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IMAGE PROCESSOR AND IMAGE
PROCESSING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior US Provisional Patent
Application No. 62/307,837, filed on Mar. 14, 2016, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

[0002] The present invention relates to an image processor
and an image processing method.

BACKGROUND

[0003] To obtain a high dynamic range image serving as
an image representing a wide dynamic range, a High
Dynamic Range Imaging (HDRI) for synthesizing a long
exposure image and a short exposure image captured in a
shorter exposure time than the long exposure image has been
performed. In the short exposure image, a flicker, a variation
in pixel value depending on an image capture timing, can
occur. Thus, in the HDRI, processing for reducing an effect
of the flicker is required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1is ablock diagram illustrating an example of
a configuration of an image processor according to an
embodiment;

[0005] FIG. 2 is a diagram illustrating a relationship
between a sub-pixel and an exposure time;

[0006] FIG. 3 is a diagram illustrating a relationship
between illuminance of light irradiated onto a sub-pixel and
a pixel value;

[0007] FIG. 4 is a diagram illustrating a relationship
between an exposure time of a sub-pixel and an illumination
pattern;

[0008] FIG. 5 is a diagram illustrating a relationship
between an illumination pattern and a pixel value;

[0009] FIG. 6 is a diagram illustrating a determination
table used when two types of images respectively captured
in different exposure times are subjected to HDRI process-
mg;

[0010] FIG. 7 is a flowchart illustrating HDRI processing
according to the determination table;

[0011] FIG. 8 is a flowchart illustrating HDRI processing
performed for three types of images respectively captured in
different exposure times;

[0012] FIG. 9 is a flowchart illustrating HDRI processing
performed when a light emitting diode (LED) light source is
captured; and

[0013] FIG. 10 is a flowchart illustrating processing for
determining a flicker and a blur using three types of images
respectively captured in different exposure times.

DETAILED DESCRIPTION

[0014] According to an aspect of the present invention, an
image processor includes an acquirer, an output unit, and a
generator. The acquirer acquires a first pixel value obtained
by making a pixel value in a first image captured in a first
exposure time correspond to a predetermined sensitivity and
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a second pixel value obtained by making a pixel value in a
second image captured in a second exposure time shorter
than the first exposure time corresponds to the predeter-
mined sensitivity. The output unit outputs a pixel value
serving as a predetermined value larger than the second pixel
value when the first pixel value has been saturated and the
second pixel value corresponding to the first pixel value is
less than the first pixel value. The generator generates a high
dynamic range image using at least the first image and the
second image based on the pixel value output by the output
unit.

[0015] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. The
embodiments do not limit the present invention.

First Embodiment

[0016] An image processor according to an embodiment
acquires a first pixel value obtained by making a pixel value
in a long exposure image correspond to a reference sensi-
tivity and a second pixel value obtained by making a pixel
value in a short exposure image correspond to the reference
sensitivity, and performs HDRI using the first pixel value
when the first pixel value is saturated and the second pixel
value is less than the first pixel value, to reduce an effect of
a flicker occurring in the short exposure image. More details
will be described below.

[0017] FIG. 1is ablock diagram illustrating an example of
a configuration of the image processor 1 according to an
embodiment. The image processor 1 is an apparatus which
performs HDRI, and includes an image capture unit 100, a
corrector 102, an acquirer 104, a synthesizer 106, a deter-
miner 108, an output unit 110, and a generator 112.

[0018] The image capture unit 100 captures an image in a
plurality of different exposure times. The image capture unit
100 is an image sensor in which pixels are arranged in a
two-dimensional or planar shape, for example, and each of
the pixels includes four sub-pixels. The sub-pixels have
similar structures and different exposure times. Each of the
sub-pixels, for example, consists of a photo-diode as its
main component. That is, respective sensitivities of the four
sub-pixels are determined depending on the exposure times.
As the exposure time increases, the sensitivity increases.
The four sub-pixels are a sub-pixel having a long exposure
time (hereinafter referred to as a long exposure sub-pixel),
a sub-pixel having a medium exposure time 2 (hereinafter
referred to as a medium exposure 2 sub-pixel), a sub-pixel
having a medium exposure time 1 (hereinafter referred to as
a medium exposure 1 sub-pixel), and a sub-pixel having a
short exposure time (hereinafter referred to as a short
exposure sub-pixel) in descending order of the sensitivities.
Thus, four different pixel values are obtained from the same
pixel.

[0019] Thus, when the image capture unit 100 performs
image capturing, an image captured in a long exposure time
(hereinafter referred to as a long exposure image), an image
captured in a medium exposure time 2 (hereinafter referred
to as a medium exposure 2 image), an image captured in a
medium exposure time 1 (hereinafter referred to as a
medium exposure 1 image), and an image captured in a short
exposure time (hereinafter referred to as a short exposure
image) are obtained in descending order of sensitivities. The
image capture unit 100 is used for a vehicle camera and a
mobile camera, for example. The image processor 1 per-
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forms HDRI using at least two of the four images respec-
tively captured in different exposure times.

[0020] The medium exposure 2 sub-pixel(an LED pixel) is
a dedicated light emitting diode (LED) sub-pixel. That is, the
medium exposure 2 sub-pixel which takes into consideration
the characteristics of an LED light source. The LED sub-
pixel is a pixel corresponding to characteristics such as
illuminance of the LED light source and a flashing fre-
quency (100 Hz or 120 Hz). For example, an exposure time
having a length sufficient to suppress the occurrence of
flicker is set in consideration of flashing frequency.

