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(57) ABSTRACT

A display system that includes a liquid crystal element, a
backlight, an adjustment unit, a light source control unit, and
a liquid crystal control unit. The light source control unit
operates the backlight to change a light source luminance
level of light. The liquid crystal control unit operates a first
plurality of pixels of the liquid crystal element to display
normal information with a normal tone level. The liquid crys-
tal control unit operates a second plurality of pixels of the
liquid crystal element to display emphasis information with
an emphasis tone level. When an adjustment value changes
within a predetermined changeable range, the luminance
level gradually changes with a change of the adjustment
value, the normal tone level gradually changes with the
change of the adjustment value, and simultaneously the
emphasis tone level is maintained to correspond to brightness
equal to or greater than brightness of the normal tone level.
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DISPLAY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and incorporates herein
by reference Japanese Patent Application No. 2009-8018
filed on Jan. 16, 2009.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display system
that has a display element having pixels, a tone of each of
which is adjustable.

[0004] 2. Description of Related Art

[0005] A conventional display system is known to have a
transmissive display element and a backlight. The transmis-
sive display element allows light to transmit therethrough and
has pixels, a tone of each of which is adjustable. Also, the
backlight provides light toward the display element from the
rear side of the display element to thereby backlight the
display element. A visible luminance of a screen of the above
display system is determined by luminance of the backlight
and a tone of the display element. JP-A-H11-194736 (corre-
sponding to U.S. Pat. No. 6,597,338) and JP-A-2008-158497
describe liquid crystal display systems that provide a desired
visible luminance by adjusting both of the luminance of the
backlight and the tone of the display element.

[0006] Sometimes, a part of multiple information sets dis-
played on the display system is required to be emphasized by
displaying the emphasis part with luminance higher than
luminance, with which the other information is displayed. For
example, the vehicular display system displays (a) normal
information sets indicating a current operational state and (b)
alert information sets indicating abnormal conditions or
urgent conditions. Typically, the alert information sets are
indicated by characters or patterns. In order to notify the user
of the abnormal conditions or the urgent conditions, the dis-
play of the alert information sets is emphasized. For example,
the normal information is associated with a vehicle speed and
an engine rotational speed, and the alert information is asso-
ciated with an overheat state. The alert information is dis-
played on one segment of the display system, and the one
segment or pixels for displaying the alert information are
displayed with high luminance for emphasizing the informa-
tion.

[0007] Also, in the display system, the visibility of the
information is adjusted based on the preference of the user or
brightness of extraneous light. More specifically, the visible
luminance on the display system is required to be adjusted
based on the luminance determined by the user. When the
above luminance adjustment is performed, the above empha-
sized display of the emphasis part is required to be also
sufficiently achieved while the luminance is effectively
adjusted.

[0008] For example, as described in a system of JP-A-
2008-158497, a changeable range of the luminance deter-
mined by the user is divided into multiple modes, and the
luminance ofthe backlight and the tone of the display element
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are adjusted for each of the modes. However, the system of
JP-A-2008-158497 has a complicated display control disad-
vantageously.

SUMMARY OF THE INVENTION

[0009] The present invention is made in view of the above
disadvantages. Thus, it is an objective of the present invention
to address at least one of the above disadvantages.

[0010] To achieve the objective of the present invention,
there is provided a display system that includes a liquid crys-
tal element, a backlight, an adjustment unit, a light source
control unit, and a liquid crystal control unit. The liquid
crystal element has a plurality of pixels. A tone level of each
ofthe plurality of pixels is adaptable. A first plurality of pixels
of the plurality of pixels displays normal information. A sec-
ond plurality of pixels of the plurality of pixels displays
emphasis information. The backlight provides light toward
the liquid crystal element, and a light source luminance level
of light provided by the backlight is adjustable. The adjust-
ment unit sets an adjustment value. The light source control
unit operates the backlight to change the light source lumi-
nance level. The liquid crystal control unit operates the first
plurality of pixels to display the normal information with the
tone level of a normal tone level. The liquid crystal control
unit operates the second plurality of pixels to display the
emphasis information with the tone level of an emphasis tone
level. When the adjustment value changes within an entirety
of a predetermined changeable range of the adjustment value,
the light source control unit operates the backlight such that
the light source luminance level gradually changes with a
change of the adjustment value. When the adjustment value
changes within the entirety ofthe changeable range, the liquid
crystal control unit operates the first and second plurality of
pixels such that the normal tone level gradually changes with
the change of the adjustment value and simultaneously the
emphasis tone level is maintained to correspond to brightness
equal to or greater than brightness provided by the normal
tone level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention, together with additional objectives,
features and advantages thereof, will be best understood from
the following description, the appended claims and the
accompanying drawings in which:

