
state. On the other hand, in the case where the vehicle is 
judged to be changing lanes toward the left Side, the lane 
marker detector 14 Sets a leftward lane-change judgment 
flag in an ON state. Flag data (which indicates an ON or OFF 
State) of each of the above-mentioned flags is send to the 
System controller 21 as a detection result. 
0077. The work area memory 15 and program memory 
16 are constructed from a data Storing medium Such as a 
magnetic tape, magnetic disk, floppy disk, magnetic drum, 
CD, MD, DVD, optical disc, IC card, optical card or the like. 
As described above, the work area memory 15 is capable of 
Storing edge image data generated by the lane marker 
detector 14. In the program memory 16, various programs 
are Stored. In this connection, the above-mentioned edge 
image data and programs may be Stored in an external data 
Storage medium (e.g., flush memory) which can be exter 
nally connected to the navigation apparatus via the bus BU. 
By connecting Such an external Storage medium which 
Stores, for example, programs, it is possible to upgrade the 
programs Stored in the program memory 16. 

0078. The camera 11 is mounted inside the vehicle com 
partment near the rearview mirror on the upper portion of the 
windshield. However, in this invention, the number of 
cameras to be mounted as well as a position where the 
camera 11 is mounted is not limited. For example, the 
camera 11 may be mounted at a predetermined location on 
the outside of the vehicle. Further, the camera 11 may also 
be mounted at a prescribed location on the rear of the vehicle 
as well as inside the vehicle compartment near the rearview 
mirror on the upper portion of the windshield. 

007.9 Each of the gyro sensor 22 and the GPS receiver 23 
is functions as current position detecting means for detecting 
the current position of the vehicle. The gyro Sensor 22 
includes a Sensor that uses a gas rate gyro, Vibrating Struc 
ture gyro or the like for computing angular velocity. By 
integrating the angular Velocity computed by the gyro Sensor 
22, it is possible for the navigation apparatus to know the 
direction of vehicle's motion. The GPS receiver 23 receives 
signals (positional data) from the GPS satellites orbiting the 
Earth to determine its latitude and longitude. In addition to 
the gyro sensor 22 and the GPS receiver 23, the navigation 
apparatus may include other Sensors for detecting the current 
position of the vehicle, Such as a geomagnetic Sensor, 
distance Sensor, Steering Sensor, beacon Sensor, altimeter 
and/or the like. 

0080. The display includes a display device such as a 
CRT display, liquid crystal display, plasma display and the 
like. In this invention, the display may also include a 
hologram device for projecting a hologram on the wind 
shield of the vehicle. On the screen of the display, various 
information Such as a digital road map, route guidance, 
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recommended route information, operation menu, operating 
manual and the like are displayed. Further, when a naviga 
tion operation is being carried out, the vehicle's current 
location on the road is displayed on the digital road map on 
the Screen as a vehicle's mark. 

0081. The input device includes information input means 
Such as a keyboard, mouse, bar code reader, light pen, 
remote control device for remote operations and the like. In 
this invention, the input device may also include a touch 
Screen that functions as a pointing device. For example, this 
input device is used for inputting information Such as a 
destination, and for manually matching the vehicle's loca 
tion on the road to its position on the digital road map on the 
Screen when Starting travel. 
0082 The database 24 stores the route/map data. As 
shown in FIG. 3, this rote/map data includes various data 
Such as map data, road data, node data, interSection data, 
fork data (which includes fork information used in this 
invention) and the like. In addition to the above-mentioned 
data, the database 24 of the navigation apparatus may store, 
for example, data for displaying photographic images of 
buildings, interSections, forks and the like; data for provid 
ing information for hotels, gas Stations, amusement parks 
and the like; and Voice data which is used to output voice 
information via a Speaker provided in the vehicle. Further, 
the database 24 may also store data required for computing 
recommended routes to a destination; data for displaying the 
determined recommended route, data for displaying the 
distance to a next interSection; data for displaying the 
traveling direction; and the like. 

0.083. The fork data in the route/map data in the database 
24 includes information of forks in roads. In this connection, 
it is to be noted that in this invention, as shown in FIG. 3 the 
fork information of each of the forkS is Stored in association 
with two or more predetermined conditions related to fea 
tures of the fork. (Description for such conditions will be 
given later.) 
0084. The intersection data includes information indicat 
ing the type of interSection, the interSection number, the 
presence or absence of traffic Signals, and the like. 

0085. The node data includes various data such as coor 
dinates indicating the position of each of nodes forming a 
road image on the digital road map; the length of a link that 
connects adjacent nodes, the link angle formed by two links 
which join together at a node, a fork flag for indicating 
whether or not a node represents a fork, and the like. In this 
connection, it is to be noted that the node is one of elements 
that indicate at least the position and shape of a road on the 
digital road map displayed on the Screen. 

0.086 The road data includes information related to 
roads, Such as width, grade, cant, bank, road Surface con 
ditions, number of lanes of each road, places where the 
number of lanes decrease, places where the width narrows, 
and the like. Further, the road data also includes information 
related to corners, Such as the radius of curvature, interSec 
tions, T-shaped roads, entrance way to a corner, and the like. 
In addition, the road data also includes information related 
to road features, Such as railway crossings, off-ramps 
branching off from freeways, on-ramps branching off from 
freeways, tollgates of toll roads, downgrades, upgrades, road 
classification (national highway, freeway, etc.), and the like. 

Dec. 27, 2001 

0087 To the Bus BU of the navigation apparatus, there 
may be connected, for example, an engine control apparatus 
for controlling an engine Speed, and an automatic transmis 
Sion control apparatus for controlling an automatic trans 
mission System provided in the vehicle. Further, there may 
also be connected various other devices, Such as an accel 
erator Sensor for detecting the amount of depression of an 
accelerator pedal; a cruise control Sensor for detecting the 
establishment of cruise control; a brake Sensor for detecting 
the depression of a brake pedal; and the like. 
0088. When the engine control apparatus and the auto 
matic transmission control apparatus are connected to the 
navigation apparatus, it is possible to carry out a corner 
control operation. In this corner control operation, the navi 
gation apparatus automatically shifts down into a low-speed 
transmission gear when the vehicle approaches a corner, So 
that the vehicle can turn the corner with low speed sufficient 
for passing the corner Safely. Further, in another corner 
control, the navigation apparatus controls the vehicle So that 
oil pressure is Supplied to an oil hydraulic cylinder for a foot 
brake, when the vehicle approaches a corner. This makes it 
possible to automatically slow the Speed of the vehicle 
before the vehicle enters the corner. 

0089 Next, operations of the navigation apparatus will 
be described. 

0090 First, the system controller 21 of the navigation 
apparatus carries out a navigation initialization process to 
initialize various programs. Next, the System controller 21 
carries out a destination establishing process to establish a 
destination, when the driver inputs the destination with the 
input device. Then, the navigation apparatus carries out a 
recommended route determination process to determine a 
recommended route from the current position to the desti 
nation. In this regard, the driver may input transit points 
through which the vehicle should travel to the destination, as 
well as the destination. Further, the driver may also input 
route-determination conditions Such as a condition of taking 
account of shorter distance, a condition of taking account of 
Shorter traveling time, and the like. 
0091 Next, the navigation apparatus carries out a road 
determination process. AS will be described later in detail, in 
this road determination process, the navigation apparatus 
determines a road on which the vehicle is traveling after 
passing a Specific fork or on which the vehicle is going to 
travel after passing the Specific fork. This road determination 
process is carried out based on (i) lane markers detected and 
monitored by the lane marker detector 14 and (ii) predeter 
mined conditions (see fork data in FIG. 3) related to the 
Specific fork. 

0092 Next, based on a determination result obtained 
through the road determination process described above, the 
navigation apparatus judges whether or not the vehicle's 
actual location on the road is exactly displayed on the digital 
road map on the Screen, that is, whether or not the vehicle's 
actual location just corresponds to its position on the digital 
road map. In the case where it is judged that the actual 
location does not correspond to its position on the digital 
road map, the navigation apparatus executes a map matching 
process. In this map matching process, first the navigation 
apparatus compares the “shape' of a vehicle's route that the 
vehicle has passed to the “actual road layout.” Then, the 
navigation apparatus “matches the vehicle's actual location 
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on the road to its position on the digital road map. In this 
way, the vehicle's location is exactly displayed on the digital 
road map So that the road on which the vehicle is actually 
traveling immediately after passing the Specific fork just 
corresponds to the road image along which the vehicle's 
mark is moving on the digital road map. However, in the 
case where it is judged that the actual location corresponds 
to its position on the digital road map, the navigation 
apparatus does not execute the map matching process as 
described above. 

0093. Hereinafter, advantages achieved by the above 
mentioned map matching proceSS will be described. 
0094. The navigation apparatus according to the present 
invention is designed to carry out the map matching proceSS 
through the following steps (a)-(h). 

0.095 (a) Step of detecting a current position of the 
vehicle. 

0096 (b) Step of taking images of a road on which 
the vehicle is traveling. 

0097 (c) Step of detecting and watching lane mark 
ers on the road to obtain a detection result(s). The 
detection and watch are carried out by processing the 
images taken at the Step (b). 

0098 (d) Step of judging whether or not a specific 
fork is located ahead of the current position of the 
vehicle based on the route/map data Stored in the 
database 24. 

0099 (e) Step of retrieving the fork information of 
the specific fork from the route/map data. The 
retrieval is carried out in the case where it is judged 
at the step (d) that a specific fork is located ahead of 
the current position of the vehicle. 

0100 (f) Step of judging whether or not the vehicle 
has entered a specific area that is Set with respect to 
the Specific fork. 

0101 (g) Step of determining the road on which the 
vehicle is traveling after passing the Specific fork or 
on which the vehicle is going to travel after passing 
the Specific fork. This determination is carried out 
based on (i) the obtained detection result(s) and (ii) 
the predetermined conditions related to the Specific 
fork. (In the following description, a road on which 
the vehicle is traveling after passing a specific fork 
and on which the vehicle is going to travel after 
passing the Specific fork is referred to as a “traveling 
road”) 

0102 (h) Step of correcting the vehicle's position 
displayed on the digital road map based on the 
determined road, if needed. 

0103). By determining the traveling road in this manner, it 
is possible for the navigation apparatus to know the traveling 
road just after passing the Specific fork, based on the 
determination result at Step (g). Further, when the vehicle's 
actual location is displayed at a wrong position on the digital 
road map, the navigation apparatus can correct the position 
So that the road on which the vehicle is actually traveling 
immediately after passing the fork DS just corresponds to 
the road image along which the vehicle's mark is moving on 
the digital road map. This is advantageous in the following 
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points. Namely, the driver can know its accurate location 
from the displayed information on the Screen just after 
passing the Specific fork. In addition, it is possible to prevent 
the corner control operation described above from being 
carried out at an inappropriate location. 
0104 Further, in the road determination process in the 
above-mentioned Step (g), the navigation apparatus does not 
depend on lane markers outside the Specific area to deter 
mine the traveling road. This prevents the lane marker 
detection accuracy from being lowered due to Shadows from 
other vehicles and the like. 

