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VEHICLE DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims the
benefit of priority of Japanese Patent Applications No. 2007-
103130 filed on Apr. 10, 2007, and No. 2007-279361 filed on
Oct. 26, 2007, the disclosures of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure generally relates to a liquid
crystal display apparatus for use in a vehicle.

BACKGROUND INFORMATION

[0003] Conventionally, a liquid crystal display panel illu-
minated by a lighting device is used for displaying images in
avehicle. The liquid crystal display of the conventional appa-
ratus has a control function for controlling a gradation value
of pixel in the liquid crystal display panel, or for controlling
light emission brightness of the lighting device as disclosed,
for example, in Japanese patent documents JP-A-2004-
284508, JP-A-2006-258783 or the like. The liquid crystal
display panel in the conventional apparatus decreases the
gradation value ofthe pixel or the light emission brightness of
the lighting device for suppressing brightness of the image
displayed on the display panel for the ease of viewing the
image during the night or the like when external light bright-
ness is low.

[0004] When the above control, that is, the decrease of the
gradation value ofthe pixel or the light emission brightness of
the lighting device is performed, the brightness of the image
of the liquid crystal display is suppressed as a whole. In this
case, the ease of viewing of meter images (images of instru-
ments) for displaying vehicle condition values is improved by
suppressing the brightness. However, an outside image that is
generated by capturing outside world for calling attention for
the situation outside of the vehicle as well as a warning image
that warns abnormality of the vehicle or the images having
similar purposes, that is, the images that require certain
brightness, are not likely to achieve their original purposes.

SUMMARY OF THE INVENTION

[0005] Inview ofthe above and other problems, the present
disclosure provides a vehicle display apparatus that appropri-
ately displays each of plural images of respectively different
display purposes.

[0006] The display apparatus of the present invention for
use in a vehicle includes: a liquid crystal panel capable of
displaying an image in a vehicle, wherein the liquid crystal
panel includes a meter display pixel that displays a meter
image to represent a vehicle condition value and a warning
display pixel that displays a warning image to warn the of the
vehicle; an illumination unit capable of lighting the liquid
crystal panel by emitting light; an input unit capable of
accepting an input from an occupant of the vehicle, wherein
the input unit receives the input of an adjustment value for
controlling brightness of the image including the meter image
and the warning image; and a control unit capable of control-
ling the liquid crystal panel and the illumination unit, wherein
the control unit changes both of a meter display gradation
ratio and a warning display gradation ratio according to the
adjustment value so that the warning display gradation value

Oct. 16, 2008

is greater than the meter display gradation value when the
meter display gradation ratio is defined as a ratio of the
gradation value of the meter display pixel to a predetermined
gradation value and the warning display gradation ratio is
defined as a ratio of the gradation value of the warning display
pixel to a predetermined gradation value.

[0007] The display apparatus of the present invention con-
trols the meter display gradation ratio and the warning display
gradation ratio respectively controlling meter display pixels
and warning display pixels according to the input adjustment
value that comes from occupants of the vehicle. The bright-
ness of the meter image and the warning image is adjusted so
that the brightness of the warning image stands out from the
brightness of the meter image by adjusting the warning dis-
play gradation ratio to be greater than the meter display gra-
dation ratio. Thus, the ease of viewing of the meter image is
improved by sufficiently suppressing the brightness accord-
ing to the input adjustment value, and, at the same time, the
warning image is displayed with sufficient brightness main-
tained for achieving the display purpose of the image, that is,
for calling the occupant’s attention at the suppressed bright-
ness. As a result, each of the meter image and the warning
image respectively having different display purposes is
appropriately displayed.

[0008] In addition, a setting gradation value that is used as
a standard gradation ratio in the display of both of the meter
display pixel and the warning display pixel may be respec-
tively different from each other, or may be same.

[0009] Further, when the meter image pixels and the warn-
ing image pixels are respectively lit by a meter light and a
warning light, light emission brightness of the meter light and
the warning light is respectively controlled according to the
adjustment value so that the warning light has greater light
emission brightness than the meter light.

[0010] By the control described above, the meter image and
the warning image are appropriately displayed at the sup-
pressed brightness for the ease of viewing, without compro-
mising the attention calling purpose of the warning image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings, in which:

[0012] FIG. 1 shows a diagram of a gradation ratio of a first
and second pixel area in a first embodiment of the present
invention;

[0013] FIG. 2 shows a cross sectional view of a vehicle
display unit along a II-1I line in FIG. 3 in the first embodiment
of the present invention;

[0014] FIG. 3 shows a front view of the vehicle display unit
in the first embodiment of the present invention;

[0015] FIG. 4 shows a block diagram of electric circuit
configuration of the vehicle display unit in the first embodi-
ment of the present invention;

[0016] FIG. 5 shows a diagram of first and second correla-
tion information in the first embodiment of the present inven-
tion;

[0017] FIG. 6 shows a diagram of light emission brightness
of'abacklight in the first embodiment of the present invention;
[0018] FIG. 7 shows a diagram of meter image brightness
and outside image brightness in the first embodiment of the
present invention;
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[0019] FIG. 8 shows a flow chart of a control flow in the first
embodiment of the present invention;

[0020] FIG. 9 shows a diagram of a pixel gradation ratio in
the first embodiment of the present invention;

[0021] FIG.10 shows a block diagram ofthe electric circuit
configuration of the vehicle display unit in a second embodi-
ment of the present invention;

[0022] FIG. 11 shows a diagram of the first and the second
correlation information in the second embodiment of the
present invention;

[0023] FIG. 12 shows a diagram of a gradation ratio of a
first and second pixel area in the second embodiment of the
present invention;

[0024] FIG. 13 shows a diagram of the light emission
brightness of a first and second light source in the second
embodiment of the present invention;

[0025] FIG. 14 shows a diagram of the meter image bright-
ness and the outside image brightness in the second embodi-
ment of the present invention;

[0026] FIG. 15 shows a flowchart of the control flow in the
second embodiment of the present invention;

[0027] FIG. 16 shows a diagram of the first and the second
correlation information in a third embodiment of the present
invention;

[0028] FIG.17 shows a diagram of the gradation ratio of the
first and second pixel area in the third embodiment of the
present invention;

[0029] FIG. 18 shows a diagram of the first and the second
correlation information in a fourth embodiment of the present
invention;

[0030] FIG.19 shows a diagram ofthe gradation ratio of the
first and second pixel area in the fourth embodiment of the
present invention;

[0031] FIG. 20 shows a front view of the vehicle display
unit a fifth embodiment of the present invention;

[0032] FIG. 21 shows a block diagram ofthe electric circuit
constitution of the vehicle display unit in the fifth embodi-
ment of the present invention;

[0033] FIG. 22 shows a diagram of the light emission
brightness of the backlight in the fifth embodiment of the
present invention;

[0034] FIG. 23 shows a diagram of the gradation ratio of the
first and second pixel area in the fifth embodiment of the
present invention;

[0035] FIG. 24 shows a diagram of the meter image bright-
ness and warning image brightness in the fifth embodiment of
the present invention;

[0036] FIG. 25 shows a flowchart of the control flow in the
fifth embodiment of the present invention;

[0037] FIG. 26 shows a block diagram ofthe electric circuit
constitution of the vehicle display unit in a sixth embodiment
of the present invention;

[0038] FIG. 27 shows a diagram of the first and second
correlation information in the sixth embodiment of the
present invention;

[0039] FIG. 28 shows a diagram of the gradation ratio of the
first and second pixel area in the sixth embodiment of the
present invention;

[0040] FIG. 29 shows a diagram of the light emission
brightness of the first and second light source in the sixth
embodiment of the present invention;

[0041] FIG. 30 shows a diagram of the meter image bright-
ness and the warning image brightness in the sixth embodi-
ment of the present invention;
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[0042] FIG. 31 shows a flowchart of the control flow in the
sixth embodiment of the present invention;

[0043] FIG. 32 shows a diagram of a pixel gradation value
in a seventh and eighth embodiment of the present invention;
[0044] FIG. 33 shows a diagram of the gradation value of
the first and second pixel area in the seventh embodiment of
the present invention;

[0045] FIG. 34 shows a diagram of the light emission
brightness of the first and second light source in the seventh
embodiment of the present invention;

[0046] FIG. 35 shows a diagram of the meter image bright-
ness and the outside image brightness in the seventh embodi-
ment of the present invention;

[0047] FIG. 36 shows a flowchart of the control flow in the
seventh embodiment of the present invention;

[0048] FIG. 37 shows a diagram of the gradation value of
the first and second pixel area in an eighth embodiment of the
present invention;

[0049] FIG. 38 shows a diagram of the light emission
brightness of the first and second light source in the eighth
embodiment of the present invention;

[0050] FIG. 39 shows a diagram of the meter image bright-
ness and the warning image brightness in the eighth embodi-
ment of the present invention;

[0051] FIG. 40 shows a flowchart of the control flow in the
eighth embodiment of the present invention; and

[0052] FIG. 41 shows a front view of the vehicle display
unit in a ninth embodiment of the present invention.

DETAILED DESCRIPTION

[0053] Plural embodiments of the present invention are
explained based on the drawing as follows.

First Embodiment

[0054] FIGS. 2, 3 show a cross-sectional view and a front
view of a vehicle display unit 1 in the first embodiment of the
present invention, and FIG. 4 shows electric circuit configu-
ration of the unit 1.

[0055] The vehicle display unit 1 serves as a combination
meter as shown in FIGS. 2 to 4, and includes a liquid crystal
panel 10, a backlight 20, an input unit 30, an imaging unit 40,
a drawing unit 50 and a main control unit 60.

[0056] The liquid crystal panel 10 is a TFT transparent
liquid crystal panel, and the panel 10 is installed in front of the
driver’s seat with a screen 11 facing to the driver’s seat side of
the vehicle. The liquid crystal panel 10 is a dot matrix type
panel having plural pixels arranged in the shape of a matrix,
and realizes a full color image display on the screen 11 by
driving each of the pixels. As for the pixel of the liquid crystal
panel 10, three subpixels of R, G, B respectively equipped
with a red/green/blue filter are disposed. The drawing unit 50
that drives the panel 10 receives a display instruction signal
choosing the gradation value of each of the subpixels.
[0057] More practically, a certain hue of a pixel is repre-
sented by employing required subpixels among the subpixels
that constitute the pixel. The ratios of gradation value of the
required subpixels are set so that a desired hue is represented
as a mixture of the hues of respective subpixels. The ratios of
the gradation value of the subpixels are respectively deter-
mined to take a range of value that is greater than zero and is
equal to or smaller than a setting gradation value. The ratio of
the gradation value is designated as “gradation ratio” herein-
after. In addition, it becomes important that a hue does not
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change by having the same gradation values for each of the
subpixels when plural subpixels are involved in a hue expres-
sion. By having the same gradation values, a display of instru-
ments or other representations is easy to read by the occupant
of the vehicle, thereby being prevented from false reading.
[0058] In the present embodiment, a display instruction
signal is given to the drawing unit 50 so that the gradation
value that sets establishment of the gradation ratio of the
required subpixel determined in the above-described manner
for a hue expression is chosen together with the gradation
value of other subpixels being set to zero. To intelligibly
simplifying the explanation in the following description, the
gradation ratio of a subpixel that constitutes a pixel to be
required for ahue expression is designated as “pixel gradation
ratio.”

[0059] The gradation value of the subpixel is set according
to a gradation value table illustrated as, for example, a dia-
gram in FIG. 9. The gradation value of the subpixel is stan-
dardized in terms of gradation value of 64 steps, that is, the
value varies in a range between 0 and 63. The gradation value
table is stored in the image memory 54 of the drawing unit 50.
The gradation value is arbitrarily set to one of the 64 values.
Inthe example as shown in FIG. 9, the setting gradation value
of'the subpixel R which is required for an expression of red is
63, and the setting gradation values of subpixels R and G that
are required for an expression of yellow are respectively 63
and 31, and the setting gradation values of the subpixels R, G,
B that are required for an expression of white are respectively
63, 63, 63. The setting gradation values are maximum values
of'the gradation values that can be chosen, thus the gradation
ratio of the setting gradation value becomes 100% as a maxi-
mum ratio. In the present embodiment in particular, the gra-
dation ratio becomes maximum when the brightness of the
image becomes highest by the setting gradation value in the
first mode (described later) where the backlight 20 is not
reduced.

[0060] In addition, the setting gradation value may take a
value that is different from either of 0 or 63 that are stored in
the image memory 54. That is, among 64 steps of the grada-
tion value, any value can be used. More practically, in an
example of an expression of yellow as shown FIG. 9, the
gradation value of 15 may be used for changing the gradation
ratio of the subpixel G to 50%, because the setting gradation
value of the subpixel G at the ratio 100% (the maximum ratio)
is set to 31. Further, for an expression of red, the setting
gradation value of the required subpixel R is set to 31 for the
gradation ratio of 100%, and the setting gradation value of the
subpixel R may be changed to 15 so that the maximum gra-
dation ratio of the subpixel is changed from 100% to 50%.
[0061] The liquid crystal panel 10 of the present embodi-
ment is formed by plural pixels, and the panel 10 has a first
pixel area 14 having plural pixels to display a meter image 12
and a background image 13 as well as a second pixel area 18
having plural pixels to display an outside image 16 as shown
in FIG. 3.

[0062] More practically, the meter image 12 is an image to
indicate vehicle condition values for the occupant of the
vehicle, which includes, in the present embodiment, a vehicle
speed display image 12a showing vehicle speed, atachometer
image 125 showing engine rotation number a water tempera-
ture display image 12¢ showing the temperature of the engine
coolant, a fuel meter image 124 showing a fuel residual quan-
tity. The background image 13 is displayed as a background to
let the meter image 12 stand out therefrom. The first pixel area
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14 is defined in a rectangular outer peripheral portion sub-
stantially with an exception of the central part in the screen
11, and displays the meter image 12 and the background
image 13 by driving each of the pixels constituting the area
14.

