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(57) ABSTRACT

This disclosure provides an image processing apparatus
comprising a first setting unit which sets a first parameter
for processing for removing an influence of a fine particle
component based on image data; a first image processing
unit which performs fine particle removal processing based
on the first parameter; a second setting unit which sets a
second parameter; a second image processing unit which
performs fine particle removal processing based on the sec-
ond parameter; a setting unit which sets a region for which
the first image processing unit is to be used and a region for
which the second image processing unit is to be used; and a
generation unit which generates image data by applying a
result from the first image processing unit and a result
from the second image processing unit to the respective set
regions.

i OBTAIN INPUT IMAGE DATA }\« 5401

} SET FIRST PARAVETER i’” $402
FINE PARTICLE REMOVAL

PROCESSING 5403

DETECT OBJECT — 5404

PIXELS FOR REGION
WITH OBJECT

YES

DETECTED?
SET SECOND PARAMETER }'v 5408
FiNE PARTICLE REMOVAL =
PROCESSING S407
COMBINE FINE PARTICLE - 5408
REMOVAL IMAGE DATA

END



US 2023/0274398 A1

Aug. 31, 2023 Sheet 1 of 11

Patent Application Publication

“ LING ONRLAYD JHOWIN LND
N AY1SIT SOV TNHILXT NOLLYHEA0
/ w ¢ ( ¢
aLL Lil 601 zZil
§ g ¥ A3
4 LAdIN0 4 1NN
\ 3 \ 3
0t 20}
5 ¥ -
x 3 8 & & i
801
g 4 2
4 GOH WOY WY A0
{ ) ¢ ! {
voL £0l 201 n
y
S0~ aaH
7
L 004




Patent Application Publication

Aug. 31, 2023 Sheet 2 of 11

207
21 OBJECT DETECTION
RESULT STORING
INPUT IMAGE DATA UNIT
OBTAINING UNIT
- 2$§ f"j 2
OBJECT EXTRACTION e
PROCESSING UNIT | INPUT IMAGE
DATA STORING
202 UNIT
FINE PARTICLE REMOVAL
PROCESSING UNIT 208
2203 FINE PARTICLE REMOVAL |
FINE PARTICLE REMOVAL MAGE DAL TORING |

IMAGE DATA QUTRPUT UNIT

US 2023/0274398 A1




Patent Application Publication

Aug. 31, 2023 Sheet 3 of 11

US 2023/0274398 A1

308
301 ] AIRGLOW DATA STORING
UNIT
AIRGLOW CALCULATING A
UNIT 310
s e,
S oo
302
< ] LOWER-PIXEL IMAGE DATA
LOWER-PIXEL IMAGE _ STORING UNIT
CALCULATING UNIT p— B
312
304 i -
LOWER-PIXEL IMAGE-BASED , L OWER-PIXEL
CORRECTION PROCESSING | CORRECTED DATA
UNIT o STORINGUNIT
313
/305 — adag)
RGR LOWER-PIXEL e sl
MAGE-BASED CORRECTION = D RGB LOWER-PIXEL
PROCESSING UNIT CORRECTED DATA
__ STORNGUNIT
g 3@6 3? 4
MIE SCATTERING e
Oy HON o -
Co E\ﬁPO?\,E?\,gN(i)gE}LCULAT.NG v ——
‘ ™1 COMPONENT DATA
307 STORING UNIT
RAYLEIGH SCATTERING /315
COMPONENT CALCULATING - T
UNIT RAYLEIGH SCATTERING
X =1 COMPONENT DATA
/308 STORNGUNIT
COMPOSING UNIT - /3186
IMAGE PROCESSING
RANGE DATA
STORING UNIT




Patent Application Publication Aug. 31, 2023 Sheet 4 of 11

FIG. 4
{ START }

3

US 2023/0274398 A1

OBTAIN INPUT IMAGE DATA b 5401
SET FIRST PARAMETER - S402
¥
FINE PARTICLE REMOVAL
PROCESSING - 3403
:
DETECT OBJECT - $404
PIXELS FOR REGION - YES
WWITH OBJECT e
DETECTED?
SET SECOND PARAMETER b 5406
k:
FINE PARTICLE REMOVAL | b
BROCESSING S407
3
COMBINE FINE PARTICLE — }-s408

REMOVAL IMAGE DATA

END



Patent Application Publication Aug. 31, 2023 Sheet S of 11 US 2023/0274398 A1

GENERATE LOWER-PIXEL IMAGE - 8501
CALCULATE AIRGLOW - S504

GENERATE CORRECTED IMAGE BASED ON - S5O3
LOWER-PIXEL IMAGE '

GENERATE CORRECTED IMAGE BASED ON

RGE LOWER-PIXEL IMAGE ~- 8504

CALCULATE MIE SCATTERING COMPONENT i~ 5505

CALCULATE RAYLEIGH SCATTERING COMPONENT 8506

3

COMPOSING PROCESSING ~- S507




Patent Application Publication Aug. 31, 2023 Sheet 6 of 11 US 2023/0274398 A1

Pt P2 RS

P4 P PE Ik

P7T P3PS

PHR1,G1.B1) Ti={2xR4+4xB1+2xG0)/8

®
®
@

PY(R9,G9,B9)



Patent Application Publication Aug. 31, 2023 Sheet 7 of 11 US 2023/0274398 A1

FIG. 7 (Csmrr_)

X

READ INPUT IMAGE ~- 5701

3

CONVERT FROMRGEINTOY  +~-8702

R

DETERMINE PIXEL POSITION |
CANDIDATES §703

3

DETERMINE PIXEL POSITION i~ 8704

k

INITIALIZE PIXEL POSITION 8705

¥

ADD PIXEL VALUE - 3706

A BTGT
T HAS SEARCH ™,
SEEN COMPLETED
FORALLPIXEL

‘”u_PQSﬂ3 NS?Av"

5748
. ¥

MOVE PIXEL POSITION CALCULATE AIRGLOW ~- 8709

END



Patent Application Publication Aug. 31, 2023 Sheet 8 of 11 US 2023/0274398 A1

READ DATA - 5801
CALCULATE LOWER-PIXEL 5802
CORRECTED BY AIRGLOW

CALCULATE TRANSMISSION DISTRIBUTION |~ 8803

SHAPE TRANSMISSION DISTRIBUTION - S804

GENERATE CORRECTED IMAGE ~ 5805

CUTPUT DATA - 5806

END



Patent Application Publication Aug. 31, 2023 Sheet 9 of 11 US 2023/0274398 A1

READ DATA ~— 8801
CALCULATE RGB LOWER-PIXEL IMAGE - 8002
CORRECTED BY AIRGLOW

CALCULATE TRANSMISSION DISTRIBUTION |~ 8803

SHAPE TRANSMISSION DISTRIBUTION - 5804

GENERATE CORRECTED IMAGE ~ 5805

CUTPUT DATA - 5806

END



Patent Application Publication Aug. 31, 2023 Sheet 10 of 11  US 2023/0274398 Al

Ri R2

T3 T3k

R4

2

T3 T35 B

4 B2

G3 B4




Patent Application Publication Aug. 31, 2023 Sheet 11 of 11  US 2023/0274398 Al

START
READ DATA ~ 81101
SUBTRACT IMAGE - 81102
OUTRPUT MIE SCAW‘ERiNG COMPONENT ~—~ 51103

{ END )