0105. In this invention, the determination in Step (g) is 
carried out in two stages. Specifically, in a first determina 
tion process (first stage), the navigation apparatus tries to 
determine the traveling road based on (i) a predetermined 
condition(s) related to the Specific fork and (ii) a detection 
result(s) (i.e., any one or more of Results 1-6 shown in FIG. 
7) obtained when the vehicle is within the specific area. This 
first determination process is carried out when the vehicle is 
within the Specific area. Further, in the case where the 
navigation apparatus has not Successfully determined the 
traveling road in the first determination process described 
above, after the vehicle has left the specific area AR1 the 
navigation apparatus executes a Second determination pro 
cess (second Stage) to determine the traveling road. In this 
Second determination process, the navigation apparatus tries 
to determine the traveling road based on (i) another prede 
termined condition(s) related to the specific fork and (ii) the 
detection result(s) obtained when the vehicle was within the 
Specific area. 
0106 According to the above-mentioned road determi 
nation process which includes the first and Second determi 
nation processes, it is possible for the navigation apparatus 
to determine the traveling properly, even when the vehicle 
passes a fork in a road as shown in FIG. 4. 
0107 Further, in the case where the traveling road has 
been Successfully determined through the first determination 
process (first stage), it is possible for the navigation appa 
ratus to know the traveling road just after passing a specific 
fork but before exiting the specific area. Therefore, if 
needed, the navigation apparatus can perform the map 
matching proceSS properly just after passing the Specific 
fork. This is advantageous in that the accurate positional 
information is provided to the driver via the display imme 
diately after passing the Specific fork. 
0108) Next, the flow chart shown in FIG. 5 will be 
described. FIG. 5 is a flowchart which shows a main routine 
executed by the navigation apparatus. 

0109 Step S1: The navigation initialization process is 
carried out. 

0110 Step S2: The destination establishing process is 
carried out. 

0111 Step S3: The road determination process is car 
ried out. 

0112 Step S4: The map matching process is carried 
Out. 

0113 Step S5: The vehicle's current position is dis 
played on the digital road map, and then the Subroutine 
returns to Step S3. 
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0114) Next, the flow chart shown in FIG. 6 will be 
described. FIG. 6 is a flowchart which shows the map 
matching process routine executed by the navigation appa 
ratuS. 

0115 Step S4-1: A current position is computed based 
on signals from the gyro sensor 22, the GPS receiver 23 
and the speed sensor 93. 

0116 Step S4-2: Data including information related to 
the current position of the vehicle and a Surrounding 
area thereof is retrieved from the database24. 

0117 Step S4-3: A judgment as to whether or not a 
destination has been established is carried out. In the 
case where it is judged that a destination has been 
established, the Subroutine proceeds to Step S4-4. On 
the other hand, in the case where it is judged that a 
destination has not been established, the Subroutine 
skips to Step S4-5. 

0118 Step S4-4: Route guidance data is outputted. 

0119) Step S4-5: Vehicle's route data (which includes 
data of the “shape” of a vehicle's route) is outputted. 

0120 Step S4-6: Vehicle's mark position correcting 
process is carried out, and then the Subroutine returns 
to the main routine. 

0121 Hereinafter, the road determination process at Step 
S3 in FIG. 5 will be described in more detail with reference 
to FIGS. 7-11. FIG. 7 is a flowchart which shows a road 
determination process routine executed by the navigation 
apparatus. FIG. 8 shows an example of a road having a 
Specific fork where a roadway divides into a main way and 
a branch way. FIG. 9 is an example of a road having a fork 
that is not judged to be a specific fork. FIG. 10 is another 
example of a road having a fork that is not judged to be a 
specific fork. FIG. 11 shows detection results which can be 
obtained by processing images from the camera 11 of the 
navigation apparatus, and meaning of each detection result. 
0122) The example shown in FIG. 8 has a roadway 301 
and a fork DS where the roadway 301 divides into a main 
way 300 and a branch way 302. The roadway 301 has four 
lanes which are defined by three broken-line lane markers 
307-309 and two Solid-line lane markers 303 and 306. The 
main way 300 has two lanes 311 and 312 which are defined 
by the broken-line lane marker 307 and two solid-line lane 
markers 303 and 304. The branch way 302 has two lanes 313 
and 314 which are defined by the broken-line lane marker 
308 and two solid-line lane markers 305 and 306. Further, in 
the example shown in FIG. 8, “AR1” denotes a specific area 
that is set with respect to the fork DS. In this embodiment, 
the specific area "AR1” starts at a first distance La (e.g., 300 
m) in front of the fork DS and ends at a second distance Lb 
(e.g., 150 m) after the fork d1. 
0123. In this connection, it is to be noted that examples 
of a fork in this invention include various forkS Such as a 
fork in a junction, a fork in a freeway exit and the like. 
Further, examples of a branch way include a ramp way (i.e., 
off-ramp) of a freeway, a branch road from a freeway and the 
like. 

0.124. In the node data stored in the database 24, each 
road is represented by a plurality of links each of which 
connects adjacent nodes, and each fork is represented by a 
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node where three or more links join together. For example, 
in the road shown in FIG. 8, the fork DS is represented by 
a node where three links Lk1-Lk3 join together. 
0125 When the vehicle traveling the roadway 301 
approaches the fork DS as shown in FIG. 8, first the 
navigation apparatus reads out route/map data for its Sur 
rounding area from the database 24, and then judges whether 
or not a specific fork is located ahead of the current position 
of the vehicle based on the read out route/map data. Spe 
cifically, in this judgment, first the navigation apparatus 
judges whether or not a fork is located ahead of the current 
position of the vehicle. Then, in the case where a fork is 
located ahead of the current position of the vehicle, the 
navigation apparatus further judges whether or not the fork 
satisfies both the following two conditions (a) and (b). (The 
following conditions are described with reference to the 
example shown in FIG. 8.) In the following, a fork which 
satisfies both the following two conditions (a) and (b) is 
referred to as a “specific fork”. 

0126 Condition (a): The angle formed by the links 
Lk2 and Lk3 is less than or equal to 45 degrees. (The 
angle is calculated based on the link angle at the node 
where the links Lk2 and Lk3 join together.) 

0127 Condition (b): There are no traffic lights at the 
fork DS. 

0128. In the case where it is judged that the fork satisfies 
both the conditions (a) and (b), the navigation apparatus 
judges that a specific fork is located ahead of the vehicle. 
When the vehicle approaches Such a specific fork, the 
navigation apparatus carries out the road determinations 
process to determine the traveling road on which the vehicle 
is going to travel after passing the Specific fork or on which 
the vehicle is traveling after passing the Specific fork. 

0129. For example, in the case where the angle formed by 
the links Lk2 and Lk3 shown in FIG. 8 is greater than 45 
degrees, the fork DS is not judged to be a Specific fork. In 
this case, the navigation apparatus does not carry out the 
road determination process, even when the vehicle passes 
the fork. This is because in the case where the angle is 
greater than 45 degrees as shown in FIG. 9, just after 
passing the fork the navigation apparatus can properly carry 
out the map matching process without depending on the 
above-mentioned road determination process. 

0.130. Further, in the case where there are traffic lights at 
an interSection having a fork, the fork is also not judged to 
be a specific fork. In this case, the navigation apparatus does 
not carry out the road determination process, even when the 
vehicle passes the interSection. This is because in the case 
where there are traffic lights in a fork, it is considered that 
as show in FIG. 10, usually no lane markers are painted in 
the interSection, and in Such a case the navigation apparatus 
cannot detect and monitor any lane markers to determine the 
traveling road after passing the fork. 

0131. In this way, because the road determination process 
is not carried out in the case where either the above 
mentioned Condition (a) or (b) is not satisfied, it is possible 
to prevent the accuracy in the road determination process 
from being lowered. This makes it possible to prevent the 
accuracy in the road determination process from being 
lowered. 
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0.132. In this invention, instead of making a judgment as 
described above, the navigation apparatus may find a spe 
cific fork located ahead of the vehicle as follows. Namely, in 
addition to the above-mentioned fork flag indicating whether 
or not a node represents a fork, a specific-fork flag indicating 
whether or not a node represents a Specific fork may be 
established in the node data in the route/map data. By 
checking a State of each of the flags, the navigation appa 
ratus can make a judgment as to whether or not a specific 
fork is located ahead of the current position of the vehicle. 
In this case, the navigation apparatus does not make the 
judgment which is carried out based on the above-mentioned 
Condition (a) and (b). 
0.133 When the navigation apparatus has judged that 
there is a specific fork (hereinafter, referred to simply as a 
“fork DS”) in front of the vehicle through the judgment 
process described above, the fork information retrieving 
Section 92 retrieves fork information of the fork DS from the 
route/map data. 
0134. In this connection, as described with reference to 
FIG. 3, fork information of each specific fork in road is 
Stored in association with at least two predetermined con 
ditions related to features of the Specific fork. For example, 
in the case of the fork DS shown in FIG. 8, fork information 
of the fork DS is stored in association with predetermined 
conditions (which will be described later in more detail) 
related to features of the fork DS. Such features of the fork 
DS are determined based on the following points (i)-(vii). 

0135 (i)Relationship between the roadway 301, main 
way 300 and branch way 302. 

0.136 (ii) The number of lanes of the roadway 301. 
0137 (iii) The number of lanes of the main way 300. 
0138 (iv) The number of lanes of the branch way 302. 
0139 (v) The type of each of the lane markers which 
define four lanes of the road way 301. 

0140 (vi) The type of each of the lane markers which 
define two lanes of the main way 300. 

0141 (vii) The type of each of the lane markers which 
define two lanes of the branch way 302. 

0142. After the retrieval of the fork information, the 
navigation apparatus makes a judgment as to whether or not 
the vehicle has entered the specific area AR1 that is set with 
respect to the fork DS. When judged that the vehicle has 
entered the Specific area AR1, the navigation apparatus 
executes a first determination process of the road determi 
nation process based on lane markers detected and moni 
tored by the lane marker detector 14. (This process is 
executed when the vehicle is within the specific area AR1) 
Specifically, when executing the first determination process, 
the navigation apparatus checks the State of each of the 
above-mentioned Solid-line judgment flag, broken-line judg 
ment flag, rightward lane-change judgment flag, and left 
ward lane-change judgment flag (each of which is set in an 
ON or OFF state). Then, based on the state of each flag, the 
navigation apparatus determines the traveling road on which 
the vehicle is going to travel after passing the fork DS (or on 
which the vehicle is traveling after passing the fork DS). 
This determination is carried out by judging which one of 
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predetermined conditions (which will be described later in 
detail) related to the fork DS is satisfied. 
0143. In more detail, when the vehicle is within the 
Specific area AR1, the image processor 12 of the navigation 
apparatus processes images taken by the camera 11, and the 
lane marker detector 14 detects and monitors lane markers 
on the road using the processed images to obtain at least one 
of the detection results 1-6 shown in FIG. 11. Hereinafter, 
the detection results shown in FIG. 11 will be described in 
the following items (1)–(6). 
0144) (1) Result 1 
0145 Result 1 is obtained in the case where the vehicle 
is traveling in a lane which is defined by “two solid lines' 
when the vehicle is within a specific area. This detection 
result means that the vehicle is traveling on a Single-lane 
road. 

0146 (2) Result 2 
0147 Result 1 is obtained in the case where the vehicle 
is traveling in a lane which is defined by “two broken lines' 
when the vehicle is within a specific area. This detection 
result means that the vehicle is traveling in a center lane (or 
one of center-side lanes) of a road having three or more 
lanes. 

0148 (3) Result 3 
0149 Result 3 is obtained in the case where the vehicle 
is traveling in a lane which is defined by a “left-hand broken 
line” and a "right-hand Solid line' when the vehicle is within 
a specific area. This detection result means that the vehicle 
is traveling in the rightmost lane of a road having two or 
more lanes. 

0150 (4) Result 4 
0151 Result 4 is obtained in the case where the vehicle 
is traveling in a lane which is defined by a “left-hand solid 
line” and a “right-hand broken line” when the vehicle is 
within a specific area. This detection result means that the 
vehicle is traveling in the leftmost lane of a road having two 
or more lanes. 

0152 (5) Result 5 
0153. Result 5 is obtained in the case where a left-hand 
lane marker is moving from the left Side to the right Side 
within digital images from the camera 11 when the vehicle 
is within a specific area. This detection result means that the 
vehicle is changing lanes to get into an adjacent lane on the 
left side. 

