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(57) ABSTRACT 

On receipt of route information, map data in an area near the 
route is read S11. One intersection existing on the route is 
extracted from the read map data, and intersection-con 
nected links connected to the intersection are extracted S12. 
The road Widths from the center line to the right and left 
sides are speci?ed for the intersection-connected links based 
on attribute data such as the actual road Width of the 
intersection-connected links S13. NeW lines are draWn for 
all the intersection-connected links by translating the line 

(21) Appl. No.: 09/774,561 representing the intersection-connected link as the center 
line rightward and leftward by the speci?ed road Widths, to 

(22) Filed: Feb- 1, 2001 determine right and left side lines of the intersection 
connected link S14. 

(30) Foreign Application Priority Data _ _ _ _ 
Based on the thus-generated Width-imparted intersection 

Feb. 2, 2000 (JP) ....................................... .. 2000-25480 Connected links, an intersection Shape is generated 515- This 
processing is repeated for all the intersections concerned 

Publication Classi?cation S16. This makes it possible to generate and display inter 
section shapes based on a road network map having a degree 

(51) Int. Cl.7 ................................................... .. G01C 21/32 of scale higher than a toWn map. 
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INTERSECTION DISPLAY METHOD, AND MAP 
DISPLAY UNIT AND RECORDING MEDIUM FOR 

REALIZING THE METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an intersection 
display method, and a map display unit and a recording 
medium for realizing this method. More particularly, the 
present invention relates to a method for displaying an 
intersection shape employed in map display units repre 
sented by vehicle-mounted navigation systems and portable 
navigation systems, a map display unit employing this 
method, and a recording medium containing a computer 
program or data for executing this method. 

[0003] 2. Description of the Background Art 

[0004] Initially, in map display units such as navigation 
systems, a road netWork map using nodes and links to 
represent intersections and roads respectively Was generally 
displayed on a screen upon request of the user. 

[0005] In such a road netWork map, roads (links) Were not 
provided With their Widths. Therefore, the user found diffi 
culty in intuitively understanding a node on the map as an 
intersection. Moreover, this type of map failed to display 
detailed road information, such as the number of lanes and 
lane regulations, relating to actual intersections and junc 
tions (hereinafter, these are collectively called “intersec 
tions”). 
[0006] In recent years, in order to overcome the above 
problems, there have been developed various navigation 
systems employing a method for displaying a map provided 
With road Widths. That is, road links are displayed in the 
shape having Widths corresponding to the actual road 
Widths, so as to present a map including roads closer to the 
actual roads in shape. According to the conventional method 
for displaying a map provided With road Widths, road shapes 
having Widths corresponding to the actual road Widths are 
generated based on road links, and placed overlapping each 
other. In this method, the overlap portion of all the Width 
imparted roads connected to one node is considered as an 
intersection for convenience. 

[0007] As a conventional map capable of providing inter 
sections for convenience, usable is a toWn map constructed 
of geometries of buildings and blocks. In such a toWn map, 
portions other than buildings and blocks can be recogniZed 
as roads. Therefore, by using a toWn map, an intersection can 
be displayed in a shape considerably close to the actual 
shape. 
[0008] The conventional method for displaying a map 
provided With road Widths described above has the folloW 
ing problems. This method simply considers the overlap 
portion of Width-imparted road links as an intersection shape 
for convenience. That is, this method does not generate an 
actual intersection shape. Therefore, the intersection shape 
for convenience greatly differs from the actual intersection 
shape in many cases. 

[0009] In addition, in the conventional method for dis 
playing a map provided With road Widths, since the actual 
intersection shape is not recogniZed, it is very difficult to 
specify the positions at Which accessories in and around an 
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intersection (crossWalks, stop lines, an island in the center of 
a rotary, and the like) are to be placed. 

[0010] Moreover, in the conventional method for display 
ing a map provided With road Widths, a problem arises When 
a driving path is to be displayed in an intersection along a 
route searched based on the road netWork. That is, since the 
actual intersection shape is not determined, a driving path 
can only be draWn as a path passing through the node 
(intersection) of the original road netWork. Therefore, a 
smooth driving path cannot be draWn for a right or left turn 
at the intersection. 