{ START }

¥

READ DATA

~- 81201

k

SUBTRACT IMAGE

- 831202

3

CUTPUT RAYLEIGH SCATTERING COMPONENT

~ 51203

éEE;\iDé



US 2023/0274398 Al

IMAGE PROCESSING APPARATUS FOR
REDUCING INFLUENCE OF FINE
PARTICLE IN AN IMAGE, CONTROL
METHOD OF SAME, AND NON-
TRANSITORY COMPUTER-READABLE
STORAGE MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image proces-
sing apparatus, control method of same and non-transitory
computer-readable storage medium.

Description of the Related Art

[0002] In the field of surveillance cameras, etc., the degra-
dation of image quality of a captured image due to a
decrease in visibility caused by a fine particle component
(for example, fog) present between a camera and a photo-
graphic subject is a problem. US-2011-0188775 (referred to
hereinafter as document 1) is proposed as a technique (fog/
haze removal technique) for correcting an image having
decreased visibility due to fog, etc. In document 1, visibility
is improved by calculating, for each target pixel, the mini-
mum value of the R, G, and B channels within a predeter-
mined range around the target pixel, and correcting the con-
trast using the minimum value image. Furthermore, in US-
2016-0328832 (referred to hereinafter as document 2), a his-
togram is calculated from an input image, and parameters
for fog/haze removal processing are determined based on
the likelihood and the kurtosis of the histogram.

[0003] In the technique disclosed in document 1, para-
meters used during image processing are uniquely held
with respect to the entire image. However, there are cases
in which it is better to vary parameters between a case in
which the fog/haze removal technique is applied to a photo-
graphic subject at a relatively close distance and a case in
which the fog/haze removal technique is applied to a photo-
graphic subject at a farther distance. Here, there is a possi-
bility that, if processing is performed on a photographic sub-
ject at a close distance using parameters for a photographic
subject at a farther distance, the image will be unnatural due
to the effect of the processing being too strong for the photo-
graphic subject at a close distance.

[0004] Furthermore, in the technique disclosed in docu-
ment 2, parameters are determined based on the histogram
of an entire image. Due to this, even if a user would like to
improve the visibility of a specific object (a person, for
example) in an image, processing is executed so as to
improve the visibility over the entire image, and the visibi-
lity of a person present at a position where fog is thick, in
particular, is not improved. Furthermore, there is a possibi-
lity that, if an attempt is made to improve the visibility of a
person present at a position where fog is thick, the image
will be unnatural due to the fog/haze removal processing
being excessively applied to a person whose visibility is
already secured.

SUMMARY OF THE INVENTION

[0005] The present invention provides a technique for
removing the influence of fog and haze in an image in accor-
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dance with the conditions of the shooting scene and an
object whose visibility is desired to be improved.

[0006] According to a first aspect of the invention, there is
provided an image processing apparatus that processes
image data obtained by image capturing performed by an
image-capturing unit, the image processing apparatus com-
prising: a first setting unit configured to set a first parameter
for performing processing for removing an influence of a
fine particle component based on the image data; a first
image processing unit configured to perform fine particle
removal processing based on the first parameter set by the
first setting unit; a second setting unit configured to set a
second parameter differing from the first parameter; a sec-
ond image processing unit configured to perform fine parti-
cle removal processing based on the second parameter set by
the second setting unit; a third setting unit configured to set a
region for which the first image processing unit is to be used
and a region for which the second image processing unit is
to be used; and a generation unit configured to generate
image data from which an influence of fine particles is
removed by applying a result from the first image proces-
sing unit and a result from the second image processing unit
to the respective regions set by the third setting unit.

[0007] According to a second aspect of the invention,
there is provided a method of controlling an image proces-
sing apparatus that processes image data obtained by image
capturing performed by an image-capturing unit, the method
comprising: a first setting step of setting a first parameter for
performing processing for removing an influence of a fine
particle component based on the image data; a first image
processing step of performing fine particle removal proces-
sing based on the first parameter set in the first setting step; a
second setting step of setting a second parameter differing
from the first parameter; a second image processing step of
performing fine particle removal processing based on the
second parameter set in the second setting step; a third set-
ting step of setting a region for which the first image proces-
sing step is to be used and a region for which the second
image processing step is to be used; and a generation step
of generating image data from which an influence of fine
particles is removed by applying a result from the first
image processing unit and a result from the second image
processing unit to the respective regions set by the setting
unit.

[0008] According to a third aspect of the invention, there
is provided a non-transitory computer-readable storage
medium storing a program executable by a computer to exe-
cute a method of controlling an image processing apparatus
that processes image data obtained by image capturing per-
formed by an image-capturing unit, the method comprising:
a first setting step of setting a first parameter for performing
processing for removing an influence of a fine particle com-
ponent based on the image data; a first image processing
step of performing fine particle removal processing based
on the first parameter set in the first setting step; a second
setting step of setting a second parameter differing from the
first parameter; a second image processing step of perform-
ing fine particle removal processing based on the second
parameter set in the second setting step; a third setting step
of setting a region for which the first image processing step
is to be used and a region for which the second image pro-
cessing step is to be used; and a generation step of generat-
ing image data from which an influence of fine particles is
removed by applying a result from the first image proces-
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sing unit and a result from the second image processing unit
to the respective regions set by the setting unit.

[0009] According to the present invention, the influence of
fog and haze in an image is removed in accordance with the
conditions of the shooting scene and an object whose visi-
bility is desired to be improved.

[0010] Further features of the present invention will
become apparent from the following description of an
exemplary embodiment (with reference to the attached
drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a block configuration diagram of an image
processing apparatus in an embodiment.

[0012] FIG. 2 is a functional block diagram of the image
processing apparatus described in the embodiment.

[0013] FIG. 3 is a diagram illustrating an internal config-
uration of a fine particle removal processing unit described
in the embodiment.

[0014] FIG. 4 is a flowchart illustrating processing in the
image processing apparatus according to the embodiment.
[0015] FIG. 5 is a flowchart illustrating fine particle
removal processing according to the embodiment.

[0016] FIGS. 6A and 6B are schematic diagrams illustrat-
ing the process of lower-pixel image generation according
to the embodiment.