[0021] The corrector 102 is connected to the image cap-
ture unit 100, and corrects respective pixel values of a
plurality of images obtained by the image capture unit 100
to corrected pixel values corresponding to a reference sen-
sitivity. The reference sensitivity is the sensitivity of the long
exposure sub-pixel. Thus, the corrector 102 performs the
calculation: (corrected pixel value)=(correction coeffi-
cient)x(pixel value before correction). The correction coef-
ficient is expressed by an equation: (correction coefficient)
=(reference sensitivity)/(target sensitivity). The four sub-
pixels constituting each of the pixels in the image capture
unit 100 respectively have similar configurations, and each
of the reference sensitivity and the target sensitivity is a
value proportional to the length of the exposure time. Thus,
the correction coeflicient has a value equal to an exposure
magnification. The respective exposure times of the four
sub-pixels are an exposure time under long exposure (here-
inafter referred to as a long exposure time) TL, an exposure
time under medium exposure 2 (hereinafter referred to as a
medium exposure 2 time) TM2, an exposure time under
medium exposure 1 (hereinafter referred to as a medium
exposure 1 time) TM1, an exposure time under short expo-
sure (hereinafter referred to as a short exposure time) TS in
descending order of the exposure times.

[0022] According to the above, the corrector 102 first
performs the calculation: (exposure magnification under
medium exposure 2 (hereinafter referred to as medium
exposure 2 magnification) Rm2)=(long exposure time TL)/
(medium exposure 2 time TM2), the calculation: (exposure
magnification under medium exposure 1 (hereinafter
referred to as medium exposure 1 magnification) Rm1)=
(long exposure time TL)/(medium exposure 1 time TM1),
and the calculation: (exposure magnification under short
exposure (hereinafter referred to as a short exposure mag-
nification) Rs)=(long exposure time TL)/(short exposure
time TS). If the exposure time IL is 12 ms, and the exposure
time TS is 6 ms, for example, Rs=2.

[0023] Then, the corrector 102 performs the calculation:
(corrected pixel value)=(exposure magnification)x(pixel
value before correction) and (exposure magnification)=(cor-
rection coefficient). A pixel value in the long exposure
image, a pixel value in the medium exposure 2 image, a
pixel value in the medium exposure 1 image, and a pixel
value in the short exposure image are respectively indicated
by L, M2, M1, and S. The respective corrected pixel value
are respectively indicated by L', M2', M1', and S'. For
example, the corrected pixel value S' in the short exposure
image is obtained as (corrected pixel value ST)=(exposure
magnification Rs)x(pixel value S in short exposure image).
[0024] The acquirer 104 is connected with the corrector
102, and acquires the corrected pixel value L', M2', MV, S.
That is, the acquirer 104 acquires the corrected pixel value
obtained by making the pixel value in each of the plurality
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of images correspond to the reference sensitivity. Since the
long exposure magnification RL is 1, the corrected pixel
value " is equal to the pixel value L in the long exposure
image.

[0025] The corrector 102 may be provided in the image
capture unit 100. Alternatively, the corrector 102 may be
provided in the acquirer 104.

[0026] The synthesizer 106 is connected to the acquirer
104, and acquires a composite value using any one of the
corrected pixel values L', M2', M1', and S'. That is, the
synthesizer 106 calculates a composite value obtained by
synthesizing the plurality of corresponding corrected pixel
values at a predetermined ratio. When a predetermined ratio
a is taken as 0.5, for example, a composite value G' is
calculated by an equation: (composite value G' (LT, S"))=
(1-a)x(corrected pixel value L')+ax(corrected pixel value
SM.

[0027] The composite value may be calculated by an
equation: (composite value G' (L, S))=(1-a)xF1 (pixel
value L)+axF2 (pixel value S). F1 (L) and F2 (S) are
respectively functions of the pixel value L. and the pixel
value S. That is, the composite value may be calculated
using any one of the pixel values [, M2, M1, S. For
example, a may be changed according to the pixel value L.
[0028] The determiner 108 is connected to the acquirer
104. The determiner 108 determines which of the corrected
pixel values L', M2', MV, and S' and the composite pixel
value G' is to be output depending on any one of the
corrected pixel values L', M2', M1', and S' and the composite
pixel value G'.

[0029] The output unit 110 is connected to the acquirer
104, the synthesizer 106, and the determiner 108, and
outputs a pixel value according to the determination by the
determiner 108. That is, the output unit 110 outputs any one
of the corrected pixel values L", M2", M1', and S' and the
composite pixel value G'.

[0030] The generator 112 is connected to the output unit
110, and generates a high dynamic range image using at least
two of the long exposure, the medium exposure 2, the
medium exposure 1, and the short exposure. The image
generated is output to a monitor, a printer, or the like. The
generator 112 may perform image processing such as fre-
quency processing and hierarchy conversion processing for
the generated image. The monitor may display a moving
image or display a still image using a plurality of images
obtained by HDRI.

