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VEHICLE INFORMATION DISPLAY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and incorporates
herein by reference Japanese Patent Applications No. 2003-
419753 filed on Dec. 17, 2003, No. 2003-434136 filed on
Dec. 26, 2003, No. 2004-110061 filed on Apr. 2, 2004, and
No. 2004-178738 filed on Jun. 16, 2004.

FIELD OF THE INVENTION

[0002] The present invention relates to a vehicle informa-
tion display system which reflects an image on a vehicle
windshield and displays the image as a virtual image so as
to be visually recognized by a vehicle’s occupant or driver.

BACKGROUND OF THE INVENTION

[0003] In recent years, vehicles are increasingly available
that are mounted with navigation systems and the other
systems that visualize various kinds of information. Gener-
ally, a liquid crystal display is used as the system’s display
screen and is disposed at a console and the like inside the
vehicle.

[0004] However, a driver sometimes needs to visually
recognize various kinds of information displayed on the
display screen disposed as mentioned above while the
vehicle is running. In such case, the driver must move his or
her sight line to the display screen inside the vehicle from a
road, signs, and the like forward outside the vehicle. This
poses a problem of reducing the attention in front of the
vehicle.

[0005] To solve this problem, a vehicle information dis-
play system using a so-called head up display (HUD) is
known (e.g., see Patent Document 1). This technology
reflects an image indicating various kinds of information on
the vehicle’s windshield and allows a vehicle’s occupant to
visually recognize the image as a virtual image so as to
decrease the movement of the occupant’s sight line for
visually recognizing the displayed information.

[0006] Such vehicle information display system using the
HUD may provide a driver with various kinds of informa-
tion in the future. In such case, there is a problem of hiding
important information needed for the current driving opera-
tions and the like behind the other much information and
preventing the driver from promptly recognizing the impor-
tant information. Another problem is possibility of hindering
the driver’s visual field depending on display positions of
the image (information).

[0007] Some vehicle information display system using the
HUD displays various kinds of information (videos) pro-
vided for a driver at a windshield’s bottom part so as not to
obstacle the driver’s visual field to confirm traffic circum-
stances (e.g., see Patent Document 2). The windshield’s
bottom part is also referred to as a “bottom area™ hereafter.

[0008] Here, the HUD can safely provide necessary infor-
mation without making the driver’s sight line move greatly.
The HUD can provide all types of information in the future.
However, only a limited size 1s ensured for the windshield’s
bottom area to display the information. It is impossible to
display much information at a time.

Jul. 14, 2005

[0009] When the display area is enlarged to display more
information, the visual field area decreases to hinder the
driver’s visual field, making the driver uneasy.

[0010] Conventionally, a driver driving a vehicle may
need to look at a guide signboard installed near a road in
order to obtain route guide information and road informa-
tion.

[0011] However, the driver may not be able to obtain
sufficient information by looking at guide signboards near
the road. For example, guide signboards on the road may not
be easily identifiable. Alternatively, the driver may lose
timing to look at the signboards. It is very dangerous for the
driver to continue driving though he or she is not provided
with sufficient information and therefore feels uneasiness
and stress. As a result, the driver may fail to identify
surrounding vehicles and signs. For example, the driver may
fail to motice a passerby rushing out on the road or a
temporary stop at the intersection with no traffic lights.

[0012] To decrease the above problem, route guide infor-
mation and road information can be additionally obtained by
using a navigation system. Further, in the above-mentioned
Patent Document 1, the navigation system has a method of
displaying the route guide information using arrows and
letters on a vehicle’s windshield and providing a driver with
the route guide information superimposed on the actual
road. This decreases a burden for the driver to drive a vehicle
by comparing the actual road with a road on the display to
thereby forcibly move his or her sight line and make him or
her err in his or her judgment to take the wrong road.

[0013] However, according to the above-mentioned
method described in Patent Document 1, the display on the
route guide information may overlap with a sight of a
preceding vehicle. In such case, the driver may feel uncom-
fortably to cause trouble with the driving. This may expose
the driver to danger. Further, when the windshield shows the
arrows and letters that are quite different from the real world,
the driver may also feel uncomfortably to cause trouble with
the driving.

[0014] A vehicle display apparatus uses a head-up display
(HUD) that reflects an image from a display device on a
windshield in front of a driver and enlarges the image,
providing an advantage of improved visibility (see Patent
Document 3).

[0015] Another vehicle display apparatus is proposed 1o
provide a liquid crystal display device instead of the HUD
by dividing the display into top and bottom sections. That is
to say, the liquid crystal display device is mounted except
the windshield’s center area that may obstruct the driver’s
view (see Patent document 4).

[0016] On the other hand, the vehicle display apparatus
using the HUD as disclosed in Patent Document 3 displays
information about the vehicle on the driving visual field area
in front of the driver. In this case, a driver’s visual field is
hindered during driving. In contrast, the information may be
displayed only on the bottom area of the windshield except
the driving visual field area. However, in this case, il is
impossible to notify the driver of much information.

[0017] The wvehicle display apparatus as disclosed in
Patent Document 4 divides the liquid crystal display device
into top and bottom sections and mounts them on the
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windshield. It is possible to notify the driver of much
information without annoying him or her. Since the vehicle
display apparatus is not an HUD, however, the information
cannot be enlarged for display. As a result, it is necessary Lo
form a large or a plurality of liquid crystal display appara-
tuses on the windshield, increasing manufacturing costs of
the vehicle display apparatus.

[0018] (Patent Document)
[0019] Patent Document 1: JP 2001-108476 A
[0020] Patent Document 2: JP 2002-19491 A
[0021] Patent Document 3: JP §57-148530 U (Utility

patent, Jitsuyo-shinan)
[0022] Patent Document 4: JP H11-15420 A

SUMMARY OF THE INVENTION

[0023] Tt is an object of the present invention to provide a
vehicle information display system capable of allowing a
driver of an occupant to visually confirm necessary infor-
mation safely and reliably and of displaying much informa-
tion without hindering a driver’s visual field. Further, a
vehicle information display system is provided for giving, to
a driver, easy-to-understand route guide information, road
information, and the like without causing trouble with his or
her driving.

[0024] To achieve the object, as a first aspect of the present
invention, a vehicle information display system is provided
with the following. A display means reflects an image on a
windshield of a vehicle and displays the image so that an
occupant of the vehicle recognizes the image as a virtual
image. Information is collected to be displayed by the
display means. At least one of circumstances of the vehicle,
surrounding of the vehicle, and an occupant who operates
the vehicle is detected. The collected information is classi-
fied in accordance with a detected result. Display contents of
the display means are controlled in accordance with a
classified result.

[0025] Information needed by the driver diversely varies
with circumstances of the vehicle, its surroundings, and the
driver who operates the vehicle. According to these circum-
stances, the vehicle display system of the present invention
can dispose only necessary information al positions easily
viewed by the driver and limit the information to be dis-
played. Accordingly, the system can safely and reliably
allow the driver to visually recognize the information
needed for the driver under any circumstances without
hindering his or her visual field.

[0026] As a second aspect of the present invention, a
vehicle information display system is provided with the
following. A video display means is included for indicating
provision information to be provided to an occupant of a
vehicle. A projection means is included for projecting the
video on a vehicle windshield so that the occupant visually
recognizes a video displayed by the video display means.
Here, while the projection means projects the video on a top
area above a visual field area corresponding to a visual field
needed for the occupant to confirm traffic circumstances, and
the projection means projects the video also on a bottom area
below the visual field area in addition to the top area. The
projection means includes a first mirror which reflects an
incident video and projects the video on the top area, and a
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second mirror which reflects an incident video and projects
the video on the bottom area.

[0027] In this structure, the projection means can project
videos that are displayed from a single display means, to two
areas of the bottom area and the top area by using two
mirrors. This saves manufacturing costs of the projecting
means capable of projecting the videos to the two areas and
also reduces an installation space on the vehicle.

[0028] As a third aspect of the present invention, a vehicle
information display system is provided with the following.
Image data of guide images are stored Route guide infor-
mation is generated to guide a vehicle to a destination. The
stored image data of the guide image corresponding to the
route guide information is read. Images are displayed based
on the read image data cormresponding 1o the route guide
information on a display area which is part of a windshield
of the vehicle and is positioned higher than a sight line.

[0029] In this structure, images for the route guide infor-
mation and the road information can be displayed on a
windshield above the direction along the driver’s sight line.
Further, the images do not overlap with preceding vehicles,
nor cause trouble with the driver’s driving.

[0030] As a fourth aspect of the present invention, a
vehicle information display system 1s provided with the
following. Images are captured in front of a vehicle to create
image data. The created image data are analyzed to recog-
nize a targeted object and to create image data of the targeted
abject. The created image data of the targeted object are
stored. The stored image data of the targeted object are then
read. Images are displayed based on the read image data of
the targeted object on a display area which is part of a
windshield of the vehicle and is positioned higher than a
sight line of an occupant of the vehicle.

[0031] In this structure, even when a driver misses road
information such as an actual signboard, the driver can
display an image for that signboard on a windshield later to
recognize the road information. Since there is no need fo
worry about missing road information, the driver can drive
the vehicle safely.

[0032] As a fifth aspect of the present invention, a vehicle
information display system is provided with the following.
A first image is generated to represent first information,
while a second image is generated to represent second
information. Here, the first image is visually recognized by
an occupant of a vehicle as a virtual image on a windshield
below a driving visual field area that the occupant frequently
looks at during driving of a vehicle, and the second image
is visually recognized by the occupant as a virtual image on
the windshield above the driving visual field.

[0033] In this structure, much information, e.g., relating to
indicators or route guide can be displayed separately in two
areas on a windshield above and below the driving visual
field area. As a result, the driver can be notified of much
information in an easy-to-understand manner without being
prevented from looking at the driving visual field area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objects, features, and advan-
tages of the present invention will become more apparent
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from the following detailed description made with reference
to the accompanying drawings. In the drawings:

[0035] FIG. 1 is a block diagram showing the overall
configuration of an information display system according to
a first embodiment of the present invention;

[0036] FIG. 2 is an explanatory diagram showing an
example of disposing parts constituting the information
display system in a vehicle;

[0037] FIG. 3 is a front view showing a vehicle interior
viewed from a driver’s seat;

[0038] FIG. 4 is a pattern diagram showing the configu-
ration of a head-up display;

[0039] FIG. 5 is an explanatory diagram showing the
configuration of display setup data;

[0040] FIG. 6 is a flowchart showing the contents of an
HUD display process;

[0041] FIG. 7 is a flowchart showing the contents of an
information classification process;

[0042] FIG. 8 is a flowchart showing the contents of a
presentation information classification process;

[0043] FIG. 9 is a flowchart showing the contents of an
mdividual mformation classification process;

[0044] FIG. 10 is an explanatory diagram showing a
display example of the head-up display;
[0045] FIG. 11 is an explanatory diagram showing a
display example of the head-up display;
[0046] FIG. 12 is an explanatory diagram showing a
display example of the head-up display;
[0047] FIG. 13 is an explanatory diagram showing a

display example of the head-up display;

[0048] FIG. 14 is a pattern diagram showing another
configuration example of the head-up display;

[0049] FIG. 15 is an explanatory diagram showing the

principle of displaying a perspective image;

[0050] FIG. 16 is an explanatory diagram showing the
configuration of a vehicle information display system of a
first example according to a second embodiment of the
present invention and the disposition of major parts of the
system;

[0051] FIG. 17 is an explanatory diagram showing a
setting example of display areas on a windshield;

[0052] FIG. 18 is a block diagram showing relationship

between a display controller and an information presentation
section;

[0053] FIG. 19 is an explanatory diagram exemplifying
information displays on a windshield;

[0054] FIG. 20 is a flowchart showing the contents of a
lane information display process;

[0055] FIG. 21 is an explanatory diagram showing
another setting example of display areas on a windshield;

[0056] FIG. 22 is an explanatory diagram showing the
configuration of the information presentation section of a
second example;
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[0057] FIGS. 23A, 23B, 23C are block diagrams showing
relationship between the display controller and the informa-
tion presentation section of the second to fourth examples;

[0058] FIG. 24 is an explanatory diagram showing the
configuration of the information presentation section of the
third example;

[0059] FIG. 25 is an explanatory diagram showing the
configuration of the information presentation section of the
fourth example;

[0060] FIG. 26 is an explanatory diagram showing the
configuration of a wvehicle display apparatus of a first
example according to a third embodiment of the present
invention;

[0061] FIG. 27 is a flowchart showing a process per-
formed by the vehicle display apparatus;

[0062] FIG. 28 is a flowchart showing a process per-
formed by the vehicle display apparatus;

[0063] FIG. 29 is a flowchart showing a process per-
formed by the vehicle display apparatus;

[0064] FIG. 30A is an explanatory diagram showing an
image for guide display;

[0065] FIGS. 30B, 30C arc cxplanatory diagrams show-
ing images for road information;

[0066] FIG. 31 is an explanatory diagram showing sizes
and positions of images displayed on a windshield;

[0067] TIG. 32 is an explanatory diagram showing a
plurality of images displayed on the windshield,

[0068] FIGS. 33A and 33B are explanatory diagrams
showing relationship between (a) pixel positions on a liquid
crystal panel and (b) pixel positions capable of being dis-
played on a windshield;

[0069] FIG. 34 is an explanatory diagram showing the
configuration of the vehicle display apparatus of a second
example according to the third embodiment;

[0070] FIG. 35 is an explanatory diagram showing a
signboard image displayed on the windshield;

[0071] FIG. 36 is a flowchart showing a process per-

formed by the vehicle display apparatus;

[0072] FIG. 37 is a flowchart showing a process per-
formed by the vehicle display apparatus;

[0073] FIG. 38 is a flowchart showing a process per-
formed by the vehicle display apparatus;

[0074] FIG. 39 is an explanatory diagram showing the
configuration of a vehicle display apparatus of a third
example according to the third embodiment;

[0075] FIG. 40 is an explanatory diagram showing the

configuration of an external apparatus installed near an
intersection;

[0076] FIG. 41 is an explanatory diagram showing a
temporary stop image displayed on a windshield;

[0077] FIG. 42 is a flowchart showing a process per-
formed by the vehicle display system;

[0078] FIG. 43 is a flowchart showing a process per-
formed by the vehicle display system;
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[0079] FIG. 44 is a schematic diagram showing the entire
configuration of a vehicle display apparatus of a first
example according to a fourth embodiment of the present
invention;

[0080] FIG. 45 is a schematic diagram showing an instru-
ment panel 4031 and a windshield 4020 in front of a vehicle
compartment;

[0081] FIG. 46 is a schematic diagram showing the elec-
trical circuit configuration of a combination meter of the first
example;

[0082] FIG. 47 is a photographic diagram showing a
display example of the vehicle display apparatus of the first
example;

[0083] FIG. 48 is a photographic diagram showing a
display example of the vehicle display apparatus of a second
example; and

[0084] FIG. 49 is a photographic diagram showing
another display example of the vehicle display apparatus of
the second example.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0085] An embodiment of the present invention will be
described in further detail with reference to the accompa-
nying drawings.