0154 (6) Result 6 
O155 Result 6 is obtained in the case where a right-hand 
lane marker is moving from the right Side to the left Side 
within digital images from the camera 11 when the vehicle 
is within a specific area. This detection result means that the 
vehicle is changing lanes to get into an adjacent lane on the 
right Side. 
0156 The navigation apparatus obtains any one or more 
of Results (detection results) shown in FIG. 11 by process 
ing images taken by camera 11, when the vehicle is within 
the Specific area AR1. Then, before exiting from the Specific 
area AR1, based on the obtained detection result(s), the 
navigation apparatus executes the first determination pro 
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ceSS of the road determination process to judge which one of 
predetermined conditions related to the fork DS is satisfied. 
O157. In the case where one of the predetermined condi 
tions has been judged to be Satisfied through the first 
determination process, the navigation apparatus determines 
the traveling road on which the vehicle is going to travel 
after passing the fork DS (or on which the vehicle is 
traveling after passing the fork DS). On the other hand, in 
the case where the navigation apparatus has not Successfully 
determined the traveling road, the navigation apparatus 
executes the Second determination process after the vehicle 
has left the specific area AR1. 
0158. In the second determination process, the navigation 
apparatus judges which one of another predetermined con 
ditions is Satisfied based on the obtained detection result(s), 
after the vehicle has left the specific area AR1. In this 
connection, it is to be noted that the navigation apparatus 
executes the Second determination process based on the 
detection result(s) obtained when the vehicle was within the 
Specific area AR1, and that the Second determination proceSS 
is executed when the vehicle has left the specific area AR1. 
In this way, the navigation apparatus determines the travel 
ing road on which the vehicle is traveling after passing the 
fork DS. 

0159. Next, the navigation apparatus judges whether or 
not the traveling road has been Successfully determined 
through the road determination proceSS. In the case where it 
is judged that the traveling road has Successfully deter 
mined, the navigation apparatus outputs the determination 
result. 

0160 Next, based on the determination result, the navi 
gation apparatus judges whether or not the vehicle's actual 
location on the road is exactly displayed on the digital road 
map on the Screen. In the case where it is judged that the 
vehicle's actual location on the road is NOT exactly dis 
played on the digital road map, the navigation apparatus 
executes the map matching process to correct the vehicle's 
position (i.e., position of the vehicle's mark) displayed on 
the digital road map based on the determination result (i.e., 
determined road). In this way, the vehicle's location is 
exactly displayed on the digital road map So that the road on 
which the vehicle is actually traveling immediately after 
passing the fork DS just corresponds to the road image along 
which the vehicle's mark is moving. However, in the case 
where it is judged that the vehicle's actual location on the 
road is exactly displayed on the digital road map, the 
navigation apparatus does not execute the map matching 
proceSS as described above. 

0.161 Hereinafter, the road determination process men 
tioned above are described in more detail with reference to 
FIG. 12. FIG. 12 shows an example of a first type road 
having a Specific fork. 

0162. In the example shown in FIG. 12, a single-lane 
main way 103 has a fork DS (specific fork) at which a branch 
way 102 branches off from the main way 103. In this 
drawing, the reference numeral 121 denotes a dotted-line 
lane marker for defining a lane boundary between the main 
way 103 and an entrance lane to the branch way 102. In this 
connection, it is to be noted that as shown in FIG. 12 line 
Segments of the dotted-line lane marker 121 are painted with 
Shorter gaps as compared with those of the broken-line lane 
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marker as shown in FIG. 8. Therefore, when the vehicle is 
traveling on the side of the dotted-line lane marker 121, this 
lane marker is recognized as a “Solid’ line type lane marker 
by the lane marker detector 14. 

0163 With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the main way 
103 can choose either the traveling course A or B indicated 
by the arrows in FIG. 12. 

0164. When the vehicle passes the fork DS as shown in 
FIG. 12, first the navigation apparatus executes the first 
determination process of the road determination process to 
determine the traveling road (i.e., the main way 103 or the 
branch way 102) on which the vehicle is going to travel after 
passing the fork DS or on which the vehicle is traveling after 
passing the fork DS. This first determination proceSS is made 
based on (i) a detection result(s) (i.e., one or more of Results 
1-6 shown in FIG. 11) obtained when the vehicle is within 
the specific area AR1 and (ii) one of predetermined two 
conditions related to the fork DS. Specifically, when the 
vehicle is within the Specific area AR1, the navigation 
apparatus tries to determine the traveling road by judging 
whether or not the following condition (a) is satisfied. 

0165 Condition (a): Result 6 occurs, when the vehicle 
is within the specific area AR1. (This condition is one 
of predetermined conditions used in this invention.) 

0166 In the case where Result 6 does not occur when the 
vehicle is within the specific area AR1 (i.e., when the 
navigation apparatus has not Successfully determined the 
traveling road through the first determination process 
described above), the navigation apparatus executes the 
Second determination process to determine the traveling 
road on which the vehicle is traveling after passing the fork 
DS. This determination process is made based on (i) the 
detection result(s) obtained when the vehicle was within the 
Specific area AR1 and (ii) the other predetermined condition 
related to the fork DS. Specifically, after exiting from the 
Specific area AR1, the navigation apparatus determines the 
traveling road by judging whether or not the following 
condition (b) is satisfied. 

0167 Condition (b): Neither Result 5 nor 6 occurred, 
when the vehicle was within the specific area AR1. 
(This condition is also one of predetermined conditions 
used in this invention.) 

0168 For example, in the case where the vehicle takes 
Course B in which it travels on the main way 103 and then 
changes lanes to get into the entrance lane to the branch way 
102, the dotted-line lane marker 121 moves from the right 
Side to the left Side within digital images from the camera 11. 
In Such a case, the navigation apparatus judges that the 
above-mentioned condition (a) has been satisfied when the 
vehicle is within the specific area AR1. Based on this 
judgment, through the first determination process the navi 
gation apparatus determines that the road on which the 
vehicle is going to travel after passing the fork DS (or on 
which the vehicle is traveling after passing the fork DS) is 
the branch way 102. 

0169. On the other hand, in the case where the vehicle 
takes Course A in which it travels Straight on the main way 
103 without changing lanes, the movement of the dotted-line 
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lane marker 121 within the digital images is not detected, 
that is, neither Result 5 nor 6 occurs when the vehicle is 
within the Specific area AR1. In Such a case, after exiting 
from the Specific area AR1, the navigation apparatus judges 
that the above-mentioned condition (b) has been satisfied. 
Based on this judgment, the navigation apparatus determines 
that the traveling road on which the vehicle is traveling after 
passing the fork DS is the main way 103. 

0170 In the road determination process described above, 
the determination is carried out in two Stages. Specifically, 
in the first determination process (first stage), the navigation 
apparatus tries to determine the traveling road based on (i) 
a predetermined condition(s) related to a specific fork and 
(ii) a detection result(s) (i.e., any one or more of Results 1-6 
shown in FIG. 11) obtained when the vehicle is within a 
Specific area. This first determination proceSS is carried out 
when the vehicle is within a specific area. Further, in the case 
where the navigation apparatus has not Successfully deter 
mined the traveling road through the first determination 
process described above, the navigation apparatus executes 
the Second determination process (Second stage) to deter 
mine the traveling road. In this Second determination pro 
ceSS, the navigation apparatus tries to determine the travel 
ing road based on (i) another predetermined condition(s) 
related to the specific fork and (ii) the detection result(s) 
obtained when the vehicle was within the specific area. This 
Second determination proceSS is carried out when the vehicle 
has left the Specific area AR1. According to the road 
determination processes described above, it is possible for 
the navigation apparatus to exactly determine the traveling 
road on which the vehicle is going to travel after passing the 
Specific fork (or on which the vehicle is traveling after 
passing the specific fork). 

0171 Further, in the road determination process 
described above, the navigation apparatus does not depend 
on lane markers outside the Specific area to determine the 
traveling road. This prevents the lane marker detection 
accuracy from being lowered due to, for example, Shadows 
from other vehicles and the like. 

0172 Further, in the case where the traveling road has 
been Successfully determined through the first determination 
process (first stage), it is possible for the navigation appa 
ratus to know the traveling road just after passing a specific 
fork but before exiting the specific area. Therefore, if 
needed, the navigation apparatus can perform the map 
matching proceSS properly just after passing the Specific 
fork. This is advantageous in that the accurate positional 
information is provided to the driver via the display imme 
diately after passing the Specific fork. 

0173. In addition, by determining the traveling road in 
the manner as described above, the navigation apparatus can 
perform the map matching process more properly. Specifi 
cally, it is possible for the navigation apparatus to accurately 
match the vehicle's actual location on the road to its position 
on the digital road map on the Screen, based on the deter 
mination result obtained through the road determination 
process. Further, if the vehicle's actual location is displayed 
at a wrong position on the digital road map, the navigation 
apparatus can also correct the position So that the road on 
which the vehicle is actually traveling immediately after 
passing the fork DS just corresponds to the road image along 
which the vehicle's mark is moving on the digital road map. 
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0174) Next, the subroutine shown in FIG. 7 will be 
described with reference to the example shown in FIG. 8. 

0175 Step S3-1: (The judgment process in this step 
corresponds to the “first judging means' in this inven 
tion.) 

0176). In this step, a judgment as to whether or not a 
Specific fork is located ahead of the current position of the 
vehicle is carried out. In the case where it is judged a specific 
fork (fork DS) is located ahead of the vehicle, the subroutine 
proceeds to Step S3-2. On the other hand, in the case where 
it is judged a specific fork is NOT located ahead of the 
vehicle, the Subroutine returns to the main routine. 

0177 Step S3-2: (The process in this step corresponds 
to the “retrieval means” in this invention.) 

0178. In this step, fork information of the fork DS is 
retrieved from the database 24. 

0179 Step S3-3: (The judgment process in this step 
corresponds to the “Second judging means' in this 
invention.) 

0180. In this step, a judgment as to whether or not the 
vehicle has entered the Specific area AR1 is carried out. In 
the case where it is judged that the vehicle has entered the 
specific area AR1, the subroutine proceeds to Step S3-4. On 
the other hand, in the case where it is judged that the vehicle 
has not entered the Specific area AR1, the Subroutine goes 
into a standby mode. 

0181 Step S3-4: (The process in this step corresponds 
to the "first means” of the road determining means in 
this invention.) 

0182. In this step, the first determination process 
described above is carried out. 

0183 Step S3-5. (The judgment process in this step 
corresponds to the “fourth judging means' in this 
invention.) 

0184. In this step, a judgment as to whether or not in the 
Step S3-4 the navigation apparatus has Successfully deter 
mined the traveling road is carried out. In the case where it 
is judged that the traveling road has been Successfully 
determined, the Subroutine skips to Step S3-9. On the other 
hand, in the case where it is judged that the traveling road 
has NOT been successfully determined, the subroutine pro 
ceeds to Step S3-6. 

0185 Step S3-6. (The judgment process in this step 
corresponds to the “third judging means' in this inven 
tion.) 

0186. In this step, a judgment as to whether or not the 
vehicle has left the specific area AR1 is carried out. In the 
case where it is judged that the vehicle has left the Specific 
area AR1, the subroutine proceeds to Step S3-7. On the other 
hand, in the case where it is judged that the vehicle has NOT 
left the specific area AR1, the subroutine returns to Step 
S3-4. 

0187 Step S3-7: (The process in this step corresponds 
to the "Second means' of the road determining means 
in this invention.) 
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0188 In this step, the second determination process 
described above is carried out. 