[0031] The respective exposure times of the four sub-
pixels constituting the pixel in the image capture unit 100
will be described below with reference to FIG. 2. FIG. 2
illustrates a relationship between a sub-pixel and an expo-
sure time. A horizontal axis represents an exposure time, and
a vertical axis represents the type of sub-pixel. Each of the
sub-pixels starts image capturing at a time T0. Then, when
an exposure time TS elapses, the short exposure sub-pixel
stops image capturing. Then, when an exposure time TM1
elapses, the medium exposure 1 sub-pixel stops image
capturing. When an exposure time TM2 elapses, the medium
exposure 2 sub-pixel stops the image capturing. When an
exposure time TL elapses, the long exposure sub-pixel stops
image capturing. Thus, the sub-pixels are configured to
simultaneously start and stops image capturing in ascending
order of the exposure times. The light exposure time may be
called an exposure time or a shutter speed. The four sub-
pixels may have different exposure start times.
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[0032] FIG. 3 illustrates the relationship between illumi-
nation of light irradiated onto a sub-pixel and a pixel value.
A horizontal axis represents illuminance, and a vertical axis
represents a pixel value. A solid line represents a pixel value,
and a broken line represents a corrected pixel value.
[0033] As illustrated in FIG. 3, the pixel value L increases
in proportion to the illuminance, and is saturated when the
illuminance is not less than SL. The pixel value M2 also
increases in proportion to the illuminance, and is saturated
when the illuminance is not less than S2. The pixel value M1
also increases in proportion to the illuminance, and is
saturated when the illuminance is not less than S1. Similarly,
the pixel value also increases in proportion to the illumi-
nance, and is saturated when the illuminance is not less than
SS.

[0034] And, corrected pixel value M2', M1', and S' are
corrected to correspond to the exposure time of the long
exposure sub-pixel. Thus, each of the corrected pixel values
has the same increase rate to an increase rate of the pixel
value L against the illuminance until saturated.

[0035] As can be seen from the foregoing, in image
capturing with light having illuminance of less than SL, any
of four images has not been saturated. In this illuminance
range, respective contrasts and Signal-to-Noise (S/N) ratios
of the long exposure image, the medium exposure 2 image,
the medium exposure 1 image, and the short exposure image
decrease in this order. Thus, the long exposure image is
mainly used for HDRI in the image processor 1.

[0036] Then, when the illuminance is not less than SL and
less than S2, the medium exposure 2 image, the medium
exposure 1 image, and the short exposure image have not
been saturated. In this illuminance range, the respective
contrasts and S/N ratios of the medium exposure 2 image,
the medium exposure 1 image, the short exposure image
decrease in this order. Thus, the medium exposure 2 image
is mainly used for HDRI.

[0037] Then, when the illuminance is not less than SL and
less than S1, the medium exposure 1 image and the short
exposure image have not been saturated. In this illuminance
range, the respective contrasts and S/N ratios of the medium
exposure 1 image and the short exposure image decrease in
this order. Thus, the medium exposure 1 image is mainly
used for HDRI.

[0038] Then, when the illuminance is not less than S2 and
less than SS, the short exposure image has not been satu-
rated. In this illuminance range, the short exposure image is
mainly used for HDRI.

[0039] In the image capture unit 100, the image capturing
may be performed four times by changing the exposure time.
In this case, each of the pixels can be composed of one
sub-pixel. Similar sub-pixels or different sub-pixels may be
respectively used for the four sub-pixels. If the different
sub-pixels are used, an aperture ratio may be changed for
each of the sub-pixels, or a material may be changed for each
of the sub-pixels. Alternatively, an amplification factor may
be changed for each of the sub-pixels.

[0040] A flicker appearing in the short exposure image
will be described below with reference to FIGS. 4 and 5.
FIG. 4 illustrates a relationship between an exposure time of
a sub-pixel and an illumination pattern P1, P2, P3, and P4.
A horizontal axis represents an exposure time, and a vertical
axis represents the type of exposure length. Like in FIG. 2,
the short exposure sub-pixel starts image capturing at time
T0, and ends the image capturing after a lapse of an exposure
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time TS. The long exposure sub-pixel starts image capturing
at time T0, and ends the image capturing after a lapse of an
exposure time TL.

[0041] The illumination pattern P1 is continuously irradi-
ated onto each of the sub-pixels at illuminance K1. The
illuminance K1 is illuminance at which the long exposure
sub-pixel is not saturated. The illuminance is schematically
indicated by the thickness of a line. The illumination pattern
P2 is continuously irradiated onto each of the sub-pixels at
illuminance K2. At the illuminance K2, the short exposure
sub-pixel is not saturated, and the long exposure sub-pixel is
saturated.

[0042] The illumination patterns P3 and P4 respectively
schematically represent illumination patterns of the LED
light source in a traffic light, for example. That is, the
illumination patterns P3 and P4 periodically flash at illumi-
nance equal to the illuminance K2. The periodic illumination
pattern is approximately 100 Hz or approximately 120 Hz,
for example, and looks like continuous light to the naked
eye.

[0043] The illumination pattern P3 starts to be irradiated
simultaneously with a timing T0 at which the short exposure
sub-pixel starts image capturing. On the other hand, the
illumination pattern P4 starts to be irradiated at a timing
before the end of the exposure time TS.

[0044] Then, respective pixel values and corrected pixel
values obtained when the illumination patterns P1, P2, P3,
and P4 illustrated in FIG. 4 are irradiated onto each of the
sub-pixels will be described below. FIG. 5 is a diagram
illustrating a relationship between an illumination pattern
and a pixel value. A horizontal axis represents illuminance,
and a vertical axis represents a pixel value. A solid line
represents a pixel value, and a broken line represents a
corrected pixel value.