[0086] FIG. 1 is a block diagram showing the configura-
tion of a vehicle information display system according to a
first embodiment of the present invention. FIG. 2 is an
explanatory diagram showing an example of disposing parts
constituting the vehicle information display system in a
vehicle 1100. FIG. 3 is a front view showing an interior of
the vehicle 1100 viewed from a seat of a driver as an
occupant.

[0087] As shown in FIGS. 1 and 2, the vehicle informa-
tion display system according to the first embodiment
includes an information input section 1205, an information
output section 1206, an external storage unit 1207, an
operation section 1208, and a control unit 1200 to control
these parts.

[0088] The information input section 1205 is configured to
include a front radar 1101, a forward monitoring camera
1102, a rear radar 1103, a backward monitoring camera
1104, sideward monitoring cameras 1105 and 1106, a
vehicle speed sensor 1107, a throttle sensor 1108, a brake
hydraulic sensor 1109, a steering torque sensor 1110, a
steering angle sensor 1111, a solar sensor 1112, a lighting
switch 11134, an ignition switch 1113b, a wiper switch
1113c, a turn signal lamp switch 11134, a direction sensor
1114, an automatic operation switch 1115, a GPS antenna
1116, an FM antenna 1117a, a telephone antenna 11175, and
a beacon reception element 1117c.

[0089] The front radar 1101 monitors the front of the
vehicle 1100 and detects a shape of the driving course
forward, positions and relative speeds of vehicles and
obstacles forward. The rear radar 1103 monitors the rear of
the vehicle 1100 and detects a shape of the driving course
backward, positions and relative speeds of vehicles and
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obstacles backward. Such radars 1101 and 1103 can be those
that recognize objects using laser or millimetric waves, for
example.

[0090] The forward monitoring camera 1102 captures
images in front of the vehicle 1100. The backward moni-
toring camera 1104 captures images in the rear of the vehicle
1100. The sideward monitoring cameras 1105 and 1106
capture images on the sides of the vehicle 1100. These
monitoring cameras 1102, 1104, 1105, and 1106 can be CCD
(charge-coupled device), and the like.

[0091] The vehicle speed sensor 1107 detects speeds of the
vehicle 1100. The throtile sensor 1108 detects throttle angles
ol the vehicle 1100. The brake hydraulic sensor 1109 detecls
brake oil pressures of the wehicle 1100.

[0092] The steering torque sensor 1110 detects steering
torque of the vehicle 1100. The steering angle sensor 1111
detects steering angles of the vehicle 1100. The steering
torque sensor 1110 and the steering angle sensor 1111 are
omitted from FIG. 2.

[0093] The solar sensor 1112 detects a value of solar
radiation. The solar sensor 1112 can use a photodiode or the
like that generates electrical signals in accordance with the
brightness.

[0094] The lighting switch 1113« is a switch that turns on
or off lights of the vehicle 1100. The ignition switch 1113h
is a switch that turns on or off an engine of the vehicle 1100.
The wiper switch 1113c¢ is a switch that turns on or off wipers
of the vehicle 1100. The turn signal lamp switch 11134 is a
switch that turns on or off turn signal lamps of the vehicle

1100.

[0095] The switches 11134 to 11134 are disposed at posi-
tions where a driver can operate on and around a steering

wheel 1113 of the vehicle 1100 as shown in FIG. 2.

[0096] The direction sensor 114 determines directions
north, south, cast, and west. The direction sensor 114 is
omitted from FIG. 2. The automatic operation switch 115 is
a switch that turns on or off so-called auto-cruise (automatic
operation) feature to enable driving at a constant speed, for
example.

[0097] The GPS (global positioning system) antenna 1116
receives signals to determine positional information about
own vehicle from an artificial satellite. The beacon reception
element 1117¢ receives signals from beacons, i.e., relaying
stations installed on the road for optical communication.

[0098] The FM antenna 1117a, the telephone antenna
11175, and the beacon reception element 1117¢ are mounted
on the antenna mounting section 1117 of the vehicle 1100 in
FIG. 2. The FM antenna 1117a, the telephone antenna
1117b, and the beacon reception element 1117¢ are used to
receive road information such as construction and traffic
congestion.

[0099] The information output section 1206 is configured
to chiefly include a multi-display 1131, a head-up display
1132, a meter display 1133, a speaker 1134, a throttle 1135,
a brake 1136, and a steering 1137.

[0100] The throttle 1135, the brake 1136, and the steering
1137 are actuators that operate based on control signals
generated by the control unit 1200. Specifically, the throttle
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1135, the brake 1136, and the steering 1137 are controlled
for auto-cruise according to operations of the automatic
operation switch 1115.

[0101] The multi-display 1131 includes a liquid crystal
display (LCD) and the like. The meter display 1133 includes
a speedometer, a tachometer, a fuel meter, a hydraulic meter,

and the like.

[0102] The head-up display 1132 displays various kinds of
information on a windshield 1044,

[0103] The displays 1131, 1132, and 1133, and the speaker
1134 output images and sounds based on visual information
and audio information generated from the control unit 1200.
The displays 1131, 1132, and 1133, and the speaker 1134 are
configured to provide various kinds of information about the
vehicle 1100 as well as vehicle position information indi-
cating positions of the vehicle 1100, road information indi-
cating circumstances of a road to run, surrounding informa-
tion around the wvehicle, and the like. FIG. 3 shows
disposition and external views of the display arecas 1131a,
1132a, and 11334 for the displays 1131, 1132, and 1133.

[0104] Asshown in FIG. 3, the head-up display 1132 uses
the entire windshield 1044 as a display area. The display
area is divided into center, top, bottom, right, and left display
areas. The center display area is viewed mainly with the
central visual field during driving. On this area, a driver can
read display contents without averting his or her sight line
from the driving course forward while running through the
straight course. The other areas are generically referred to as
“surrounding display areas” and are viewed mainly with the
surrounding visual field while driving. On these areas, the
driver can recognize the presence or absence of the display,
but feels it difficult to read display contents without averting
his or her sight line from the driving course forward. The
surrounding display areas are disposed top, bottom, left, and
right of the center display area. The driver may temporarily
view the surrounding display areas through his or her central
visual field as needed when turning 1o the right or left, or
looking at road signs, signboards, and the like.

[0105] FIG. 4 is a pattern diagram showing the configu-
ration of the head-up display 1132 according to the first
embodiment. As shown in FIG. 4, the head-up display 1132
includes a video projector 1042, a screen 1043, a windshield
1044, and a Fresnel mirror 1045. The Fresnel mirror 1045
magnifies an image from the screen 1043 so as to be visually
recognized by a viewer (driver K in FIG. 4) through his or
her eyes.

[0106] The head-up display 1132 having the above-men-

tioned configuration operates as follows.

[0107] The video projector 1042 first receives a video
signal from the control unit 1200 via the video data signal
line 1041 including cables and the like. The video projector
1042 then converts the video signal into light and projects it
on the screen 1043. The screen 1043 reflects the light
projected from the video projector 1042 toward the Fresnel
mirror 1045. The Fresnel mirror 1045 further reflects the
light toward the windshield 1044.

[0108] The windshield 1044 reflects the light reflected on
the Fresnel mirror 1045 toward the driver K’s visual pont so
as to form a virtual image wvisually recognizable from the
driver K. The windshield 1044 provides this virtual image
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by superimposing it over the light entering the vehicle
compartment from the front of the vehicle 1100 through the
windshield 1044 itself.

[0109] In FIG. 1, the external storage unit 1207 includes
such dewvices as a DVD (digital versatile disk), ROM (read
only memory), and a hard disk. The external storage unit
1207 stores map data used for a navigation process and the
like and display setup data used for display control of the
head-up display 1132.

[0110] The map data records data about road shapes such
as intersection names; names of constructs such as stores,
buildings, stations, public offices, statues, and bridges; and
geographical information about mountains and rivers.

[0111] On the other hand, as shown in FIG. 5, the display
setup data maintains correspondence between the presenta-
tion information displayable on the head-up display 1132
and the display arcas (default display positions) where the
presentation information should be normally displayed. The
center display area corresponds to highly important, caution-
related presentation information such as “Obstacles.” The
respective display areas constituting the surrounding display
area correspond to the other information such as “Traveling
direction,™ Virtual  signboard,”Traffic  signal,™Drive
guide,™ Congestion information,”*Multimedia information,
"“Vehicle speed,” and “Obstacles.”

[0112] In the display setup data, each of the presentation
information is also associated with user setup information
that can be configured by a user freely. The user setup
information includes necessity information to specify
whether or not to display the presentation information and
level information used for indicating and changing positions
to display the presentation information. Though not shown,
the user setup information also includes information to
specify display timing, display continuation time, display
image’s shape, size, color, brightness, and the like.

[0113] The level information is configured according to
imformation’s levels of importance using numeric values -1
through 2. The smaller the numeric value is, the higher the
level of importance becomes. The highest level of impor-
tance (level —1) is permanently assigned to the level infor-
mation for the caution-related presentation information
associated with the center display area.

[0114] There are provided a plurality of display setup data
corresponding to drivers who drive the vehicle.

[0115] The operation section 1208 includes various point-
ing devices such as a touch panel, a keyboard, and the like.
The operation section 1208 is used to input data when
changing various instructions and setup information for the
control unit 1200,

[0116] The control unit 1200 includes a microcomputer
having a vehicle’s CPU (central processing unit) 1203,
memory 1202 including ROM, RAM, and the like, an input
port 1201, an output port 1204, and the like.

[0117] The memory 1202 stores various programs
executed by the CPU 1203 and various data needed io
execute the programs.

[0118] The CPU 1203 performs an information collection
process, i.e., collecting signals obtained from the informa-
tion input section 1205 via the input port 1201 and storing
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them in the memory 1202. The CPU 1203 controls the
information output section 1206 based on the information
collected by the information collection process. In this
manner, the CPU 1203 performs processes to realize various
operation support functions such as a navigation process, an
automatic operation control process, and an HUD display
control process.

[0119] Specifically, the information collection process is
performed as follows. The front radar 1101 supplies a
driving course shape forward, positions and relative speeds
of vehicles and obstacles. The rear radar 1103 supplies a
driving course shape backward, positions and relative
speeds of vehicles and obstacles. The vehicle speed sensor
1107 supplies a vehicle speed. The throttle sensor 1108
supplies a throttle angle. The brake hydraulic sensor 1109
supplies a brake oil pressure. The steering torque sensor
1110 supplies a steering torque. The steering angle sensor
1111 supplies a steering angle. The solar sensor 1112 sup-
plies the surrounding brightness. The direction sensor 1114
supplies a vehicle direction. The supplied data are stored in

the memory 1202.

[0120] The CPU 1203 is supplied with states of the
lighting switch 11134, the ignition switch 11135, the wiper
swiich 1113c, the turn signal lamp switch 11134, and the
automatic operation switch 1115. The switch states are
stored in the memory 1202. The state of the automatic
operation switch 1115 is represented by a variable hereafter
referred to as an automatic operation level. The variable
value is set to 0 when the automatic operation switch 1115
is turned off; set to 1 for distance maintenance control to
maintain the distance between vehicles; or set to 2 for
distance and lane maintenance control to provide lane main-
tenance control in addition to the distance maintenance
control.

[0121] The forward monitoring camera 1102 captures for-
ward images. The sideward monitoring cameras 1105 and
1106 capture side images. The backward monitoring camera
1104 captures backward images. The GPS antenna 1116, the
FM antenna 11174, the telephone antenna 1117h, and the
beacon reception element 1117¢ receive signals. From the
received signals, the CPU 1203 obtains the current position,
congestion information, and the like such as VICS (Vehicle
Information and Communication System) information, and
stores them 1n the memory 1202.

[0122] The navigation process is one of known processes
to realize operation support functions and includes at least
the following functions. The navigation process is supplied
with the current position, the vehicle speed, the congestion
information, and the like out of the information collected by
the above-mentioned information collection process. Based
on the supplied information, the navigation process reads
map data near the current position from the external storage
unit 1207 and displays the map data as well as a mark
representing the own vehicle and the congestion information
on the multi-display 1131. The route information can be also
specified. In this case, when the vehicle approaches a
predetermined guide point such as an intersection, the navi-
gation process provides information about the guide point
audibly using the speaker 1134 or visually using the multi-
display 1131.

[0123] The automatic operation control process is a known
process and operates as follows. Based on the information
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collected by the information collection process, the auto-
matic operation control process obtains running circum-
stances of the vehicle and circumstances around it. Accord-
ing to settings of the automatic operation switch 1115, the
automatic operation control process enables automatic
operations for the throttle 1135, the brake 1136, the steering
1137 of the information output section 1206.

[0124] After the information collection process collects
information, the HUD display process displays the collected
information on the head-up display 1132 using methods
appropriate for varying circumstances. The HUD display
process will be described in further detail with reference 1o

the flowchart in FIG. 6.

[0125] When the process starts, it determines whether or
not the vehicle’s ignition switch 11136 is turned on (Step
S$100). If not turned on (i.e., turned off), the process waits
until the ignition switch 11135 is turned on.

[0126] When the ignition switch 11135 is turned on, the
process acquires display setup data about a predetermined
driver from the external storage unit 1207 and stores that
data in the memory 1202 (Step S1110). The predetermined
driver may be specified as an initial value or may be the
same as a driver selected when the ignition switch 111356 was
turned off most recently.

[0127] The process then determines whether or not the
timing is appropriate (e.g., a frequency of 30 Hz) for the
display control (Step S1120). If the timing is appropriate for
the display control, the process acquires such information
from the memory 1202 as to determine various circum-
stances about the vehicle out of the information collected by
the information collection process (Step S1130). The pro-
cess further performs the information classification process
based on the display setup data acquired at Step S1110 and
the information acquired at Step S1130 to classify the
information to be displayed on the head-up display 1132
(Step S1140). The main process generates display data so
that respective information can be displayed at display
positions according to the classification result of the infor-
mation classification process. The generated display data is
supplied to the head-up display 1132 (Step S1150). Accord-
ing to the supplied display data, the head-up display 1132
then displays various kinds of presentation information on
the display areas disposed on the windshield 1044.

[0128] The process determines whether or not the ignition
switch 1113 is turned off (Step S1180). If the ignition switch
1113 is turned off, the process terminates. If not turned off,
the process returns to Step $1120.

[0129] Ifit is determined at Step S1120 that the timing is
not appropriate for the display control, the process deter-
mines whether or not a setup change operation 1s performed
(Step S1160). If no setup change operation is performed, the
process proceeds to Step S1180. If a setup change operation
is performed, the process performs a setup change process 10
change wvarious settings according to the setup change opera-
tion (Step S1170), and then proceeds to Step S1180.

[0130] The setup change operation includes at least a data
changeover operation and a data modification operation. The
data changeover operation changes display setup data to be
used from one to another. The data modification operation
modifies the contents of user-specified data in the display
setup data. Performing the data changeover operation makes
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it possible to freely select setup modification data used for
the display control. Performing the data modification opera-
tion makes it possible to freely customize the contents of
user-specified data in the setup modification data. In other
words, il is possible to use the setup modification data
customized for respective drivers.

