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(54) IMAGE DISPLAY DEVICE

(57)  Animage display apparatus (1) is configured to
display an image due to optical scanning by driving a
mirror, which reflects a light beam irradiated from a light
source (14, 15), in each of a main scanning direction and
a sub scanning direction, which crosses the main scan-
ning direction. The image display apparatus is provided

with: a controlling device (13) configured to control the
light source to change an irradiation period of the light
beam with respect to a pixel drawing period, which is a
period for drawing each of a plurality of pixel data corre-
sponding to the image to be displayed, on the basis of
luminance of a one-frame image to be displayed.
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Description
Technical Field

[0001] The present invention relates to an image dis-
play apparatus configured to draw a projection image,
for example, by driving a mirror, which reflects laser light,
in each of a horizontal direction and a vertical direction.

Background Art

[0002] In this type of apparatus, if average luminance
of a one-frame image to be drawn is reduced, output of
a light source such as, for example, a laser source is
reduced (i.e. a drive current supplied to the light source
is reduced) according to a reduction width in many cases.
Depending on the type of the laser source, however, as
the drive current is reduced, linearity of a light output
characteristic (or I-L characteristic) with respect to the
drive current is possibly deteriorated. Then, for example,
if an image with luminance slightly varying with time is
drawn, a change in luminance of the drawn image in-
creases more than expected, and flickering possibly oc-
curs in a relatively low luminance region in the drawn
image, which is technically problematic.

[0003] With respect to the technical problem, there is
proposed a technology in which, for example, an acou-
sto-optic modulator (AOM) is used to adjust light intensity
without reducing the output of the laser source (refer to
Patent Literature 1).

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid Open No. H6-61562

Summary of Invention
Technical Problem

[0005] According to the technology described in the
Patent Literature 1 described above, however, it is nec-
essary to separately provide an element to adjust the
light intensity. Thus, there are such technical problems
as an increase in manufacturing cost and the complica-
tion of a structure and a control process.

[0006] In view of the aforementioned problems, it is
therefore an object of the present invention to provide an
image display apparatus configured to relatively easily
suppress image flickering.

Solution to Problem
[0007] The above object of the present invention can

be achieved by a firstimage display apparatus configured
to display an image due to optical scanning by driving a
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mirror, which reflects a light beam irradiated from a light
source, in each of a main scanning direction and a sub
scanning direction, which crosses the main scanning di-
rection, said image display apparatus is provided with: a
controlling device configured to control the light source
to change an irradiation period of the light beam with
respect to a pixel drawing period, which is a period for
drawing each of a plurality of pixel data corresponding
to the image to be displayed, on the basis of luminance
of the entire image to be displayed.

[0008] The above object of the present invention can
be achieved by a second image display apparatus con-
figured to display an image due to optical scanning by
driving a mirror, which reflects a light beam irradiated
from a light source, in each of a main scanning direction
and a sub scanning direction, which crosses the main
scanning direction, said image display apparatus is pro-
vided with: a controlling device configured to control the
light source to make anirradiation period of the light beam
to a pixel drawing period, which is a period for drawing
one of a plurality of pixel data corresponding to the image
to be displayed, 1/n of the pixel drawing period, if the one
pixel data has 1/n of maximum luminance, wherein n is
a positive real number.

[0009] The operation and other advantages of the
present invention will become more apparent from em-
bodiments and examples explained below.

Brief Description of Drawings
[0010]

[FIG. 1] FIG. 1 is a block diagram illustrating a con-
figuration of an image display apparatus according
to a first example.

[FIG. 2] FIG. 2 is a characteristic diagram illustrating
one example of alightoutput characteristic of a green
semiconductor laser.

[FIG. 3] FIG. 3 is a conceptual diagram illustrating
one example of optical scanning according to the
first example.

[FIG. 4] FIG. 4 is a conceptual diagram illustrating
one example of a luminance distribution according
to the first example.

Description of Embodiments

[0011] Hereinafter, an image display apparatus ac-
cording to embodiments of the present invention will be
explained.

<First Embodiment>

[0012] Animage display apparatus according to a first
embodiment of the present invention will be explained.

[0013] The image display apparatus according to the
first embodiment is an image display apparatus config-
ured to display an image due to optical scanning by driv-
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ing a mirror such as, for example, a micro electro me-
chanical systems (MEMS) mirror, which reflects a light
beam irradiated from a light source, in each of a main
scanning direction and a sub scanning direction, which
crosses the main scanning direction.