[0063] The outside image 16 is a warning image that cap-
tures a part ofthe outside of the vehicle by the imaging unit 40
to call an attention for the outside world situation of the
vehicle. Inthe present embodiment, the outside image 16 is an
image ofthe vehicle front area where the visible light from the
headlight of the vehicle does not reach at night or at a time of
passing a dark place, that is, a so-called night-view image.
The second pixel area 18 is defined substantially as the central
part of the screen 11 surrounded by the first pixel area 14, and
the second pixel area 18 displays the outside image 16 by
driving each of the pixels constituting the area 18.

[0064] The backlight 20 has a light emitting diode 22 and a
diffusion board 24 as shown in FIGS. 2, 4. The light emitting
diode 22 is a chip type diode, and is installed in the diagonal
rear of the liquid crystal panel 10 in the vehicle. The light
emitting diode 22 is driven to emit light under control of a
light emission driving signal given from the main control unit
60 clectrically connected thereto. The diffusion board 24 is
formed of optically-transparent resin in the shape of a flat
board, and the board 24 is disposed behind the liquid crystal
panel 10 in parallel with the panel 10. The diffusion board 24
diffuses injected light from the diode 22 that is disposed
adjacent thereto for emitting the light from a light-emitting
surface 26 on the liquid crystal panel side to provide a sub-
stantially equal light emission brightness for a whole area of
the surface 26. The backlight 20 lights the whole liquid crystal
panel 10 by the light from the light-emitting surface 26 trans-
parently from behind the panel 10.

[0065] The input unit 30 has a liquid crystal adjustment
switch 32 as shown in FIG. 4, as well as a display on-off
switch 34 and a light switch 36.

[0066] The liquid crystal adjustment switch 32 is installed
around the liquid crystal panel 10, and the switch 32 is oper-
ated by an occupant to adjust the brightness of the display
image of the liquid crystal panel 10. The switch 32 has posi-
tions that are predefined according to plural steps of adjust-
ment values of the brightness of the display image of the
liquid crystal panel 10. Therefore, the occupant can input an
adjustment value by operating the switch 32 to a correspond-
ing position.

[0067] The display on-off switch 34 is installed, for
example, around the liquid crystal panel 10, and the switch is
switched on/off to allow or to prohibit the display of the
predetermined image. The display on-off switch 34 of the
present embodiment regards the display of the outside image
16 in the second pixel area 18 of the liquid crystal panel 10 as
an object of allowing or prohibiting display. Therefore, the
occupant can allow or prohibit the display of the outside
image 16 by operating the display on-oft switch 34 to an on
position or to an off position.

[0068] The light switch 36 is installed, for example, around
a steering wheel in front of the driver’s seat, and the switch 36
is switched on/oft by an occupant of the vehicle to turn on/off
the predetermined lamp of the vehicle. The light switch 36 of
the present embodiment has three operation positions, that is,
a side lamp on position that turns on tail lamps of the vehicle,
aheadlamp on position that turns on all lamps, and an all lamp
off position that turns off tail lamps of the vehicle. Therefore,



US 2008/0252579 Al

the occupant can input a lighting instruction corresponding to
one of those positions to turn on/oft the lamps by operating
the switch 36.

[0069] Each of the above-mentioned switches 32, 34, 36 is
electrically connected to the main control unit 60, and trans-
mits a signal that represents an input corresponding to respec-
tive operation positions.

[0070] The imaging unit 40 has a camera 42 and an image
processing circuit 44. The camera 42 captures the outside
world of the vehicle by an image pickup unit such as CCD or
the like. The camera 42 of the present embodiment is
installed, for example, in a front bumper or in a front grill of
the vehicle, and the camera 42 converts, into an image signal,
a reflected light that is caused by an infrared light projected
toward a vehicle front by an exclusive floodlight or by a
headlight with the image pickup unit. The image processing
circuit 44 is constructed by a microcomputer, and is installed
in the vehicle to be connected to the camera 42 electrically.
The image processing circuit 44 generates an outside world
image of the vehicle front by processing a picture signal from
the camera 42. The imaging unit 40 captures a part of the
outside world where the visible light of the headlight does not
reach atnight or at atime of passing a dark place of the vehicle
by the camera 42, for acquiring the outside image 16.

[0071] Thedrawingunit 50 has an image drawing circuit 52
and an image memory 54 as shown in FIGS. 2, 4. The drawing
circuit 52 is set up behind the light emitting diode 22 in the
vehicle in a form of an IC chip such as an ASIC or the like, and
the circuit 52 is connected to the liquid crystal panel 10 and
the main control unit 60 electrically. The image memory 54 is
provided as an EEPROM, and is electrically connected to the
drawing circuit 52. In the image memory 54, the meter image
12 and the background image 13 are pre-memorized as image
information prior to a shipment of the unit 1 from a factory or
the like. The drawing circuit 52 begins to read the predeter-
mined meter image 12 and the background image 13 from the
image memory 54 in response to a display instruction signal
from the main control unit 60 as described above, and the
circuit 52 lets the screen 11 display the meter image 12 and
the background image 13 according to the display instruction
signal by driving each of the pixels that constitute the first
pixel area 14.

[0072] In addition, the drawing circuit 52 of the drawing
unit 50 in the present embodiment is also electrically con-
nected to the image processing circuit 44 of the imaging unit
40. Thus, the drawing circuit 52 reads the outside image 16
from the imaging unit 40 in response to a display instruction
signal from the main control unit 60, and the circuit 52 lets the
screen 11 display the outside image 16 according to the dis-
play instruction signal by driving each of the pixels that
constitute the second pixel area 18.

[0073] The main control unit 60 has a control circuit 62 and
a correlation information memory 64. The main control unit
60 is set up behind the light emitting diode 22 in a vehicle in
a form of the microcomputer. The control circuit 62 is elec-
trically connected to the light emitting diode 22 of the back-
light 20, each of the switches 32, 34, 36 of the input unit 30,
the drawing circuit 52 of the drawing unit 50 and a state value
sensor 66 (not shown in the drawing). The state value sensor
66 detects vehicle speed, engine rotation number, engine
cooling water temperature, fuel residual quantity, and the like
that are displayed as the meter image 12 of vehicle state value
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in the first pixel area 14 of the liquid crystal panel 10, and the
sensor 66 transmits a signal expressing the detection result to
the control circuit 62.

[0074] The correlation information memory 64 is formed
as an EEPROM, and is electrically connected to the control
circuit 62. In the correlation information memory 64, the first
correlation information and the second correlation informa-
tion are pre-memorized prior to a shipment of the unit 1 from
the factory or the like. More practically, the first correlation
information represents a correlation between the gradation
ratio when the meter image 12 is displayed on a predeter-
mined condition and the input adjustment value from the
liquid crystal adjustment switch 32 (designated as an “input
adjustment value” hereinafter) among the gradation ratio of
the pixels to display the meter image 12 in the first pixel area
14 (designated as a “meter gradation ratio” hereinafter). Fur-
ther, the second correlation information represents a correla-
tion between the gradation ratio of the pixels when the outside
image 16 is displayed on a predetermined condition among
the gradation ratio of the pixels to display the outside image
16 as “warning pixels” (designated as a “warning gradation
ratio” hereinafter) in the second pixel area 18 and the input
adjustment value.

[0075] In the present embodiment in particular, the first
correlation information and the second correlation informa-
tion are respectively defined as follows. That is, as shown in
FIG. 5, in proportion to an increasing change of the input
adjustment value (indicated as “INPUT PARAM (i.e., input
parameters)” on the horizontal axis), the first correlation
information represents a linear decrease of the meter image
gradationratio (“GRAD (i.e., gradation)” on the vertical axis)
in the first pixel area 14 starting from the maximum ratio
Rmax, and the second correlation value represents a linear
decrease of the warning image gradation ratio in the second
pixel area 18 starting from the same maximum ratio Rmax.
Further, the decrease ratio is greater for the first correlation
information than for the second correlation information.
Thus, when the input adjustment value increases, the corre-
lation represented by the second correlation information
changes the warning image gradation ratio to be greater than
the meter image gradation ratio for the same input adjustment
value in a decreasing trend from the maximum ratio of Rmax.
[0076] In addition, the first and the second correlation
information may be memorized as table data in the correla-
tion information memory 64, or the correlation information
may be memorized as map data, or may it be memorized as
function data.

[0077] The control circuit 62 in FIG. 4 generates, based on
signals from each of the switches 32, 34, 36 and from the state
value sensor 66 as well as the first and the second correlation
information read from the correlation information memory
64, as described above, a display instruction signal. The dis-
play instruction signal controls the drive of each pixel of the
liquid crystal panel 10 by being given to the drawing circuit
52 of the drawing unit 50. Therefore, in the according to,
“giving the drawing circuit 52 a display instruction signal” is
described as “controlling the liquid crystal panel 10.”

[0078] In addition, the control circuit 62 generates, based
on signals from each of the switches 32, 34, 36 and from the
state value sensor 66 as well as the first and the second
correlation information, a light emission driving signal. The
light emission driving signal controls the drive of the light
emitting diode 22 by being given to the light emitting diode 22
of'the backlight 20. Therefore, in the according to, “giving the
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light emitting diode 22 a light emission driving signal” is
described as “controlling the backlight 20.”

[0079] Thedisplay operation of the vehicle display unit 1 of
the first embodiment is explained next while referring to
FIGS. 6, 1, 7. That is, FIG. 6 shows a diagram of the light
emission brightness of emitted light from the backlight 20,
FIG. 1 shows the gradation ratio of each of the pixel areas 14,
18, and FIG. 7 shows brightness of each of the images 12, 16.
In addition, the gradation ratio and the hue of the pixels to
display the background image 13 in the first pixel area 14 are
fixed to let the meter image 12 stand out from the background
in the display operation and the control flow described later.
[0080] (1) First Mode

[0081] The control circuit 62 of the main control unit 60
sets a control mode to a first mode when the circuit 62 receives
a signal from the light switch 36 expressing all lights off
position or a signal from the display on-off switch 34 express-
ing a prohibition instruction of the display of the outside
image 16. In addition, the first mode set in this manner is
usually realized in daytime.

[0082] More practically, the control circuit 62 maintains,
by controlling the backlight 20, the light emission brightness
in the light-emitting surface 26 of the diffusion board 24 at a
constant maximum luminance Lmax (FIG. 6) against a
change of the input adjustment value in the first mode.
[0083] Inaddition, the control circuit 62 maintains, by con-
trolling the liquid crystal panel 10, the meter display grada-
tionratio of the first pixel area 14 at a constant maximum ratio
Rmax (FIG. 1) against a change of an input adjustment value
in the first mode.

[0084] By the above operation scheme, the meter image 12
will be displayed at a maximum allowable brightness Blmax
(FIG. 7) in the first mode.

[0085] In addition, the warning display gradation ratio and
the hue of the second pixel area 18 in the first mode are
adjusted to a level so that the outside image 16 is assimilated
into the background image 13 (Rass of FIG. 1). However,
when the term “assimilation” of the outside image 16 into the
background image 13 is used, it not only indicates that the
outside image 16 assimilates into the background image 13
completely, but also indicates that, even though the hues of
those images are different, smallness of the gradation value
difference makes it difficult to distinguish those images,
thereby leading to a substantial assimilation. Therefore, in
other words, the outside image 16 is not substantially dis-
played in appearance (FI1G. 7).

[0086] (2) Second Mode

[0087] The control circuit 62 sets the control mode to the
second mode when the circuit 62 receives a signal from the
light switch 36 expressing a side lamp on position or a head-
light on position, or receives a signal from the display on-off
switch 34 expressing a permission instruction of the display
of the outside image 16. In addition, the second mode set in
this manner is realized when, for example, the vehicle travels
at night or passes particularly dark places in terms of lighting.
[0088] More practically, the control circuit 62 maintains, in
the second mode, the light emission brightness at a constant
intermediate brightness Lmid (FIG. 6) against a change of the
input adjustment value that is lower than the maximum lumi-
nance Lmax by controlling the backlight 20.

[0089] Inaddition, the control circuit 62 maintains, by con-
trolling the liquid crystal panel 10, the meter display grada-
tion ratio of the first pixel area 14 to the correspondence ratio
of'the input adjustment value according to the first correlation
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information of the correlation information memory 64 in the
second mode. That is, the meter display gradation ratio is
adjusted to the value in a range AR1 (FIG. 1) that is equal to
or smaller than the maximum ratio Rmax according to the
input adjustment value in the second mode.

[0090] Furthermore, the control circuit 62 changes, by con-
trolling the liquid crystal panel 10, the warning display gra-
dation ratio of the second pixel area 18 to the correspondence
ratio of the input adjustment value according to the second
correlation information of the correlation information
memory 64 in the second mode. That is, the warning display
gradation ratio in the second mode is adjusted to a value in a
range AR2 (FIG. 1) that is equal to or smaller than the maxi-
mum ratio Rmax and greater than the gradation ratio of the
meter display in the first pixel area 14 according to the input
adjustment value.

[0091] In the second mode, the images 12, 16 will be
respectively displayed in brightness that is preferred by the
occupant respectively in ranges of AB1, AB2 that is equal to
or under the intermediate brightness Blmid, B2mid (FIG. 7)
against the maximum allowable brightness Blmax B2max so
that, for example, the outside image 16 becomes brighter than
the meter image 12.

[0092] (3) Third Mode

[0093] Thecontrol circuit 62 sets the control mode to a third
mode when the circuit 62 receives a signal from the light
switch 36 expressing a side lamp on position or a headlight on
position, or receives a signal from the display on-off switch
34 expressing the prohibition instruction of the display of the
outside image 16. In addition, the second mode set in this way
is realized when, for example, the vehicle travels a relatively
light dark place that is lit by many lights.

[0094] More practically, the control circuit 62 maintains
the light emission brightness at the same level as the second
mode (FIG. 6) by controlling the backlight 20 in the third
mode.

