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(57) ABSTRACT

A liquid crystal display device (100) includes mean value
computing sections (9a, 95) and an optical intensity regula-
tion section (11). The mean value computing section (9a)
outputs amean luminance level (A1) for the pixels forming an
image display produced in a driver seat display area (2). The
mean value computing section (95) outputs a mean luminance
level (A2) for the pixels forming an image display produced
in a front passenger seat display area (3). The optical intensity
regulation section (11) controls (regulates) the output optical
intensity of backlights (4a, 45) according to the mean lumi-
nance level (A1) and the mean luminance level (A2). As a
result, the luminance of the image display in the front pas-
senger seat display area (3) is further limited than the lumi-
nance of the image display in the driver seat display area (2).
The control ensures high visibility of image displays for the
driver.

3 Claims, 8 Drawing Sheets
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FIG. 3
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DISPLAY DEVICE, METHOD OF
CONTROLLING SAME, COMPUTER
PROGRAM FOR CONTROLLING SAME, AND
COMPUTER PROGRAM STORAGE MEDIUM

TECHNICAL FIELD

The present invention relates to display devices showing
images to passengers in vehicles, aircraft, vessels, and other
mode of transport.

BACKGROUND ART

Many display devices have been mounted to automobiles
to show various images. The images displayed on the devices
include those from a navigation system, those from an
onboard audio system, those indicating driving information
on the automobile (speed, traveled distance, direction,
remaining amount of fuel, etc.), those from security cameras
mounted around the automobile, and those from a television
receiver.

A recent development is an onboard dashboard with a
display screen at a large aspect ratio (elongated widthwise)
extending from close to the driver seat to close to the front
passenger’s seat. The display screen is divided into a driver-
side display area and a passenger-side display area. Different
images are shown in display areas. See Japanese published
patent application 6-195056/1994 (Tokukaihei 6-195056;
published on Jul. 15, 1994, paragraph [0049].

The information needed by the driver (for example, the
aforementioned driving-related information) is shown in the
driver-side display area on the display screen. The informa-
tion needed by a fellow passenger (for example, television
image) is shown in the passenger-side display area on the
display screen.

The display screen is thus capable of simultaneously dis-
plays of the information needed by the driver and information
needed by a fellow passenger.

The display screen however has following problems. The
driver-side display area, where driving-related information,
etc. is being displayed in a typical situation, has relatively low
luminance. Suppose that the passenger-side display area is
showing a television image or movie, there are probably
involved some scenes which require significantly elevated
levels of luminance in the passenger-side display area. The
resultant level of luminance in the passenger-side display area
may be higher than that in the driver-side display area. Illu-
mination in the passenger-side display area can be glaring
relative to the driver-side display area. The driver possibly has
trouble recognizing the display in the driver-side display area.
So, illumination in the passenger-side display area may be a
cause that disrupts driver’s visibility.

The present invention, conceived in view of the problems,
has an objective to provide a display device with separate
display areas for images shown to the driver and those shown
to a fellow passenger. The display device must be of a kind
that ensures good visibility for the image shown to the driver.
Other objectives are to provide a method of controlling the
display device, a computer program of controlling the display
device, and a computer program storage medium.

DISCLOSURE OF INVENTION

A display device in accordance with the present invention,
to achieve the objectives, is characterized in that the device is
a display device mounted to a mode of transport including at
least a first display area and a second display area which is
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closer to a position of an operator than is the first display area
when the display device is mounted to the mode of transport.
The display device is also characterized in that the display
device includes: first luminance level output means output-
ting a first luminance level representing luminance of an
image display produced in the first display area; second lumi-
nance level output means outputting a second luminance level
representing luminance of an image display produced in the
second display area; and luminance limiting means correct-
ing according to the first luminance level and the second
luminance level so that the luminance of the image display
produced in the first display area is further limited than the
luminance of the image display produced in the second dis-
play area.

A method of controlling a display device in accordance
with the present invention is characterized in that the method
is a method of controlling a display device mounted to a mode
of transport including at least a first display area and a second
display area which is closer to a position of an operator than
is the first display area when the display device is mounted to
the mode oftransport. The method is also characterized in that
the method includes the steps of: outputting a first luminance
level representing luminance of an image display produced in
the first display area; outputting a second luminance level
representing luminance of an image display produced in the
second display area; and correcting according to the first
luminance level and the second luminance level so that the
luminance of the image display produced in the first display
area is further limited than the luminance of the image display
produced in the second display area.

The configuration or steps corrects according to the first
luminance level and the second luminance level so that the
luminance of the image display produced in the first display
area is further limited than the luminance of the image display
produced in the second display area. The correction results in
illumination in the first display area no longer glaring relative
to the second display area which is closer to the operator’s
position than is the first display area. This in turn ensures, for
the operator, good visibility of the display in the second
display area which is closer to the operator’s position than is
the first display area.

