a2 United States Patent

Kawasaki et al.

US006710774B1
(10) Patent No.: US 6,710,774 Bl
45) Date of Patent: Mar. 23, 2004

(54) MAP DISPLAY DEVICE

(75) Inventors: Koji Kawasaki, Kariya (JP); Motohiro
Fukumoto, Toyoake (JP); Masatoshi
Abou, Toyota (JP); Takashi Ichida,
Anjo (JP); Kazuyoshi Yamada, Kariya
(IP)

(73) Assignee: Denso Corporation, Kariya (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21) Appl. No.: 09/563,243

(22) Filed: May 1, 2000
(30) Foreign Application Priority Data
May 12, 1999 (JP) eeeveeeeeeeeeeeeeeeeeee e, 11-131701
May 12, 1999 (JP) cvoeeeeeeeeeee e, 11-131702
May 13, 1999  (JP) ceveeeeeeeeeeeeeeeeeeeeeeeeeeee e, 11-132866
Oct. 7, 1999  (JP) et 11-287346
Oct. 7, 1999  (JP) et e 11-287347
(51) Int. CL7 e, GO06T 15/00
(52) US.ClL e, 345/419
(58) Field of Search ................................. 345/419, 619;
701/208, 210, 212
(56) References Cited

U.S. PATENT DOCUMENTS

5,742,924 A
5.757.290 A

4/1998 Nakayama
5/1998 Watanabe et al.

5,999 879 A 12/1999 Yano ......ccoceevevvvnvnnnnnn. 701/208
6,057,856 A * 5/2000 Miyashita et al. .......... 345/633
6175802 B1  1/2001 Okude et al. ............... 701/208
6.324.469 B1 * 11/2001 Okude et al. ............... 701/208
6,388,688 B1 * 5/2002 Schileru-Key .............. 345/854

FOREIGN PATENT DOCUMENTS

EP 841537 5/1998
JP A-7-272196 10/1995
JP 9-62179 3/1997
JP 9-160487 6/1997
JP 9-171348 6/1997
JP 9-212083 3/1997
JP 9-222851 3/1997
JP A-HO09-281889 10/1997
JP 9-304106 11/1997
JP 10-103997 4/1998
JP A-10-267680 10/1998

* cited by examiner

Primary Examiner—Phu K. Nguyen
(74) Attorney, Agent, or Firm—Posz & Bethards, PLC

(57) ABSTRACT

A map display device, which imparts a perspective feeling
to a route guidance line so that it can be easily viewed, when
buildings and roads are three-dimensionally displayed. A
map display device having a control unit for three-
dimensionally displaying a map and further three-
dimensionally displaying a route guidance line on a road on
the map. When the route guidance line 1s hidden by a
building, the control unit displays overlapped portion of the
route guidance line 1n a color different from the color of the
portions that are not overlapping. In particular, the control
unit draws picture by a semitransparent method 1n which the
color displaying the route guidance line and the color
displaying the building are alternately changing with a pixel
as a unit on the video RAM (VRAM). In this case, a
positional relationship becomes clear between the route
cguidance line and the building, and the route guidance line
can be seen more clearly.

30 Claims, 30 Drawing Sheets
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MAP DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATTON

This application 1s based upon Japanese Patent Applica-
tion Nos. He1. 11-131701 filed on May 12, 1999, Hei.

11-131702 filed on May 12, 1999, Hei1. 11-132866 filed on
May 13, 1999, Hei1. 11-287346 filed on Oct. 7, 1999, and
Hei1. 11-287347 filed on Oct. 7, 1999, the contents of which
are 1ncorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to map display devices, and par-
ticular to a map display device for displaying buildings,
roads and the like on a screen 1n a three-dimensional manner.
More particularly, the mvention relates to a map display
device capable of displaying guidance line.

2. Related Art

In vehicular navigation devices as disclosed 1n, for
example, Japanese Patent Laid-Open Nos. Her 9-171348,
He1 9-62179 and Hei1 9-212083, the buildings, roads and the
like are displayed on the screen in a three-dimensional
manner, so that the user can readily understand the map.

There has further been proposed a device, which enables
the altitude of viewing point to be changed at the time of
displaying the map 1n a three-dimensional manner, so that
the map can be viewed more desirably. One of the examples
can be represented by a vehicular navigation device which,
as shown 1n FIG. 34A, permits the user to select the altitude
of viewing point of a bird’s-eye view out of several altitudes
(e.g., three altitudes including low, intermediate and high).

In the three-dimensional map display 1n which buildings
are three-dimensionally displayed on the screen, in general,
when the viewing point 1s set to a low altitude, 1t often
happens that the road or building, which the user wishes to
see, 1s not displayed due to being hidden behind high
buildings located in front. Conversely, when the viewing
point 1s set to a high altitude, the stereo feeling or the
perspective feeling 1s spoiled due to over lapping among the
buildings. Such circumstances vary depending upon the
buildings and roads displayed on the screen, their
arrangements, topography, a portion of the map which the
user wishes to see, etc. According to the above vehicular
navigation devices, however, the user 1s allowed to select the
viewing point out of only three altitudes, and 1s not often
allowed to set the viewing point at an optimum altitude to
meet various situations. When the altitude of viewing point
1s changed, further, the display of the screen greatly changes
at one time, and the user finds 1t difficult to grasp a
relationship between the display of picture of before being
changed and the display of picture of after being changed.

There has further been proposed a vehicular navigation
device, which enables the altitude of viewing point to be
increased or decreased 1n many steps each by a predeter-
mined altitude, as shown in FIG. 34B. According to this
vehicular navigation device, the user 1s allowed to set the
viewing point to a desired altitude to meet the circumstances
on the display of map and objects. However, this vehicular
navigation device still involves a difficulty 1n the operation
1in that when 1t 1s attempted to change the viewing point from
a low altitude to a high altitude, the viewing point of a
desired altitude 1s not readily set despite the altitude of the
viewling point 1s successively increased by a predetermined
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2

altitude each time by manipulating a switch or the like.
However, according to this vehicular navigation device,
when the viewing point 1s set to a relatively high altitude, the
map displayed on the screen may change little, despite the
altitude of the viewing point i1s successively increased or
decreased by a predetermined altitude each time. As a resullt,
the user does not feel that the viewing point 1s ascending or
descending, despite of manipulating the switch.

On the other hand, when the user sets a destination, the
vehicular navigation device calculates an optimum route
from the present position to the destination, and displays a
route guidance line on the roads on the map that 1s three-
dimensionally displayed. It i1s further possible to display
information related to tratfic jam, congestion and vacancy as
lines (road information guidance lines) on the roads or
outside the roads but along the roads, based upon the road
traffic information obtained by the communications among
the vehicles on the roads.

FIGS. 35A and 33B 1illustrate display screens describing,
a route guidance line in addition to the map that 1s three-
dimensionally drawn. In FIGS. 35A and 35B, a building 1 is
drawn as a stereo picture, and a route guidance line 3
(hatched belt portion) is drawn on the road 2. On the
practically displayed screen, the whole route guidance line
3 appears in a color (e.g., red) different from the building 1
or the road 2. On the screen of FIG. 35B, the road 2 and the
route guidance line 3 are so drawn that the width gradually
decreases toward the distance so that a perspective feeling 1s
obtained.

However, when the altitude of viewing point 1s decreased
to nearly the height of a vehicle so as to obtain a display on
the screen as viewed by the eyes of a driver 1n contrast with
the screens shown 1n FIGS. 35A and 35B, then, the feeling
of depth of the route guidance line 3 1s lost, and 1t becomes
difficult to see the route guidance line ahead of the turning
point (ahead of the point turning to the left in FIGS. 35A and
35B).

The route guidance line 3 1s drawn after the buildings and
roads are three-dimensionally displayed on the screen.
When the road 2, on which the route guidance line 3 will be
drawn, 1s hidden by other buildings or roads, and the
overlapped portion is not drawn on the road (which is not
shown in FIGS. 35A, 35B), the route guidance line 3 is
drawn on the buildings and on the roads for the overlapped
portion. Accordingly, it becomes difficult to grasp a perspec-
tive relationship between the route guidance line 3 and other
buildings or roads, or 1t becomes difficult to recognize the
stereo shapes of the other buildings or roads. This inconve-
nience also happens when the road information guidance
lines (e.g., lane guidance lines showing turn to the left, right,
or go straight, and traffic jam information guidance lines) are
to be displayed.

The map may further display traffic regulations
information, such as one-way, speed limit, under
construction, no parking, no stop, caution to falling rocks,
etc. So far, the traffic regulations information has been
drawn by bit map data. However, when the design drawn by
bit map data 1s displayed afar beyond the viewing point in
the three-dimensional display, the display of data of a
particular sequence 1s inhibited and the data are thinned out.
Conversely, when the above picture 1s displayed near the
viewing point, the data are increased by, for example,
tripling the data of each dot.

Theretfore, the quality of display inevitably decreases, the
design displaying the traffic regulations information
becomes less recognizable, and 1t becomes ditficult to watch
the map display device during driving the car.
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On the other hands, in a navigation device which two-
dimensionally displays the map, the names of places and the
names of buildings are also displayed by characters at the
time of displaying the roads and buildings on the display
means. In a navigation device which three-dimensionally
displays the roads and buildings of a map, on the other hand,
the names of places or the names of buildings are not usually
displayed by characters but, instead, such names are dis-
played by characters when the user designates a desired
building or the like.

In this constitution which displays the names of the places
or the names of the buildings for each designation, however,
it 1s not easy to comprehend the position of the desired
building when the user has approached the destination.
Besides, the user must repeat the designation operation
many times to display the desired building, which 1s cum-
bersome.

SUMMARY OF THE INVENTION

This mvention was accomplished 1 view of the above-
mentioned circumstances, and has a first object of providing
a map display device which, when the buildings and roads
are three-dimensionally displayed, imparts perspective feel-
ing to the route guidance lines and to the road information
cguidance lines so that they can be more favorably watched.

A second object of this invention i1s to provide a map
display device which, when traffic regulations information 1s
three-dimensionally displayed, enhances the quality of dis-
play so that they can be more favorably watched.

A third object of this invention 1s to provide a map display
device which, when a map 1s three-dimensionally displayed,
enables the viewing point to be set to a desired altitude
maintaining good operability and enables the display on the
screen to be smoothly changed accompanying the operation
for changing the altitude of the viewing point.

A fourth object of this mvention i1s to provide a map
display device which three-dimensionally displays a map
while also displaying the names of a plurality of buildings by
character through a relatively simple operation.

According to one aspect of the present invention, a
display control unit three-dimensionally displays guidance
line when a map 1s three-dimensionally displayed on the
screen. Even when the altitude of viewing point 1s set on the
screen to an altitude which 1s as low as that of a vehicle, the
user 1s allowed to easily recognize the guidance line and to
casily grasp a perspective feeling of the buildings and roads.

According to another aspect of the present mvention, a
display control means displays, 1n a color different from the
colors of other portions, the portions that are hidden behind
facilities among the route guidance line when a map 1s
three-dimensionally displayed on the screen. Therefore, the
user 1s allowed to easily recognize the positional relationship
among the guidance line and facilities. Besides, the shapes
of the facilities are not smeared out by the guidance line, and
do not become ambiguous.

According to still another aspect of the present invention,
a screen control means finds a proportionally changing
altitude by multiplying the present altitude of viewing point
by a predetermined ratio of change every time when an
altitude-changing instruction is input, and uses, as a new
altitude of viewing point, the altitude that 1s obtained by
increasing or decreasing the present altitude of viewing
point by the proportionally changing altitude. Therefore,
many altitudes of viewing points can be set 1n response to
the mput of the altitude-changing instruction. Besides, the
amount of change 1n the altitude of viewing point increases
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4

with an 1ncrease 1n the altitude of viewing point, and the user
1s allowed to favorably set any desired altitude of viewing
point.