[0095] In addition, the control circuit 62 changes the meter
display gradation ratio of the first pixel area 14 to the same
level as the second mode (FIG. 1) by controlling the liquid
crystal panel 10 in the third mode.

[0096] In contrast, the warning display gradation ratio and
the hue of the second pixel area 18 in the third mode are
adjusted to a level so that the outside image 16 is assimilated
into the background image 13 (Rass of FIG. 1).

[0097] By the above adjustment, the meter image 12 in
suppressed brightness of the occupant’s preference in the
range AB1 (FIG. 7) is displayed in the third mode. On the
other hand, the outside image 16 is not displayed in appear-
ance (FIG. 7) by the above control.

[0098] A control flow by the control circuit 62 in the first
embodiment is explained next referring to FIG. 8. When an
ignition switch of the vehicle is turned on, the control flow
starts.

[0099] Atfirst, instep S101, when the control mode is set to
either of the first mode, second mode or third mode, according
to each of the signals from the light switch 36 and from the
display on-off switch 34.

[0100] Whenthe control mode is set to the first mode in step
S101, the process of the control flow proceeds to step S102. In
step S102, the light emission brightness is adjusted to the
maximum luminance Lmax as the backlight 20 being
regarded as an object of control. Then, in step S103, by
adjusting the meter display gradation ratio in the first pixel
area 14 to the maximum ratio Rmax as the liquid crystal panel
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10 being regarded as an object of control, the meter image 12
is displayed at the maximum allowable brightness Blmax. At
the same time in step S103, the warning display gradation
ratio and the hue of the second pixel area 18 are controlled so
that the outside image 16 assimilates into the background
image 13 as the liquid crystal panel 10 being regarded as an
object of control.

[0101] On the other hand, when the second mode is set in
step S101, the process proceeds to step S104. In step S104,
the light emission brightness is adjusted to the intermediate
luminance L.mid as the backlight 20 being regarded as an
object of control. Then, in step S105, by adjusting the meter
display gradation ratio in the first pixel area 14 in the range
AR1 according to the first correlation information as the lig-
uid crystal panel 10 being considered as an object of control,
the meter image 12 is displayed at suppressed brightness in
the range AB1. At the same time, in step S1057 by controlling
the warning display gradation ratio and the hue of the second
pixel area 18 in the range AR2 according to the second cor-
relation information as the liquid crystal panel 10 being con-
sidered as an object of control, the outside image 16 is dis-
played at suppressed brightness in the range AB2.

[0102] When the control mode is set to the third mode in
step S101, the process of the control flow proceeds to step
S106. In step S106, the light emission brightness of the back-
light 20 is controlled like in step S104. Then, in step S107,
like in step S105, by adjusting the meter display gradation
ratio of the first pixel area 14, the meter image 12 is displayed
at suppressed brightness in the range AB1. At the same time,
in step S107, with a method different from step S105, the
warning display gradation ratio and the hue of the second
pixel area 18 is practically adjusted so that the outside image
16 is assimilated into the background image 13 as the panel 10
being regarded as an object of control, thereby putting the
outside image 16 in a non-display condition.

[0103] In addition, after step S103, S105, or S107, the
process always proceeds to step S108, and whether the igni-
tion switch is turned off is determined. As a result, when the
determination is affirmative, the control flow is finished.
When the determination is negative, the process returns to
step S101, and this control flow is continued.

[0104] According to the first embodiment described above,
the brightness of the outside image 16 is suppressed accord-
ing to the input adjustment value in the second mode where
the outside image 16 is displayed with the meter image 12.
However, because the relative brightness ofthe outside image
16 against the meter image 12 is increased by characteristic
gradation ratio control in each of the pixel areas 14, 18, the
purpose of the display of the outside image 16 for calling the
attention is prevented from deterioration. On the other hand,
the visibility of the meter image 12 is raised because the
brightness of the image 12 is sufficiently suppressed to the
level of occupant’s preference. Therefore, in the first embodi-
ment, the images 16, 12 having different display purposes can
be appropriately displayed for achieving the respective pur-
poses.

[0105] Inthe above description of the first embodiment, the
backlight 20 is equivalent to an “illumination unit” and “a
total light source,” the input unit 30 is equivalent to an “input
unit,” the imaging unit 40, the drawing unit 50 and the main
control unit 60 are equivalent to a “control unit,” and the
drawing unit 50 and the main control unit 60 is equivalent to
a “gradation ratio adjustment unit.” In addition, in the first
embodiment, the correlation information memory 64 is

Oct. 16, 2008

equivalent to “the correlation information storage unit,” and
the first and the second correlation information in the memory
64 are equivalent to “correlation information stored in the
correlation information storage unit.”

Second Embodiment

[0106] The second embodiment of the present invention is
the modification of the first embodiment. In addition, in the
according to description, the focus is mainly put on the expla-
nation of the difference of the second embodiment from the
first embodiment on the first embodiment.

[0107] A backlight 120 uses two sets of lighting, that is, a
first light emitting diode 122 and a first diffusion board 1244
which emit light transparently at both sides of the second
pixel area 18 to light up the first pixel area 14 of the liquid
crystal panel 10 as a first light source 128« in the vehicle
display unit 100 of the second embodiment as shown in FIG.
10. In addition, the backlight 120 uses two sets of lighting,
that is, a second light emitting diode 1226 and a second
diffusion board 1245 which emit light transparently to light
up the second pixel area 18 at the substantially central part of
the liquid crystal panel 10 as a second light source 1285.
[0108] Thelight emitting diodes 122a, 1225 are electrically
connected to a control circuit 162 of a main control unit 160
in each of the light sources 128a, 1284, and emit light respec-
tively according to a light emission drive signal provided
from the main control unit 160. In addition, the light that is
incident respectively from the light emitting diodes 122a,
1224 on the diffusion boards 124a, 1245 in each of the light
sources 128a, 1285b is scattered by each of the diffusion
boards 124a, 124b, and the light is then emitted from the
light-emitting surfaces 126a, 1265 on the liquid crystal panel
10 side. Therefore, each of the pixel areas 14, 18 of the liquid
crystal panel 10 will be lit up transparently by the light from
each of the light-emitting surfaces 1264, 1265 of the light
sources 128a, 1285 that emit the light with substantially
uniform luminance.

[0109] In addition, the first and the second correlation
information that are different from the first embodiment are
memorized in the second embodiment beforehand in a corre-
lation information memory 164 of the main control unit 160.
More practically, the first correlation information represents a
correlation between the light emission brightness the light
emission surface 126 and the input adjustment on a predeter-
mined condition for displaying the meter image 12 in the first
pixel area 14. The light emission brightness of the light emit-
ting surface 1264 of the first light source 1284 is designated
hereinafter as the light emission brightness of the first light
source 128a. Further, the first correlation information repre-
sents a correlation between the light emission brightness of
the light emission surface 1265 and the input adjustment on a
predetermined condition for displaying the outside image 16
in the second pixel area 18. The light emission brightness of
the light emitting surface 1265 of the first light source 1285 is
designated hereinafter as the light emission brightness of the
second light source 1286.

[0110] In the present embodiment in particular, the first
correlation information and the second correlation informa-
tion are defined that the light emission brightness of respec-
tive light sources 1284, 1285 linearly decrease in this case
from an intermediate brightness L mid as shown in FIG. 11
according to an increasing change of the input adjustment
value, and linear decrease ratio of the light emission bright-
ness of the second light source 1285 is defined to be smaller
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than the linear decrease ratio of the first light source 128a.
Thus, the correlation that the second correlation information
represents is configured, relative to the correlation of the first
correlation information, in a manner that the light emission
brightness of the second light source 1286 is greater than the
brightness of the first light source 128 at the same input
adjustment value in the course of decrease from the interme-
diate brightness Lmid when the input adjustment value
increases.

[0111] Inthesecond embodiment, the control circuit 162 of
the main control unit 160 as shown in FIG. 10 generates a
display instruction signal based on the first and the second
correlation information read from the correlation information
memory 164, and signals form each of the switches 32, 34, 36
and from the state value sensor 66. The display instruction
signal controls the drive of each pixel of the liquid crystal
panel 10 by being provided for, similarly as the case in the first
embodiment, the drawing circuit 52 of the drawing unit 50,
and the operation of “giving the drawing circuit 52 a display
instruction signal” is described as “controlling the liquid
crystal panel 10” in the according to.

[0112] In addition, the control circuit 162 generates a light
emission driving signal based on the first and the second
correlation information, and signals form each of the switches
32, 34, 36 and from the state value sensor 66. The light
emission driving signal controls the drive of the light emis-
sion diodes 122a, 1225 in the light sources 128a, 1285 by
respectively being provided for the diodes 1224, 1225. There-
fore, in the according to, the operation of “giving the diodes
122a, 1225 a light emission driving signal” is described as
“controlling the light sources 1284, 1285 in the according to.

[0113] Thedisplay operation ofthe vehicle display unit 100
by the second embodiment is explained next while referring
to FIGS. 12-14. FIG. 12 shows a gradation ratio of the pixel
areas 14, 18, FIG. 13 shows the light emission brightness of
the light sources 128a, 1285, and FIG. 14 shows the bright-
ness of the images 12, 16. In addition, in the control flow
(described later) and the display operation of the second
embodiment, the gradation ratio and the hue of the pixel that
displays the background image 13 in the first pixel area 14 is
fixed to let the display of the meter image 12 stand out from
the background image 13.

[0114] (1) First Mode

[0115] The control circuit 162 maintains the meter display
gradation ratio of the first pixel area 14 at a constant maxi-
mum ratio Rmax (FIG. 12) for an input adjustment value
change in the first mode by controlling the liquid crystal panel
10.

[0116] In addition, the control circuit 162 maintains the
light emission brightness at a constant maximum luminance
Lmax (FIG. 13) for an input adjustment value change in the
first mode by controlling the first light source 128a.

[0117] Thus, the meter image 12 will be displayed at an
allowable maximum brightness B1 max (FIG. 14) in the first
mode.

[0118] In addition, the warning display gradation ratio and
the hue of the second pixel area 18 in the first mode are
adjusted to a level so that the outside image 16 is assimilated
into the background image 13 (Rass of FIG. 12). In addition,
the brightness of the second light source 1284 is controlled in
the first mode so that the light emission brightness of the
second light source 1285 accords with light emission bright-
ness of the first light source 1284 (Lmax of FIG. 13). There-
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fore, in other words, the outside image 16 is not substantially
displayed in appearance (FIG. 14).

[0119] (2) Second Mode

[0120] The control circuit 162 maintains the first meter
display gradation ratio of the first pixel area 14 and the warn-
ing display gradation ratio of the second pixel area 18 to the
same level (FIG. 12) as a case of the meter display gradation
ratio in the first mode by controlling the liquid crystal panel
10.

[0121] In addition, the control circuit 162 changes the light
emission brightness to the corresponding brightness of the
input adjustment value according to the first correlation infor-
mation of the correlation information memory 164 in the
second mode by controlling the first light source 128a. That
is, the light emission brightness of the first light source 1284
is adjusted to a value that accords with the input adjustment
value that is equal to or smaller than the intermediate bright-
ness Lmid in a range AL1 (FIG. 13) in the second mode.

[0122] Furthermore, the control circuit 162 changes the
light emission brightness to correspondence value of the input
adjustment value according to the second correlation infor-
mation of the correlation information memory 164 in the
second mode by controlling the second light source 1285.
That is, the light emission brightness of the second light
source 1285 is adjusted to a value that accords with the input
adjustment value that is equal to or smaller than the interme-
diate brightness Lmid in range AL.2 (FIG. 13) and is greater
than the light emission brightness of the first light source 128«
in the second mode.

[0123] Thus, fora purpose of displaying the meter image 12
to be brighter than the outside image 16, the images 12, 16 are,
for example, respectively displayed at suppressed brightness
of the occupant’s preference, that is, at the intermediate
brightness Blmid or smaller in a range AB1 and at the inter-
mediate brightness B2mid or smaller in a range AB2 (FIG.
14).

[0124] (3) Third Mode

[0125] The control circuit 162 maintains the meter display
gradation ratio of the first pixel area 14 to the same value
(FIG. 12) as the first mode by controlling the liquid crystal
panel 10 in the third mode.

[0126] In addition, the control circuit 162 changes the light
emission brightness to the same value as the one in the second
mode by controlling the first light source 128« in the third
mode.

[0127] Further in the third mode, the warning display gra-
dation ratio of the second pixel area 18 and the hue in the third
mode are adjusted to the gradation ratio (Rass of FIG. 12) and
the hue for letting the outside image 16 to assimilate into the
background image 13. In addition, the light emission bright-
ness of the second light source 1285 in the third mode is
controlled so that the light emission brightness accords with
the light emission brightness of the light source 128a (bright-
ness in a range AL1 of FIG. 13).

[0128] By the above control, while the meter image 12 is
displayed by suppressed brightness of the occupant’s prefer-
ence in a range AB1 (FIG. 14), the outside image 16 is not
displayed in appearance in the third mode.

[0129] The control flow by the control circuit 162 in the
second embodiment is explained next while referring to FIG.
15. In addition, because steps S201, S208 of FIG. 15 are
substantially same as steps S101, S108 of the first embodi-
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ment, the explanation is omitted, and the focus of the descrip-
tion is put on steps S202-S207 which are different from the
first embodiment.

[0130] In step S202 which comes after the control mode
was set to the first mode in step S201, the meter display
gradation ratio of the first pixel area 14 is adjusted to the
maximum ratio Rmax as the liquid crystal panel 10 being
regarded as an object of control. At the same time, the warning
display gradation ratio and the hue of the second pixel arca 18
are controlled in step S202 so that the outside image 16
assimilates to the background image 13 as the liquid crystal
panel 10 being regarded as an object of control. Then, in step
S203, the meter image 12 is displayed at an allowable maxi-
mum brightness Blmax by adjusting the light emission
brightness of the first and second light sources 128a, 1285 to
the maximum luminance Lmax, and the outside image 16 is
put in a non-display condition.