[0131] The presentation information classification process
performed at Step S1140 will be described in further detail

with reference to the flowchart in FIG. 7.

[0132] When started, the process performs a circumstance
determination process based on the information acquired at
Step S1130 to determine circumstances concerning the

vehicle (Step $1200).

[0133] The circumstance determination process deter-
mines vehicle circumstances (operation states and various
setup states) and circumstances around the vehicle. The
vehicle circumstances to be determined include at least
whether or not the vehicle is performing a danger-avoidance
operation to avoid the danger, is running in a city area, is
making a right or left turn, and is performing the automatic
operation.

[0134] Specifically, the danger-avoidance operation is
determined based on information collected from the vehicle
speed sensor 1107, the throttle sensor 1108, the brake
hydraulic sensor 1109, the steering torque sensor 1110, the
steering angle sensor 1111, and the like. Whether or not to
run in a city area is determined based on the information
used for the navigation process or information acquired from
the monitoring cameras 1102, 1104, 1105, and 1106. The
operation to make a right or left turn is determined based on
the setup information of the turn signal lamp switch 11134
and the information collected from the steering angle sensor
1111. Whether or not to perform the automatic operation
(automatic operation level) is determined based on the setup
information of the automatic operation switch 1115,

[0135] According to the determination result at Step
51200, the process determines whether or not the danger-
avoidance operation is in progress. If the danger-avoidance
operation is not in progress, the main process performs a
process (Steps S1220 to S1280) for the presentation infor-
mation in the surrounding display area (to be described
later), and then proceeds to Step S1290. If the danger-
avoldance operation is n progress, the main process pro-
ceeds to Step S1290 without performing the process (Steps
51220 to S1280). That is to say, while the danger-avoidance
operation is in progress, the information to be displayed on
the head-up display 1132 is resiricted so that the driver can
concentrate on driving.

[0136] The main process performs processes for the pre-
sentation information to be displayed on the surrounding
display area as follows (Steps S1220 to 51280). In accor-
dance with the contents of the display setup data, the main
process performs a process to classify the presentation
information to be displayed on the top display area (Step
$1220). The main process then performs a process to
classify the presentation information to be displayed on the
bottom display area (Step S1230).

[0137] In accordance with the determination result at Step
51200, the main process delermines whether or not the
vehicle is running in the city area (Step S1240). If the
vehicle is not running in the city area, the main process
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performs a process (Steps S1250 to S1280) for the presen-
tation information to be displayed on the right display arca
and the left display area (to be described), and then proceeds
to Step S1290. If the vehicle is running in the city area, the
main process proceeds to Step S1290 without performing
the process (Steps S1250 to S1280). That is to say, while
running in city areas, it is necessary to visually recognize a
wide range of road circumstances. Accordingly, consider-
ation is taken to inhibit displays on the right display area and
the left display area so as to be able to ensure the left and
right visual fields.

[0138] In accordance with the determination result at Step
51200, the process for the right display area and the left
display area (Steps S1250 to S1280) determines whether or
not a right turn operation is performed (Step S1250). If no
right turn operation is performed, the main process performs
a process to classify the presentation information to be
displayed on the right display area (Step S1260). If a right
turn operation is performed, the main process proceeds to
the next step to ensure the right visual field without per-
forming the process at Step 1260.

[0139] At the next step, it is determined whether or not a
left turn operation is performed (Step $1270). If no left turn
operation is performed, the main process performs a process
to classify the presentation information to be displayed on
the left display area (Step S1280). If a left turn operation is
performed, the main process proceeds to the next step 1o
ensure the left visual field without performing the process at
Step S1280.

[0140] At the next siep, the main process performs a
process to classify caution-related information to be dis-
played on the center display area (Step S1290) and then the
process terminates.

[0141] That is to say, the caution-related information to be
displayed in the center display area is displayed under any
circumstances and is therefore classified as the display
information that should be displayed. The presentation infor-
mation to be displayed in the surrounding display area may
or may not be displayed according to circumstances.

[0142] Specifically, if the determination result at Step
51210 is affirmative, all the presentation information to be
displayed in the surrounding display area is classified as
being hidden. If the determination result at Step S1240 is
affirmative, the presentation information to be displayed in
the right and left display areas is classified as being hidden.
If the determination result at Step S1250 is affirmative, the
presentation information to be displayed in the right display
area is classified as being hidden. If the determination result
at Step S1270 is affirmative, the presentation information to
be displayed in the left display area is classified as being
hidden.

[0143] The presentation information classification process
for the top display area performed at Step S1220 will be
described in further detail with reference to the flowchart in

FIG. 8.

[0144] The process is individually performed for each of
all the presentation information to be displayed in the top
display area based on the display setup data.

[0145] When started, the process first determines whether
or not the targeted presentation information needs to be
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displayed based on the display setup data (Step S1300). If
the determination result represents “display not required”,
the process terminates. If the determination result represents
“display required”, the process compares the level informa-
tion for the targeted presentation information with the auto-
matic operation level specified by the setting of the auto-
matic operation switch 1115 (Step S1310).

[0146] If the automatic operation level is greater than the
level information, the process classifies the targeted presen-
tation information as first class information (Step S1320),
and then terminates. The first class information should be
displayed in the center display area, not in the predetermined
default display position (surrounding display area).

[0147] If the automatic operation level is smaller than the
level information, the process classifies the targeted presen-
tation information as second class information (Step $1340),
and then terminates. The second class information should be
displayed in the predetermined default display position
(surrounding display area).

[0148] If the automatic operation level equals the level
information, the process performs an individual information
classification process (Step $1330), and then terminates. The
individual information classification process classifies the
targeted presentation information as the first class informa-
tion or the second class information according to circum-
stances.

[0149] The individual information classification is pro-
vided with specific processes according to characteristics of
each presentation information and will be exemplified in
more detail below.

[0150] ‘That is to say, the process classifies whether or not
to display the presentation information based on the user
setup information of the display setup data. When the
presentation information is to be displayed, the process
specifies the display position.

[0151] Specifically, when the automatic operation switch
is turned off, the automatic operation level is set to 0. The
presentation information with the display level set to 0 is
displayed in the center display area (classified as the first
class information) or in the surrounding display area (clas-
sified as the second class information) according to circum-
stances. The presentation information with the display level
set to 1 or 2 is displayed in the surrounding display area
(classified as the second class information) independently of
circumstances.

[0152] When the automatic operation switch is enabled for
the distance maintenance control, the automatic operation
level is set to 1. The presentation information with the
display level set to O is displayed in the center display area
(classified as the first class information) independently of
circumstances. The presentation information with the dis-
play level set to 1 is displayed in the center display area
(classified as the first class information) or in the surround-
ing display area (classified as the second class information)
according to circumstances. The presentation information
with the display level set to 2 is displayed in the surrounding
display area (classified as the second class information)
independently of circumstances.

[0153] When the automatic operation switch is enabled for
the distance and lane maintenance control, the automatic
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operation level is set to 2. The presentation information with
the display level set to 0 or 1 is displayed in the center
display area (classified as the first class information) inde-
pendently of circumstances. The presentation information
with the display level set to 2 is displayed in the center
display area (classified as the first class information) or in
the surrounding display area (classified as the second class
information) according to circumstances.

[0154] As the degree of the automatic operation increases
according to automatic operation levels, the center display
area displays more presentation information.

[0155] The presentation information classification pro-
cesses at Steps S1230, 51260, and S1280 are completely the
same as the above-mentioned presentation information clas-
sification process for the top display area at Step S1220
except the display positions and the contents of the indi-
vidual information classification, and a description is omit-
ted. The caution-related presentation information classifica-
tion process is performed at Step S$1290. This process is
configured to always display each caution-related informa-
tion on the center display area (classified as the first class
information) independently of circumstances.

[0156] Next, suppose a case that the presentation infor-
mation classification process is performed for the “Drive
guide™” information as the targeted presentation information.
This information is displayed in the bottom display area by
default. In this case, the individual information classification
process performed at Step S1330 will be described in further
detail with reference to the flowchart in FIG. 9.

[0157] When started, the process determines whether or
not the guide point information is specified (Step $1400).
The guide point information can be provided from the
navigation process that is separately performed in the CPU
1203. If no guide point information is specified, the process
terminates.

[0158] If the guide point information is specified, the
process determines whether or not the current circumstance
satisfies a guide condition configured for the guide point
information (Step $1410). For example, let us assume that
the guide point corresponds to an intersection and the guide
point information guides a left turn at the intersection. In this
case, for example, the guide condition specifies that the own
vehicle is positioned within a predetermined distance range
from the guide point (intersection). In addition, the guide
condition specifies that the vehicle is running toward the
guide point.

[0159] If the current circumstance satisfies the guide con-
dition, the process classifies the presentation information as
the first class information (Step $1420), and then terminates.
Specifically, the “Drive guide” information is used as the
presentation information and is superimposed over an actual
landscape.

[0160] If the current circumstance does not satisfy the
guide condition, the process classifies the presentation infor-
mation as the second class information (Step S1430), and
then terminates. Specifically, the “Drive guide” information
is used as the presentation information and 1s simply dis-
played in the surrounding display area (bottom display area).

[0161] FIGS. 10 and 11 are explanatory diagrams show-
ing display examples of the head-up display 1132. FIG. 10
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shows a display state when the guide condition is satisfied.
FIG. 11 shows a display state when the guide condition is
not satisfied.

[0162] In FIG. 10, the presentation information to be
displayed is all classified as the second class information and
is displayed in the surrounding display area only. The
presentation information is displayed at corresponding posi-
tions 1801a, 180156, 1801 ¢, 1802, and 1803 specified in the
display setup data. The positions 1801a, 18015, and 1801¢
display the “Traveling direction™ information that uses geo-
graphic names and arrows to indicate to which areas the
vehicle’s front, right, and left correspond. The position 1802
displays the “Virtual signboard” information that guides a
lane to be selected. The position 1803 displays the “Drive
guide” information (simplified display) including a map and
AITOWS.

[0163] The driver need not recognize these pieces of
information right now. The information will be or may be
needed later on. The surrounding display area is used to
display this type of presentation information. For this rea-
son, the driver can perceive to which area he or she is
directed, which lane should be selected, and at which point
ahead a turn should be made. In addition, these presentation
information do not hinder the visual field needed for driving
operations.

[0164] In FIG. 11, the vehicle approaches an intersection
as the guide point. Since the present circumstance satisfies
the guide condition, the “Drive guide” information is clas-
sified as the first class information. A display 1804 (super-
imposed display) of the “Drive guide” information appears
in the center display area. At this time, the display 1804 of
the “Drive guide” information is represented by an arrow
that indicates a direction to make a turn. The arrow is
displayed so as to be superimposed on the intersection where
a turn should be made. Therefore, the driver can promptly
perceive the intersection and the direction for making the
turn.

[0165] When the guide condition is satisfied, the example
here provides the superimposed display (in the center dis-
play area) instead of the simplified display (in the surround-
ing display area) so [ar. [t may be preferable to provide the
superimposed display in addition to the simplified display.

[0166] FIG. 12 shows a state of the head-up display 1132
when detecting a passerby who comes rushing out on the
road. Under this circumstance, the center display arca dis-
plays “Obstacles” information 1805 as the caution-related
information. The display 1805 of the “Obstacles™ informa-
tion is represented by a mark prompting an attention imme-
diately near the obstacle (rushing-out passerby). Accord-
ingly, the driver can immediately recognize obstacles and
take prompt action against the dangerous circumstance.

[0167] FIG. 13 shows an example of the surrounding
display area supplemented by a display 1806 of “Traffic
signal” information, a display 1807 of “Vehicle speed”
information, a display 1808 of “Congestion” information,
and a display 1809 of “Multimedia” information.

[0168] A traffic signal ahead may be invisible or hardly
visible due to front obstacles (e.g., buildings and a truck
running forward) or external light. In such case, the display
1806 of the “Traffic signal” information can improve safety
while the vehicle is running.
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[0169] The display 1807 of “Vehicle speed” information,
the display 1808 of “Congestion” information, and the
display 1809 of “Multimedia” information can help the
driver confirm necessary information with a small amount of
sight line movement. It is possible 1o improve safety and
amenity while the vehicle is running.

[0170] As mentioned above, the information display sys-
tem according to the first embodiment controls whether or
not to display the presentation information on the head-up
display 1132 and controls the display positions. The system
provides the control according to circumstances of the
vehicle, its surroundings, and the driver who operates the
vehicle. Accordingly, the system can safely and reliably
allow the driver to visually recognize the information
needed for the driver under any circumstances without
hindering his or her visual field. It is possible to improve
safety and amenity while the vehicle is running.

[0171] According to the first embodiment, the information
classification process at Step S1200 (circumstance determi-
nation process) determines circumstances of the vehicle and
its surroundings. Further, it may be preferable to add a
driving day and time as one of the circumstances to be
determined.

[0172] As depicted by a dotted line in FIG. 1, the vehicle
compartment may be provided with an interior monitoring
camera 1118 to capture a driver. Images can be acquired
from the interior monitoring camera 1118 and can be pro-
cessed (e.g., recognized) to perceive the driver’s circum-
stance. It may be preferable to add the circumstance as one
of the circumstances to be determined.

[0173] In this case, it is possible to determine the presence
or absence of the right or left turn operation by means of not
only operations of the turn signal lamp switch 11134, but
also the operations thereof and the driver’s sight line.

[0174] According to the first embodiment, the HUD dis-
play process at Step S1170 (setup change process) allows a
data changeover operation from the operation section 1208
to change the display setup data to be used. When the
interior monitoring camera 1118 as mentioned above, it may
be preferable to specify a driver from the captured image and
change the display setup data to be used according to the
specified result.

[0175] Further, instead of the head-up display 1132
described in the first embodiment, it may be preferable to
use a head-up display 11324 capable of perspective display
based on parallaxes. FIG. 14 is a pattern diagram showing
the configuration of the head-up display 11324. FIG. 15 is

an explanatory diagram showing the principle of the display.

[0176] In this case, the head-up display 1132« includes a
windshield 1401, a mirror 1402, a video projector 1403, and
a condenser lens 1404. The video projector 1403 further
includes a video projector 1403z for the right eye and a
video projector 140356 for the left eye.

[0177] The control unit 1200 uses the HUD display pro-
cess at Step S1150 to generate two pieces of display data
having a parallax. The control unit 1200 supplies display
data for the right eye to the video projector 1403z and
display data for the left eye to the video projector 1403b. As
a result, the video projector 1403a projects images for the
right eye. The video projector 140356 projects images for the
left eye.
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[0178] The two images projected from the video projec-
tors 1403a and 1403b enter the condenser lens 1404 via the
mirror 1402. The condenser lens 1404 allows both incident
images to be reflected on the windshield 1401. The reflected
images converges as display images on the driver K’s left
and right eyes.

[0179] Asshown in FIG. 15, both images are formed at an
imaging position 1405 opposite the driver across the wind-
shield 1401. The imaging position 1405 1s defined as being
apart from the windshield 1401 for a distance equal 10 an
optical distance from the video projectors 14034 and 14035
to the windshield 1401. The driver can visually recognize a
three-dimensional display at a visual recognition position
1406 corresponding to an intersecting point between two
extended lines. One extended line is formed along a virtual
line connecting the driver’s right eye with the right-eye
image formed at the imaging position 1405. The other
extended line is formed along a virtual line connecting the
driver’s left eye with the left-eye image formed at the
imaging position 1405.

