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(57) Abstract: An aim of the present disclosure is to reduce the flickering based on a flicker light source even with video shooting of
short exposure shorter than the flicker period. An image processing device according to one aspect of the present disclosure includes: a
generating module configured to generate a plurality of difference images indicating a brightness change between consecutive images in
a time axis direction of an input captured video; a detecting module configured to detect a brightness change pattern that is a flickering
pattern of a flicker light source from the plurality of difference images consecutive in the time axis direction; and an image modifying
module configured to modify an image of a flicker spot in the input captured video, based on a detection result of the pattern detection.
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[Type of Document] Description
[Title of the Invention] IMAGE PROCESSING DEVICE, METHOD, AND PROGRAM
[Technical Field]
[0001] The present disclosure relates to an image processing device, a method, and a program.
[Background Art]
[0002] The flickering of a light source may be confirmed in the captured video. Although the flickering of a
flicker light source that flickers with a flicker period cannot be directly recognized by human eyes due to its high
speed, the flickering of the flicker light source is confirmed from the video captured by a camera when there is a
mismatch between an exposure time during shooting and a flicker period. Conventionally, if the camera that includes
a dimming means such as the appropriate ND filter and Iris performs shooting by setting an exposure time that is an
integral multiple of a flicker period, the occurrence of the flickering of the flicker light source at the flicker period is
suppressed.
[Disclosure of Invention]
[Problem to be Solved by the Invention]
[0003] However, because the conventional method has a long exposure time, it is necessary to sufficiently perform
dimming by a dimming means such as the ND filter and Iris to reduce an amount of light. On the other hand, a
camera such as a smartphone may not perform sufficient dimming because the camera does not include any dimming
means such as the ND filter and Iris or the camera includes a simple dimming means. If a user sets a long exposure
time for a camera in which sufficient dimming is not performed, a bright spot with natural light different from a
flicker spot becomes overexposed. The setting of a long exposure time is appropriate only when a camera that
includes a dimming means in which sufficient dimming can be performed is used.
[0004] The present disclosure has been made in view of the above-described problem, and an aim of the present
disclosure is to provide an image processing device, a method, and a program, which can reduce the flickering based
on the flicker light source even with video shooting of short exposure shorter than the flicker period.
[Means for Solving Problem]
[0005] To solve the problem described above and achieve an aim of the present disclosure, an image processing
device according to one aspect of the present disclosure includes: a generating module configured to generate a
plurality of difference images indicating a (three-valued) brightness change between consecutive images in a time
axis direction of an input captured video; a detecting module configured to detect a brightness change pattern that is a
flickering pattern of a flicker light source from the plurality of difference images consecutive in the time axis
direction; and an image modifying module configured to modify an image of a flicker spot in the input captured video,
based on a detection result of the pattern detection.
[Effect of the Invention]
[0006]  One aspect of the present disclosure has an effect that the flickering based on the flicker light source can be
reduced even with video shooting of short exposure shorter than the flicker period.
[Brief Description of Drawings]
[0007]

FIG. 1 is a diagram illustrating an example of a configuration of an image processing device according to
an embodiment;

FIG. 2 is a diagram illustrating an example of a relationship between an exposure time of a camera during
video shooting and a flicker period of a flicker light source according to the embodiment;

FIG. 3 is a graph illustrating a relationship between a value obtained by taking a difference between frames

and ternarizing it and the flicker period of the flicker light source according to the embodiment;
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FIG. 4 is a diagram illustrating an example of setting a three-valued flickering pattern according to the
embodiment;

FIG. 5 is a diagram illustrating an example of a configuration of detail blocks of a processor according to
the embodiment;

FIG. 6 is an explanatory diagram illustrating processing of a first brightness generating module according
to the embodiment;

FIG. 7 is a diagram illustrating an example of processing of a Global MV extracting module according to
the embodiment;

FIG. 8 is an explanatory diagram of a Euclidean distance obtained from MV of a corresponding frame and a
calculated average MV according to the embodiment;

FIG. 9 is an explanatory diagram illustrating processing for obtaining Global MV from the Euclidean
distance according to the embodiment;

FIG. 10 is an explanatory diagram (continued) illustrating processing for obtaining the Global MV from the
Euclidean distance according to the embodiment;

FIG. 11 is an explanatory diagram illustrating processing in which the Global MV extracting module
determines the Global MV value of "1" or "4" according to the embodiment;

FIG. 12 is an explanatory diagram illustrating general image transformation according to the embodiment;

FIG. 13 is an explanatory diagram illustrating processing of an off MV conversion module according to the
embodiment;

FIG. 14A is a diagram explaining an example of conversion to the approximate direction of the vector and
the length of the vector of the off MV according to the embodiment;

FIG. 14B is diagram (continued) explaining the example of the conversion to the approximate direction of
the vector and the length of the vector of the off MV according to the embodiment;

FIG. 15 is an explanatory diagram illustrating processing of a position correcting module, a difference
image acquiring module, and a ternarization module according to the embodiment;

FIG. 16 is a reference diagram for comparison with FIG. 15 according to the embodiment;

FIG. 17A is an explanatory diagram illustrating processing of a differential moving object detecting module
according to the embodiment;

FIG. 17B is an explanatory diagram (continued) illustrating processing of the differential moving object
detecting module according to the embodiment;

FIG. 17C is an explanatory diagram (continued) illustrating processing of the differential moving object
detecting module according to the embodiment;

FIG. 17D is an explanatory diagram (continued) illustrating processing of the differential moving object
detecting module according to the embodiment;

FIG. 18 is an explanatory diagram illustrating processing of a subtraction module according to the
embodiment;

FIG. 19 is an explanatory diagram illustrating processing of the position correcting module according to the
embodiment;

FIG. 20 is an explanatory diagram illustrating processing of an MV moving object detecting module
according to the embodiment;

FIG. 21 is an explanatory diagram illustrating processing of a position aligning module according to the
embodiment;

FIG. 22 is a diagram illustrating an example of a brightness matching degree determining module included
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in a determining module according to the embodiment;

FIG. 23 is a diagram illustrating an example of an image mismatching degree determining module included
in the determining module according to the embodiment;

FIG. 24 is an explanatory diagram illustrating processing of a matching filter according to the embodiment;