Further, since the altitude of viewing point changes by a
predetermined ratio with respect to the present altitude of
viewling point, the user 1s allowed to gain a feeling of rising
viewing point or lowering viewing point on the three-
dimensionally displayed map upon the mput of an instruc-
tion for changing the altitude. By continuously inputting the
instruction for changing the altitude, further, the display on
the screen can be smoothly changed.

According to far still another aspect of the present
invention, 1t 1s allowed to select a display on the display unit
for also displaying characters telling the names related to a
plurality of buildings, or a display which does not display
such characters. Therefore, the names of the buildings can be
displayed relatively easily without requiring cumbersome
designation operation. Besides, the names of the plurality of
buildings can be simultaneously displayed instead of a
single building.

According to the other aspect of the present invention, it
1s allowed to select a display for also displaying characters
telling the names related to a plurality of buildings in
addition to displaying the buildings in a three-dimensional
manner but suppressing their height or displaying the build-
ings 1n plane shapes, or a display which displays the
buildings without changing their height while displaying the
characters.

BRIEF DESCRIPTION OF THE DRAWINGS

These and another objects, features and characteristics of
the present invention will be appreciated from a study of the
following detailed description, the appended claims, and
drawings, all of which form parts of this application. In the
drawings, same portions or corresponding portions are put
the same numerals each other to eliminate redundant expla-
nation. In the drawings:

FIG. 1 1s a schematic block diagram 1llustrating a vehicu-
lar navigation system of a first embodiment;

FIG. 2 1s a flowchart illustrating a process of displaying
route guidance lines;
FIG. 3 1s a diagram for explaining a polygon,;

FIGS. 4A and 4B are diagrams each of which 1llustrating
a screen on which a map 1s three-dimensionally drawn of the
first embodiment;

FIG. 5A 1s a diagram 1llustrating a screen on which a map
1s three-dimensionally drawn of a second embodiment;

FIG. 5B 1s a comparison with respect to FIG. 5A;

FIG. 6A 1s a diagram 1illustrating a screen on which a map
1s three-dimensionally drawn of a third embodiment;

FIG. 6B 1s a comparison with respect to FIG. 6A;

FIGS. 7A and 7B are diagrams each of which illustrating,
a screen on which a map 1s three-dimensionally drawn of a
fourth embodiment;

FIG. 7C 1s a comparison with respect to FIGS. 7A and 7B;

FIG. 8 1s a flowchart illustrating a process of displaying
traffic regulation information of a fifth embodiment;

FIG. 9 1s a flowchart illustrating a drawing judgment
Process;

FIG. 10 1s a diagram 1llustrating an angle of depression
from a viewing point;

FIG. 11 1s a diagram 1illustrating a viewing direction with
respect to a normal direction of a tratffic signpost;

FIG. 12A 1s an example of screen 1in which the angle of
depression 1s relatively small;
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FIG. 12B 1s an example of screen in which the angle of
depression 1s relatively large with respect to FIG. 12A;

FIG. 13 1s a diagram 1llustrating traffic signposts drawn by
using polygon 1n different sizes;

FIGS. 14A and 14B are diagrams each of which 1llustrat-
Ing a change of view when the viewing point changes;

FIG. 15A 1s an example of screen 1n which the angle of
depression 1s relatively small of a sixth embodiment;

FIG. 15B 1s an example of screen 1in which the angle of
depression 1s relatively large with respect to FIG. 15A;

FIG. 16A 1s an example of screen 1n which the angle of
depression 1s relatively small of the sixth embodiment;

FIG. 16B 1s an example of screen 1n which the angle of
depression 1s relatively large with respect to FIG. 16A;

FIG. 17 1s a schematic block diagram illustrating a
vehicular navigation system of a seventh embodiment;

FIG. 18 1s a flowchart 1llustrating a process of setting an
altitude of the viewing point;

FIG. 19 1s a diagram 1illustrating relationships between the
number of times of operations of an altitude change switch
and the altitude of the viewing point, and between the
number of times of operations of an altitude change switch
and amount of change 1n the altitude;

FIG. 20 1s a flowchart 1llustrating a process of setting an
altitude of the viewing point of an eighth embodiment;

FIG. 21 1s a diagram 1llustrating changes of the viewing
point 1in a 3-D display, seen from a side;

FIG. 22E 1s a diagram 1illustrating changes of the viewing
point 1n a 3-D display, seen from a side;

FIGS. 22A to 22D are examples of the screen on which a
map 1s three-dimensionally drawn and 1s respectively seen
from the viewing point A—D shown in FIG. 22E;

FIG. 23E 1s a diagram 1illustrating changes of the viewing
point 1n a 3-D display, seen from a side according to a related
art;

FIGS. 23A to 23D are examples of the screen on which a

map 1s three-dimensionally drawn and 1s respectively seen
from the viewing point A—D shown in FIG. 23E;

FIG. 24E 1s a diagram 1illustrating changes of the viewing
point 1n a 3-D display, seen from a side according to another
related art;

FIGS. 24A to 24D are examples of the screen on which a
map 1s three-dimensionally drawn and 1s respectively seen
from the viewing point A—D shown in FIG. 24E;

FIG. 25A 1s an example of the screen on which buildings
are three-dimensionally drawn without displaying the names
of the buildings of a ninth embodiment;

FIG. 25B 1s an example of the screen on which buildings
are two-dimensionally drawn with displaying the names of
the buildings of the ninth embodiment;

FIG. 26 1s a flowchart 1llustrating a process of switching
a display mode;

FIG. 27 1s a diagram 1llustrating the viewing point accord-
ing to a bird’s-eye view on a 3-D map;

FIG. 28 1s a schematic block diagram illustrating a
vehicular navigation system of the ninth embodiment;

FIG. 29A 1s an example of the screen on which buildings
are three-dimensionally drawn with displaying the names of
the buildings of a tenth embodiment;

FIG. 29B 1s an example of the screen on which buildings
are two-dimensionally drawn with displaying the names of
the buildings of the tenth embodiment;

FIG. 30 1s a flow chart illustrating a process of switching
a display mode;
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FIG. 31 1s a flowchart illustrating a process of switching,
a display mode of an eleventh embodiment;

FIG. 32A 1s an example of the screen on which buildings
are three-dimensionally drawn without displaying the names
of the buildings of a first modification of the ninth to
eleventh embodiments;

FIG. 32B 1s an example of the screen on which buildings
are three-dimensionally drawn with displaying the names of
the buildings of the first modification;

FIG. 33A 1s an example of the screen on which buildings
are three-dimensionally drawn without displaying the names
of the buildings of a first modification of the ninth to
eleventh embodiments;

FIG. 33B 1s an example of the screen on which buildings
are three-dimensionally drawn with displaying the names of
the buildings of the first modification;

FIGS. 34A and 34B are diagrams 1llustrating a setting of
the altitude of the viewing point of a prior art; and

FIGS. 35A and 35B are examples of the screen on which
buildings are three-dimensionally drawn.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first embodiment in which the map display device of the
invention 1s applied to a vehicular navigation device will
now be described with reference to FIGS. 1 to 4.

FIG. 1 1s a schematic functional block diagram 1illustrating
the whole constitution of a vehicular navigation device 111.
In FIG. 1, a position detecting unit 112 1s constituted by a
GPS (global positioning system) receiver, a gyrosensor and
a vehicle speed sensor, and calculates the present position of
the vehicle. In the position detecting unit 112, the sensors
include errors of different natures. Therefore, the position
detecting unit 112 1s so constituted as can be used while
correcting the errors. If the present position can be
calculated, these sensors need not be all provided but any
one or more of these sensors may be provided.

A map data storage unit 113 is for mputting various data
including so-called map-matching data, map data and object
data for improving the precision for detecting the position,
and 1s constituted by a DVD player, a hard disk device, a CD
player and the like.

A switch data input unit 114 (corresponds to input means
of the invention) includes switches arranged on the right,
left, upper and lower sides of a display device that will be
described later.

A memory unit 115 1s constituted by, for example, a ROM
or a RAM, the ROM storing an execution program for
operating the vehicular navigation device 111, and the RAM
temporarily storing temporary data when the program 1is
being executed as well as map data obtained from the map
data storage unit.

A display unit 116 1s for displaying a map and a picture
for selecting the destination, and 1s constituted by, for
example, a liquid crystal display device. On the screen are
displayed a mark representing the present position of the
vehicle input from the position detecting unit 112, map data
input from the map data storage unit 113, and additional data
such as a route guidance line superposed on the map and a
mark representing a point of setting a target.

A voice output unit 117 outputs voice for guide and
explanation for operation on the screen.

A ftraffic data receiving unit 118 1s a receiver 1n a road
traffic information system such as VICS (vehicle informa-
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tion and communication system), and receives road traffic
information sent from electronic wave beacon or optical
beacon i1nstalled on the road, and receives road traffic
information sent from a telephone or FM broadcast.

A control unit 119 (corresponds to display control means
in the invention) is constituted by chiefly a microcomputer,
and executes a route guide function for displaying the route
cuidance line by automatically selecting an optimum route
from the present position to the destination, and executes the
map-matching processing, synthesis of guide voice and
drawing of a map depending upon the operation using the
switch data input unit 114. The Dijkstra’s algorithm has been
known for automatically setting an optimum guide route.

The control unit 119 1s constituted by a map data fetching
unit 120, a map-matching unit 121, a route calculation unit

122, a route guiding unit 123, a drawing unit 124, a screen
control unit 125, a video RAM (hereinafter abbreviated as
VRAM) that is not shown, and the like.

The map-matching unit 121 specifies on which road the
present position of the vehicle 1s existing by using position
data of the vehicle detected by the position detecting unit
112 and road shape data of map data obtained from the map
data storage unit 113. Here, the map data required by the
map data fetching unit 120 are obtained from the map data
storage unit 113. Further, the user operates the switch data
input unit 114 to display a desired map thereby to set a
destination. The route calculation unit 122 calculates the
data related to the present position calculated by the map-
matching unit 121, a start point specified by the user and an
optimum route to the destination.

The route guiding unit 123 calculates points necessary for
the route guide as well as a necessary route guide (whether
to turn to the right or to the left) from the results of the above
route calculation and the shape data of roads, position data
of an intersection and position data of railroad crossing
stored 1n the map data.

The drawing unit 124 draws a map of the present position,
a rough sketch of expressways, enlarced map near the
Intersection, etc. according to the instruction from the screen
control unit 125, and displays them on the display unit 116.

The map data fetching unit 120 fetches map data needed
by the above processing units from the map data storage unit
113, and sends them to the processing units. The above
processing 1s to executed by the ROM and RAM i1n the
memory unit 115.

The map drawn by the drawing unit 124 1s a three-
dimensional map (hereinafter referred to as three-
dimensional map), and the buildings are drawn in a three-
dimensional manner from the shape data and height data of
buildings stored 1n the map data. A multi-level crossing, too,
1s three-dimensionally drawn based on the shape data of
roads, etc. As the vehicle proceeds based on the data
calculated by the route guiding unit 123 and arrives at a
position at where the route 1s to be guided, a desired picture
1s drawn by the drawing unit 124 or predetermined voice 1s
sounded by the voice output unit 117 to guide the user to the
destination.

The action of the above constitution will now be
described with also reference to FIGS. 2 to 4B.