[0180] That is to say, display data can be generated by
appropriately controlling an interval between the right-eye
image and the left-eye image. This can allow the driver K to
visually recognize a perspective image due to the parallax.

Second Embodiment

FIRST EXAMPLE

[0181] FIG. 16 is an explanatory diagram showing the
configuration of a wvehicle information display system
according to a first example according to a second embodi-
ment of the present invention and the disposition of major
parts of the system.

[0182] Asshown in FIG. 16, a vehicle information display
system 2001 includes: an information supply section 2010
for functioning as a source to supply information about
operation states of an own vehicle and circumstances around
the own vehicle; an instruction input section 2020 for
inputting instructions from the own vehicle’s occupant; an
information presentation scction 2030 for displaying a video
and projecting the displayed video on a windshield W; and
a display controller 2040 for controlling videos displayed by
the information presentation section 2030 based on infor-
mation supplied from the information supply section 2010
and input instructions from the instruction input section

2020.

[0183] The information supply section 2010 further
includes: a vehicle speed sensor 2011 for detecting own
vehicle’s speeds; a steering sensor 2012 for detecting own
vehicle’s steering angles; an engine speed scnsor 2013 for
detecting an engine’s revolution speed; an image recognition
apparatus 2014 for processing images from a camera (not
shown) in front of the own wvehicle, recognizing roads,
preceding vehicles, obstacles, and the like, and finding a
width of the recognized road, distances to the recognized
objects (such as preceding vehicles and obstacles), and the
like; a radar controller 2015 for sending and receiving radar
waves (such as laser and radio waves) to find relative speeds
and distances with respect to objects (such as preceding
vehicles and obstacles) in front of the own vehicle; a GPS
controller 2016 for receiving GPS (global positioning sys-
tem) signals to find the own vehicle’s position; a commu-
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nication apparatus 2017 for acquiring road traffic informa-
tion and the like by receiving FM broadcast and making
radio communication with ground devices installed near
roads; and a navigation apparatus 2018 for displaying a map
around the own vehicle and the like.

[0184] The road traffic information acquired by the com-
munication apparatus 2017 includes not only congestion
information and various kinds of restriction information, but
also information indicating traffic signal states.

[0185] The navigation apparatus 2018 is a known appa-
ratus including a storage apparatus to store map data and
having at least the following functions. That is to say, the
navigation apparatus 2018 reads map data from the storage
apparatus based on the positional information from the GPS
controller 2016. The navigation apparatus 2018 uses a
display screen (not shown) to display a mark representing
the own wvehicle, separately supplied route information,
congestion information acquired via the communication
apparatus 2017, and the like. Based on the route information,
the navigation apparatus 2018 provides the route guidance
by means of images and sound.

[0186] The map data stores data about road shapes, names
of various buildings, names of intersections, geographic
names, and the like associated with the positional data. The
map dala also conlains lane information about each ol a
plurality of lanes if any. The lane information provides
selectable directions at an intersection, for example.

[0187] The information presentation section 2030
includes: a liquid crystal (LC) panel 2031 which displays
video in accordance with display data supplied from the
display controller 2040 and is disposed on an instrument
panel Pin a vehicle compartment so that the displayed video
is projected on the bottom of a windshield W; and a projector
2032 which likewise displays a video in accordance with
display data supplied from the display controller 2040 and is
disposed at a roof in the vehicle compartment so that the
displayed video is projected on the top of the windshield W.

[0188] As shown in FIG. 17, it is assumed that a visual
field area 2100 is used for a visual field needed for a driver
to confirm traffic circumstances. A video displayed from the
liquid crystal panel 2031 is projected on a bottom area 2101
below the visual field area 2100. A video displayed from the
projector 2032 1s projected on a top area 2102 above the
visual field area 2100 below an inside rear view mirror M.
The visual field area 2100 is configured to include at least
test area A as specified in JIS standard R3212.

[0189] That is to say, a vehicle’s occupant does not
directly view a video displayed from the liquid crystal panel
2031 or the projector 2032. The video is projected on the
windshield W and is reflected thereon to produce a virtual
image or a reflected image. The occupant visually recog-
nizes this image.

[0190] The instruction input section 2020 includes: a
switch 2021 which is mounted near a steering wheel S (ora
position to provide a driver with easy access) and is used fo
enter instructions for permitting or inhibiting display of
videos on the windshield W; and a voice recognition appa-
ratus 2022 which has a microphone (not shown) to collect
voice utlered by a vehicle’s occupant, performs voice rec-
ognition for the collected voice, and notifies the display
controller 2040 of a maich, if any, between the recognition
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result and a predetermined reserved word. Available
reserved words include types of information displayed on
the windshield W such as “Lane information,” Vehicle
information,”Route guide,” and “Traffic signal.” The dis-
play controller 2040 mainly includes a known microcom-
puter composed of a CPU 2041, ROM 2042, and RAM
2043. The display controller has image memory 2044 for
storing display data supplied to the liquid crystal panel 2031
and the projector 2032,

[0191] As shown in FIG. 18, the image memory 2044 is
allocated with: an arca 2044q for storing display data
displayed on the bottom area 2101; and an area 2044b for
storing display data displayed on the top area 2102. Display
data stored in the area 2044a is hereafter referred to as
“bottom area display data” and is supplied to the liquid
crystal panel 2031. Display data stored in the area 20445 is
hereafter referred to as “top area display data” and is
supplied to the projector 2032.

[0192] The CPU 2041 constituting the display controller
2040 functions as follows. An ignition switch is turned on
and the switch 2021 is operated to input an instruction for
permitting display on the windshield W. When the voice
recognition apparatus 2022 recognizes a reserved word in
this state, the CPU 2041 performs processes for displaying
information corresponding to reserved words on the wind-

shield W.

[0193] When “Lane information” is recognized as a
reserved word, the CPU performs a lane information display
process. As shown in FIG. 19, this process displays a video
2051 on a top area 2102. The video 2051 is hereafter referred
to as a “virtual signboard™ which indicates selectable direc-
tions at the next intersection for each lane. When “Vehicle
information” is recognized as a reserved word, the CPU
performs a vehicle information display process. This process
displays a video 2052 on a bottom area 2101. The video
2052 uses numbers and graduations to represent vehicle
speed information from the vehicle speed sensor 2011 and
engine revolution speed information from the engine speed
sensor 2013. When “Route guide” is recognized as a
reserved word, the CPU performs a route guide display
process. This process displays a video 2053 on the bottom
area 2101. When the vehicle approaches a guide point along
the route predetermined by the navigation apparatus 2018,
the video 2053 uses letters, numbers, and symbols to rep-
resent a distance to the guide point and the guide content.
When “Traffic signal” is recognized as a reserved word, the
CPU performs a traffic signal display process. This process
displays a traffic signal video (not shown) on the top area
2102 based on the road traffic information acquired from the
communication apparatus 2017.

[0194] Of the above-mentioned display processes, the lane
information display process will be described in further
detail with reference to a flowchart in FIG. 20.

[0195] When started, the process acquires lane informa-
tion about a currently traveled road from the navigation
apparatus 2018 (Step S2110). The lane information includes
the number of lanes and the information about each lane
such as selectable directions at the next intersection and the
lane width. Based on the acquired lane information, the
process selects the number of signboards to be displayed and
signboard types such as straight, right turn, left turn, straight
or right turn, and straight or left turn (Step S2120).
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[0196] The process then acquires vehicle speed informa-
tion from the vehicle speed sensor 2011 and road informa-
tion representing a road shape and positional information
representing the current position from the navigation appa-
ratus 2018 (Step S2130). Based on the acquired information,
the process determines a virtual installation position and a
size of the virtual signboard (Step S2140).

[0197] The display position is configured so that acceler-
ating the vehicle speed extends a distance to the virtual
installation position of the virtual signboard and increases
the size of the virtual signboard. Specifically, the distance 1o
the virtual installation position is configured so that the time
to reach the wvirtual installation position remains approxi-
mately constant. At this time, it is assumed that the vehicle
is running at the current speed constantly. The wvirtual
signboard size i1s configured so that an initially displayed
size remains approximately constant independently of the
vehicle speed (the distance to the virtual installation posi-
tion).

[0198] The process then acquires speed information from
the vehicle speed sensor 2011, steering angle information
from the steering sensor 2012, and road information and
positional information from the navigation apparatus 2018
(Step 82150). The process calculates the display position
and the display size of the virtual signboard based on the
acquired information and the values determined at Step
S2140 above (Step S2160). Specifically, the process calcu-
lates the own vehicle’s position and ftraveling direction
based on the vehicle speed information and the steering
angle information. Based on the calculated value, the pro-
cess determines how the virtual signboard is viewed at the
virtual installation position to find the virtual signboard’s
display position and size.

[0199] The process then acquires surrounding information
(object position and size) from the image recognition appa-
ratus 2014 (Step S2170). The surrounding information con-
cerns objects in the foreground visually recognized through
the windshield W. The acquired surrounding information is
used to specify an object. The process determines whether or
not the specified object is an obstacle or the like which
should be recognized by the driver and whether or not the
object is positioned so as o be superimposed on the virtual
signboard (Step S2180).

[0200] If the determination result is negative at Step
S2180, the process generates display data in accordance
with the virtual signboard’s display position and size found
at Step S2160. This display data is used to display a virtual
signboard video from the projector 2032. The process writes
the generated display data in the area 2044b of the image
memory 2044 (Step S2190). When the determination result
is affirmative at Step S2180, the process generates display
data, being similar to that generated at Step S2190, with its
video brightness corrected so as to increase the video
transparency. The process writes the generated display data
in the area 2044b of the image memory 2044 (Step S2200).

[0201] The process at Steps S2190 and S2200 repeatedly
supplies the projector 2032 with the data written in the area
20445 of the image memory 2044. In this manner, the top
area 2102 of the windshield W displays the virtual signboard
video.

[0202] The windshield W is curved, not flat, and has
different curvatures depending on positions. The process at

IPR2024-01299 Page 00049



US 2005/0154505 Al

Steps 52190 and S2200 also provides a function to correct
the display data depending on display positions (projection
positions on the windshield W) to prevent the projected
video from being deformed.

[0203] The process determines whether or not a condition
to terminate the virtual signboard display is satisfied (Step
S$2210). In this case, the process determines whether or not
the own wvehicle passes through the virtual signboard’s
virtual installation position. When the termination condition
is not satisfied, the process returns to Step $2150 and
repeatedly updates the display data as needed based on the
information from the information supply section 2010.
When the termination condition is satisfied, the process
terminates.

[0204] Having the above-mentioned configuration, the
vehicle information display system 2001 according to the
first example operates as follows. The ignition switch is
turned on and the switch 2021 is set to enable displays on the
windshield W. When a wvehicle’s occupant utters “Lane
information” in this state, the system displays the virtual
signboard 2051 on the top of each lane viewed in the
foreground through the windshield W as shown in FIG. 19.
The virtual signboard 2051 represents the information about
the corresponding lane.

|0205] FIG. 19 shows that the vehicle is running in the
middle of a 3-lane road 300 meters short of the intersection
(guide point) defined to make a left turn according to the
route setting. The windshield W displays the lane informa-
tion, the vehicle information, and the route guide informa-
tion. In FIG. 19, the inside rear view mirror M is omitted for
simplicity of illustration.

[0206] As mentioned above, the vehicle information dis-
play system 2001 according to the first example is config-
ured to display information not only on the bottom area
2101, but also on the top area 2102. Accordingly, the HUD
can be used to display much information without hindering
the driver’s visual field.

[0207] The first example uses the signboard video (virtual
signboard) 2051 to display the lane information. The virtual
signboard 2051 is controlled with respect to its display
position and display size depending on vehicle’s running
circumstances such as running speed, road width, and road
curve. The virtual signboard 2051 is displayed so as 1o be
fixed to a virtual installation position, i.e., as if it were an
ordinary road sign. Accordingly, the driver can visually
recognize the virtual signboard without uncomfortable feel-
ing as if he or she looked at an ordinary signboard and the
like indicating road signs. Since there is no need to pay
special attention, the driver can accept the information
safely.

[0208] The first example configures the top area 2102
between the visual field area 2100 and the inside rear view
mirror M. Further, as shown in FIG. 21, the top area 2102
may include areas at both ends of the inside rear view mirror

M.

[0209] In this case, it is desirable to adjust the display data
or an area to which the projector 2032 projects videos so that
videos are not projected on part of the visual field obstructed
by the inside rear view mirror M.

[0210] In the first example, the information presentation
section 2030 is equivalent to video display means and
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projection means. The switch 2021 is equivalent to input
means. The image recognition apparatus 2014 is equivalent
to external circumstance detection means. Steps S2180 to
§2200 are equivalent to adjustment means. The information
supply section 2010 is equivalent to information collection
means.

SECOND EXAMPLE

[0211] A second example differs from the first example
only in part of the configuration of the information presen-
tation section 2030¢ and the display controller 2040a. The
following chiefly describes these differences.

[0212] In the vehicle information display system 2001a
according to the second example, as shown in FIG. 22, an
information presentation section 2030¢ includes: a display
device (e.g., a liquid crystal panel) 2031 which displays
videos to be projected on the windshield W; a half mirror
2033 which reflects and transmits a video (light from the
display device 2031) displayed on the display device 2031
for branching in two directions; a reflective optical element
2034 which reflects a video reflected on the half mirror 2033
and projects it on the bottom area 2101 of the windshicld W;
a reflective optical element 2035 which reflects a video
passing through the half mirror 2033 and projects it on the
top area 2102 of the windshield W; a liquid crystal shutter
2036 provided on a path from the half mirror 2033 to the
reflective optical element 2034; and a liquid crystal shutter
2037 provided on a path from the half mirror 2033 to the
reflective optical element 2035.

[0213] These components constituting the information
presentation section 2030a are stored in a recess formed on
the instrument panel P. The parts other than the information
presentation section 2030 are omitted from FIG. 22.

[0214] The liquid crystal shutters 2036 and 2037 are
driven by a single drive signal and are configured to operate
complementarily. That is to say, when one shutter turns on
(to transmit the light), the other turns off (to block off the
light).

[0215] In the information presentation section 2030a hav-
ing this configuration, a wvideo displayed by the display
device 2031 is projected on the bottom area 2101 when the
liquid crystal shutter 2036 turns on (the liquid crystal shutter
2037 turns off). The video is projected on the top area 2102
when the liquid crystal shutter 2037 turns on (the liquid
crystal shutter 2036 turns off).

[0216] As shown in FIG. 23A, the display controller
20404 includes a data synthesis section 2045 in addition to
the CPU 2041, the ROM 2042, the RAM 2043, and the
image memory 2044 that are configured similarly to the first
example.