Additional objects, advantages and novel features of the
invention will be set forth in part in the description which
follows, and in part will become apparent to those skilled in
the art upon examination of the following or may be learned
by practice of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram schematically illustrating the
configuration of a liquid crystal display device in accordance
with an embodiment of the present invention.

FIG. 2 is a schematic drawing illustrating the interior of an
automobile equipped with a display panel in the liquid crystal
display device shown in FIG. 1.

FIG. 3 is an enlarged schematic view of part of the display
panel shown in FIG. 2.

FIG. 4 is a flow chart illustrating a process flow for con-
trolling the display luminance of the liquid crystal display
device shown in FIG. 1.

FIG. 5 is a block diagram schematically illustrating the
configuration of a liquid crystal display device in accordance
with another embodiment of the present invention.

FIG. 6 is a graph representing brightness inside an auto-
mobile vs. luminance of images shown in display areas as
achieved by an optical intensity regulation data correction
section shown in FIG. 5.
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FIG. 7 is a block diagram schematically illustrating the
arrangement of a liquid crystal display device in accordance
with a further embodiment of the present invention.

FIG. 8 is a block diagram schematically illustrating the
arrangement of a liquid crystal display device in accordance
with still another embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The following will describe an embodiment of the present
invention in reference to drawings.

A liquid crystal display device (display device) in accor-
dance with the present embodiment is provided inside an
automobile (mode of transport). The device shows images to
both the driver in the driver seat (operator’s position) and the
passenger in the front passenger seat.

FIG. 2 is a schematic drawing illustrating the interior of an
automobile equipped with the aforementioned liquid crystal
display device. As shown in FIG. 2, a display panel 1, part of
the liquid crystal display device, is provided near the center of
a dashboard 20 of the automobile. The display panel 1 pro-
vides an extra wide display screen extending from close to a
driver seat R1 to close to a front passenger seat R2. The screen
has an aspect ratio, or a width/height ratio, of 7:3 or greater.

FIG. 3 shows is an enlarged schematic view of part of the
display panel 1 in FIG. 2. As shown in FIG. 3, the display
panel 1 provides, in a single screen, a driver seat display area
(second display area) 2 and a front passenger seat display area
(first display area) 3. The display panel 1 is a transmissive
type of liquid crystal display device. Internal to the dashboard
does the display panel 1 contain separate light-supplying
backlights (for example, fluorescent tubes or light-emitting
diodes) for the driver seat display area 2 and the front passen-
ger seat display area 3. The backlight for the driver seat
display area 2 differs in structure from the backlight for the
front passenger seat display area 3.

On the display panel 1 installed in the automobile, the
driver seat display area 2 sits closer to the driver seat R1 (see
FIG. 2) than is the front passenger seat display area 3. The
area 2 is an area where images are shown which gives driving
information on the automobile to the driver in the driver seat
R1. The driving information on the automobile is kind of
information that is necessary to the driver when operating the
automobile: for example, speedometer, tachometer, odom-
eter, fuel gauge, oil gauge, water thermometer, open door
warning light, seatbelt warning light, and security camera
images. The security cameras may be provided on the auto-
mobile to monitor the surroundings.

On the display panel 1 installed in the automobile, the front
passenger seat display area 3 sits closer to the front passenger
seat R2 (see F1G. 2) than is the driver seat display area 2. The
area 3 is an area where fellow passenger images are shown for
the fellow passenger in the front passenger seat R2. The
fellow passenger images are those displayed for the fellow
passenger in the front passenger seat R2: for example, images
from a navigation system, an onboard audio system, and a
television receiver. Examples of the navigation system
images include, for example, a manipulation menu for the
manipulation of the navigation system and a navigation map
screen. Examples of the onboard audio system images
include, for example, a manipulation menu for the manipu-
lation of an onboard audio system and images reproduced
fromaDVD. The onboard audio system may be, for example,
a CD (Compact Disc), MD (Mini Disc), or DVD (Digital
Versatile Disc) player.
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Now, the configuration of the liquid crystal display device
in accordance with the present embodiment will be described
in more detail. FIG. 1 is a block diagram schematically illus-
trating the configuration of a liquid crystal display device 100
in accordance with the present embodiment. The liquid crys-
tal display device 100 primarily includes the display panel 1,
a display luminance control section 7, and an image data
processing section 8.

The display panel 1 is indicated as a display area block for
the liquid crystal display device 100. As mentioned eatlier,
the panel 1 is built around a single transmissive liquid crystal
display device. The display panel 1, again as mentioned ear-
lier, has the driver seat display area 2 and the front passenger
seat display area 3. The display panel 1 also includes back-
lights 4a, 4b, drive circuits Sa, 5b, and backlight control
circuits 6a, 6b.

The backlight 4a provides a light source (for example,
fluorescent tube or light-emitting diode) which projects light
for image display use to pixels in the driver seat display area
2. The backlight 45 is a light source projecting light for image
display use to pixels in the front passenger seat display area 3.