[0131] In step S204 which comes after the setting of the
control mode to the second mode in step S201, the meter
display gradation ratio of the first pixel area 14 and the warn-
ing display gradation ratio of the second pixel area 18 are
respectively adjusted to the maximum ratio Rmax as the
liquid crystal panel 10 being regarded as an object of control.
Then, in step S205, the meter image 12 is displayed at sup-
pressed brightness in a range AB1 by adjusting the light
emission brightness of the first light source 128a to the bright-
ness in a range AL1 according to the first correlation infor-
mation as the light source 1284 being regarded as an object of
control. Further, in step S205, the outside image 16 is dis-
played at suppressed brightness in a range AB2 by adjusting
the light emission brightness of the second light source 1285
to brightness in a range AL2 according to the second corre-
lation information as the second light source 1285 being
regarded as an object of control.

[0132] In addition, in step S206 which comes after the
setting of the control mode to the third mode in step S201, the
meter display gradation ratio of the first pixel area 14 and the
warning display gradation ratio and the hue of the second
pixel area 18 are adjusted as in step S202. Then, in step S207,
by controlling the light emission brightness of the first light
source 128 as in step S205, the meter image 12 is displayed at
suppressed brightness in a range AB1. Further, in step S207,
by a different method from the one in step S205, the light
emission brightness of the second light source 1285 is con-
trolled to agree with the light emission brightness of the first
light source 128a to put the outside image 16 in a non-display
condition as the light source 1285 being regarded as an object
of control.

[0133] In the second embodiment described above, by the
characteristic light emission brightness control of each of the
light sources 128a, 1285 in the second mode that displays the
outside image 16 together with the meter image 12, the same
effect as observed in the first embodiment is provided.
[0134] In addition, in the second embodiment described
above, the backlight 120 is equivalent to “illumination unit,”
the first light source 1284 is equivalent to “a meter display
light unit,” and the second light source 1285 is equivalent to “a
warning display light source.” In addition, in the second
embodiment, the imaging unit 40, the drawing unit 50 and the
main control unit 160 are equivalent to “a control unit,” and
the main control unit 160 is equivalent to a “light source
intensity control unit.”” Furthermore, in the second embodi-
ment, the correlation information memory 164 is equivalent
to a “correlation information storage part,” and the first and
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the second correlation information in the correlation infor-
mation memory 164 are equivalent to “correlation informa-
tion in the correlation information storage unit.”

Third Embodiment

[0135] The third embodiment of the present invention is the
modification of the first embodiment. In addition, in the
according to, the focus of the description is mainly put on the
difference of the third embodiment from the first embodi-
ment.

[0136] In the third embodiment, the first correlation infor-
mation and the second correlation information are defined
respectively in a manner that the meter display gradation ratio
of the first pixel area 14 and the warning display gradation
ratio of the second pixel area 18 linearly decrease, in propor-
tion to the increasing change of the input adjustment value,
from respectively different standard ratios R1 and R2 with the
linear decrease rate of the latter being smaller than the former
as shown in FIG. 16. In this case, while the standard ratio R2
of'the warning display gradation ratio in the second pixel area
18 is set to the maximum ratio of Rmax, the standard ratio R1
of'the meter display gradation ratio in the first pixel area 14 is
set to the ratio that is smaller than the standard ratio R2.
Therefore, the correlation represented by the second correla-
tion information defines the warning display gradation ratio
of the second pixel area 18 in decrease from the maximum
ratio Rmax to be greater than the meter display gradation ratio
of'the first pixel area 14 in the correlation represented by the
first correlation information for the same input adjustment
value when the input adjustment value has an increasing
change.

[0137] Thus, while the warning display gradation ratio of
the second pixel area 18 is adjusted to be equal to or smaller
than the standard ratio R2 in a range AR2 (FIG. 17) according
to the second correlation information, the meter display gra-
dation ratio of the first pixel area 14 is adjusted to be equal to
or smaller than the standard ratio R1 (the ratio R1 is smaller
than the standard ratio R2) in arange dR1 (FIG. 17) according
to the first correlation information in the second mode of the
third embodiment. Therefore, by the setting of the warning
display gradation ratio of the second pixel area 18 to be
greater than the meter display gradation ratio of pixel area 14,
relative brightness of the outside image 16 against the meter
image 12 will be increased for producing the same advanta-
geous effect as observed in the first embodiment.

[0138] In addition, in the third mode of the third embodi-
ment, the meter display gradation ratio of the first pixel area
14 is adjusted to the same level as the second mode (FIG. 17).
[0139] Further, in the third embodiment, the first correla-
tion function (cf. FIG. 5) of the first embodiment is memo-
rized as the third correlation function in the correlation infor-
mation memory 64 in addition to the first correlation
information and the second correlation information. There-
fore, the third correlation information, the meter display gra-
dation ratio of the first pixel area 14 will be adjusted to be
equal to or smaller than the maximum ratio Rmax in range
AR1 (FIG. 1) in the first mode of the third embodiment.

Fourth Embodiment

[0140] The fourth embodiment of the present invention is
the modification of the second embodiment. In addition, in
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the according to, the focus of the description is mainly put on
the difference of the fourth embodiment from the second
embodiment.

[0141] Inthe fourth embodiment, the first correlation infor-
mation and the second correlation information are defined in
a manner that the light emission brightness of the first light
source 128 and light emission brightness of the second light
source 1285 linearly decrease, in proportion to the increasing
change of the input adjustment value, from respectively dif-
ferent standard brightness L1 and 1.2 with the linear decrease
rate of the latter being smaller than the former as shown in
FIG. 18. In the present embodiment, the standard brightness
L2 of'the light emission brightness of the second light source
1286 is set to the intermediate brightness Lmid, and the
standard brightness .1 of the light emission brightness of the
first light source 128a is set to the brightness that is smaller
than the standard brightness [.2. Therefore, the correlation
represented by the second correlation information defines the
light emission brightness of the second light source 1285 in
decrease from the intermediate brightness L. mid to be greater
than the light emission brightness of the first light source 1284
in the correlation represented by the first correlation informa-
tion for the same input adjustment value when the input
adjustment value has an increasing change.

[0142] Thus, while the light emission brightness of the
second light source 1286 is adjusted to be equal to or smaller
than standard brightness 1.2 in a range AL2 (FIG. 19) of
according to the second correlation information, the light
emission brightness of the first light source 1284 is adjusted to
be smaller than the standard brightness L1 in a range 311
(FIG. 19) according to the first correlation information in the
second mode of the fourth embodiment. Therefore, by the
setting of the light emission brightness of the second light
source 1285 to be greater than the light emission brightness of
first light source 128a, relative brightness of the outside
image 16 against the brightness of the meter image 12 will be
increased for producing the same advantageous effect as
observed in the second embodiment.

[0143] In addition, in the third mode of the fourth embodi-
ment, the second light emission brightness of the first light
source 128a is adjusted to the same level (FIG. 19) as the
second mode, and the light emission brightness of the second
light source 1285 is also adjusted to the same level as the
second mode.

Fifth Embodiment

[0144] The fifth embodiment of the present invention is the
modification of the first embodiment. In addition, in the
according to, the focus of'the description is mainly put on the
difference from the first embodiment.

[0145] A liquid crystal panel 210 of a display unit 200 has
a second pixel area 218 displaying a warning image 216 and
a background image 217 in a lower part of a first pixel area
214 displaying the meter image 12 and the background image
13 in the fifth embodiment as shown in FIGS. 20, 21. The
warning image 216 is, more practically, “a warning sign-like
image” to warn and call occupant’s attention for the abnor-
mality of the vehicle, and the warning image 216 includes a
warning light image 216 and a warning light image 2165 to
respectively display engine coolant temperature abnormality
and fuel residual quantity abnormality (i.e., fuel emptiness) in
the present embodiment. The warning image 216 is displayed
in the second pixel area 218 by the drive of each pixel in the
second pixel area 218 at an abnormal time when the abnor-
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mality exists, and the warning image 216 is not displayed in
appearance at a normal time when the abnormality does not
exist. In contrast, the background image 217 is displayed as a
background to let the warning image 216 stand out in appear-
ance. Therefore, the background image 13 in the first pixel
area 214 is designated as “a first background image 13” and
the background image 217 in the second pixel arca 218 is
designated as “a second background image 217" for distin-
guishing, from each other, respective background images 13,
217 displayed in each of the pixel areas 214, 218.

[0146] In addition, the first pixel area 214 of the present
embodiment is, except for a position in the liquid crystal
panel 210, configured in the same manner as the first pixel
area 14 in the first embodiment. In addition, the alternate two
dashed line represents a virtual boundary between the first
pixel area 214 and the second pixel area 218 in FIG. 20.
[0147] For implementing the above-mentioned modifica-
tion, the warning image 216 and the second background
image 14 are memorized together with the meter image 12
and the first background image 13 image information in an
image memory 254 of a drawing unit 250 in advance as shown
in FIG. 21. In addition, the first correlation information and
the second correlation information of the memory in a corre-
lation information memory 264 of a main control unit 260
respectively provide information of the meter display grada-
tion ratio in the first pixel area 214 and the gradation ratio of
the pixel to display the warning image 216 as “the warning
sign-like image” in the second pixel area 218 (i.e., the warn-
ing image gradation ratio). Furthermore, the display on-off
switch 34 is not provided in an input unit 230.

[0148] The control circuit 262 of the main control unit 260
detects the temperature rise abnormality of the engine coolant
and the empty abnormality of the fuel residual quantity based
on a signal from the state value sensor 66 in the fifth embodi-
ment. As a result, the control circuit 262 determines “abnor-
mality” when the temperature rise abnormality of the engine
coolant or the empty abnormality of the fuel residual quantity
is detected, and determines a “normal time” when no abnor-
mality is detected.

[0149] In addition, the control circuit 262 generates a dis-
play instruction signal based on signals from each of the
switches 32, 36 and the state value sensor 66 as well as the first
and the second correlation information being read from the
correlation information memory 264. The display instruction
signal controls the drive of each pixel of the liquid crystal
panel 210 by being provided to an image drawing circuit 252
of the drawing unit 250, and “providing for the drawing
circuit 252 a display instruction signal” is described as “con-
trolling the liquid crystal panel 210 in the according to.
[0150] Further, the control circuit 262 generates a light
emission driving signal based on signals from each of the
switches 32, 36 and the state value sensor 66 as well as the first
and the second correlation information. The light emission
driving signal controls the drive of the light emitting diode 22
by being provided for the light emitting diode 22 of the
backlight 20 in the same manner as the first embodiment, and
“providing for the light emitting diode 22 the light emission
driving signal” is described as “controlling the backlight 20”
in the according to.

[0151] The display operation of the display unit 200 in the
fifth embodiment is explained next while referring to FIGS.
22 to 24. FIG. 22 shows a diagram of the light emission
brightness, FIG. 23 shows a diagram of the gradation ratio of
each of'the pixel areas 214, 218, and FIG. 24 shows brightness
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of'each of the images 12, 216. In addition, the gradation ratio
and the hue of the pixels to display the background image 13
in the first pixel area 214 are fixed to let the meter image 12
stand out from the background in the display operation and
the control flow that is described later.

[0152] (1) First Mode

[0153] The control circuit 262 of the main control unit 260
sets the control mode to the first mode when the circuit 262
receives a signal from the light switch 36 expressing all lights
off position. In addition, the first mode set in this manner is
usually realized in daytime.

[0154] More practically, the control circuit 262 maintains,
by controlling the backlight 20, the light emission brightness
at the constant maximum luminance L. max (FIG. 22) against
a change of the input adjustment value for both of the normal
time and abnormal time in the first mode.

[0155] In addition, the control circuit 262 changes, by con-
trolling the liquid crystal panel 210, the meter display grada-
tion ratio of the first pixel area 214 to a value corresponding to
the input adjustment value based on the first correlation infor-
mation in the correlation memory 264 for both of the normal
time and abnormal time in the first mode. That is, the meter
display gradation ratio of the first pixel area 214 is adjusted to
the ratio that is equal to or smaller than the maximum ratio
Rmax in a range AR1 (FIG. 23) according to the input adjust-
ment value. Therefore, in both of the normal time and abnor-
mal time of the first mode, the meter image 12 is displayed at
the maximum allowable brightness Blmax (FIG. 24) or at
suppressed brightness of occupant’s preference in a range
AB11 (FIG. 24).

[0156] Further, regarding the gradation ratio (including the
warning display gradation ratio) and the hue of the whole the
second pixel area 218, the control circuit 262 adjusts the
gradation ratio and the hue to Pass of FIG. 23 so that the
warning image 216 and the second background image 217 is
assimilated into the first background image 13 only in the
normal time of the first mode. Therefore, the warning image
216 is not displayed in appearance in the normal time of the
first mode (FIG. 24).

[0157] In contrast, the control circuit 262 changes, by con-
trolling the liquid crystal panel 210, the warning display
gradation ratio of the second pixel area 218 to a ratio corre-
sponding to the input adjustment value based on the second
correlation information in the correlation information
memory 264 in the abnormal time of the first mode. That is,
the warning display gradation ratio is adjusted to be equal to
or smaller than the ratio Rmax in a range AR2 (FIG. 23) and
to be greater than the meter display gradation ratio in the first
pixel area 214 according to the input adjustment value. There-
fore, in the abnormal time of the first mode, the warning
image 216 is displayed at the maximum allowable brightness
B2max (FIG. 24) or at suppressed brightness of occupant’s
preference in a range AB21 (FIG. 24).