[0012] FIG. 1 is a block diagram illustrating a display sys-
tem according to the first embodiment of the present inven-
tion;

[0013] FIG. 2 is a plan view illustrating a screen of the
display system of the first embodiment;

[0014] FIG. 3 is a chart illustrating a relation between a
screen luminance level VB and an adjustment value ST in the
first embodiment;

[0015] FIG. 4 is a chart illustrating a luminance character-
istic between a light source luminance level BL and the
adjustment value ST in the first embodiment;

[0016] FIG. 5 is a chart illustrating a tone characteristic
between a liquid crystal tone level GL and the adjustment
value ST in the first embodiment;

[0017] FIG. 6 is a chart illustrating a relation between the
screen luminance level VB and the adjustment value ST in the
second embodiment of the present invention;
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[0018] FIG. 7 is a chart illustrating a luminance character-
istic between the light source luminance level BL and the
adjustment value ST in the second embodiment;

[0019] FIG. 8 is chart illustrating a tone characteristic
between the liquid crystal tone level GL and the adjustment
value ST in the second embodiment;

[0020] FIG.9 is a chart illustrating a relation between the
screen luminance level VB and the adjustment value ST in the
third embodiment of the present invention;

[0021] FIG. 10 is a chart illustrating a luminance charac-
teristic between the light source luminance level BL and the
adjustment value ST in the third embodiment; and

[0022] FIG. 11 is a chart illustrating a tone characteristic
between the liquid crystal tone level GL and the adjustment
value ST in the third embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

[0023] The first embodiment of the present invention
applied to a vehicular display system will be described below.
FIG. 1 is a block diagram illustrating a vehicular display
system 1. FIG. 2 is a plan view illustrating a screen of the
display system 1. The vehicular display system 1 is provided
in a front side of a vehicle compartment. FIG. 3 is a chart
illustrating a relation between a screen luminance level VB
and an adjustment value ST. FIG. 4 is a chart illustrating a
luminance characteristic between a light source luminance
level BL and the adjustment value ST. FIG. 5 is a chart
illustrating a tone characteristic between a liquid crystal tone
level GL and the adjustment value ST. It should be noted that
the screen luminance level VB means a luminance level or a
brightness level on a liquid crystal display (LCD) 13, which
level is visible or visually recognized by a user. The screen
luminance level VB is prepared by combination of a lumi-
nance level BL of a backlight 14 and a tone level of each pixel
of aliquid crystal element 15. Thus prepared luminance level
VB is visible on the screen of the liquid crystal display 13.
More specifically, the luminance level BL of the backlight 14
is lowered by the degree accordingly to the tone level of each
pixel of the liquid crystal element 15, and the lowered lumi-
nance level BL appears on the screen of the liquid crystal
display 13, for example.

[0024] The vehicular display system 1 shows multiple
vehicle information sets indicating a condition of the vehicle.
The vehicle information sets include a travel speed, an engine
rotational speed, a coolant temperature, a gear position, and a
brake air pressure. Further, the vehicle information sets also
include (a) alert information, which indicates an occurrence
of an abnormal condition, and (b) specific information, such
as operation assist information, which suggests an appropri-
ate operation. The vehicle information sets are divided into
(1) normal information, which is not required to be empha-
sized, and into (2) emphasis information, which is required to
be emphasized due to its importance or urgency. For example,
information indicating a normal operational state is catego-
rized into normal information, and the alert information and
the specific information are categorized into the emphasis
information. For example, the gear position of a transmission
of the vehicle may be categorized into the normal informa-
tion. However, information indicating overheat, or informa-
tion indicating that the brake air pressure is equal to or less
than a predetermined value is categorized into the emphasis
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information. The vehicular display system 1 shows multiple
vehicle information sets based on preset program. Further-
more, the display of the emphasis information is emphasized
by using luminance higher than luminance used for display-
ing the normal information.