[0011] The conventional method using a toWn map for 
recogniZing an intersection shape has the folloWing prob 
lem. It takes a huge amount of time to collect nationWide 
detailed toWn map data. In reality, therefore, toWn maps of 
only limited areas are collected. If nationWide toWn map 
data is successfully collected, the resultant data amount Will 
be enormous. It is difficult to store such nationWide toWn 
map data in a map display unit having a small memory 
capacity, a map display unit that receives map data via 
communications, and the like. 

SUMMARY OF THE INVENTION 

[0012] Therefore, an object of the present invention is to 
provide an intersection display method for generating and 
displaying an intersection shape by use of a road netWork 
map having a degree of scale higher than a toWn map, and 
a map display unit and a recording medium for realiZing this 
method. 

[0013] The present invention has the folloWing features to 
attain the object above. 

[0014] A?rst aspect of the present invention is directed to 
an intersection display method for generating and displaying 
an intersection shape by use of map data including a road 
netWork. The method includes the steps of: 

[0015] reading from the map data an intersection 
node representing an intersection and intersection 
connected links representing roads connected to the 
intersection node, constituting the road netWork; 

[0016] generating an intersection shape at the inter 
section node and Width-imparted intersection-con 
nected links, based on the intersection node and the 
intersection-connected links; and 

[0017] displaying the intersection shape together 
With other information for guidance noti?cation. 

[0018] As described above, in the ?rst aspect, an intersec 
tion shape is generated With reference to a road netWork 
included in map data. This alloWs for display of an inter 
section shape closer to the actual shape. In addition, the 
amount of map data required can be smaller compared With 
the case of generating an intersection shape using a toWn 
map. 

[0019] Preferably, the step of generating an intersection 
shape includes: 

[0020] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
associated With the intersection-connected link, and 
draWing side lines representing edges of the road on 
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the right and left sides of the intersection-connected 
link based on the speci?ed road Width; and 

[0021] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node. 

[0022] Thereafter, the following technique may be 
adopted. 
[0023] The technique includes: deterrnining cross points 
each betWeen inner side lines of every tWo adjacent Width 
irnparted intersection-connected links, and determining lines 
extending orthogonal to the intersection-connected links at 
positions outside the cross points With respect to the inter 
section node; and 

[0024] deterrnining cross points betWeen the lines 
and the side lines, and connecting the cross points in 
the order of the sorted intersection-connected links to 
form a polygon as the intersection shape. 

[0025] By the above technique, the Width-irnparted road 
links and the lines de?ning the intersection shape cross at 
right angles. Therefore, the vehicle stop position at the 
intersection is explicitly determined, and the resultant inter 
section shape is closer to the actual shape. 

[0026] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-irnparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0027] deterrnining neW points by shifting the cross 
points as the vertexes of the polygon by a predeter 
rnined distance along the side lines crossing at the 
respective vertexes outWard With respect to the inter 
section node, and connecting the neW points in the 
order of the sorted intersection-connected links to 
form a neW polygon as the intersection shape. 

[0028] The overlap portion of the Width-irnparted road 
links itself is not used as the intersection shape, but is 
expanded by shifting the vertexes of the portion outWard 
With respect to the intersection node, to increase the number 
of corners of the intersection shape. The resultant intersec 
tion shape is closer to the actual shape. 

[0029] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-irnparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0030] generating a predetermined circle including 
the polygon With the intersection node as a center, as 
the intersection shape. 

[0031] This alloWs for display of a circular intersection 
such as a rotary. 

[0032] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-irnparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0033] generating a predetermined circle including 
the polygon With the intersection node as a center, 
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deterrnining cross points betWeen the circle and the 
side lines, and connecting the cross points in the 
order of the sorted intersection-connected links to 
form a neW polygon as the intersection shape. 

[0034] Apolygon inscribed in a circle is a convex polygon 
Without fail. Therefore, this technique is useful in the case 
Where display of a concave polygon is difficult. 