[0045] Respective illuminances of the illumination pat-
terns P1, P2, P3, and P4 illustrated in FIG. 4 are indicated
by arrows P1, P2, P3, and P4 in FIG. 5. A square [.1
illustrated in FIG. 5 indicates a pixel value in the illumina-
tion pattern P1 captured by the long exposure sub-pixel, and
S1' indicates a corrected pixel value in the illumination
pattern P1 captured by the short exposure sub-pixel. The
illuminance of the illumination pattern P1 is less than SL.
Therefore, the pixel value L1 in the long exposure image has
not been saturated. Thus, the pixel value [.1 and the cor-
rected pixel value S1' substantially become equal to each
other.

[0046] A square L2 indicates a pixel value in the illumi-
nation pattern P2 captured by the long exposure sub-pixel,
and S2' indicates a corrected pixel value in the illumination
pattern P2 captured by the short exposure sub-pixel. The
illuminance of the illumination pattern P2 is not less than
SL. Therefore, the pixel value 1.2 in the long exposure image
is saturated, and becomes equal to a saturated value. On the
other hand, the illuminance of the illumination pattern P2 is
less than SS. Therefore, the corrected pixel value S2' in the
short exposure image has not been saturated. Thus, the
corrected pixel value S2' is more than the pixel value L2.

[0047] Furthermore, a square L3 indicates a pixel value in
the illumination pattern P3 captured by the long exposure
sub-pixel, and S3' indicates a corrected pixel value in the
illumination pattern P3 captured by the short exposure
sub-pixel. The illumination pattern P3 is irradiated with a
sufficient amount of light to saturate the long exposure
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sub-pixel, although flashing. Thus, the pixel value L3 in the
long exposure image represents a saturated value.

[0048] Furthermore, the illumination pattern P3 is peri-
odically flashing. Therefore, the corrected pixel value S3'
becomes less than the corrected pixel value S2'. On the other
hand, a ratio of overlapping of an exposure time and an
irradiation time of the short exposure sub-pixel becomes
large, as illustrated in FIG. 4. Thus, the corrected pixel value
S3' becomes more than the pixel value L3, as illustrated in
FIG. 5.

[0049] A square L4 indicates a pixel value in the illumi-
nation pattern P4 captured by the long exposure sub-pixel,
and S4' indicates a corrected pixel value in the illumination
pattern P4 captured by the short exposure sub-pixel. The
pixel value 14 in the long exposure image represents a
saturated value, like in the illumination pattern P3.

[0050] However, the illumination pattern P4 is only irra-
diated during a part of the exposure time of the short
exposure sub-pixel, as illustrated in FIG. 4. Thus, the
corrected pixel value S4' becomes less than the saturated
pixel value L4, as illustrated in FIG. 5.

[0051] As can be seen from the foregoing, as the pixel
value in the short exposure image, the corrected pixel values
S3' and S4' vary depending on an image capture timing. In
this case, the pixel values S3 and S4 also vary. Thus, an
image which looks as if an LED light source disappeared,
for example, may be obtained depending on an image
capture timing. A short exposure image looks as if it were
flashing when viewed in a moving image. Such a phenom-
enon is referred to as a flicker. A flicker, which appears when
the LED light source is captured, is referred to as an LED
flicker phenomenon.

[0052] If the illumination pattern P2 is continuously irra-
diated during the exposure time TS, and the pixel value [.2
has been saturated, the corrected pixel value S2' always
becomes more than the pixel value L2. Similarly, if the
illumination pattern 2 is continuously irradiated at illumi-
nance made lower than K2, when the pixel value in the long
exposure image is saturated, the corrected pixel value S2' in
the short exposure image becomes more than the saturated
pixel value L2 in the long exposure image.

[0053] Thus, a combination of the corrected pixel value
S3' and the saturated pixel value [.3 each obtained in the
illumination pattern P3 is also obtained even by continuous
irradiation at illuminance made lower than K2. In normal
shooting, the illuminance of light irradiated onto the sub-
pixel is unclear. Thus, when the corrected pixel value S3' is
not less than the saturated pixel value L3, it cannot be
determined whether the illumination pattern P3 has been
irradiated during a part of the exposure time TS only under
this condition.

[0054] On the other hand, the corrected pixel value S4'
becomes less than the saturated pixel value 1.4, as obtained
in the illumination pattern P4, only when the illumination
light has been irradiated during a part of the exposure time
TS. Thus, when the pixel value L4 in the illumination pattern
P4 is saturated, and the corrected pixel value S4' in the
illumination pattern P4 is less than the saturated pixel value
L4, the illumination light has been irradiated only during a
part of the exposure time TS.

[0055] Thus, as the exposure time decreases, a flicker
more easily occurs. In general HDRI, if the pixel value L has
been saturated, a high dynamic range image is generated
primarily using the corrected pixel value S'. Thus, in general
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HDRI, an image, which looks as if a light source periodi-
cally flashing, like the LED light source, disappeared
depending on a shooting timing, is generated.

[0056] Then, an example of HDRI processing for reducing
an effect of such a flicker and obtaining a high dynamic
range image will be described below. FIG. 6 illustrates a
determination table used when two types of images respec-
tively captured in different exposure times are subjected to
HDRI processing. This determination table is used by the
determiner 108 when HDRI processing is performed using
the pixel value L. and the corrected pixel value S', for
example. If two images respectively captured in different
exposure times are acquired, the image captured in the
longer exposure time is a long exposure image (first image),
and the image captured in the shorter exposure time is a
short exposure image (second image). The length of the
exposure time is not limited.