The drive circuit 5a drives the pixels in the driver seat
display area 2 according to incoming image data D1. The
drive circuit 55 drives the pixels in the front passenger seat
display area 3 according to incoming image data D2.

The backlight control circuit 6« is an inverter unit regulat-
ing the output optical intensity of the backlight 4a. The back-
light control circuit 65 is an inverter unit regulating the output
optical intensity of the backlight 45.

In the display panel 1, the backlights 4a, 4b generate light,
and the pixels are driven according to image data, so as to
display images in the display areas according to the image
data.

The display luminance control section 7 forms a block
which regulates the output optical intensity of the backlights
4a, 4b. The regulation is carried out when the automobile is
determined to be moving according to a result of sensing fed
from a speed sensor (motion detecting means) 19. The regu-
lation renders the luminance of the image shown in the front
passenger seat display area 3 lower than that of the image
shown in the driver seat display area 2. The configuration of
the section 7 will be given later in detail.

The image data processing section 8 forms a block which
perform gamma correction and other image processing on the
image data D1, D2 fed from outside the liquid crystal display
device 100. The image data D1 represents an image to be
displayed in the driver seat display area 2. The image data D2
represents an image to be displayed in the front passenger seat
display area 3. After the image processing on the image data
D1, D2, the image data processing section 8 sends the image
data D1 to the drive circuit Sa and the display luminance
control section 7. The section 8 also sends the image data D2
to the drive circuit 56 and the display luminance control
section 7.

Now, the configuration of the display luminance control
section 7 will be described in detail. The display luminance
control section 7 includes mean value computing sections 9a,
95, differential value computing section 10, and an optical
intensity regulation section 11.

The mean value computing section (second luminance
level output means) 9a forms a block which calculates a mean
luminance level (second luminance level) Al from the image
data D1 fed from the image data processing section 8. The
mean luminance level Al indicates a mean luminance across
the driver seat display area 2 and is calculated from the
luminance levels of the pixels forming an image display. The
output of the section 9a is fed to the differential value com-
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puting section 10. The mean value computing section (first
luminance level output means) 95 forms a block which cal-
culates a mean luminance level (first luminance level) A2
from the image data D2 fed from the image data processing
section 8. The mean luminance level A2 a mean luminance
across the front passenger seat display area 3 and is calculated
from the luminance levels of the pixels forming an image
display. The output of the section 95 is also fed to the differ-
ential value computing section 10.

The luminance level of a pixel is given by equation (1)
below. So, the mean luminance level is the average of the
luminance levels of the pixels forming an image and may be
considered the luminance level of theimage. That is, the mean
luminance level A1 may be considered the luminance level of
the image display in the driver seat display area 2. The mean
luminance level A2 may be considered the luminance level of
the image display in the front passenger seat display area 3.

Luminance Level=0.299R+0.587G+0.114B 1
whereR is a pixel value for ared component, G is a pixel value
for a green component, and B is a pixel value for a blue
component.

In the present embodiment, the pixel value is a red, green,
or blue grayscale level of a pixel of an image. The grayscale
levels are contained in the image data. Also in the present
embodiment, the pixel values and luminance levels are given
by 8-bit digital signals. Further in the present embodiment,
luminance increases with an increase in the luminance level.
Luminance levels are represented by 8-bit, 0 (black) to 255
(white) digital signals.

The differential value computing section 10 is a block
which subtracts the mean luminance level A1 from the mean
luminance level A2 to calculate a differential value A2-Al for
output to the optical intensity regulation section 11.

The optical intensity regulation section (luminance limit-
ing means) 11 is a block which controls the output optical
intensity of the backlights 4a, 45 when the differential value
A2-A1 is positive. The section 11 refers to a LUT (Look-up
Table) 12 for optical intensity regulation data T1, T2 associ-
ated with the differential value A2-Al. The section 11 sup-
plies the optical intensity regulation data T1 to the backlight
control circuit 6a and the optical intensity regulation data T2
to the backlight control circuit 6b. A positive differential
value A2-Al can be safely regarded as indicating that the
luminance of the image display in the front passenger seat
display area 3 is higher than the luminance of the image
display in the driver seat display area 2. This is because, as
mentioned earlier, the mean luminance level A1 may be con-
sidered the luminance of the image display in the driver seat
display area 2, and the mean luminance level A2 is considered
the luminance of the image display in the front passenger seat
display area 3.

