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(57) An image processing device (10) includes an
obtaining unit (11) and a change unit (12). The obtaining
unit (11) receives a background brightness of an image
projected onto a transmission and reflection member.
The change unit (12) generates control data for control-
ling display unit (13). The change unit (12) is operative
to change an original display color of at least a portion
of the image within a chromaticity range corresponding

to the original display color of the portion of the image,
according to the background brightness. A color differ-
ence between the original display color and a display
color changed by the change unit (12) when the back-
ground brightness is greater than or equal to a predeter-
mined threshold value, is greater than a color difference
when the background brightness is less than the prede-
termined threshold value.
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
to an image processing device, a display system, an im-
age processing method, and program.

Background Art

[0002] Head-up displays (HUDs) mounted on mobile
devices such as automobiles and aircraft are known that
directly display information in the field of view of a user.
In such HUDs, light for projecting a display image is re-
flected by a combiner to generate a virtual image, and a
driver visually recognizes the generated virtual image. In
this configuration, a background such as a road surface
is viewable through the generated virtual image.
[0003] JP-2015-178297-A describes the technology to
identify a color component with the highest brightness
(light intensity) among red, green, and blue (RGB) com-
ponents in an image captured by a front camera of the
mobile device and increase the brightness of two other
color components (i.e. the color components other than
the identified color component). This technology im-
proves the visibility of content displayed by the HUD.
[0004] In the technology described in JP-
2015-178297-A, the color tone of the displayed content
image might change from the original color tone due to
the increase in the brightness of the RGB components,
and this might cause the user to misunderstand the
meaning of an content image (that is, an image including
information content) virtually displayed by the HUD. For
example, when an image originally displayed in red to
represent prohibition or warning is displayed in another
color other than red, the user might misunderstand the
original meaning of the content image.
[0005] The present disclosure has an object to improve
the visibility of an image and enables the user to appro-
priately understand the meaning of the image.

SUMMARY

[0006] In one aspect of this disclosure, there is provid-
ed an improved
An image processing device includes an obtaining unit
and a change unit. The obtaining unit receives a back-
ground brightness of an image projected onto a trans-
mission and reflection member. The change unit gener-
ates control data for controlling display unit. The change
unit is operative to change an original display color of at
least a portion of the image within a chromaticity range
corresponding to the original display color of the portion
of the image, according to the background brightness. A
color difference between the original display color and a
display color changed by the change unit when the back-

ground brightness is greater than or equal to a predeter-
mined threshold value, is greater than a color difference
when the background brightness is less than the prede-
termined threshold value.
[0007] In another aspect of this disclosure, there is pro-
vided an improved a display unit including at least one
light source to emit light for projecting an image; a sensor
to obtain a background brightness of the image projected
onto a transmission and reflection member; and a calcu-
lation unit. The calculation unit is arranged to receive
data from the sensor and generate control data for con-
trolling the display unit. The calculation unit includes an
obtaining unit to obtain from a sensor data indicating
background brightness; and a change unit for generating
control data for controlling a display unit to display an
image. The change unit is operative to change an original
display color of at least a portion the image within a range
corresponding to the original display color of the portion
of the image when the background brightness is greater
than a predetermined threshold value. The display unit
causes the light source to project the image with a color
changed by the change unit onto the transmission and
reflection member.
[0008] In still another aspect of this disclosure, there
is provided an improved image processing method in-
cluding receiving a background brightness of an image
projected onto a transmission and reflection member;
and generating control data for controlling display unit to
change an original display color of at least a portion of
the image within a chromaticity range corresponding to
the original display color of the portion of the image, ac-
cording to the background brightness. A color difference
between the original display color and a display color
changed by the change unit when the background bright-
ness is greater than or equal to a predetermined thresh-
old value, is greater than a color difference when the
background brightness is less than the predetermined
threshold value.
[0009] In still another aspect of this disclosure, there
is provided an improved carrier medium comprising pro-
gram instructions operative to cause a processor to per-
form the image processing method.
[0010] According to the embodiments of the present
disclosure, the visibility of the image improves, and a
user can appropriately understand the meaning of the
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure will be
better understood by reference to the following detailed
description when considered in connection with the ac-
companying drawings, wherein:

FIG. 1 is an illustration of an example configuration
of a display system according to an embodiment of
the present disclosure;
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FIG. 2 is a block diagram of an example hardware
configuration of a display device according to an em-
bodiment of the present disclosure;
FIG. 3 is a block diagram of an example functional
configuration of the display device of FIG. 1;
FIG. 4 is a flowchart of a first processing example of
the display device of FIG. 1;
FIG. 5 is a graph that represents the relationship
between a display luminance and a background lu-
minance according to an embodiment of the present
disclosure;
FIG. 6 is a chromaticity diagram for describing
changes in color of content when the content is white;
FIG. 7 is a graph for describing an amount of change
in display color of content when the content is of a
color other than white;
FIG. 8 is a chromaticity diagram for describing a di-
rection in which a color changes when the content
is of a color other than white;
FIG. 9 is an illustration of an example of a display
screen of the display device according to an embod-
iment of the present disclosure;
FIG. 10 is a flowchart of a second processing exam-
ple of the display device of FIG. 1; and
FIG. 11 is a chromaticity diagram for describing
changes in display color with background chroma-
ticity according to an embodiment of the present dis-
closure.

[0012] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0013] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
have the same function, operate in a similar manner, and
achieve similar results.
[0014] Although the embodiments are described with
technical limitations with reference to the attached draw-
ings, such description is not intended to limit the scope
of the disclosure and all of the components or elements
described in the embodiments of this disclosure are not
necessarily indispensable.
[0015] Hereinafter, a description is given of several
embodiments of the present disclosure with reference to
the drawings.
[0016] A description is given of a system configuration
of a display system 1 according to an embodiment of the
present disclosure, referring to FIG. 1.
[0017] FIG. 1 is an illustration of an example configu-

ration of a display system 1 according to an embodiment
of the present disclosure.
[0018] The display system 1 according to the embod-
iments of the present disclosure is mounted on a mobile
device such as a vehicle, an aircraft, and a ship. The
display system 1 includes a display device 10 as an im-
age processing device, an illuminance sensor 20, and a
camera 30.
[0019] Hereinafter, the cases in which the display sys-
tem 1 is mounted on a vehicle are described according
to an example of the present disclosure. In some exam-
ples, the display system 1 is applicable in other mobile
devices, such as ones which are not in vehicles.
[0020] The display device 10 is an example of a device
such as a head up display (HUD) and a head mount dis-
play (HMD).
[0021] In the following description, the display device
10 is an example of the HUD. The display device 10 is
disposed, for example, in the dashboard of a driver’s ve-
hicle 301.
[0022] The projection light L, which is the light for pro-
jecting an image, that is emitted from the display device
10 is reflected by a front windshield 302 that serves as
a light transmission and reflection member, and is redi-
rected towards a driver 300.
[0023] Note that the term "transmission and reflection
member" indicates a member that transmits a portion of
the incident light and reflects at least some of the remain-
ing incident light. Accordingly, the image is projected onto
the front glass 302. In the case that the image includes
information content (i.e. it is a content image, such as a
navigation image), the driver 300 can visually recognize
the content image as a virtual image. Hereinafter, the
content image is referred to simply as content.
[0024] Note that a combiner that serves as a light trans-
mission and reflection member may be disposed on the
inner wall of the front windshield 302. Accordingly, the
driver 300 visually recognizes a virtual image formed by
the projection light L that is reflected by the combiner.
[0025] In the following description, the cases where a
laser beam source (light source) is used as the light
source of the display device 10 are described. However,
no limitation is intended therein. Alternatively, the display
device 10 may be a display device including a liquid crys-
tal display (LCD).
[0026] The illuminance sensor 20 is, for example, an
illuminometer or a luminance meter. The illuminance sen-
sor 20 obtains at least one value indicative of the bright-
ness such as the luminance and the illuminance in a por-
tion of the background comprising] the position where
the virtual image of the content is generated, or proximate
(e.g. in an area surrounding) the position where the virtual
image is generated.
[0027] The camera 30 is a camera for photographing
an image ahead of the mobile device.
[0028] The illuminance sensor 20 and the camera 30
may be provided, for example, in the upper portion of the
front windshield 302.
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[0029] In the first embodiment, the display system 1
includes at least one of the illuminance sensor 20 and
the camera 30.
[0030] Next, a hardware configuration of the display
device 10 is described according to an embodiment of
the present disclosure with reference to FIG. 2.
[0031] FIG. 2 is a block diagram of an example hard-
ware configuration of the display device 10 according to
an embodiment of the present disclosure.
[0032] The display device 10 includes a field program-
mable gate array (FPGA) 251, a central processing unit
(CPU) 252, a read-only memory (ROM) 253 as a mem-
ory, a random access memory (RAM) 254, an interface
(I/F) 255, a bus line 256, a laser diode (LD) driver 257,
and a micro-electromechanical systems (MEMS) control-
ler 258.
[0033] The FPGA 251 uses the LD driver 257 to control
the operation of laser beam sources (light sources) 201R,
201G, and 201B of a light source unit 220. Moreover, the
FPGA 251 uses the MEMS controller 258 to control the
operation of a MEMS device 208a of an optical scanner
of the display device 10.
[0034] The CPU 252 controls the operations of the dis-
play device 10.
[0035] The ROM 253 stores various kinds of programs
such as an image processing program that is executed
by the CPU 252 to control the operation of the display
device 10.
[0036] The RAM 254 is mainly used as a working area
in which the CPU 252 executes a program.
[0037] The I/F 255 allows the display device 10 to com-
municate with an external controller such as a controller
area network (CAN) of the vehicle 301. For example, the
interface 255 is connected to a vehicle navigation device
and various kinds of sensor device through the CAN of
the vehicle 301. Moreover, the I/F 255 is connected to
the camera 30 that captures an image in front including
an image to be displayed by the display device 10 and
its background image through the front windshield 302.
Further, the I/F 255 is connected to the illuminance sen-
sor 20 that detects the brightness (luminance and/or il-
luminance) and chromaticity of the environmental light
at and/or proximate to the display image.
[0038] The display device 10 reads or writes data from
and to a recording medium 255a via the I/F 255. Exam-
ples of the recording medium 255a include a flexible disc,
a compact disc (CD), a digital versatile disc (DVD), a
secure digital (SD) memory card, and a universal serial
bus (USB) memory.