[0017] FIG. 7 is a flowchart illustrating airglow estimation
processing according to the embodiment.

[0018] FIG. 8 is a flowchart illustrating lower-pixel cor-
rected image generation processing according to the
embodiment.

[0019] FIG. 9 is a flowchart illustrating processing for
generating an RGB lower-pixel-value corrected image
according to the embodiment.

[0020] FIGS. 10A to 10D are schematic diagrams illus-
trating filter processing in RGB lower-pixel image genera-
tion processing according to the embodiment.

[0021] FIG. 11 is a flowchart illustrating Mie scattering
component generation processing according to the
embodiment.

[0022] FIG. 12 is a flowchart illustrating Rayleigh scatter-
ing component generation processing according to the
embodiment.

DESCRIPTION OF THE EMBODIMENT

[0023] Hereinafter, embodiments will be described in
detail with reference to the attached drawings. Note, the fol-
lowing embodiments are not intended to limit the scope of
the claimed invention. Multiple features are described in the
embodiments, but limitation is not made an invention that
requires all such features, and multiple such features may be
combined as appropriate. Furthermore, in the attached draw-
ings, the same reference numerals are given to the same or
similar configurations, and redundant description thereof is
omitted.

Overview

[0024] In the present embodiment, processing for remov-
ing the influence of a fine particle component (referred to
hereinafter as fine particles), such as fog, is first performed
on an input image shot under conditions in which the fine
particle component is generated. Next, an object such as a
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person is extracted from the image from which the influence
of the fine particle component has been removed, by per-
forming object detection processing such as person detec-
tion. By changing the ratio between the Mie scattering com-
ponent and the Rayleigh scattering component in the input
image based on this extraction result when generating a fine
particle removal image, images in which the appearance of
the influence of the fine particle component is varied are
created. An image in which the object has higher visibility
is obtained by combining these images.

Device Configuration According to Embodiment

[0025] FIG. 1 is a block configuration diagram of an
image processing apparatus 100 to which the present embo-
diment applies. The image processing apparatus 100 accord-
ing to the present embodiment includes a CPU 101, a RAM
102, a ROM 103, an HDD interface (I/F) 104, an HDD 105,
an input IF 106, an output I/F 107, and a system bus 108.
The CPU 101 is a processor that performs overall control of
the constituent units described below. The RAM 102 is a
memory that functions as the main memory and work area
of the CPU 101. The ROM 103 is a memory that stores
various parameters and a program for controlling processing
in the image processing apparatus 100.

[0026] The HDD I/F 104 is an interface conforming to the
Serial ATA (SATA) standard, etc., for example, and con-
nects the HDD 105, which serves as a secondary storage
apparatus, to the system bus 108. The CPU 101 can read
data from the HDD 105 and write data to the HDD 105 via
the HDD I/F 104. Furthermore, the CPU 101 can load data
stored in the HDD 105 into the RAM 102, and can similarly
store data loaded in the RAM 102 to the HDD 105. Also, the
CPU 101 can execute data loaded into the RAM 102,
regarding the data as a program. Note that the secondary
storage apparatus may be a storage device other than a
HDD, such as an optical disk drive. The input I/F 106 is a
serial bus interface conforming to the USB standard, the
IEEE1394 standard, etc., for example.

[0027] The image processing apparatus 100 is connected
to an external memory 109 and an image-capturing unit 111
via the input I/F 106. The CPU 101 can obtain captured
image data from the external memory 109 and the image-
capturing unit 111 via the input I/F 106. The output I/F 107
is a video output interface conforming to the DVI standard,
the HDMI (registered trademark) standard, etc., for exam-
ple. The image processing apparatus 100 is connected to a
display unit 110 via the output I/F 107. The CPU 101 can
display images on the display unit 110 by outputting the
images to the display unit 110 via the output I/F 107.
[0028] The system bus 108 is a transfer path for various
types of data, and the constituent units in the image proces-
sing apparatus 100 are connected to one another via the sys-
tem bus 108.

[0029] The external memory 109 is a storage medium
such as a hard disk, a memory card, a CF card, an SD
card, or a USB memory, and can store data such as image
data processed by the image processing apparatus 100.
[0030] The display unit 110 is a display apparatus such as
a display, and can display images processed by the image
processing apparatus 100, etc.

[0031] The image-capturing unit 111 is a camera that uses
an image sensor to receive an optical image of a photo-
graphic subject and outputs the obtained optical image as
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digital image data. In the image processing apparatus 100
according to the present embodiment, image data whose
contrast is decreased due to scattered light generated by
fine particles, such as those of fog, is obtained by the
image-capturing unit 111 through image capturing, and the
image processing apparatus 100 generates an image in
which the influence of fine particles is reduced by perform-
ing image processing described below.

[0032] Anoperation unit 112 is constituted by one or more
input devices such as a mouse and/or a keyboard, for exam-
ple, and is used for specifying the later-described fog/haze
removal range.

[0033] FIG. 2 is a functional block diagram of the image
processing apparatus described in the embodiment. As illu-
strated in FIG. 2, the image processing apparatus according
to the embodiment includes an input image data obtaining
unit 201, a fine particle removal processing unit 202, a fine
particle removal image data output unit 203, an input image
data storing unit 204, a fine particle removal image data
storing unit 205, and an object extraction processing unit
206. The object extraction processing unit 206 is constituted
by a known person detection technique, a known face detec-
tion technique, etc. The object extraction processing unit
206 performs detection of a shape of a person, a person’s
face, etc., on an input image, and stores an area correspond-
ing to the shape of a person, a person’s face, etc., in an
object detection result storing unit 207 as a detection result.
Note that, while the processing units illustrated in FIG. 2 are
realized by the CPU 101 loading a program stored in the
ROM 103 in the RAM 102 and executing the program,
some of the processing units may be realized by means of
hardware.

[0034] FIG. 3 is a diagram illustrating an internal config-
uration of the fine particle removal processing unit 202 in
the embodiment. The fine particle removal processing unit
202 includes an airglow calculating unit 301, a lower-pixel
image calculating unit 302, a lower-pixel image-based cor-
rection processing unit 304 (hereinafter as correction pro-
cessing unit 304), and an RGB lower-pixel image-based cor-
rection processing unit 305 (hereinafter as correction
processing unit 305). The fine particle removal processing
unit 202 also includes a Mie scattering component calculat-
ing unit 306 and a Rayleigh scattering component calculat-
ing unit 307 for controlling scattering components, and a
composing unit 308. Furthermore, the fine particle removal
processing unit 202 includes, as storage locations of data for
these various types of processing, an airglow data storing
unit 309, a lower-pixel image data storing unit 310, a
lower-pixel corrected data storing unit 312, and an RGB
lower-pixel corrected data storing unit 313. The fine particle
removal processing unit 202 includes a Mie scattering com-
ponent data storing unit 314 and a Rayleigh scattering com-
ponent data storing unit 315 for controlling scattering com-
ponents. Furthermore, the fine particle removal processing
unit 202 includes an image processing range data storing
unit 316 that determines a processing range for fine particle
removal processing.