[0057] The determiner 108 in FIG. 6 determines whether
the pixel value L has been saturated (YES or NO), and
determines whether the corrected pixel value S' is less than
a corresponding pixel value L (YES or NO). A determination
result is output as signals 0, 1, and 2 to the output unit 110.
[0058] In the determination table, when the determination
result is the signal 0, it is determined that a flicker has
occurred in the corrected pixel value S'. That is, if the pixel
value L is saturated, and the corrected pixel value S' corre-
sponding to the pixel value L is less than the pixel value L,
it is determined that a flicker has occurred in the corrected
pixel value S'.

[0059] Thus, the determiner 108 determines whether a
flicker has occurred using the pixel value L and the corre-
sponding corrected pixel value S'. If the pixel value L is a
larger than or equal to predetermined value, e.g., 1023 or if
the corrected pixel value S' is a predetermined value, the
determiner 108 determines that the pixel value has been
saturated.

[0060] A state where a flicker has occurred means a state
where a sub-pixel is illuminated from a light source which
flashes and a pixel value output by the sub-pixel varies
depending on an image capture timing. A case where a
flicker has occurred in a pixel value means a case where a
pixel value obtained by actual image capturing is less than
a pixel value obtained by continuous irradiation using the
same illuminance, that is, a state where a ratio of an
illumination time of a light source which flashes to a
exposure time of a sub-pixel used to capture the light source
and obtain a pixel value is less than a predetermined value.
[0061] FIG. 7 is a flowchart illustrating HDRI processing
according to a determination table. The corrector 102
acquires a pixel value L in a long exposure image (first
image) and a pixel value S in a short exposure image (second
image) from the image capture unit 100 (S700). Then, the
corrector 102 calculates a corrected pixel value L' of the
pixel value L and a corrected pixel value S' of the pixel value
S (8702). Since a exposure magnification RL is 1, the
corrected pixel value L' is equal to the pixel value L.
[0062] Then, the determiner 108 determines whether the
pixel value L has been saturated (S704). If the pixel value L
is or over a predetermined value, e.g., 1023, the determiner
108 determines that the pixel value L has been saturated. If
the pixel value L has not been saturated (NO in S704), the
determiner 108 then outputs a signal 2 to the output unit 110,
and outputs a composite value G' (L, S') from the output unit
110 (S706). This composite value G' (L, S') is calculated by



US 2017/0264831 Al

an equation: (composite pixel value G' (L', S"))=(1-o)x
(pixel value L)+ax(corrected pixel value S'), where a=0.2,
for example, in the synthesizer 106. If the pixel value L has
not been saturated, an S/N ratio and a contrast of a long
exposure image are respectively higher than an S/N ratio and
a contrast of a short exposure image, and thus a synthesis
ratio of the pixel value L is increased.

[0063] On the other hand, if the pixel value L. has been
saturated (YES in S704), the determiner 108 determines
whether the corrected pixel value S' is less than the pixel
value L. (8708). If the corrected pixel value S' is not less than
the pixel value L (NO in S708), the determiner 108 outputs
the corrected pixel value S' from the output unit 110 (S710).
If the corrected pixel value S' is less than the pixel value L
(YES in S708), the determiner 108 then outputs a signal 0
to the output unit 110, and outputs the pixel value L from the
output unit 110 (S712), and the processing ends. While a
flow of processing corresponding to one pixel has been
described in FIG. 6, the sam processing is also performed for
other pixel values constituting a long exposure image and a
short exposure image. In a process in step S712, if a pixel
value larger than the corrected pixel value S' is output, an
effect of a flicker can be reduced. Thus, a pixel value, which
is not less than a saturated pixel value of the pixel value L
and is less than a saturated pixel value of the corrected pixel
value S', for example, may be output from the output unit
110. In this case, the pixel value to be output from the output
unit 110 may be a constant or a variable value.

[0064] Ifthe pixel value L has not thus been saturated, the
determiner 108 outputs a composite value G' (L, S"), to
improve an image quality at low illuminance. On the other
hand, if the pixel value L has been saturated, and the
corrected pixel value S' is not less than the pixel value L, the
corrected pixel value S' is output. Thus, a higher dynamic
range image than that when only the long exposure image is
used can be obtained.

[0065] Furthermore, if the pixel value L has been satu-
rated, and the corrected pixel value S1 corresponding to the
pixel value L is less than the pixel value L, the pixel value
L is output. That is, if the determiner 108 determines that a
flicker has occurred in the corrected pixel value S, the
determiner 108 outputs the pixel value L. from the output
unit 110. The determination processing prevents a pixel
value to be output to the output unit 110 from being less than
the pixel value L. Thus, even if a flicker has occurred in the
pixel value S, an effect on an image after HDRI processing
is reduced. Thus, an effect of the flicker can be reduced, and
a high dynamic range image can be obtained.