First Embodiment

[0039] Next, a functional configuration of the display
device 10 is described according to a first embodiment
of the present disclosure, referring to FIG. 3. FIG. 3 is a
block diagram of a functional configuration of the display
device 10 according to the first embodiment of the
present disclosure.

[0040] The display device 10 includes an obtaining unit
11, a change unit 12 (the obtaining unit 11 and the change
unit 12 constitutes a calculation unit), and a display unit
13 for generating and transmitting the light L. Each of
these functional units is implemented by processes ex-
ecuted by the CPU 252 according to one or more pro-
grams installed on the display device 10. At any time, the
display device 10 defines an upper limit of the luminance
values at which the display device 10 enables any content
of the image to be displayed.
[0041] The obtaining unit 11 obtains the brightness of
the background that is viewable through a virtual image
of the content captured by the illuminance sensor 20 or
the camera 30. In the following description, the luminance
is used to describe the brightness for example. In some
examples, the illuminance may be used to describe the
brightness.
[0042] The change unit 12 changes the luminance of
the content (content luminance) to a different luminance
level (hereinafter, referred to as a comfortable luminance
(comfortable brightness); the comfortable luminance
may be pre-set or may be set based upon user input)
that enables the user to easily recognize the contents
and prevents the contents from being too bright for the
user when the background luminance (the above-de-
scribed brightness of the background) obtained by the
obtaining unit 11 is not greater than or equal to a prede-
termined threshold value.
[0043] A given portion of the image may be one of sev-
eral possible original display colors. Different possibilities
for the original display color of a portion of the image (that
is a chromaticity) are associated with respective ranges
of chromaticity, which may be different from each other.
Further, when the background luminance obtained by
the obtaining unit 11 is greater than or equal to a prede-
termined threshold value, the change unit 12 changes
the luminance of the content to the upper limit of the lu-
minance values at which the display device 10 enables
the content to be displayed, and also changes the display
color (chromaticity) of the content within the chromaticity
range corresponding to the original display color of the
content.
[0044] The display unit 13 displays the content with the
luminance and display color changed by the change unit
12.
[0045] Next, the processing of the display device 10 is
described according to the first embodiment of the
present disclosure, referring to FIG. 4.
[0046] FIG. 4 is a flowchart of the processing of the
display device 10 according to the first embodiment of
the present disclosure. Note that the processing of FIG.
4 may be performed at a periodic timing, for example.
Hereinafter, each content to be displayed with at least
one of the luminance and the chromaticity changed by
the display device 10 is referred to as a target content.
[0047] In step S1, the obtaining unit 11 obtains a back-
ground luminance from the illuminance sensor 20 or the
camera 30. When using the camera 30, the obtaining
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unit 11 obtains the background luminance from an image
captured by the camera 30.
[0048] Subsequently, the change unit 12 determines
whether the background luminance is greater than or
equal to a threshold value (step S2).
[0049] FIG. 5 is an illustration of the predetermined
threshold value of the background luminance. Both axes
in FIG. 5 are logarithmic. In FIG. 5, the vertical axis de-
notes the logarithm (log) of the display luminance of con-
tent, and the horizontal axis denotes the log of the back-
ground luminance. As illustrated in FIG. 5, a comfortable
luminance 501 linearly changes with the background lu-
minance.
[0050] In FIG. 5, B0 and B2 respectively denote the
lower limit and the upper limit of the background lumi-
nance to which the display device 10 is adaptable. Fur-
ther, B1 denotes a background luminance when the com-
fortable luminance 501 exceeds the upper limit A of the
display luminance values at which the display device 10
enables the content to be displayed. The above-de-
scribed predetermined threshold value may be set to the
value B1 in FIG. 5.
[0051] For example, when the display device 10 in-
cludes a laser beam source, the upper limit of the lumi-
nance values at which the display device 10 enables the
content to be displayed changes with the environmental
factors such as temperature, which means that the pre-
determined threshold value also changes with tempera-
ture. In view of such circumstances, the change unit 12
detects an ambient temperature around the laser beam
source using, for example, a temperature sensor to de-
termine the predetermined threshold value based on the
detected temperature.
[0052] When the background luminance is not greater
than or equal to the predetermined threshold value (No
in step S2), the change unit 12 changes the display lu-
minance of a target content, to a comfortable luminance
(step S3), and the processing proceeds to step S8.
[0053] In such a process, the change unit 12 increases
the display luminance of the content in accordance with
an increase in background luminance (as the background
is brighter), to obtain improved visibility of the content
displayed by the display device 10. When the display
luminance of the content is much higher than the back-
ground luminance, the displayed content is too bright for
the user and the user feels uncomfortable. To avoid such
a situation, the change unit 12 changes the display lumi-
nance of the content to the comfortable luminance. The
change unit 12 may merely adjust the luminance of the
content to the comfortable luminance when such an ad-
justment enables the content to be displayed with the
visibility obtained.
[0054] In some examples, the change unit 12 prelimi-
narily stores a table in which the comfortable luminance
values are associated with the background luminance
values, in a memory so as to obtain a comfortable lumi-
nance corresponding to each background luminance. Al-
ternatively, the change unit 12 may obtain a comfortable