[0035] Preferably, after the step of generating an intersec 
tion shape, the method further includes the steps of: 

[0036] processing the intersection-connected links, 
including reading information on accessories of the 
intersection-connected links from the map data, and 
generating shapes of the accessories and determining 
the positions of the accessories in the intersection 
connected links With reference to the intersection 
shape; and 

[0037] processing the intersection, including reading 
information on accessories of the intersection node 
from the map data, and generating shapes of the 
accessories and determining the positions of the 
accessories in the intersection shape With reference 
to the intersection shape, 

[0038] Wherein the step of processing the intersec 
tion-connected links includes deleting portions of the 
accessories extending along roads (such as center 
lines, lanes, side strips, and sideWalls) that overlap 
the intersection shape. 

[0039] Thus, as for accessories among those belonging to 
the intersection-connected links that extend along the links, 
such as center lines, lanes, side strips, and sideWalls, por 
tions of these accessories that overlap the generated inter 
section shape are deleted. This prevents these accessories 
from protruding into the area of the intersection, and thus the 
resultant intersection shape is closer to the actual shape. 

[0040] When the map data includes information that tWo 
of the intersection-connected links connected to the inter 
section are major roads, the step of processing the intersec 
tion preferably includes connecting center lines and lanes 
belonging to the two major roads among the deleted center 
lines and lanes belonging to the intersection-connected links 
smoothly, to generate a center line and lanes in the inter 
section shape. 

[0041] By the above processing, if there is information 
that tWo of the intersection-connected links are major roads, 
lanes and center lines belonging to the two major roads are 
connected srnoothly even When lanes and center lines are 
deleted in the intersection as described above. The resultant 
intersection shape has a marking close to the actual marking 
for a major road. 

[0042] Preferably, the step of generating an intersection 
shape relates to generation of an intersection shape on a 
route from a departure point to a destination or a stopover 
searched based on the map data, and the step includes: 

[0043] generating a vehicle path along a predeter 
rnined position on the Width-irnparted intersection 
connected links through Which the route runs; and 

[0044] deleting a portion of the vehicle path that 
overlaps the intersection shape and then connecting 
rernainders of the vehicle path in the areas other than 



US 2001/0012981 Al 

the intersection shape separated by the deletion 
smoothly, to generate a vehicle path in the intersec 
tion shape. 

[0045] Thus, When a route searched based on a road 
netWork and information on the departure point and the 
destination is to be displayed on the generated intersection 
shape, the following processing is performed. That is, as for 
a vehicle path extending along intersection-connected links 
through Which the route runs, a portion of the vehicle path 
that overlaps the intersection shape is deleted, and then 
remainders of the vehicle path separated by the deletion is 
connected smoothly in the intersection. In this Way, the 
vehicle path can be displayed in a form closer to the actual 
path. 

[0046] Further, preferably, When the map data includes 
information on a stop line of the intersection-connected link, 
the step of displaying the generated intersection shape 
includes generating the distance from the position of a 
vehicle to the stop line as the distance from the position of 
the vehicle to a coming intersection, in the generation of 
noti?cation information for guidance of the vehicle based on 
the map data, the intersection shape, and the route from a 
departure point to a destination or a stopover searched based 
on the map data. 

[0047] By adopting the above processing, the distance 
from the position of the vehicle to the stop line, not to the 
intersection node as the center of the intersection, is used for 
noti?cation of the distance betWeen the vehicle and the 
coming intersection, such as “300 m to next intersection”, 
for example. This makes it possible to provide guidance in 
a manner more agreeable to the driver. 

[0048] A second aspect is directed to a map display unit 
for displaying a map for guidance. The unit includes: 

[0049] a map data storage part for storing map data 
including a road netWork; 

[0050] a route search part for searching a route from 
a departure point to a destination or a stopover based 
on the map data; 

[0051] a vehicle position detection part for detecting 
the position of a vehicle mounting the unit on the 
map data; 

[0052] an intersection shape generation part for read 
ing an intersection node representing an intersection 
and intersection-connected links representing roads 
connected to the intersection node constituting the 
road netWork, and generating Width-imparted inter 
section-connected links and an intersection shape at 
the intersection node based on the intersection node 
and the intersection-connected links; 

[0053] a guidance part for generating noti?cation 
information for guidance of the vehicle based on the 
map data, the intersection shape, and the route 
searched; and 

[0054] an output part for outputting the noti?cation 
information via map display or any other medium. 