[0158] In addition, in the second pixel area 218 in the
abnormal time of the first mode, the gradation ratio and the
hue of the pixel to display the second background image 217
is adjusted to the gradation ratio Rass so that the image 217 is
assimilated into the first background image 13, thereby
enabling the display of the warning image 216 to be outstand-
ing from the surrounding second background image 217.
[0159] (2) Second Mode

[0160] When a signal expressing a side lamp on position or
a headlight on position from the light switch 36 is received,
the control circuit 262 of the fifth embodiment sets the control
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mode to the second mode. In addition, the second mode set in
this manner is usually realized when the vehicle travels at
night or through a dark place.

[0161] The control circuit 262 maintains the light emission
brightness at a constant intermediate brightness Lmid (FIG.
22) for an input adjustment value change in the normal time
and the abnormal time of the second mode to be concrete by
controlling the backlight 20.

[0162] In addition, the control circuit 262 changes, by con-
trolling the liquid crystal panel 210, the meter display grada-
tion ratio of the first pixel area 214 to the same level as the first
mode (FIG. 23) in both of the normal time and the abnormal
time of the second mode. Therefore, in both of the normal
time and the abnormal time of the second mode, the meter
image 12 is displayed at suppressed brightness of occupant’s
preference that is equal to or smaller than the intermediate
brightness Blmid in a range AB12 (FIG. 24).

[0163] Further the control circuit 262 realizes the same
gradation ratio (Rass of FIG. 23) and the hue in the second
pixel area 218 as the first mode only in the normal time of the
second mode by controlling the liquid crystal panel 210.
Therefore, in the normal time of the second mode, the warn-
ing image 216 is not displayed in appearance (FIG. 24).
[0164] Incontrast,the control circuit 262 changes the warn-
ing display gradation ratio of the second pixel area 218 to the
same level as the first mode (FIG. 23) in the abnormal time of
the second mode by controlling the liquid crystal panel 210.
Therefore, the warning image 216 is displayed at suppressed
brightness of occupant’s preference that is equal to or smaller
than the intermediate brightness B2mid in a range AB22
(FIG. 24) in the abnormal time of the second mode,

[0165] Inaddition, regarding the gradation ratio and the hue
in the pixel to display the second background image 217 in the
second pixel area 218 in the abnormal time of the second
mode, the gradation ratio and the hue is adjusted to the same
level as the first mode. Thus, the warning image 216 is dis-
played in an outstanding manner against the surrounding
second background image 217.

[0166] The control flow in the control circuit 262 of'the fifth
embodiment is explained next while referring to FIG. 25. In
addition, the control flow starts when the ignition switch of
the vehicle is turned on.

[0167] First in step S301, the control mode is set to one of
the first mode and the second mode based on each of the
signals from the light switch 36.

[0168] Whenthe control mode is set to the first mode in step
S301, the process in the control flow proceeds to step S302. In
step S302, the light emission brightness of the backlight 20 is
adjusted to the maximum luminance Lmax. Then, in step
S303, the meter display gradation ratio of the first pixel area
214 is adjusted to the ratio in arange AR1 according to the first
correlation information in the liquid crystal panel 210 that is
regarded as an object of control. As a result of the control, the
meter image 12 is displayed at the maximum allowable
brightness Blmax or the suppressed brightness that is smaller
than the brightness Blmax in a range AB11.

[0169] Then, signal detection, that is, whether the tempera-
ture rise abnormality of the engine coolant or the empty
abnormality of the fuel residual quantity has been detected is
determined in step S304 based on a signal from the state value
sensor 66.

[0170] When an affirmative determination has been accom-
plished in step S304, determining as the abnormality, and the
process proceeds to step S305. In step S305, the warning
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display gradation ratio ofthe second pixel area 218 is adjusted
to the ratio in a range AR2 according to the second correlation
information in the liquid crystal panel 210 that is regarded as
an object of control. Also in the liquid crystal panel 210, the
gradation ratio and the hue of the pixel of the second back-
ground image 217 is adjusted so that the image 217 is assimi-
lated into the first background image 13 in the second pixel
area 218. As a result of the control, the warning image 216 is
displayed at the maximum allowable brightness B2max or the
suppressed brightness that is smaller than the brightness
B2max in a range AB21.

[0171] On the other hand, when a negative determination
has been accomplished in step S304, the process proceeds to
step S306 by determining that the operation is normal. Then,
in the liquid crystal panel 210 that is regarded as an object of
the control, the gradation ratio and the hue of the whole the
second pixel area 218 is adjusted so that the warning image
216 and the second background image 217 are assimilated
into the first background image 13 in step S306, thereby
putting the warning image 216 in a non-display condition.
[0172] When the control mode is set to the first mode in step
8301, the process is controlled in the above-described man-
ner. When the second mode has been set in step S301, the
process proceeds to step S307. In step S307, the light emis-
sion brightness is adjusted to the intermediate brightness
Lmid in the backlight 20 that is regarded as an object of the
control. Then, in step S308, the meter display gradation ratio
of the first pixel area 214 is adjusted in the same manner as
step S303. As a result of the control, the meter image 12 is
displayed at the suppressed brightness that is equal to or
smaller than the intermediate brightness Blmid in a range
A812.

[0173] Then, whether the temperature rise abnormality of
the engine coolant or the empty abnormality of the fuel
residual quantity has been detected is determined in step S309
in the same manner as step S304.

[0174] When an affirmative determination has been accom-
plished in step S309, the process proceeds to step S310 as
determining that the operation is abnormal. In step S310, the
warning display gradation ratio of the second pixel area 218 is
adjusted in the same manner as step S305. Also in step S310,
the gradation ratio and the hue of the pixel in the second
background image 217 are adjusted in the same manner as
step S305 in the second pixel area 218. As a result of the
control, the warning image 216 is displayed at the suppressed
brightness that is equal to or smaller than the intermediate
brightness B2mid in a range AB22.

[0175] On the other hand, when a negative determination
has been accomplished in step S309, the process proceeds to
step S311 determining that the operation is normal. Then, in
this step S311, the gradation ratio and the hue of the whole the
second pixel area 218 in the liquid crystal panel 210 are
adjusted in the same manner as step S306, and the warning
image 216 is put in a non-display condition.

[0176] In addition, after execution of step S305, S306,
S310, or S311, the process proceeds to step S312, and
whether an ignition switch is turned off is determined. When
a negative determination has been accomplished, the control
flow is finished. When an affirmative determination has been
accomplished, the process returns to step S301, and the con-
trol flow is continued.

[0177] Inthe fifth embodiment, the brightness of the warn-
ing image 216 is suppressed according to the input adjust-
ment value in the abnormal time of each mode where the
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warning image 216 is displayed together with the meter
image 12, with the suppression of the brightness of the meter
image 12. However, by the effect of the advantageous control
of the gradation ratio in each of the pixel areas 214, 218, the
relative brightness of the warning image 216 is increased
against the meter image 12, thereby preventing the deteriora-
tion of the purpose of the display of the warning image 216 for
calling occupant’s attention. In addition, the visibility of the
meter image 12 is increased by displaying the image 12 at the
sufficiently suppressed brightness of occupant’s preference.
Therefore, each of the images 216, 12 that have respectively
different display purposes is displayed appropriately in the
fifth embodiment.

[0178] Inthe fifth embodiment, the input unit 230 is equiva-
lent to “an input unit,” the imaging unit 40, the image drawing
unit 250 and the main control unit 260 are equivalent to “a
control unit,” and the drawing unit 250 and the main control
unit 260 are equivalent to “a gradation ratio adjustment unit.”
Further, the correlation information memory 264 is equiva-
lent to “a correlation information storage unit,” the first and
the second correlation information in the correlation memory
264 are equivalent to “correlation information in the correla-
tion information storage unit,” the state value sensor 66 and
the main control unit 260 are equivalent to “an abnormality
detecting unit,” and the image memory 254 is equivalent to
“image memory unit.”

Sixth Embodiment

[0179] The fifth the sixth embodiment of the present inven-
tion is the modification of the fifth embodiment. In addition,
the focus of the description is mainly put on the difference of
the sixth embodiment from the fifth embodiment.

[0180] A backlight 320 has a set of a first light emitting
diode 322a which transparently lights the first pixel area 214
of' the liquid crystal panel 210 and a first diffusion board 324
as a first light source 328 in a display unit 300 in the sixth
embodiment as shown in FIG. 26. In addition, the backlight
320 has a set of a second light emitting diode 3225 which
transparently lights the second pixel area 218 and a second
diffusion board 3244 of the liquid crystal panel 210 as a
second light source 3286.

[0181] In each of the light sources 328a, 3285, the light
emitting diodes 322qa, 3225 emit light according to the light
emission driving signal given from the main control unit 360
through the electrical connection to the control circuit 362 of
the main control unit 360. In addition, the light that is incident
from the light emitting diodes 322a, 3225 on the diffusion
boards 324a, 3245 in each of the light sources 3284, 3286 is
respectively scattered by the diffusion boards 324a, 3245 to
be emitted from light-emitting surfaces 3264, 3265 on a side
facing the liquid crystal panel 210. Therefore, each of the
pixel areas 214, 218 of the liquid crystal panel 210 will be
transparently lit up by the light sources 328a, 3285 that emit
light substantially evenly from the light-emitting surfaces
326a, 326b.

[0182] In addition, the first and the second correlation
information that are different from the fifth embodiment are
memorized beforehand in a correlation information memory
364 of the main control unit 360 in the sixth embodiment.
More practically, the first correlation information represents a
correlation between the light emission brightness in the light-
emitting surface 326a of the first light source 328a (the
brightness is designated as a “light emission brightness of the
first light source 3284” hereinafter) and the input adjustment
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on a predetermined condition. That is, the light emission
brightness of the display of the meter image 12 in the first
pixel area 214 and the input adjustment value is represented
by the first correlation information on the predetermined con-
dition. Further, the second correlation information represents
a correlation between the light emission brightness in the
light-emitting surface 3265 of the second light source 3285
(the brightness is designated as a “light emission brightness
of the second light source 3285 hereinafter) and the input
adjustment on a predetermined condition. That is, the light
emission brightness of the display of the warning image 216
in the second pixel area 218 and the input adjustment value is
represented by the second correlation information on the
predetermined condition.

[0183] In the present embodiment in particular, the first
correlation information and the second correlation informa-
tion are respectively defined in the following manner. That is,
in proportion to the increasing change of the input adjustment
value, the light emission brightness of the first light source
328a and the second light source 3285 linearly decreases
from the maximum brightness L max in an upper half of FIG.
27 or from the intermediate brightness L.mid in a lower half of
FIG. 27. The rate of the linear decrease of the light emission
brightness is smaller in the second correlation information
than in the first correlation information. That is, when the
input adjustment value is increased for the same amount, the
decreasing trend of the correlation from the brightness Lmax,
Lmid results in that the increase of the light emission bright-
ness of the second light source 3285 becomes greater than the
increase of the light emission brightness of the first light
source 328q at the same point of the input adjustment value.

[0184] In the sixth embodiment, a control circuit 362 of the
main control unit 360 as shown in FIG. 26 generates the
display instruction signal based on signals from the switches
32, 36 and the state value sensor 66 as well as based on the first
and the second correlation information being read from the
correlation information memory 364. The display instruction
signal controls the drive of each pixel of the liquid crystal
panel 210 by being given to the drawing circuit 252 of the
drawing unit 250 in the same manner as described in the fifth
embodiment. In the following description, “giving the draw-
ing circuit 252 a display instruction signal” is described as
“controlling the liquid crystal panel 210.”

[0185] In addition, the control circuit 362 generates, based
on signals from the switches 32, 36 and the state value sensor
66 as well as based on the first and the second correlation
information, the light emission driving signal. The light emis-
sion driving signal controls the drive of each of the light
emitting diodes 322a, 3225 in the light sources 328a, 3285.
Therefore, “controlling the light sources 328a, 3285 is
described as “giving the light emitting diodes 322a, 3225 the
light emission driving signal” in the following description.
[0186] The display operation of the display unit 300 in the
sixth embodiment is explained next while referring to FIGS.
28 to 30. FIG. 28 shows a diagram of the gradation ratio in
each of the pixel areas 214, 218. FIG. 29 shows the light
emission brightness of each of the light sources 328a, 3285.
FIG. 30 shows the brightness of each of the images 12, 216
and the like. In addition, the gradation ratio and the hue of the
pixel to display the first background image 13 in the first pixel
area 214 is fixed to let the display of the meter image 12 stand
out from the background in the display operation and the
control flow (described later) of the sixth embodiment.
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[0187] (1) First Mode

[0188] The control circuit 362 maintains the meter display
gradation ratio of the first pixel area 214 at a constant maxi-
mum ratio Rmax (FIG. 28) for an input adjustment value
change in the normal time and the abnormal time of the first
mode by controlling the liquid crystal panel 210.

[0189] In addition, the control circuit 362 changes the light
emission brightness to corresponding brightness of the input
adjustment value in the normal time and the abnormal time of
the first mode by controlling the first light source 328«
according to the first correlation information in the correla-
tion information memory 364 which has the maximum lumi-
nance L. max as the initial value. That is, the light emission
brightness of the first light source 328a is adjusted to the
brightness that corresponds to the input adjustment value that
is equal to or smaller than the maximum luminance L max in
arange AL11 (FIG. 29). Therefore, in whichever of the nor-
mal time and abnormal time of the first mode, the meter image
12 will be displayed at the maximum allowable brightness B1
max (FIG. 30), or at suppressed brightness of occupant’s
preference in a range AL11 (FIG. 29).