luminance using a prescribed formula in which the back-
ground luminance is variable (a parameter).
[0055] When the background luminance is greater
than or equal to the predetermined value (Yes in step
S2), the change unit 12 changes the display luminance
of the target content, to the upper limit value of the lumi-
nance values (the upper limit A in FIG. 5) at which the
display device 10 enables the content to be displayed
(step S4).
[0056] Subsequently, the change unit 12 determines
whether the original display color of the target content is
white (step S5).
[0057] In this case, the original display color of the con-
tent refers to a respective color preset for each possible
type of content.
[0058] When the original display color of the target con-
tent is white (Yes in step S5), the change unit 12 changes
the display color of the target content in the yellow direc-
tion or the blue direction on the chromaticity diagram
(step S6), and the processing proceeds to step S8.
[0059] Note that changing the white target content in
the yellow to blue direction is more acceptable in terms
of human perception than changing the white target con-
tent in the red to green direction.
[0060] In other words, yellowish white and bluish white
are more acceptable in terms of human perception than
reddish white and greenish white. Accordingly, the
change unit 12 may mainly change the luminance of, for
example, the blue component when the content is white,
so as to cause a color difference between the original
display color and the color changed by the change unit
to display the content.
[0061] In this case, the change unit 12 changes the
display color of content such that ΔYB is greater than
ΔYR (ΔYB > ΔYR) and ΔYB is greater than ΔYG (ΔYB >
ΔYG) when the amounts of change in luminance of red,
green, and blue are denoted by ΔYR, ΔYG, and ΔYB,
respectively. This enables improved visibility and a rela-
tively natural color change of content to be obtained.
[0062] FIG. 6 is a chromaticity diagram that represents
changes in colors when the content is white. The chro-
maticity diagram of FIG. 6 is the International Commis-
sion on Illumination/Commission International de
L’Eclairage (CIE) 1976 UCS chromaticity diagram.
[0063] However, the chromaticity diagram employed
by the embodiment is not limited to the CIE 1976 UCS
chromaticity diagram, and any chromaticity diagram may
be used.
[0064] In the CIE 1976 UCS chromaticity diagram, the
scale is calibrated such that the difference in perception
of color at the same brightness is substantially propor-
tional to the geometric distance all over the chromaticity
diagram.
[0065] The chromaticity values are not limited to the
values on the CIE 1976 UCS chromaticity diagram and
may be on another type of chromaticity diagram. Further,
the color difference may be obtained from values on chro-
maticity diagrams other than the CIE 1976 UCS chroma-
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ticity diagram. For example, the chromaticity diagram
may be the L*a*b* color space chromaticity diagram, and
the chromaticity values may be on the L*a*b* color space
chromaticity diagram. The color difference may be ob-
tained from values on the L*a*b* color space chromaticity
diagram.
[0066] In step S6, the change unit 12 changes the dis-
play color of content from the white 601 of FIG. 6 in the
yellow direction or the blue direction within a relatively
wide range 602. In this case, the change unit 12 may
change the display color of content from the white 601
to a color farther (i.e. at a position farther away) from the
white 601 in the yellow direction or the blue direction on
the chromaticity diagram as the background luminance
increases.
[0067] When the original display color of the target con-
tent is not white (No in step S5), the change unit 12 chang-
es the display color of the target content in a direction
away from white within the (color or chromaticity) range
of the original display color (step S7).
[0068] FIG. 7 is a graph that represents changes in
display color of content when the content is of a color
other than white.
[0069] The color difference ΔE between the original
display color (u0’, v0’) of the content and the changed
color (u1’, v1’) is expressed by the following expression
(1). When a plurality of colors is included in the original
display color of one item of content, (u0’, v0’) may be
defined as the average value of the original display colors
of the one item of content.
[Expression 1] 