[0055] Preferably, the intersection shape generation part 
performs the operation of: 
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[0056] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
associated With the intersection-connected link, and 
draWing side lines representing edges of a road on 
the right and left sides of the intersection-connected 
link based on the speci?ed road Width; and 

[0057] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node, 

[0058] Thereafter, the folloWing technique may be 
adopted. 
[0059] The technique includes: determining cross points 
each betWeen inner side lines of every tWo adjacent Width 
imparted intersection-connected links, and determining lines 
extending orthogonal to the intersection-connected links at 
positions outside the cross points With respect to the inter 
section node; and 

[0060] determining cross points betWeen the lines 
and the side lines, and connecting the cross points in 
the order of the sorted intersection-connected links to 
form a polygon as the intersection shape. 

[0061] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-imparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0062] determining neW points by shifting the cross 
points as the vertexes of the polygon by a predeter 
mined distance along the side lines crossing at the 
respective vertexes outWard With respect to the inter 
section node, and connecting the neW points in the 
order of the sorted intersection-connected links to 
form a neW polygon as the intersection shape. 

[0063] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-imparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0064] generating a predetermined circle including 
the polygon With the intersection node as a center, as 
the intersection shape. 

[0065] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-imparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0066] generating a predetermined circle including 
the polygon With the intersection node as a center, 
determining cross points betWeen the circle and the 
side lines, and connecting the cross points in the 
order of the sorted intersection-connected links to 
form a neW polygon as the intersection shape. 

[0067] Also, preferably, the intersection shape generation 
part further performs the operation of: 

[0068] reading information on accessories of the 
intersection-connected links from the map data, and 
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generating shapes of the accessories and determining 
the positions of the accessories in the intersection 
connected links With reference to the intersection 
shape, after the generation of the intersection shape; 

[0069] reading information on accessories of the 
intersection node from the map data, and generating 
shapes of the accessories and determining the posi 
tions of the accessories in the intersection shape With 
reference to the intersection shape, after the genera 
tion of the intersection shape; and 

[0070] deleting portions of the accessories extending 
along roads (such as center lines, lanes, side strips, 
and sideWalls) that overlap the intersection shape. 

[0071] When the map data includes information that tWo 
of the intersection-connected links connected to the inter 
section are major roads, the intersection shape generation 
part preferably connects center lines and lanes belonging to 
the tWo major roads among the deleted center lines and lanes 
belonging to the intersection-connected links smoothly, to 
generate a center line and lanes in the intersection shape. 

[0072] Preferably, the intersection shape generation part 
generates an intersection shape on a route from a departure 
point to a destination or a stopover searched based on the 
map data, and further performs the operation of: 

[0073] generating a vehicle path along a predeter 
mined position on the Width-imparted intersection 
connected links through Which the route runs; and 

[0074] deleting a portion of the vehicle path that 
overlaps the intersection shape and then connecting 
remainders of the vehicle path in the areas other than 
the intersection shape separated by the deletion 
smoothly, to generate a vehicle path in the intersec 
tion shape. 

[0075] Further, preferably, When the map data includes 
information on a stop line of the intersection-connected link, 
the guidance part generates the distance from the position of 
the vehicle to the stop line as the distance from the position 
of the vehicle to a coming intersection. 

[0076] As described above, the second aspect is directed 
to a map display unit employing the intersection display 
method in the ?rst aspect. With the above construction, even 
a map display unit (such as a navigation system) having a 
small memory capacity can display an intersection shape. 

[0077] A third aspect is directed to a recording medium 
containing an intersection display method for generating and 
displaying an intersection shape by use of map data includ 
ing a road netWork recorded as a computer-executable 
program. The program at least executes the steps of: 

[0078] reading from the map data an intersection 
node representing an intersection and intersection 
connected links representing roads connected to the 
intersection node, constituting the road netWork; 

[0079] generating an intersection shape at the inter 
section node and Width-imparted intersection-con 
nected links, based on the intersection node and the 
intersection-connected links; and 

[0080] displaying the intersection shape together 
With other information for guidance noti?cation. 
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[0081] Preferably, the step of generating an intersection 
shape includes the steps of: 

[0082] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
associated With the intersection-connected link, and 
draWing side lines representing edges of the road on 
the right and left sides of the intersection-connected 
link based on the speci?ed road Width; and 

[0083] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node. 