The LUT 12 records combinations of output optical inten-
sity regulation data T1, T2 in association with input differen-
tial values A2-A1. The output combination of optical inten-
sity regulation data T1, T2 in association with input
differential values A2-Al is a pair of an output optical inten-
sity of the backlight 4 and an output optical intensity of the
backlight 45. The pair results in the luminance of the image
display in the front passenger seat display area 3 being lower
than the luminance of the image display in the driver seat
display area 2 when the image display in the driver seat
display area 2 is produced according to the image data D1
indicating the mean luminance level A1, and the image dis-
play in the front passenger seat display area 3 is produced
according to the image data D2 indicating the mean lumi-
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nance level A2. The optical intensity regulation data T1 indi-
cates the output optical intensity of the backlight 4a. The
optical intensity regulation data T2 indicates the output opti-
cal intensity of the backlight 4. The optical intensity regu-
lation data T1, T2 is recorded in the LUT 12 when the liquid
crystal display device 100 is set up during manufacture.

Next, the flow of process by the display luminance control
section 7 will be described in reference to the flow chart in
FIG. 4.

First, in step 1 (“S17), image data D1, D2 for an image
display ata certain timing are fed to the image data processing
section 8. Then, in S2, the display luminance control section
7, more specifically the optical intensity regulation section 11
in the section 7, determines whether the automobile is moving
according to adetection signal from the speed sensor 19. If the
automobile is moving (YES in S2), the display luminance
control section 7 instructs the mean value computing sections
9a, 9b, the differential value computing section 10, and the
optical intensity regulation section 11 to start operation. The
flow then continues to S3. If the automobile is stationary (NO
in S2), S1 and S2 are repeated.

In S3, the mean value computing sections 9a, 95 calculates
mean luminance levels A1, A2 from the image data D1, D2
fed from the image data processing section 8. Then, in S4, the
differential value computing section 10 subtracts the mean
luminance level Al from the mean luminance level A2 to
calculate a differential value A2-Al. Further, in S5, the opti-
cal intensity regulation section 11 determines whether the
differential value A2-A1 is positive. If the differential value
A2-Alispositive (YES in S5), the optical intensity regulation
section 11 retrieves optical intensity regulation data T1, T2
from the LUT 12 in accordance with the differential value
A2-A1. The section 11 supplies the optical intensity regula-
tion data T1 to the backlight control circuit 6a and the optical
intensity regulation data T2 to the backlight control circuit 65
(S6). If the differential value A2-A1 is not positive (NO in
S5), the flow continues to S8.

The backlight control circuits 6a, 65 regulates the output
optical intensity of the backlights 4a, 46 in accordance with
the optical intensity regulation data T1, T2 (S7). In S8, it is
determined whether image data D1, D2 for an image display
ata next timing is coming. Ifthere is incoming image dataD1,
D2 (YES in S8), S2 and its following steps are repeated. If
there is no image data D1, D2 coming in (NO in S8), the
display luminance control section 7 ends the processing.

As mentioned earlier, the optical intensity regulation data
T1, T2 in S6, S7 indicates the output optical intensity of the
backlights 4a, 4b. The dataT1, T2 results in the luminance of
the image display in the front passenger seat display area 3
being lower than the luminance of the image display in the
driver seat display area 2 when the image display in the driver
seat display area 2 is produced according to the image data D1
indicating the mean luminance level Al, and the image dis-
play in the front passenger seat display area 3 is produced
according to the image data D2 indicating the mean lumi-
nance level A2.

Therefore, the luminance of the image display in the front
passenger seat display area 3 can be kept lower than the
luminance of the image display in the driver seat display area
2 by regulating the optical intensity of the backlights 4a, 4,
even if the mean luminance level A2 is higher than the mean
luminance level Al. The mean luminance level A2 is given by
the image data D2 for the image display produced in the front
passenger seat display area 3. The mean luminancelevel Alis
given by the image data D1 for the image display produced in
the driver seat display area 2.
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This capability allows an automatic regulation of the lumi-
nance of the image display in the driver seat display area 2 and
in the front passenger seat display area 3. The automatic
regulation results in illumination in the front passenger seat
display area 3 no longer glaring relative to the driver seat
display area 2. This eliminates the problem that the image
display in the front passenger seat display area 3 could disrupt
visual recognition of the display in the driver seat display area
2.

The foregoing description assumes that the luminance of
the image display in the front passenger seat display area 3 is
kept lower than the luminance of the image display in the
driver seat display area 2 by regulating the output optical
intensity ofthe backlights 4a, 45 for the display areas depend-
ing on whether the automobile is moving. In this configura-
tion, the speed sensor 19 is connected to the optical intensity
regulation section 11 in the display luminance control section
7. The sensor 19 is motion detecting means detecting a
motion of the automobile. The optical intensity regulation
section 11 determines that the automobile is moving if the
speed sensor 19 indicates an automobile speed in excess of 0
km/h. The threshold speed value for the determination may be
set to any given value in excess of 0 km/h. Hence, only during
driving, the device 100 retains high visibility of the image
display in the driver seat display area 2 for the driver. The area
2 shows driving-related information needed during driving.
At other times than when the automobile is in motion, the
device 100 produces image displays in the front passenger
seat display area 3 without decreasing the luminance of the
front passenger seat display area 3 so that the driver and
fellow passengers can recognize the images. These actions
are automatically implemented by the device 100 without the
passenger(s) having to be aware of any motion of the auto-
mobile or lack of such a motion.