[0070] In the chromaticity diagram of, for example, FIG.
6, as the distance between the point indicating the first
chromaticity and the point indicating the second chroma-
ticity increases, the difference in color between first chro-
maticity and the second chromaticity increases.
[0071] In FIG. 7, ΔE12 is the color difference between
the original display color (reference) of content and a
color changed by the change unit 12 (hereinafter, re-
ferred to as a changed color) when the background lu-
minance exceeds B1 in FIG. 5, and ΔE01 is the color
difference between the original display color of content
and the changed color when the background luminance
falls below B1 of FIG. 5.
[0072] Note that ΔE01 is the average value of the color
differences between the original display color of the con-
tent and the changed color when the background lumi-
nance is between B0 and B1 in FIG. 5 and the content
is displayed with comfortable luminance.
[0073] This color difference between the original dis-
play color of the content and the color used to actually
display the content at the comfort luminance, occurs due
to constraints of the hardware of the display device 10.

[0074] When the background luminance exceeds B1
in FIG. 5, the change unit 12 changes the display color
of the content to satisfy the following expression (2): 

[0075] FIG. 8 is a chromaticity diagram that represents
changes in colors when content is of a color other than
white.
[0076] When the laser beams output from the RGB
light sources (laser beam sources) 201R, 201G, 201B of
the display device 10 have, for example, the wavelengths
of 640, 550, 465 nanometer (nm), respectively, the color
gamut in which the display device 10 enables content to
be displayed is indicated by the triangle 800 in FIG. 8.
[0077] The vertexes 801, 802, 803 of the triangle 800
indicate red, green, and blue, respectively.
[0078] FIG. 8 indicates a line segment 821 connecting
the white point (white chromaticity point) 804 indicating
the white color and the midpoint 811 of the vertex 801
and the vertex 802.
[0079] In FIG. 8, a line segment 822 connecting a mid-
point 812 of the vertex 802 and the vertex 803 and the
white point 804 is indicated.
[0080] Further, a straight line 823 passing through the
white point 804 and the midpoint 813 of the vertex 803
and the vertex 801 is indicated in FIG. 8.
[0081] An intersection 814 of the straight line 823 and
the line segment 824 connecting the vertex 801 and the
vertex 802 is indicated in FIG. 8.
[0082] In step S7, the change unit 12 changes the dis-
play color according to the following four ranges of the
original display color of the content:

(1) A yellow range 851 which is a triangle having the
midpoint 811, the white point 804, and the vertex 802
as vertexes;
(2) A green range 852 which is a quadrilateral having
the intersection 814, the white point 804, the mid-
point 812, and the vertex 802 as vertexes;
(3) A blue range 853 which is a quadrilateral having
the midpoint 812, the white point 804, the midpoint
813, and the vertex 803 as vertexes; and
(4) A red range 854 which is a quadrilateral having
the midpoint 813, the white point 804, the midpoint
811, and the vertex 801 as vertexes.