[0025] In FIGS. 1 and 2, the vehicular display system 1
includes a display unit 10 and a control unit 20. The display
unit 10 includes multiple analog indicators 11. The analog
indicators 11 indicate, for example, a vehicle speed, an engine
rotational speed, a coolant temperature, and a residual
amount of fuel. The display unit 10 further includes multiple
switch indicators 12. The switch indicators 12 inform occur-
rences of predetermined events by switching between light-
ing on and lighting out. The switch indicators 12 inform
shortage of fuel, an abnormal high temperature state of cool-
ant, shortage of lubricant, an unfastened seat belt, and failure
of on-vehicle device, for example. The display unit 10
includes the liquid crystal display 13. The liquid crystal dis-
play 13 includes the backlight 14 and the liquid crystal ele-
ment 15 that serves as a display element. The backlight 14
serves as a light source having a cold-cathode tube or an LED.
The backlight 14 provides light toward the liquid crystal
element 15 from a rear side of the liquid crystal element 15 to
thereby backlight the liquid crystal element 15. The liquid
crystal element 151s a TFT liquid crystal and displays thereon
information, such as characters, diagrams, images, by using
multiple pixels. The liquid crystal display 13 has a display
area, which includes multiple segments 16, 17, 18. Each of
the segments displays different vehicle information.

[0026] Pixels within the first segment 16 (first plurality of
pixels) displays the normal information. For example, the
pixels within the first segment 16 display a character “R” that
indicates that the gear is in a rear position. The other pixels
within the second segment 17 and the third segment 18 (sec-
ond plurality of pixels) display emphasis information sets.
For example, the display of the overheat is made by combi-
nation of a character and a pattern in the respective segment.
In the above, the luminance, with which the information
within the first segment 16 is displayed, is a normal lumi-
nance that is relatively dark. Also, the luminance, with which
the information within the second segment 17 or the third
segment 18 is displayed, is an emphasized luminance that is
relatively bright.

[0027] The arrangement of the multiple segments 16, 17,
18 in the liquid crystal display 13 and the information dis-
played on the multiple segments 16, 17, 18 may be change-
able in various manner. For example, when anything associ-
ated with the emphasis information occurs, the luminance for
both of the second segment 17 and the third segment 18 may
be set as the emphasized luminance. In contrast, when any-
thing associated with the emphasis information does not
occur, the second segment 17 may display the normal infor-
mation, such as the fuel consumption, air pressure, by using
the normal luminance. Also, the third segment 18 solely may
display the information identical with the information indi-
cated by the switch indicators 12 with the emphasized lumi-
nance. Further, all of the segments 16, 17, 18 may display the
emphasis information with the emphasized luminance. Alter-
natively, all of the segments 16, 17, 18 may display the normal
information with the normal luminance. It should be noted
that the liquid crystal display 13 may selectively display
information through the emphasized luminance and the nor-
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mal luminance in accordance with the occurrence of the
abnormal condition or in accordance with the request from
the user.

[0028] The control unit 20 is an electronic control device
that includes a microcomputer. The control unit 20 is con-
nected with an adjustment unit 21 and multiple sensors 22.
The adjustment unit 21 is provided within the passenger
compartment and is operable by the user. The user is capable
of setting a required screen luminance through the operation
of the adjustment unit 21. The adjustment unit 21 outputs the
adjustment value ST. The multiple sensors 22 include a speed
sensor, an engine rotational speed sensor, a gear position
sensor, and a coolant temperature sensor. The control unit 20
1s connected to the display unit 10. The control unit 20 causes
the analog indicators 11 to display the information obtained
through the multiple sensors 22. Also, the control unit 20
changes the lighting on and out of the switch indicators 12
based on the information obtained through the multiple sen-
sors 22. Furthermore, the control unit 20 controls the liquid
crystal display 13 in order to display the emphasis informa-
tion with the emphasized luminance and in order to display
the normal information with the normal luminance.

[0029] FIG.3 illustrates the screen luminance level VB that
is realized in accordance with the adjustment value ST. The
user operates the adjustment unit 21 in the assumption that the
screen luminance level VB proportionally changes as shown
in FIG. 3. The adjustment value ST gradually changes within
a changeable range VR. The screen luminance level VB
changes directly proportionally to the change (increase and
decrease) of the adjustment value ST. A normal luminance
level VBo used for displaying the normal information is pro-
portional to the adjustment value ST and has a linear charac-
teristic. For example, the screen luminance level VB is indi-
cated as a percentage of the screen luminance relatively
defined between the first luminance and the second lumi-
nance when the screen luminance is adjustable between the
first luminance and the second luminance.