[0066] Another example of HDRI processing for reducing
an effect of a flicker while obtaining a high dynamic range
image will be described below. FIG. 8 is a flowchart
illustrating HDRI processing using three types of images
respectively captured in different exposure times. HDRI
processing using a long exposure image (first image), a
medium exposure 1 image (third image), and a short expo-
sure image (second image) will be described below. The
HDRI processing differs from the processing illustrated in
FIG. 7 by also using the medium exposure 1 image therefor.
[0067] The corrector 102 acquires a pixel value L in the
long exposure image, a pixel value M1 in the medium
exposure 1 image, and a pixel value S in the short exposure
image from the image capture unit 100 (S800). Then, the
corrector 102 calculates a corrected pixel value MV of the
pixel value M1 and a corrected pixel value S' of the pixel
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value S (S802). Then, the determiner 108 determines
whether the pixel value L has been saturated (S804). If the
pixel value L. has not been saturated (NO in S804), the
determiner 108 then outputs a composite value G' (L, M1")
from the output unit 110 (S806). This composite value G' (L,
M1') is calculated by an equation: (composite pixel value G'
(L, M1Y))=(1-a)x(pixel value L)+ax(corrected pixel value
M1"), where 0=0.3, for example, in the synthesizer 106.
[0068] On the other hand, if the pixel value L. has been
saturated (YES in S804), the determiner 108 determines
whether the corrected pixel value M1' has been saturated
(S808). If the corrected pixel value M1' has not been
saturated (NO in S808), the determiner 108 determines
whether the corrected pixel value M1' is less than the pixel
value L. (S810).

[0069] If the corrected pixel value M is not less than the
pixel value L (NO in S810), the determiner 108 outputs a
composite value G' (M1', S') from the output unit 110
(5812). This composite value G' (M1, S") is calculated by an
equation: (composite pixel value G' (M1', S"))=(1-a)x(cor-
rected pixel value M1')+ax(corrected pixel value S'), where
a=0.3, for example, in the synthesizer 106. On the other
hand, if the corrected pixel value M1' is less than the pixel
value L (YES in S810), the determiner 108 outputs the pixel
value L. from the output unit 110 (S814).

[0070] On the other hand, if the corrected pixel value MV
has been saturated (YES in S808), the determiner 108
determines whether the corrected pixel value S' is less than
the pixel value L. (S816). If the corrected pixel value S' is not
less than the pixel value L (NO in step S816), the determiner
108 outputs the corrected pixel value S' from the output unit
110 (S818). On the other hand, if the corrected pixel value
S' is less than the pixel value L (YES in S816), the
determiner 108 outputs the pixel value L. from the output
unit 110 (S820), and the processing ends.

[0071] Ifthe pixel value L has not thus been saturated, the
determiner 108 outputs a composite value G' (L, M1'), in
which the ratio of the pixel value L is increased, to the output
unit 110. If the pixel value L has been saturated, and the
corrected pixel value M1' has not been saturated, the deter-
miner 108 outputs a composite value G' (M1', §'), in which
the ratio of the pixel value M1' is increased, from the output
unit 110. Thus, a composite value having a high S/N ratio
and a high contrast can be output depending on illuminance.
[0072] If the pixel value L has been saturated, and the
corrected pixel value M1' corresponding to the pixel value L
is less than the pixel value L, the determiner 108 outputs the
pixel value L from the output unit 110. Thus, even if a flicker
has occurred in the pixel value M1 in the medium exposure
1 image, an image can be generated using the pixel value L.
Thus, an effect of the flicker on the processed image can be
reduced.

[0073] Even if a flicker has occurred in the corrected pixel
value ST, an image can be generated using the pixel value L,
like in the processing illustrated in FIG. 6. Thus, even if a
flicker occurs in either one of a short exposure image and a
medium exposure 1 image, an effect of the flicker can be
reduced. Thus, a high dynamic range image is generated
while a flicker such as an LED flicker can be reduced
occurring in a processed image.

[0074] FIG. 9 is a flowchart illustrating HDRI processing
performed when an LED light source is captured. The HDRI
processing differs from the processing illustrated in FIG. 8
by using a long exposure image, a medium exposure 2
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image, and a short exposure image therefor. A sub-pixel,
which has captured the medium exposure 2 image, as
described above, is a sub-pixel for an LED having an
exposure time adjusted to match characteristics of the LED
light source. A case where the LED light source such as a
traffic light is included in a shooting target, and HDRI is
performed mainly using the medium exposure 2 image will
be described.

[0075] The corrector 102 acquires a pixel value L in a long
exposure image (first image), a pixel value M2 in a medium
exposure 2 image (fourth image), and a pixel value S in a
short exposure image (second image) from the image cap-
ture unit 100 (8900). Then, the corrector 102 calculates a
corrected pixel value L' of the pixel value L and a corrected
pixel value S' of the pixel value S (S902). The sensitivity of
the sub-pixel, which has captured the medium exposure 2
image, is taken as a reference sensitivity. In this case, an
exposure magnification RL is less than 1. Therefore, the
corrected pixel value L' becomes less than the pixel value L.
[0076] Then, the determiner 108 determines whether the
pixel value M2 has been saturated (S904). If the pixel value
M2 has not been saturated (NO in S904), the determiner 108
then outputs the pixel value M2 to the output unit 110
(S906).

[0077] On the other hand, if the pixel value M2 has been
saturated (YES in S904), the determiner 108 determines
whether a composite value G' (L', S') is less than the pixel
value M2 (S908). The composite value G' (L', S") is calcu-
lated by an equation: (composite pixel value G' (L', S")=
(1-o)xL'+axS', if L' is not less than w', a=1.0. On the other
hand, if L' is less than w', a=L'w'. Thus, if the composite
value G' (L', S") has a similar characteristic to that of the
corrected pixel value S', and a flicker has occurred in the
corrected pixel value S', the composite value G' (L', S")
becomes less than the pixel value M2.