[0217] The data synthesis section 2045 generates time
division multiplexed data from bottom area display data and
top arca display data. The bottom area display data is stored
in the arca 2044a of the image memory 2044. The top area
display data is stored in the area 2044b thercof. The data
synthesis section 2045 supplies the display device 2031 with
the multiplexed display data. The data synthesis section
2045 also supplies the liquid crystal shutters 2036 and 2037
with a drive signal whose signal levels changes synchro-
nously with the multiplexing.
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[0218] Having this configuration, the vehicle information
display system 2001a according to the second example
operates as follows. When a video displayed on the display
device 2031 corresponds to the bottom area display data, the
liquid crystal shutter 2036 turns on to project the video on
the bottom area 2101 of the windshicld W. When a video
displayed on the display device 2031 corresponds to the top
arca display data, the liquid crystal shutter 2037 turns on to
project the video on the top area 2102 of the windshield W.

[0219] The second example is configured to be able to
project videos displayed from the single display device 2031
on any of the bottom area 2101 and the top area 2102 by
changing the projection paths for videos.

[0220] In the vehicle information display system 2001a
according to the second example, the information presenta-
tion section 2030a includes the single display device 2031.
Compared to the first example, it is possible to save manu-
facturing costs of the information presentation section 2030a
and reduce an installation space on the vehicle.

THIRD EXAMPLE

[0221] Like the second example, a third example differs
from the first example only in part of the configuration of the
information presentation section 2030b and the display
controller 2040b. The following chiefly describes these
differences.

[0222] 1In a vehicle information display system 20015
according to the third example, as shown in FIG. 24, an
information presentation section 20305 includes: a display
device (e.g., a liquid crystal panel) 2031 which displays
videos to be projected on the windshield W; the reflective
optical element 2035 which reflects a video (light from the
display device 2031) displayed from the display device 2031
and projects it on the top area 2102 of the windshield W; a
movable reflector 2038 maintained to either a block-off
position to obstruct a path from the display device 2031 to
the reflective optical element 2035 or a pass-through posi-
tion deviating from the path in accordance with drive signals
from the display controller 2040a; and the reflective optical
clement 2034 which re-reflects the video reflected on the
movable reflector 2038 maintained to the block-ofl position
and projects the video on the bottom area 2101 of the
windshield W. That is to say, the information presentation
section 20305 is configured to omit the liquid crystal shut-
ters 2036 and 2037 from the information presentation sec-
tion 20305 of the second example and provide the movable
reflector 2038 instead of the half mirror 2033.

[0223] Like the second example, these components con-
stituting the information presentation section 20305 are
stored in the reeess formed on the instrument panel P The
parts other than the information presentation section 20306
are omitted from FIG. 24.

[0224] In the information presentation section 20305 hav-
ing this configuration, a video displayed from the display
device 2031 is projected on the bottom area 2101 when the
movable reflector 2038 maintained at the block-ofl position.
That video is projected on the top area 2102 when the
movable reflector 2038 is maintained at the pass-through
position.

[0225] As shown in FIG. 23B, the display controller
20405 includes a data synthesis section 2046 in addition to
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the CPU 2041, the ROM 2042, the RAM 2043, and the
image memory 2044 that are configured similarly to the first
example.

[0226] The data synthesis section 2046 generales time
division multiplexed data from bottom area display data and
top area display data. The bottom area display data is stored
in the arca 2044a of the image memory 2044. The top area
display data is stored in the arca 2044b thereof. The data
synthesis section 2045 supplies the display device 2031 with
the multiplexed display data. The data synthesis section
2045 also supplies the movable reflector 2038 with a drive
signal whose signal levels changes synchronously with the
multiplexing.

[0227] Having this configuration, the vehicle information
display system 20015 according to the second example
operates as follows. When a video displayed on the display
device 2031 corresponds to the bottom area display data, the
movable reflector 2038 is maintained at the block-off posi-
tion to project the video on the bottom area 2101 of the
windshield W. When a video displayed on the display device
2031 corresponds to the top area display data, the movable
reflector 2038 is maintained at the pass-through position 1o
project the video on the top arca 2102 of the windshicld W.

[0228] Like the second example, the third example is
conligured Lo be able lo project videos displayed [rom the
single display device 2031 on any of the bottom area 2101
and the top area 2102 by changing the projection paths for
videos. It is possible to provide the same effect as that of the
second example.

FOURTH EXAMPLE

[0229] Like the second example, a fourth example differs
from the first example only in part of the configuration of the
information presentation section 2030c and the display
controller 2040c. The following chiefly describes these
differences.

[0230] In a vehicle information display system 2001h
according to the fourth example, as shown in FIG. 25, an
information presentation section 2030c includes: the display
device (e.g., a liquid crystal panel) 2031 which displays
videos to be projected on the windshield W; a double
reflecting mirror 2039 which reflects part of a video (light
from the display device 2031) displayed from the display
device 2031 in a first direction and reflects the remaining
part in a second direction different from the first direction;
the reflective optical element 2034 which re-reflects the
video reflected by the double reflecting mirror 2039 in the
first direction and projects the video on the bottom area 2101
of the windshield W; and the reflective optical element 2035
which re-reflects the video reflected by the double reflecting
mirror 2039 in the second direction and projects the video on
the top area 2102 of the windshield W.

[0231] Like the second and third examples, these compo-
nents constituting the information presentation section
2030c are stored in the recess formed on the instrument
panel P. The parts other than the information presentation
section 2030¢ are omitted from FIG. 25.

[0232] The information presentation section 2030¢ having
this configuration displays part of a video displayed from the
display device 2031 on the bottom area 2101 and the other
part of the video on the top area 2102.
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[0233] As shown in FIG. 23C, the display controller
2040c¢ includes a data synthesis section 2047 in addition to
the CPU 2041, the ROM 2042, the RAM 2043, and the
image memory 2044 that are configured similarly to the first
embodiment.

[0234] The data synthesis section 2047 is configured as
follows. The area 2044a of the image memory 2044 stores
the bottom area display data. A video displayed based on the
bottom area display data is disposed to part of the double
reflecting mirror 2039 so as to be reflected in the first
direction. The area 2044b of the image memory 2044 stores
the top area display data. A video displayed based on the top
arca display data is disposed to another part of the double
reflecting mirror 2039 so as to be reflected in the second
direction. For this purpose, the data synthesis section 2047
synthesizes the bottom area display data and the top area
display data to generate display data. The data synthesis
section 2047 then supplies the synthesized display data to
the display device 2031.

[0235] Having the above-mentioned configuration, the
vehicle information display system 2001¢ according to the
fourth example allows the display device 2031 to display
videos as follows. A video based on the bottom area display
data is projected on the bottom area 2101 of the windshield
W. Avideo based on the top arca display data is projected on
the top area 2102 of the windshield W.

[0236] That is to say, the fourth example simultaneously
displays the video to be projected on the bottom area 2101
and the video to be projected on the top area 2102. Since the
projection path of videos is branched, videos displayed on
the single display device 2031 can be projected on any of the
bottom area 2101 and the top area 2102.

[0237] Accordingly, the vehicle information display sys-
tem 2001¢ according to the fourth example can provide the
same effect as that of the second and third examples.

[0238] (Modifications)

[0239] While there have been described some examples of
the present invention, it is not limited thereto but may be
otherwise variously embodied.

[0240] For example, the above-mentioned examples use
the liquid crystal panel and the projector as the display
devices 2031 and 2032 constituting the information presen-
tation sections 2030 and 2030z to 2030c. It may be also
preferable to use a display device including light emitting
elements such as EL.

[0241] In the above-mentioned examples, the instruction
input section 2020 has the switch 2021 and the voice
recognition apparatus 2022, The instruction input section
2020 may be also configured to have an image recognition
apparatus for recognizing captured images of an occupant so
as to detect predetermined specific gestures as instructions.

Third Embodiment

FIRST EXAMPLE

[0242] a) The following describes the configuration of the
vehicle display apparatus, as a vehicle information display
system, according to a first example of a third embodiment
with reference to FIG. 26. A vehicle display apparatus 3001
includes a navigation system 3003, an image memory 3005,
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a liquid crystal (LC) panel 3007, a display controller 3009,
a vehicle speed sensor 3011, and a switch 3013. The vehicle
display apparatus 3001 is mounted on a vehicle 3015.

[0243] The navigation system 3003 is a known system and
has map data. Using the GPS and the like, the navigation
system 3003 can detect positions of the vehicle 3015 in the
map data. The navigation system 3003 can guide the vehicle
3015 to an input destination.

[0244] Along a route to the destination, the navigation
system 3003 generates route guide information when the
vehicle 3015 arrives at positions 100 m and 300 m short of
a point where the vehicle 3015 should make a turn. The route
guide information requests a right turn display when the
vehicle 3015 is to turn to the right next. The route guide
information requests a left turn display when the vehicle
3015 is to turn to the left next.

[0245] The navigation system 3003 defines reference posi-
tions on the map data to display the road information. The
navigation system 3003 generates the road information
when the detected position of the vehicle 3015 reaches a
position 100 m short of the reference position. The road
information provides road states such as temporary stop and
speed limit at the reference position.

[0246] The image memory 3005 stores image data for
displaying guide images corresponding to the route guide
information and images corresponding to the road informa-
tion on the liquid crystal panel 3007. A guide image corre-
sponding to the route guide information is displayed when
the navigation system 3003 generates the route guide infor-
mation. Example guide images include those of traveling
dircetion signboards such as an imagg of right turn indica-
tion as shown in FIG. 30A. An image corresponding to the
road information is displayed when the navigation system
3003 generates the road information. Example images
include an image of the speed limit signboard as shown in
FIG. 30B and an image of the temporary stop signboard as
shown in FIG. 30C.

[0247] The liquid crystal panel 3007 is disposed on an
instrument panel and is capable of displaying images using
the image data stored in the image memory 3005. When the
liquid crystal panel 3007 displays an image, this is reflected
on a windshield 3017 and is visually recognized as a virtual
image by a driver. The virtual image appears at a position on
the windshield 3017 from the driver’s viewpoint as shown in
FIG. 26. That is to say, this position is higher than the
driver’s sight line when the driver straight (horizontally)
looks at in front of the vehicle.

[0248] The display controller 3009 has a CPU and
memeory (not shown) such as RAM and ROM. The memory
stores a program that allows the CPU to perform the
following process.

[0249] Based on the route guide information generated by
the navigation system 3003, the display controller 3009
reads image data corresponding to the route guide informa-
tion from the image memory 3005. The display controller
3009 then output the read image data to the liquid crystal
panel 3007. Further, based on the road information gener-
ated by the navigation system 3003, the display controller
3009 reads image data corresponding to the road informa-
tion from the image memory 3005. The display controller
3009 then output the read image data to the liquid crystal
panel 3007,
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[0250] When the switch 3013 is operated to enter a
removal instruction (to be described), the display controller
3009 removes the image displayed on the liquid crystal
panel 3007. When the switch 3013 is operated to enter a stop
mnstruction (to be described), the display controller 3009
stops the image displayed on the liquid crystal panel 3007 by
keeping the image state at that time. Based on a display
position setup instruction (to be described) entered from the
switch 3013, the display controller 3009 defines a position
to display the image on the liquid crystal panel 3007. The
position is used to display a virtual image on the windshield

3017.

[0251] The vehicle speed sensor 3011 measures a speed of
the vehicle 3015 and outputs speed information to the
display controller 3009. The speed information can be used
to calculate the mileage of the vehicle 3015.

[0252] The switch 3013 includes a group of switches the
driver operates. The switch 3013 includes a stop switch that
inputs an instruction (removal instruction) to remove an
image displayed on the liquid crystal panel 3007. The switch
3013 includes another stop switch that inputs an instruction
(stop instruction) to stop an image displayed on the liquid
crystal panel 3007 by keeping the image state at that time.
The switch 3013 also includes a display distance informa-
tion switch that inputs the size and the display position of a
virtual image displaved on the windshield 3017,

[0253] b) The following describes operations of the
vehicle display apparatus 3001 according to the first
example with reference to FIGS. 27 to 29.

[0254] First, a flowchart in FIG. 27 is used to describe a
process performed by the display controller 3009 of the
vehicle display apparatus 3001.

[0255] The process starts when an engine of the vehicle
3015 starts. At Step S3100, the process determines whether
or not the navigation system 3003 outputs route guide
information. When the result is YES, the process proceeds to
Step S3110. When the result is NO, the process proceeds to
Step $3120.

[0256] At Step S3110, the process allows the liquid crystal
panel 3007 to display an image of the traveling direction
signboard corresponding to the route guide information.
This process will be described later in more detail. After

completion of Step S3110, the process returns to Step
53100.

[0257] At Step S3120, the process determines whether or
not the navigation systern 3003 outputs road information.
When the result is YES, the process proceeds to Step S3130.
When the result is NO, the process proceeds to Step $3100.

[0258] At Step 53130, the process determines whether or
not the road information indicates temporary stop informa-
tion. When the result is YES, the process proceeds to Step
53140. When the result is NO, the process proceeds to Step
$3170.

[0259] At Step S3140, the process allows the liquid crystal
panel 3007 to display an image of the temporary stop
signboard. This process will be described later in more
detail. Upon completion of Step 53140, the process returns
to Step S3100.

[0260] When the determination result is NO at Step
S3130, the process proceeds to Step S3170. At Siep S3170,
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the process determines whether or not the road information
output at Step S3120 indicates speed limit information.
When the result is YES, the process proceeds to Step S3150.
When the result is NO, the process proceeds to Step S3100.

[0261] At Step S3150, the process determines whether or
not a speed of the vehicle 30135 at the time exceeds the speed
limit specified in the speed limit information. When the
result is YES, the process proceeds to Step S3160. When the
result is NO, the process proceeds to Step S3100.

[0262] At Step S3160, the process allows the liquid crystal
panel 3007 to display an image of the speed limit signboard.
This process will be described later in more detail. Upon
completion of Step S3160, the process returns to Step

53100.

[0263] The following describes the display process at
Steps S3110, S3140, and S3160 in FIG. 27 with reference
to FIGS. 28 to 31.

[0264] At Step S3200, the process acquires the time at the
point from a clock (not shown) provided for the display
controller 3009 and stores that time in memory (not shown)
provided for the display controller 3009.

[0265] Al Siep S3210, the process allows the liquid cryslal
panel 3007 to display an image corresponding to the input
information (the route guide information or the road infor-
mation). This process will be described with reference to a
flowchart in FIG. 29. At Step S3300, the process determines
whether or not the driver uses the switch 3013 to set the
display distance information such as the position and the
size of an image to be displayed. When the result is NO, the
process proceeds to Step S3310. When the result is YES, the
process proceeds to Step S3350.

[0266] At Step S3310, the process finds a distance the
vehicle 3015 has traveled from the process point at Step
$3200 (see FIG. 28). Specifically, the distance is found by
integrating traveling speeds of the vehicle 3015 from the
time stored at Step 83200 to the point at Step S3310.

[0267] At Step 83320, the process reads image data cor-
responding to an image to be displayed from the image
memory 3005. To display an image of the traveling direction
signboard at Step S3110, for example, the process reads
image data for an image as shown in FIG. 30A. To display
an image of the temporary stop signboard at Step S3140, the
process reads image data for an image as shown in FIG.
30C. To display an image of the speed limit signboard at
Step 83160, the process reads image data for an image as

shown in FIG. 30B.