[0084] Thereafter, the folloWing technique may be 
adopted. 
[0085] The technique includes: determining cross points 
each betWeen inner side lines of every tWo adjacent Width 
imparted intersection-connected links, and determining lines 
extending orthogonal to the intersection-connected links at 
positions outside the cross points With respect to the inter 
section node; and 

[0086] determining cross points betWeen the lines 
and the side lines, and connecting the cross points in 
the order of the sorted intersection-connected links to 
form a polygon as the intersection shape. 

[0087] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-imparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0088] determining neW points by shifting the cross 
points as the vertexes of the polygon by a predeter 
mined distance along the side lines crossing at the 
respective vertexes outWard With respect to the inter 
section node, and connecting the neW points in the 
order of the sorted intersection-connected links to 
form a neW polygon as the intersection shape. 

[0089] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-imparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0090] generating a predetermined circle including 
the polygon With the intersection node as a center, as 
the intersection shape. 

[0091] Alternatively, the technique may include: deter 
mining cross points each betWeen inner side lines of every 
tWo adjacent Width-imparted intersection-connected links, 
and connecting the cross points in the order of the sorted 
intersection-connected links to form a polygon; and 

[0092] generating a predetermined circle including 
the polygon With the intersection node as a center, 
determining cross points betWeen the circle and the 
side lines, and connecting the cross points in the 
order of the sorted intersection-connected links to 
form a neW polygon as the intersection shape. 

[0093] Also, preferably, after the step of generating an 
intersection shape, the program further executes the steps of: 
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[0094] processing the intersection-connected links, 
including reading information on accessories of the 
intersection-connected links from the map data, and 
generating shapes of the accessories and determining 
the positions of the accessories in the intersection 
connected links With reference to the intersection 
shape; and 

[0095] processing the intersection, including reading 
information on accessories of the intersection node 
from the map data, and generating shapes of the 
accessories and determining the positions of the 
accessories in the intersection shape With reference 
to the intersection shape, 

[0096] Wherein the step of processing the intersec 
tion-connected links includes deleting portions of the 
accessories extending along roads (such as center 
lines, lanes, side strips, and sideWalls) that overlap 
the intersection shape. 

[0097] When the map data includes information that tWo 
of the intersection-connected links connected to the inter 
section are major roads, the step of processing the intersec 
tion preferably includes connecting center lines and lanes 
belonging to the tWo major roads among the deleted center 
lines and lanes belonging to the intersection-connected links 
smoothly, to generate a center line and lanes in the inter 
section shape. 

[0098] Preferably, the step of generating an intersection 
shape relates to generation of an intersection shape on a 
route from a departure point to a destination or a stopover 
searched based on the map data, and the step further includes 
the steps of: 

[0099] generating a vehicle path along a predeter 
mined position on the Width-imparted intersection 
connected links through Which the route runs; and 

[0100] deleting a portion of the vehicle path that 
overlaps the intersection shape and then connecting 
remainders of the vehicle path in the areas other than 
the intersection shape separated by the deletion 
smoothly, to generate a vehicle path in the intersec 
tion shape. 

[0101] Further, preferably, When the map data includes 
information on a stop line of the intersection-connected link, 
the step of displaying the generated intersection shape 
includes generating the distance from the position of a 
vehicle to the stop line as the distance from the position of 
the vehicle to a coming intersection, in the generation of 
noti?cation information for guidance of the vehicle based on 
the map data, the intersection shape, and the route from a 
departure point to a destination or a stopover searched based 
on the map data. 

[0102] As described above, the third aspect is directed to 
a recording medium containing a program for eXecuting the 
intersection display method of the ?rst aspect. This aims to 
provide the intersection display method of the ?rst aspect to 
eXisting display units in the form of softWare. 