[0083] That is, the ranges 851 to 854 are ranges that
enable recognition of yellow, green, blue, and red, re-
spectively. When the original display color of the content
is yellow, green, blue, or red (i.e. the point representing
its color in Fig 1 is in the respective range), the change
unit 12 changes the display color in a direction away from
the white point 804 and within the range 851 to 854, re-
spectively. In this case, the change unit 12 may change
the display color of the content to a color farther from the
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white point 804 on the chromaticity diagram of FIG. 8 as
the background luminance increases.
[0084] In such a manner, the display color of the con-
tent is changed within a range that does not deviate from
the original color. This configuration enables the content
to be displayed without inhibiting the driver (user) from
correctly understanding the meaning of the display color
of content such as caution indicated by yellow, safety
indicated by green, instruction indicated by blue, and
danger indicated by red, which prevents an unnecessary
attention of the driver.
[0085] Subsequently, the display unit 13 displays the
target content with the luminance and color difference
changed by the change unit 12 in step S8, and the
processing ends.
[0086] FIG. 9 is an illustration of a display screen 700
of the display device 10 according to an embodiment of
the present disclosure. In the example of FIG. 9, the dis-
play screen 700 displays a content image indicating road
information such as a road name and a speed limit on
the bottom of the display area 900 The display device 10
obtains the road information from an on-vehicle naviga-
tion device, for example. In the example of FIG. 9, a road-
name display image 901, a speed-limit display image
902, and an overtaking prohibition display image 903 are
displayed as the road information.
[0087] According to "Japanese Industrial Standards
(JIS) Safety Color" specified by JIS to ensure safety, red
means "danger", yellow means "caution", and green
means "safety".
[0088] In addition, the basic safety color is universal in
the world. In this way, the display color has meaning as
an implicit consent.
[0089] If the display color of the content is changed
with the environment without considering its meaning,
the meaning expressed by the content is changed, which
might confuse the driver.
[0090] For example, suppose that content originally
displayed in red (R = 255, G = 0, B = 0) to indicate warning
is adjusted based on the RGB components to display
yellow (R = 255, G = 255, B = 0).
[0091] In this case, the visibility may be improved de-
pending on the background.
[0092] However, since the meaning of "yellow" is "cau-
tion", the meaning of the content disadvantageously
changes.
[0093] The configuration according to the present em-
bodiment changes the display color of content within the
range of a prescribed chromaticity corresponding to the
original content color, which improves the visibility of con-
tent and enables the user to properly understand the
meaning of the content.
[0094] As noted above, an original display color of at
least a portion of the image may be changed. The portion
of the image may correspond to a portion of the image
at which road information is displayed within the image.
The road information may be data indicative of properties
of the road, and may be based on data extracted from a

database of road information based on a location on the
road.
[0095] When the background brightness is less than
the predetermined threshold value, a brightness of the
image (e.g. a luminance or illuminance of the image) may
be modified (e.g. to be equal to the predetermined thresh-
old value), but the colors of at least one portion, and pref-
erably all portions, of the image are preferably not mod-
ified. For example, the color of at least one portion of the
image at which road information is displayed is preferably
not changed.
[0096] Note that there may be a plurality of predeter-
mined chromaticity ranges (e.g. a respective chromaticity
range for each of one or more of green, blue, yellow and
green, such that the chromaticity range for one of green,
blue, yellow or green includes a pure version of that color;
preferably the chromaticity range for each of the one or
more colors does not include any hue which would be
perceived by a human with normal eyesight as one of
the other colors). If the original color of the portion of the
image falls within one of the predetermined chromaticity
ranges, then the changed color of the portion of the image
also falls within the same chromaticity range. The chro-
maticity ranges may each extend on a chromaticity dia-
gram to meet at a point representing the color white. On
a chromaticity diagram they may collectively subtend all
angles about the point representing the color white.
[0097] If the original display color of the portion of the
image is white, the corresponding chromaticity range
may be a range which extends, according to a predefined
chromaticity diagram (such as the International Commis-
sion on Illumination/Commission Internationale L’Eclar-
iage (CIE) 1976 UCS chromaticity diagram), further from
the point in the diagram corresponding to the color white
in a directions towards the color yellow, and in a direction
towards the color blue, than in a direction towards the
color red or the color green.

Variation

[0098] According to a variation of an embodiment of
the present disclosure, the change unit 12 changes the
display color of only a predetermined type of content
among a plurality of pieces of content when the back-
ground luminance obtained by the obtaining unit 11 is
greater than or equal to the predetermined threshold val-
ue.
[0099] In this case, the change unit 12 may change the
display color only for the content displayed as a virtual
image, for example.
[0100] This configuration improves the visibility of the
content (the virtual image) displayed far from the front
windshield 302, for example.
[0101] Alternatively, the change unit 12 may change
the display color only for content indicating danger or
caution such as the overtaking prohibition display image
903 in FIG. 9, for example.
[0102] This configuration improves the visibility of, for
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example, only information relatively important for the driv-
er 300 even when the background luminance is high.