[0014] A controlling device, which is provided with, for
example, a memory, a processor, and the like, controls
the light source to change an irradiation period of the light
beam with respect to a pixel drawing period, which is a
period for drawing each of a plurality of pixel data corre-
sponding to the image to be displayed, on the basis of
luminance of a one-frame image (corresponding to the
"entire image" according to the present invention) to be
displayed. Here, the "luminance of the one-frame image"
means luminance that represents the image. Specifical-
ly, for example, average luminance of the one-frame im-
age or the like corresponds to the "luminance of the one-
frame image".

[0015] If the luminance of the one-frame image is re-
duced, as described in the aforementioned Background
Art, the output of the light source is reduced according
to the reduction width in many cases. Then, due to the
light output characteristic of the light source, the flickering
possibly occurs in a relatively low luminance region in
the drawn image.

[0016] In the embodiment, however, as described
above, the light source is controlled by the controlling
device to change the irradiation period of the light beam
with respect to the pixel drawing period, on the basis of
the luminance of the one-frame image to be displayed.
Specifically, for example, if the luminance of the one-
frame image is halved, the controlling device controls the
light source to change the irradiation period of the light
beam to the pixel drawing period to half. Then, in view
of one pixel drawing period, a light amount of the light
beam irradiated is halved. It is thus possible to halve the
luminance of the one-frame image without reducing the
light amount of the light beam.

[0017] In addition, since the irradiation period may be
changed, there is no need to separately install a special
element. Therefore, according to the image display ap-
paratus in the embodiment, the image flickering can be
relatively easily suppressed.

[0018] If the irradiation period of the light beam with
respect to the pixel drawing period is changed in order
to change the luminance of the one-frame image, it is
desirable to make different starting times of the irradiation
period in the pixel drawing period, in two continuous
frame periods. Such a configuration makes it possible to
suppress uneven luminance in one pixel, which is ex-
tremely useful in practice.

<Second Embodiment>

[0019] Animage display apparatus accordingto a sec-
ond embodiment of the present invention will be ex-
plained.

[0020] Intheimage display apparatus according to the
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second embodiment, a controlling device, which is pro-
vided with, for example, a memory, a processor, and the
like, controls the light source to make an irradiation period
of the light beam to a pixel drawing period, which is a
period for drawing one of a plurality of pixel data corre-
sponding to the image to be displayed, 1/n of the pixel
drawing period, if the one pixel data has 1/n (wherein n
is a positive real number) of maximum luminance, where-
in nis a positive real number. Here, the "one pixel data"
means luminance in the corresponding pixel drawing pe-
riod, i.e. luminance associated with the pixel data.
[0021] The aforementioned Background Art describes
the technical problems that can occur if the luminance of
the one-frame image is reduced. The same technical
problem caused by the light output characteristic of the
light source possibly occurs even when pixels with rela-
tively low luminance are drawn, which has been found
from the study of the present inventors.

[0022] Thus, in the embodiment, as described above,
the light source is controlled by the controlling device to
make the irradiation period of the light beam to the pixel
drawing period for drawing the one pixel data 1/n of the
pixel drawing period, if the luminance associated with the
one pixel data is 1/n of the maximum luminance. Specif-
ically, for example, if the luminance associated with the
pixel data is half the maximum luminance, the controlling
device controls the light source to make the irradiation
period of the light beam to the pixel drawing period half.
Then, inview of one pixel drawing period, the lightamount
of the light beam irradiated is halved. It is thus possible
to set the luminance of the pixel to half the maximum
luminance without reducing the light amount of the light
beam.

[0023] Therefore, according to the image display ap-
paratus in the embodiment, the image flickering caused
by the drawing of the pixels with relatively low luminance
can be relatively easily suppressed.