The user, who wishes to display a guide route to the
destination on the display unit 116 of the vehicular naviga-
tion device 111, operates the switch data input unit 114 to
display a selected picture of the destination on the display
unit 116 and mputs the destination, etc. After the destination
has been 1nput, the route calculation unit 122 calculates the
route, the control unit 119 processes the display of route
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cguidance line according to a flowchart shown m FIG. 2, and
the display unit 116 three-dimensionally displays a route
cuidance line together with the three-dimensional map as
shown in FIG. 4A or 4B (dots representing points A to I are
not displayed).

In FIGS. 4A and 4B, the building 127 1s three-
dimensionally shown along the road 126, and a route guid-
ance line 128 (lattice-like hatched zone) is three-
dimensionally shown on the road 126. Here, a coarse
lattice-like hatched zone i1s uniformly smeared 1n, for
example, red of a bright tone, and fine lattice-like hatched
zone 1s uniformly smeared in, for example, red of a dark
tone. The route guidance line 128 1s constituted by a
combination of a trapezoidal polygon 129a formed by
connecting points C, D, E and F in this order and a

trapezoidal polygon 1295 formed by connecting points G, H,
[ and C 1n this order.

According to the drawing method shown in FIG. 4B, an
end surface of the route guidance line 128 1s shown on the
nearest side of the road 126 (lower side in the drawing).
Therefore, even when, for example, the route guidance line
128 stretches straight from the closest side of the road 126
to the farthest side thereof (upper side in the drawing)
without turning, the route guidance line 128 appears three-
dimensionally.

Referring to FIG. 2 1llustrating the processing for display-
ing the route guidance line 128, the route guide unit 123 in
the control unit 119 calculates the road that needs guidance
(e.g., specific number attached to the road that is to be
guided) for the guide route calculated by the route calcula-
tion unit 122 based on the present position of the vehicle and
the destination that 1s mnput. Then, the route guide unit 123
compares the road with the road data 1in the map data fetched
by the map data fetching unit 120, and picks up a road
having the same data (step s101).

Then, the control unit 119 calculates how far the road that
1s picked up 1s away from the central point of the map that
1s drawn, and calculates the width for drawing the road when
the map 1s three-dimensionally displayed. Here, the central
point of the drawing 1s a central coordinate point of VRAM,
and the display unit 116 displays a frame obtained by partly
cutting the VRAM. When the map 1s three-dimensionally
displayed, the width for drawing the route guidance line 128
1s determined based upon the width for drawing the road and
the distance by which the route guidance line 128 1s sepa-
rated away from the central point of the map that 1s drawn
(step S102).

At step S103, the control unit 119 calculates the drawing
width at both end coordinate points of the route guidance
line 128. FIG. 3 illustrates a polygon 1294 determined by the
points C, D, E and F shown 1n FIGS. 4A, 4B. In FIG. 3, the
control unit 119 calculates the length of the line segment CF
and the length of the line segment DE by multiplying the
width of the route guidance line 128 at the central point of
the drawing by a coeflicient determined from the distance of
the central point of the drawing to the points A and B of the
polygon 1294 existing on the center line N (road line N) of
the road. The coordinate positions of the points C, D, E and
F are so determined that the points A and B are at the central
points of the line segments CF and DE, so that the route
cguidance line 128 1s drawn symmetrically to the road line N.

The drawing unit 124 then draws the polygon 1294 in a
state of being smeared 1n red by the edge list method or the
trapezoidal fill method (step S104) and, then, draws the
polygon 1294 1n a manner of being deviated downward by
a predetermined amount on the screen (step S105). Based
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upon the judgment at step S106, the above processing 1s
repetitively affected for all polygons (polygons 129a and
1295 in FIGS. 4A and 4B) constituting the route guidance
line 128, so that the route guidance line 128 1s three-
dimensionally displayed.

As a result, the route guidance line 128 shown in FIGS.
4A and 4B 1s constituted by two cubes corresponding to the
polygons 129a and 1295, and, hence, the color and the like

of the route guidance line 128 can be easily changed with the
cubes based on the polygons 1294 and 1295 as a unait.
Further, the user 1s allowed to change the altitude of viewing
point of the three-dimensionally displayed map by manipu-
lating the switch data input unit 114. In this case, the route
cuidance line 128 1s displayed 1n a form that 1s viewed 1n
match with the altitude of viewing point.

According to this embodiment as described above, when
the map 1s three-dimensionally displayed, the route guidance
line 1s partly or entirely displayed in a three-dimensional
manner, and the user may easily recognize a positional
relationship between the route guidance line 128 and the
building 127 or the road 126. In particular, the route guid-
ance line 128 can be easily viewed even concerning the
display portions (e.g., portion of the polygon 1295 shown in
FIGS. 4A, 4B) ahead of a point turning to the right or to the
left from the altitude of viewing point nearly the same as the
height of the vehicle, which, so far, could not be easily
viewed with the conventional display. When the altitude of
viewing point 1s changed, further, the route guidance line
128 1s displayed in a form that can be viewed 1n match with
the altitude of viewing point, and, hence, a three-
dimensional display 1s obtained without compromising
visual aesthetics of the display.

Second Embodiment

Next, described below with reference to FIGS. SA and 5B
1s a second embodiment 1n which the mnvention 1s applied to
the vehicular navigation device 111.

When a map 1s three-dimensionally displayed as shown 1n
FIGS. 5A and 5B, a building 130 that 1s three-dimensionally
displayed may often be drawn in front of the road 126 on
which the route guidance line 128 1s to be drawn, and the
road 126 may be partly concealed by the building 130. When
the route guidance line 128 1s drawn after the map 1s
three-dimensionally displayed, the overlapping portion of
the route guidance line 128 and the building 130 1s smeared
out by the route guidance line 128 as shown in FIG. 5B.

In drawing the polygons in a specified color (red),
however, the control unit 119 1n the vehicular navigation
device 111 of this embodiment judges whether the polygons
overlap on the building based on the shape data and height
data of the building 130 and the position data of the road 126
stored 1n the map data. When 1t 1s judged that the polygons
are overlapping, the control unit 119 draws the overlapping
portion in a color (corresponds to display color control in the
invention) different from the color of the portions that are
not overlapping.

In this case, the overlapped portion 1s drawn 1n a semi-
transparent manner. That 1s, concerning the overlapping
portion, the color of the route guidance line and the color of
the building are alternately changed on the VRAM with a
pixel as a unit, so that the user can faintly see the route
cguidance line 128 on the screen through the building 130 as
shown 1n FIG. SA. On the route guidance line 128 shown in
FIG. 5A, a dotted portion (overlapping the building 130) is
the portion drawn 1n a semitransparent manner.

According to this embodiment, a positional relationship
between the route guidance line 128 and the building 130 1s
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clarified, and at least the outer shape of the building 130 can
be recognized even for the portion where the route guidance
line 128 and the building 130 are overlapping one upon the
other. Since the overlapping portion 1s drawn 1n a semitrans-
parent manner, the route guidance line 128 1s displayed in a
manner 1n which 1t can be seen through the building 130
without compromising visual aesthetics of the display, and
the window frames of the building 130 can be recognized
more clearly, providing a more effective perspective view.

In this embodiment, further, the display color 1s controlled
upon three-dimensionally displaying the route guidance line
128 and, hence, the route guidance line 128 can be seen
more easily. The user 1s allowed to select whether the display

color be controlled upon operating the switch data input unit
114.

Third Embodiment

Next, a third embodiment of the invention will be
described with reference to FIGS. 6 A and 6B. The consti-

tution of the vehicular navigation device 111 1s as shown 1n
FIG. 1.

When the user operates the switch data input unit 114 to
select the VICS display, the control unit 119 draws the
instructions based on the road traffic data included 1n the
clectromagnetic beacon signals or optical beacon signals
received by the traffic data receiver 118, 1.e., draws 1nfor-
mation related to traffic jam, congestion or vacancy, on the
three-dimensionally displayed map as lines (hereinafter
referred to as road information guidance lines) on the roads
or outside the roads but along the roads. The conventional
VICS display picture has been drawn by two-dimensional
road mformation guidance line 131 as shown in FIG. 6B.

As shown 1n FIG. 6A, the control unit 119 draws the road
information guidance line 135 1n a three-dimensional man-
ner and draws the portion overlapping the building 1n a
semitransparent manner in the VICS display like in the first
and second embodiments described above. Therefore, this
embodiment, too offers the same effects as those of the
above embodiments, and the user 1s allowed to easily
recognize information related to traffic jam, congestion and
vacancy on the VICS display.

Fourth Embodiment

Next, a fourth embodiment of the invention will be
described with reference to FIGS. 7A, 7B and 7C.

This embodiment has a feature 1n that the control unit 119
three-dimensionally displays facilities such as convenience
store, gas station, etc. and displays marks for identifying the
facilities on the surface thereof. So far, such facilities have
been indicted by two-dimensional facility marks 132 as
shown 1 FIG. 7C. When the viewing point is set to a low
altitude, therefore, the user could not see such facilities on
the screen.

As shown 1 FIG. 7A, on the other hand, the control unit
119 draws such facilities 133 as cubes, and displays the
facility identification marks on the surfaces of the facilities
133. The facilities 133 are drawn on the cubes so as to be
seen 1n match with the viewing point of an altitude set by the
user. Therefore, the facilities can be easily seen even when
they are displayed so as to be viewed at an altitude nearly
equal to the height of the vehicle, and the facility identifi-
cation marks can be recognized irrespective of the viewing
point.

As shown 1n FIG. 7B, further, the control unit 119
displays an entrance/exit on the surface of the three-
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dimensionally displayed facility 134 1n a direction 1n which
the entrance/exit physically exists in the facility. As a resullt,
the user 1s may 1dentify the facility 134 from the location of
the entrance/exit in addition to the facility identification
mark, enabling the facility to be more easily recognized. In
addition, having knowledge of the location of the entrance/
exit may facilitate the user in locating a suitable parking
place 1n proximity to facility 134.

Fifth Embodiment

Next, a fifth embodiment of the present invention will be
described with reference to FIGS. 8 to 16B. In the fifth
embodiment, the control unit 119 displays, on the map,
tratffic regulations information such as one-way, speed
regulations, under construction, no parking/stopping, cau-
tion to falling rocks, and “Traffic 1s Jamming” obtained from
the VICS. The traffic regulations information, such as one-
way, no entrance, speed regulations, are displayed by the
same designs as the signposts. When the map 1s three-
dimensionally displayed, the display designs are drawn by
using polygons.

Referring to FIG. 13, the design of a signpost such as of
no entrance that appears to be a circle when viewed from the
front 1s drawn by using a polygon 36. When the display
design 1s thus constituted, e.g., when the signpost 1s dis-
played near the viewing position or 1s displayed at a distance
in the three-dimensional display, the display quality 1is
deteriorated significantly less than when the display design
1s constituted using bit map data.

For the purpose of comparison, FIG. 13 further 1llustrates
an example of when the display design 1s drawn using bit
map data as in the related art. In this case, when the size of
the display near the viewing point 1s to be doubled from a
reference size, each dot 1s displayed by 4 dots of 2x2. As
shown, therefore, the outer shape of the circle becomes
coarse and rugged. Conversely, when the design i1s to be
displayed 1n a small size at a distance, the data are thinned
out arousing the same problem.

On the other hand, when the display drawn by using the
polygon 36 i1s to be enlarged or contracted, the distance
among coordinates representing vertices of polygons may be
changed, without reducing or increasing the amount of data.
Even when the size of the display 1s doubled as shown 1n
FIG. 13, the outer shape of the circle can be smoothly
expressed 1n a unit of a dot.