0189 Step S3-8: 
0190. In this step, a judgment as to whether or not in the 
Step S3-7 the navigation apparatus has Successfully deter 
mined the traveling road is carried out. In the case where it 
is judged that the traveling road has been Successfully 
determined, the Subroutine skips to Step S3-9. On the other 
hand, in the case where it is judged that the traveling road 
has NOT been successfully determined, the subroutine 
returns to the main routine. 

0191) Step S3-9: 
0.192 In this step, the determination result at Step S3-4 or 
S3-7 is outputted, and then the subroutine returns to the main 
routine. 

0193 Hereinafter, the operations of the lane marker 
detector 14 of the navigation apparatus will be described 
with reference to FIGS. 13-15. FIG. 13 is a flowchart which 
shows a main routine executed by the lane marker detector 
14 of the navigation apparatus. FIG. 14 shows an example 
of a digital roadway image taken by the camera 11 of the 
navigation apparatus. FIG. 15 shows another example of the 
digital roadway image. 

0194 First, an image of a roadway scene ahead of the 
vehicle is taken by the camera 11, and then Signals of the 
image is Send to the image processor 12 of the lane marker 
detector 14. Then, the image processor 12 processes the 
image taken by the camera 11 to produce a digital image as 
shown in FIGS. 14 or 15. In the digital image, the upper left 
corner of the image forms the origin, the X-axis extends 
toward the right from the origin, and the Y-axis extends 
downward from the origin. 
0.195. In the digital image shown in FIG. 14, the refer 
ence numeral 52 denotes a Solid-line lane marker painted on 
the left side of the lane in which the vehicle is traveling. The 
reference numeral 52L denotes a left edge of the left-hand 
lane marker 52. The reference numeral 52R denotes a right 
edge of the left-hand lane marker 52. The reference numeral 
53 denotes a Solid-line lane marker painted on the right side 
of the lane in which the vehicle is traveling. The reference 
numeral 53L denotes a left edge of the right-hand lane 
marker 53. The reference 53R denotes a right edge of the 
right-hand lane marker 53. 
0196) In the digital image shown in FIG. 15, the refer 
ence numeral 62 denotes the broken-line lane marker 
painted on the left side of the lane in which the vehicle is 
traveling. The reference numeral 63 denotes a Solid-line lane 
marker painted on the left Side of the left-side adjacent lane. 
The reference numeral 62L denotes a left edge of the 
left-hand lane marker 62. The reference numeral 62R 
denotes a right edge of the left-hand lane marker 62. The 
reference numeral 53 denotes a Solid-line lane marker 
painted on the right side of the lane in which the vehicle is 
traveling. The reference numeral 53L denotes a left edge of 
the right-hand lane marker 53. The reference 53R denotes a 
right edge of the right-hand lane marker 53. 
0197) Then, as shown in FIG. 14, the lane marker detec 
tor 14 establishes rectangular detection regions 54-57 on the 
right and left lane markers 52 and 53 inside the digital 
image. Then, the lane marker detector 14 carries out an edge 
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enhancement process for image data inside the detection 
regions 54-57 to create edge images. In this regard, the edge 
enhancement proceSS can be carried out using Sobel filtering 
process, Laplacian filtering process, or the like. 
0198 In the digital images shown in FIGS. 14 and 15, 
the detection region 54 is established to detect edge points 
corresponding to the left edge 52L (62L) of the left-hand 
lane marker 52 (62). The detection region 55 is established 
to detect edge points corresponding to the right edge 52R 
(62R) of the right-hand lane marker 52 (62). The detection 
region 56 is established to detect edge points corresponding 
to the left edge 53L of the right-hand lane marker 53. The 
detection region 57 is established to detect edge points 
corresponding to the right edge 53R of the right-hand lane 
marker 53. For convenience sake in describing this embodi 
ment, the two detection regions 54 and 55 and the two 
detection regions 56 and 57 are shown shifted up and down 
from each other as shown in FIGS. 14 and 15, but it is of 
course possible for each of the detection regions 54-57 to 
have the same Y-axis coordinates. 

0199. In this embodiment, the detection regions 54-57 are 
established in the digital image in order to shorten the time 
required for carrying out the edge enhancement process, and 
the edge enhancement process is carried out for the image 
data only inside the detection regions 54-57. However, in 
this invention, the edge enhancement proceSS may be carried 
out for the entire digital image taken by the camera 11. 
0200 Next, a description will be given for the method of 
detecting the edge points corresponding to the left edge 52L 
(62L) and the right edges 52R (62R) of the left-hand lane 
marker 52 (62), and the edge points corresponding to the left 
edge 53L and right edge 53R of the right-hand lane marker 
53. 

0201 First, the lane marker detector 14 of the navigation 
apparatus establishes a plurality of Scanning lines (not 
shown in the drawings) inside each of the detection regions 
54 and 56 for detecting edge points corresponding to the left 
edges 52L (62L) and 53L. Then, the lane marker detector 14 
carries out a pixel Scanning process to Scan light intensity of 
each of the pixels making up the digital image inside the 
detection regions 54 and 56. This Scanning process is carried 
out along each of the established Scanning lines in a Sequen 
tial order from the left end. In the pixel Scanning proceSS for 
one Scanning line, the lane marker detector 14 makes a 
judgment for each pixel as to whether or not light intensity 
of the pixel exceeds a predetermined threshold value, and 
stores into the work area memory 15 the X-axis coordinate 
and Y-axis coordinate of pixels whose light intensity exceeds 
the threshold value. (Hereafter, a pixel having light intensity 
that exceeds the threshold value is referred to Simply as an 
"edge pixel.”) When three edge pixels has been detected 
through the pixel Scanning process for one Scanning line, the 
Scanning process for the Scanning line is Suspended, and 
then a Scanning process is Started for the next Scanning line. 
In this way, three edge pixels are detected for each of the 
scanning lines inside the detection regions 54 and 56. In this 
connection, in the case where no edge pixel is detected 
through a Scanning proceSS for one Scanning line, a Scanning 
process is started for the next Scanning line. 
0202) In this connection, the reason why the lane marker 
detector 14 detects “three' edge pixels in the above-men 
tioned pixel Scanning process is as followS. Namely, it is 
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considered that at least two edge pixels (which can theo 
retically be detected at the vicinity of a lane marker bound 
ary) are detected when the edge enhancement process is 
carried out for Single Scanning line using the Sobel filtering 
process, Laplacian filtering process, or the like. However, 
during actual Scanning process, there is a possibility that a 
pixel that is away from the lane marker boundary is detected 
as an edge pixel due to the presence of noises and the like. 
In view of Such noises and the like, in this embodiment, the 
lane marker detector 14 is designed to detect three edge 
pixels. 

0203) Next, the lane marker detector 14 establishes a 
plurality of Scanning lines (not shown in the drawings) 
inside each of the detection regions 55 and 57 for detecting 
edge points corresponding to the right edges 52R (62R) and 
53R. Then, in the same manner as in the case of the detection 
regions 54 and 56, the lane marker detector 14 carries out the 
pixel Scanning process to Scan light intensity of each of the 
pixels making up the digital image inside the detection 
regions 55 and 57. In this way, three edge pixels are detected 
for each of the Scanning lines inside the detection regions 55 
and 57. 

0204 Next, based on the detected edge points in the 
detection regions 54-57, the lane marker detector 14 com 
putes Straight lines formed from the Series of the detected 
edge points. (Hereafter, Such a straight line is referred to 
Simply as an "edge line.) In this regard, the computation of 
the edge lines may be carried out using a Hough transform 
technique, a least-Squares method, or the like. 

0205 Next, the lane marker detector 14 carries out a lane 
marker detection process. (Hereinafter, the lane marker 
detection proceSS is described with reference to the right 
hand lane marker 53 in the digital image shown in FIG. 14.) 
In this process, the lane marker detector 14 calculates an 
edge line interval distance between a right edge line (which 
is assumed to represent the right edge 53R of the right-hand 
lane marker 53) and a left edge line (which is assumed to 
represent the left edge 53L of the right-hand lane marker 53). 
Then, the lane marker detector 14 makes a judgment as to 
whether or not the calculated distance exceeds a predeter 
mined threshold value. In the case where the calculated 
distance has judged to exceed the threshold value, the lane 
marker detector 14 determines that the right and left edge 
lines represent the right and left edges 53R and 53L of the 
lane marker 53, respectively, whereby the right-hand lane 
marker 53 is detected. 

0206 Further, when the lane marker has been detected 
through the above-mentioned lane marker detection process, 
the lane marker detector 14 carries out a detection region 
re-positioning process. In this detection region re-position 
ing process, the lane marker detector 14 re-positions the 
detection regions 54-57 on the digital image So that the edge 
lines is at a predetermined position (e.g., at a center position) 
inside the respective detection regions in the continuous 
digital images. By continuously carrying out the detection 
region re-positioning process, it is possible to follow the lane 
markers within the continuous digital images. As a result, 
the navigation apparatus can monitor the movement of each 
of the lane makers within the continuous digital images. 
0207 Further, the lane marker detector 14 carries out a 
lane marker type determination process. In this determina 
tion process, the lane marker detector 14 determines the type 
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of the detected lane marker by judging whether the lane 
marker is detected continuously or periodically. In the case 
where the lane marker is judged to be “continuously 
detected, the lane marker detector 14 determines that it is a 
“Solid-line” type lane marker, and Sets the Solid-line judg 
ment flag in an ON state. On the other hand, in the case 
where the lane marker is judged to be “periodically 
detected, the lane marker detector 14 determines that it is a 
“broken-line” type lane marker, and Sets the broken-line 
judgment flag in an ON State. 
0208 Furthermore, the lane marker detector 14 carries 
out a lane-change judgment process. Hereinafter, the lane 
change judgment process is described with reference to the 
example shown in FIG. 15. 
0209 For example, in the case where the vehicle changes 
lanes to get into an adjacent lane on the left Side, in the 
continuous digital images from the camera 11 the left-hand 
lane marker 62 appears to move from the left side toward the 
right Side. Further, according to the movement of the left 
hand lane marker 62, each of the detection regions 54 and 55 
required for detecting the left-hand lane marker 62 follows 
the lane marker 62 through the continuous detection region 
re-positioning processes. When the detection regions 54 and 
55 have reached the center of the digital image through the 
continuous detection region re-positioning processes, the 
lane marker detector 14 Sets the leftward lane-change judg 
ment flag in an ON State. After the lane change to the 
adjacent lane (new lane) on the left Side is completed, the 
lane marker detector 14 carries out initialization to position 
the detection regions 54-57 in their respective starting 
positions (original positions), and then carries out the lane 
marker detection proceSS again to detect lane markers defin 
ing the new lane in which the vehicle is traveling after the 
lane change. 
0210. Next, the flow chart shown in FIG. 13 will be 
described. 

0211 Step S11: The lane maker detector 14 receives 
Signals of a road image from the camera 11. 

0212 Step S12: The edge enhancement process is 
carried out with respect to lane markers defining a lane 
in which the vehicle is traveling. 

0213 Step S13: Edge points are detected. 
0214 Step S14: Edge lines are computed. 

0215 Step S15: The lane marker detection process is 
carried out. 

0216) Step S16: The detection region re-positioning 
process is carried out. 

0217 Step S17: The lane marker type determination 
process is carried out. 

0218 Step S18: The lane-change judgment process is 
carried out, and then the proceSS is terminated. 

0219. Hereinafter, the lane marker type determination 
process at Step S17 in FIG. 13 is described in more detail 
with reference to the flowchart shown in FIG. 16. FIG. 16 
is a flowchart which shows a lane marker type determination 
process routine executed by the lane marker detector 14. The 
following description is given for the case where a judgment 
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is made as to whether the type of the left-hand lane marker 
52 shown in FIG. 14 is a Solid line or a broken line. 