[0024] By the way, the light amount of the light beam
outputted from the light source is determined according
to each of the pixel data corresponding to the image to
be displayed, in many cases. Thus, if the luminance as-
sociated with one pixel data is 1/n of the maximum lumi-
nance, the controlling device controls the light source to
change the irradiation period of the light beam to the pixel
drawing period associated with the one pixel data to 1/n,
and to irradiate the light beam with the light amount that
is n times the light amount of the light beam correspond-
ing to the luminance associated with the one pixel data.
[0025] More specifically, for example, the controlling
device may multiply, by n, the luminance associated with
the pixel data used to determine the light amount of the
light beam, thereby irradiating the light beam with the
light amount that is n times the original light amount. Al-
ternatively, the controlling device may multiply, by n, a
gain associated with an amplifier, which is electrically
connected between a light source and a power supply
configured to supply electric power to the light source,
thereby irradiating the light beam with the light amount
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that is n times the original light amount.
Example

[0026] Hereinafter, an image display apparatus ac-
cording to an example of the present invention will be
explained with reference to the drawings.

<First Example>

[0027] Animage display apparatus according to a first
example of the present invention will be explained with
reference to FIG. 1 to FIG. 4.

(Configuration of Image Display Apparatus)

[0028] Firstly, a configuration of the image display ap-
paratus according to the example will be explained with
reference to FIG. 1. FIG. 1 is a block diagram illustrating
the configuration of the image display apparatus accord-
ing to the first example.

[0029] In FIG. 1, animage display apparatus 1 is pro-
vided with a deflector 11, a deflector controller 12, a video
processor 13, a current output D/A converter (DAC) 14,
a laser source 15, and an illuminance sensor 16.
[0030] Thedeflector11is provided witha MEMS mirror
(hereinafter referred to a "mirror" as occasion demands)
and a drive apparatus configured to drive the mirror. The
drive apparatus of the deflector 11 drives the mirror ac-
cording to a horizontal drive signal and a vertical drive
signal, which are outputted from the deflector controller
12. More specifically, the drive apparatus applies an elec-
tric field to a piezoelectric thin film formed on a substrate
of the mirror, according to the horizontal drive signal and
the vertical drive signal, thereby driving the mirror. Since
various known aspects can be applied to a method of
driving the mirror, an explanation of the details of the
method will be omitted.

[0031] In the example, the horizontal drive signal is a
sinusoidal signal, and the vertical drive signal is a saw-
tooth signal. The deflector 11 is thus driven by resonant
vibration in a sinusoidal manner in a horizontal direction,
and is driven in a sawtooth manner in a vertical direction.
With regard to a scanning trajectory resulting from the
drive of the mirror, a scanning direction associated with
the horizontal direction is reversed for each line. This
results in acquisition of a relatively high-resolution pro-
jection image even if horizontal resonance frequency as-
sociated with the horizontal drive signal is relatively low.
The "projection image" is an image displayed in a period
other than a vertical blanking period in an optical scan-
ning range.

[0032] The video processor 13 is inputted with a plu-
rality of pixel data (hereinafter referred to as "input pixel
data" as occasion demands) corresponding to an image
to be displayed. The video processor 13 is also inputted
with an illuminance signal indicating an illuminance or
degree of illumination detected by the illuminance sensor
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16. The video processor 13 generates pixel data to be
outputted (hereinafter referred to as "output pixel data"
as occasion demands) to the current output DAC 14.
[0033] The currentoutput DAC 14 supplies adrive cur-
rent, which is proportional to the output pixel data, to the
laser source 15. As aresult, laser light with a light amount
corresponding to the output pixel data is irradiated from
the laser source 25 to the mirror. The current output DAC
14 is provided with a power supply configured to supply
the drive current to the laser source 15, and an amplifier
configured to amplify the drive current outputted from the
power supply.

[0034] Here, in particular, the video processor 13
changes average luminance of a one-frame image to be
displayed, on the basis of the illuminance indicated by
the illuminance signal. The change in the average lumi-
nance of the one-frame image may be realized, specifi-
cally, for example, by reducing the average luminance
of the one-frame image to predetermined luminance, on
condition that the illuminance becomes lower than a pre-
determined threshold value.

[0035] As described above, the average luminance of
the one-frame image to be displayed is changed on the
basis of the illuminance, which makes it possible to dis-
play animage with luminance suitable for a place in which
the image display apparatus 1 is located. It is extremely
useful in practice.

[0036] Inthe example, a value of the drive current sup-
plied to the laser source 15 is in a range of a region in
which the linearity of a light output characteristic associ-
ated with the laser source 15 is maintained (i.e. a linear
region).

(Method of Controlling Laser Source)

[0037] Next, a method of controlling the laser source
15 will be explained.