Second Embodiment

[0103] Next, a second embodiment is described. In the
above-described first embodiment, the cases are de-
scribed where the change unit 12 changes the original
display color of content in a predetermined direction on
the chromaticity diagram according to the background
luminance.
[0104] In the second embodiment, cases are de-
scribed where the change unit 12 changes the original
display color of content in a predetermined direction on
the chromaticity diagram according to the background
luminance and the background color. The configuration
according to the second embodiment improves the visi-
bility of content further.
[0105] The same configuration of the first embodiment
applies to the second embodiment except for some fea-
tures, and accordingly the description of the common fea-
tures is omitted below.
[0106] Next, a functional configuration of the display
device 10 is described according to the second embod-
iment of the present disclosure, referring to FIG. 3.
[0107] The obtaining unit 11 according to the second
embodiment further obtains the background chromatici-
ty.
[0108] The change unit 12 according to the second em-
bodiment further changes the display color of content
according to the obtained background chromaticity.
[0109] Next, the processing performed by the display
device 10 is described according to the second embod-
iment of the present disclosure, referring to FIG. 10.
[0110] FIG. 10 is a flowchart of the processing per-
formed by the display device 10 according to the second
embodiment of the present disclosure.
[0111] Note that the processing of FIG. 10 may be per-
formed at a periodic timing, for example.
[0112] In step S201, the obtaining unit 11 obtains the
background luminance and the background chromaticity
(color).
[0113] In this case, the obtaining unit 11 calculates the
background chromaticity corresponding to the position
at which a virtual image of content is to be generated,
based on the image captured by the camera 30, for ex-
ample.
[0114] The processes in steps S202 through S205 and
step S208 are the same as those in steps S2 through S5
and S8 in FIG. 4.
[0115] In step S206, the change unit 12 changes the
display color of the target content in the yellow direction
or the blue direction on the chromaticity diagram, accord-
ing to the background chromaticity. Subsequently, the
processing proceeds to step S208.
[0116] In this case, the change unit 12 changes the
display color of the content to increase the color differ-
ence between the display color of the content and the

background chromaticity within the range 602 in the chro-
maticity diagram of FIG. 6.
[0117] For example, if the background is yellowish due
to, e.g., sunset, the change unit 12 changes the display
color of the content in the blue direction.
[0118] In step S207, the change unit 12 changes the
display color of the target content according to the back-
ground chromaticity, within the (chromaticity) range of
the original display color of the content.
[0119] In this case, the change unit 12 may change the
display color of the content to increase the color differ-
ence between the display color of the content and the
background chromaticity within the chromaticity range of
the original display color of the content, for example.
[0120] FIG. 11 is a chromaticity diagram for describing
changes in display color with the background chromatic-
ity.
[0121] In the example of FIG. 11, the change unit 12
changes the display color 1002 of content to increase
the color difference 1003 between the display color 1002
of the content and the background chromaticity 1001
within the range 851 of the display color 1002.
[0122] The above-described embodiments are illustra-
tive and do not limit the present disclosure. Thus, numer-
ous additional modifications and variations are possible
in light of the above teachings. For example, elements
and/or features of different illustrative embodiments may
be combined with each other and/or substituted for each
other within the scope of the present disclosure.
[0123] For example, each functional unit of the display
device 10 may be realized by cloud computing constitut-
ed by one or more computers.
[0124] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present invention may be implemented as computer
software implemented by one or more networked
processing apparatuses. The processing apparatuses
can compromise any suitably programmed apparatuses
such as a general purpose computer, personal digital
assistant, mobile telephone (such as a WAP or 3G-com-
pliant phone) and so on. Since the present invention can
be implemented as software, each and every aspect of
the present invention thus encompasses computer soft-
ware implementable on a programmable device. The
computer software can be provided to the programmable
device using any conventional carrier medium (carrier
means). The carrier medium can compromise a transient
carrier medium such as an electrical, optical, microwave,
acoustic or radio frequency signal carrying the computer
code. An example of such a transient medium is a TCP/IP
signal carrying computer code over an IP network, such
as the Internet. The carrier medium can also comprise a
storage medium for storing processor readable code
such as a floppy disk, hard disk, CD ROM, magnetic tape
device or solid state memory device.
[0125] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
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therefore to be understood that, within the scope of the
above teachings, the present disclosure may be prac-
ticed otherwise than as specifically described herein.
With some embodiments having thus been described, it
will be obvious that the same may be varied in many
ways. Such variations are not to be regarded as a de-
parture from the scope of the present disclosure and ap-
pended claims, and all such modifications are intended
to be included within the scope of the present disclosure
and appended claims.