0220. In the lane marker type determination process, first, 
variable Z(i) (where i=1, 2, ... n-1, n) having a value “1” 
when the lane marker 52 is detected and having a value “0” 
when no detection occurs is established by the lane marker 
detector 14. During the continuous lane marker type deter 
mination processes, the lane marker detector 14 holds values 
of n variables (i.e., variables Z(1), Z(2), . . . , and Z(n)) 
obtained in last “n” times attempts for detecting the lane 
marker 52. 

0221) The lane marker detector 14 calculates the sum 
“Z” of values of the n variables Z(i), that is, the Sum 
“Z” of values of the variables Z(1), Z(2), Z(3) ..., and 
Z(n). Then, by comparing the calculated value of the Sum 
Z with a predetermined threshold value, the lane marker 
detector 14 makes a judgment as to whether the detected 
lane marker 52 is a Solid or broken line. 

0222 For example, in the case where the type of the 
detected lane marker 52 is a broken line, the Sum Z. 
ideally has a value of approximately "n/2, Since a lane 
marker is detected periodically and almost half of the 
variables Z(i) have a value “1” or “o.” On the other hand, in 
the case where the type of the detected lane marker 52 is a 
Solid line, the Sum Z ideally has a value “n”, Since a lane 
marker is detected continuously and the variable Z(i) always 
has a value "1.” However, under actual road conditions, even 
in the case where the lane marker is painted as a Solid-line, 
the variable Z(i) will not necessarily have a value “1,” This 
is because there is a case that a lane marker partially comes 
off due to wear and the like. 

0223) In view of the actual road condition as described 
above, in this invention the lane marker detector 14 deter 
mines the type of the detected lane marker in the following 
manner. Namely, in the case where the Sum Z is greater 
than or equal to “0.7n', the lane marker detector 14 deter 
mines that the type of the detected lane marker is a Solid line. 
In the case where the Sum Z is less than "0.7n' and 
greater than or equal to “0.3n', the lane marker detector 14 
determines that the type of the detected lane marker is a 
broken line. In the case where the Sum Z is less than 0.3n, 
the Subroutine judges that it is impossible to determine the 
type of the detected lane marker. 
0224) Next, the flaw chart shown in FIG. 16 will be 
described. 

0225) Step S17-1: 
0226) The value “i” of a variable Z(i) is set to “1,” 
0227 Step S17-2: 

0228. A judgment as to whether or not a lane marker has 
been detected is carried out. In the case where it is judged 
that the lane marker has been detected, the Subroutine 
proceeds to Step S17-3. On the other hand, it is judged that 
the lane marker has NOT been detected, the Subroutine 
proceeds to Step S17-4. 

0229) Step S17-3: 
0230. The variable Z(i) is assigned the value “1.” 

0231 Step S17-4: 
0232 The variable Z(i) is assigned the value “0.” 
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0233 Step S17-5: 
0234. The sum Z of n variables Z(i) is calculated. 
0235 Step S17-6: 

0236 A judgment as to whether or not the Sum Z is 
greater than or equal to "0.7n' is carried out. In the case 
where the Sum Z is judged to be greater than or equal to 
“0.7n”, the subroutine proceeds to Step S17-8. On the other 
hand, in the case where the Sum Z is judged to be leSS 
then “0.7n”, the subroutine proceeds to Step S17-7. 

0237) Step S17-7: 
0238 A judgment as to whether or not the sum Z is 
greater than or equal to "0.3n' is carried out. In the case 
where the Sum Z is judged to be greater than or equal to 
“0.3n”, the subroutine proceeds to Step S17-9. On the other 
hand, in the case where the Sum Z is judged to be leSS 
then 0.3n, the subroutine proceeds to Step S17-10. 

0239 Step S17-8: 
0240 The lane marker detector 14 judges that the type of 
the detected lane marker is a Solid line. 

0241 Step S17-9: 
0242. The lane marker detector 14 judges that the type of 
the detected lane marker is a broken line. 

0243 Step S17-10: 
0244. The lane marker detector 14 judges that it is 
impossible to determine the type of the detected lane marker. 

0245 Step S17-11: 
0246 The value “i” of a variable Z(i) is raised by one 
increment. 

0247 Next, a second example of the road determination 
process will be described with reference to FIGS. 17 and 
18. FIGS. 17 and 18 show an example of a second type road 
having a Specific fork. 
0248. In the example shown in FIGS. 17 and 18, a 
two-lane roadway 101 has a fork DS (specific fork) at which 
the roadway 101 divides into a single-lane main way 103 
and a single-lane branch way 102. In these drawings, the 
reference numeral 122 denotes a broken-line lane marker 
that defines a lane boundary between an entrance lane to the 
main way 103 and an entrance lane to the branch way 102. 
The reference numeral AR1 denotes a specific area that is Set 
with respect to the fork DS. 
0249. With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the roadway 
101 can choose any one of the four traveling courses A-D 
indicated by the arrows in FIGS. 17 and 18. 
0250). When the vehicle passes the fork DS, first the 
navigation apparatus carries out the first determination pro 
ceSS to determine the traveling road on which the vehicle is 
going to travel after passing the fork DS or on which the 
vehicle is traveling after passing the fork DS. This first 
determination process is made based on (i) a detection 
result(s) obtained when the vehicle is within the specific area 
AR1 and (ii) a set of predetermined conditions related to the 
fork DS. Specifically, when the vehicle is within the specific 
area AR1, the navigation apparatus determines the traveling 
road by judging which one of the following conditions (a) 
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and (b) is satisfied. (The following conditions used in the 
road determination process are determined in association 
with the features of the fork DS, and they are described with 
reference to Results 1-6 in FIG. 11.) 
0251 <Conditions Used in the First Determination Pro 
CCSS 

0252 Condition (a): Result 5 occurs after Result 3 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0253) Condition (b): Result 6 occurs after Result 4 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0254. In the case where none of the above-mentioned 
Conditions (a) and (b) is satisfied when the vehicle is within 
the specific area AR1 (i.e., when the navigation apparatus 
has not Successfully determined the traveling road in the first 
determination process described above), the navigation 
apparatus carries out the Second determination process after 
leaving the Specific area AR1 to try to determine the trav 
eling road again. This Second determination process is made 
based on (i) the detection result(s) obtained when the vehicle 
was within the specific area AR1 and (ii) another set of 
predetermined conditions related to the fork DS. Specifi 
cally, after leaving the Specific area AR1, the navigation 
apparatus determines the traveling road by judging which 
one of the following conditions (c) and (d) is Satisfied. 
0255 <Conditions Used in the Second Determination 
ProceSS> 

0256 Condition (c): Result 1 occurred after Result 4 
occurred, when the vehicle was within the Specific area 
AR1. 

0257 Condition (d): Result 1 occurred after Result 3 
occurred, when the vehicle was within the Specific area 
AR1. 

0258 For example, in the case where the vehicle takes 
Course C, the vehicle travels in a right-hand lane of the 
roadway 101 and then changes lanes to get into an adjacent 
lane on the left Side. In this case, through the first determi 
nation process the navigation apparatus judges that the 
above-mentioned condition (a) has been Satisfied, when the 
vehicle is within the specific area AR1. Based on this 
judgment, the navigation apparatus determines that the road 
on which the vehicle is going to travel after passing the fork 
DS (or on which the vehicle is traveling after passing the 
fork DS) is the main way 103. 
0259. In the case where the vehicle takes Course B, the 
vehicle travels in the left-hand lane of the roadway 101 and 
then changes lanes to get into an adjacent lane on the right 
Side. In this case, through the first determination process the 
navigation apparatus judges that the above-mentioned con 
dition (b) has been satisfied, when the vehicle is within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the branch 
way 102. 
0260. In the case where the vehicle takes Course A, the 
vehicle travels straight in the left-hand lane of the roadway 
101 without changing lanes and then gets into the main way 
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103. In this case, through the Second determination process, 
the navigation apparatus judges that the above-mentioned 
condition (c) has been Satisfied. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is traveling after passing the fork DS is the main way 
103. 

0261. In the case where the vehicle takes Course D, the 
vehicle travels Straight in the right-hand lane of the roadway 
101 without changing lanes and then gets into the branch 
way 102. In this case, through the Second determination 
process, the navigation apparatus judges that the above 
mentioned condition (d) has been Satisfied. Based on this 
judgment, the navigation apparatus determines that the road 
on which the vehicle is traveling after passing the fork DS 
is the branch way 102. 
0262 Next, a third example of the road determination 
process will be described with reference to FIGS. 19 and 
20. FIGS. 19 and 20 show an example of a third type road 
having a Specific fork. 
0263. In the example shown in FIGS. 19 and 20, a 
two-lane main way 103 has a fork DS (specific fork) at 
which a single-lane branch way 102 branches off from the 
main way 103. In these drawings, the reference numeral 121 
denotes a dotted-line lane marker that defines a boundary 
between the main way 103 and an entrance lane to the 
branch way 102. The reference numeral AR1 denotes a 
specific area that is set with respect to the fork DS. 
0264. With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the main way 
103 can choose any one of the six traveling courses A-F 
indicated by the arrows in FIGS. 19 and 20. 
0265). When the vehicle passes the fork DS, first the 
navigation apparatus carries out the first determination pro 
ceSS to determine the traveling road on which the vehicle is 
going to travel after passing the fork DS or on which the 
vehicle is traveling after passing the fork DS. This first 
determination process is made based on (i) a detection 
result(s) obtained when the vehicle is within the specific area 
AR1 and (ii) a set of predetermined conditions related to the 
fork DS. Specifically, when the vehicle is within the specific 
area AR1, the navigation apparatus determines the traveling 
road by judging which one of the following conditions 
(a)-(c) is satisfied. (The following conditions used in the 
road determining proceSS are determined in association with 
the features of the fork DS, and they are described with 
reference to Results 1-6 in FIG. 11.) 
0266 <Conditions Used in the First Determination Pro 
CCSS 

0267 Condition (a): Result 5 occurs, when the vehicle 
is within the specific area AR1. 

0268 Condition (b): Result 6 occurs twice after Result 
4 has occurred, when the vehicle is within the Specific 
area AR1. 

0269 Condition (c): Result 6 occurs after Result 3 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0270. In the case where the navigation apparatus has 
judged through the first determination process that none of 
the above-mentioned Conditions (a)-(c) is satisfied (i.e., in 
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the case where the navigation apparatus has not Successfully 
determined the traveling road when the vehicle is within the 
Specific area AR1), the navigation apparatus carries out the 
Second determination process after leaving the Specific area 
AR1 to try to determine the traveling road again. This 
Second determination process is made based on (i) the 
detection result(s) obtained when the vehicle was within the 
Specific area AR1 and (ii) another set of predetermined 
conditions related to the fork DS. Specifically, after leaving 
the Specific area AR1, the navigation apparatus determines 
the traveling road by judging which one of the following 
conditions (d) and (e) is satisfied. 
0271 <Conditions Used in the Second Determination 
Process.> 

0272) Condition (d): Neither Result 5 nor 6 occurred, 
when the vehicle was within the specific area AR1. 

0273 Condition (e): Result 6 occurred once after 
Result 4 occurred, when the vehicle was within the 
Specific area AR1. 

0274 For example, in the case where the vehicle takes 
Course A, the vehicle travels in the right-hand lane of the 
main way 103 and then changes lanes to get into an adjacent 
lane on the left Side. In this case, through the first determi 
nation process the navigation apparatus judges that the 
above-mentioned condition (a) has been Satisfied, when the 
vehicle is within the specific area AR1. Based on this 
judgment, the navigation apparatus determines that the road 
on which the vehicle is going to travel after passing the fork 
DS (or on which the vehicle is traveling after passing the 
fork DS) is the main way 103. 
0275. In the case where the vehicle takes Course F, the 
vehicle travels in the left-hand lane of the main way 103 and 
then changes lanes to get into the entrance lane to the branch 
way 102. In this case, through the first determination proceSS 
the navigation apparatus judges that the above-mentioned 
condition (b) has been satisfied, when the vehicle is within 
the Specific area AR1. Based on this judgment, the naviga 
tion apparatus determines that the road on which the vehicle 
is going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the branch 
way 102. 