[0030] An emphasis luminance level VBe used for display-
ing the emphasis information is changed based on a bent line
characteristic. For example, the emphasis luminance level
VBe starts changing by a different rate as a function of the
adjustment value ST when the adjustment value ST becomes
a predetermined mid-value STm that is positioned within the
changeable range VR. As a result, the emphasis luminance
level VBe draws a line chart. More specifically, the emphasis
luminance level VBe changes proportionally to the adjust-
ment value ST when the adjustment value ST is equal to or
greater than the predetermined mid-value STm. For example,
when the adjustment value ST is equal to or greater than the
mid-value STm, the emphasis luminance level VBe is iden-
tical with the normal luminance level VBo. The above simi-
larity is made because the high luminance for the emphasis
information may not sufficiently catches the attention of the
user under a specific condition, where the average luminance
over the liquid crystal display 13 is relatively high. In con-
trast, when the adjustment value ST is less than the predeter-
mined mid-value STm, the emphasis luminance level VBe is
maintained at a constant value regardless of the adjustment
value ST. As above, when the adjustment value ST is less than
the mid-value STm, the emphasis luminance level VBe is
greater than the normal luminance level VBo such that the
emphasis information displayed with the emphasis lumi-
nance level VBe is brighter than the normal information dis-
played with the normal luminance level VBo. As a result, the
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difference is provided between the display with the normal
luminance level VBo and the display with the emphasis lumi-
nance level VBe, and thereby the emphasis information is
sufficiently emphasized or highlighted. More specifically,
when the average screen luminance level of the liquid crystal
element is relatively low, the emphasized display is effec-
tively provided.

[0031] The control unit 20 includes a light source control
unit 23 that controls the luminance of the backlight 14. For
example, the light source control unit 23 adjusts the lumi-
nance of the backlight 14. The luminance of the backlight 14
is continuously or stepwisely adjusted between the first lumi-
nance and the second luminance. The luminance of the back-
light 14 is indicated as the light source luminance level BL.
For example, the light source luminance level BL is indicated
as a percentage of the light source luminance relatively
defined between the first luminance and the second lumi-
nance. The light source control unit 23 includes a storage unit
24 that stores a predetermined luminance characteristic. The
luminance characteristic is set such that the light source lumi-
nance level BL is set in accordance with the adjustment value
ST. The light source control unit 23 determines the light
source luminance level BL based on the luminance charac-
teristic and the adjustment value ST, and includes a drive unit
25 that drives the backlight 14 such that the backlight 14
provides light of the light source luminance level BL.

[0032] The storage unit 24 stores the luminance character-
istic shown in FIG. 4. The relation between the light source
luminance level BL and the adjustment value ST is indicated
by a straight line. In other words, the light source luminance
level BL is linearly proportional to the adjustment value ST,
for example. The light source luminance level BL, gradually
changes with the change (increase and decrease) of the adjust-
ment value ST within an entirety of a changeable range VR of
the adjustment value ST. It is designed that the light source
luminance level BL gradually changes with the change of the
adjustment value ST around the mid-value STm.

[0033] The control unit 20 further includes a liquid crystal
control unit 26 that controls the liquid crystal element 15. The
liquid crystal control unit 26 generates a drive signal for each
pixel of the liquid crystal element 15 such that the information
sets obtained through the multiple sensors 22 are displayed on
the liquid crystal display 13. Furthermore, the liquid crystal
control unit 26 controls a tone of each pixel of the liquid
crystal element 15. The tone of each pixel of the liquid crystal
element 15 is continuously or stepwisely adjustable between
the first tone and the second tone. The tone of each pixel of the
liquid crystal element 15 is indicated as the liquid crystal tone
level GL. For example, the liquid crystal tone level GL is
indicated as a percentage of the liquid crystal tone relatively
defined between the first tone and the second tone. The liquid
crystal control unit 26 includes storage units 27, 28 that stores
predetermined tone characteristics. The tone characteristic is
designed such that the liquid crystal tone level GL is deter-
mined in accordance with the adjustment value ST. The first
storage unit 27 stores a normal tone level GLo for the normal
display. The second storage unit 28 stores an emphasis tone
level GLe for the emphasized display. The liquid crystal con-
trol unit 26 includes drive unit 29 that determines the empha-
sis tone level GLe and the normal tone level GLo in accor-
dance with the respective tone characteristics and the
adjustment value ST. Then, the drive unit 29 operates each
pixel of the liquid crystal element 15 in order to provide the
determined tone levels.
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[0034] The tone characteristics shown in FIG. 5 are respec-
tively stored in the first storage unit 27 and the second storage
unit 28. The normal tone level GLo is set such that the normal
luminance level VBo for displaying the normal information is
achieved. The emphasis tone level GLe is set such that the
emphasis luminance level VBe for displaying the emphasis
information is achieved.