[0268] At Step S3330, the process calculates the size of an
image displayed on the liquid crystal panel 3007, ie., the
size of a virtual image displayed on the windshield 3017.
Specifically, the process calculates size S of the display
image according to equation (1). In this equation, 50 is an
initial value of the image size, D the mileage calculated at
Step §3310, and A the specified constant. The value of
constant A is assumed to be adjusted so that the driver does
not feel uncomfortable with changes in the size of an image
displayed on the windshield 3017. In this case, it is assumed
that a signboard is installed ahead of the road. As the vehicle
3015 approaches the signboard, the size of the image dis-
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played on the windshield 3017 changes as if the signboard
looks to be larger gradually.

S=S50xD/A Equation (1)

[0269] At Step S3340, the process calculates the position
of an image on the liquid crystal panel 3007, i.c., the position
of a virtual image on the windshield 3017. Specifically, the
process calculates position Xp in the X-axis direction (ver-
tical direction) of an image to be displayed according to
equation (2). The process calculates position Yp in the Y-axis
direction (horizontal direction) of an image to be displayed
according to equation (3). In these equations, the X-axis
increases positively up; the Y-axis increases positively to the
right. The X-axis and the Y-axis cross at an intersection point
(an origin of the display position). This point corresponds to
a position on the windshield 3017 where the driver’s sight
line crosses when the driver straight (horizontally) looks at
in front of the vehicle. In the equations, B and C are specified
constants.

Xp=B/D Equation (2)

Yp=C/D Equation (3)

[0270] As mentioned above, an image is displayed on the
windshield 3017 at the position higher than the driver’s sight
line when the driver straight (horizontally) looks at in front
of the vehicle. Therefore, an image displayed on the wind-
shield 3017 appears above the Y-axis. As mileage D
increases, the image becomes distant from the origin of the
display position. The values of constants B and C are
assumed to be adjusted so that the driver does not feel
uncomfortable with changes in the size of an image dis-
played on the windshield 3017. In this case, it is assumed
that a signboard is installed ahead of the road. As the vehicle
3015 approaches the signboard, the size of the image dis-
played on the windshield 3017 changes as if the signboard
appears at varying positions. FIGS. 33A, 33B show a
relationship between pixel positions on the liquid crystal
panel 3007 and pixel positions capable of being displayed on
the windshield 3017.

[0271] At Step S3350, the process converts the image data
read from the image memory 3005. When the determination
result is NO at Step S3300, the process converts the image
data so that the image corresponds to the size calculated at
Step S3330 above and is displayed at the position calculated
at Step 53340 above.

[0272] 1If the determination result is YES at Step S3300,
the process converts the image data so that the image
maiches the size and the display position specified by the
driver.

[0273] At Step S3360, the process outputs the image data
to the liquid crystal panel 3007. After completion of Step
83360, the process returns to Step S3220 in FIG. 28.

[0274] At Step S3220, the process determines whether or
not the driver operates any switch in the switch 3013. When
the result is NO, the process proceeds to Step $3230. When
the result is YES, the process proceeds to Step S3250.

[0275] At Step S3230, the process determines whether or
not a specified time has elapsed from the time stored at Step
S3200 above. When the result is YES, the process proceeds
to Step S3240. When the result is NO, the process returns to
Step S3210.
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[0276] At Step S3240, the process removes the image
displayed on the liquid crystal panel 3007. After the process
at Step $3240, the process returns to Step S3100 in FIG. 27.

[0277] If the determination result is YES at Step 83220,
the process proceeds to Step S3250 and determines whether
or not the stop switch is operated. When the result is YES,
the process proceeds to Step S3260. When the result is NO,
the process proceeds to Step S3280.

[0278] At Step S3260, the process stops the image dis-
played on the liquid crystal panel 3007 by keeping the image
state at that time. At Step S3270, the process determines
whether or not a specified time has elapsed from the time the
display is stopped at Step 83260 above. When the result is
YES, the process proceeds to Step S3240. When the result
is NO, the process stays at Step S3270.

[0279] If the determination result is NO at Step S$3250, the
process proceeds to Step S3280 and determines whether or
not the remove switch is operated. When the result is YES,
the process proceeds to Step S3240. When the result is NO,
the process terminates the display process and returns to
Step S§3100 in FIG. 27.

[0280] c) The following describes effects of the vehicle
display apparatus 3001 according to the first example.

[0281] 1) The vehicle display apparatus 3001 according lo
the first example displavs images for the route guide infor-
mation and the road information on the windshield 3017
above the direction along the driver’s sight line. Therefore,
the images do not overlap with preceding vehicles, nor cause
trouble with the driver’s driving.

[0282] ii) The vehicle display apparatus 3001 according to
the first example displays the images similar to signboards
and traflic signs actually installed on the road. This methaod
differs from displaying arrows, letters, and the other images
that are quite different from the real world. Accordingly, the
driver can read the route guide information and the road
information from the displayed images without uncomfort-
able feeling and reliably obtain the information.

[0283] In the vehicle display apparatus 3001 according to
the first example, the size of an image displayed on the
windshield 3017 increases as the mileage of the vehicle
3015 increases as shown in FIG. 31. Also as shown in FIG.
31, the position of the image displayed on the windshield
3017 becomes distant from the XY coordinate origin as the
mileage of the vehicle 3015 increases. The XY coordinate
origin corresponds to an intersection point between the
driver’s sight line and the windshield 3017. Sizes and
positions of the images change in the same manner as
viewing the signboard installed ahead of the vehicle 3015
when it approaches the signboard. Accordingly, the first
example can display images on the windshield 3017 in the
same manner as viewing the signboard installed ahead of the
vehicle 3015 when it runs toward the signboard.

[0284] In this manner, the driver can feel as if he or she
were looking at signboards actually installed on the road.
The driver can read the route guide information and the road
information from the displayed images without uncomfort-
able feeling and reliably obtain the information.

[0285] When repeating the display output process at Step
83210 (see FIG. 28), the first example may remove a
previous image and display only the most recent image on
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the windshield 3017, Further, as shown in FIG. 32, it may
be preferable to overlap respective images for the mileages
of 20 m, 50 m, and 100 m without removing the preceding
images. This method increases chances for the driver to view
the images and decreases possibilities of missing them.

SECOND EXAMPLE

[0286] a) The configuration of the vehicle display appa-
ratus 3001 for a second example is basically the same as that
for the first example. In addition to the configuration of the
first example, however, the vehicle display apparatus 3001
further includes a camera 3019 and a signboard analysis
apparatus 3021 as shown in FIG. 34.

[0287] The camera 3019 captures scenes in front of the
vehicle and creates the associated image data.

[0288] The signboard analysis apparatus 3021 identifies
whether or not a signboard is included in the image data
captured and created by the camera 3019. When a signboard
is included, the signboard analysis apparatus 3021 extracts
an image corresponding to the signboard and creates asso-
ciated image data (hereafter referred to as signboard image
data) and stores it in the image memory 3005. After the
signboard analysis apparatus 3021 stores signboard image
data in the image memory 3005, further creating signboard
image data overwrites the existing signboard image data for
storage. The image memory 3005 stores the most recent
signboard image data.

[0289] The display controller 3009 controls the camera
3019 and the signboard analysis apparatus 3021. The display
controller 3009 can read signboard image data from the
image memory 3005 and output it to the liquid crystal panel
3007, The liquid crystal panel 3007 displays an image of the
signboard. For example, the signboard image is displayed as
a virtual image on the windshield 3017.

[0290] The switch 3013 has a switch (display switch) for
giving an instruction to display a signboard image on the
windshield 3017.

[0291] b) The vehicle display apparatus 3001 according to
the second example provides not only the same operations as
the first example, but also the following operation. The
camera 3019 captures a signboard indicating the road infor-
mation. In response 1o a driver’s request, the vehicle display
apparatus 3001 displays the content of the most recent
signboard on the windshield 3017. This operation will be
described with reference to FIGS. 36 to 38.

[0292] The following describes a process performed by
the signboard analysis apparatus 3021 of the vehicle display
apparatus 3001 with reference to a flowchart in FIG. 36.

[0293] The process starts when the engine of the vehicle
3015 starts. At Step S3400, the process allows the camera
3019 to capture scenes in front of the vehicle 3015 and
creale the associated image data. The created image data is
transmitted to the signboard analysis apparatus 3021.
[0294] At Step S3410, the signboard analysis apparatus
3021 analyzes the image data. This analysis process will be
described later in more detail.

[0295] At Step 83420, the process determines whether or
not the image data contains a signboard image. When the
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result is YES, the process proceeds to Step S3430. When the
result is NO, the process returns to Step S3400.

[0296] At Step S3430, the process extracts image data
corresponding to the signboard from the image data fo
generate signboard image data.

[0297] At Step S3440, the process stores the signboard
image data in the image memory 3005. When the signboard
image data is already stored, it is overwritten with the new
one.

[0298] The following describes a process performed by
the display controller 3009 with reference to FIG. 37.

[0299] The process starts when the engine of the vehicle
3015 starts. At Step S3500, the process determines whether
or not the display switch of the switch 3013 is operated.
When the result is YES, the process proceeds to Step S3510.
‘When the result is NO, the process stays at Step S3500.

[0300] At Step S3510, the process reads signboard image
data from the image memory 3005.

[0301] At Step S3520, the process outputs the signboard
image data to the liquid crystal panel 3007 and displays the
signboard image.

[0302] At Step S3530, the process determines whether or
not a specified time has elapsed from the time the signboard
image is displayed at Step S3520 above. When the result is
YES, the process proceeds to Step S3540. When the result
is NO, the process stays at Step S3530.

[0303] At Step S3540, the process removes the signboard
image on the liquid crystal panel 3007.

[0304] The following describes the image analysis process
at Step S3410 above (sce FIG. 36) with reference to a
flowchart in FIG. 38.

[0305] At Step S3600, the process extracts image data for
a blue area (hereafter referred to as blue area image data)
from the image data captured and created by the camera
3019. The blue area image data can be extracted through the
analysis of RGB components. Specifically, a condition for
the blue area is assumed to be R<10, G<10, and B>230 as
256-gradation camera image data, for example. It is possible
to 1dentify an area satistying this condition as the blue area.
Generally, the blue color is used for signboards indicative of
the road information. Extracting the blue area image data
makes it possible to distinguish image data for signboards
indicative of the road information from the other image data.

[0306] At Step S3610, the process determines whether or
not the blue area image data is found at Step S3600 above.
When the result is YES, the process proceeds to Step $S3620.
When the result is NO, the process proceeds to Step S3670.

[0307] At Step S3620, the process confirms size S of the

blue area image data extracted at Step S3600 above.

[0308] At Step S3630, the process determines whether or
not size S of the blue area image data is greater than
specified preset value St. For example, a value for St can be
a quarter of the entire width of the image data captured by
the camera 3019. When the determination result at Step
83630 is YES, the process proceeds to Step S3640. When
the result is NO, the process proceeds to Step S3670.

IPR2024-01299 Page 00055



US 2005/0154505 Al

[0309] At Step S3640, the process extracts aspect ratio H
(vertical length divided by horizontal length) of the blue area
image data.

[0310] At Step S3650, the process determines whether or
not aspect ratio H ranges from lower bound H1 to upper
bound H2. For example, a value for H1 can be 0.7 and a
value for H2 can be 0.8. When the determination result at
Step S3650 is YES, the process proceeds to Step 53660.
When the result is NO, the process proceeds to Step S3670.

[0311] At Step S3660, the process determines that the blue
area image data represents image data of a signboard indi-
cating the road information. That is to say, the blue area
image data is assumed to be the signboard image data.

[0312] The vehicle display apparatus 3001 according to
the second example uses the image memory 3005 to store
image data for signboard images in advance. The image
memory 3005 registers the reference position for displaying
the signboard images in the map data for the navigation
system 3003. The navigation sysiem 3003 outputs the sign-
board display information to the display controller 3009
when the detected position of the vehicle 3015 changes from
the reference position to the specified range. Then, the
display controller reads the signboard image data corre-
sponding to the reference position from the image memory

3005 to display the signboard image on the windshield 3017.

[0313] c¢) The vehicle display apparatus 3001 according to
the second example can provides the following effects.

[0314] i) In the second example, the signboard image data
is extracted from image data captured by the camera 3019
and is stored in the image memory 3005. When the driver
operates the display switch, the vehicle display apparatus
3001 reads the signboard image data from the image
memory 3005 and displays the signboard image on the
windshield 3017. When the driver misses an actual sign-
board, he or she can display an image for that signboard on
the windshield 3017 later to recognize the road information.
Since there is no need to worry about missing signboards,
the driver can drive the vehicle safely.

[0315] 1i) In the second example, signboard image data is
repeatedly stored at Step S3440 in FIG. 36. Newly created
signboard image data overwrites the existing signboard
image data. For this reason, the most recent signboard image
data is read from the image memory 3005. The windshield
3017 displays the most recent signboard image. Therefore,
the driver can be notified of the most recent road informa-
tion.

[0316] iii) In the second example, blue area image data is
extracted at Step S3600 in FIG. 38. As shown at Steps
S3620 to S3650 in FIG. 38, the extracted blue area image
data is identified as signboard image data only when size S
and aspect ratio H satisfy the specified conditions. There
may be blue areas that are too small to be viewed if
displayed or are actually not signboards to display the road
information. The windshield 3017 can be prevented from
displaying such blue areas as signboard images.

[0317] iv) The vehicle display apparatus 3001 according
to the second example can previously store signboard
images in the image memory 3005 and display the stored
signboard images on the windshield 3017. Therefore, the
driver can obtain information about the signboards without
fail.
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THIRD EXAMPLE

[0318] a) The following describes the configuration of a
vehicle display system according to a third example with
reference to FIGS. 39 to 41. The vehicle display system
includes the vehicle display apparatus 3001 in FIG. 39 and
an external apparatus 3025 in FIG. 40.

[0319] The vehicle display apparatus 3001 has basically
the same configuration as that of the second example and
further includes a reception apparatus 3023. The reception
apparatus 3023 receives sensing information (to be
described) transmitted from the external apparatus 3025 and
transmits that sensing information to the display controller
3009. Alter receiving the sensing information, the display
controller 3009 recads image data corresponding to the
sensing information from the image memory 3005. The
display controller 3009 then outputs that image data to the
liquid crystal panel 3007.

[0320] The image memory 3005 stores image data for
images to be displayed when the sensing information is
received. For example, the image data represents a tempo-
rary stop signboard as shown in FIG. 41.

[0321] As shown in FIG. 40, the external apparatus 3025
is installed near an intersection 3035 with no traffic lights.
The ntersection 3035 is formed between a road 3033 and a
road 3031 where the vehicle 3015 mounted with the vehicle
display apparatus 3001 is running. The external apparatus
3025 includes a sensing apparatus 3027 and a transmission
apparatus 3029.