0276. In the case where the vehicle takes Course C, the 
vehicle travels in the right-hand lane of the main way 103 
and then changes lanes to get into the entrance lane to the 
branch way 102. In this case, through the first determination 
process the navigation apparatus judges that the above 
mentioned condition (c) has been Satisfied, when the vehicle 
is within the Specific area AR1. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is going to travel after passing the fork DS (or on 
which the vehicle is traveling after passing the fork DS) is 
the branch way 102. 

0277. In the case where the vehicle takes Course B, the 
vehicle travels Straight in the right-hand lane of the main 
way 103 without changing lanes. In this case, through the 
Second determination process, the navigation apparatus 
judges that the above-mentioned condition (d) has been 
Satisfied. Based on this judgment, the navigation apparatus 
determines that the road on which the vehicle is traveling 
after passing the fork DS is the main way 103. 
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0278 In the case where the vehicle takes Course D, the 
vehicle travels straight in the left-hand lane of the main way 
103 without changing lanes. In this case, through the Second 
determination process, the navigation apparatus judges that 
the above-mentioned condition (d) has been satisfied. Based 
on this judgment, the navigation apparatus determines that 
the road on which the vehicle is traveling after passing the 
fork DS is the main way 103. 
0279. In the case where the vehicle takes Course E, the 
vehicle travels in the left-hand lane of the main way 103 and 
then changes lanes to get into an adjacent lane on the right 
Side. In this case, through the Second determination process, 
the navigation apparatus judges that the above-mentioned 
condition (e) has been Satisfied. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is traveling after passing the fork DS is the main way 
103. 

0280 Next, a fourth example of the road determination 
process will be described with reference to FIGS. 21-23. 
FIGS. 21-23 show an example of a fourth type road having 
a specific fork. 
0281. In the example shown in FIGS. 21-23, a three-lane 
roadway 101 has a fork DS (specific fork) at which the 
roadway 101 divides into a two-lane main way 103 and a 
Single-lane branch way 102. In these drawings, the reference 
numeral 122 denotes a broken-line lane marker that defines 
a boundary between entrance lanes to the main way 103 and 
an entrance lane to the branch way 102. The reference 
numeral AR1 denotes a specific area that is set with respect 
to the fork DS. 

0282. With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the roadway 
101 can choose any one of the nine traveling courses A-I 
indicated by the arrows in FIGS. 21-23. 
0283) When the vehicle passes the fork DS, first the 
navigation apparatus carries out the first determination pro 
ceSS to determine the traveling road on which the vehicle is 
going to travel after passing the fork DS or on which the 
vehicle is traveling after passing the fork DS. This first 
determination process is made based on (i) a detection 
result(s) obtained when the vehicle is within the specific area 
AR1 and (ii) a set of predetermined conditions related to the 
fork DS. Specifically, when the vehicle is within the specific 
area AR1, the navigation apparatus determines the traveling 
road by judging which one of the following conditions 
(a)-(e) is satisfied. (The following conditions used in the 
road determining proceSS are determined in association with 
the features of the fork DS, and they are described with 
reference to Results 1-6 in FIG. 11.) 
0284) <Conditions Used in the First Determination Pro 
CCSS 

0285 Condition (a): Result 5 occurs after Result 2 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0286 Condition (b): Result 6 occurs after Result 2 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0287 Condition (c): Result 6 occurs twice after Result 
4 has occurred, when the vehicle is within the Specific 
area AR1. 
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0288 Condition (d): Result 5 occurs twice after Result 
3 has occurred, when the vehicle is within the specific 
area AR1. 

0289 Condition (e): Result 5 occurs once after Result 
3 has occurred, when the vehicle is within the specific 
area AR1. 

0290. In the case where the navigation apparatus has 
judged through the first determination process that none of 
the above-mentioned Conditions (a)-(e) is satisfied (i.e., in 
the case where the navigation apparatus has not Successfully 
determined the traveling road when the vehicle is within the 
Specific area AR1), the navigation apparatus carries out the 
Second determination process after leaving the Specific area 
AR1 to try to determine the traveling road again. This 
Second determination process is made based on (i) the 
detection results obtained when the vehicle was within the 
Specific area AR1 and (ii) another set of predetermined 
conditions related to the fork DS. Specifically, after leaving 
the Specific area AR1, the navigation apparatus determines 
the traveling road by judging which one of the following 
conditions (f)-(i) is satisfied. 
0291 <Conditions Used in the Second Determination 
Process.> 

0292 Condition (f): Only Result 4 occurred without 
occurrence of any of Results 5 and 6, when the vehicle 
was within the specific area AR1. 

0293 Condition (g): Result 6 occurred once after 
Result 4 occurred, when the vehicle was within the 
Specific area AR1. 

0294 Condition (h): Only Result 2 occurred without 
occurrence of any of Results 5 and 6, when the vehicle 
was within the specific area AR1. 

0295 Condition (i): Only Result 3 occurred without 
occurrence of any of Results 5 and 6, when the vehicle 
was within the specific area AR1. 

0296 For example, in the case where the vehicle takes 
Course A, the vehicle travels in a center lane of the roadway 
101 and then changes lanes to get into an adjacent lane on 
the left Side. In this case, through the first determination 
process the navigation apparatus judges that the above 
mentioned condition (a) has been Satisfied, when the vehicle 
is within the Specific area AR1. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is going to travel after passing the fork DS (or on 
which the vehicle is traveling after passing the fork DS) is 
the main way 103. 
0297. In the case where the vehicle takes Course C, the 
vehicle travels in the center lane of the roadway 101 and 
then changes lanes to get into an adjacent lane on the right 
Side. In this case, through the first determination process the 
navigation apparatus judges that the above-mentioned con 
dition (b) has been satisfied, when the vehicle is within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the branch 
way 102. 
0298. In the case where the vehicle takes Course F, the 
vehicle travels in the leftmost lane of the roadway 101 and 
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then changes lanes to get into the rightmost lane. In this case, 
through the first determination process the navigation appa 
ratus judges that the above-mentioned condition (c) has been 
satisfied, when the vehicle is within the specific area AR1. 
Based on this judgment, the navigation apparatus determines 
that the road on which the vehicle is going to travel after 
passing the fork DS (or on which the vehicle is traveling 
after passing the fork DS) is the branch way 102. 
0299. In the case where the vehicle takes Course G, the 
vehicle travels in the rightmost lane of the roadway 101 and 
then changes lanes to get into the leftmost lane. In this case, 
through the first determination process the navigation appa 
ratus judges that the above-mentioned condition (d) has been 
satisfied, when the vehicle is within the specific area AR1. 
Based on this judgment, the navigation apparatus determines 
that the road on which the vehicle is going to travel after 
passing the fork DS (or on which the vehicle is traveling 
after passing the fork DS) is the main way 103. 
0300. In the case where the vehicle takes Course H, the 
vehicle travels in the rightmost lane of the roadway 101 and 
then changes lanes to get into an adjacent lane on the left 
Side. In this case, through the first determination process the 
navigation apparatus judges that the above-mentioned con 
dition (e) has been satisfied, when the vehicle is within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the main 
way 103. 
0301 In the case where the vehicle takes Course D, the 
vehicle travels in the leftmost lane of the roadway 101 
without changing lanes. In this case, through the Second 
determination process, the navigation apparatus judges that 
the above-mentioned condition (f) has been satisfied. Based 
on this judgment, the navigation apparatus determines that 
the road on which the vehicle is traveling after passing the 
fork DS is the main way 103. 
0302) In the case where the vehicle takes Course E, the 
vehicle travels in the leftmost lane of the roadway 101 and 
then changes lanes to get into an adjacent lane on the right 
Side. In this case, through the Second determination process, 
the navigation apparatus judges that the above-mentioned 
condition (g) has been Satisfied. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is traveling after passing the fork DS is the main way 
103. 

0303. In the case where the vehicle takes Course B, the 
vehicle travels in the center lane of the roadway 101 without 
changing lanes. In this case, through the Second determina 
tion process, the navigation apparatus judges that the above 
mentioned condition (h) has been Satisfied. Based on this 
judgment, the navigation apparatus determines that the road 
on which the vehicle is traveling after passing the fork DS 
is the main way 103. 
0304. In the case where the vehicle takes Course I, the 
vehicle travels in the rightmost lane of the roadway 101 
without changing lanes. In this case, through the Second 
determination process, the navigation apparatus judges that 
the above-mentioned condition (i) has been satisfied. Based 
on this judgment, the navigation apparatus determines that 
the road on which the vehicle is traveling after passing the 
fork DS is the branch way 103. 



US 2001/0056326 A1 

0305 Next, a fifth example of the road determination 
process will be described with reference to FIGS. 24-26. 
FIGS. 24-26 show an example of a fifth type road having a 
Specific fork. 
0306 In the example shown in FIGS. 24-26, a three-lane 
main way 103 has a fork DS (specific fork) at which a 
single-lane branch way 102 branches off from the main way 
103. In these drawings, the reference numeral 121 denotes a 
dotted-line lane marker that defines a boundary between the 
main way 103 and an entrance lane to the branch way 102. 
The reference numeral AR1 denotes a specific area that is Set 
with respect to the fork DS. 
0307 With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the main way 
103 can choose any one of the twelve traveling courses A-L 
indicated by the arrows in FIGS. 24-26. 
0308) When the vehicle passes the fork DS, first the 
navigation apparatus carries out the first determination pro 
ceSS to determine the traveling road on which the vehicle is 
going to travel after passing the fork DS or on which the 
vehicle is traveling after passing the fork DS. This first 
determination process is made based on (i) a detection 
result(s) obtained when the vehicle is within the specific area 
AR1 and (ii) a set of predetermined conditions related to the 
fork DS. Specifically, when the vehicle is within the specific 
area AR1, the navigation apparatus determines the traveling 
road by judging which one of the following conditions 
(a)-(d) is Satisfied. (The following conditions used in the 
road determining proceSS are determined in association With 
the features of the fork DS, and they are described with 
reference to Results 1-6 in FIG. 11.) 
0309 <Conditions Used in the First Determination Pro 
CCSS 

0310 Condition (a): Result 5 occurs once or twice, 
when the vehicle is within the specific area AR1. 

0311 Condition (b): Result 6 occurs third times after 
Result 4 has occurred, when the vehicle is within the 
Specific area AR1. 

0312 Condition (c): Result 6 occurs once after Result 
3 has occurred, when the vehicle is within the specific 
area AR1. 

0313 Condition (d): Result 6 occurs twice after Result 
2 has occurred, when the vehicle is within the Specific 
area AR1. 

0314. In the case where the navigation apparatus has 
judged through the first determination process that none of 
the above-mentioned Conditions (a)-(d) is satisfied (i.e., in 
the case where the navigation apparatus has not Successfully 
determined the traveling road when the vehicle is within the 
Specific area AR1), the navigation apparatus carries out the 
Second determination process after leaving the Specific area 
AR1 to try to determine the traveling road again. This 
Second determination process is made based on (i) the 
detection results obtained when the vehicle was within the 
Specific area AR1 and (ii) another set of predetermined 
conditions related to the fork DS. Specifically, after leaving 
the Specific area AR1, the navigation apparatus determines 
the traveling road by judging which one of the following 
conditions (e)-(g) is Satisfied. 
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0315 <Conditions Used in the Second Determination 
Process.> 

0316 Condition (e): Neither Result 5 nor 6 occurred, 
when the vehicle was within the specific area AR1. 

0317 Condition (f): Result 6 occurred once or twice 
after Result 4 occurred, when the vehicle was within 
the Specific area AR1. 