[0103] A fourth aspect of the present invention is directed 
to a data recording medium containing recorded computer 
readable data. The data includes: 

[0104] data on an intersection node representing an 
intersection constituting a road netWork; 

Aug. 9, 2001 

[0105] data on intersection-connected links repre 
senting roads connected to the intersection node 
constituting the road netWork; and 

[0106] data on an intersection shape corresponding to 
the intersection node, generated based on the inter 
section node and the intersection-connected links. 

[0107] Preferably, the intersection shape is a polygon 
formed by: 

[0108] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
associated With the intersection-connected link, and 
draWing side lines representing edges of the road on 
the right and left sides of the intersection-connected 
link based on the speci?ed road Width; 

[0109] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node; 

[0110] determining a cross point betWeen inner side 
lines for every tWo adjacent Width-imparted inter 
section-connected links, and determining lines 
extending orthogonal to the intersection-connected 
links at positions outside the cross points With 
respect to the intersection node; and 

[0111] determining cross points betWeen the lines and 
the side lines, and connecting the cross points in the 
order of the sorted intersection-connected links. 

[0112] Alternatively, preferably, the intersection shape is a 
polygon formed by: 

[0113] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
associated With the intersection-connected link, and 
draWing side lines representing edges of the road on 
the right and left sides of the intersection-connected 
link based on the speci?ed road Width; 

[0114] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node; 

[0115] determining cross points each betWeen inner 
side lines of every tWo adjacent Width-imparted 
intersection-connected links, and connecting the 
cross points in the order of the sorted intersection 
connected links to form a provisional polygon; and 

[0116] determining neW points by shifting the cross 
points as the verteXes of the provisional polygon by 
a predetermined distance along the side lines cross 
ing at the respective vertexes outWard With respect to 
the intersection node, and connecting the neW points 
in the order of the sorted intersection-connected 
links. 

[0117] Alternatively, preferably, the intersection shape is a 
predetermined circle formed by: 

[0118] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
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associated With the intersection-connected link, and 
drawing side lines representing edges of the road on 
the right and left sides of the intersection-connected 
link based on the speci?ed road Width; 

[0119] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node; 

[0120] determining cross points each betWeen inner 
side lines of every tWo adjacent Width-imparted 
intersection-connected links, and connecting the 
cross points in the order of the sorted intersection 
connected links to form a polygon; and 

[0121] generating the predetermined circle including 
the polygon With the intersection node as a center. 

[0122] Alternatively, preferably, the intersection shape is a 
polygon formed by: 

[0123] generating a Width-imparted intersection-con 
nected link by specifying a road Width of each of the 
intersection-connected links based on information 
associated With the intersection-connected link, and 
draWing side lines representing edges of the road on 
the right and left sides of the intersection-connected 
link based on the speci?ed road Width; 

[0124] sorting the positions of the intersection-con 
nected links based on the bearings at Which the 
intersection-connected links are connected to the 
intersection node; 

[0125] determining cross points each betWeen inner 
side lines of every tWo adjacent Width-imparted 
intersection-connected links, and connecting the 
cross points in the order of the sorted intersection 
connected links to form a provisional polygon; and 

[0126] generating a predetermined circle including 
the provisional polygon With the intersection node as 
a center, determining cross points betWeen the circle 
and the side lines, and connecting the cross points in 
the order of the sorted intersection-connected links. 

[0127] As described above, in the fourth aspect, intersec 
tion shapes are prepared in advance using a high-throughput 
apparatus such as a Workstation and a computer. The pre 
pared intersection shapes are recorded on a recording 
medium so as to be associated With respective inspection 
nodes in a small-capacity road netWork. Thus, using such a 
recording medium, display of intersection shapes can be 
realiZed even by a map display unit that is poor in operation 
throughput and ?nds dif?culty in directly calculating inter 
section shapes from a road netWork map on a display, 
Without heavily burdening an arithmetic part and a memory 
of the unit. 