Referring to FIG. 14, further, even when the direction of
viewing the signpost 1s changed from the front through up to
90 degrees, the display design can be so constituted that the
signpost naturally turns into an elliptic shape depending on
a change 1n the angle. When the bit map data are used 1n such
a case, the data of the display sequence must be thinned out
much for drawing a narrow ellipse, causing the display
quality of curves to be greatly deteriorated. When the
polygon 136 1s used, on the other hand, the curve of an
ellipse 1s drawn with fine dots and the display quality can be
improved compared with when bit map data are used.

FIG. 8 1s a flowchart illustrating the content of control
operation of when the control unit 119 displays traffic
regulations information on the screen of the display unit 116
together with the map. The control unit 119 first judges (step
Al) whether the three-dimensional display (3D display) has
been set by the user, renders the judgment “NO” when 1t has
not been set, and displays, on a plane (2D display), the map
data fetched by the map data fetching unit 120 from the map
data storage unit 113.

When the three-dimensional display has been set at step
Al, the control unit 119 renders the judgment “YES” and
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converts the map data fetched by the map data fetching unit
120 1nto data of three-dimensional display (step A3). In this
case, the three-dimensional display 1s so converted as to
comply with the presently set altitude of viewing point (e.g.,
scale of display of the map) and the direction in which the
road 1s seen.

Then, the control unit 119 obtains, through the map data
fetching unit 120, a polygon for displaying tratfic regulations
information contained in the map data (step A4) on a
signboard and judges whether the polygon be drawn on the
signboard (step AS). The signboard display stands for a
three-dimensional display of a design of traffic regulations
information (display of a design that changes depending on
the viewing point) at a predetermined height above ground
on the map as shown, for example, 1n FIG. 14.

Based on the judged result at step AS, the control unit 119
three-dimensionally displays the map data on the screen of
the display unit 116 (step A6) through the drawing unit 124.
The control unit 119 judges whether there 1s a conversion
into the two-dimensional display by the user. When there 1s
a conversion, the routine proceeds to step A2 and, when
there 1s no conversion, the routine proceeds to step AJ.

FIG. 9 1s a flowchart 1llustrating the content of the control
operation for judging the drawing at step AS. In FIG. 9, the
control unit 119 judges whether the traffic regulations infor-
mation has been included in the map data that are to be
drawn (step B1). When the information has been included,
the control unit judges whether the angle of depression (see
FIG. 10) set as a viewing point of the present three-
dimensional display lies within a predetermined angle (e.g.,
50 degrees), or judges whether the angle by which the traffic
regulation information 1s displayed being inclined relative to
the viewing direction with the viewing point as a reference
(see FIG. 11) 1s within a predetermined angle (e.g., 80
degrees) (steps B2, B3). For easy explanation, FIG. 10
shows an angle subtended by the viewing direction with the
front surface of display as a reference, which, however, 1s a
relative expression and 1s substantially the same.

When the control unit 119 renders the judgment “NO” at
cither step B2 or step B3, the traffic regulations information
is two-dimensionally displayed (step BS). When the control
unit 119 renders the judgment “YES” at both steps B2 and
B3, the traffic regulations information 1s three-dimensionally
displayed (display of signpost) (step B4).

That 1s, referring, for example, to FIGS. 12A and 12B,
there 1s a road that turns to the right ahead of the road on
which the user 1s proceeding, and there 1s a signpost of no
entrance (traffic regulations information) 37 (the post is not
shown unlike those of FIG. 14). In this case, when the
viewing point is relatively low (see FIG. 12A), the user can
see the sign 37 even when 1t 1s a signboard. When the
viewing point becomes relatively high as shown in FIG.
12B, however, the sign 37 of the signboard becomes a very
narrow ellipse as indicated by a broken line 1n the drawing
and becomes very difficult to be recognized by the user. In
the case of FIG. 12B, therefore, it becomes easier for the
user to recognize the sign 37 when a two-dimensional
display design 1s displayed.

According to the fifth embodiment as described above, a
design representing the signpost 37 1s three-dimensionally
displayed by using a polygon at a predetermined height
above ground on a map on the screen of the display unit 116,
and the display quality becomes better than a design drawn
by using the bit map data of the related art. Thus, the user
1s enabled to more easily watch the signpost and, hence, to
drive more safely. Besides, since the design 1s displayed in
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a form that can be viewed in match with the position of
viewing the display on the screen, the signpost 37 can be
three-dimensionally displayed without compromising visual
aesthetics of the display, and the user may more easily view
the signpost irrespective of the viewing point that 1s set.

According to the fifth embodiment, further, when the
angle of depression from the viewing point exceeds a
predetermined angle or when the angle of direction in which
the signpost 37 1s seen exceeds a predetermined angle, the
design representing the signpost 37 i1s changed from the
three-dimensional display over to the two-dimensional dis-
play. Even when the angle of depression or the angle of the
viewing direction becomes relatively great, therefore, 1t can
be clearly indicated from which point of the road the
signpost 37 can be effectively seen or the signpost 37 itselt
can be clearly shown.

Sixth Embodiment

Next, a sixth embodiment of the invention will be
described with also reference to FIGS. 15A, 15B, 16A and
16B. In the sixth embodiment, the control unit 119 displays
the signpost 37 of no entrance on the map displayed on the
screen of the display unit 116 and, further, two-
dimensionally displays a design (“X” and arrow) 38 mean-
ing no entrance. FIGS. 16A and 16B also 1illustrate an
example of a signpost 39 representing a speed limit of 40
kph and design (“40” and an arrow) 40 having the same
meaning.

With the design meaning traffic regulations imnformation
being displayed 1n both the two-dimensional manner and the
three-dimensional manner on the screen of the display unit
116, information can be compensated by the two-
dimensionally displayed design even when the three-
dimensionally displayed sign post becomes less recogniz-
able due to a change 1n the angle of depression of viewing
position or i1n the viewing direction. Unlike the fifth
embodiment, there 1s no need of judging whether the three-
dimensional display or the two-dimensional display be
selected, and the control unit 119 needs bear a decreased
burden.

Other Embodiments

The mvention 1s 1n no way limited to the first to sixth
embodiments described above, but may be modified or
expanded as described below.

The route guidance line 128 may be drawn as a rectan-
ogular parallelopiped or a cube. Or, a three-dimensional
arrow may be attached to an end of the three-dimensional
route guidance line 128.

The lane guidance line indicating the road that turns to the
right, left or goes straight, may also be three-dimensionally
displayed like the above route guidance line 128.

In the second embodiment, the route guidance line 128
may not be drawn on the portion where the route guidance
line 128 and the building 130 are overlapping one upon the
other. The route guidance line 128 may not similarly be
drawn when 1t passes on the lower road of the multi-level
crossing or when 1t passes through a tunnel.

In the fourth embodiment, the facility may be drawn as a
rectangular parallelopiped, a cylinder or a cube close to its
real shape. Further, the signal may be three-dimensionally
displayed.

In the fifth and sixth embodiments, traffic regulations
information three-dimensionally displayed needs not be
limited to a signpost but may be such information as “Traffic
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Closed due to Accident”, “Jamming 10 km”, “Speed Limit
of 60 km due to Rain” obtained from the VICS or the like.

The angle of depression of the viewing point or the angle
of the seeing direction may be suitably changed to change
the signboard display over to the plane display.

In the sixth embodiment, for example, the sign of “No
Entrance” may be displayed as the signboard, and the plane
design may be an arrow of a direction opposite to that of

FIGS. 15A and 15B to represent “One-Way”.

Seventh Embodiment

A seventh embodiment 1n which the map display device
of the mvention 1s applied to a vehicular navigation device
will now be described with reference to FIGS. 17 to 19.

FIG. 17 1s a schematic functional block diagram 1illustrat-
ing the whole constitution of a vehicular navigation device
201. In FIG. 17, a position detecting unit 202 1s constituted
by a GPS (global positioning system) receiver, a gyrosensor
and a vehicle speed sensor, and calculates the present
position of the vehicle. In the position detecting unit 202, the
sensors 1nclude errors of different natures. Therefore, the
position detecting unit 202 1s so constituted as can be used
while correcting the errors. If the present position can be
calculated, these sensors need not be all provided but any
one or more of these sensors may be provided.

A map data storage unit 203 1s for inputting various data
including so-called map-matching data, map data and object
data for improving the precision for detecting the position,
and 1s constituted by a DVD player, a hard disk device, a CD
player and the like.

A switch data input unit 204 (corresponds to input means
of the invention) includes switches arranged on the right,
left, upper and lower sides of a display device that will be
described later, €.g., an altitude change switch for increasing
or decreasing the altitude of viewing point, and a viewing
direction change switch for changing the viewing direction
upward or downward. When the switch for changing the
altitude of viewing pomt and the switch for changing the
viewing direction are operated by a single shot, an altitude
change 1nstruction of viewing point and a viewing direction
change instruction are output for changing the altitude of
viewing point and for changing the viewing direction by one
step only. When these switches are continuously operated,
the altitude change instruction and the viewing direction
change instruction are consecutively output maintaining a
predetermined time interval.

A memory unit 205 1s constituted by, for example, a ROM
or a RAM, the ROM storing an execution program for
operating the vehicular navigation device 201, and the RAM
temporarily storing temporary data when the program 1is
being executed as well as map data obtained from the map
data storage unit.

A display unit 206 is for displaying a map and a screen for
selecting the destination, and 1s constituted by, for example,
a liquid crystal display device. On the screen are displayed
a mark representing the present position of the vehicle input
from the position detecting unit 202, map data input from the
map data storage unit 203, and additional data such as a
route guidance line superposed on the map and a mark
representing a point of setting a target.

A voice output unit 207 outputs voice for guide and
explanation for operation on the screen.

A control unit 208 1s constituted by chiefly a
microcomputer, and executes a route guide function for
displaying the route guidance line by automatically selecting
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an optimum route from the present position to the
destination, and executes the map-matching processing,
synthesis of guide voice and drawing of a map correspond-
ing to the altitude of viewing point and viewing direction
that have been set, depending upon the operation using the
switch data input unit 204.

The control unit 208 1s constituted by a map data fetching
unit 209, a map-matching unit 210, a route calculation unit
211, a route guiding umit 212, a drawing unit 213, a screen
control unit 214, and the like.

The map-matching unit 210 specifies on which road the
present position of the vehicle 1s existing by using position
data of the vehicle detected by the position detecting unit
202 and road shape data of map data obtained from the map
data storage unit 203. Here, the map data required by the
map data fetching unit 209 are obtained from the map data
storage unit 203. Further, the user operates the switch data
input unit 204 to display a desired map thereby to set a
destination. The route calculation unit 211 calculates the
data related to the present position calculated by the map-
matching unit 210, a start point specified by the user and an
optimum route to the destination.

The route guiding unit 212 calculates points necessary for
the route guide as well as a necessary route guide (whether
to turn to the right or to the left) from the results of the above
route calculation and the shape data of roads, position data
of an intersection and position data of railroad crossing
stored 1n the map data.

The drawing unit 213 draws a map of the present position,
a rough sketch of expressways, enlargced map near the
intersection, etc. according to the instruction from the screen
control unit 214, and displays them on the display unit 206.

The screen control unit 214 (corresponds to screen control
means of the invention) sets the altitude of viewing point
based on an instruction for changing the altitude of viewing,
point input from the altitude changes witch. The screen
control unit 214 further sets the viewing direction indepen-
dently of the altitude of viewing point based upon an
instruction for changing the viewing direction input from the
viewing direction change switch.