FIG. 25 is an explanatory diagram illustrating an averaging module and a selecting module according to the
embodiment;

FIG. 26 is a diagram illustrating an example of an output result after modifying the flickering of a flicker
spot according to the embodiment;

FIG. 27 is a diagram illustrating an appearance of a smartphone that is one of application examples of the
image processing device according to the embodiment;

FIG. 28 is a diagram illustrating an appearance of a camera including an image sensor, which is another of
the application examples of the image processing device according to the embodiment;

FIG. 29 is a diagram illustrating an example of hardware blocks of a computer configuration of the image
processing device according to the embodiment; and

FIG. 30 is a diagram illustrating an example of an image processing flow performed by the processor of the
image processing device according to the embodiment.
[Embodiment(s) of Carrying Out the Invention]
[0008] Hereinafter, an image processing device, a method, and a program according to an embodiment will be
described in detail with reference to the accompanying drawings. Note that the present invention is not limited to the
embodiment.
[0009] Embodiment

A light source that is used for a signboard etc. is flickering even though it repeatedly turns ON and OFF at
high speed so as not to be directly caught by human eyes. Because the flickering is confirmed in the captured video,
the flickering is reduced from the video by using a method to be described below.
[0010]  First, a term for flicker that is used in the following explanations will be described. A light source that
repeats the flickering at a predetermined frequency is referred to as a "flicker light source". The ON and OFF
repetition frequency of the flicker light source is referred to as a "flicker frequency". Moreover, one obtained by
expressing a frequency of "flicker frequency" as a period is referred to as a "flicker period". Moreover, a spot
flickering in the video by the flicker light source is referred to as a "flicker spot". Moreover, flickering that is mainly
confirmed from the video is referred to as "flickering".
[0011] FIG. 11is a diagram illustrating an example of a configuration of an image processing device 1 according to
the embodiment. The image processing device 1 illustrated in FIG. 1 includes a processor that reduces the flickering
of flicker spots on consecutive image frames 1000 (image frame 1000-1, image frame 1000-2, image frame 1000-3,
and ...) of an input captured video and outputs the frames.
[0012] Herein, it is applicable to the image processing device 1 even if the image processing device 1 has a
configuration that includes a camera or a configuration that does not include a camera. In this case, the camera
includes at least image sensot.
[0013] If the image processing device 1 has a configuration including a camera, the image processing device 1
includes a processor that reduces the flickering of flicker spots on the consecutive image frames 1000 (image frame
1000-1, image frame 1000-2, image frame 1000-3, and ...) of the captured video input from the camera and outputs
the frames. In addition, the processor may read the previously captured video shooting data from a storage medium
and reduce the flickering of flicker spots.

[0014] Note that, when the image processing device 1 has the configuration including the camera, the image
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processing device 1 may include a dimming means such as the ND filter and [ris. Moreover, the image processing
device 1 may has a configuration such as a smartphone that includes a camera and does not include a dimming means
such as the ND filter and Iris. The image processing device 1 may include another configuration such as a shooting
device that shoots a video, a playback device that can play back the captured images of the video, and a device that
performs image processing on the video.

[0015]  Asillustrated in FIG. 1, the image processing device 1 includes a generating module 1-1, a detecting
module 1-2, and an image modifying module 1-3 as the processor that reduces the flickering of flicker spots on the
video.

[0016] The generating module 1-1 generates difference images indicating brightness change between consecutive
images in the time axis direction of the input captured video (image frame 1000-1, image frame 1000-2, image frame
1000-3, and ...).

[0017] From the plurality of difference images consecutive in the time axis direction generated by the generating
module 1-1, the detecting module 1-2 detects a brightness change pattern that is a flickering pattern 900 of the flicker
light source. The flickering pattern 900 of the flicker light source is a pattern obtained by expressing the brightness
change with three-valued data. For example, a pattern of plus of the brightness change is "+1", a pattern of minus is
"-1", and the other pattern is "0".

[0018] The image modifying module 1-3 modifies the images of the flicker spots in the input captured video
(image frame 1000-1, image frame 1000-2, image frame 1000-3, and ...), based on the result of the pattern detection
of the detecting module 1-2. For example, when a pattern is the predetermined pattern 900, the image modifying
module 1-3 modifies a target image frame for processing of the captured video based on the front and rear image
frames thereof, and outputs a target image frame for modification among the consecutive image frames 1000 (image
frame 1000-1, image frame 1000-2, image frame 1000-3, and ...) as an image frame after modification 2000. In
other words, the processor inputs the captured video (image frame 1000-1, image frame 1000-2, image frame 1000-3,
and ...), reduces the flickering of flicker spots by image modification, and outputs the frames.

[0019] The captured image after modification output from the image modifying module 1-3 may be output onto a
display unit via a display processing module, or may be stored in a storage medium via a storage processing module.
[0020] FIG. 2 is a diagram illustrating an example of a relationship between an exposure time of the camera during
video shooting and a flicker period of the flicker light source. The timing of exposure of the image sensor included in
the camera and the timing of flicker of the flicker light source are illustrated in FIG. 2.

[0021] The camera performs video shooting by setting short exposure in which an exposure time t1 is shorter than
a flicker period T1 of the flicker light source. As illustrated in FIG. 2, when the camera performs video shooting by
setting of the exposure time t1 of 1/250s, the flickering is confirmed from the video once every three frames with
respect to the 100 Hz flicker light source. This is caused by a mismatch between the exposure time t1 and the flicker
period T1 of the flicker light source. Thus, because the timing of exposure is shifted for each frame and the exposure
time in the bright time of the flicker light source is changed, the flickering occurs on flicker spots in the video.

[0022] Inthe example illustrated in FIG. 2, among the consecutive image frames (image frame 1000-1, image
frame 1000-2, image frame 1000-3, and image frame 1000-4), in the first frame 1000-1, a time of exposure overlaps
the light-on time and a flicker light source 1002 becomes bright. In the second frame 1000-2, the time of exposure
overlaps a time that includes the latter half of the light-on time and the former half of the light-out time, and the
flicker light source 1002 becomes slightly dark. In the third frame 1000-3, the time of exposure overlaps a time that
includes just before the end of the light-on time and the light-out time, and the flicker light source 1002 becomes dark.
In the fourth frame 1000-4, similar to the first frame 1000-1, the time of exposure overlaps the light-on time and the
flicker light source 1002 becomes bright.
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[0023] Therefore, in this example, the flickering is confirmed from the video once every three frames.