Motion of the automobile may be detected using other
motion detecting means than the aforementioned speed sen-
sor 19. An example is a GPS (Global Positioning System)-
based device. The device receives information on the position
of the automobile from the GPS. A determination as to
whether the automobile is moving is made based on that
information.

In the above configuration, the optical intensity of the
backlights da, 4b1s regulated. Alternatively, the luminance of
the image display in the front passenger seat display area 3
may be rendered lower than the luminance of the image
display in the driver seat display area 2 by regulating the
optical intensity of only either one of the backlights. Specifi-
cally, the luminance of the image display in the front passen-
ger seat display area 3 may be rendered lower than the lumi-
nance of the image display in the driver seat display area 2 by
decreasing the output optical intensity of the backlight 454
rather than by regulating the output optical intensity of the
backlight 4a. Conversely the luminance of the image display
in the front passenger seat display area 3 may be rendered
lower than the luminance of the image display in the driver
seat display area 2 by increasing the output optical intensity of
the backlight 4a rather than by regulating the output optical
intensity of the backlight 4.

In the above configuration, the optical intensity regulation
section 11 retrieves optical intensity regulation data T1, T2
from the LUT 12 if the differential value A2-Al is positive.
The section 11 may do so regardless of the differential value
A2-Al. For example, combinations of output optical inten-
sity regulation data T1, T2 are recorded in the LUT 12 in
association with combinations of a mean luminance level A2
and a mean luminance level Al. Receiving the mean lumi-
nance level A2 and the mean luminance level A1 without
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letting the levels going through the differential value comput-
ing section 10, the optical intensity regulation section 11
refers to the LUT 12 to retrieve optical intensity regulation
data T1, T2 associative with the input mean luminance level
A2 and mean luminance level Al. The optical intensity regu-
lation data T1 is then fed to the backlight control circuit 6a.
The optical intensity regulation data T2 is fed to the backlight
control circuit 64.

In short, the optical intensity regulation section 11 retrieves
optical intensity regulation data T1, T2 in accordance with the
mean luminance level A2 and the mean luminance level A1
and feeds the retrieved optical intensity regulation data T1, T2
to the backlight control circuits 6a, 65, so as to regulate the
optical intensity of the backlights 4a, 4b. The optical intensity
regulation section 11 thereby corrects to limit the luminance
of the image display in the front passenger seat display area 3
further than the luminance of the image display in the driver
seat display area 2.

In the above configuration, the pixel values in the image
data and the luminance level calculated from pixel values are
given by 8-bit digital signals. This is not the only possibility.
The digital signals may be of a different bit.

In the above configuration, luminance is given as from
level O (black) to level 255 (white). Luminance increases with
an increase in the luminance level. Alternatively, luminance
level may be defined as from O (white) to 255 (black) so that
luminance can increase with a decrease in the luminance
level. In the latter event, it is when the differential value
A2-A1is negative that the optical intensity regulation section
11 refers to the LUT 12, retrieves optical intensity regulation
data T1, T2 from the LUT 12 associated with the differential
value A2-Al, and feeds the retrieved optical intensity regu-
lation data T1, T2 to the backlight control circuits 6a, 6. This
is because when the differential value A2-A1 is negative, the
luminance of the image display in the front passenger seat
display area 3 can be safely regarded higher than the lumi-
nance of the image display in the driver seat display area 2.

In the above configuration, the driver seat display area 2
and the front passenger seat display area 3 are provided on the
single display panel 1. Alternatively, the driver seat display
area 2 and the front passenger seat display area 3 may be
provided on individual display panels.

In the above configuration, the output optical intensity of
the backlights 4a, 45 is regulated according to the mean
luminance level Al and the mean luminance level A2. This is
not the only possibility. Alternatively, the output optical
intensity may be regulated in accordance with medians, as an
example. Specifically, the median (second luminance level)
M1 is calculated for the luminance of the pixels forming an
image display in the driver seat display area 2. Also, the
median (first luminance level) M2 is calculated for the lumi-
nance of the pixels forming an image display in the front
passenger seat display area 3. The median M1 is then sub-
tracted from the median M2. If the differential value M2-M1
is positive, the section 11 refers to the LUT 12 to retrieve
optical intensity regulation data T1', T2' associated with the
differential value M2-M1 from the LUT 12. The retrieved
optical intensity regulation data T1', T2' is then fed to the
backlight control circuits 6a, 6.

Alternatively, a maximum (second luminance level) H1 is
determined in the luminance of the pixels forming the image
display in the driver seat display area 2. Also, a maximum
(first luminance level) H2 is determined in the luminance of
the pixels forming the image display in the front passenger
seat display area 3. The maximum H1 is then subtracted from
the maximum H2. If the differential value H2-H1 is positive,
the section 11 refers to the LUT 12 to retrieve optical intensity



US 7,755,593 B2

9

regulation data T1", T2" associated with the differential value
H2-H1 from the LUT 12. The retrieved optical intensity regu-
lation data T1", T2" is then fed to the backlight control cir-
cuits 6a, 6b.