[0128] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0129] FIGS. 1a and 1b are illustrations that demonstrate 
the concept of the intersection display method to be realiZed 
by the invention; 
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[0130] FIG. 2 is a block diagram of the construction of a 
map display unit employing an intersection display method 
of a ?rst embodiment of the invention; 

[0131] FIG. 3 is a ?oWchart shoWing an eXample of the 
operation of an intersection shape generation part 5 in FIG. 
2; 
[0132] FIG. 4 is an illustration demonstrating an eXample 
of generation of Width-imparted intersection-connected 
links at an intersection according to steps S11 to S14 in FIG. 
3; 
[0133] FIG. 5 is a ?oWchart shoWing in more detail an 
eXample of the operation in sub-routine step S15 (generation 
of intersection shape) in FIG. 3; 

[0134] FIG. 6 is an illustration demonstrating an eXample 
of generation of an intersection shape according to the steps 
in FIG. 5; 

[0135] FIG. 7 is a ?oWchart shoWing in more detail 
another eXample of the operation in sub-routine step S15 
(generation of intersection shape) in FIG. 3; 

[0136] FIG. 8 is an illustration demonstrating an eXample 
of generation of an intersection shape according to the steps 
in FIG. 7; 

[0137] FIG. 9 is a ?oWchart shoWing in more detail yet 
another eXample of the operation in sub-routine step S15 
(generation of intersection shape) in FIG. 3; 

[0138] FIG. 10 is an illustration demonstrating an 
eXample of generation of an intersection shape according to 
the steps in FIG. 9; 

[0139] FIG. 11 is a ?oWchart shoWing in more detail yet 
another eXample of the operation in sub-routine step S15 
(generation of intersection shape) in FIG. 3; 

[0140] FIG. 12 is an illustration demonstrating an 
eXample of generation of an intersection shape according to 
the steps in FIG. 11; 

[0141] FIG. 13 is a block diagram of the construction of 
a map display unit employing an intersection display method 
of a second embodiment of the invention; 

[0142] FIG. 14 is a ?oWchart shoWing an eXample of the 
operation of an intersection shape generation part 15 in FIG. 
13 performed in addition to the operation of the intersection 
shape generation part 5 in FIG. 2; 

[0143] FIG. 15 is an illustration demonstrating an 
eXample of generation of an intersection shape provided 
With intersection-connected link accessories according to 
steps S21 to S24 in FIG. 14; 

[0144] FIG. 16 is an illustration demonstrating an 
eXample of generation of an intersection shape provided 
With intersection accessories according to steps S25 to S28 
in FIG. 14; 

[0145] FIG. 17 is an illustration demonstrating a concept 
in noti?cation of the distance from the current position to a 
coming intersection; and 

[0146] FIG. 18 is a ?oWchart shoWing the operation of 
calculating the distance from the current position to a 
coming intersection eXecuted by a guidance part 6 in FIG. 
13. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0147] (Basic concept of the invention) 
[0148] Before describing embodiments of the invention in 
detail, the basic concept of the invention Will be described 
for easy understanding of the invention. 

[0149] The intersection display method of the invention 
aims to generate and display an intersection shape closer to 
the actual shape. To attain this aim, the intersection display 
method of the invention uses a road netWork included in map 
data as a basis, and automatically generates and displays the 
shape of an intersection eXisting in the road netWork. 

[0150] As described above, in order to display roads in 
shapes closer to the actual shapes, some conventional tech 
nique generates and displays Width-imparted roads by pro 
viding road links With Widths corresponding to the actual 
road Widths. In such a conventional technique, Width-im 
parted roads corresponding to links connected to a node are 
placed to overlap each other at the node (intersection), and 
the overlap portion is simply considered as the intersection 
(FIG. 1a). In this case, therefore, the shape of the intersec 
tion is not alWays determined. 

[0151] In the above conventional technique, therefore, it is 
dif?cult to perform processing that can only be performed on 
the premise that the intersection shape has been determined, 
such as correcting the intersection shape into a natural shape, 
placing intersection accessories in consideration of the inter 
section shape, and draWing a smooth driving path in the 
intersection. 

[0152] In vieW of the above, the intersection display 
method of the invention ?rst determines Width-imparted 
roads for respective links connected to an intersection, and 
then determines the intersection shape based on the shapes 
of the Width-imparted roads (FIG. 1b). 