Claims

1. An image processing device (10) comprising:

an obtaining unit (11) to receive a background
brightness of an image projected onto a trans-
mission and reflection member; and
a change unit (12) for generating control data
for controlling display unit (13), the change unit
(12) being operative to change an original dis-
play color of at least a portion of the image within
a chromaticity range corresponding to the orig-
inal display color of the portion of the image,
according to the background brightness,
wherein a color difference between the original
display color and a display color changed by the
change unit (12) when the background bright-
ness is greater than or equal to a predetermined
threshold value, is greater than a color differ-
ence when the background brightness is less
than the predetermined threshold value.

2. The image processing device (10) according to claim
1,
wherein the chromaticity range of the original display
color of the portion of the image is a chromaticity
range of at least one of red, blue, yellow, and green.

3. The image processing device (10) according to claim
2,
wherein, when the original color of the portion of the
image is red, the change unit (12) changes the orig-
inal color within the chromaticity range of red.

4. The image processing device (10) according to claim
2,
wherein, when the original color of the portion of the
image is blue, the change unit (12) changes the orig-
inal color within the chromaticity range of blue.

5. The image processing device (10) according to claim
2,
wherein, when the original color of the portion of the
image is yellow, the change unit (12) changes the
original color within the chromaticity range of yellow.

6. The image processing device (10) according to claim
2,
wherein, when the original color of the portion of the
image is green, the change unit (12) changes the
original color within the chromaticity range of green.

7. The image processing device (10) according to any
of claims 1 through 6,
wherein, when the background brightness is greater
than or equal to the predetermined threshold value
and the original display color is white, the change
unit (12) changes the original display color in one of
a yellow direction and a blue direction within a pre-
determined chromaticity diagram.

8. The image processing device (10) according to any
of claims 1 through 7,
wherein, when the background brightness is less
than the predetermined threshold value, the change
unit (12) changes a brightness of the part of the im-
age to a comfortable brightness having a predeter-
mined relationship with the background brightness,
wherein the predetermined threshold value is a value
at which the comfortable brightness reaches an up-
per limit of brightness values at which the display
unit (13) is capable of displaying the image.

9. The image processing device (10) according to claim
8,
wherein the predetermined threshold value is varia-
ble according to a change in the brightness values
at which the display unit (13) is capable of displaying
the image.

10. The image processing device (10) according to any
of claims 1 through 9,
wherein the obtaining unit (11) obtains a background
color;
wherein the change unit (12) changes the original
color of the part of the image to increase a color
difference between the background color and the
displayed color changed by the change unit (12).

11. A display system (1) comprising:

a display unit (13) comprising at least one light
source (201R, 201G, and 201B) to emit light for
projecting an image;
a sensor (20) to obtain a background brightness
of the image projected onto a transmission and
reflection member (302); and
a calculation unit including:

an obtaining unit (11) to obtain from a sen-
sor data indicating background brightness;
a change unit (12) for generating control da-
ta for controlling a display unit (13) to display
an image, the change unit (12) being oper-
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ative to change an original display color of
at least a portion the image within a range
corresponding to the original display color
of the portion of the image when the back-
ground brightness is greater than a prede-
termined threshold value,

the calculation unit being arranged to receive
data from the sensor and generate control data
for controlling the display unit;
whereby the display unit (13) causes the light
source (201R, 201G, and 201B) to project the
image with a color changed by the change unit
(12) onto the transmission and reflection mem-
ber (302).

12. An image processing method comprising:

receiving a background brightness of an image
projected onto a transmission and reflection
member; and
generating control data for controlling display
unit (13) to change an original display color of
at least a portion of the image within a chroma-
ticity range corresponding to the original display
color of the portion of the image, according to
the background brightness,
wherein a color difference between the original
display color and a display color changed by the
change unit (12) when the background bright-
ness is greater than or equal to a predetermined
threshold value, is greater than a color differ-
ence when the background brightness is less
than the predetermined threshold value.

13. A carrier medium comprising program instructions
operative to cause a processor to perform the image
processing method according to claim 12.
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