To sum it up, there are different kinds of means available
which outputs the luminance level of the image display for the
driver seat display area 2 (second luminance level) and the
luminance level of the image display for the front passenger
seat display area 3 (first luminance level): (a) The second
luminance level is the mean luminance level Al. The first
luminance level is the mean luminance level A2. (b) The
second luminance level is the median M1. The first luminance
level is the median M2. (c) The second luminance level is the
maximum H1. The first luminance level is the maximum H2.

A parameter calculated from two or more of the three
factors, i.e., the mean, median, and maximum of the Iumi-
nance levels of the pixels forming the image display, may be
used as the luminance level of the image display.

The mean luminance levels Al, A2, the medians M1, M2,
and the maximums H2, H1 may be calculated either from all
the pixels forming the image display or from only predeter-
mined ones of those pixels.

Inthe above configuration, a configuration may be added in
which the luminance of the driver seat display area 2 and that
of the front passenger seat display area 3 are uniformly regu-
lated in accordance with brightness inside the automobile.
For example, as shown in FIG. 5, the liquid crystal display
device 400 may include an interior brightness sensor (bright-
ness detecting means) 14 and an optical intensity regulation
data correction section 15. The sensor 14 senses brightness
inside the automobile. The section 15 uniformly corrects the
optical intensity regulation data in accordance with an output
of the interior brightness sensor 14. Brightness inside the
automobile is optical intensity inside the automobile. That is,
in this situation, sensing brightness means sensing optical
intensity.

The optical intensity regulation data correction section 15
uniformly corrects the optical intensity regulation data T1,
T2. The correction results in the luminance of the driver seat
display area 2 and the front passenger seat display area 3
uniformly increasing with an increase in brightness inside the
automobile as shown in FIG. 6. The uniform increase renders
the luminance of the image display in the front passenger seat
display area 3 lower than the luminance of the image display
in the driver seat display area 2. Also, the uniform increase
retains high visibility for the image display in the driver seat
display area 2 and the image display for the front passenger
seat display area 3 regardless of the environmental conditions
of the automobile (nighttime or daytime, outside or inside a
tunnel, efc.).

In the above configuration, the automatic luminance regu-
lation for the driver seat display area 2 and the front passenger
seat display area 3 may be disabled by disabling the optical
intensity regulation section 11 in response to an instruction
from a passenger. For example, as shown in FIG. 5, there is
provided a luminance regulation disable button (luminance
regulation disable means) 13 in a liquid crystal display device
400. The luminance regulation disable button 13 provides an
interface where the driver or a fellow passenger enters an
instruction disabling the optical intensity regulation section
11. The luminance regulation disable button 13, when pressed
by the driver or a fellow passenger, suspends the operation of
the optical intensity regulation section 11. The suspension
precludes a change in the luminance of the front passenger
seat display area 3. If the fellow passenger wants to continu-
ously view the image display produced in the front passenger
seat display area 3, he/she can do so at the same luminance.
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The luminance of the image display in the front passenger
seat display area 3 may be rendered lower than the luminance
of the image display in the driver seat display area 2 by
correcting the image data D2 rather than by regulating the
output optical intensity of the backlights 4a, 4. FIG. 7 shows
aconfiguration example of a liquid crystal display device 200
for the latter case. FIG. 7 differs from FIG. 1 inthat the optical
intensity regulation section 11 is replaced by an image data
correction section 16 in a display luminance control section
Ta.

The image data correction section (luminance limiting
means) 16 receives the differential value A2-Al from the
differential value computing section 10 and the image data
D2 from the image data processing section 8a. The image data
correction section 16, if the differential value A2-A1 is posi-
tive, refers to the LUT 124 to retrieve a correction value o
associated with the differential value A2-Al. The section 16
corrects the pixel values contained the image data D2 based
on the correction value o.. The section 16 outputs the cor-
rected image data D2' to the drive circuit 55. The correction
value ¢ associated with the differential value A2-Al is a
luminance correction value based on which are corrected the
pixel values contained in the image data D2 indicating the
mean luminance level A2. After the correction, the luminance
of the image display produced based on the corrected image
data is lower than the luminance of the image display pro-
duced based on the mean luminance level A1.

The drive circuit 5a drives the pixels in the driver seat
display area 2 in accordance with the image data D1. The
drive circuit 55 drives the pixels in the front passenger seat
display area 3 in accordance with the image data D2' given by
the image data correction section 16. These actions renders
the luminance of the image display in the front passenger seat
display area 3 lower than the luminance of the image display
in the driver seat display area 2.