[0035] The normal tone level GLo is stored in the first
storage unit 27. The normal tone level GLo is linearly pro-
portional to the adjustment value ST. The characteristic of the
normal tone level GLo is determined such that the normal
tone level GLo gradually changes with the change of the
adjustment value ST within the entirety of the changeable
range VR of the adjustment value ST.

[0036] The emphasis tone level GLe is stored in the second
storage unit 28. The emphasis luminance level VBe used for
displaying the emphasis information is changed based on the
bent line characteristic. When the adjustment value ST is
equal to or greater than the mid-value STm, the emphasis tone
level GLe increases with the increase of the adjustment value
ST. When the adjustment value ST is equal to or greater than
the mid-value STm, the emphasis tone level GLe is identical
with the normal tone level GLo. In contrast, when the adjust-
ment value ST is less than the mid-value STm, the emphasis
tone level GLe decreases with the increase of the adjustment
value ST. When the adjustment value ST is less than the
mid-value STm, the display with the emphasis tone level GLe
is brighter than the display with the normal tone level GLo.
For example, when the adjustment value ST is less than the
mid-value STm, the emphasis tone level GLe decreases with
the increase of the adjustment value ST as shown in FIG. 5
such that the emphasis luminance level VBe is maintained at
a constant value as shown in FIG. 3. More specifically, when
the adjustment value ST is less than the mid-value STm, the
increase of the light source luminance level BL is offset by the
decrease of the emphasis tone level GLe in order to decrease
a quantity of light that passes through the liquid crystal ele-
ment 15. The emphasis tone level GLe gradually changes
with the change of the adjustment value ST within the entirety
of the changeable range VR of the adjustment value ST. The
luminosity or brightness provided by the emphasis tone level
GLeis equal to or greater than the luminosity provided by the
normal tone level GLo within the entirety of the changeable
range VR.

[0037] When the vehicular display system 1 is provided
with power, the liquid crystal control unit 26 causes the liquid
crystal display 13 to display the information obtained through
the multiple sensors 22. In the above, the backlight 14 is
controlled based on the light source luminance level BL
shown in FIG. 4, and the liquid crystal element 15 is con-
trolled based on the liquid crystal tone level GL shown in FIG.
5 such that the screen luminance level VB (VBo or VBe)
shown in FIG. 3 is achieved. The adjustment unit 21 adjusts
the adjustment value ST. The light source control unit 23
operates the backlight 14 such that the backlight 14 provides
light of the light source luminance level BL in accordance
with the adjustment value ST. The liquid crystal control unit
26 operates multiple pixels of the first segment 16 at the
normal tone level GLo that is determined in accordance with
the adjustment value ST. Simultaneously, the liquid crystal
control unit 26 operates the multiple pixels of the second and
third segments 17, 18 at the emphasis tone level GLe that is
determined in accordance with the adjustment value ST. The
emphasis tone level GLe corresponds to brightness equal to or
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greater than brightness of the normal tone level GLo. The
emphasis luminance level VBe provided based on the empha-
sis tone level GLe corresponds to brightness equal to or
greater than brightness of the normal luminance level VBo
provided based on the normal tone level GLo. As a result, the
information on the first segment 16 of the liquid crystal dis-
play 13 is displayed with the normal luminance level VBo,
and the information sets on the second and third segments 17,
18 are displayed with the emphasis luminance level VBe.
[0038] When the user operates the adjustment unit 21, the
adjustment value ST changes, and accordingly, both of the
light source luminance level BL and the liquid crystal tone
level GL gradually change with the change of the adjustment
value ST. In the above case, both of the emphasis tone level
GLe and the normal tone level GLo gradually change with the
change of the adjustment value ST. As a result, the screen
luminance level VB changes between the first luminance and
the second luminance in accordance with the change of the
adjustment value ST. For example, the first luminance corre-
sponds to the darkest level, and the second luminance corre-
sponds to the brightest level. Furthermore, even when the
normal luminance level VBo decreases to become equal to or
less than a predetermined luminance level that corresponds to
the mid-value STm, the luminosity achieved by the emphasis
luminance level VBe is maintained greater than the luminos-
ity achieved by the normal luminance level VBo.