[0035] While these constituent blocks are realized by the
CPU 101 executing programs held in the ROM 103, the
HDD 105, and the RAM 102, which serve as data holding
areas, as necessary, some of the constituent blocks may be
realized by means of hardware.
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Overall Processing Flow

[0036] The flow of processing in the image processing
apparatus 100 according to the embodiment will be
described using the block diagram in FIG. 2 and the flow-
chart in FIG. 4.

[0037] In step S401, the CPU 101 controls the input image
data obtaining unit 201 and causes the input image data
obtaining unit 201 to obtain image data obtained through
image capturing by the image-capturing unit 111, and stores
the image data in the input image data storing unit 204.
[0038] In step S402, the CPU 101 sets a parameter for
performing processing for removing a fine particle compo-
nent on the input image data.

[0039] In step S403, the CPU 101 performs processing
(described in detail later) for removing the influence of
fine particles, based on the parameter set in step S402.
[0040] In step S404, the CPU 101, by using known object
detection processing, performs object detection on the
image subjected to the fine particle removal processing in
step S403. Here, the objects to be detected are objects
whose visibility the user would like to improve. For exam-
ple, if the user would like to improve the visibility of a per-
son, the CPU 101 extracts a person in the image data by
applying known person detection processing. The CPU
101 encloses, with a rectangle, the surrounding region of a
person area resulting from the extraction, and stores the per-
son area in the form of position information of the rectangle
area in an object detection result storing unit 207. Note that,
while an object detection result is a rectangle area in the
present embodiment, the shape of the object detection result
is not particularly limited, and the object detection result
may have a shape other than a rectangular shape. Note
that, in a case in which an object detection result is not a
rectangle area, for example, it suffices to determine, for
each pixel, whether the pixel is a pixel in which an object
was detected.

[0041] In step S405, the CPU 101 compares the image
subjected to the processing for removing the influence of
fine particles and the object detection result, determines
which region in the image data an object was detected in,
and varies processing depending upon the result of the
determination. Specifically, the CPU 101 shifts to the pro-
cessing in step S408 for pixels corresponding to a region for
which it has been determined that an object was detected in
the image data, and shifts to the processing in step S406 for
pixels corresponding to a region for which it has been deter-
mined that no object was detected.

[0042] In step S406, the CPU 101 sets a parameter for the
fine particle removal processing to be executed in the sub-
sequent step S407 so that the object detection accuracy is
further increased for the region in which no object was
detected. Specifically, the parameter is set so that the fine
particle removal effect is increased. For example, the para-
meter is set so that the later-described Mie scattering inten-
sity coefficient m and the later-described Rayleigh scatter-
ing intensity coefficient r are smaller in the parameter for the
second iteration than in the parameter for the first iteration.
For m in particular, setting m in the parameter for the second
iteration to be smaller, setting m in the parameter for the
second iteration to zero, etc., can be considered.

[0043] In step S407, the CPU 101 performs the fine parti-
cle removal processing once again based on the parameter
set in step S406, which is for the second iteration of the fine
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particle removal processing. The image data that is pro-
cessed here is not the image data subjected to the processing
in step S403, and is the original input image data obtained in
step S401.

[0044] Then, in step S408, the CPU 101 combines the
image that is the result of the processing using the first para-
meter, for which it has been determined in step S405 that an
object was detected, and the image that is the result of the
processing using the second parameter performed in step
S407. Specifically, one output image is generated using,
for the detection region (pixels), which is the region for
which it has been determined in step S405 that an object
was detected, the image that is the result of the processing
using the first parameter, and using, for the non-detection
region, the image that is the result of the processing using
the second parameter.

[0045] In such a manner, regions are set based on the
object detection result, and for each of the regions, an
image subjected to fine particle component removal proces-
sing having a different effect is generated.

Flow of Processing for Removing Influence of Fine
Particles

[0046] Here, the fine particle removal processing in steps
S403 and S407 of FIG. 4 will be described in detail using the
processing block diagrams in FIGS. 2 and 3 and the flow-
chart in FIG. 5. Note that step S403 and step S407 differ in
that the parameter used for the processing differs.

[0047] In step S501, the lower-pixel image calculating
unit 302 calculates a lower-pixel image (described in detail
later) from the input image data stored in the input image
data storing unit 204, and stores the lower-pixel image in the
lower-pixel image data storing unit 310.

[0048] In step SS502, the airglow calculating unit 301 cal-
culates an airglow component (described in detail later)
using the input image data stored in the input image data
storing unit 204 and the lower-pixel image data stored in
the lower-pixel image data storing unit 310. Then, the air-
glow calculating unit 301 stores the calculated airglow data
in the airglow data storing unit 309.

[0049] In step S503, the lower-pixel image-based correc-
tion processing unit 304 reads the airglow data stored in the
airglow data storing unit 309 and the lower-pixel image data
stored in the lower-pixel image data storing unit 310.
Furthermore, the correction processing unit 304 also reads
image processing range data stored in the image processing
range data storing unit 316. Then, the correction processing
unit 304 performs correction (described in detail later) on
the input image data stored in the input image data storing
unit 204. The correction processing unit 304 stores the cor-
rected image data in the lower-pixel corrected data storing
unit 312.

[0050] In step S504, the RGB lower-pixel image-based
correction processing unit 305 reads the airglow data stored
in the airglow data storing unit 309, the input image stored
in the input image data storing unit 204, and the image pro-
cessing range data stored in the image processing range data
storing unit 316. Then, this correction processing unit 305
performs correction (described in detail later) on the input
image data. The correction processing unit 305 stores the
corrected image data in the RGB lower-pixel corrected
data storing unit 313.
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[0051] In step S50S, the Mie scattering component calcu-
lating unit 306 reads the input image data stored in the input
image data storing unit 204 and the lower-pixel corrected
image data stored in the lower-pixel corrected data storing
unit 312. Then, the Mie scattering component calculating
unit 306 calculates the Mie scattering component (described
in detail later). The Mie scattering component calculating
unit 306 stores the calculated Mie scattering component
data in the Mie scattering component data storing unit 314.
[0052] In step S506, the Rayleigh scattering component
calculating unit 307 reads the input image data stored in
the input image data storing unit 204. Furthermore, the Ray-
leigh scattering component calculating unit 307 also reads
the lower-pixel corrected image data stored in the lower-
pixel corrected data storing unit 312 and the RGB lower-
pixel-value corrected image data stored in the RGB lower-
pixel corrected data storing unit 313. Then, the Rayleigh
scattering component calculating unit 307 calculates the
Rayleigh scattering component (described in detail later),
and stores the calculated Rayleigh scattering component in
the Rayleigh scattering component data storing unit 315.
[0053] In step S507, the composing unit 308 reads the
RGB lower-pixel-value corrected image data stored in the
RGB lower-pixel corrected data storing unit 313. Further-
more, the composing unit 308 reads the Mie scattering com-
ponent data stored in the Mie scattering component data
storing unit 314 and the Rayleigh scattering component
data stored in the Rayleigh scattering component data stor-
ing unit 315. Subsequently, the composing unit 308 per-
forms image composition (described in detail later), and
stores the composed image data in the fine particle removal
image data storing unit 205.