[0024]  The case where the flickering in the video is required to be reduced is a case where the flickering occurs in
synchronization with the 50 Hz power supply system at the frame rate of 60 fps and 30 fps. This is because the
flickering does not occur in the video because the frame rate and the power supply frequency are synchronized with
each other if one synchronized with the 60 Hz power supply system has a representative frame rate (fps).

[0025] The frequency of the flicker light source to be generated by the 50 Hz power supply system is an integral
multiple of 50 Hz, and the most of the flicker light sources are inverter-controlled and are equal to or greater than 100
Hz of two times of 50 Hz. A period at which the camera captures flickers is least common multiple of the frame rate
(fps) and the flicker frequency of the flicker light source. In the correspondence relationship between the main frame
rate (fps) of the camera and the period to be recorded in the camera of the flicker frequency of the 50 Hz power
supply system, a table obtained by summarizing the flickering periods at which the camera captures flickers is Table
1.

[0026] [Table 1]

FLICKER FRAME RATE (fps)
FREQUENCY

(Hz) 60 30 24

100 3 3 6

200 3 3 3

400 3 3 3

[0027] From Table 1, at the representative frame rate (fps), it turns out that the flickering period at which the
camera captures flickers is a three-frame period.

[0028]  If the period is a three-frame period, a spot that is flickering at the three-frame period is specified, the most
of flicker spots can be modified by interchanging an image with the average image of three images, and the flickering
of flicker spots in the video can be reduced.

[0029] A bandpass filter of 1/3 fs is a primary FIR (Finite Impulse Response) filter, requires about 13 Taps, is
required to take a filter in a time direction, and requires images for consecutive 13 frames. In 30 fps, a processing
delay time is around 0.22 seconds and this is a large problem for the processing delay time. The FFT requires a
processing time larger than the bandpass filter. According to the present embodiment, because the detecting module
1-2 performs pattern detection by the ternarization on the input captured video, the detection is performed in a
comparatively short time, and a delay time is also short due to modification by consecutive three frames.

[0030] A signal level of the flickering on flicker spots in the video is various by the situation of the shooting place
and luminous matter and thus the determination by the absolute value is difficult, but detection independent of a
signal level difference of the flickering is possible and processing is also simplified by taking a difference between
frames and performing ternarization (see FIG. 3).

[0031] FIG. 3 is a graph illustrating a relationship between a value obtained by taking a difference between frames
and ternarizing it and the flicker period of the flicker light source. FIG. 3 also includes a graph in which a value is
taken by only the difference for comparison. As illustrated in FIG. 3, the case where a difference is ternarized has a
simpler pattern than the case of only the difference, and thus it is easy to determine a flicker spot from the image.
‘When ternarizing a difference image, the difference image has values of "plus", "minus", and "other", and "plus" and

"minus" are changed in accordance with the flicker period. Therefore, if the pattern of "plus" and "minus" is
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determined, a flicker spot can be specified.

[0032] FIG. 4 is a diagram illustrating an example of setting the three-valued flickering pattern 900. An example
of combination of the flickering pattern 900 of three values (-1, 0, 1) of difference images 1 to 6, which are obtained
by taking differences between the front and rear two frames from consecutive seven frames, is illustrated in FIG. 4.
[0033] The flickering pattern 900 in this case is six patterns of No. 1 to No. 6. Even when considering the phase
difference of the flicker light source and the frame rate (fps), only the six patterns may be determined.

[0034] Note that three patterns are hatched in FIG. 4. When three values are treated as the absolute value, "No. 1
and No. 6", "No. 2 and No. 5", and "No. 3 and No. 4" have the same pattern. Therefore, if three values are treated as
the absolute value, only the remaining three patterns of No. 1 to No. 3 without hatching can be determined.

[0035] Moreover, the sixth difference image is hatched in FIG. 4. The number of difference images in the time
axis direction that are used for the determination is six when observing one or more flicker periods, but the detection
is possible while preventing constant false detection if there are five difference images at the shortest.

[0036] However, in the case of a shooting environment of misdetecting a moving object that moves at a speed
equivalent to 1/3 fs, the detection result by the moving object may be canceled.

[0037] Next, the processor of the image processing device 1 will be described in detail.

[0038] FIG. 5 is a diagram illustrating an example of a configuration of detail blocks of the processor. As
illustrated in FIG. 5, the processor performs the storage and taking out of processing data into and from a memory
200 such as DRAM or SRAM, and performs modification of the flickering images of the flicker spots on the input
captured video.

[0039] From here, each block of the processor in FIG. 5 will be described with reference to FIGS. 6 to 26.

[0040] FIG. 6 is an explanatory diagram illustrating processing of a first brightness generating module 11. The
first brightness generating module 11 reduces an image every one image frame 1000 to be a thumbnail image, and
takes out a low frequency image from the thumbnail image by an LPF (low-pass filter) to generate a brightened
image 1100. When the image is a color image such as RGB, the first brightness generating module 11 generates the
brightened image 1100 from the color image.

[0041] Note that the image frame 1000 is also stored in a FIFO area 207 in addition to the first brightness
generating module 11. The FIFO area is a storage area in which the storage and taking out of data are performed with
the type of FIFO (First-in First-out). The consecutive different-time three image frames 1000 of the captured video
are sequentially stored in the FIFO area 207. According to the present embodiment, the FIFO area 207 stores therein
the required number of frames with the same image quality as the original up to the plus one frame from the time
center of processing. The image processing of the image frame 1000 stored in the FIFO area 207 will be described
later.

[0042]  The first brightness generating module 11 outputs the generated brightened image 1100 to the memory 200
and a difference image acquiring module 12. The memory 200 has a memory area 201 in which the consecutive
different-time two brightened images 1100 are held.

[0043]  As described above, the first brightness generating module 11 as an example performs processing of
reducing an image to take out a low frequency image. This is because detail such as letters and patterns is not
required to be modified when a flicker spot 1001 illustrated in FIG. 6 is a signboard etc., and this processing is
performed for the sake of the reduction of the processing load and abstraction.