[0038] If the average luminance of the one-frame im-
age to be displayed is set to be lower than average lu-
minance corresponding to the input pixel data, in the con-
ventional technology, the input pixel data is reduced ac-
cording to the reduction width to generate the output pixel
data in many cases. As described above, the drive cur-
rent, which is proportional to the output pixel data, is out-
putted from the current output DAC 14. Thus, the laser
source 15 is supplied with a current that is smaller than
a current corresponding to the input pixel data, and the
average luminance of the one-frame image to be dis-
played can be reduced.

[0039] Dependingon the type ofthe laser source, how-
ever, the light output characteristic is not linear, and the
linearity is possibly deteriorated as the drive current is
reduced. Specifically, forexample, some green semicon-
ductor laser has a light output characteristic as illustrated
inFIG.2. Asisclearfrom FIG. 2, the green semiconductor
laser has significantly deteriorated linearity if the drive
current is less than or equal to one quarter of the maxi-
mum value. InFIG. 2, there is drawn a ratio of a measured
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value to anideal value (i.e. a value based on the assump-
tion that the light output characteristic is linear).

[0040] Then, inthe conventional technology, for exam-
ple, if an image with luminance slightly varying with time
is displayed, the change in luminance of the displayed
image increases more than expected, and the flickering
possibly occurs in the relatively low luminance region in
the displayed image.

[0041] In the example, however, if the average lumi-
nance of the one-frame image to be displayed is reduced,
an irradiation period of the laser light with respect to a
pixel period, which is a period for drawing one output
pixel data, is reduced according to the reduction width.
[0042] Specifically, for example, if the average lumi-
nance of the one-frame image to be displayed is set to
be half the average luminance corresponding to the input
pixel data, the video processor 13 outputs one input pixel
data as the output pixel data without change, from the
start of one pixel period corresponding to the one input
pixel data to a lapse of half the one pixel period. The
video processor 13 then outputs zero data (i.e. lumi-
nance=0) as the output pixel data, from the lapse of half
the one pixel period to the end of the one pixel period.
[0043] Then, the laser light is emitted from the laser
source 15 from the start of the one pixel period to the
lapse of half the one pixel period. The laser light is not
emitted (i.e. lights-off) from the lapse of half the one pixel
period to the end of the one pixel period (refer to FIG. 3).
Thus, the average luminance of the one pixel period is
half the luminance of the corresponding one input pixel
data. As a result, according to the image display appa-
ratus 1 in the example, even if the average luminance of
the one-frame image to be displayed is reduced, the flick-
ering of the displayed image can be suppressed.
[0044] In the example, moreover, if the irradiation pe-
riod of the laser light with respect to the pixel period is
changed, a horizontal diameter of a beam spot of the
laser light irradiated is changed according to the irradia-
tion period of the laser light (refer to FIG. 3). Such a con-
figuration makes it possible to reduce the overlap of ad-
jacent pixels, thereby improving resolution of the dis-
played image.

[0045] By the way, in the case where the average lu-
minance of the one-frame image to be displayed is re-
duced, if the laser light is repeatedly turned on or off at
the same timing every time, an output intensity distribu-
tion of the laser light becomes uneven, which produces
lines with gradations in the displayed image.

[0046] The video processor 13 thus makes different
starting times of laser-light-irradiation in the pixel period,
in two continuous frame periods, for example, as illus-
trated in FIG. 4. Such a configuration makes it possible
to average luminance distributions in the two continuous
frame periods.

[0047] The "video processor 13" and the "pixel period"
according to the example are respectively one example
of the "controlling device" and the "pixel drawing period"
according to the present invention. The "current output
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DAC 14" and the "laser source 15" according to the ex-
ample are one example of the "light source" according
to the present invention.

<Second Example>

[0048] Animage display apparatus according to a sec-
ond example of the present invention will be explained.
The second example is configured in the same manner
as in the first example, except that the video processor
13 performs a different process. Thus, in the second ex-
ample, the same explanation as that in the first example
will be omitted, and basically, only a different point will
be explained.