The map data fetching unit 209 fetches map data needed
by the above processing units from the map data storage unit
203, and sends them to the processing units. The above
processing 1s executed by the ROM and RAM in the
memory unit 205.

The map drawn by the drawing unit 213 1s a three-
dimensional map (for example, a bird’s-eye view or a
three-dimensional map), and the buildings and the multi-
level crossing are drawn in a three-dimensional manner
based on the shape data of buildings, height data of
buildings, shape data of roads, and the preset altitude of
viewing point and viewing direction stored in the map data.
As the vehicle proceeds based on the data calculated by the
route guiding unit 212 and arrives at a position at where the
route 1s to be guided, a desired picture 1s drawn on the
drawing unit 213 or predetermined voice 1s sounded by the
voice output unit 207 to guide the user to the destination.

The action of the above constitution will now be
described with reference to FIGS. 18 and 19.

The user operates the altitude change switch to change the
altitude of viewing point at the time of three-dimensionally
displaying a map on the display unit 206. FIG. 18 1s a
flowchart of a process for setting the altitude of viewing
point by using the screen control unit 214. In FIG. 18, the
screen control unit 214 judges whether the altitude change
switch 1s operated (step S201), and ends the process for
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setting the altitude of viewing point when it has not been
operated (NO). When the altitude change switch is operated
fo give an 1instruction for changing the altitude of viewing
point (YES), the screen control unit 214 sets the altitude of
viewling point 1n a manner as described below.

That 1s, based on the altitude of viewing point that has
been set before being changed (before the altitude change
switch is operated), the screen control unit 214 calculates the
amount of change in the altitude of viewing point that
increases or decreases by a single-shot operation of the

altitude change switch according to the following formula
(1) (step S202),

AMOUNT OF CHANGE IN THE ALITITUDE=ALITTUDE OF
VIEWING POINT OF BEFORE CHANGEDxRATIO OF

CHANGE+MINIMUM CHANGE IN THE ALITTUDE (1)

In this formula (1), the term (altitude of viewing point of
before changedxratio of change) corresponds to the propor-
tionally changing altitude of the invention, and the minimum
change 1n the altitude corresponds to the constantly chang-
ing altitude of the invention. The screen control unit 214
judges whether the altitude change switch 1s operated toward
the “altitude-increasing side” or the “altitude-decreasing
side” (step S203). When the switch is operated to ward the
“altitude-increasing side” (YES), the screen control unit 214
sets the altitude of viewing point 1n compliance with a
formula (2) (step S204) and when the switch is operated
toward the “altitude-decreasing side” (NO), the screen con-
trol unit 214 sets the altitude of viewing point according to

a formula (3)(step S205),

ALITIUDE OF VIEWING POINT=ALITIUDE OF VIEWING
POINT OF BEFORE CHANGED+AMOUNT OF CHANGING

THE ALTITUDE (2),

ALITIUDE OF VIEWING POINT=ALITIUDE OF VIEWING
POINT OF BEFORE CHANGED-AMOUNT OF CHANGING
THE ALITIUDE (3)

The screen control unit 214 outputs the altitude of view-
ing point found from the above formulas (1) to (3) to the
drawing unit 213, instructs the display unit 206 to draw the
three-dimensional map as viewed from the viewing point of
the above altitude (step S206), and ends the processing for
setting the altitude of viewing point.

FIG. 19 illustrates a relationship between the number of
times of operating the altitude change switch toward the
“altitude-increasing side” and the altitude of viewing point
that 1s set, and a relationship between the number of times
of operation and the amount of change 1n the altitude, by a
solid line and a broken line, respectively. Here, the ratio of
change 1s set to Y16, a minimum change 1n the altitude 1s set
to 0.5 m, and the 1nitial altitude of viewing point 1s set to 0
m.
As shown 1n FIG. 19, the altitude of viewing point
exponentially increases as a whole relative to the number of
times of operating the altitude change switch, and the initial
altitude of viewing point changes from 0 m to nearly an
altitude of viewing pomnt of about 600 m through the
operation for raising the altitude of 71 times. As the altitude
of viewing point increases, the proportionally changing
altitude (altitude of viewing point of before changedxratio of
change) of the formula (1) increases, and the amount of
change 1n the altitude by the operation of the altitude change
switch increases, too. When the altitude of viewing point 1s
low, the proportionally changing altitude i1s small but the
minimum change in the altitude (constantly changing
altitude) of the formula (1) 1s added. Therefore, the altitude
of viewing point 1s increased by at least 0.5 m by operating
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the altitude change switch. When the altitude change switch
1s continuously operated, the altitude of viewing point 1s
raised step by step after every predetermined time interval
according to the curve show in FIG. 19 so far as the
operation 1s continued.

According to this embodiment as described above, the
screen control unit 214 calculates the amount of change 1n
the altitude when the altitude change switch 1s operated. This
1s done by obtaining a proportionally changing altitude by
multiplying the present altitude of viewing point by a ratio
of change and the minimum change 1n the altitude, 1.e., the
constantly changing altitude together. The screen control
unit then adds or subtracts the amount of change in the
altitude to, or from, the present altitude of viewing point to
newly set an altitude of viewing point, enabling the user to
set a number of altitudes of viewing point (72 steps in this
embodiment).

In this case, the amount of change 1n the altitude increases

with an increase 1n the altitude of viewing point. Even when
the viewing point 1s to be changed from a low altitude to a
high altitude, therefore, the user 1s allowed to set the viewing
point maintaining favorable operability. At a relatively high
altitude of viewing point, further, the altitude changes nearly
at a constant rate with respect to the present altitude of
viewing point. Upon operating the altitude change switch,
therefore, the user obtains a feeling of ascending viewing
point or a feeling of descending viewing point in the
three-dimensional display of map. By continuously operat-
ing the altitude change switch, the user 1s allowed to
continuously and smoothly change the three-dimensionally
displayed map.

At a relatively low altitude of viewing point, on the other
hand, the constantly changing altitude becomes dominant in
the amount of changing the altitude rather than the propor-
tionally changing altitude. By operating the altitude change
switch, therefore, the user 1s allowed to change the altitude
of viewing point by at least a minimum amount of change to
obtain a feeling of ascending viewing point or descending
viewing point 1n the three-dimensional display of map. Like
in the case of a high altitude of viewing point, further, 1t 1s
allowed to smoothly change the three-dimensional display
of map.

Upon operating the altitude change switch, further, the
user can set the viewing direction toward the upper direction
or the lower direction independently of setting the altitude of
viewing point. Upon setting the viewing point to a high
altitude and the viewing direction to be slightly lower than
the horizontal plane, therefore, 1t 1s allowed to display the
whole row of stores and houses on a street or to display a
distant view over the three-dimensionally displayed high-
rising buildings. Upon setting the viewing direction to the
upper direction, further, the user can display a state in which
he looks up the buildings and eclevated roads from the
present viewing position. Upon setting the viewing direction
as described above, the user can obtain much information
from the three-dimensionally displayed map.

Eighth Embodiment

FIGS. 20 to 22 illustrate an eighth embodiment of the
invention, and wherein the same portions as those of the
seventh embodiment are denoted by the same reference
numerals but are not described, and different portions only
are described. FIG. 20 1s a flowchart 1llustrating a processing
for setting the altitude of viewing point using the screen

control unit 214, and wherein processing steps S207 and
S208 are inserted between steps S204, S2035 and step S206.

At step S207, the screen control unit 214 changes the
altitude of viewing point set at step S204 or S205, 1.¢.,
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changes the angle of depression 1n the viewing direction
depending upon the scale of the map. First, the ratio of
change N (0<N<1) in the angle of depression 0 is set
according to the formula (4),

N=log 2 (ALTITUDE OF VIEWING POINT/MINIMUM ALII-
TUDE OF VIEWING POINT)/log 2 (MAXIMUM ALTITUDE
OF VIEWING POINT/MINIMUM ALTITUDE OF VIEWING
POINT) (4)

Here, the minimum altitude of viewing point and the
maximum altitude of viewing point are set to be, for
example, O m and 600 m like in the seventh embodiment. A
logarithmic function 1s employed, so that the ratio of change
in the angle of depression 0 1ncreases with an increase in the
arca of the map that 1s displayed accompanying an increase
in the altitude of viewing point and that the ratio of change
in the angle of depression O decreases as the map 1s
displayed 1n detail accompanying a decrease in the altitude
of viewing point like 1n the first embodiment. The formula
(4) determines a curve of locus C of change in the viewing
point shown 1n FIG. 21.

When the ratio of change N 1s determined, the angle of
depression 0 1s determined according to the formula (5),

0=Nx(MAXIMUM ANGLE OF DEPRESSION-MINIMUM

ANGLE OF DEPRESSION)+MINIMUM ANGLE OF
DEPRESSION

(5)
where the maximum angle of depression is set to be, for
example, 90 degrees and the minimum angle of depression
1s set to be, for example, 15 degrees.

Here, as shown 1n FIG. 21, when the altitude of viewing
point 1s H, the viewing distance L from the viewing point up
to the present position (particular point) indicated by a
cursor on the three-dimensionally displayed map 1s given by,

L=Hecosec 0 (6)

When the map 1s displayed 1n a two-dimensional manner
on the same scale, 0=90 degrees and, hence, L=H.

Further, a mark representing the present position shown 1n
FIG. 21 1s different from the display of when it 1s seen from
the viewing point of FIG. 21 due to the positional relation-
ship between the present position and the viewing point of
FIG. 21.

At subsequent step S208, the screen control unit 214 sets
the cursor indication position Pc for indicating the present
position on the map by using the ratio of change N of the
angle of depression 0, as follows:

Pc=(Y-COORDINATE OF CENTRAL POSITION OF THE
SCREEN)xN

When the cursor indication position Pc 1s thus set, the
present position can be suitably displayed on the map even
when the angle of depression has changed depending upon
the altitude of viewing point.

FIGS. 22A to 22D 1illustrate a change 1n the display on the
screen of the display unit 6 drawn at step S206a based on the
angle of depression 0 determined as described above, and
are displays corresponding to viewing positions A to D
shown m FIG. 22E. As will be obvious from these FIGS.
22A to 22D, the angle of depression O decreases with a
decrease 1n the scale of the map; 1.e., the map 1s widely
displayed toward a distance 1n the direction of progress.

The cursor indicating position that represents the present
position of the car gradually moves toward the lower side of
the screen depending upon a change in the viewing point.
FIG. 22D 1s a driver’s view 1n which the present position 1s
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nearly 1n agreement with the viewing point as represented by
the viewing point D, and the cursor 1s not indicated on the
screen of the display unit 206. In this case, though no cursor
1s 1ndicated on the screen, the position of the car can be
orasped to a sufficient degree from the shapes of the sur-
rounding buildings and the shape of the road 1n the direction
of progress.

FIGS. 23A to 23D and 24A to 24D 1llustrate examples of
display on the screen based on the related art for the purpose
of comparison. FIGS. 23A to 23D are those of the system 1n
which the angle of depression of the viewing direction in the
three-dimensional display remains constant as shown in
FIG. 23E, and the viewing point approaches the present
position which 1s at the end of the viewing line as the altitude
of viewing point decreases (as the scale increases). In this
case, there 1s no problem at the viewing point A shown 1in
FIG. 23A like 1n FIG. 22A. As the altitude of viewing point
decreases from the viewing point B toward the viewing
point D, however, the display region becomes gradually
narrow 1n the direction of progress, and the surrounding
buildings gradually disappears. In FIG. 23D, the direction of
progress and the surrounding buildings are not almost
displayed, but the road only 1s displayed on an enlarged
scale, and the driver finds 1t difficult to grasp the present
position of the vehicle.