[0190] Furthermore, the control circuit 362 adjusts the gra-
dation ratio and the hue of the whole the second pixel area 218
to the level exclusively in the normal time of the first mode so
that the warning image 216 and the second background image
217 are assimilated into the first background image 13. In
addition, the control circuit 362 adjusts the light emission
brightness to the same level the light emission brightness of
the first light source 328 (the brightness in a range ALL11 of
FIG. 29) by controlling the second light source 3285. By the
above control, the warning image 216 is not displayed in
appearance in the normal time of the first mode (FIG. 30).
[0191] In contrast, the control circuit 362 maintains the
warning display gradation ratio ofthe second pixel area 218 at
aconstant maximum ratio Rmax (FIG. 28) for an input adjust-
ment value change exclusively in the abnormal time of the
first mode by controlling the liquid crystal panel 210. In
addition, the control circuit 362 changes the light emission
brightness to the corresponding brightness of the input adjust-
ment value, by controlling the second light source 3285,
according to the second correlation information in the corre-
lation information memory 364 which has the maximum
luminance Lmax as the initial value. That is, the light emis-
sion brightness of the second light source 3286 is adjusted to
the brightness that is equal to or smaller than the maximum
luminance Lmax in a range AL21 (FIG. 29) according to the
input adjustment value. By the above control, the warning
image 216 will be displayed at the maximum allowable
brightness B2max (FIG. 30), or at suppressed brightness of
occupant’s preference in a range AB21 (FIG. 30) in the abnor-
mal time of the first mode.

[0192] In addition, the gradation ratio and the hue of the
second background image 217 are adjusted to the ratio (Rass)
and a hue so that the image 217 is assimilated into the first
background image 13 in the second pixel area 218 in the
abnormal time of the first mode. In this manner, the display of
the warning image 216 is provided in an outstanding manner
against the surrounding second background image 217.
[0193] (2) Second Mode

[0194] The control circuit 362 maintains the meter display
gradation ratio of the first pixel area 214 to the same level as
the first mode (FIG. 28) in the normal time and the abnormal
time of the second mode by controlling the liquid crystal
panel 210.
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[0195] In addition, the control circuit 362 changes the light
emission brightness to the corresponding brightness of the
input adjustment value in the normal time and the abnormal
time of the second mode by controlling the first light source
328a according to the first correlation information in the
correlation information memory 364 which has the interme-
diate brightness L.mid as the initial value. That is, the light
emission brightness of the first light source 3284 is adjusted to
the corresponding brightness that is equal to or smaller than
the intermediate brightness Lmid in a range ALL12 (FIG. 29)
according to the input adjustment value. Therefore, the meter
image 12 will be displayed at the brightness that is equal to or
smaller than the intermediate brightness Blmid of occupant’s
preference in a range AB12 (FIG. 30) in whichever of the
abnormal time and the normal time of the first mode.

[0196] Furthermore, the control circuit 362 realizes the
same gradation ratio (Rass of FIG. 28) and the hue as the first
mode in pixel area 218 by controlling the liquid crystal panel
210 exclusively in the normal time of the second mode. In
addition, the control circuit 362 adjusts the light emission
brightness of the second light source 3285 to the same bright-
ness (the brightness in a range AL12 of FIG. 29) of the first
light source 328 by controlling the second light source 3285.
By the above control, the warning image 216 is not displayed
in appearance in the normal time of the second mode (FIG.
30).

[0197] In contrast, the control circuit 362 maintains the
warning display gradation ratio of the second pixel area 218
to the same level as the first mode (FIG. 28) in the abnormal
time of the second mode by controlling the liquid crystal
panel 210. In addition, the control circuit 362 changes the
light emission brightness of the second light source 328 to the
corresponding brightness of the input adjustment value by
controlling the second light source 3285 based on the second
correlation information in the correlation information
memory 364 which has the intermediate brightness Lmid as
the initial value. That is, the light emission brightness of the
second light source 3285 is adjusted to the brightness that is
equal to or smaller than the intermediate brightness in a range
AL22 (FIG. 29) according to the input adjustment value. By
the above control, the warning image 216 is displayed at
brightness that is equal to or smaller than the intermediate
brightness B2mid ofthe occupant hope in arange AB22 (FIG.
30) in the abnormal time of the second mode.

[0198] In addition, it will be adjusted so that it is it with
similar gradation ratio and a hue in the case of the first mode
about the gradation ratio of the pixel to display the second
background image 217 and the hue in the second pixel area
218 in the abnormal time of the second mode. The display of
the warning image 216 is provided in an outstanding manner
against the surrounding second background image 217 by the
above control.

[0199] The control flow in the control circuit 362 of the
sixth embodiment is explained next while referring to FIG.
31. In addition, because steps S401, S404, S411in FIG. 31 are
substantially same as steps S301, S304, S309 in the fifth
embodiment, the explanation of those steps are omitted. Steps
S402, S403, S405-S410, S412-S416 in the sixth embodiment
which are different from the fifth embodiment are explained
in the following.

[0200] In step S402 which follows S401 when the first
mode has been set in step S401, the meter display gradation
ratio of the first pixel area 214 is adjusted to the maximum
allowable ratio Rmax in the liquid crystal panel 210 that is
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considered as a control object. Then, in step S403, the light
emission brightness of the first light source is adjusted to the
brightness in a range ALL11 according to the first correlation
information that has the maximum luminance Lmax as the
initial value. Thus, the meter image 12 with brightness
Blmax of the greatest permission or the brightness that was
held down than Blmax concerned in range AB11 by these
controls.

[0201] Then, in step S405 which follows S404 when an
affirmative determination has been accomplished in step
S404, the warning display gradation ratio of the second pixel
area 218 is adjusted to the maximum ratio Rmax in the liquid
crystal panel 210 that is considered as a control object. At the
same time, the gradation ratio and the hue of the second
background image 217 in the second pixel area 218 is
adjusted to be assimilated with the first background image 13
by controlling the liquid crystal panel 210. Further, in con-
tinuing step S406, the light emission brightness of the second
light source 3286 is adjusted to the brightness in a range AL.21
according to the second correlation information that has the
maximum brightness [.max as the initial value by controlling
the second light source 3285. By the above control, the dis-
play of the warning image 216 is adjusted to the maximum
brightness B2max, or suppressed brightness that is smaller
than the brightness B2max in a range AB21.

[0202] On the other hand, in step S407 which follows S404
when a negative determination has been accomplished in step
S404, the gradation ratio and the hue of the whole second
pixel area 218 in the liquid crystal panel 210 is adjusted so that
the warning image 216 and the second background image 217
assimilate into the first background image 13 by controlling
the panel 210. In step S408, the light emission brightness of
the second light source 3285 is adjusted to agree with the light
emission brightness of the first light source 328a that has been
adjusted in a previous step S403 by controlling the second
light source 3285. By these controls, a non-display condition
of the warning image 216 is realized.

[0203] The meter display gradation ratio of the first pixel
area 214 is adjusted in the same manner as step S402 when the
control flow proceeds to in step S409 after setting the control
mode to the second mode in step S401. Then, in step S410, the
light emission brightness of the first light source 328a is
adjusted in a range ALL12 according to the thing of according
to the first correlation information that has the intermediate
brightness L.mid as the initial value by controlling the first
light source 328a successively. By the above control, the
meter image 12 is displayed at suppressed brightness that is
equal to or smaller than the intermediate brightness Blmid in
arange A812.

[0204] In step S412 which follows S411 when an affirma-
tive determination has been accomplished in step S411, the
warning display gradation ratio of the second pixel area 218 is
adjusted in the same manner as step S405. At the same time,
in step S412, the gradation ratio and the hue of the display
pixel of the second background image 217 are adjusted in the
same manner as step S405 in the second pixel area 218.
Further, in continuing step S413, the light emission bright-
ness of the second light source 3285 is adjusted adjusts in a
range AL.22 according to the thing of according to the second
correlation information that has the intermediate brightness
Lmid as the initial value by controlling the second light
source 3285. By the above control, the warning image 216 is
displayed at suppressed brightness that is equal to or smaller
than the intermediate brightness B2mid in a range AB22.
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[0205] On the other hand, in step S414 which follows S411
when a negative determination has been accomplished in step
S411, the gradation ratio and the hue of the whole second
pixel area 218 are adjusted in the same manner as step S407.
Then, in step S415, the light emission brightness of the sec-
ond light source 3285 is adjusted to agree with the light
emission brightness of the first light source 328a that has been
adjusted immediately previously in step S410. By these con-
trols, a non-display condition of the warning image 216 is
realized.

[0206] In addition, after the execution of step S406, S408,
S413, or S415, the control flow proceeds to step S416, and
whether an ignition switch determines is turned off is deter-
mined. When a negative determination has been accom-
plished, the control flow is finished. When an affirmative
determination has been accomplished, the flow returns to step
S401, and the control flow is continued.

[0207] In the sixth embodiment described above, because
characteristic control of the light sources 328a, 3285 regard-
ing the light emission brightness is provided in the abnormal
time of each of the modes where the warning image 216 is
displayed together with the meter image 12, the same advan-
tageous effect of as the fifth embodiment is achieved.

[0208] In the sixth embodiment, the backlight 320 is
equivalent to an “illumination unit,” the first light source 328«
is equivalent to a “meter display light source,” and the second
light source 3286 is equivalent to a “warning display light
source.” Further, the imaging unit 40, the drawing unit 250
and the main control unit 360 are equivalent to a “control
unit,” and the main control unit 360 is equivalent to a “light
source brightness control unit” in the sixth embodiment. Fur-
thermore, the correlation information memory 364 is equiva-
lent to a “correlation information storage unit,” the first and
the second correlation information in the correlation infor-
mation memory 364 are equivalent to “correlation informa-
tion in the correlation information storage unit,” and the state
value sensor 66 and the main control unit 360 are equivalent
to an “abnormality detection unit.”

Seventh Embodiment

[0209] The seventh embodiment of the present invention is
the modification of the second embodiment. In addition, the
focus of the description in the following is mainly put on the
difference of the seventh embodiment from the second
embodiment.

[0210] In the seventh embodiment, it is more practically
described in FIG. 32 in detail that a gradation value of the
subpixel is determined in a range between 0 and the maxi-
mum value (the range includes both of the zero and the
maximum value) when the subpixel contributing to a certain
hue expression in one pixel is further required to express
thickness for the hue expression.

[0211] In the seventh embodiment, the display instruction
signal is provided for the drawing circuit 52 of the drawing
unit 50. The instruction signal indicates that the gradation
values of the subpixels that are necessary for the hue expres-
sion are chosen in the above-described manner, and the gra-
dation values of the rest of the subpixels are set to zero.
Therefore, for the brevity of the description, the gradation
values of the subpixels that are required for the hue expression
are designated as “pixel gradation value” in the following
description.

[0212] In addition, when plural subpixels are required for
the hue expression, each of the gradation values of the sub-
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pixels is considered as the “pixel gradation value.” Therefore,
as for the maximum value of the pixel gradation value, the
combination of the values varies in the following manner.
That is, as shown in FIG. 32, the value of 63 is used as the
pixel gradation value when the hue ofred is expressed by only
one subpixel R. When two subpixels R, G are used for
expressing the hue of yellow, the pixel gradation values are
respectively 63, 31. When three subpixels R, G, B are used to
express the hue of white, the gradation values are respectively
63, 63, 63.

[0213] The display operation of the seventh embodiment is
explained in the following while referring to FIGS. 33 to 35.
FIG. 33 shows the gradation value of each of the pixel areas
14, 18. FIG. 34 shows the light emission brightness of the
light sources 128a, 1285b. FIG. 35 shows the brightness of
each of the images 12, 16. In addition, in the control flow
(described later) and the display operation of the seventh
embodiment, the gradation value and the hue of the pixel that
displays the background image 13 in the first pixel area 14 is
fixed to let the display of the meter image 12 stand out from
the background image 13.

[0214] (1) First Mode

[0215] The control circuit 162 maintains the pixel grada-
tion value to display the meter image 12 in the first pixel area
14 (i.e., a “meter display gradation value” hereinafter) at a
constant maximum value T, (FIG. 33) for an input adjust-
ment value change in the first mode by controlling the liquid
crystal panel 10.

[0216] In addition, the control circuit 162 maintains the
light emission brightness at a constant maximum luminance
Lmax (FIG. 34) for an input adjustment value change in the
first mode by controlling the first light source 128a.

[0217] The meter image 12 will be displayed at a maximum
allowable brightness 81 max (FIG. 35) in the first mode by the
above control.

[0218] In addition, the gradation value and the hue of the
whole second pixel area 18 in this first mode is adjusted so
that the outside image 16 is assimilated into the background
image 13 at the adjusted gradation value (Tass of FIG.33)and
the hue. In addition, the second light source 1285 in the first
mode is adjusted to agree with the light emission brightness of
the first light source 1284 (Lmax of FIG. 34). Therefore, the
outside image 16 is not displayed in appearance (FIG. 35).
[0219] (2) Second Mode

[0220] In the second mode, the control circuit 162 main-
tains the meter display gradation value of the first pixel area
14 and the gradation value of the whole second pixel arca 18
to the same level as the meter display gradation value (FIG.
33) in the first mode by controlling the liquid crystal panel 10.
[0221] In addition, the control circuit 162 changes the light
emission brightness of the first light source 1284 to the cor-
responding brightness of the input adjustment value accord-
ing to the first correlation information in the correlation infor-
mation memory 164 in the second mode by controlling the
first light source 128a. That is, the light emission brightness
of the first light source 1284 is adjusted to the value that is
equal to or smaller than the intermediate brightness Lmid in a
range AL1 (FIG. 34) according to the input adjustment value.
[0222] Furthermore, the control circuit 162 changes the
light emission brightness of the second light source 1285 to
the corresponding value of the input adjustment value accord-
ing to the second correlation information in the correlation
information memory 164 in the second mode by controlling
the second light source 1285. That is, the light emission
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brightness of the second light source 1285 is adjusted to the
value that is equal to or smaller than the intermediate bright-
ness Lmid in a range AL2 (FIG. 34) and is greater than the
light emission brightness of the first light source 128a in the
second mode according to the input adjustment value.
[0223] Therefore, for example, the controlled images 12,
16 will be respectively displayed at suppressed brightness of
occupant’s preference that is equal to or smaller than the
intermediate brightness Blmid in a range AB1 and B2mid in
a range AB2 (FIG. 35) in the second mode by the above
control so that the outside image 16 becomes brighter than the
meter image 12.