[0044] FIGS. 7 to 14 are explanatory diagrams illustrating processing of an MV (motion vector) acquiring module
21 and a Global MV (global motion vector) extracting module 22.

[0045] The MV acquiring module 21 divides each of the different-time thumbnail images in the memory area 201

into m x n (m and n are natural number) areas, and acquires MV of each of the divided areas and outputs it to the
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Global MV extracting module 22.

[0046] The acquisition of MV by the MV acquiring module 21 is to calculate a movement from a degree of
similarity by template matching to acquire MV as an example. The degree of similarity employs SSD (Sum of
Squared Difference), SAD (Sum of Absolute Difference), or the like, as an index of the degree of similarity.

[0047] The Global MV extracting module 22 sorts MVs of the divided areas of m x n, and extracts the Global MV
of "1" or "4". The Global MV extracting module 22 outputs one or four Global MVs for performing the total position
alignment to a position correcting module 24.

[0048] Moreover, the Global MV extracting module 22 outputs the one or four Global MVs to the memory 200.
The memory 200 stores the one or four Global MVs in a memory area 202 to be used for the moving object detection
to avoid false flicker detection by the moving object. Note that the moving object detection will be described later.
[0049]  The processing of the Global MV extracting module 22 will be described further in detail. FIG. 7isa
diagram illustrating an example of processing of the Global MV extracting module 22. The m x n MVs acquired by
dividing the thumbnail image 1100 into m x n areas by the MV acquiring module 21 are illustrated in FIG. 7.

[0050] The Global MV extracting module 22 sets a search center 801 and a search range 802 in the coordinate of
m x n MVs, and performs average calculation within the search range 802 on an MV 803 used for the average
calculation within the search range 802 and an MV 804 excluded from the average calculation. As illustrated in FIG.
7, the MV 804 is excluded from the average calculation because it is in a marginal area of the search range 802.
Therefore, an actual search size 805 becomes small with reference to the search range 802 as illustrated in FIG. 7.
[0051] FIG. 8 is an explanatory diagram of a Euclidean distance obtained from MV of the corresponding frame
and the calculated average MV. As illustrated in FIG. 8, the Euclidean distance from the average is calculated by the
following Expression (1) from the MV of the corresponding frame and the calculated average MV. Therefore, the
Euclidean distance is calculated from the average coordinate of all MVs.

[0052]

2 2
\/(X(m,n) - XAVE) + (Y(m,n) - YAVE) (1)
[0053] Moreover, the Global MV extracting module 22 uses, for the MV search, ones obtained by further taking

out a high frequency from the brightened, reduced, and low frequency image, to make it less susceptible to
fluctuations in a DC value by flicker.

[0054] FIGS. 9 and 10 are explanatory diagrams illustrating processing for obtaining the Global MV from the
Euclidean distance. The Global MV extracting module 22 extracts the Global MV's from the MVs of m x n.

[0055]  Asillustrated in FIG. 9, the Global MV extracting module 22 generates a histogram of the Euclidean
distance and adds adjacent bins until a 50% bin appears.

[0056]  Specifically, the Global MV extracting module 22 finds a mountain that exceeds a certain percentage from
the histogram of the Euclidean distance. If there is a bin that exceeds the certain percentage, the Global MV
extracting module extracts a range of the mountain of the histogram. The Global MV extracting module calculates an
addition histogram obtained by adding the adjacent bins of the first acquired histogram, and increases a width of the
adjacent bin to be added until bin exceeding the certain percentage appears, like 1, 2, 3, and ..., for example. The bin
is finely taken daringly. As an example, it is regarded as about 1/2 to 1/4 of the reasonable width of bin.

[0057] The Global MV extracting module 22 finds the most frequent bins as accurately as possible. Because small
peaks may be picked up when bin setting is too fine in peak detection, the Global MV extracting module 22 finely
sets bin itself, but integrates the adjacent bins and takes out an integration bin exceeding 50%.

[0058]  Asillustrated in FIG. 10, the Global MV extracting module 22 extracts a range of the mountain of the
histogram of bin reaching 50%. Then, the Global MV extracting module 22 sets the bin exceeding the certain
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percentage or the addition bin as a vertex, and aggregates bins up to bin of the histogram where both sides of the
mountain of the histogram continues to fall or the addition histogram as a Global MV group. Moreover, because the
MYV seems to gently change in a screen even the same movement depending on the movement or projection of the
camera, all the MVs belonging to the same mountain are treated as the Global MV,

[0059] The number of areas of the Global MV is "1" or "4" in accordance with a required degree of correction
accuracy or computing power of the position correcting module 24. Therefore, the Global MV extracting module 22
calculates an average value of the Global MV group in total or in a quadrant area, and sets the average value as the
Global MV value of "1" or "4". At this time, the actual MV is determined by using an average value of addresses of
the Global MV group of each area as an end point and by using the Global MV value as a starting point. The MV
belonging to bin that has not been used as the Global MV is regarded as a moving object MV.

[0060] FIG. 11 is an explanatory diagram illustrating processing in which the Global MV extracting module 22
determines the Global MV value of "1" or "4". The Global MV extracting module 22 calculates an average value of
the Global MV group in total or in a quadrant area of the image area, and sets the average value as the Global MV
value of "1" or "4".

[0061] Anarea 1 to an area 4 illustrated in FIG. 11 are an example of the divided four areas. Like this example,
because the accuracy of position correction increases if the four Global MVs divided into four areas are calculated,
detection accuracy or modification accuracy of flicker can be also increased. When being divided into four areas as
described above, the Global MV extracting module 22 calculates an average value of the MVs corresponding to the
Global MV group in each area and an average value of search center coordinates, and sets them as the Global MVs.
Note that the MV within an area 1002 illustrated by hatching in FIG. 11 is the moving object MV, and is not used for
the calculation of the Global MV.

[0062] FIG. 12 is an explanatory diagram illustrating general image transformation. The four Global MVs are
used for so-called trapezoidal transformation or projective transformation that is the general image transformation
illustrated in FIG. 12.