FIGS. 24A to 24D are those of the system 1n which the
angle of depression of the viewing direction in the three-
dimensional display remains constant like in the case of
FIGS. 23A to 23D, the viewing point 1s just over the present
position at all times as shown 1n FIG. 24E and the viewing,
point descends perpendicularly as the altitude of viewing
point decreases. At a viewing point A shown 1n FIG. 24 A, 1in
this case, the display region 1s considerably separated from
the position of the car, from which it 1s difficult to grasp the
relationship to the present position of the car. As the altitude
of viewing point decreases from this state down to viewing
points B to D, the positions gradually approach between the
displayed map and the present car, from which, however, 1t
1s still difficult to grasp the positional relationship. In FIG.
24D like in FIG. 23D, the direction of progress and the
surrounding buildings are barely visible, as the road 1is
displayed on an enlarged scale.

On the other hand, FIGS. 22A to 22E display the region
near the present position of the car and the distant region in
the direction of progress from the present position main-
taining good balance either when the altitude of viewing
point 1s high or low.

According to the eighth embodiment as described above,
the screen control unit 214 sets the ratio of change N 1n the
angle of depression 0 relying upon the altitude of viewing
point in compliance with the formula (4), and sets the angle
of depression 0 in compliance with the formula (5), so that
when the altitude of viewing point 1s set to be low, the angle
of depression 0 1s set to a small value and the width of
change thereof 1s set to be relatively small and that when the
altitude of viewing point 1s set to be relatively high, the angle
of depression 0 1s set to a large value and the width of change
thereof 1s set to be relatively large.

Therefore, either when the altitude of viewing point 1s
high or low, the region near the present position of the car
and the distant region in the direction of progress from the
present position are displayed maintaining good balance on
the screen of the display unit 206. Accordingly, the user can
casily grasp the whole perspective feeling from the viewing
point and can obtain a feeling of smooth change in the
display of map accompanying a change in the altitude of
viewling point.

10

15

20

25

30

35

40

45

50

55

60

65

20

Further, since a particular point on the map at an end 1n
the viewing direction 1s the present position of the car, the
picture 1s drawn looking down the present position of the car
even 1n a state where the map displayed on the screen
changes every moment like 1n the use as a vehicular navi-
gation device, and the user can easily grasp the present
position of the car in the map displayed on the screen.

Further, the screen control unit 214 sets the cursor indi-
cation position on the screen by (X, N-Y) for the center
coordinate (X, Y) displayed on the screen based on the ratio
of change N in the angle of depression O.

That 1s, the cursor has heretofore been indicated at a fixed
position, such as at a position of 3:1 from the upper side on
the Y-coordinate of the screen. Therefore, when, for
example, the angle of depression 1s very small like in FIG.
22D, the road and the surrounding buildings at a position
which the car has already passed are displayed on the closer
side on the screen. According to the eighth embodiment, on
the other hand, the present position on the screen can be
suitably displayed even at a viewing point close to the
driver’s view.

This 1nvention 1s not limited to the above embodiments
only but can be modified or expanded as described below.

When the altitude of viewing point that 1s now set 1s lower
than a predetermined altitude, the screen control unit 214
may be so constituted as to use the amount of change 1n the
altitude every time when the altitude change switch is
operated as the constantly changing altitude (minimum
change in the altitude). When the altitude of viewing point
that 1s now set 1s higher than the predetermined altitude, the
screen control unit 214 may be so constituted as to use the
proportionally changing altitude obtained by multiplying the
present altitude of viewing point by the ratio of change as the
amount of change 1n the altitude. In this case, too, the effects
same as those of the above embodiments are obtained.

The screen control unit 214 may set the viewing direction
toward the upper direction or the lower direction 1n relation
to setting the altitude of viewing point. As a result, 1t
becomes possible to automatically trap a predetermined
object or objective place on the display screen irrespective
of the altitude of viewing point that 1s set.

A particular point at an end in the viewing direction on the
map 1ndicated by the cursor may be set beyond the present
position without being limited to the present position of the
car.

The ratio of change N 1n the angle of depression 0 needs
not be limited to the one represented by the formula (4). For
example, the ratio of change N may be determined by the
following formula, so that the angle of depression changes
linearly with respect to a change 1n the altitude of viewing
point.

N=(ALTITUDE OF VIEWING POINT)/(MAXIMUM ALITITUDE
OF VIEWING POINT)

The device 1s not limited to the navigation device for cars
but can be applied to any device provided it displays a map
in a three-dimensional manner.

Ninth Embodiment

A ninth embodiment 1n which the invention 1s applied to

a navigation device for cars will be described with reference
to FIGS. 25A to 28.

Referring to FIG. 28, the navigation device 301 for cars
includes a map data storage unit 302 as map data storage
means, a position detecting unit 303 as present position
detecting means and progressing direction detecting means,
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a display unit 304 as display means, a group of switches 3035
as operation means, a remote control sensor 306, a remote
control unit 307 which constitutes a pair with the remote
control sensor 306, a voice synthesis/output unit 308 and a

speaker 309 as voice-sounding means for producing opera-
tion procedure and route guide by voice, an external memory

310 such as hard disk, a VICS transmitter/receiver 311, and
a control unit 312 as control means.

The map data storage unit 302 1s constituted by a DVD-
ROM as a storage medium, a hard disk, a large-capacity
storage medium such as CD-ROM, and a reproduction unit
for reproducing data stored in the storage medium. The
storage medium stores road map data as well as three-
dimensional digital road map data base inclusive of data for
three-dimensionally displaying various buildings (such as
government offices, banks, schools, stations, airport, hotels,
buildings, various facilities, etc.). The storage medium fur-
ther stores text information for displaying the names
(hereinafter referred to as names of places) of intersections,
cities, villages, towns, etc. by characters.

The data for three-dimensionally displaying the buildings
in the road map data include position data and polygon data
describing plane shapes and height data of buildings. The
recording medium stores type data representing the types of
buildings, and text information for displaying the names of
buildings by characters.

The position detecting unit 303 1s constituted by a GPS
recerver 313 for detecting the present position of the car
based on a signal from a GPS satellite, a gyrosensor 314, a
terrestrial magnetism sensor 315, and a distance sensor 316.
The present position of the car can be estimated even when
the electromagnetic waves from the GPS satellite cannot be
received, based upon the GPS position measuring method
that detects the present position of the car based upon signals
from a plurality of GPS satellites received by the GPS
receiver 313 and upon the estimated navigation method
which measures the present position of the car using the data
related to the progressing direction and the data related to the
traveled distance from the gyrosensor 314, from the terres-

trial magnetism sensor 315 and from the distance sensor
316.

In the GPS position measuring method, too, the direction
of progress can be obtained from the positions of the car
detected maintaining a time interval. The distance sensor
316 directly detects the vehicle speed, and 1s constituted to
detect the distance by integrating the vehicle speed. The
oyrosensor 314 and the terrestrial magnetism sensor 315
used 1n the estimated navigation method both have a func-
tion for detecting the direction of progress. Therefore, either
one of them may be omitted, e.g., the terrestrial magnetism
sensor 315 may be omitted.

The display device 304 1s constituted by a liquid crystal
display or the like, and displays a road map and a selected
picture of a destination as navigation. The group of switches
305 includes various switches arranged on the right, left,
upper and lower sides of the display screen of the display
unit 304. The remote control unit 307 works as operation
means similarly to the group of switches 305. Upon oper-
ating various switches of the remote control unit 307,
infrared-ray signals of a content corresponding to the oper-
ated switch are transmitted. The infrared-ray signals are
received by the remote control sensor 306. The VICS
transmitter/receiver 311 receives road traffic information
sent from the road traffic information communication system
(VICS: vehicle information communication system).

The control unit 312 comprises a microcomputer consti-
tuted by an mput/output (I/O) unit 317, a central processing
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unit 318, and a memory unit 319. To the I/O unit 316 are
connected the above unit for reproducing the map data
storage unit 302, GPS receiver 313, gyrosensor 314, terres-
trial magnetism sensor 315, distance sensor 316, display
device 304, group of switches 305, remote control sensor
306, voice synthesis/output unit 308, VICS transmitter/
receiver 311, etc.

The memory unit 319 includes ROM and RAM, the ROM
storing a program of navigation. The RAM 1s used as a work
memory and for temporarily storing various data. The cen-
tral processing unit 318 in the control unit 312 executes
various processes based upon various 1nput signals fed to the
control unit 312 and upon the programs.

Depending upon the processing functions, the central
processing unit 318 can be divided i1nto a present position
detecting unit 320, a map data fetching unit 321, a map
matching unit 322, a route calculation unit 323, a route guide
unit 324, a drawing unit 325 and a screen control unit 326.

First, the present position detecting unit 320 detects the
present position of the car and the direction of progress
based on signals from a plurality of GPS satellites received
by the GPS receiver 313, and finds the present position by
calculating the traveling locus of the car based upon the
progress direction data from the gyrosensor 314 and terres-
trial magnetism sensor 315 and upon the traveling distance
data from the distance sensor 316.

The map data fetching unit 321 fetches map data neces-
sary for various processing from the map data storage unit
302, and stores them in the RAM 1n the memory unit 318.
The map matching unit 322 compares the present position of
the car found by the present position detecting unit 320 with
the road map data obtained from the map data storage unit
302, and specifies on which portion of the road the present
position of the car exists.

When the user sets a destination by using the group of
switches 305 or the remote control unit 307, the route
calculation unit 323 calculates the present position of the car
specified by the map matching unit 322 and the route from
the start point to the destination specified by the user. The
route guide unit 324 judges points necessary for the guid-
ance based upon the route calculated by the route calculation
unit 323, shape data of the road, position data of
intersections, turning points, railroad crossing, etc. pos-
sessed by the map data, and judges what kind of guidance
(turn to the right, turn to the left) is necessary. When the
cguidance 1s to be produced by voice, the route guide unit 324
produces the voice instruction corresponding to the content
of guidance to the voice synthesis/output unit 308, and voice
synthesized by the voice synthesis/output unit 308 is pro-
duced from the speaker 309.

The screen control unit 326 controls the content displayed
by the display unit 304. Being controlled by the screen
control unit 326, the drawing unit 325 draws a map showing
the present position of the car, a rough sketch of
expressways, and an enlarged map near an intersection when
the car has approached the intersection, the drawing being
displayed on the screen of the display unit 304. In response
to an 1nstruction from the screen control unit 326, the
drawing unit 325 displays the present position of the car
detected by the present position detecting unit 320 and a car
mark P (see FIG. 25) representing the direction of progress
on the map displayed on the display unit 304.

When a tratfic jam 1s learned from road traffic information
received by the VICS transmitter/receiver 311, the screen
control unit 326 instructs the drawing unit 325 to display the
content by characters, and the drawing unit 325 displays the
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characters corresponding to the instructed content on the
display screen of the display unit 304.

Here, the map displayed on the display unit 304 by the
drawing unit 325 includes roads as well as buildings that are
displayed in a three-dimensional manner in the areas to be
displayed. According to this embodiment, buildings at a
distance away from the car by more than a predetermined
distance are not displayed, so that the road map can be easily
viewed avoiding complexity.

The roads and buildings are three-dimensionally dis-
played 1n the form of a bird’s-eye view. The viewing point
A of the bird’s-eye view 1s located, as shown 1n FIG. 27, just
over a point C (shadow of viewing point) behind the present
position B of the car by a predetermined distance L, and the
height (altitude of viewing point) H can be changed in a
plurality of steps or steplessly (continuously) by operating a
predetermined switch 1n the group of switches 303.