[0039] In the present embodiment. the light source lumi-
nance level BL and the liquid crystal tone level GL are set
such that the desired screen luminance level VB is obtainable.
Furthermore, both of the light source luminance level BL and
the liquid crystal tone level GL gradually changes with the
change of the adjustment value ST within the entirety of the
changeable range VR of the adjustment value ST. In other
words, both of the light source luminance level BL. and the
liquid crystal tone level GL continuously changes with the
change (increase and decrease) of the adjustment value ST
within the entirety of the changeable range VR of the adjust-
ment value ST. More specifically, both of the luminance level
BL and the tone level GL are changed based on the adjustment
value ST without maintaining any one of the luminance level
BL and the tone level GL at a constant value. As a result, the
screen luminance level VB changes within the entirety of the
changeable range VR of the adjustment value ST. Further-
more, while changing the normal luminance level VBo for
displaying the normal information based on the adjustment
value ST, the emphasis luminance level VBe for displaying
the emphasis information is maintained to correspond to the
brightness equal to or higher than the brightness ofthe normal
luminance level VBo. As a result, it is capable of displaying
the emphasis information in a highlighted manner in order to
effectively catch the attention of the user.

Second Embodiment

[0040] The second embodiment of the present invention
has characteristics shown in FIGS. 6 to 8 instead of the char-
acteristics of FIGS. 3 to 5 of the first embodiment. The
vehicular display system of the present embodiment is shown
in FIGS. 1 and 2, and has the configuration described in the
first embodiment. FIG. 6 is identical with FIG. 3. The char-
acteristics of the emphasis luminance level VBe and the nor-
mal luminance level VBo in FIG. 6 are achieved by the char-
acteristics of FIGS. 7 and 8.

[0041] The relation between the light source luminance
level BL and the adjustment value ST shown in FIG. 7 is
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associated with a curved line relation. In other words, the
above relation generally draws a quadratic curve when
expressed in a two-dimensional diagram of the luminance
level BL and the adjustment value ST, and, for example, the
quadratic curve may be a part of a parabola. The light source
luminance level BL gradually changes with the change of the
adjustment value ST within the entirety of the changeable
range VR.

[0042] Therelation between the normal tone level GLo and
the adjustment value ST shown in FIG. 8 is associated with a
curved line relation. In other words, the above relation gen-
erally draws another quadratic curve when expressed in a
two-dimensional diagram of the tone level GLo and the
adjustment value ST, and, for example, the quadratic curve
may be a part of a parabola. The normal tone level GLo
gradually changes with the change of the adjustment value ST
within the entirety of the changeable range VR. The relation
between the emphasis tone level GLe and the adjustment
value ST shown in FIG. 8 is also associated with a curved line
relation. In other words, the above relation generally draws
still another quadratic curve when expressed in a two-dimen-
sional diagram of the tone level GLe and the adjustment value
ST, and, for example, the quadratic curve may be a part of a
parabola. The emphasis tone level GLe is substantially iden-
tical with the normal tone level GLo when the adjustment
value ST is equal to or greater than the mid-value STm. The
emphasis tone level GLe slightly changes with a small change
rate when the adjustment value ST is less than the mid-value
STm. The emphasis tone level GLe gradually changes with
the change of the adjustment value ST within the entirety of
the changeable range VR.

[0043] Inthe present embodiment, while changing the nor-
mal luminance level VBo for displaying the normal informa-
tion based on the adjustment value ST, the emphasis lumi-
nance level VBe for displaying the emphasis information is
maintained at a level that corresponds to luminance higher
than luminance of the normal luminance level VBo.

Third Embodiment

[0044] The third embodiment of the present invention
employs characteristics shown in FIGS. 9 to 11 instead of the
characteristics shown in FIGS. 6 to 8. A vehicular display
system of the present embodiment has the configuration
described in the first and second embodiments as shown in
FIGS.1 and 2.

[0045] As showninFIG. 9, there is a dead zone at both end
ranges (maximum and minimum sides) of the adjustment
value ST. More specifically, when the adjustment value ST is
within the dead zone, the screen luminance level VB is main-
tained constant as shown in FIG. 9. There are two leveled dead
zones at a lower-luminance end range of the adjustment value
ST, and the two leveled dead zones corresponds to a minimum
luminance level and a next minimum luminance level that is
slightly higher (brighter) than the minimum luminance level.
There is the other dead zone at a higher-luminance end range
of the adjustment value ST, and the other dead zone corre-
sponds to a maximum luminance level. As a result, when the
adjustment value ST is within the changeable range VR of
FIG. 9, the normal luminance level VBo continuously and
gradually changes in accordance with the change of the
adjustment value ST. The characteristics of the emphasis
luminance level VBe and the normal luminance level VBo in
FIG. 9 are achieved based on the characteristics shown in
FIGS. 10 and 11.
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[0046] The relation between the light source luminance
level BL and the adjustment value ST shown in FIG. 10 draws
alinechart. Alternatively, the relation between the adjustment
value ST and the light source luminance level BL within the
changeable range VR may be expressed as a curved line. The
light source luminance level BL gradually changes with the
change of the adjustment value ST within the entirety of the
changeable range VR.