[0063] The off MV conversion module 23 converts the MV that is out of the Global MV into the direction and
length of the vector. As described above, the MV of the area 1002 illustrated by hatching in FIG. 11 is a moving
object MV and is not used for the calculation of the Global MV. The off MV conversion module 23 converts the
moving object MV into the direction and length of the vector. The off MV conversion module 23 outputs values of
the direction and length after conversion to the memory 200. The memory 200 holds values indicating the direction
and length of the vector of the moving object MV in a memory area 203 by consecutive different-time plural images.
[0064] FIG. 13 is an explanatory diagram illustrating processing of the off MV conversion module 23. The off
MYV conversion module 23 converts the off MV within the area 1002 into the approximate direction of the vector and
the length of the vector from the search center point coordinates (X coordinate, Y coordinate) and the MV
coordinates (X coordinate, Y coordinate).

[0065] FIG. 14A and FIG. 14B are diagrams explaining an example of conversion to the approximate direction of
the vector and the length of the vector of the off MV. InFIG. 14A, eight directions of 0 to 7 are illustrated as the
conversion destinations of the approximate direction of the vector of the off MV. The off MV conversion module 23
basically determines the image limit and the direction with the sign and magnitude relationship of atan (X/Y) and XY.
[0066] An example of conversion to the length of the vector of the off MV is illustrated in FIG. 14B. The off MV
conversion module 23 sets the Euclidean distance of the MV from the search center point as a length.

[0067] The off MV conversion module 23 outputs a value after conversion to the memory 200. The memory 200
stores it in the FIFO 203 by the required number of images.

[0068]  As described above, the off MV conversion module 23 converts the off MV into the direction and length



WO 2024/119511 PCT/CN2022/138110

and stores them in the FIFO 203, and thus can facilitate the subsequent analysis and can reduce an amount of data.
[0069] FIG. 15 is an explanatory diagram illustrating processing of the position correcting module 24, the
difference image acquiring module 12, and a ternarization module 13. The position correcting module 24 acquires
the consecutive different-time two images generated by the first brightness generating module 11 from the memory
area 201, and performs, on one of two images, position correction of aligning the position to one image of two images
by using the Global MV extracted by the Global MV extracting module 22.

[0070] The difference image acquiring module 12 acquires a difference between the position-corrected consecutive
different-time two images. The ternarization module 13 ternarizes a difference image output from the difference
image acquiring module 12.

[0071] The position-corrected consecutive different-time two images 1100-1 and 1100-2 are illustrated in FIG. 15.
The two images 1100-1 and 1100-2 correspond to images of consecutive frames sequentially captured in the time axis
direction illustrated in FIG. 15. A difference between the two images 1100-1 and 1100-2 position-corrected by the
position correcting module 24 is ternarized to output a ternarized image 1200. As an example, the white area of the
ternarized image 1200 is "plus (+)", the black area is "minus (-)", and the gray area is "the other". As described
above, by taking a difference after performing position correction by the position correcting module 24, a flicker spot
1201 and a moving object (portion that could not be corrected) 1202 as illustrated in FIG. 15 are extracted. The
flicker spot 1201 is a signboard etc. that become a flicker light source in the images 1100-1 and 1100-2 before taking
the difference. The moving object 1202 is a walker in the images 1100-1 and 1100-2 before taking the difference.
[0072] Note that a dotted line is an image of the position to be taken out when being corrected by the four Global
MVs. A portion without the image is supplemented by copying the image of the edge of a portion with the image.

As described above, the subsequent processing load can be also reduced by ternarizing.

[0073] FIG. 16 is a reference diagram for comparison with FIG. 15. An example in which position correction is
not performed is illustrated in FIG. 16. As illustrated in FIG. 16, because the other information of the flicker spot
1201 and the moving object 1202 also remains as noise when the position correction is not performed, the processing
load increases due to the subsequent processing.

[0074] FIG. 17A to FIG. 17D are explanatory diagrams illustrating processing of a differential moving object
detecting module 14. The differential moving object detecting module 14 performs differential moving object
detection of estimating the moving object by using the polarity of a differential moving object included in the
ternarized image 1200 acquired by the ternarization module 13.

[0075]  Asillustrated in FIG. 17A, in the ternarized image 1200, the flicker spot 1201 corresponds to the response
of "-" to change from the bright to the dark or the response of "+" to change from the dark to the bright, but the
moving object 1202 has adjacent "+" and "-" in many cases because there are a spot where the moving object
becomes a background and a spot where the background becomes the moving object when the moving object moves.
From FIG. 17A, because the flicker spot 1201 does not have adjacent white (+) and black (-), it turns out that "+" and
"-" are not adjacent. On the other hand, because the moving object 1202 has adjacent black and white, it turns out
that "+" and "-" are adjacent.

[0076] Therefore, the differential moving object detecting module 14 takes the following procedure for performing
the adjacency determination of "+" and "-". As illustrated in FIG. 17B, the differential moving object detecting
module 14 aggregates "+" and "-" of the ternarized image 1200 every area. As an example, the differential moving
object detecting module 14 reduces the ternarized image 1200, and aggregates "+" and "-" of cells set in a reduced
image 1300. Animage 1310 and an image 1320 respectively are images indicating the aggregate results of "+" and "-

[0077] Next, the differential moving object detecting module 14 scans the aggregated images 1310 and 1320 with
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a constant template, adds +1 when there are both of "+" and "-", and normalizes the aggregate result by using an area
of the template as 1. The aggregate result 1330 is an absentminded portion inside it.

[0078] FIG. 17D is a diagram illustrating an example of a differential moving object detection result 1350 by the
differential moving object detecting module 14. From the differential moving object detection result 1350 illustrated
in FIG. 17D, it turns out that the flicker spot 1201 is not detected and the moving object 1202 is detected.

[0079] FIG. 18 is an explanatory diagram illustrating processing of a subtraction module 15. The subtraction
module 15 subtracts the ternarized image 1200 acquired from the ternarization module 13 from the differential
moving object detection result 1350 acquired from the differential moving object detecting module 14. The
subtraction module 15 outputs subtraction results to the memory 200. The memory 200 holds the consecutive
different-time subtraction results in a memory area 206.