In this embodiment, the road map displayed on the display
unit 304 can be changed over between the one 1n which the
names of places and buildings are also displayed by char-
acters and the one 1n which such characters are not dis-
played.

When the names of places and buildings are to be dis-
played by characters on the map displayed on the display
unit 304, the buildings are displayed, as shown 1n FIG. 25B,
in a manner of occupying their sites as their plane shapes are
shown 1n the form of a bird’s-eye view. When the names of
places or buildings are not displayed by characters, the
buildings are displayed in a normal three-dimensional man-

ner as shown in FIG. 25A.

In the case of this embodiment, the characters are dis-
played or are not displayed by selecting the mode of
displaying the buildings. The mode of displaying the build-
ings 1s selected by operating a predetermined switch in the
oroup of switches 305 or by operating a predetermined
switch of the remote control unit 307.

Described below with reference to a flowchart of FIG. 26
are a case where the road map 1s displayed on the display
unit 304 together with the characters telling the names of
places and buildings and a case where the road map 1s
displayed without accompanied by such characters.

First, when the car 1s traveling, the map displayed on the
display unit 304 1s successively scrolled as the car travels.
That 1s, when the present position detecting unit 320 detects
the motion of the car, the map data fetching unit 321 reads
out the map data of a range displayed on the screen of the
display unit 304 from the map data storage unit 302 relying
on the position of the car after 1t has moved, and stores them
in the RAM 1n the memory unit 319. Thereafter, the screen
control unit 326 reads out the data from the RAM in the
memory unit 319, and the drawing unit 325 three-
dimensionally displays the roads and buildings on the dis-
play unit 304 being controlled by the screen control unit 326.
At this moment, the screen control unit 326 does not make
an access to the text data such as names of places or names
of buildings. Accordingly, the roads and buildings are three-
dimensionally displayed on the screen of the display unit
304 without accompanied by the display of characters of the
names of places and buildings (see FIG. 25A).

When the road map 1s three-dimensionally displayed on
the display unit 304 with the present position of the car as
a center, the screen control unit 326 1s placed 1n a state of
judging whether the plane display 1s selected by operating
the group of switches 305 or by operating the remote control

unit 307 (step S301).

When the plane display 1s selected, the screen control unit
326 renders the judgment “YES” at step S301, and the
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routine proceeds to step S302 where the height data of the
buildings are converted. In this embodiment, the height data
are converted by setting the heights of buildings to be all
“0”. By treating the heights of buildings as “0”, the screen
control unit 326 makes access to the RAM 1n the memory
unit 319 to read out plane shapes of buildings, and prepares
the drawing data expressing their plane shapes in the form
of a bird’s-eye view.

Next, the routine proceeds to step S303 where the screen
control unit 326 makes an access to the RAM 1n the memory
unit 319 to read out character data of the names of places and
buildings, and prepares character drawing data such as of the
names of places and buildings in compliance with the
character data. Thereafter, the drawing unit 325 draws the
plane shapes of the buildings expressed by the bird’s-eye
view and the names of places and buildings on the screen of
the display unit 304 as shown 1n FIG. 25B based upon the
drawing data expressing the plane shapes of the buildings in
the form of a bird’s-eye view and upon the drawing data of
the names of places and buildings (step S304).

Thereafter, the screen control unit 326 judges whether the
three-dimensional display 1s selected by the operation of the
group of switches 305 or of the remote control unit 307 (step
S305). When the three-dimensional display is selected, the
screen control unit 326 renders the judgment “YES” at step
S305, and makes access at step S306 to the RAM 1n the
memory unit 319 to read out plane shapes and heights of the
buildings, and prepares three-dimensional drawing data in
the form of a bird’s-eye view.

Then, at step S307, the screen control unit 326 erases
drawing data such as of the names of places and buildings.
Thereafter, as shown 1 FIG. 25A, the drawing unit 323
three-dimensionally draws the buildings on the screen of the
display unit 304 based upon the drawing data expressing the
buildings 1n the form of a bird’s-eye view, and erases
characters of the names of places and buildings from the
display unit 304 since the drawing data of the names of
places and buildings have been erased (step S308).

Thereafter, the screen control unit 326 returns back to step
S301 and judges whether the plane display i1s selected.
Hereinafter, when the plane display and the three-
dimensional display are selected, the operations are alter-
nately repeated to produce the plane display of the buildings
together with the characters of the names of places and
buildings, and to produce the three-dimensional display of
the buildings without accompanied by the characters of the
names of places and buildings.

According to this embodiment as described above, 1t 1s
allowed to select a display for displaying the characters of
the names of places and buildings on the map displayed on
the display unit 304, and a display for not displaying such
characters. When the display with characters 1s selected, the
names of principal places and buildings are displayed on the
map decreasing cumbersome operation which, so far, had to
be etfected for every place or building when 1t was desired
to know 1ts name.

Besides, when the names of places and buildings are to be
displayed, the heights of the buildings are lowered or, 1n this
embodiment, the buildings are displayed flat eliminating
such an inconvenience that the buildings are overlapped
back and force making it difficult to recognize their names.

When the road map displayed on the display unit 304 1s
updated 1n a scrolling manner accompanying the traveling of
the car, the buildings and the like maybe three-
dimensionally displayed each time 1rrespective of which one
of the three-dimensional display or the plane display has
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been selected, or the buildings and the like may be displayed
in a mode that 1s selected at the time of updating the road
map by scrolling.

In the case of the three-dimensional display while updat-
ing the road map in a scrolling manner, the burden of the
control unit 312 can be decreased by an amount of character
display. In the case of the plane display, on the other hand,
the burden of the control unit 312 can be decreased by an
amount of operation for three-dimensionally displaying the
buildings. In either case, the display of the map can be
updated within a decreased period of time.

Tenth Embodiment

FIGS. 29A, 29B and 30 1illustrate a tenth embodiment of

the i1nvention which 1s different from the above ninth
embodiment with respect to that the display of names of
places and buildings 1s not erased even when the buildings
are three-dimensionally displayed. In this case, the display
of names 1s erased for those buildings which are only partly
drawn being hidden by high buildings. For example, a
building C of FIG. 29B 1s only partly shown 1n FIG. 29A
being hidden by a building A and, hence, the name of the
building C 1s not displayed. This makes easy to recognize the
display of the map. FIG. 30 1s a flowchart 1llustrating the
content of control when the three-dimensional display 1s to
be executed according to the tenth embodiment.

FIG. 31 illustrates the content of control of when the
three-dimensional display 1s to be executed according to an
eleventh embodiment of the invention, which 1s different
from the above ninth embodiment with respect to that the
plane display of the buildings, etc. (with the display of
characters) and the three-dimensional display (without the
display of characters) are alternately repeated after a prede-
termined time interval.

This constitution does not require the operation of
switches and contributes to enhancing the safety during the
travel of the car.

The invention 1s not limited to the embodiments described
above and shown 1n the drawings, but can also be expanded
or changed.

The height data at steps S302, S312 and S321 of the ninth
to eleventh embodiments may be converted into those of the
heights of buildings stored 1n the map data multiplied by a
predetermined value smaller than 1 to three-dimensionally

display them as shown 1n FIGS. 32A and 32B.

Further, the height data at steps S302, S312 and S321 of
the ninth to eleventh embodiments may be converted pre-
suming that the buildings all have a predetermined height
(e.g., one meter), and may be three-dimensionally drawn.

In converting the height data at steps S302, S312 and
S321 of the ninth to eleventh embodiments, further, land-
mark buildings such as Tokyo Tower and the like may be
three-dimensionally drawn maintaining heights as described
in the map data, so that the present position can be more
casily confirmed.

As shown 1n FIGS. 33A and 33B, further, the buildings
may be three-dimensionally displayed irrespective of
whether the characters representing the names of buildings
are displayed or not.

In the above embodiments, further, characters of the
names of places may not be displayed on the three-
dimensionally displayed map.

The 1nvention 1s not limited to the navigation devices for
cars but can be widely applied to map display devices in
oeneral. The mmvention can be favorably applied to portable
devices.
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What 1s claimed 1s:

1. A map display device for three-dimensionally display-
ing a map of facilities including at least one of a building and
a road on a screen, the map display device comprising
display control means for three-dimensionally displaying,
by using a polygon, a design that represents traffic regulation
information at a predetermined height above ground on the
map on the screen, wherein the display control means
displays the design 1n a form that corresponds to a view of
the design seen from a viewing point on the map displayed
on the screen, and when an angle of depression of a viewing
direction from a viewing point to a particular point on the
map exceeds a predetermined angle, the display control
means changes the three-dimensional design, which repre-
sents the traffic regulation 1nformation, to a corresponding
plane design.

2. Amap display device according to claim 1, wherein the
display control means three-dimensionally displays at least
part of a guidance line on the map.

3. Amap display device according to claim 2, wherein the
display control means three-dimensionally displays the at
least part of the guidance line by combining one or more
three-dimensional drawings.

4. Amap display device according to claim 2, wherein the
display control means displays the at least part of the
guidance line 1n a form that corresponds to a view of the at
least part of the guidance line seen from a viewing point on
the map displayed on the screen.

5. Amap display device according to claim 2, wherein the
display control means controls a display color of those
portions of the guidance line that are to be hidden by the
facilities 1n a color that 1s different from a color of any other
portion of the guidance line.

6. Amap display device according to claim 5, wherein the
display control means displays, 1n a semitransparent manner,
those portions of the guidance line that are hidden by the
facilities.

7. A map display device according to claim 5, further
comprising 1input means for selecting the execution of the
display color control, wherein the display control means
controls the display color based on a selection signal from
the 1nput means.

8. Amap display device according to claim S5, wherein the
display control means three-dimensionally displays the
entire guidance line.

9. Amap display device according to claim 2, wherein the
display control means three-dimensionally displays each
corresponding one of the facilities together with a facility
identification mark on a surface of the facility.

10. A map display device according to claim 9, wherein
the display control means displays each of the three-
dimensionally displayed facilities in a corresponding form
that corresponds to a view of the facility seen from a viewing
point on the map displayed on the screen.

11. A map display device according to claim 1, wherein
the map display device 1s for a vehicle navigation device.

12. Amap display device for three-dimensionally display-
ing a map of facilities including at least one of a building and
a road on a screen, the map display device comprising
display control means for three-dimensionally displaying,
by using a polygon, a design that represents traffic regulation
information at a predetermined height above ground on the
map on the screen, wherein the display control means
displays a design 1n a form that corresponds to a view of the
design seen from a viewing point on the map displayed on
the screen, and when an angle of a viewing direction from
a viewing point to the design, which represents the tratfic
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regulation mnformation, exceeds a predetermined angle, the
display control means changes the three-dimensional design,
which represents the traffic regulation information, to a

corresponding plane design.

13. A map display device for three-dimensionally display-
ing a map of facilities including at least one of a building and
a road on a screen, the map display device comprising
display control means for three-dimensionally displaying,
by using a polygon, a design that represents tratfic regulation
information at a predetermined height above ground on the
map on the screen, wherein the display control means
displays the design 1n a form that corresponds to a view of
the design seen from a viewing point on the map displayed
on the screen, and the display control means 1s also for
displaying a plane design, which represents the same traffic
regulation information as that of the three-dimensional
design, simultaneously with the three-dimensional design.