[0224] (3) Third Mode

[0225] The control circuit 162 maintains the meter display
gradation value of the first pixel area 14 at the same level as
the first mode (FIG. 33) in the third mode by controlling the
liquid crystal panel 10.

[0226] In addition, the control circuit 162 changes the light
emission brightness to the same level as the second mode
(FIG. 34) in the third mode by controlling the first light source
128a.

[0227] Therefore, the gradation value and the hue of the
whole second pixel area 18 in the third mode are adjusted so
that the outside image 16 is assimilated into the background
image 13 at the adjusted gradation value (Tass of FIG. 33) and
the hue. In addition, the light emission brightness of the
second light source 1285 in the third mode is controlled so
that the light emission brightness accords with the light emis-
sion brightness of the first light source 128a (the brightness in
arange AL1 of FIG. 34).

[0228] Therefore, in the third mode, while the meter image
12 is displayed at suppressed brightness of occupant’s pref-
erence in a range AB1 (FIG. 35) by the above control, the
outside image 16 is not displayed in appearance.

[0229] The control flow of the seventh embodiment is
explained successively while referring to FIG. 36. In this
case, because steps S501, S508 are substantially same as
steps S201, S208 of the second embodiment, the explanation
of those steps is omitted, and steps S502-S507 which are
different from the second embodiment are explained in the
following description.

[0230] In step S502 which follows S501 when the first
mode is set in step S501, the meter display gradation value of
the first pixel area 14 is adjusted to the maximum value T,, .
by controlling the liquid crystal panel 10. Also in step S502,
the gradation value and the hue of the whole second pixel area
18 is adjusted so that the outside image 16 is assimilated into
the background image 13 by controlling the panel 10. After
the above-mentioned control, in step S503, the meter image
12 is displayed at the maximum allowable brightness B1max
and the outside image 16 is put in a non-display condition by
adjusting the light emission brightness to the maximum lumi-
nance L.max for both of the first and the second light sources
128a, 1284.

[0231] On the other hand, in step S504 which follows S501
when the second mode is set in step S501, the meter display
gradation value of the first pixel area 14 and the gradation
value of the whole second pixel area 18 are adjusted to the
maximum value T,,,. by controlling the liquid crystal panel
10. In step S505, the meter image 12 is displayed at sup-
pressed brightness in a range AB1 by adjusting the light
emission brightness to brightness in a range A1 according to
the first correlation information by controlling the first fight
source 128a successively. Also in step S505, the light emis-
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sion brightness is adjusted to the brightness in a range AL2
according to the second correlation information by control-
ling the second light source 1285 so that the outside image 16
is displayed at suppressed brightness in a range AB2.

[0232] Onthe other hand, in step S506 which follows S501
when the third mode is set in step S501, the meter display
gradation value in the first pixel area 14 and the gradation
value and the hue of the whole second pixel arca 18 are
adjusted in the same manner as step S502. In step S507, the
light emission brightness of the first light source 128a is
adjusted in the same manner as step S505 so that the meter
image 12 is displayed at brightness in a range AB1. Also in
step S507, the light emission brightness of the second light
source 1285 is adjusted to agree with the light emission
brightness of the first light source 128 practically in a manner
that is different from step S505 to put the outside image 16 in
a non-display condition.

[0233] According to the operation scheme in the seventh
embodiment as described above, characteristic light emission
brightness is provided for each of the light sources 128a, 1285
in the second mode where the outside image 16 is displayed
together with the meter image 12, thereby producing the same
advantageous effect as observed in the second embodiment.

Eighth Embodiment

[0234] The eighth embodiment of the present invention is
the modification of the sixth embodiment. In addition, the
focus of the description is mainly put on the difference from
the sixth embodiment.

[0235] Thedisplay instruction signal which defines the gra-
dation value substantially in the same manner as the seventh
embodiment will be given to the drawing circuit 252 of the
drawing unit 250 as shown in FIG. 32 in the eighth embodi-
ment. Therefore, in the present embodiment, the gradation
value of the subpixel that is required for the hue expression is
explained as the “pixel gradation value” among subpixels that
constitute a pixel.

[0236] The display operation of the eighth embodiment is
explained in the following while referring to FIGS. 37 to 39.
FIG. 37 shows a diagram of the gradation value in each of the
pixel areas 214, 218. FIG. 38 shows a diagram of the light
emission brightness of each of the light sources 328a, 3285.
FIG. 39 shows the brightness of each of the images 12, 216
and the like. In addition, the gradation value and the hue of the
pixel to display the background image 13 in the first pixel area
214 are fixed to let the meter image 12 stand out from the
background in the display operation and the control flow that
is described later.

[0237] (1) First Mode

[0238] The control circuit 362 maintains meter display gra-
dation value of the first pixel area 214 at a constant maximum
value T,,,. (FIG. 37) against an input adjustment value
change in the normal time and the abnormal time of the first
mode by controlling the liquid crystal panel 210.

[0239] In addition, the control circuit 362 changes the light
emission brightness to the corresponding brightness of the
input adjustment value in the normal time and the abnormal
time of the first mode by controlling the first light source 3284
according to the first correlation information in the correla-
tion information memory 364 that has the maximum lumi-
nance L. max as the initial value. That is, the light emission
brightness of the first light source 328a is adjusted to the
brightness that is equal to or smaller than the maximum
luminance Lmax in a range AL11 (FIG. 38) according to the
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input adjustment value. Therefore, in whichever of the normal
time and the abnormal time of'the first mode, the meter image
12 will be displayed at the maximum allowable brightness
Blmax (FIG. 39), or suppressed brightness of occupants pref-
erence in a range AB11 (FIG. 39).

[0240] Further, the control circuit 362 adjusts the gradation
value and the hue of the whole second pixel area 218 to alevel
so that the warning image 216 and the second background
image 217 are assimilated into the first background image 13
at the adjusted gradation value (Tass of FIG. 37) and hue. In
addition, the control circuit 362 controls the light emission
brightness of the second light source 3285 to agree with the
light emission brightness (the brightness in a range ALL11 of
FIG. 38) of the first light source 328a. By the above control,
the warning image 216 is not displayed in appearance in the
normal time of the first mode (FIG. 39).

[0241] In contrast, the control circuit 362 maintains the
pixel gradation value to display the warning image 216 as the
“warning sign-like image” in the second pixel area 218 by
controlling the liquid crystal panel 210 (the gradation value is
designated as a “warning display gradation value” hereinat-
ter) at a constant maximum value T,,,, (FIG. 37) against an
input adjustment value change in the abnormal time of the
first mode. In addition, the control circuit 362 changes, by
controlling the second light source 3284, the light emission
brightness to the corresponding brightness of the input adjust-
ment value according to the second correlation information in
the correlation information memory 364 that has the maxi-
mum luminance L max as the initial value. That is, the light
emission brightness of the second light source 3285 is
adjusted to the brightness that is equal to or smaller than the
maximum luminance Lmax in a range AL21 (FIG. 38)
according to the input adjustment value. The warning image
216 will be displayed at the maximum allowable brightness
B2max (FIG. 39), or at suppressed brightness of the occu-
pant’s preference in a range AB21 (FIG. 39) in the abnormal
time of the first mode by the above control.

[0242] In addition, in the second pixel area 218 in the
abnormal time of the first mode, the gradation value and the
hue of the pixel to display the second background image 217
is adjusted to the value (Tass) and hue so that the image 217 is
assimilated into the first background image 13. Therefore, the
display of the warning image 216 is provided in an outstand-
ing manner from the second background image 217 that sur-
rounds the image 216.

[0243] (2) Second Mode

[0244] The control circuit 362 maintains the meter display
gradation value of the first pixel area 214 at the same level as
the first mode (FIG. 37) in the normal time and the abnormal
time of the second mode by controlling the liquid crystal
panel 210.

[0245] In addition, the control circuit 362 changes, by con-
trolling the first light source 328a, the light emission bright-
ness to the corresponding brightness of the input adjustment
value in the normal time and the abnormal time of the second
mode according to the first correlation information in the
correlation information memory 364 that has the intermediate
brightness [.mid as the initial value among. That is, the light
emission brightness of the first light source 3284 is adjusted to
the brightness that is equal to or smaller than the intermediate
brightness Lmid in a range ALL12 (FIG. 38) according to the
input adjustment value. Therefore, in whichever of the abnor-
mal time and the normal time of the first mode, the meter
image 12 will be displayed at suppressed brightness of the
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occupants preference that is equal to or smaller than the
intermediate brightness Blmid in a range AB12.

[0246] Further, the control circuit 362 realizes similar gra-
dation value (Tass of FIG. 37) and hue in the first mode in
pixel area 218 exclusively in the normal time of the second
mode by controlling the liquid crystal panel 210. In addition,
the control circuit 362 matches the light emission brightness
of'the second light source 3285 with light emission brightness
of'the first light source 3284 (the brightness in a range AL.12
of FIG. 38) by controlling the second light source 3285. By
the above control, the warning image 216 is not displayed in
appearance in the normal time of the second mode (FIG. 39).
[0247] In contrast, the control circuit 362 maintains the
warning display gradation value of the second pixel area 218
at the same level as the first mode (FIG. 37) in the abnormal
time of the second mode by controlling the liquid crystal
panel 210. In addition, the control circuit 362 changes, by
controlling the second light source 3284, the light emission
brightness to the corresponding brightness of the input adjust-
ment value according to the second correlation information in
the correlation information memory 364 that has the interme-
diate brightness L.mid as the initial value. That is, the light
emission brightness of the second light source 3285 is
adjusted to the brightness that is equal to or smaller than the
intermediate brightness Lmid in a range AL22 (FIG. 38)
according to the input adjustment value, The warning image
216 is displayed in the abnormal time of the second mode at
suppressed brightness of the occupant’s preference that is
equal to or smaller than intermediate brightness B2mid in a
range AB22 (FIG. 39) by the above control.

[0248] In addition, the gradation value and hue of the pixel
to display the second background image 217 in the second
pixel area 218 in the abnormal time of the second mode is
adjusted to the same gradation and hue as the first mode. The
display of the warning image 216 is provided in an outstand-
ing manner from the second background image 217 that sur-
rounds the image 216 by the above control.

[0249] Successively, the control flow of the eighth embodi-
ment is explained while referring to FIG. 40. In addition,
because steps S601, S604, S611, S616 in FIG. 40 are same as
steps S501, S404, S411, S416 substantially, only steps S602,
S603, S605-S610, S612-S615 which are different from the
first embodiment are explained in the following description.
[0250] In step S602 which follows S602 when the first
mode is set in step S601, the meter display gradation value of
the first pixel area 214 is adjusted to the maximum value
Tmax by controlling the liquid crystal panel 210. Then, in
step S603, the light emission brightness of the first light
source 328a is adjusted to in a range ALL11 according to the
first correlation information that has the maximum luminance
Lmax as the initial value. The meter image 12 is displayed the
maximum allowable brightness Blmax, or suppressed bright-
ness that is smaller than Blmax in a range AB11 by these
controls.

[0251] Then, in step S605 which follows S604 when an
affirmative determination has been accomplished in step
S604, the warning display gradation value of the second pixel
area 218 is adjusted to the maximum value T, by control-
ling the liquid crystal panel 210. At the same time, the gra-
dation value and hue of the pixel to display the second back-
ground image 217 in the second pixel area 218 is adjusted in
step S605 so as to assimilate the image 217 into the first
background image 13 by controlling the liquid crystal panel
210. Further, in continuing step S606, the light emission
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brightness of the second light source 3285 is adjusted in a
range AL.21 according to the second correlation information
that has the maximum luminance Lmax as the initial value.
The warning image 216 is displayed at the maximum allow-
able brightness B2max, or suppressed brightness that is
smaller than B2max in a range AB21 by these controls.
[0252] Onthe other hand, in step S607 which follows S604
when a negative determination has been accomplished in step
S604, the gradation value and hue of the whole second pixel
area 218 are adjusted so that the liquid crystal panel 210 is
adjusted so that the warning image 216 and the second back-
ground image 217 assimilate into the first background image
13 by controlling the liquid crystal panel 210. Then, in step
S608, the light emission brightness of the second light source
328b is adjusted to match the light emission brightness of the
first light source 328a that is adjusted immediately previously
in step S603. By these controls, anon-display condition of the
warning image 216 is realized.

[0253] In step S609 which follows S601 when the second
mode is set in step S601, the meter display gradation value of
the first pixel area 214 is adjusted in the same manner as step
S602. Then, in step S610, the light emission brightness of the
first light source 328a is adjusted in a range AL12 according
to the first correlation information that has the intermediate
brightness L. mid as the initial value by controlling the first
light source 328a. The meter image 12 is displayed at sup-
pressed brightness that is equal to or smaller than the inter-
mediate brightness Blmid in a range AB12 by these controls.
[0254] In step S612 which follows S611 when an affirma-
tive determination has been accomplished in step S611, the
warning display gradation value and hue of the second pixel
area 218 is adjusted in the same manner as step S605. At the
same time, in step S612, the gradation value and the hue of the
display pixel of the second background image 217 in the
second pixel area 218 are adjusted in the same manner as step
S605. Further, in continuing step S613, the light emission
brightness of the second light source 3285 is adjusted in a
range AL.22 according to the second correlation information
that has the intermediate brightness Lmid as the initial value.
The warning image 216 is, by these controls, displayed at the
brightness that is equal to or smaller than the intermediate
brightness B2mid in a range AB22.

[0255] On the other hand, in step S614 which follows when
anegative determination has been accomplished in step S611,
the gradation value and the hue of the whole second pixel area
218 are adjusted in the same manner as step S607. Then, in
step S615, the light emission brightness of the second light
source 328b is adjusted to agree with the light emission
brightness of the first light source 3284 adjusted immediately
previously in step S610. By these controls, a non-display
condition of the warning image 216 is realized.