[0080]  Asillustrated in FIG. 18, the subtraction module 15 includes a nultiplier 151 and a subtractor 152. The
subtractor 152 inputs the differential moving object detection result 1350 normalized with the maximum value 1 from
an input A, and outputs a result of "1.0 - input A" to the multiplier 151.

[0081] The multiplier 151 multiplies the input of the ternarized image 1200 by the input from the subtractor 152,
and outputs a subtracted image 1400 with the reduced moving object 1202 detected by the differential moving object
detection to the memory 200. In other words, differential moving object information is reduced from the ternarized
image, and the result is stored in the FIFO 206 by the required number of images.

[0082] By providing the subtraction module 15, a portion that seems to be the moving object becomes hard to be
miss-detected by the subsequent matching filter.

[0083] FIG. 19 is an explanatory diagram illustrating processing of a position correcting module 16. The position
correcting module 16 performs image position alignment of consecutive different-time subtraction results 1400 (e.g.,
subtraction results 1400-1 to 1400-6) of the FIFO 206.

[0084] Asillustrated in FIG. 19, when the position correcting module 16 integrates the Global MVs with reference
to either the left or right image of the time center and aligns and superimposes the positions of the remaining five
images, an object that does not move overlaps it. The dotted line is an image at the position to be taken out when
being corrected by the four Global MVs. A portion without the image is supplemented by copying the image of the
edge of a portion with the image.

[0085] FIG. 20 is an explanatory diagram illustrating processing of an MV moving object detecting module 25.
The MV moving object detecting module 25 detects a moving object by the MV moving object detection from the
direction and length of the off MV stored in the FIFO 203. In FIG. 20, an example in which the movement of a
pigeon 1501 is detected is illustrated as an example. The MV moving object detecting module 25 outputs the result
of the MV moving object detection to a matching filter 17 so as to cancel false detection of flicker by the MV moving
object in the matching filter 17.

[0086] On the other hand, it would be good if the off MV is the moving object, but the fake MV is generated in
SSD or SAD when there is not a search image within the search range. A main cause includes a case where the
movement is too large, an appearance from the off-screen, a disappearance to the off-screen, a case where image
patterns are different by the bright and dark of flicker, and the like. Among them, what an action is required is a
distinction between the case where image patterns are different by the bright and dark of flicker and other cases.
[0087] Therefore, the MV moving object detecting module 25 generates a moving object map not to modify the
flickering when determining a moving object from among the off MV, and sends the moving object map to the
matching filter 17.

[0088] FIG. 21 is an explanatory diagram illustrating processing of position aligning modules 31 and 32. The

position aligning modules 31 and 32 perform position alignment on images before and after the time-centered image
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among the images held in the FIFO 207 by using the Global MVs held in the memory 202. FIG. 21 illustrates an
example of the result after an image 1600-1 before one frame and an image 1600-3 after one frame are aligned to a
time-centered image 1600-2.

[0089] FIGS. 22 and 23 are explanatory diagrams illustrating processing of a second brightness generating module
34 and the determining module 35 for brightness matching degree and pattern matching degree.

[0090] The second brightness generating module 34 reduces and brightens the time-centered image and the images
after position alignment with respect to images before and after the time center output from the position aligning
modules 31 and 32.

[0091] The determining module 35 for brightness matching degree and pattern matching degree determines a
brightness matching degree and an image mismatching degree based on three images after brightening output from
the second brightness generating module 34, and outputs a map of the determination result to the matching filter 17.
The determining module 35 outputs the map of the determination result of brightness matching degree and pattern
matching degree, so as to be able to cancel the result of false detection of the matching filter 17.

[0092] FIG. 22 is a diagram illustrating an example of a brightness matching degree determining module included
in the determining module 35. The brightness matching degree determining module uses the brightened, reduced,
and low frequency image. The brightness matching degree determining module inputs in pixels a time-centered
brightness image (Center) 1700-2, a brightness image (-1 frame) 1700-1 before one frame, and a brightness image
(+1 frame) 1700-3 after one frame to a first comparator 351 and a second comparator 352, and subtracts the minimum
value of a brightness value output from the first comparator 351 from the maximum value of a brightness value
output from the second comparator 352 by using a subtractor 353. Then, a calculator 354 outputs from an arithmetic
unit (A/B 354) a ratio of an output value (maximum value) B from the second comparator 352 and an output value A
from the subtractor 353, and inputs the result to a determining module 356. Based on a brightness matching degree
determination table 3550, the determining module 356 outputs a brightness matching degree per pixel.

[0093] Inthis way, the brightness matching degree determining module generates a map of pushing down pattern
matching with the smallness (brightness matching degree) of a flicker level with respect to a signal level.

[0094] FIG. 23 is a diagram illustrating an example of an image mismatching degree determining module included
in the determining module 35. The image mismatching degree determining module uses the brightened, reduced, and
high frequency image. The image mismatching degree determining module inputs in pixels a time -centered
brightness image (Center) 1800-2 and a brightness image (-1 frame) 1800-1 before one frame to a first subtractor 361,
and inputs the time-centered brightness image (Center) and a brightness image (+1 frame) 1800-3 after one frame to a
second subtractor 362. The first subtractor 361 subtracts the brightness image (-1 frame) 1800-1 before one frame
from the time-centered brightness image (Center) 1800-2, and outputs the result to a first ABS 363 that takes the
absolute value of the subtraction result. The second subtractor 361 subtracts the brightness image (+1 frame) 1800-3
after one frame from the time-centered brightness image (Center) 1800-2, and outputs the result to a second ABS 364
that takes the absolute value of the subtraction result. The output results of the first ABS 363 and the second ABS
364 are integrated by an adder 365 in pixels, and the image after the integration is output from an N*N box 366 to a
determining module 367. The determining module 367 performs the differential absolute value determination on the
image in units of N*N. Based on an image mismatching degree determination table 3670, the determining module
367 determines an image mismatching degree in units of N*N and outputs the result.

[0095] FIG. 24 is an explanatory diagram illustrating processing of the matching filter 17. To specify whether a
unit pixel area is a flicker spot for each unit pixel of the time-centered image among the three-frame images in the
memory area 207, the matching filter 17 detects the flicker spot by pattern matching from consecutive difference

images (ternarized value). A unit area may be a pixel area of one pixel, or may be a pixel area consisting of multiple
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pixels.