(Method of Controlling Laser Source)

[0049] In the example, if one input pixel data has 1/n
(wherein n is a positive real number) of the maximum
luminance, the video processor 13 controls the current
output DAC 14 to change the irradiation period of the
laser light to the pixel period to 1/n, and to irradiate the
laser light with a light amount that is n times a laser
amount corresponding to the one input pixel data.
[0050] Here, asamethod of controlling the current out-
put DAC 14 toirradiate the laser light with the light amount
that is n times the light amount corresponding to the one
input pixel data, for example, pixel data obtained by mul-
tiplying the one input pixel data by n may be outputted
to the current output DAC 14, as the output pixel data.
Alternatively, a gain associated with an amplifier provided
for the current output DAC 14 may be multiplied by n.
[0051] Specifically, for example, if one input pixel data
has half the maximum luminance, the video processor
13 outputs image data with luminance that is twice the
luminance of the one input pixel data, as the output pixel
data, from the start of one pixel period corresponding to
the one input pixel data to a lapse of half the one pixel
period. The video processor 13 then outputs zero data
as the output pixel data, from the lapse of half the one
pixel period to the end of the one pixel period.

[0052] Then, the laser light with a light amount that is
twice the laser amount corresponding to the one input
pixel data is emitted from the laser source 15, from the
start of the one pixel period to the lapse of half the one
pixel period. The laser light is not emitted (i.e. lights-off)
from the lapse of half the one pixel period to the end of
the one pixel period. Thus, the average luminance of the
one pixel period is equal to the luminance of the corre-
sponding one input pixel data.

[0053] By virtue of such a configuration, it is possible
to suppress a reduction in the drive current when drawing
input pixel data with relatively low luminance. In other
words, a low drive current region in which the light output
characteristic of the laser source 15 has significant non-
linearity can be avoided. To put it differently, the laser
source 15 can be driven in a drive current region in which
the light output characteristic of the laser source 15 has



9 EP 2 960 892 A1 10

good linearity.

[0054]

The presentinvention is not limited to the afore-

mentioned embodiments and examples, but various
changes may be made, if desired, without departing from
the essence or spirit of the invention which can be read
from the claims and the entire specification. An image
display apparatus which involves such changes is also
intended to be within the technical scope of the present
invention.

Description of Reference Numerals

[0055]

1

image display apparatus

11 deflector
12 deflector controller
13  video processor
14 current output DAC
15 laser source
16  illuminance sensor
Claims
1. Animage display apparatus configured to display an
image due to optical scanning by driving a mirror,
which reflects a light beam irradiated from a light
source, in each of a main scanning direction and a
sub scanning direction, which crosses the main
scanning direction, said image display apparatus
comprising:
a controlling device configured to control the
light source to change an irradiation period of
the light beam with respect to a pixel drawing
period, which is a period for drawing each of a
plurality of pixel data corresponding to the image
to be displayed, on the basis of luminance of the
entire image to be displayed.
2. Animage display apparatus configured to display an

image due to optical scanning by driving a mirror,
which reflects a light beam irradiated from a light
source, in each of a main scanning direction and a
sub scanning direction, which crosses the main
scanning direction, said image display apparatus
comprising:

a controlling device configured to control the
light source to make an irradiation period of the
light beam to a pixel drawing period, which is a
period for drawing one of a plurality of pixel data
corresponding to the image to be displayed, 1/n
of the pixel drawing period, if the one pixel data
has 1/n of maximum luminance, wherein n is a
positive real number.
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The image display apparatus according to claim 2,
wherein said controlling device controls the light
source to irradiate the light beam with a light amount
that is n times a light amount of the light beam cor-
responding to the one pixel data.

The image display apparatus according to claim 3,
wherein said controlling device multiples the one pix-
el data by n, thereby controlling the light source to
irradiate the light beam with the light amount that is
n times.

The image display apparatus according to claim 3,
wherein
the light source comprises:

a power supply; and

an amplifier configured to set a value of current
outputted from the power supply, to a value ac-
cording to the one pixel data, and

said controlling device multiplies a gain associ-
ated with the amplifier by n, thereby controlling
the light source to irradiate the light beam with
the light amount that is n times.

The image display apparatus according to claim 1,
wherein said controlling device makes different start-
ing times of the irradiation period in the pixel drawing
period, in two continuous frame periods.

The image display apparatus according to claim 1
or 2, wherein said controlling device controls the light
source to change a spot diameter of the light beam
according to the irradiation period.

The image display apparatus according to claim 1
or 2, wherein a value of a drive current supplied to
the light source is in a range of a linear region of a
light beam amount characteristic associated with the
light source.
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