In the FIG. 7 configuration, the image data correction sec-
tion 16 corrects the pixel values contained in the image data
D2 according to the correction value a. Alternatively, the
section 16 may correct the pixel values contained in the image
data D1, to render the luminance of the image display in the
front passenger seat display area 3 lower than the luminance
of the image display in the driver seat display area 2.

In the FIG. 7 configuration, the image data is corrected,
rather than the optical intensity of the backlights 4a, 45 are
regulated, to render the luminance of the image display in the
front passenger seat display area 3 lower than the luminance
of the image display in the driver seat display area 2. There-
fore, the FIG. 7 configuration is feasible with no backlight.
The configuration is applicable to reflective liquid crystal
displays, CRT (Cathode Ray Tube) displays, organic EL
(electroluminescent) displays, inorganic EL displays, and
plasma displays.

The output optical intensity of the backlights 4a, 4b is
regulated based on the mean luminance level Al and the mean
luminance level A2 in the foregoing description. Alterna-
tively, the output optical intensity of the backlights 4a, 46 may
be regulated based on the luminance as detected by luminance
sensors provided to the display areas 2, 3. FIG. 8 shows a
configuration example of a liquid crystal display device 300
for the alternative case. FIG. 8 differs from FIG. 1 in that the
mean value computing sections 9a, 95 are replaced by a
luminance sensor 174, a luminance sensor 175, a luminance
level computing section 18a, and a luminance level comput-
ing section 185. The luminance sensor 17a detects the lumi-
nance of the image display in the driver seat display area 2.
The luminance sensor 175 detects the luminance of the image
display in the front passenger seat display area 3. The lumi-
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nance level computing section, or second luminance level
output means, 184 quantifies the luminance detected by the
luminance sensor 174 for output. The luminance level com-
puting section, or first luminance level output means, 184
quantifies the luminance detected by the luminance sensor
175 for output.

Inthe FIG. 8 configuration, the luminance level computing
section 18¢ quantifies the luminance of the image display in
the driver seat display area 2 for output as a luminance level
(second luminance level) L1. The luminance level computing
section 185 quantifies the luminance of the image display in
the front passenger seat display area 3 for output as a lumi-
nance level (first luminance level) L2. The differential value
computing section 10a then subtracts the luminance level L1
from the luminance level 1.2 for output as a differential value
L2-L1. If the differential value 1.2-L1 is positive, the optical
intensity regulation section 11e refers to the LUT 125 to
retrieve optical intensity regulation data T1, T2 associated
with the differential value 1.2-L.1. The optical intensity regu-
lation data t1 is fed to the backlight control circuit 6a. The
optical intensity regulation data 2 is fed to the backlight
control circuit 6. The optical intensity regulation data T1, T2
recorded in the LUT 125 gives output optical intensities for
the backlights 4a, 4b. The backlights 4a, 45 at such output
intensities results in an image display being produced at the
luminance level L1 in the driver seat display area 2 and at the
luminance level 1.2 in the front passenger seat display area 3.
The luminance of the image display in the front passenger
seat display area 3 is lower than the luminance of the image
display in the driver seat display area 2. The optical intensity
regulation data t1 indicates the output optical intensity for the
backlight 4a. The optical intensity regulation data t2 indicates
the output optical intensity for the backlight 45. Accordingly,
luminance is automatically corrected so that the luminance of
the front passenger seat display area 3 is lower than the
luminance of the driver seat display area 2.

The liquid crystal display device in accordance with the
present embodiment is mounted to the automobile. This is by
no means limiting the invention. The liquid crystal display
device in accordance with the present embodiment may be
mounted to any mode of transport equipped with a seat for an
operator and another for a front passenger. Examples such a
mode of transport include railroad trains, private aircraft, and
private vessels.

The display panel 1 in accordance with the present embodi-
ment has an aspect ratio of 7:3 or greater, measuring greater in
width than in height. This is by no means limiting the inven-
tion. At an aspect ratio greater than 7:3, however, the display
panel 1 provides improved visibility in a simultaneously dis-
play of an image giving driving information on the automo-
bile and a fellow passenger image. To describe it in more
detail, the aspect ratio may be set to 8:3,30:9,32:9, etc. Such
display panels 1 can be built by combining two panels with an
aspect ratio 4:3, 15:9, 16:9, etc.

A liquid crystal display device in accordance with the
present embodiment is characterized in that a first display
area and a second display area are provided on a transmissive
liquid crystal display device, with separate backlights for
each of the display areas. It is also characterized in that the
luminance limiting means regulates the output optical inten-
sity of one of the backlights which corresponds to the first
display area and/or the output optical intensity of the other
one ofthe backlights which corresponds to the second display
area.