[0054] As a result of the processing described above, the
fine particle removal processing in step S403 is completed.

Airglow Estimation

[0055] Next, the airglow calculation processing in step
S502 will be described. The airglow calculating unit 301
first converts the input image from an RGB image into a
luminance image (Y image). Next, the airglow calculating
unit 301 generates a histogram from the Y image obtained as
a result of the conversion, sets a value corresponding to the
top 1% as a threshold, and performs robust estimation pro-
cessing to determine pixels for estimating the airglow from
among positions of pixels having pixel values greater than
or equal to the threshold. Furthermore, the airglow calculat-
ing unit 301 estimates the airglow based on the pixel values
of the determined pixels.

[0056] In the following, the details of the airglow calculat-
ing unit 301 in the embodiment will be described with refer-
ence to the flowchart in FIG. 7.

[0057] Instep S701, the airglow calculating unit 301 reads
the input image data from the input image data storing unit
204.

[0058] In step S702, the airglow calculating unit 301 con-
verts the input image data read from an RGB image intoa Y
image. Here, a conventional formula for color conversion
from RGB into Y may be applied as the conversion formula.
[0059] In step S703, the airglow calculating unit 301, from
the Y image (luminance image) obtained through the con-
version in step S702, generates candidates (referred to here-
inafter as pixel position candidates) of airglow position
information for performing airglow estimation. Specifically,
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the airglow calculating unit 301 calculates a histogram of
the read Y image, sets a value corresponding to the top 1%
from the maximum value as a threshold, and determines the
positions of pixels having values greater than or equal to the
threshold as reference pixel position candidates. Note that,
while the top 1% is set as the threshold in the present embo-
diment, the embodiment is not limited to this, and a different
percentage may be adopted.

[0060] In step S704, the airglow calculating unit 301
determines reference pixel position information (referred
to hereinafter as pixel positions) for actually calculating
the airglow. Specifically, based on the pixel position candi-
dates determined in step S703, the airglow calculating unit
301 generates airglow position information using robust
estimation such as the RANSAC method, based on the can-
didates. This is because pixel positions corresponding to the
sky portion are naturally desirable as pixel positions to be
selected as airglow, and the exclusion of high luminance
portions other than the sky in the image from the pixel posi-
tion candidates is desired. Generally, high luminance por-
tions other than the sky occupy a small proportion in an
image, and tend to have a luminance different from the
color of the sky. Thus, robust estimation is performed in
which high luminance portions other than the sky can be
treated as outliers and excluded. Furthermore, the number
of pixel positions can also be limited in this process. This
is for avoiding the following situation; in a case such as
when there is a gradation in the color of the sky in an
image, the same sky in the image includes different pixel
values, and thus even a sky portion where the color changes
would be subjected to estimation if too many pixels thereof
are referred to.

[0061] In step S705, in order to calculate the airglow, the
airglow calculating unit 301 determines the pixel position
from which the airglow component is to be extracted first
from among the pixel positions determined in step S704.
In doing so, it suffices to determine the first pixel position
in the raster scan order (for example, the top-left most pixel
position) from among the pixel positions determined in step
S704 as the pixel position from which the airglow compo-
nent is to be extracted first.

[0062] In step S706, the airglow calculating unit 301 adds
the pixel values (R, G, B) of the reference pixel position
initially determined in step S705 or determined in step
S708 color by color, and holds the results in the RAM 102,
etc.

[0063] In step S707, the airglow calculating unit 301
determines whether or not the search has been performed
for all pixel positions determined in step S704. The airglow
calculating unit 301 advances the processing to step S709 if
it is determined that the search has been performed for all
pixel positions, and advances the processing to step S708 if
it is determined that the search is not complete.

[0064] In step S708, the airglow calculating unit 301
moves the pixel position determined in step S704 to the
next position. Specifically, among the pixel positions deter-
mined in step S704, the pixel position that is closest in the
raster scan order to the pixel position that is currently being
referred to is set.

[0065] In step S709, the airglow calculating unit 301 cal-
culates the airglow component by averaging the added pixel
values added and held in the RAM 102, etc., in step S706.
Specifically, the airglow calculating unit 301 calculates the
airglow component Az based on the formulas below.
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Args =(ZAp /n,ZAG /n, A /n) @
Ay =(ZAg /n+EAg/n+3A5/n)/3 @

[0066] Here, Az, Ag, Ap, and Ay respectively indicate the
airglow component values of the R channel, the G channel,
the B channel, and the lower-pixel image. Furthermore, n
indicates the total number of reference pixels determined
in step S704, and ¥ indicates the sum of the values of the
pixels determined in step S704. Note that formulas (1) and
(2) given here are merely examples, and a different formula
may be used as a calculation formula for the airglow estima-
tion in the embodiment. For example, formula (2) may be
replaced with the smallest value among XA /n, ¥As/n, and
ZAB/II.

[0067] The airglow component can be estimated as
described above. The airglow calculating unit 301 stores
the estimated airglow component in the airglow data storing
unit 309.

Creation of Lower-Pixel Image

[0068] Next, the lower-pixel image generation processing
performed by the lower-pixel image calculating unit 302 in
step S501 will be described using FIGS. 6A and 6B. As
illustrated in FIG. 6A, peripheral pixels centered around a
given target pixel P5 in the input image are denoted as pixels
P1 to P4 and pixels P6 to P9. Furthermore, the R, G, and B
component values of the pixels P1 to P9 are expressed as
PI1(R1, G1, B1) to P9(R9, G9, BY).

[0069] Furthermore, suppose that these component values
are ranked in the order of R5>B3 >R2 > ...>R4 >B1 > G9
> (37. Here, when a lower-pixel of the target pixel P5 is
defined as T1 as illustrated in FIGS. 6B, T1 is a weighted
average of the three lower ranking component values
excluding the lowest component value G7, as indicated in
formula (3). By adopting a weighted average rather than the
minimum value, a situation in which the lower-pixel image
is highly influenced by sensor noise can be prevented. That
is, a situation in which a pixel that is highly influenced by
sensor noise is generated in the processed image can be sup-
pressed compared to the case in which the minimum value is
adopted.