14. A map display device for three-dimensionally display-
ing a map of facilities including at least one of a building and
a road on a screen, the map display device comprising
display control means for three-dimensionally displaying,
by using a polygon, a design that represents traffic regulation
information at a predetermined height above ground on the
map on the screen and road information receiver means for
receiving road traffic information, wherein:

the display control means displays the design 1n a form
that corresponds to a view of the design seen from a
viewing point on the map displayed on the screen;

the display control means three-dimensionally displays at
least part of a guidance line on the map; and

the display control means three-dimensionally displays
information such as traffic jam, congestion or vacancy
on the road or along the road based upon traffic
information received by the road information receiver
means.

15. A map display device for three-dimensionally display-
ing a map of facilities including at least one of a building and
a road on a screen, the map display device comprising
display control means for three-dimensionally displaying,
by using a polygon, a design that represents traffic regulation
information at a predetermined height above ground on the
map on the screen, wherein:

the display control means displays the design 1n a form
that corresponds to a view of the design seen from a
viewing point on the map displayed on the screen;

the display control means three-dimensionally displays at
least part of a guidance line on the map;

the display control means three-dimensionally displays
cach corresponding one of the facilities together with a
facility 1dentification mark on a surface of the facility;
and

the display control means displays an entrance/exit of
cach corresponding one of the three-dimensionally
displayed facilities on a corresponding surface of the
facility at a position that corresponds to a position of an
entrance/exit of a corresponding real facility.

16. A map display device comprising;:

map data storage means for storing map data;

display means for three-dimensionally displaying facili-
ties on a map based upon the map data; and

selecting means for selecting one of:

a first display mode for displaying each of the facilities
together with at least one character that represents a
name of the facility on the map displayed on the
display means; and

a second display mode for displaying each of the
facilities without displaying any character that rep-
resents a name of the facility, wherein when the
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selecting means selects the first display mode, each
of the facilities 1s displayed in one of a three-
dimensional form with a reduced height and a plane
form.

17. A map display device comprising:

map data storage means for storing map data;

display means for three-dimensionally displaying facili-
ties on a map based upon the map data; and

selecting means for selecting one of:

a first display mode for displaying each of facilities 1n
a three-dimensional form without modifying a height
of the facility together with at least one character that
represents a name of the facility on the map dis-
played on the display means; and

a second display mode for displaying each of the
facilities 1n one of:

a three-dimensional form, which has a reduced
height, together with at least one character that
represents a name of the facility on the map
displayed on the display means; and

a plane form together with at least one character that
represents a name of the facility on the map

displayed on the display means.

18. A map display device for a vehicle navigation device,
wherein the map display device three-dimensionally dis-
plays facilities, which include at least one of a building and
a road, on a screen 1n a form of a three-dimensional map and
also displays a route guidance line, which leads to a
destination, on the three-dimensional map, the map display
device comprising:

display control means for three-dimensionally displaying

at least part of the route guidance line on the three-
dimensional map displayed on the screen; and

a switch data mput unit, through which an altitude of a
viewing point on the three-dimensional map 1s
changed, wherein the display control means three-
dimensionally displays the at least part of the route
oguidance line on the three-dimensional map in a form
that changes consistently with the altitude of the view-
ing point that 1s changed through the switch data input
unit.

19. A map display device according to claim 18, wherein
the display control means three-dimensionally displays the
at least part of the route guidance line on the three-
dimensional map using a combination of:

a plane that 1s generally parallel to the horizontal plane of
the three-dimensional map; and

a plane that 1s generally perpendicular to the horizontal

plane of the three-dimensional map.

20. A map display device for a vehicle, wherein the map
display device displays a three-dimensional map on a screen
and also displays a cursor, which indicates a present position
of the vehicle, on the three-dimensional map, the map

display device comprising:
input means for mputting an altitude-changing instruction

for changing an altitude of a viewing point on the
three-dimensional map; and

screen control means for:
setting an altitude of the viewing point on the three-
dimensional map based on the altitude-changing
instruction, which 1s inputted through the input
means; and
adjusting an angle of depression of a viewing direction
from the viewing point on the three-dimensional map
based on the set altitude of the viewing point,
wherein:
the angle of depression of the viewing direction i1s
adjusted such that when the altitude of the viewing
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point 1s increased to show a greater area on the
three-dimensional map through operation of the
input means toward an altitude-increasing side, a
ratio of change in the angle of depression of the
viewing direction on the three-dimensional map
Increases;
when the altitude of the viewing point is 1ncreased,
a position of the cursor on the three-dimensional
map moves toward an upper side of the three-
dimensional map displayed on the screen and 1s
displayed on the three-dimensional map as viewed
from the viewing point;
the angle of depression of the viewing direction 1s
also adjusted such that when the altitude of the
viewing point 1s decreased to show a less area 1n
oreater detail on the three-dimensional map
through operation of the mput means toward an
altitude-decreasing side, the ratio of change in the
angle of depression of the viewing direction on the
three-dimensional map decreases;
when the altitude of the viewing point 1s decreased,
the position of the cursor on the three-dimensional
map moves toward a lower side of the three-
dimensional map displayed on the screen and 1s
displayed on the three-dimensional map as viewed
from the viewing point; and
when the viewing point substantially coincides with
the present position of the vehicle through opera-
tion of the input means, the three-dimensional
map 1s displayed on the screen as a driver’s view,
and the cursor 1s not displayed on the three-
dimensional map.
21. A map display device according to claim 20, wherein
a viewing distance L between the viewing point and the
present position of the vehicle indicated by the cursor on the
three-dimensional map 1s expressed by the following equa-
tion:

I.=He*cosec O

where H 1s the altitude of the viewing point, and 0 1s the

angle of depression of the viewing direction.

22. A map display device according to claim 20, wherein
the screen control means 1s capable of adjusting the viewing
direction toward the upper side or the lower side indepen-
dently of the altitude of the viewing point.

23. A map display device according to claim 20, wherein
the screen control means adjusts the angle of depression 0 of
the viewing direction in a manner that satisfies the following
equation:

0=Nx(MAXIMUM ANGLE OF DEPRESSION-MINIMUM
ANGLE OF DEPRESSION)+MINIMUM ANGLE OF
DEPRESSION

where:

N=log 2 (ALTITUDE OF VIEWING POINT/MINIMUM
ALTITUDE OF VIEWING POINT)/log 2
(MAXIMUM ALTITUDE OF VIEWING POINT/
MINIMUM ALTITUDE OF VIEWING POINT).

24. A map display device according to claim 20, wherein

a particular point, which 1s located ahead of the viewing
point along the viewing direction, on the three-dimensional
map 1S one of:

the present position of the vehicle on the three-
dimensional map; and

a point that 1s located ahead of the present position of the
vehicle.

10

15

20

25

30

35

40

45

50

55

60

65

30

25. A map display device according to claim 20, wherein:

a coordinate of the center of the three-dimensional map
displayed on the screen is denoted by (X, Y);

the position of the cursor on the three-dimensional map
displayed on the screen 1s set by the screen control
means as (X, N-Y)

where:
N 1s a ratio of change of Y and is expressed by the
following equation:

N=log 2 (ALTITUDE OF VIEWING POINT/MINIMUM ALII-
TUDE OF VIEWING POINT)/log 2 (MAXIMUM ALTITUDE
OF VIEWING POINT/MINIMUM ALTITUDE OF VIEWING
POINT).

26. A map display device that displays a three-
dimensional map on a screen, the map display device
comprising:

input means for nputting an altitude-changing instruction

for changing an altitude of a viewing point on the
three-dimensional map; and

screen control means for:

setting an altitude of the viewing point on the three-
dimensional map based on the altitude-changing
instruction, which 1s inputted through the input
means; and

adjusting an angle of depression of a viewing direction
from the viewing point on the three-dimensional map
based on the set altitude of the viewing point in such
a manner that a ratio of change 1n the angle of
depression of the viewing direction on the three-
dimensional map 1s varied depending on the set
altitude of the viewing point.

27. A map display device that displays a three-
dimensional map on a screen, the map display device
comprising:

input means for mputting an altitude-changing instruction

for changing an altitude of a viewing point on the
three-dimensional map; and

screen control means for:
setting an altitude of the viewing point on the three-

dimensional map based on the altitude-changing

instruction, which 1s inputted through the input

means; and

adjusting an angle of depression of a viewing direction

from the viewing point on the three-dimensional map

based on the set altitude of the viewing point,

wherein:

the angle of depression of the viewing direction is
adjusted such that when the altitude of the viewing
point 1s increased through operation of the input
means toward an altitude-increasing side, a ratio
of change in the angle of depression of the view-
ing direction on the three-dimensional map
Increases;

when the altitude of the viewing point 1s increased,
the three-dimensional map 1s displayed as viewed
from the viewing point at the increased altitude;

the angle of depression of the viewing direction 1is
also adjusted such that when the altitude of the
viewing point 1s decreased through operation of
the mput means toward an altitude-decreasing
side, the ratio of change 1n the angle of depression
of the viewing direction on the three-dimensional
map decreases; and

when the altitude of the viewing point 1s decreased,
the three-dimensional map 1s displayed as viewed
from the viewing point at the decreased altitude.



US 6,710,774 B1
31 32

28. A map display device according to claim 27, wherein: adjusting an angle of depression of a viewing direction
when the altitude of the viewing point 1s increased from the viewing point on the three-dimensional map
through the operation of the mput means toward the based on the set altitude of the viewing point,
altitude-increasing side, the ratio of change 1n the angle wherein:
of depression of the viewing direction logarithmically > the angle of depression of the viewing direction is
Increases; and adjusted such that when the altitude of the viewing
when the altitude of the viewing point 1s decreased point is increased to show a greater area on the

through the operation of the mput means toward the
altitude-decreasing side, the ratio of change in the angle

of depression of the viewing direction logarithmically
decreases.

29. A map display device according to claim 28, wherein:

three-dimensional map through operation of the
10 input means toward an altitude-increasing side, a
ratio of change 1n the angle of depression of the
viewing direction on the three-dimensional map

. : INCreases;
the screen control means exponentially increases the ben th 1’. de of the view: L. q
altitude of the viewing point as a function of a number when t ¢4 titude of the viewing point 15 1nereased,
15 a position of the cursor on the three-dimensional

of altitude-changing instructions, which are inputted

through the input means upon the operation of the input map moves toward an upper side of the three-

means toward the altitude-increasing side; and dimensional map displayed on the screen and is
displayed on the three-dimensional map as viewed

from the viewing point;
the angle of depression of the viewing direction 1s

the screen control means exponentially decreases the
altitude of the viewing point as a function of a number ,
of altitude-changing instructions, which are inputted

through the input means upon the operation of the input also adjusted such that when the altitude of the
means toward the altitude-decreasing side. viewing point 1s decreased to show a less area in
30. A map display device for a vehicle, wherein the map greater detail on the three-dimensional map
display device displays a three-dimensional map on a screen 55 through operation of the mput means toward an
and also displays a cursor, which indicates a present position altitude-decreasing side, the ratio of change 1n the
of the vehicle, on the three-dimensional map, the map angle of depression of the viewing direction on the
display device comprising: three-dimensional map decreases; and
input means for inputting an altitude-changing instruction when the altitude of the viewing point 1s decreased,
for changing an altitude of a viewing point on the 30 the position of the cursor on the three-dimensional
three-dimensional map; and map moves toward a lower side of the three-
screen control means for: dimensional map displayed on the screen and 1s
setting an altitude of the viewing point on the three- displayed on the three-dimensional map as viewed
dimensional map based on the altitude-changing from the viewing point.

instruction, which is inputted through the input 39
means; and £ % k% %
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