[0078] Ifthe composite value G' (L', S') is not less than the
pixel value M2 (NO in S908), the determiner 108 outputs the
composite value G' (L', S') from the output unit 110 (S910).
On the other hand, if the composite value G' (L', S") is less
than the pixel value M2 (YES in S908), the determiner 108
outputs the pixel value M2 to the output unit M2 (8912), and
the processing ends.

[0079] If the pixel value M2 has not thus been saturated,
the determiner 108 outputs the pixel value M2 to the output
unit 110. Since the LED light source is a main shooting
target, the pixel value M2, which has been adjusted to an
LED characteristic, is preferentially used. If a flicker has
occurred in the corrected pixel value S', the composite value
G' (L, S") becomes less than the pixel value M2. Therefore,
when the pixel value M2 is output to the output unit 110, an
effect of the flicker can be reduced. If the pixel value M2 has
been saturated, and a flicker has not occurred in the cor-
rected pixel value S', the composite value G' (L, S') can be
output to the output unit 110. The corrected pixel value S'
accounts for a main percentage of the composite value G' (L,
S". Therefore, a high dynamic range image having a wider
dynamic range can be generated. Thus, the high dynamic
range image is generated while an effect of an LED flicker
can be reduced.

[0080] An example of processing for determining a flicker
and blur will be described below. FIG. 10 is a flowchart
illustrating processing for determining a flicker and a blur
using three types of images respectively captured in different
exposure times. HDRI processing using a long exposure
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image (first image), a medium exposure 1 image (third
image), and a short exposure image (second image) will be
described below. Similar processes to those illustrated in
FIG. 8 are assigned the same reference numerals, and hence
description thereof is not repeated.

[0081] The determiner 108 determines whether a differ-
ence between a corrected pixel value S' and a corrected pixel
value M1' is within a first predetermined rang of value
(S1000). If the difference between the corrected pixel value
S' and the corrected pixel value M1' is within the first
predetermined rang of value (YES in S1000), the determiner
108 determines whether a difference between the pixel value
L and the corrected pixel value S' or the corrected pixel value
M1' exceeds a second predetermined value (S1002). If the
difference between the pixel value Land the corrected pixel
value S' or the corrected pixel value M1' exceeds the second
predetermined value. (YES in S1002), the determiner 108
determines that a blur has occurred (S1004). On the other
hand, if the pixel value L is the same as the positive pixel
value S' or the corrected pixel value M1' (NO in S1002), the
determiner 108 determines that a situation is normal, i.e.,
neither a flicker nor a blur has occurred (S1006).

[0082] On the other hand, if the corrected pixel value S'
and the corrected pixel value M1' are not the same (NO in
S1000), the determiner 108 determines that a flicker has
occurred (S1008). The determiner 108 determines that a
flicker has occurred on the premise that the corrected pixel
value M1' has not been saturated. While the determination
processing has been performed using the pixel value L, the
pixel value M1, and the pixel value S within the same pixel,
the present invention is not limited to this. For example,
determination processing may be performed using an aver-
age value of long exposure pixels, an average value of
medium exposure pixels, and an average value of short
exposure pixels within a predetermined range.

[0083] If the corrected pixel value S' and the corrected
pixel value M1' are the same, the determiner 108 can
determine whether a blur has occurred or a situation is
normal by comparing the pixel value L with the corrected
pixel value S' or the corrected pixel value M1'. Thus, it can
be determined that the pixel value L in the long exposure
image has been saturated without comparing the pixel value
L with the corrected pixel value. If the corrected pixel value
S' and the corrected pixel value M1' differ from each other,
it can be determined that a flicker has occurred on the
premise that the corrected pixel value M1' has not been
saturated.

[0084] As described above, according to the present
embodiment, if the pixel value L in the long exposure image
has been saturated, and the corrected pixel value S' in the
short exposure image is less than the pixel value L, when
HDRI is performed using a predetermined pixel value larger
than the corrected pixel value S', an effect of a flicker can be
reduced, and a high dynamic range image can be obtained.

[0085] Atleast a part of the image processor 1 in the above
embodiments may be formed of hardware or software. In the
case of software, a program realizing at least a partial
function of the image processor 1 may be stored in a
recording medium such as a flexible disc, CD-ROM, etc. to
be read and executed by a computer. The recording medium
is not limited to a removable medium such as a magnetic
disk, optical disk, etc., and may be a fixed-type recording
medium such as a hard disk device, memory, etc.



US 2017/0264831 Al

[0086] Further, a program realizing at least a partial func-
tion of the image processor 1 can be distributed through a
communication line (including radio communication) such
as the Internet. Furthermore, this program may be encrypted,
modulated, and compressed to be distributed through a
wired line or a radio link such as the Internet or through a
recording medium storing it therein.

[0087] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may
be made without departing from the spirit of the inventions.
The accompanying claims and their equivalents are intended
to cover such forms or modifications as would fall within the
scope and spirit of the inventions.