T1=(2xR4+4xBl+2xG9)/8 3)

[0070] The lower-pixel image calculating unit 302 gener-
ates the lower-pixel image by performing the above-
described processing for all pixels. Furthermore, the
lower-pixel image calculating unit 302 stores the generated
lower-pixel image in the lower-pixel image data storing unit
310. Note that the calculation method mentioned above is an
example of the calculation formula for calculating the
lower-pixel image, and calculation need not be performed
following execution of this calculation formula. For exam-
ple, calculation may be performed by averaging four lower
ranking pixels from the second-to-lowest pixel. Further-
more, while a lower-pixel is generated by referring to per-
ipheral pixels located at a distance of one pixel from the
target pixel in the present embodiment, a lower-pixel may
of course be calculated by referring to peripheral pixels
located at a distance of two pixels, or reference may be
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made to peripheral pixels at a farther distance. It should be
understood that FIGS. 6A and 6B are merely examples.

Generation of Corrected Image Based on Lower-Pixel
Image

[0071] Next, the corrected image generation processing
(step S503 in FIG. 5) based on the lower-pixel image,
which is performed by the correction processing unit 304,
will be described with reference to the flowchart in FIG. 8.
[0072] In step S801, the correction processing unit 304
reads the lower-pixel image, the airglow data, and the
input image from the airglow data storing unit 309, the
lower-pixel image data storing unit 310, and the input
image data storing unit 204.

[0073] In step S802, the correction processing unit 304
calculates a corrected lower-pixel image lower A by cor-
recting the lower-pixel image using the airglow data. Speci-
fically, the correction processing unit 304 corrects the lower-
pixel image based on the airglow data, according to formula
(4) below.

lower A =T, jower / Ay “

[0074] Here, T;, jouer indicates the lower-pixel image gen-
erated in step S501.

[0075] In step S803, the correction processing unit 304
generates a transmission distribution ty,,,.,(X, y) based on
the corrected lower-pixel image lower A calculated in step
S802. Specifically, the formula below is applied to low-
er_A(X, y) generated in step S802.

:1_0_mxlower7A(X>Y) ©)

lower

[0076] Here, o is a coefficient for adjustment, and is “0.9”
for example. Furthermore, x and y are horizontal-direction
and vertical-direction coordinates in the image. The coeffi-
cient ® is a value provided in order to prevent a value of a
target pixel subjected to the fine particle removal processing
from equaling zero due to transmission equaling zero in a
case in which the transmission light of the pixel is consisted
only of light scattered by fine particles, such as those of fog,
and need not be “0.9” as mentioned above.

[0077] In step S804, the correction processing unit 304
shapes the transmission distribution generated in step S803
in accordance with the input image and the image proces-
sing range data, which is input from a UL This shaping is
performed because the transmission distribution ty,,,.(X, ¥)
needs to match the shapes of photographic subjects such as
structures included in the image-captured data, and in order
to limit the processing range to a transmission distribution
range specified by means of the Ul In the processing up to
step S803, the transmission distribution t(x, y) only includes
information regarding approximate photographic subject
shapes in the image-captured data. Thus, the shaping is per-
formed because photographic subject shapes need to be
accurately separated. Specifically, it suffices to use a
known edge-preserving filter as that disclosed in the docu-
ment “Guided Image Filtering,” Kaiming He, Jian Sun, and
Xiaoou Tang, in ECCV2010 (Oral).

[0078] Next, measures are taken so that the processing for
removing the influence of fine particles is not performed on
pixel portions outside the transmission distribution range
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specified using the UL For values exceeding t_th max and
values falling below t_th _min that have been specified by
means of the UL t;,,,.(X, y) =1 is substituted into the trans-
mission distribution t;,,,.(X, y).

[0079] Note that, while the values set by means of the Ul
are applied after the filter processing in the present embodi-
ment, the values set by means of the Ul first may of course
be applied.

[0080] In step S80S, the correction processing unit 304
calculates a corrected image that is based on the lower-
pixel image from Ay and the transmission distribution
tower(X, V). Specifically, this is performed based on formula
(6) below.

Jp (e y)eLE2ZAY) ©

+ max (fg. tower (%))

[0081] Here, J;,., is the corrected image based on the
lower-pixel image, | is the input image, and t, is a coefficient
for adjustment, and is “0.1” for example. Here, t, is a value
provided in order to prevent a situation in which the value of
Jiower fluctuates significantly due to a slight difference from
the input image I, such as shot noise during the image cap-
turing, in a case in which t;,,,., is an extremely small value,
and need not be “0.1” as mentioned above. Further, max(---)
is a function that returns the maximum value of the group of
numerical values lined up inside the brackets.

[0082] In step S806, the correction processing unit 304
stores the lower-pixel corrected image Jy,,., calculated in
step S80S in the lower-pixel corrected data storing unit 312.
[0083] By performing the above-described processing, an
image which is based on the lower-pixel image and in which
the influence of the fine particle component is corrected can
be created.

Generation of Corrected Image Based on RGB
Lower-Pixel-Value Image

[0084] Next, the corrected image generation processing
(step S504 in FIG. 5) performed by the RGB lower-pixel
image-based correction processing unit 305 will be
described with reference to the flowchart of FIG. 9.

[0085] In step S901, the correction processing unit 305
reads the input image from the input image data storing
unit 204, and reads the airglow data from the airglow data
storing unit 309.

[0086] In step S902, the correction processing unit 305
calculates an RGB lower-pixel-value image patch RGB_A
corrected using the airglow, by performing correction (filter
processing) on the input image for each of the planes R, G,
and B using the airglow data.

[0087] First, the correction processing unit 305 calculates
the RGB lower-pixel image patch RGB_A corrected using
the airglow by correcting an RGB lower-pixel-value image
using the airglow data, according to formula (7) below.

RGB A(x, Y, ¢)=T, par(% V. ¢)/Arce Q]

[0088] Here, T;, rcsindicates the RGB lower-pixel-value
image data before correction, and RGB_A indicates the cor-
rected RGB lower-pixel-value image data. Further, x and y
indicate horizontal-direction and vertical-direction coordi-
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nates in the image, and ¢ indicates a color plane (which is
either R, G, or B).

[0089] Next, the correction processing unit 305 calculates
the RGB lower-pixel image patch RGB_A corrected using
the airglow by performing filter processing on the pre-
viously-calculated RGB_A. In the processing following
step S903, patch RGB_A is used for all calculations as the
RGB lower-pixel image corrected using the airglow.

[0090] Here, details of the filter processing in the present
processing will be described with reference to FIGS. 10A to
10D.