[0322] The sensing apparatus 3027 detects whether or not
another vehicle 3037 is found on the road 3033. For
example, a radar-based detection apparatus can be used for
the sensing apparatus 3027, When the vehicle 3037 is found
on the road 3033, the sensing apparatus 3027 transmils
sensing information to the transmission apparatus 3029. The
transmission apparatus 3029 transmits the sensing informa-
tion by means of radio, for example.

[0323] b) The following describes operations of the
vehicle display system according to the third example with
reference to FIGS. 42 and 43. First, a flowchart in FIG. 42
is used to describe a process performed by the external
apparatus 3025.

[0324] The process starts when the engine of the vehicle
3015 starts. At Step S3700, the process allows the sensing
apparatus 3027 to detect another vehicle 3037 running on
the road 3033. When another vehicle 3037 is detected, the
process allows the sensing apparatus 3027 (o generale
sensing information.

[0325] At Step S3710, the process determines whether or
not another vehicle 3037 is detected at Step S3700. When
the result is YES, the process proceeds to Step S3720. When
the result is NO, the process returns to Step S3700.

[0326] At Step S3720, the process transfers the sensing
information generated at Step S3700 to the transmission
apparatus 3029. The transmission apparatus 3029 transmits
the sensing information to the vehicle 3015.

[0327] The following describes a process performed by
the display controller 3009 and the reception apparatus 3023
in the vehicle display apparatus 3001 with reference to a

flowchart in FIG. 43.
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[0328] The process starts when the engine of the vehicle
3015 starts. At Step S3800, the process confirms whether or
not the reception apparatus 3023 receives the sensing infor-
mation transmitted from the external apparatus 3025.

[0329] At Step S3810, the process determines whether or
not the sensing information is received at Step S3800 above.
When the result is YES, the process proceeds to Step S3820.
When the result is NO, the process returns to Step S3800.

[0330] At Step S3820, the display controller 3009 reads
image dafa corresponding to the sensing information
received from the image memory 3005. When the sensing
information indicates that another vehicle 3037 is detected
on the road 3033, the display controller 3009 reads image
data for the temporary stop signboard as shown in FIG. 41.

[0331] At Step S3830, the display controller 3009 outputs
the image data read at Step S3820 to the liquid crystal panel
3007. The windshield 3017 displays a virtual image of the
image data.

[0332] At Step S3840, the display controller 3009 deter-
mines whether or not a specified time has elapsed from the
time when the image is displayed at Step S3830 above.
When the result is YES, the process proceeds to Step S3850.
When the result is NO, the process stays at Step S3840.

|0333] At Step S3805, the display controller 3009
removes the image displayed on the liquid crystal panel
3007. The process then returns to Step S3800.

[0334] c) The vehicle display system according to the third
example is applicable to the road 3031 for the vehicle 3015
to travel and the road 3033, both crossing at the intersection
3035 with no traffic lights. When there is another vehicle on
the road 3033, the vehicle display system can display an
image for the temporary stop on the windshield 3017 of the
vehicle 3015. In this manner, the driver of the vehicle 3015
can be notified of the presence of another vehicle 3037 and
avoid a collision with it.

[0335] Tt is to be distinctly understood that the present
invention is not limited to the above-mentioned examples
but may be otherwise variously embodied in various modi-
fications within the spirit and scope of the invention.

[0336] For example, the first example may use means
other than the liquid crystal panel 3007 for displaying
images on the windshield 3017. Specifically, it may be
preferable to use means for converting image data into light
and reflecting the light on the windshield 3017. It may be
also preferable to embed an element capable of displaying
images in the windshield 3017 or attach that element to the
surface of the windshield 3017.

[0337] In the second example, it may be preferable to
recognize and exiract images of pedestrians and other
vehicles from images captured by the camera 3019 and
display the extracted images on the windshield 3017. This
makes it possible for the driver to decrease the possibilities
of missing pedestrians and other vehicles. Images for the
pedestrians and other vehicles can be recognized from the
images captured by the camera 3019 as follows. It just needs
to create conditions for these images and identify parts of
images corresponding to the conditions as images for the
pedestrians and other vehicles.

[0338] The external apparatus 3025 in the third example
may detect information about speed limits and one-way
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traffic for the road 3031 where the vehicle 3015 travels.
These information are detected and transmitted as sensing
information from the external apparatus 3025. When receiv-
ing the sensing information, the vehicle display apparatus
3001 can display the corresponding images on the wind-
shield 3017 of the vehicle 3015.

Fourth Embodiment

FIRST EXAMPLE

[0339] The following describes a first example of applying
a vehicle information display system according to a fourth
embodiment of the present invention to a combination meter
with reference to the accompanying drawings.

[0340] FIG. 44 is a schematic diagram showing the entire
configuration of a vehicle display apparatus as a vehicle
information display system according to the first example of
the fourth embodiment.

[0341] FIG. 45 is a schematic diagram showing an instru-
ment panel 4031 and a windshield 4020 in front of a vehicle
compartment.

[0342] FIG. 46 is a schematic diagram showing the elec-
trical circuit configuration of a combination meter according
to the first example.

[0343] As shown in FIG. 45, the surface of the windshield
4020 inside the vehicle compartment is provided with sur-
face treatment. The surface treatment functions as a com-
biner (reflection member) at top and bottom areas with
respect to a driving visual field arca 4023 in front of a driver.
Both areas are formed as a first display area 4021 and a
second display area 4022.

[0344] The driving visual field area 4023 is approximately
the same as or slightly wider than the transparent arca
prescribed in JIS specifications R3212 (concerning the area
preferentially ensuring the driver’s visual field). That is to
say, the driving visual field area 4023 corresponds to a visual
field range at which the driver frequently looks at during
driving of his or her own wehicle.

[0345] The display areas 4021 and 4022 are not limited to
the front of the driver. If positioned below or above the
driving visual field area 4023, the display areas 4021 and
4022 may be provided at or near the center of the instrument
panel 4031.

[0346] In FIG. 44, images for the first display section
4011 and the second display section 4012 are reflected twice
on mirrors 4013 to 4015. The images are reflected on the first
display area 4021 and the second display area 4022 and are
recognized as virtual images 40214 and 4022z by the driver.
In this manner, the driver sitting on a driver’s seat can
visually recognize the images 40214 and 40224 overlapping
with actual landscape in front of the own vehicle. This is
because the images 4021a and 40224 are projected on the
first display area 4021 and the second display area 4022.

[0347] The first display section 4011 and the second
display section 4012 are integrally formed as a liquid crystal
display device 4010. The mirrors 4014 and 4015 are concave
mirrors 10 enlarge the images 4021a and 40224. In addition,
the mirror 4013 or all of the mirrors 4013 to 4015 may be
concave mirr()rs.
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[0348] As shown in FIG. 46, a control apparatus 4040
includes a microcomputer and the like and is always sup-
plied with power from a battery 4043. The control apparatus
4040 connects with an ignition switch 4042 and can detect
its operation state ON or OFF. The control apparatus 4040
also connects with a fluid level sensor 4041 that measures
remaining fuel in a fuel tank (not shown) or the like so that
detection signals can be input. The liquid crystal display
device 4010 (display sections 4011 and 4012) is connected
to the control apparatus 4040. The control apparatus 4040
drives the liquid crystal display device 4010 in accordance
with signals from the fluid level sensor 4041 and the like.

[0349] FIG. 47 shows a display example according to the
first example. The first display area 4021 displays informa-
tion about vehicle anomalies. The second display area 4022
displays information about anomaly countermeasure against
the anomaly information.

[0350] There are four indicators. Of these, three indicators
are used for door, overheat, and battery voltage alarms, and
are displayed in green on the first display arca 4021. A
dot-patterned fuel alarm 40215 is displayed in red to alarm
that a small amount of fuel remains. According to levels, the
second display area 4022 displays information about the
anomaly countermeasures. In FIG. 47, the second display
arca 4022 displays a message “Refucl promptly!” as the
lowest level.

[0351] Based on the above-mentioned configuration, the
following describes operations of the first example.

[0352] First, a user turns on the ignition switch 4042.
Then, the user uses an operation apparatus (not shown) to
select first and second display objects to be displayed in the
first and second display areas 4021 and 4022 of the wind-
shield 4020, respectively.

[0353] In FIG. 47, four indicators are selected as the first
display object. The information about the anomaly counter-
measure is selected as the second display object. The
anomaly countermeasure corresponds to the indicator dis-
played in the first display area 4021 in red.

[0354] Specifically, the fuel alarm 40215 is displayed in
red. This is because the fluid level sensor 4041 detects the
amount of fuel remaining in the fuel tank (not shown) is
below a specified value. In addition, since the detection level
reaches the minimum level, the second display area 4022
displays the message “Refuel promptly!”

[0355] The detection level, if below the specified value,
may not require promptly refueling. In this case, the second
display area 4022 displays the other messages such as
“Refuel recommended.”

[0356] Animage displayed in the first display area 4021 of
FIG. 47 is displayed as a real image in the first display
section 4011 of FIG. 44. An image displayed in the second
display area 4022 of FIG. 47 is displayed as a real image in
the second display section 4012 of FIG. 44. The images in
the first and second display sections 4011 and 4012 are
reflected twice on the mirrors 4013 to 4015. The images are
then reflected on the first and second display areas 4021 and
4022 and are visually recognized as the virtual images

4021a and 4022a by the driver.

[0357] As shown in FIG. 47, the three indicators and the
fuel alarm 40215 in red are displayed as the virtual image
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4021a. The message “Refuel promptly!™ is displayed as the
virtual image 4022a. The driver sitting on the driver’s scat
can visually recognize the images 4021g and 4022a over-
lapping with actual landscape in front of the own vehicle.
This is because the images 4021a and 40224 are projected
on the first and second display areas 4021 and 4022.

[0358] When two indicators are used for alarm in the first
display arca 4021, the two indicators are displayed in red.
Corresponding to these indicators, the second display area
4022 displays two pieces of information, right and left,
about anomaly countermeasures associated with the
anomaly information.

[0359] As mentioned above, the first example displays
much information about the indicators separately in the first
and second display areas 4021 and 4022. The information
can be displayed variously in such a manner that the
mmformation is displayed in red or only necessary informa-
tion is selected and displayed. As a result, the driver can be
notified of much information in an easy-to-understand man-
ner.

[0360] The above-mentioned example selects the four
indicators as the first display object. As the second display
object, the example selects information about the anomaly
countermeasure corresponding to the indicator displayed in
red in the first display area 4021. However, the present
invention is not limited thereto. For example, it may be
preferable to select a vehicle speed or an engine revolution
speed as the first display object. It may be preferable to
select alarm displays corresponding to a speed limit and fuel
consumption as the second display object.

SECOND EXAMPLE

[0361] The first example applies the vehicle information
display system according to the fourth embodiment of the
present invention to the combination meter. The fourth
embodiment of the present invention is not limited thereto.
A second example applies the vehicle information display
system of the fourth embodiment to a navigation display
apparatus.

[0362] In FIG. 46, the control apparatus 4040 further
includes a map database (hereafter referred to as DB). The
map DB stores map data including data about roads, insti-
tutions, and the like. The data about roads include such data
as display forms, colors, and the like to be displayed on the
display areas 4021 and 4022 of the windshield 4020. These
data are associated with directional arrows and maps, both
of which announce areas and directions, for example,

[0363] The control apparatus 4040 connects with, though
not shown, a GPS (Global Positioning System) antenna, a
speed sensor, a direction sensor, and the like. The GPS
antenna receives radio waves transmitted from a known GPS
satellite. The direction sensor includes a known terrestrial
magnetism sensor, gyroscope, and the like.

[0364] Based onsignals from the GPS antenna, the vehicle
speed sensor, and the direction sensor, the control apparatus
4040 generates images to be displayed in the display areas
4021 and 4022 on the windshield 4020.

[0365] FIG. 48 shows a display example of the second
example. As shown in FIG. 48, the first display area 4021
is positioned above the steering wheel 4032, The first
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display arca 4021 provides displays so as to create a more
realistic feeling as if the own vehicle were traveling on a
map image 4021c around the currently running vehicle
itself. That is to say, the reduction scale of the map image
4021c¢ is configured to decrease toward the traveling direc-
tion of the own vehicle. An even more realistic feeling is
available if the reduction rate increases as the vehicle speed
increases.

[0366] Further, a current position 4021d of the own
vehicle can be displayed on the map image 4021c. In this
manner, the driver can recognize the own vehicle’s current
position during driving.

[0367] On the other hand, the driving visual field area
4023 shows a small directional arrow 4023a. The directional
arrow 4023a is displayed as a directional arrow image 40225
in the second display area 4022. Control is provided so that
the directional arrow image 40225 moves toward a direc-
tional arrow image 4022¢ in the direction of an arrow 4022d
and gradually enlarges as the own vehicle approaches the
directional arrow 4023q. In this manner, the driver is given
a realistic feeling and decreases possibilities of missing the
directional arrow 4023a.

[0368] After the directional arrow image 40225 disappears
from the driving visual field area 4023, control may be
provided Lo conlinue displaying the direclional arrow image
4022¢ for a while. This further decreases possibilities of
missing the directional arrow 4023a.

[0369] As mentioned above, the second example divides
much information acquired by the navigation system into
two pieces of information associated with each other. Two
pieces of information are separately displayed in the first and
second display areas 4021 and 4022. In this manner, the
driver can be notified of much information in an easy-to-
understand manner.

[0370] While the second example displays the directional
arrow 4023a in the second display area 4022, the present
invention is not limited thereto. For example, it may be
preferable to display cating and drinking establishments
along with such information as Japanese or French cuisine,
four-star meals, and foodstuffs. Likewise, as the own vehicle
approaches an eating and drinking establishment, control is
provided so that an image of the eating and drinking
establishment 1s moved and 1s gradually enlarged. In this
manner, the driver is given a realistic feeling and decreases
possibilities of missing the eating and drinking establish-
ment.

[0371] As shown in FIG. 49, lanc information may be
displayed in the second display area 4022. In this case, a lane
image 4022¢ may or may not be changed with respect to its
position and size.

[0372] The first display area 4021 may display other
information than the map.

[0373] A wvehicle anomaly may occur while the display in
FIG. 48 is provided. In this case, it may be preferable to
interrupt the current display and provide the anomaly infor-
mation and associated information about the anomaly coun-
termeasure as shown in FIG. 47.

[0374] As mentioned above, the present invention is char-
acterized in that much information is separately displayed in
the top and bottom areas 4021 and 4022 except the driving
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visual field area 4023. Accordingly, it is needless to maintain
association between much information separately displayed
in the top and bottom areas 4021 and 4022. For example, it
may be preferable to simply enumerate and display the
information about the combination meter separately in the
top and bottom arcas 4021 and 4022. Further, it may be
preferable to display more important information in the first
display arca 4021 and less important information in the
second display area 4022.

[0375] As mentioned above, the first and second display
sections 4011 and 4012 are integrated as the liquid crystal
display device 4010 but may be provided separately.

[0376] It may be preferable to use a transparent indicator
gauge instead of the liquid crystal display device 4010.

[0377] It will be obvious to those skilled in the art that
various changes may be made in the above-described
embodiments of the present invention. Howewver, the scope
of the present invention should be determined by the fol-
lowing claims.