[0153] In addition, the intersection display method of the 
invention determines the shapes and positions of intersection 
accessories such as an island in a rotary, a marking for 
right-turn vehicle guidance, crossWalks, stop lines, lanes, 
center lines, side strips, and sideWalls based on the deter 
mined intersection shape, so as to display the intersection in 
a more natural shape. 

[0154] Moreover, according to the invention, the thus 
generated intersection shapes are stored in a storage part in 
association With respective intersections in a road netWork. 
Thus, a road netWork map provided With intersection shapes 
is prepared as a neW map form. By storing this road netWork 
map provided With intersection shapes, the above technique 
of the invention can also be employed by map display units 
having a throughput too small to directly generate intersec 
tion shapes by themselves. In addition, being smaller in 
capacity than a toWn map, the road netWork map provided 
With intersection shapes is advantageous in the case of being 
stored in map display units having a small memory capacity 
and in the case of map distribution via communications. 

[0155] It should be noted that the above description of the 
basic concept of the invention is intended only for easy 
understanding of the invention and by no means alloWed to 
be used to unduly narroW the scope of the invention. 

[0156] Hereinafter, embodiments of the present invention 
Will be described With reference to the relevant draWings. 
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[0157] (First Embodiment) 
[0158] FIG. 2 is a block diagram of the construction of a 
map display unit employing an intersection display method 
of the ?rst embodiment of the invention. Referring to FIG. 
2, the map display unit of the ?rst embodiment includes an 
input part 1, a map data storage part 2, a route search part 3, 
a position detection part 4, an intersection shape generation 
part 5, a guidance part 6, and an output part 7. 

[0159] The intersection display method of the ?rst 
embodiment is basically realiZed by the intersection shape 
generation part 5. For easy understanding, hoWever, the 
entire map display unit employing the intersection display 
method Will be ?rst outlined. Note that the constructions of 
the input part 1, the map data storage part 2, the route search 
part 3, the position detection part 4, the guidance part 6, and 
the output part 7 are not restricted to those exempli?ed in the 
folloWing description, but any of constructions used in 
knoWn map display units may be adopted. 

[0160] The input part 1 includes a remote controller, a 
touch sensor, a keyboard, a mouse, and the like operated by 
the user, for eXample, and is used to input instructions such 
as selection of functions of the map display unit (change of 
the item to be processed, sWitch of the map, change of the 
hierarchical level, and the like), setting of a departure point 
and a destination (including a stopover), and selection of a 
route search mode. Instruction information output from the 
input part 1 is supplied to the route search part 3 and the 
guidance part 6. 

[0161] The map data storage part 2 includes an optical 
disk (CD, DVD, and the like), a hard disk, a large-capacity 
memory, and the like, for eXample, for storing information 
relating to a road netWork (map data) such as the connection 
status, coordinates, shapes, attributes, and regulations for 
respective intersections and roads. The map data stored in 
the map data storage part 2 is read and used as appropriate 
by the route research part 3, the intersection shape genera 
tion part 5, and the guidance part 6. The map data stored in 
the map data storage part 2 may be tWo-dimensional map 
data or three-dimensional map data. 

[0162] The position detection part 4 includes a GPS, a 
radio beacon receiver, a vehicle speed sensor, various speed 
sensors, an absolute bearing sensor, and the like, for detect 
ing the current position of a vehicle. Vehicle current position 
information outputted from the position detection part 4 is 
supplied to the route search part 3 and the guidance part 6. 

[0163] The route search part 3 reads map data in a nec 
essary range from the map data storage part 2 according to 
the instruction information received from the input part 1. 
The route search part 3 then determines the departure point 
and the destination based on the received instruction infor 
mation such as location information, and searches for a 
minimum-cost route from the departure point to the desti 
nation in consideration of intersection traf?c regulation and 
one-Way traf?c regulation if any. 

[0164] To state a speci?c eXample, upon receipt of an 
instruction of executing the route search mode from the 
input part 1, the route search part 3 sets, as the departure 
point of the search, either the departure point inputted into 
the input part 1 or the vehicle current position detected by 
the position detection part 4, and sets as the destination of 
the search the destination inputted into the input part 1. The 




