[0047] As showninFIG. 11, the liquid crystal tone level GL
is adjustable stepwisely at the first value, the second value,
and multiple mid values defined between the first value and
the second value. The first value corresponds to the darkest,
and the second value corresponds to the certain level brighter
than the first value. For example, the first value corresponds to
the darkest screen luminance level. The second value corre-
sponds to the brightest screen luminance level. The liquid
crystal tone level GL has, for example, a resolution of 4 bits.
[0048] The relation between the normal tone level GLo and
the adjustment value ST shown in FIG. 11 is associated with
a curved line relation. In other words, the above relation is
generally draws a quadratic curve when expressed in a two-
dimensional diagram of the tone level GLo and the adjust-
ment value ST, and, for example, the quadratic curve may be
a part of a parabola. The normal tone level GLo gradually
changes with the change of the adjustment value ST within
the entirety of the changeable range VR.

[0049] The relation between the emphasis tone level GLe
and the adjustment value ST shown in FIG. 11 is associated
with a curved line relation. In other words, the above relation
is generally draws a quadratic curve when expressed in a
two-dimensional diagram of the tone level GLe and the
adjustment value ST, and, for example, the quadratic curve
may be a part of a parabola. The emphasis tone level GLe is
substantially identical with the normal tone level GLo when
the adjustment value ST is equal to or greater than the mid-
value STm. In contrast, when the adjustment value ST is less
than the mid-value STm, the emphasis tone level GLe slightly
changes with a small change rate differently from the change
of the tone level GLo. The emphasis tone level GLe gradually
changes with the change of the adjustment value ST within
the entirety of the changeable range VR.

[0050] In the present embodiment, the liquid crystal tone
level GL is stepwisely set. As a result, even when the adjust-
ment value ST changes by a certain amount, it is possible to
maintain the liquid crystal tone level GL at a required level.
For example, the above certain amount may corresponds to
50% or less than a dimension of the changeable range VR.
More specifically, the above amount may correspond to 30%
or less than the dimension of the changeable range VR. As a
result, even in the configuration, where the liquid crystal tone
level GL is stepwisely set, both of the light source luminance
level BL and the liquid crystal tone level GL are changeable
with the change of the adjustment value ST.

[0051] According to the present embodiment, while the
normal luminance level VBo is changed in accordance with
the adjustment value ST, it is possible to maintain the empha-
sis luminance level VBe higher for the brighter display than
the normal luminance level VBo.

[0052] In the above embodiments, because the luminance
characteristic and the tone characteristic have the straight line
relation or the curved line relation, it is possible to obtain a
more suitable screen luminance level by selectively using the
above flexible characteristics in accordance with the opera-
tional state.
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[0053] In the above embodiments, the normal tone level
GLo and the emphasis tone level GLe continuously or step-
wisely changes based on the tone characteristics. As a result,
continuous control by using the analog electric circuit is
achievable. Also, fine step control with generally continuous
adjustment by using the digital electric circuit having sub-
stantially high resolution is achievable. Further, step control
by using the other digital electric circuit having relatively low
resolution is achievable.

Other Embodiment

[0054] The present invention is not technically limited to
the above embodiments. The above embodiments may be
modified in various manners for improvement or for expan-
sion within the technical range of the present invention. For
example, the luminance characteristic and the tone character-
istic may employ curves different from those in the above
embodiments. Also, alternatively, the storage unit 24, the first
storage unit 27, and the second storage unit 28 may be
replaced by a single storage device.

[0055] Additional advantages and modifications will
readily occur to those skilled in the art. The invention in its
broader terms is therefore not limited to the specific details,
representative apparatus, and illustrative examples shown
and described.