0318 Condition (g): Result 6 occurred after Result 2 
occurred, when the vehicle was within the Specific area 
AR1. 

0319 For example, in the case where the vehicle takes 
Course E, the vehicle travels in the center lane of the main 
way 103 and then changes lanes to get into the leftmost lane. 
In this case, through the first determination process the 
navigation apparatus judges that the above-mentioned con 
dition (a) has been satisfied, when the vehicle is within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the main 
way 103. 
0320 In the case where the vehicle takes Course I or J, 
the vehicle travels in the rightmost lane of the main way 103 
and then changes lanes to get into the leftmost lane or center 
lane. In this case, through the first determination process the 
navigation apparatus judges that the above-mentioned con 
dition (a) has been satisfied, when the vehicle is within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the main 
way 103. 
0321) In the case where the vehicle takes Course D, the 
vehicle travels in the leftmost lane of the main way 103 and 
then changes lanes to get into the branch way 102. In this 
case, through the first determination process the navigation 
apparatus judges that the above-mentioned condition (b) has 
been Satisfied, when the vehicle is within the Specific area 
AR1. Based on this judgment, the navigation apparatus 
determines that the road on which the vehicle is going to 
travel after passing the fork DS (or on which the vehicle is 
traveling after passing the fork DS) is the branch way 102. 
0322. In the case where the vehicle takes Course L, the 
vehicle travels in the rightmost lane of the main way 103 and 
then changes lanes to get into the branch way 102 on the 
right Side. In this case, through the first determination 
process the navigation apparatus judges that the above 
mentioned condition (c) has been Satisfied, when the vehicle 
is within the Specific area AR1. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is going to travel after passing the fork DS (or on 
which the vehicle is traveling after passing the fork DS) is 
the branch way 102. 
0323 In the case where the vehicle takes Course H, the 
vehicle travels in the center lane of the main way 103 and 
then changes lanes to get into the branch way 102. In this 
case, through the first determination process the navigation 
apparatus judges that the above-mentioned condition (d) has 
been Satisfied, when the vehicle is within the Specific area 
AR1. Based on this judgment, the navigation apparatus 
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determines that the road on which the vehicle is going to 
travel after passing the fork DS (or on which the vehicle is 
traveling after passing the fork DS) is the branch way 102. 

0324. In the case where the vehicle takes Course A, For 
K, the vehicle travels straight on the main way 103 without 
changing lanes. In this case, through the Second determina 
tion process, the navigation apparatus judges that the above 
mentioned condition (e) has been Satisfied. Based on this 
judgment, the navigation apparatus determines that the road 
on which the vehicle is traveling after passing the fork DS 
is the main way 103. 

0325 In the case where the vehicle takes Course B or C, 
the vehicle travels in the leftmost lane of the main way 103 
and then changes lanes to get into the center lane or 
rightmost lane of the main way 103. In this case, through the 
Second determination process, the navigation apparatus 
judges that the above-mentioned condition (f) has been 
Satisfied. Based on this judgment, the navigation apparatus 
determines that the road on which the vehicle is traveling 
after passing the fork DS is the main way 103. 

0326 In the case where the vehicle takes Course G, the 
vehicle travels in the center lane of the main way 103 and 
then changes lanes to get into an adjacent lane on the right 
Side. In this case, through the Second determination process, 
the navigation apparatus judges that the above-mentioned 
condition (g) has been Satisfied. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is traveling after passing the fork DS is the main way 
103. 

0327 Next, a sixth example of the road determination 
process will be described with reference to FIGS. 27-30. 
FIGS. 27-30 show an example of a sixth type road having a 
Specific fork. 

0328. In the example shown in FIGS. 27-30, a four-lane 
roadway 101 has a fork DS (specific fork) at which the 
roadway 101 divides into a three-lane main way 103 and a 
Single-lane branch way 102. In these drawings, the reference 
numeral 122 denotes a broken-line lane marker that defines 
a boundary between entrance lanes to the main way 103 and 
an entrance lane to the branch way 102. The reference 
numeral AR1 denotes a specific area that is Set with respect 
to the fork DS. 

0329. With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the roadway 
101 can choose any one of the sixteen traveling courses A-P 
indicated by the arrows in FIGS. 27-30. 

0330. When the vehicle passes the fork DS, the naviga 
tion apparatus carries out the road determination proceSS 
only after leaving the Specific area AR1 to determine the 
traveling road. The road determination process in this case 
is made based on (i) a detection result(s) obtained when the 
vehicle was within the specific area AR1 and (ii) a set of 
predetermined conditions related to the fork DS. Specifi 
cally, after leaving the Specific area AR1, the navigation 
apparatus determines the traveling road by judging which 
one of the following conditions (a) and (b) is Satisfied. 
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0331 <Conditions Used in the Road Determination Pro 
CCSS 

0332 Condition (a): Result 1 occurred, when the 
vehicle was within the specific area AR1. 

0333 Condition (b): Result 1 did not occur, when the 
vehicle was within the specific area AR1. 

0334 For example, in the case where the vehicle takes 
Course D, H, L or P, the vehicle changes lanes to get into the 
entrance lane to the branch way 102. In this case, through the 
road determination process, the navigation apparatus judges 
that Result 1 occurred when the vehicle was within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
traveling after passing the fork DS is the branch way 102. on 
the other hand, in the case where the vehicle takes Course A, 
B, C, E, F, G, I, J, K, M, N or 0, the vehicle enters the main 
way 103 from the roadway 101. In this case, through the 
road determination process, the navigation apparatus judges 
that Result 1 did not occur when the vehicle was within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
traveling after passing the fork DS is the main way 103. 
0335) Next, a seventh example of the road determination 
process will be described with reference to FIGS. 31-34. 
FIGS. 31-34 show an example of a seventh type road having 
a specific fork. 
0336. In the example shown in FIGS. 31-34, a four-lane 
roadway 101 has a fork DS (specific fork) at which the 
roadway 101 divides into a two-lane main way 103 and a 
two-lane branch way 102. In these drawings, the reference 
numeral 122 denotes a broken-line lane marker that defines 
a boundary between entrance lanes to the main way 103 and 
entrance lanes to the branch way 102. The reference numeral 
AR1 denotes a specific area that is Set with respect to the 
fork DS. 

0337 With regard to the fork DS having the above 
feature, the driver of the vehicle traveling on the roadway 
101 can choose any one of the sixteen traveling courses A-P 
indicated by the arrows in FIGS. 31-34. 
0338 When the vehicle passes the fork DS, first the 
navigation apparatus carries out the first determination pro 
ceSS to determine the traveling road on which the vehicle is 
going to travel after passing the fork DS or on which the 
vehicle is traveling after passing the fork DS. This first 
determination process is made based on (i) a detection result 
(s) obtained when the vehicle is within the specific area AR1 
and (ii) a set of predetermined conditions related to the fork 
DS. Specifically, when the vehicle is within the specific area 
AR1, the navigation apparatus determines the traveling road 
by judging which one of the following conditions (a)-(d) is 
satisfied. (The following conditions used in the road deter 
mining process are determined in association with the fea 
tures of the fork DS, and they are described with reference 
to Results 1-6 in FIG. 11.) 
0339) <Conditions Used in the First Determination Pro 
CCSS 

0340 Condition (a): Result 6 occurs two or three 
times, when the vehicle is within the specific area AR1. 

0341 Condition (b): Result 5 occurs two or three 
times, when the vehicle is within the specific area AR1. 
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0342 Condition (c): Result 6 occurs after Result 2 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0343 Condition (d): Result 5 occurs after Result 2 has 
occurred, when the vehicle is within the Specific area 
AR1. 

0344). In the case where the navigation apparatus has 
judged through the first determination process that none of 
the above-mentioned Conditions (a)-(d) is satisfied (i.e., in 
the case where the navigation apparatus has not Successfully 
determined the traveling road when the vehicle is within the 
Specific area AR1), the navigation apparatus carries out the 
Second determination process after leaving the Specific area 
AR1 to try to determine the traveling road again. This 
Second determination process is made based on (i) the 
detection results obtained when the vehicle was within the 
Specific area AR1 and (ii) another set of predetermined 
conditions related to the fork DS. Specifically, after leaving 
the Specific area AR1, the navigation apparatus determines 
the traveling road by judging which one of the following 
conditions (e)-() is Satisfied. 
0345 <Conditions Used in the Second Determination 
Process.> 

0346 Condition (e): Only Result 4 occurred without 
occurrence of any of Results 5 and 6, when the vehicle 
was within the specific area AR1. 

0347 Condition (f): Result 6 occurred once after 
Result 4 occurred, when the vehicle was within the 
Specific area AR1. 

0348 Condition (g): Result 5 occurred once after 
Result 3 occurred, when the vehicle was within the 
Specific area AR1. 

0349 Condition (h): Only Result 3 occurred without 
occurrence of any of Results 5 and 6, when the vehicle 
was within the specific area AR1. 

0350 Condition (i): Without occurrence of any of 
Results 5 and 6, Result 3 occurred following Result 2, 
when the vehicle was within the specific area AR1. 

0351 Condition (): Without occurrence of any of 
Results 5 and 6, Result 4 occurred following Result 2, 
when the vehicle was within the specific area AR1. 

0352 For example, in the case where the vehicle takes 
Course C, D or H, the vehicle travels in the leftmost lane or 
the second lane from the left side of the roadway 101 and 
then changes lanes to get into the entrance lane to the branch 
way 102. In this case, through the first determination proceSS 
the navigation apparatus judges that the above-mentioned 
condition (a) has been satisfied, when the vehicle is within 
the Specific area AR1. Based on this judgment, the naviga 
tion apparatus determines that the road on which the vehicle 
is going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the branch 
way 102. 
0353. In the case where the vehicle takes Course I, M or 
N, the vehicle travels in the rightmost lane or the second lane 
from the right side of the roadway 101 and then changes 
lanes to get into the entrance lane to the main way 103. In 
this case, through the first determination process the navi 
gation apparatus judges that the above-mentioned condition 
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(b) has been satisfied, when the vehicle is within the specific 
area AR1. Based on this judgment, the navigation apparatus 
determines that the road on which the vehicle is going to 
travel after passing the fork DS (or on which the vehicle is 
traveling after passing the fork DS) is the main way 103. 
0354) In the case where the vehicle takes Course G or L, 
the vehicle travels in the center-side lane (i.e., the Second 
lane from the right or left side of the roadway 101) and then 
changes lanes to get into the entrance lane to the branch way 
102. In this case, through the first determination process the 
navigation apparatus judges that the above-mentioned con 
dition (c) has been satisfied, when the vehicle is within the 
Specific area AR1. Based on this judgment, the navigation 
apparatus determines that the road on which the vehicle is 
going to travel after passing the fork DS (or on which the 
vehicle is traveling after passing the fork DS) is the branch 
way 102. 
0355. In the case where the vehicle takes Course E or J, 
the vehicle travels in the center-side lane (i.e., the Second 
lane from the right or left side of the roadway 101) and then 
changes lanes to get into the main way 103. In this case, 
through the first determination process the navigation appa 
ratus judges that the above-mentioned condition (d) has been 
satisfied, when the vehicle is within the specific area AR1. 
Based on this judgment, the navigation apparatus determines 
that the road on which the vehicle is going to travel after 
passing the fork DS (or on which the vehicle is traveling 
after passing the fork DS) is the main way 103. 
0356. In the case where the vehicle takes Course A, the 
vehicle travels straight in the leftmost lane of the roadway 
101 without changing lanes. In this case, through the Second 
determination process, the navigation apparatus judges that 
the above-mentioned condition (e) has been Satisfied. Based 
on this judgment, the navigation apparatus determines that 
the road on which the vehicle is traveling after passing the 
fork DS is the main way 103. 
0357. In the case where the vehicle takes Course B, the 
vehicle travels in the leftmost lane of the roadway 101 and 
then changes lanes to get into an adjacent lane on the right 
Side. In this case, through the Second determination process, 
the navigation apparatus judges that the above-mentioned 
condition (f) has been satisfied. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is traveling after passing the fork DS is the main way 
103. 