According to the arrangement, the first and second display
areas are provided on a transmissive liquid crystal display
device. Separate backlights are provided for each display
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area. The output optical intensity of the backlight which cor-
responds to the first display area can be rendered different
from the output optical intensity of the backlight which cor-
responds to the second display area by regulating the output
optical intensity of the backlight which corresponds to the
first display area and/or the output optical intensity of the
backlight which corresponds to the second display area.
Thus, the luminance of the image display produced in the first
display area can be further limited than the luminance of the
image display produced in the second display area by regu-
lating the optical intensity of the backlights.

Another liquid crystal display device in accordance with
the present embodiment is characterized in that, in addition to
the configuration, the first luminance level output means cal-
culates the first luminance level according to image data for
the image display produced in the first display area, and the
second luminance level output means outputs the second
luminance level according to image data for the image display
produced in the second display area.

The first luminance level refers to the luminance of the
image display produced in the first display area. The second
luminance level refers to the luminance of the image display
produced in the second display area. Therefore, the first and
second luminance levels can be readily output if the image
data for the image display produced in the first display area
and the image data for the image display produced in the
second display area. Incidentally, the first and second lumi-
nance levels may be, for example, the mean value of lTumi-
nance levels for the pixels forming an image as calculated
from image data, the median of luminance levels for the
pixels forming an image as calculated from image data, or the
maximum of luminance levels for the pixels forming an
image as calculated from image data.

A display device in accordance with the present invention,
as described in the foregoing, includes: first luminance level
output means outputting a first luminance level representing
luminance of an image display produced in a first display
area; second luminance level output means outputting a sec-
ond luminance level representing luminance of an image
display produced in a second display area; and luminance
limiting means correcting according to the first luminance
level and the second luminance level so that the luminance of
the image display produced in the first display area is further
limited than the luminance of the image display produced in
the second display area. With the display device, illumination
in the first display area no longer glares relative to the second
display area which is closer to the operator’s position than is
the first display area. This in turn ensures, for the operator,
good visibility of the display in the second display area which
is closer to the operator’s position than is the first display area.

Incidentally, the display device may be provided in the
form of hardware. Alternatively, the device may be provided
in the form of'a program executed on a computer. Specifically,
a computer program controlling the display device in accor-
dance with the present invention causes a computer to execute
the foregoing method of controlling a display device. A com-
puter, upon the execution of the program, can control a dis-
play device by the method of controlling a display device.

In other words, in the embodiment, the blocks, or compo-
nents ofa display luminance control section, may be provided
entirely by means of hardware. Alternatively, the blocks may
be provided entirely or partly by a combination of a computer
program providing the aforementioned functions and hard-
ware (computer) executing the program. An example of such
a display luminance control section is a computer being con-
nected to a liquid crystal display device to act as a device
driver driving the liquid crystal display device. In addition, if
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the display luminance control section can be provided as an
built-in or external conversion board to the liquid crystal
display device, and the operation of the circuitry providing
the display luminance control section is alterable by rewriting
firmware or another computer program, the software may be
distributed to alter the operation of the circuitry so that the
circuitry can operate as the display luminance control section
in accordance with the embodiment.

In these cases, if hardware capable of executing the afore-
mentioned functions is prepared, the display luminance con-
trol section in accordance with the embodiment can be real-
ized simply by having the hardware execute the computer
program.

The embodiments and examples described in Best Mode
for Carrying Out the Invention are for illustrative purposes
only and by no means limit the scope of the present invention.
Variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the claims below.

INDUSTRIAL APPLICABILITY

The display device in accordance with the present inven-
tion is mounted where it is visible from the driver seat and a
front passenger seat in a mode of transport. The invention is
applicable to, for example, the automobile, the railroad trains,
aircraft, and vessels.

The invention claimed is:
1. A display device mounted to a mode of transport com-
prising:
a first display area that is fixed with respect to the display
device; and
a second display area that is fixed with respect to the
display device, that is separate from the first display
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area, and that is closer to a position of an operator than is
the first display area when the display device is mounted
to the mode of transport;
a first luminance level output section arranged to output a
5 first luminance level representing luminance of an image
display produced in the first display area;
a second luminance level output section arranged to output
a second luminance level representing luminance of an
image display produced in the second display area; and
a luminance limiting section arranged to limit, according to
the first luminance level and the second luminance level,
the luminance of the image display produced in the first
display area to be less than the luminance of the image
display produced in the second display area; wherein
the first and second display areas are provided on a trans-
missive liquid crystal display device with separate back-
lights for each of the display areas; and
the luminance limiting section regulates output optical
intensity of at least one of the separate backlights, and
the luminance level of the first display area is non-zero.
2. The display device as set forth in claim 1, wherein the
first and second display areas are both provided on a single
transmissive liquid crystal display device.
3. The display device as set forth in claim 1, further com-
25 prising:
a brightness detecting section arranged to sense brightness
inside the mode of transport; and
an optical intensity regulation data correction section
arranged to correct optical intensity regulation data
according to an output of the brightness detecting sec-
tion; wherein
the luminance limiting section uses the optical intensity
regulation data to regulate the output optical intensity of
the separate backlights.
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