[0091] In FIGS. 10A to 10D, the process of performing
filter processing on a given target pixel T3 is illustrated as
schematic diagrams. FIG. 10A illustrates RGB_A. In FIGS.
10B to 10D, FIG. 10A is shown separated into the planes R,
G, and B. T3 indicates the target pixel to be processed in the
filtering, and T3, T35, and T3 respectively indicate the
component value of the target pixel T3 in the planes R, G,
and B. Furthermore, R1 to R4, G1 to G4, and B1 to B4 in
FIGS. 10B to 10D indicate four values counted from the
minimum value within a range of 5 x 5 pixels from the target
pixel in the planes R, G, and B, respectively, and the pixel
values are ranked R4 > R3 > R2 > R1 in order of greater
value. G1 to G4 for the G component and B1 to B4 for the B
component have the same meanings.

[0092] In a case in which filter processing is performed on
the corrected RGB lower-pixel-value image data RGB_A,
the lower-pixels of the planes R, G, and B within the range
of 5 x 5 pixels with the target pixel T3 at the center differ for
each color, as illustrated in FIGS. 10B to 10D. Due to this, a
lower-pixel filter processing result T3 for the R channel as
illustrated in FIG. 10B is calculated according to formula (8)
below.

T3 =(2xR2+4xR3+2xR4)/8 ®

[0093] Similarly, the result obtained by substituting G2,
G3, and G4 into formula (8) above will be the result in a
case in which the minimum value T3 for the G channel is
calculated. This similarly applies to the minimum value T35
for the B channel as well. The difference from the lower-
pixel image is that, for these values, pixel values of the
same plane as the plane of the target pixel are adopted.
The lower-pixel image differs from the RGB lower-pixel
image, and calculation is performed using the pixels of all
of the planes around the target pixel. Thus, pixels from any
of the planes R, G, and B may be adopted, but in the case of
the RGB lower-pixel-value, pixels are adopted from only
the same plane. Due to this difference, the influence of
wavelengths of scattered light can be taken into account.
[0094] Following this, the RGB lower-pixel-value image
patch RGB_A corrected using the airglow is calculated by
applying this processing to all pixels of RGB_A.

[0095] In step S903, the correction processing unit 305
creates a transmission distribution tzgp(X, v, ¢) based on
the RGB lower-pixel-value image corrected using the air-
glow, which was calculated in step S902. The following for-
mula is applied to patch RGB_A generated in step S902.

trgp =1.0 - @x patch RGB_A(x,y.¢) ()
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[0096] Here, o is a coefficient for adjustment, and is for
example 0.9. © is a value provided in order to prevent a
value of a target pixel subjected to fine particle removal pro-
cessing from equaling zero due to transmission equaling
zero in a case in which the transmission light of the pixel
is consisted only of light scattered by fine particles, such as
those of fog, and need not be 0.9 as mentioned above.
[0097] In step S904, the correction processing unit 305
shapes the transmission distribution generated in step S903
in accordance with the input image, and ensures that proces-
sing is not performed on portions outside the transmission
distribution range specified by means of the UL The specific
procedures are the same as those in step S804, but in the
case of the RGB lower-pixel-value image, the processing
in step S804 is performed for each color plane of the trans-
mission distribution tzgp(X, V, ©).

[0098] In step S90S, the correction processing unit 305
calculates a corrected image based on the RGB lower-
pixel-value image from the airglow Apgp and the transmis-
sion distribution tpg(X, ¥, ©). Specifically, this is performed
based on formula (10) below.

(I(x,y,c)fARGB) (10)

J = A
ras(x3.0) max(lo,tRGB(x,y,c))+ RGB

[0099] Here, Jzgp is the corrected image based on the
RGB lower-pixel-value image, and I is the input image.
Furthermore, ty is a coefficient for adjustment, and is 0.1,
for example. Here, t, is a value provided in order to prevent
a situation in which the value of Jzsp fluctuates significantly
due to a slight difference from the input image I, such as
shot noise during the image capturing, in a case in which
trga 18 an extremely small value, and need not be 0.1 as
mentioned above.

[0100] In step S906, the correction processing unit 305
stores Jpgp calculated in step S90S in the RGB lower-pixel
corrected data storage unit 313.

[0101] By performing the above-described processing, an
image obtained by correcting the RGB lower-pixel-value
image can be created.

Calculation of Mie Scattering Component

[0102] Next, processing (step S505) for calculating a light
scattering component deriving from Mie scattering from the
lower-pixel corrected image data and the input image, which
is performed by the Mie scattering component calculating
unit 306, will be described with reference to the flowchart
in FIG. 11.

[0103] Instep S1101, the Mie scattering component calcu-
lating unit 306 reads the lower-pixel corrected data from the
lower-pixel corrected data storing unit 312, and reads the
input image from the input image data storing unit 204.
[0104] In step S1102, the Mie scattering component calcu-
lating unit 306 subtracts a pixel value for each pixel in the
image to extract the Mie scattering component. Specifically,
the Mie scattering component calculating unit 306 calcu-
lates a Mie scattering component image according to for-
mula (11) below.
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When 1(%,3,¢) - Ty (. 5. )20 an

M(x,y, ¢)=1(x. ¥, ¢) - Tipuer (% 7. €)
‘When I(x, hA c) - Jlower(x, hA c)<0:
M(x, Y, c):O

[0105] Here, M(x, v, ¢) is the Mie scattering component
image. The Mie scattering component can be extracted
from the image by means of this calculation.

[0106] In step S1103, the Mie scattering component calcu-
lating unit 306 stores the Mie scattering component image
calculated in step S1102 in the Mie scattering component
data storing unit 314.

[0107] By performing processing as described above, the
Mie scattering component in the image can be calculated.

Calculation of Rayleigh Scattering Component

[0108] Next, processing (step S506) for calculating the
Rayleigh scattering component, which is performed by the
Rayleigh scattering component calculating unit 307, will be
described with reference to the flowchart in FIG. 12.
[0109] In step S1201, the Rayleigh scattering component
calculating unit 307 reads the RGB lower-pixel-value cor-
rected image data from the RGB lower-pixel corrected data
storing unit 313, reads the Mie scattering component image
from the Mie scattering component data storing unit 314,
and reads the input image from the input image data storing
unit 204.

[0110] In step S1202, the Rayleigh scattering component
calculating unit 307 subtracts a pixel value for each pixel in
the image, in order to obtain a Rayleigh scattering compo-
nent image. Specifically, the calculation is performed
according to formula (12) below.

-WhenI(x,y,c)—JRGB(x,y,c)—M(x,y,c)zo: (12)

R(x, Y, c):I(x, Y, c) —JRGB(X, Y, c) —M(x, Y, c)
-When I(x, Y, c) —JRGB(X, Y, c) —M(x, Y, c)<0:
R(x,y, c):O

[0111] Here, R(x, y, ¢) is the Rayleigh scattering compo-
nent image. The Rayleigh scattering component can be
extracted from the image by means of this calculation.
[0112] In step S1203, the Rayleigh scattering component
calculating unit 307 stores the Rayleigh scattering compo-
nent image calculated in step S1202 in the Rayleigh scatter-
ing component data storing unit 315.