[0256] Inthe eighth embodiment described above, because
characteristic control of each of the light sources 328a, 3285
regarding the light emission brightness is provided in the
abnormal time of each of the modes where the warning image
216 is displayed together with the meter image 12, the same
advantageous effect as the sixth embodiment is achieved.

Ninth Embodiment

[0257] The ninth embodiment of the present invention is
the modification of the first embodiment and the fifth embodi-
ment. In addition, the focus of the description in the following
is mainly put on the difference of the ninth embodiment from
the preceding embodiments.
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[0258] Inthe ninth embodiment, the liquid crystal panel 10
of'the display unit 1 has the second pixel area 218 displaying
the warning image 216 and the background image 217 in the
lower part of the first pixel area 14 as shown in FIG. 41. The
warning image 216 includes the waning light image 216a for
the engine coolant temperature warning and the warning light
image 2165 for the fuel emptiness warning in the present
embodiment.

[0259] Inthe present embodiment, the “night-view image,”
that is, the outside image 16 may be displayed together with
the warning light images 2164, 2165. When the engine cool-
ant temperature warning and/or the fuel emptiness warning is
required while the outside image 16 is displayed, the grada-
tion ratio of the warning images 2164, 2165 (i.c., the warning
display gradation ratio) of the second pixel area 218 is con-
trolled to be greater than the meter display gradation ratio of
the first pixel area 14. Further, the warning display gradation
ratio of the images 216a, 2165 may be made equal to the
gradation ratio of the outside image 16, or may be controlled
to be greater than the gradation ratio of the outside image 16
when the warning is provided.

[0260] By the above control, the same advantageous effect
of'the fifth embodiment for letting the warning stand out from
the meter image 12 is achieved without compromising the
merit of the displaying the outside image 16 in combination
with the meter image 12.

Other Embodiments

[0261] Although the present invention has been fully
described in connection with the preferred embodiment
thereof with reference to the accompanying drawings, it is to
be noted that various changes and modifications will become
apparent to those skilled in the art.

[0262] For example, as a combination of the first and third
embodiments or a combination of the second and fourth
embodiments, the brightness of the images 12, 16 may be
adjusted by changing both of the gradation ratio of the pixel
areas 14, 18 and the light emission brightness of the light
sources 128a, 1285. Further, the fifth embodiment and the
sixth embodiment may be combined so that the brightness of
images 12, 216 may be adjusted in the same manner as the
original embodiments by changing both of the gradation ratio
of'pixel areas 214, 218 and the light emission brightness of the
light sources 328a, 3285. Furthermore, at least one of the first
through fourth and seventh embodiments and at least one of
the fifth, sixth and eighth embodiments may be combined for
displaying both of the outside image 16 and the warning
image 216 in the display scheme of the present embodiment.
[0263] The transparent liquid crystal panels 10, 210 in the
first to eighth embodiment may be replaced with the reflec-
tion liquid crystal panel as well. In this case, for the lighting
of the panel, the reflective lighting unit that lights the panels
10, 210 from a front of the panels may be used.

[0264] The backlight 20 in the first, third and fifth embodi-
ments that emits light as a combination of the light emitting
diode 22 and the diffusion board 24 may be replaced with
other light sources as long as the light emission brightness of
the light source is adjustable. Similarly, various sources of
light that can adjust the light emission brightness may be used
to replace the light sources of the backlights 120, 320 in the
second, fourth and sixth to eighth embodiments, that is, the
light sources 1284, 1285, 3284, 3285 that are provided as the
combination of the light emitting diodes 122a, 1225, 3224,
3225 with the diffusion boards 124a, 1245, 324a, 3245.
[0265] In the first to ninth embodiments, not only the
EEPROM that readily stores information prior to the shipping
from the factory but also the other kind of ROM may be used
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to implement the image memories 54, 254 and the correlation
information memories 64, 164, 264, 364. In addition, the
gradation ratio or the light emission brightness may be
changed multi-dimensionally, or may be changed stepwise
instead of changing linearly when the input adjustment value
is changed in those embodiments. That is, the correlation
information memorized in the correlation information memo-
ries 64, 164, 264, 364 may represent a multi-dimensional
function, a stepwise function, or other function for the input
adjustment value change. Furthermore, the input adjustment
value may be defined as stepwise change, or may be defined
as continuous change. That is, the continuous change of the
input adjustment value may correspond to an arbitrary posi-
tioning of operation positions of the liquid crystal adjustment
switch 32 within a predetermined limit.

[0266] In the first to ninth embodiments, the meter image
12 may represent vehicle conditions of travel distance or the
like from the sensor 66, besides the condition values of
vehicle speed, engine rotation, engine coolant temperature,
fuel residual quantity or the like. Further, the outside image 16
may display the image captured by a visible light capture
device to, for example, capture the reflection of the visible
light in a front, side and rear field of the vehicle in the first to
fourth and seventh embodiments. Furthermore, in the fifth,
sixth and eighth embodiments, the abnormality except for the
temperature rise abnormality of the engine coolant and the
empty abnormality of the fuel residual quantity may be dis-
played as the warning image 216. That is, for example, wheel
locking by ABS system may be detected and displayed by the
image 216.

[0267] When the visible light image is utilized as the out-
side image 16 as described above in the first and third embodi-
ments, the warning display gradation ratio of the second pixel
area 18 in the first mode and the meter display gradation ratio
of' the first pixel area 14 in the first mode may be adjusted so
that the former is greater than the latter in the same manner as
the second mode. In addition, in the fifth embodiment, the
first and second correlation information of the third embodi-
ment may be adopted. Likewise, the first and second correla-
tion information of the fourth embodiment may be adopted in
the sixth embodiment. Furthermore, in the third, fifth, sixth
and eighth embodiments, the brightness of the images 12,216
in the first mode may be maintained at a constant value.
[0268] When the gradation is controlled in the first to ninth
embodiments so that the images assimilate with each other in
the panel 10, the thin-film transistors corresponding to the
electrode of each of the subpixels of the display pixel in the
liquid crystal panel 10 are usually provided with electricity to
turn the liquid crystal of the pertinent part to an ON state. In
contrast, the images can be assimilated with each other by
cutting the electricity off from the thin-film transistor corre-
sponding to the electrode of each of the subpixels of the
display pixel to turn the liquid crystal of the pertinent part to
an OFF state.

[0269] The present invention may be applied to, for
example, a head up display unit that lets a combiner virtually
display the display image of the liquid crystal panel besides
being applied to a vehicle display unit functioning as the
combination meter.

[0270] Such changes and modifications are to be under-
stood as being within the scope of the present invention as
defined by the appended claims.

What is claimed is:

1. A display apparatus for use in a vehicle comprising:

a liquid crystal panel capable of displaying an image in a
vehicle, wherein the liquid crystal panel includes a meter
display pixel that displays a meter image to represent a
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vehicle condition value and a warning display pixel that
displays a warning image to warn the of the vehicle;

an illumination unit capable of lighting the liquid crystal
panel by emitting light;

an input unit capable of accepting an input from an occu-
pant of the vehicle, wherein the input unit receives the
input of an adjustment value for controlling brightness
of the image including the meter image and the warning
image; and

a control unit capable of controlling the liquid crystal panel
and the illumination unit, wherein the control unit
changes both of a meter display gradation ratio and a
warning display gradation ratio according to the adjust-
ment value so that the warning display gradation value is
greater than the meter display gradation value when the
meter display gradation ratio is defined as a ratio of the
gradation value of the meter display pixel to a predeter-
mined gradation value and the warning display grada-
tion ratio is defined as a ratio of the gradation value of the
warning display pixel to a predetermined gradation
value.

2. The display apparatus of claim 1, wherein

the control unit includes a correlation information storage
capable of storing correlation information that repre-
sents correlation between the adjustment value and both
of the meter display gradation ratio and the warning
display gradation ratio and a gradation ratio control unit
capable of controlling the meter display gradation ratio
and the warning display gradation ratio according to the
correlation information stored in the correlation infor-
mation storage.

3. The display apparatus of claim 2, wherein

the correlation information represents a decreasing corre-
lation trend between the adjustment value and both of
the meter display gradation ratio and the warning dis-
play gradation ratio,

the meter display gradation ratio and the warning display
gradation ratio start decreasing from a same ratio, and

the warning display gradation ratio is greater than the meter
display gradation ratio in the decreasing correlation
trend.

4. The display apparatus of claim 3, wherein

the decreasing correlation trend is a linear decrease from
the same ratio for both of the meter display gradation
ratio and the warning display gradation ratio, and

a ratio of the linear decrease is smaller in the warning
display gradation ratio than in the meter display grada-
tion ratio.

5. The display apparatus of claim 2, wherein

the correlation information represents a decreasing corre-
lation trend between the adjustment value and both of
the both of the meter display gradation ratio and the
warning display gradation ratio,

the meter display gradation ratio and the warning display
gradation ratio start decreasing from respective standard
ratios, and

the standard ratio of the warning display gradation ratio is
greater than the standard ratio of the meter display gra-
dation ratio.

6. The display apparatus of claim 5, wherein

the decreasing correlation trend is a linear decrease from
the respective standard ratio for the meter display gra-
dation ratio and the warning display gradation ratio, and
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a ratio of the linear decrease is smaller in the warning
display gradation ratio than in the meter display grada-
tion ratio.

7. The display apparatus of claim 1, wherein

the input unit receives whether to display the warning
image or not as the input,

the control unit includes a capture unit capable of capturing
and acquiring an outside image that images an outside
field of the vehicle and a gradation ratio control unit
capable of controlling the warning display gradation
ratio when the warning image is displayed according to
the input from the input unit after being captured by the
capture unit as the outside image.

8. The display apparatus of claim 1, wherein

the control unit includes an abnormality detection unit
capable of detecting abnormality of the vehicle, an
image storage capable of storing a caution image that
provides caution of the abnormality, and a gradation
ratio control unit capable of controlling the warning
display gradation ratio when the abnormality is detected
by the abnormality detection unit and the caution image
stored in the image storage serves as the warning image.

9. The display apparatus of claim 1, wherein

the illumination unit has a light source capable of lighting
a whole body of the liquid crystal panel, and

the control unit maintains lighting brightness of the light
source at constant brightness irrespective of change of
the adjustment value.

10. A display apparatus for use in a vehicle comprising:

a liquid crystal panel capable of displaying an image in a
vehicle, wherein the liquid crystal panel includes a meter
display pixel that displays a meter image to represent a
vehicle condition value and a warning display pixel that
displays a warning image to warn the of the vehicle;

an illumination unit capable of lighting the liquid crystal
panel by emitting light, wherein the illumination unit
includes a meter light that emits light for lighting the
meter image and a warning light that emits light for
lighting the warning image;

an input unit capable of accepting an input from an occu-
pant of the vehicle, wherein the input unit receives the
input of an adjustment value for controlling brightness
of the image including the meter image and the warning
image; and

acontrol unit capable of controlling the liquid crystal panel
and the illumination unit,

wherein the control unit changes both of a meter light
brightness and a warning light brightness according to
the adjustment value so that the warning light brightness
is greater than the meter light brightness when the meter
light brightness is defined as brightness of the light from
the meter light and the warning light brightness is
defined as brightness of the light from the warning light.

11. The display apparatus of claim 10, wherein

the control unit includes a correlation information storage
capable of storing correlation information that repre-
sents correlation between the adjustment value and both
of the meter light brightness and the warning light
brightness and a lighting brightness control unit capable
of controlling the meter light brightness and the warning
light brightness according to the correlation information
stored in the correlation information storage.
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12. The display apparatus of claim 11, wherein

the correlation information represents a decreasing corre-
lation trend between the adjustment value and both of
the meter light brightness and the warning light bright-
ness,

the meter light brightness and the warning light brightness
start decreasing from same brightness, and

the warning light brightness is greater than the meter light
brightness in the decreasing correlation trend.

13. The display apparatus of claim 12, wherein

the decreasing correlation trend is a linear decrease from
the same brightness for both of the meter light brightness
and the warning light brightness, and

a ratio of the linear decrease is smaller in the warning light
brightness than in the meter light brightness.

14. The display apparatus of claim 11, wherein

the correlation information represents a decreasing corre-
lation trend between the adjustment value and both of
the both of the meter light brightness and the warning
light brightness,

the meter light brightness and the warning light brightness
start decreasing from respective standard brightness,
and

the standard brightness of the warning light brightness is
greater than the standard brightness of the meter light
brightness.

15. The display apparatus of claim 14, wherein

the decreasing correlation trend is a linear decrease from
the respective standard brightness for the meter light
brightness and the warning light brightness, and

a ratio of the linear decrease is smaller in the warning light
brightness than in the meter light brightness.

16. The display apparatus of claim 10, wherein

the input unit receives whether to display the warning
image or not as the input,

the control unit includes a capture unit capable of capturing
and acquiring an outside image that images an outside
field of the vehicle and a lighting brightness control unit
capable of controlling the warning light brightness when
the warning image is displayed according to the input
from the input unit after being captured by the capture
unit as the outside image.

17. The display apparatus of claim 10, wherein

the control unit includes an abnormality detection unit
capable of detecting abnormality of the vehicle, an
image storage capable of storing a caution image that
provides caution of the abnormality, and a lighting
brightness control unit capable of controlling the warn-
ing light brightness when the abnormality is detected by
the abnormality detection unit and the caution image
stored in the image storage serves as the warning image.

18. The display apparatus of claim 10, wherein

the control unit maintains both of a meter display gradation
ratio and a warning display gradation ratio respective at
same ratios irrespective of change of the adjustment
value when the meter display gradation ratio is defined
as aratio of the gradation value of the meter display pixel
to a predetermined gradation value and the warning dis-
play gradation ratio is defined as a ratio of the gradation
value of the warning display pixel to a predetermined
gradation value.

19. The display apparatus of claim 10, wherein

the control unit maintains the gradation value of the meter
display pixel and the gradation value of the warning
display pixel respectively at constant value irrespective
of change of the adjustment value.
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