0358 In the case where the vehicle takes Course O, the 
vehicle travels in the rightmost lane of the roadway 101 and 
then changes lanes to get into an adjacent lane on the left 
Side. In this case, through the Second determination process, 
the navigation apparatus judges that the above-mentioned 
condition (g) has been Satisfied. Based on this judgment, the 
navigation apparatus determines that the road on which the 
vehicle is traveling after passing the fork DS is the branch 
way 102. 
0359. In the case where the vehicle takes Course P, the 
vehicle travels Straight in the rightmost lane of the roadway 
101 without changing lanes. In this case, through the Second 
determination process, the navigation apparatus judges that 
the above-mentioned condition (h) has been satisfied. Based 
on this judgment, the navigation apparatus determines that 
the road on which the vehicle is traveling after passing the 
fork DS is the branch way 102. 
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0360. In the case where the vehicle takes Course F, the 
vehicle travels straight in the second lane from the left side 
of the roadway 101 without changing lanes. In this case, 
through the Second determination process, the navigation 
apparatus judges that the above-mentioned condition (i) has 
been Satisfied. Based on this judgment, the navigation appa 
ratus determines that the road on which the vehicle is 
traveling after passing the fork DS is the main way 103. 
0361. In the case where the vehicle takes Course K, the 
vehicle travels Straight in the Second lane from the right Side 
of the roadway 101 without changing lanes. In this case, 
through the Second determination process, the navigation 
apparatus judges that the above-mentioned condition () has 
been Satisfied. Based on this judgment, the navigation appa 
ratus determines that the road on which the vehicle is 
traveling after passing the fork DS is the branch way 102. 
0362 Hereinbefore, the navigation apparatus, the method 
for map matching performed in the navigation apparatus, 
and the computer-readable medium Storing a program for 
executing the method were described in detail. 
0363 According to the navigation apparatus of this 
invention, the map matching process is carried out through 
the following steps (a)-(h). 

0364 (a) Step of detecting a current position of the 
vehicle. 

0365 (b) Step of taking images of a road on which 
the vehicle is traveling. 

0366 (c) Step of detecting and watching lane mark 
ers on the road to obtain a detection result(s). The 
detection and watching are carried out by processing 
the images taken at the step (b). 

0367 (d) Step of judging whether or not a specific 
fork is located ahead of the current position of the 
vehicle based on the route/map data Stored in the 
database 24. 

0368 (e) Step of retrieving the fork information of 
the specific fork from the route/map data. The 
retrieval is carried out in the case where it is judged 
at the step (d) that a specific fork is located ahead of 
the current position of the vehicle. 

0369 (f) Step of judging whether or not the vehicle 
has entered a specific area that is Set with respect to 
the Specific fork. 

0370 (g) Step of determining the traveling road on 
which the vehicle is traveling after passing the 
Specific fork or on which the vehicle is going to 
travel after passing the Specific fork. This determi 
nation is carried out based on (i) the obtained detec 
tion result(s) and (ii) predetermined conditions 
related to the Specific fork. 

0371 (h) Step of correcting the vehicle's position 
displayed on the digital road map based on the 
determined road, if needed. 

0372 By determining the traveling road in this manner, it 
is possible for the navigation apparatus to know the traveling 
road just after passing the Specific fork, based on the 
determination result at Step (g). Further, when the vehicle's 
actual location is displayed at a wrong position on the digital 
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road map, the navigation apparatus can correct the position 
So that the road on which the vehicle is actually traveling 
immediately after passing the fork DS just corresponds to 
the road image along which the vehicle's mark is moving on 
the digital road map. This is advantageous in the following 
points. Namely, the driver can know its accurate location 
from the displayed information on the Screen just after 
passing the Specific fork. In addition, it is possible to prevent 
the corner control operation described above from being 
carried out at an inappropriate location. 
0373). Further, in the road determination process at the 
above-mentioned Step (g), the navigation apparatus does not 
depend on lane markers outside the Specific area to deter 
mine the traveling road. This prevents the lane marker 
detection accuracy from being lowered due to, for example, 
shadows from other vehicles and the like. 

0374. In this invention, the determination in Step (g) is 
carried out in two stages. Specifically, in a first determina 
tion process (first stage), the navigation apparatus tries to 
determine the traveling road based on (i) a predetermined 
condition(s) related to the Specific fork and (ii) a detection 
result(s) (i.e., any one or more of Results 1-6 shown in FIG. 
11) obtained when the vehicle is within the specific area. 
This first determination process is carried out when the 
vehicle is within the Specific area. Further, in the case where 
the navigation apparatus has not Successfully determined the 
traveling road in the first determination process described 
above, after the vehicle has left the specific area AR1 the 
navigation apparatus executes a Second determination pro 
cess (second stage) to determine the traveling road. In this 
Second determination process, the navigation apparatus tries 
to determine the traveling road based on (i) another prede 
termined condition(s) related to the specific fork and (ii) the 
detection result(s) obtained when the vehicle was within the 
Specific area. 
0375 According to the above-mentioned road determi 
nation process which includes the first and Second determi 
nation processes, it is possible for the navigation apparatus 
to properly determine the traveling road on which the 
vehicle is going to travel after passing the specific fork (or 
on which the vehicle is traveling after passing the Specific 
fork). 
0376 Further, in the case where the traveling road has 
been Successfully determined through the first determination 
process (first stage), it is possible for the navigation appa 
ratus to know the traveling road just after passing a specific 
fork but before exiting the specific area. Therefore, if 
needed, the navigation apparatus can perform the map 
matching proceSS properly just after passing the Specific 
fork. This is advantageous in that the accurate positional 
information is provided to the driver via the display imme 
diately after passing the Specific fork. 
0377 Finally, it is to be understood that many changes 
and additions may be made to the embodiments described 
above without departing from the Scope and Spirit of the 
invention as defined in the appended claims. 

What is claimed is: 

1. A navigation apparatus which is mounted on a vehicle, 
the navigation apparatus being capable of displaying a 



US 2001/0056326 A1 

vehicle's location on a digital road map on a Screen to 
provide route guidance to a user of the vehicle, the apparatus 
comprising: 

current position detecting means for detecting a current 
position of the vehicle; 

a database which Stores route/map data including at least 
information of forks in roads, in which the fork infor 
mation of each of the forks is Stored in association with 
at least two predetermined conditions relating to fea 
tures of the fork; 

imaging means for taking images of a road on which the 
vehicle is traveling, 

means for detecting and monitoring lane markers on the 
road to obtain detection results, the detection and 
monitoring being performed by processing the images 
taken by the imaging means, 

first judging means for judging whether or not a fork is 
located ahead of the current position of the vehicle, the 
judgment being made based on the route/map data; 

retrieval means for retrieving the fork information of the 
fork from the route/map data, the retrieval being made 
in a case where the first judging means judges that a 
fork is located ahead of the current position of the 
vehicle; 

Second judging means for judging whether or not the 
vehicle has entered a specific area that is Set with 
respect to the fork, and 

road determining means for determining the road on 
which the vehicle is traveling after passing the fork or 
on which the vehicle is going to travel after passing the 
fork, the determination being made based on the detec 
tion results and the predetermined conditions relating to 
the fork. 

2. The navigation apparatus as claimed in claim 1, further 
comprising third judging means for judging whether or not 
the vehicle has left the Specific area, wherein the road 
determining means includes: 

first means for making the determination when the vehicle 
is within the Specific area; and 

Second means for making the determination in a case 
where the third judging means judges that the vehicle 
has left the Specific area. 

3. The navigation apparatus as claimed in claim 2, 
wherein the predetermined conditions include first and Sec 
ond conditions, in which the first means makes the deter 
mination based on the first condition and the detection 
results obtained when the vehicle is within the Specific area, 
and the Second means makes the determination based on the 
Second condition and the detection results obtained when the 
vehicle is within the Specific area. 

4. The navigation apparatus as claimed in claim 2, further 
comprising fourth judging means for judging whether or not 
the first means has Successfully determined the road, 
wherein the Second means makes the determination in a case 
where the fourth judging means judges that the first means 
has not Successfully determined the road. 

5. The navigation apparatus as claimed in claim 1, 
wherein the detection and monitoring means detects the type 
of each of the lane markers while monitoring lane change 
performed by the vehicle. 
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6. The navigation apparatus as claimed in claim 1, further 
comprising correcting means for correcting the vehicle's 
position displayed on the digital road map based on the 
determined road to match the vehicle's location on the road 
to its position on the digital road map. 

7. A method for map matching performed in a navigation 
apparatus mounted on a vehicle, the navigation apparatus 
being capable of displaying a vehicle's location on a digital 
road map on a Screen and matching the vehicle's location on 
a road to its position on the digital road map, the method 
comprising the Steps of: 

(a) detecting a current position of the vehicle; 
(b) taking images of a road on which the vehicle is 

traveling, 

(c) detecting and watching lane markers on the road to 
obtain detection results, the detection and watching 
being performed by processing the images taken at the 
Step (b); 

(d) judging whether or not a fork is located ahead of the 
current position of the vehicle based on route/map data 
Stored in a database of the navigation apparatus, the 
route/map data including at least information of forks 
in roads, in which the fork information of each of the 
forks is Stored in association with at least two prede 
termined conditions relating to features of the fork; 

(e) retrieving the fork information of the fork from the 
route/map data in the database, the retrieval being made 
in a case where it is judged at the step (d) that a fork is 
located ahead of the current position of the vehicle; 

(f) judging whether or not the vehicle has entered a 
Specific area that is Set with respect to the fork, 

(g) determining the road on which the vehicle is traveling 
after passing the fork or on which the vehicle is going 
to travel after passing the fork, the determination being 
made based on the detection results and the predeter 
mined conditions relating to the fork, and 

(h) correcting the vehicle's position displayed on the 
digital road map based on the determined road to match 
the vehicle's location on the road to its position on the 
digital road map. 

8. A computer-readable medium which Stores a program 
for executing a method for map matching performed in a 
navigation apparatus mounted on a vehicle, the navigation 
apparatus being capable of displaying a vehicle's location on 
a digital road map on a Screen and matching the vehicle's 
location on a road to its position on the digital road map, the 
method comprising the Steps of 

(a) detecting a current position of the vehicle; 
(b) taking images of a road on which the vehicle is 

traveling, 

(c) detecting and watching lane markers on the road to 
obtain detection results, the detection and watching 
being performed by processing the images taken at the 
Step (b); 

(d) judging whether or not a fork is located ahead of the 
current position of the vehicle based on route/map data 
Stored in a database of the navigation apparatus, the 
route/map data including at least information of forks 
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in roads, in which the fork information of each of the (g) determining the road on which the vehicle is traveling 
forks is Stored in association with at least two prede- after passing the fork or on which the vehicle is going 
termined conditions relating to features of the fork; to travel after passing the fork, the determination being 

made based on the detection results and the predeter 
(e) retrieving the fork information of the fork from the mined conditions relating to the fork, and 

route/map data in the database, the retrieval being made (h) correcting the vehicle's position displayed on the 
in a case where it is judged at the step (d) that a fork S digital road map based on the determined road to match 
located ahead of the current position of the vehicle; the vehicle's location on the road to its position on the 

(f) judging whether or not the vehicle has entered a digital road map. 
Specific area that is Set with respect to the fork, k . . . . 