What is claimed is:

1. A vehicle information display system having display
means for reflecting an image on a windshield of a vehicle
and displaying the image so that an occupant of the vehicle
recognizes the image as a virtual image, the system com-
prising:

information collection means for collecting information
to be displayed by the display means;

circumstance detection means for detecting at least one of
a circumstance of the vehicle, a circumstance of sur-
rounding of the vehicle, and a circumstance of the
occupant;

information classification means for classifying the col-
lected information collected by the information collec-
tion means in accordance with a detection result from
the circumstance detection means; and

display control means for controlling display contents of
the display means in accordance with a classification
result from the information classification means.

2. The vehicle information display system according to

claim 1,

wherein the information classification means has first
classification means for classifying the collected infor-
mation into first class information to be immediately
recognized by the occupant and second class informa-
tion other than the first class information, and

wherein the display control means
defines display areas capable of being displayed by the
display means as

a center display area enabling the occupant to read
information without averting a sight line from a
forward driving course while running along a
straight course and

a surrounding display area other than the center display
area, and

controls display positions of the first class information
and the second class information so that the first class
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information corresponds to the center display area and
the second class information corresponds to the sur-
rounding display area.

3. The vehicle information display system according to

claim 2,

wherein the information collection means collects at least
point information needed for the occupant at a prede-
termined specific point;

wherein the circumstance detection means detects at least
a point of the vehicle as a circumstance of the vehicle;
and

wherein, when the point of the vehicle detected by the
circumstance detection means is inside a predetermined
area around the specific point, the first classification
means classifies the point information as first class
information and, when the point of the vehicle is
outside the predetermined area, classifies the point
information as second class information.

4. The vehicle information display system according to

claim 1,

wherein the information classification means has second
classification means for classifying the collected infor-
mation into displayable information to be displayed
and undisplayable information to be hidden; and

wherein the display control means displays only the
displayable information.
5. The vehicle information display system according to
claim 4,

wherein the circumstance detection means detects at least
one of a vehicle’s right turn operation and a vehicle’s
left turn operation; and

wherein, when a right turn is detected by the circumstance
detection means, the second classification means clas-
sifies, as the undisplayable information, information
having a display position specified in a right portion of
the surrounding display area opposing to a right side of
the center display area, and

wherein, when a left turn is detected by the circumstance
detection means, the second classification means clas-
sifies, as the undisplayable information, information
having a display position specified in a left portion of
the surrounding display area opposing 1o a left side of
the center display area.

6. The vehicle information display system according to

claim 4,

wherein the circumstance detection means detects at least
the presence or absence of a danger-avoidance opera-
tion to avoid danger; and

wherein, when the circumstance detection means detects

a danger-avoidance operation, the second classification

means classifies information irrelevant to the danger-

avoidance operation as the undisplayable information.

7. A method used 1n a vehicle information display system

having display means for reflecting an image on a wind-

shield of a vehicle and displaying the image so that an

occupant of the vehicle recognizes the image as a virtual
image, the method comprising steps of:

collecting information to be displayed by the display
means;
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detecting at least one of a circumstance of the vehicle, a
circumstance of surrounding of the vehicle, and a
circumstance of the occupant;

classifying the collected information in accordance with a
result from the detecting; and

controlling display contents of the display means in
accordance with a result from the classifying.
8. A vehicle information display system comprising:

video display means for displaying a video indicating
provision information to be provided to an occupant of
a vehicle; and

projection means for projecting the video on a vehicle
windshield so that the occupant visually recognizes the
video displayed by the video display means,

wherein, while the projection means projects the video on
a top area above a visual field area corresponding to a
visual field needed for the occupant to confirm traffic
circumstances, and the projection means projects the
video also on a bottom area below the visual field area
in addition to the top area, and

wherein the projection means includes:

a first mirror which reflects an incident video and projects
the video on the top area;

a second mirror which reflects an incident video and

projects the video on the bottom area.

9. The vehicle information display system according to
claim 8, wherein the visual field area includes at least test
area A as specified in JIS standard R3212.

10. The vehicle information display system according to
claim §,

wherein the projection means projects the video on an
arca of the top area other than an area where an inside
rear view mirror obstructs a visual field.
11. The vehicle information display system according to
claim 8§,

wherein the video display means projects the video on an
area of the top area other than an area where an inside
rear view mirror obstructs a visual field.
12. The vehicle information display system according to
claim 8,

wherein the projection means further includes:

a half mirror disposed to transmit and reflect a video
displayed by the video display means for two branches,
allow one of the branches to enter the first mirror, and
allow the other of the branches to enter the second
mirror; and

a pair of shutters which are respectively provided on a
path for a transmitted video transmitting the half mirror
toward the windshield and on a path for a reflected
video reflected by the half mirror toward the windshield
s0 as to transmit or block off light, and

wherein the video display means displays time division
multiplexed data generated from a first video to be
projected on the top area and a second video to be
projected on the bottom area and generates a drive
signal for complementarily operating the pair of shut-
ters in accordance with timing to change the multi-

IPR2024-01299 Page 00060



US 2005/0154505 Al

plexed video so that one shutter transmits light and the
other shutter blocks off light.
13. The vehicle information display system according to
claim &,

wherein the projection means further includes:

a movable mirror capable of changing directions of a
video displayed by the video display means so as to be
reflected in either of incident directions to the first
mirror and the second mirror, and

wherein the video display means generates time division
multiplexed data from a first video to be projected on
the top arca and a second video (o be projected on the
bottom area and generates a drive signal for changing
directions of the movable mirror in accordance with
timing to change the multiplexed video.

14. The vehicle information display system according to

claim 8,

wherein the projection means further includes:

a double reflecting mirror which, when assuming that a
display screen of the video display means comprises
first and second parts, reflects a video displayed on the
first part in a direction incident on the first mirror and
reflects a video displayed on the second part other than
the first part in a direction incident on the second
mirror, and

wherein the video display means displays a synthesized
video so that a first video to be projected on the top area
corresponds to the first part and a second video to be
projected on the bottom area corresponds to the second
part.
15. The vehicle information display system according to
claim &, further comprising:

an input means for inputting an instruction to select
whether or not to display the provision information.
16. The vehicle information display system according to
claim &, further comprising:

an external circumsiance detection means for detecting
circumstances visible through the windshield outside a
vehicle,

wherein the video display means has adjustment means
for adjusting and increasing brightness of a video
projected on the windshield and overlapped with an
object, if any, detected by the external circumstance
detection means so that a vehicle’s occupant should
visually recognize the object.

17. The vehicle information display system according to

claim 8, comprising:

information collection means for collecting information
for supporting operations based on at least any one of
circumstances around a vehicle, a state of the occupant,
and a vehicle’s operating state,

wherein the video display means uses information col-
lected by the information collection means as the
provision information.
18. The vehicle information display system according to
claim 17,
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wherein the video display means provides a video of a
signboard to display the provision information com-
prising information for supporting operations.

19. The vehicle information display system according to

claim 18,

wherein the video display means changes display posi-
tions and sizes of the signboard in accordance with
changes in positional relationship between a specific
point 1o a landscape visible through the windshield and
a vehicle so that a video of the signboard can be viewed
so as to be fixed at the specific point.

20. The vehicle information display system according (o

claim 19,

wherein the video display means starts displaying a video
of the signboard by increasing a distance to the specific
point and an initial size of the signboard as a vehicle’s
running speed increases.

21. A vehicle information display system comprising:

route guide means for generating route guide information
that guides a vehicle to a destination;

image data storage means for storing image data of guide
images corresponding to the route guide information;

image display means for displaying images based on
image dala on a display area which 1s parl ol a
windshield of the vehicle and is positioned higher than
a sight line of an occupant of the vehicle; and

control means for reading image data of the guide image
corresponding to the route guide information from the
image data storage means and displaying the guide
image on the image display means.
22. The vehicle information display system according to
claim 21,

wherein the guide image represents a signboard or a traffic
sign.
23. The vehicle information display system according to
claim 21, the system further comprising:

image capturing means for capturing images in front of
the vehicle and creating image data; and

image data creation means for analyzing the image data
created by the image capturing means in front of the
vehicle to recognize a targeted object and creating
image data of the targeted object,

wherein the image data storage means stores image data
of the targeted object; and

wherein the control means reads the image data of the
targeted object from the image data storage means and
displays an image of the targeted object on the image
display means.

24. A vehicle information display system comprising:

image capturing means for capturing images in front of a
vehicle and creating image data;

image data creation means for analyzing the image data
created by the image capturing means in front of the
vehicle to recognize a targeted object and creating
image data of the targeted object,

image data storage means for storing image data of the
targeted object;
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image display means for displaying images based on
image data on a display area which is part of a
windshield of the vehicle and is positioned higher than
a sight line of an occupant of the vehicle; and

control means for reading the image data of the targeted
object from the image data storage means and display-
ing an image of the targeted object on the image display
means.
25. The vehicle information display system according to
claim 24,

wherein the targeted object is a signboard.
26. The vehicle information display system according to
claim 24,

wherein the control means, in accordance with a display
request, allows the image display means to display a
most recent one of 1mage data which is stored in the
image data storage means and is associated with the
targeted object.
27. The vehicle information display system according to
claim 24, the system further comprising:

position detection means for detecting positions of the
vehicle,

wherein the control means reads, from the image data
slorage means, image dala corresponding (o a posilion
of the vehicle and allows the image display means to
display an image based on the image data.
28. The vehicle information display system according to
claim 27,

wherein the image data represents a signboard installed on
a road.
29. The vehicle information display system according to
claim 24, the system [urther comprising:

means for measuring mileage of the vehicle,

wherein the control means processes the image data so as
to enlarge an image displayed by the image display
means in accordance with the measured mileage of the
vehicle.
30. The vehicle information display system according to
claim 29,

wherein the control means allows the display area to
display image A enlarged in accordance with mileage A
and image B enlarged in accordance with mileage B by
shifting display positions.
31. The vehicle information display system according to
claim 24, the system further comprising:

input means for inputting a stop instruction or a remove
instruction,

wherein the control means, when the stop instruction is
input, stops motion of an image displayed by the image
display means and, when the remove instruction is
input, removes an image displayed by the image dis-
play means.
32, The vehicle information display system according to
claim 24, the system further comprising:

means for detecting speeds of the vehicle,

wherein the control means allows the image display
means to display an image when a speed of the vehicle
exceeds a specified threshold value.

Jul. 14, 2005

33. The vehicle information display system according to
claim 24, the system further comprising:

input means for capable of inputting sizes of images
displayed on the image display means,

wherein the control means processes the image data so
that a size of an image displayed by the image display
means becomes equal to a size input by the input
means.
34. The vehicle information display system according 1o
claim 24, the system further comprising:

an external apparatus outside the vehicle; and

reception means for receiving road information transmil-
ted from the external apparatus,

wherein the external apparatus includes
detection means for detecting the road information and

transmission means for transmitting the road informa-
tion to the reception means,

wherein the image data storage means stores image dala
of an image corresponding to the road information; and

wherein the control means reads image data correspond-
ing to the road information from the image data storage
means and allows the image display means o display
an image corresponding to the image data.
35. A vehicle information display system having an exter-
nal apparatus outside a vehicle and an internal apparatus in
the vehicle,

wherein the external apparatus comprises:
detection means for detecting road information; and

transmission means for transmitting the road information
to the internal apparatus,

wherein the internal apparatus comprises:

reception means for receiving the road information trans-
mitted from the external apparatus;

image data storage means for storing image data of
images corresponding to the road information;

image display means for displaying images based on
image data on a display area which is part of a
windshield of the vehicle and is positioned higher than
a sight line of an occupant of the vehicle; and

control means for reading the image data corresponding to
the road information from the image data storage
means and allowing the image display means to display
an image corresponding to the image data.

36. The vehicle information display system according to

claim 35,

wherein the road information relates to another vehicle on

a road crossing a road where the vehicle travels.

37. A method used in a wvehicle information display
system, the method comprising steps of:

storing image data of guide images;

generating route guide information that guides a vehicle
to a destination;

reading the stored image data of the guide image corre-
sponding to the generated route guide information; and
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displaying images based on the read image data corre-
sponding to the generated route guide information on a
display area which is part of a windshield of the vehicle
and is positioned higher than a sight line of an occupant
of the vehicle.
38. A method used in a wvehicle information display
system, the method comprising steps of:

capturing images in front of a vehicle to create image
data;

analyzing the created image data to recognize a targeted
object and to create image data of the targeted object,

storing the created image data of the targeted object;
reading the stored image data of the targeted object; and

displaying images based on the read image data of the
targeted object on a display area which is part of a
windshield of the vehicle and is positioned higher than
a sight line of an occupant of the vehicle.
39. A computer program product in a computer readable
media for use in a vehicle information display system, the
compulter program product comprising instructions for:

storing image data of guide images;

generating route guide information that guides a vehicle
o a deslinalion;

reading the stored image data of the guide image corre-
sponding to the generated route guide information; and

displaying images based on the read image data corre-
sponding to the generated route guide information on a
display area which is part of a windshield of the vehicle
and is positioned higher than a sight line of an occupant
of the vehicle.
40. A computer program product in a computer readable
media for use in a vehicle information display system, the
computer program product comprising instructions for:

capturing images in front of a vehicle to create image
data;

analyzing the created image data to recognize a targeted
object and to create image data of the targeted object,

storing the created image data of the targeted object;

reading the stored image data of the targeted object; and

displaying images based on the read image data of the
targeted object on a display area which is part of a
windshield of the vehicle and is positioned higher than
a sight line of an occupant of the vehicle.

41. A vehicle information display system comprising:

first means for generating a first image representing first
information; and

second means for generating a second image representing
second information,

Jul. 14, 2005

wherein the first image is visually recognized by an
occupant of a vehicle as a virtual image on a windshield
below a driving visual field area that the occupant
frequently looks at during driving of the vehicle, and

wherein the second image is visually recognized by the
occupant as a virtual image on the windshield above the
driving visual field.
42. The vehicle information display system according to
claim 41,

wherein the first information and the second information
are associated with each other.
43. The vehicle information display system s according to
claim 42,

wherein the first information represents actual measure-
ments of a physical amount concerning the vehicle; and

wherein the second information represents a targeted or
regulated value for the physical amount concerning the
vehicle.
44. The vehicle information display system according to
claim 42,

wherein the first information notifies anomaly contents
concerning the vehicle; and

wherein the second information notifies contents of coun-

termeasure against the anomaly concerning the vehicle.

45. The vehicle information display system according o
claim 42,

wherein the first information represents a current position
and a terminal destination of the vehicle; and

wherein the second information is associated with a road
where the vehicle is running.
46. The vehicle information display system according to
claim 41,

wherein at least one of the first information and the second
information includes a plurality of picces of informa-
tion.
47. A method used on a vehicle information display
system, the method comprising steps of:

generaling a first image representing first information; and

generating a sccond image representing sccond informa-
tion,

wherein the first image is visually recognized by an
occupant of a vehicle as a virtual image on a windshield
below a driving visual field area that the occupant
frequently looks at during driving of the vehicle, and

wherein the second image is visually recognized by the
occupant as a virtual image on the windshield above the
driving visual field.
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