What is claimed is:

1. A display system comprising;

a liquid crystal element that has a plurality of pixels,
wherein:
atone level of each of the plurality of pixels is adaptable;
a first plurality of pixels of the plurality of pixels dis-

plays normal information; and
a second plurality of pixels of the plurality of pixels
displays emphasis information;

a backlight that provides light toward the liquid crystal
element, wherein a light source luminance level of light
provided by the backlight is adjustable;

an adjustment unit that sets an adjustment value;

a light source control unit that operates the backlight to
change the light source luminance level; and

a liquid crystal control unit that operates the first plurality
of pixels to display the normal information with the tone
level of a normal tone level, wherein the liquid crystal
control unit operates the second plurality of pixels to
display the emphasis information with the tone level of
an emphasis tone level, wherein:

when the adjustment value changes within an entirety of a
predetermined changeable range of the adjustment
value, the light source control unit operates the backlight
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such that the light source luminance level gradually
changes with a change of the adjustment value; and

when the adjustment value changes within the entirety of
the changeable range, the liquid crystal control unit
operates the first and second plurality of pixels such that
the normal tone level gradually changes with the change
of the adjustment value and simultaneously the empha-
sis tone level is maintained to correspond to brightness
equal to or greater than brightness provided by the nor-
mal tone level.

2. The display system according to claim 1, wherein:

the liquid crystal control unit operates the first and second
plurality of pixels such that the emphasis tone level
gradually changes with the change of the adjustment
value while the brightness provided by the emphasis
tone level is maintained to be equal to or greater than the
brightness provided by the normal tone level.

3. The display system according to claim 2, wherein:

the light source control unit operates the backlight such
that the light source luminance level gradually changes
with the change of the adjustment value when the adjust-
ment value is around a predetermined mid-value;

the liquid crystal control unit operates the first and second
plurality of pixels such that the emphasis tone level is
similar to the normal tone level when the adjustment
value is equal to or greater than the predetermined mid-
value; and

the liquid crystal control unit operates the first and second
plurality of pixels such that the brightness provided by
the emphasis tone level is greater than the brightness
provided by the normal tone level when the adjustment
value is less than the predetermined mid-value.

4. The display system according to claim 1, wherein:

a relation between the adjustment value and the light
source luminance level is predetermined as a luminance
characteristic; and

a relation between the adjustment value and the tone level
of each of the plurality of pixels is predetermined as a
tone characteristic, the display system further compris-
ing:

a storage unit that stores the luminance characteristic and
the tone characteristic.

5. The display system according to claim 4, wherein:
each of the luminance characteristic and the tone charac-
teristic is expressed as a straight line or a curved line.
6. The display system according to claim 1, wherein the
liquid crystal control unit operates the first and second plu-
rality of pixels such that the normal tone level and the empha-

sis tone level continuously or stepwisely change.

* * #* ok %



patsnap

TREMOF) ERRE
[F(RE)E US20100182354A1 K (aH)A 2010-07-22
BRiES US12/688412 % A 2010-01-15

FRIRE(EFR)AGE) BARBEHRNSHE
BE(ERRN)AGE) DENSO CORPORATION
LETEHIE(ERR)A(E) DENSO CORPORATION

[FRIRBAA SHIRATSUCHI TOSHIHARU
KATAOKA MASAMI
TSUDA SHINJI
YAMAKAWA MASASHI

KA SHIRATSUCHI, TOSHIHARU
KATAOKA, MASAMI
TSUDA, SHINJI
YAMAKAWA, MASASHI

IPCH %S G09G3/36 G09G5/02

CPCH %S B60K35/00 B60K2350/962 G09G3/2011 G09G3/3406 G09G3/36 G09G5/10 G09G2320/0271
G09G2320/0606 G09G2320/0626 G09G2320/0686 G09G2340/14 G09G2380/10 G09G2320/0613
G09G2320/062 B60K2370/1868

22

£ & 2009008018 2009-01-16 JP
H AN FF 3Tk US8125430
SNEBEEHE Espacenet USPTO
BEGE) 1
—HERRE , AERGTE , BN, BEET RS TS N 06w
PERE T, RS TR AT R R R ER . R 002 27 28
RERE AN E S MR E R A EE B RSN EEEL. \K} L 7
HREHETRERR THNE- S ME , UEREERABAZYE 20 = '
MRAES, YRABREEMENTIEEAELN , RERHEREE N i
WRCTENE( | EXNSAMERBRENTCRBREL BN |8 de
lER==RIEE 5 J'_E.':‘.x‘ y =l EaiEEy ‘J'_E.':‘.Xo -
BACHRRESSENNETRAT ELCASRNBE o Ty 12
SENSORS |- —qz
s o«
\ |
2


https://share-analytics.zhihuiya.com/view/6baff3bf-eaf4-4804-b49f-f6cf8e47fdd8
https://worldwide.espacenet.com/patent/search/family/042336610/publication/US2010182354A1?q=US2010182354A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100182354%22.PGNR.&OS=DN/20100182354&RS=DN/20100182354