[0096] Moreover, in accordance with the results of the MV moving object detecting module 25 and the
determining module 35, the matching filter 17 cancels a pixel detected as a flickering spot as misdetecting.

[0097] The matching filter 17 illustrated in FIG. 24 includes pattern detectors 171-1, 171-2, and 171-3 of three
patterns that perform parallel processing. Each of the pattern detectors 171-1, 171-2, and 171-3 includes six taps 173
inside a tapping unit 172.

[0098] No. 1, No. 2, and No. 3 of setting the three-valued flickering pattern 900 (see FIG. 4) are respectively set in
the six taps 173 of the pattern detectors 171-1, 171-2, and 171-3 without change. For example, No. 1 (-1,0, 1, -1, 0,
1) is set in the six taps 173 of the pattern detector 171-1, No. 2 (0, 1, -1, 0, 1, -1) is set in the six taps 173 of the
pattern detector 171-2, and No. 3 (-1, 1, 0, -1, 1, 0) is set in the six taps 173 of the pattern detector 171-3. Note that
setting for the pattern detectors 171-1, 171-2, and 171-3 is an example and thus such the setting is not limited to the
setting of No. 1, No. 2, and No. 3.

[0099] The difference images 1400-1, 1400-2, ..., and 1400-6 in the time axis direction after position alignment
are respectively input into the six taps 173 of each of the pattern detectors 171-1, 171-2, and 171-3 from the position
correcting module 16 in parallel. Herein, the difference images 1400-1, 1400-2, ..., and 1400-6 correspond to the
subtraction results 1400-1, 1400-2, ..., and 1400-6.

[0100] When the ternarized pixel value ("plus", "minus", "the other") of the input difference images 1400-1, 1400-
2, ..., and 1400-6 and the set value ("+1", "-1", "0") are identical with each other, each tap 173 outputs the value.
Note that "0" is equivalent to "don't care". When "plus" comes, because it corresponds to "+1", the tap outputs High
"1". When "minus" comes, because it corresponds to "-1", the tap outputs Low "-1". When "the other" comes,
because it corresponds to "0", it is "don't care".

[0101] Each of the pattern detectors 171-1, 171-2, and 171-3 adds the outputs of the corresponding six taps 173 by
using the corresponding adder, and outputs the addition result to a corresponding one of ABSs 174-1, 174-2, and 174-
3 of an ABS unit 174.

[0102] Each of the ABSs 174-1, 174-2, and 174-3 takes an absolute value of the addition result, and outputs the
absolute value of the addition result to a maximum value determining module 175.

[0103] When there is the input of the maximum value "4" from one of the ABSs 174-1, 174-2, and 174-3, the
maximum value determining module 175 outputs the matching result "4" to a subtractor 177. The subtractor 177
outputs the matching result "4" to a determining module 178, and the determining module 178 determines whether it
is the pixel of the flicker spot from the matching result.

[0104] Based on a determination table 1780, the determining module 178 determines that it is the pixel of the
flicker spot when the matching result is "4".

[0105] Note that the results from the MV moving object detecting module 25 and the determining module 35 are
input into the subtractor 177. When the input from the MV moving object detecting module 25 or the determining
module 35 is provided to the subtractor 177, the subtractor 177 performs subtraction (pressing down) from the
matching result "4", and outputs the result to the determining module 178. In this case, the determining module 178
determines whether it is the pixel of the flicker spot based on the determination table 1780, and determines that it is
not the pixel of the flicker spot when the value is smaller than a threshold. In other words, it is detected as the flicker
spot because the matching result indicates "4", but the determination as the flicker spot is canceled if it is a false
detection of the moving object etc.

[0106] Note that this example employs the three pattern detectors 171-1, 171-2, and 171-3 because the ABS unit
174 is provided to take the absolute value, but six pattern detectors are used in which patterns of No. 1 to No. 6 are

set in taps and are used when not taking the absolute value.
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[0107] Moreover, the number of pattern detectors and the number of taps are one example, the present
embodiment is not limited to them. For example, the number of taps may be reduced to five etc. as appropriate if the
detection is possible while preventing constant false detection.

[0108]  As described above, the matching filter 17 detects the pixel area of the flicker spot by applying the
matching filter in the time axis direction of the consecutive difference images. A sum of absolute values of
coefficients is "4" originally if matching is performed, but because it is subtracted by the result of the differential
moving object determination, the brightness mismatching degree, or the image matching degree for the sake of the
prevention of false detection, the determination has gradation so as to be an a blend value when modifying the flicker
spot.

[0109]  FIG. 25 is an explanatory diagram illustrating an averaging module 33 and a selecting module 18. The
averaging module 33 inputs the time-centered image 1000-2 in the memory area 207 and the images after position
alignment of the images 1000-1 and 1000-3 before and after the time center output from the position aligning
modules 31 and 32, and generates an average image of the three images.

[0110] The selecting module 18 receives the time-centered image 1000-2 in the memory area 207 and the average
image output from the averaging module 33, and selects either the time-centered image 1000-2 or the average image
in accordance with the output result of the matching filter 17. The selecting module 18 selects the average image
when the output result of the matching filter 17 is an output result that the flicker spot has been detected, and outputs
a modified image replaced with the average image. Moreover, the selecting module 18 selects the time-centered
image 1000-2 as it is when the output result of the matching filter 17 is not the output result that the flicker spot has
been detected, and outputs the time-centered image 1000-2 without modification. The replacement to the average
image may be performed every frame image. Moreover, only the pixel area detected as the flicker spot among the
original of the time-centered image 1000-2 may be replaced with the corresponding average image to use one
modified image obtained by blending the original image and the average image. In other words, modification of
being partially replaced with a value obtained by averaging along with the pixel area may be performed.

[0111]  An o blend module 182 illustrated in FIG. 25 includes a first multiplier 183, a second multiplier 184, and an
adder 185.