[0113] By performing processing as described above, the
Rayleigh scattering component in the image can be
calculated.

Composing Processing

[0114] Next, composing processing (step S507) by the
composing unit 308 will be described.

[0115] The composing unit 308 calculates a composed
image J,,,.(X, v, ¢) according to formula 13 below.

Jom(x, Y, c):JRGB(x,y, c)+m-M(x, Y, c)+r-R(x, Y. c) (13)

[0116] Here, m is a Mie scattering intensity coefficient,
and r is a Rayleigh scattering intensity coefficient. In the
present embodiment, it is desirable that the coefficients
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take a value between zero and one in each of the first and
second parameters, but other values may be used as a matter
of course.

[0117] According to the present invention, when proces-
sing for removing the influence of a fine particle component
in an image is performed, the effect of the removal proces-
sing can be changed based on object detection results, as
described above. Accordingly, an image in which objects
have higher visibility can be obtained.

[0118] For example, if a person is set as a target to be
detected (object), an image in which the influence of the
fine particle component has been removed and which is spe-
cific to the person can be obtained.

[0119] Note that the above-described configurations per-
taining to the removal of fine particles may be implemented
in an image-capturing apparatus typified by a digital camera.
For example, the configurations may be implemented as an
image-capturing mode to be used for performing image-cap-
turing with a person as a photographic subject in the fog. In
this case, it suffices to incorporate the image-capturing unit
111 in FIG. 1 as a part of the configuration of the image
processing apparatus 100.

[0120] Note that, with regard to the object extraction pro-
cessing unit 206, the fine particle removal processing unit,
etc., among the above-described processing units, proces-
sing may be performed using a pre-trained model having
been subjected to machine learning, in place of such units.
In that case, a plurality of combinations of input data and
output data for the processing unit are prepared as learning
data, for example. Knowledge is acquired from the plurality
of pieces of learning data through machine learning, and a
pre-trained model that outputs output data corresponding to
input data as a result based on the acquired knowledge is
generated. The pre-trained model can be configured by
using a neural network model, for example. Furthermore,
the pre-trained model performs the processing of the proces-
sing unit by operating in cooperation with a CPU, a GPU,
etc., as a program for performing processing equivalent to
that by the processing unit. Note that the above-described
pre-trained model may be updated as necessary after prede-
termined processing is performed.

Other Embodiments

[0121] Embodiment(s) of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory com-
puter-readable storage medium’) to perform the functions of
one or more of the above-described embodiment(s) and/or
that includes one or more circuits (e.g., application specific
integrated circuit (ASIC)) for performing the functions of
one or more of the above-described embodiment(s), and by
a method performed by the computer of the system or appa-
ratus by, for example, reading out and executing the compu-
ter executable instructions from the storage medium to per-
form the functions of one or more of the above-described
embodiment(s) and/or controlling the one or more circuits
to perform the functions of one or more of the above-
described embodiment(s). The computer may comprise
one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to



US 2023/0274398 Al

read out and execute the computer executable instructions.
The computer executable instructions may be provided to
the computer, for example, from a network or the storage
medium. The storage medium may include, for example,
one or more of a hard disk, a random-access memory
(RAM), a read only memory (ROM), a storage of distribu-
ted computing systems, an optical disk (such as a compact
disc (CD), digital versatile disc (DVD), or Blu-ray Disc
(BD)™)_ a flash memory device, a memory card, and the
like.

[0122] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0123] This application claims the benefit of Japanese
Patent Application No. 2019-084427, filed Apr. 25, 2019
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. Animage processing apparatus that processes image data
obtained by image capturing, the image processing apparatus
comprising:

a processor; and

amemory storing a program which, read and executed by
the processor, causes the processor to function as:

a detecting unit configured to detect an object in an image
corresponding to the image data based on the image data;
and

an image processing unit configured to perform a first pro-
cessing for removing component corresponding scat-
tered light caused by fine particles existing in air to a
first area where the object has been detected in the
image, and to perform a second processing for removing
the component to a second area where the object has not
been detected in the image, the second processing having
a different effect for removing the component from the
first processing.

2. The apparatus according to claim 1,

wherein the second processing removes the component toa
further extent compared to the first processing.

3. The apparatus according to claim 2, further comprising a
generation unit configured to generate a composed image by
selecting image data obtained by the first image processing to
the first area and by selecting image data obtained by the sec-
ond image processing to the second area.

4. The apparatus according to claim 1, further comprising a
image-capturing unit configured to capture the image data
obtained by the image capturing.

5. The apparatus according to claim 1,

wherein the first image processing and the second image
processing perform calculation of a Mie scattering
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component and calculation ofa Rayleigh scattering com-
ponent, and perform the first processing and the second
processing by generating a composed image in which the
calculated Mie scattering component and the Rayleigh
scattering component are used.
6. The apparatus according to claim 5,
wherein the first processing uses a first parameter and the
second processing uses asecond parameter, the first para-
meter and the second parameter including a Mie scatter-
ing intensity coefficient and a Rayleigh scattering inten-
sity coefficient, the Mie scattering intensity coefficient
and the Rayleigh scattering intensity coefficient respec-
tively indicating a contribution of the Mie scattering
component and a contribution of the Rayleigh scattering
componentin the generation of the composed image, and

the Mie scattering intensity coefficient and the Rayleigh
scattering intensity coefficient have smaller values in
the second parameter than in the first parameter.

7. The apparatus according to claim 1,

wherein the first area is specified by a user instruction via a

user interface.

8. A method of controlling an image processing apparatus
that processes image data obtained by image capturing, the
method comprising:

detecting an object in an image corresponding to the image

data based on the image data;

performing a first processing for removing component cor-

responding scattered light caused by fine particles exist-
ing in air to a first area where the object has been detected
in the image; and

performing a second processing for removing the compo-

nent to a second area where the object has not been
detected in the image, the second processing having a
different effect for removing the component from the
first processing.

9. A non-transitory computer-readable storage medium
storing instructions which, when read and executed by a com-
puter, causes the computer to perform the steps of a method of
controlling an image processing apparatus that processes
image data obtained by image capturing, the method
comprising:

detecting an object in an image corresponding to the image

data based on the image data;

performing a first processing for removing component cor-

responding scattered light caused by fine particles exist-
ing in air to a first area where the object has been detected
in the image; and

performing a second processing for removing the compo-

nent to a second area where the object has not been
detected in the image, the second processing having a
different effect for removing the component from the
first processing.
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