1. An image processor comprising:

an acquirer configured to acquire a first pixel value

obtained by making a pixel value in a first image
captured in a first exposure time correspond to a
predetermined sensitivity and a second pixel value
obtained by making a pixel value in a second image
captured in a second exposure time shorter than the first
exposure time correspond to the predetermined sensi-
tivity;

an output unit configured to output a predetermined value

larger than the second pixel value when the first pixel
value has been saturated and the second pixel value
corresponding to the first pixel value is less than the
first pixel value; and

a generator configured to generate a high dynamic range

image using at least the first image and the second
image based on the predetermined value output by the
output unit.

2. The image processor according to claim 1, wherein the
output unit outputs the first pixel value as the predetermined
value.

3. The image processor according to claim 1, wherein the
output unit outputs a pixel value, which is not less than a
saturated pixel value of the first pixel value and less than a
saturated pixel value of the second pixel value, as the
predetermined value.

4. The image processor according to claim 1, wherein

the predetermined sensitivity is a value based on the first

exposure time,

the acquirer acquires the pixel value in the first image as

the first pixel value, and

the acquirer acquires as the second pixel value a pixel

value obtained by subjecting the pixel value in the
second image to correction for making the first expo-
sure time and the second exposure time corresponds to
each other.

5. The image processor according to claim 1, further
comprising

a determiner configured to determine whether the first

pixel value has been saturated and determine whether
the second pixel value is less than the first pixel value
when the first pixel value has been saturated.

6. The image processor according to claim 5, wherein the
determiner determines that the first pixel value has been
saturated when the pixel value in the first image is or over
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the predetermined value or when the first pixel value is or
over the predetermined value.

7. The image processor according to claim 1, wherein the
output unit outputs the second pixel value when the first
pixel value has been saturated and the second pixel value is
not less than the first pixel value.

8. The image processor according to claim 1, further
comprising

a synthesizer configured to synthesize the first pixel value

and the second pixel value in a predetermined ratio to
obtain a composite value,

wherein the output unit outputs the composite value when

the first pixel value has not been saturated.

9. The image processor according to claim 1, wherein

the acquirer further acquires a third pixel value obtained

by making a pixel value in a third image captured in a
shorter exposure time than the first exposure time and
captured in a longer exposure time than the second
exposure time correspond to the predetermined sensi-
tivity, and

the output unit outputs the first pixel value when the first

pixel value and the third pixel value have been satu-
rated and the second pixel value is less than the first
pixel value.

10. The image processor according to claim 9, wherein the
output unit outputs the second pixel value when the first
pixel value and the third pixel value have been saturated and
the second pixel value is not less than the first pixel value.

11. The image processor according to claim 9, wherein the
output unit outputs a composite value obtained by synthe-
sizing the second pixel value and the third pixel value in a
predetermined ratio when the first pixel value has been
saturated and the third pixel value is not less than the first
pixel value.

12. The image processor according to claim 1, wherein

the acquirer further acquires a fourth pixel value obtained

by making a pixel value in a fourth image captured in
a shorter exposure time than the first exposure time and
captured in a longer exposure time than the second
exposure time correspond to the predetermined sensi-
tivity, and

the output unit outputs the fourth pixel value when the

fourth pixel value has not been saturated.

13. The image processor according to claim 12, further
comprising

a synthesizer configured to synthesize the first pixel value

and the second pixel value in a predetermined ratio to
obtain a composite value,

wherein the output unit outputs the fourth pixel value

when the fourth pixel value has been saturated and the
composite value is less than the fourth pixel value.

14. The image processor according to claim 13, wherein
the output unit outputs the composite value when the fourth
pixel value has been saturated and the composite value is not
less than the fourth pixel value.

15. The image processor according to claim 1, further
comprising a determiner configured to determine that a
flicker has occurred in the second pixel value when the first
pixel value is saturated and the second pixel value corre-
sponding to the first pixel value is less than the first pixel
value.

16. The image processor according to claim 1, wherein

the acquirer further acquires a third pixel value obtained

by making a pixel value in a third image captured in a
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third exposure time shorter than the first exposure time
and longer than the second exposure time corresponds
to the predetermined sensitivity, and further comprising

a determiner configured to determine that a blur has
occurred when a difference between the second pixel
value and the third pixel value is within a predeter-
mined range of value and a difference between the first
pixel value and the second pixel value exceeds a
predetermined value.

17. An image processing method comprising:

acquiring a first pixel value obtained by making a pixel
value in a first image captured in a first exposure time
correspond to a predetermined sensitivity and a second
pixel value obtained by making a pixel value in a
second image captured in a second exposure time
shorter than the first exposure time correspond to the
predetermined sensitivity;

outputting a pixel value serving as a predetermined value
larger than the second pixel value when the first pixel
value has been saturated and the second pixel value
corresponding to the first pixel value is less than the
first pixel value; and

Sep. 14, 2017

generating a high dynamic range image using at least the
first image and the second image based on the pixel
value output by the output unit.

18. The image processing method according to claim 17,
further comprising determining that a flicker has occurred in
the second pixel value when the first pixel value has been
saturated and the second pixel value corresponding to the
first pixel value is less than the first pixel value.

19. The image processing method according to claim 17,
wherein the acquiring comprises further acquiring a third
pixel value obtained by making a pixel value in a third image
captured in a third exposure time shorter than the first
exposure time and longer than the second exposure time
correspond to the predetermined sensitivity, and further
comprising

determining that a blur has occurred when the second
pixel value and the third pixel value are equal to each
other and the first pixel value differs from the second
pixel value.