[0112]  Anaveraging module 330 inputs in pixels the time-centered image (Center) 1000-2, the image (-1 frame)
1000-1 before one frame, and the image (+1 frame) 1000-3 after one frame, and outputs the averaged pixels to the
second multiplier 184 of the o blend module 182. The pixels of the time-centered image (Center) 1000-2 are input
into the first multiplier 183. From the matching filter 17, a value of the matching determination result is expanded by
an expansion module 181 at a predetermined level, and this value is input into the o blend module 182 as an a. blend
value.

[0113] Inthe oblend module 182, the first multiplier 183 blends the pixels of the time-centered image (Center)
1000-2 at the ratio of 1-0, and outputs it to the adder 185. The second multiplier 184 blends the pixels of the average
image from the averaging module 330 at the ratio of a, and outputs it to the adder 185.

[0114] The adder 185 adds the outputs of the first multiplier 183 and the second multiplier 184, and outputs the
blended image as the modified image.

[0115] FIG. 26 is a diagram illustrating an example of the output results after modifying the flickering of flicker
spots. The consecutive images illustrated in FIG. 26 are consecutive images before and after modifying the captured
video.

[0116] Asillustrated in FIG. 26, along the time axis direction in the consecutive images before modification, the
flicker spots 1001 and 1002 are "bright" in the first image 1000-1, the flicker spots 1001 and 1002 are "dark" in the
second image 1000-2 and the third image 1000-3, and the flicker spots 1001 and 1002 are again "bright" in the fourth
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image 1000-4. On the contrary, it is found that, along the time axis direction in the images after modification, the
flicker spots 1001 and 1002 in all frames 2000-1 to 2000-4 are modified to the averaged image so as not to have a
change in flickering. Herein, as an example, the flicker spots 1001 and 1002 are illustrated as images of "dark", but
the present embodiment is not limited to this. If images have equivalent brightness over the consecutive frames, the
images may be "bright" images, or may be images with constant brightness between the "bright" and "dark". To
prevent impairing an atmosphere of the video, it is sufficient that the flicker spots 1001 and 1002 on the video are not
flickered.

[0117]  As described above, it is possible to reduce the flickering in the captured video in the present embodiment.
Moreover, because the flickering of flicker spots on the video captured by short exposure shorter than the flicker
period can be reduced, overexposure can be prevented even when dimming cannot be performed by a dimming
means such as the ND filter and Iris.

[0118] FIG. 27 is a diagram illustrating an appearance of a smartphone 2 that is one of application examples of the
image processing device 1. The smartphone 2 illustrated in FIG. 27 is a smartphone whose camera does not include a
dimming means such as ND filter and [ris or whose camera includes simple Iris. Even in a smartphone that does not
include the dimming means such as ND filter and [ris or that includes the simple Iris, it is possible to reduce the
flickering of the flicker light source filmed by the camera by applying the image processing device 1 according to the
present embodiment.

[0119] FIG. 28 is a diagram illustrating an appearance of a camera 3 including an image sensor, which is another
of the application examples of the image processing device 1. The camera 3 illustrated in FIG. 28 includes dimming
means such as an ND filter 5 and an Iris 6. The Iris 6 is included in a lens 4. Even in the camera 3 including the
dimming means such as the ND filter 5 and the Iris 6, it is possible to reduce the flickering of the flicker light source
filmed by the camera 3 by applying the image processing device 1 according to the present embodiment. Of course, a
camera that does not include the dimming means such as the ND filter 5 and the Iris 6 can also reduce the flickering
of the flicker light source filmed by the camera by applying the image processing device 1 according to the present
embodiment.

[0120] Some or all of the configuration of the processor illustrated in FIG. 5 may be realized by hardware such as
ASIC (Application Specific Integrated Circuit), or may be realized by software.

[0121] FIG. 29 is a diagram illustrating an example of hardware blocks of a computer configuration of the image
processing device 1. FIG. 29 illustrates a configuration that a CPU (Central Processing Unit) 50, a memory 51 such
as a ROM (Read Only Memory) and a RAM (Random Access Memory), a recording medium 52, a camera 53, and an
output unit 54 are connected via a bus 55.

[0122] The CPU 50 loads a program into the memory 51 such as ROM or RAM and executes the program to
realize some functions or all functions of the processor illustrated in FIG. 5.

[0123] The camera 53 includes an image sensor. The camera 53 may be an external camera or a built-in camera.
[0124]  The recording medium 52 stores a program for realizing each function of the processor. The program may
be a program that is downloaded and stored from a network such as the Internet, or may be a program product or a
recording medium that is stored in the recording medium and is distributed.

[0125]  The output unit 54 is a display device such as a display as an example. The output destination of the video
is not limited to the display device. In addition, the output destination may be a recording medium, a recording
device of a communication destination, or the like.

[0126] FIG. 30 is a diagram illustrating an example of an image processing flow performed by the processor of the
image processing device 1. As illustrated in FIG. 30, the processor of the image processing device 1 inputs a video

captured by the camera etc. (Step S1). Next, the processor generates difference images indicating brightness change
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between consecutive images in the time axis direction of the input captured video (Step S2). Next, the processor
detects a brightness change pattern that is a flickering pattern of the flicker light source from the plurality of
difference images consecutively generated in the time axis direction (Step S3). Next, the processor modifies images
of flicker spots in the input captured video based on the detection result of the pattern detection (Step S4). Then, the
processor outputs the modified captured video as a modified video whose flickering of flicker spots is reduced (Step
S5).
[0127] 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 inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments 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.
[Explanations of Letters or Numerals]
[0128]

1: Image processing device

1-1: Generating module

1-2: Detecting module

1-3: Image modifying module

900: Predetermined pattern

1000: Image frame
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[Type of Document] Scope of claims for patent
1. An image processing device comprising:

a generating module configured to generate a plurality of difference images indicating a brightness change
between consecutive images in a time axis direction of an input captured video;

a detecting module configured to detect a brightness change pattern that is a flickering pattern of a flicker
light source from the plurality of difference images consecutive in the time axis direction; and

an image modifying module configured to modify an image of a flicker spot in the input captured video,

based on a detection result of the pattern detection.

2. The image processing device according to claim 1, wherein the detecting module is configured to detect the
brightness change pattern that is the flickering pattern of the flicker light source from the plurality of difference

images consecutive in the time axis direction, every unit area of the difference image.

3. The image processing device according to claim 1, further comprising;

a motion vector generating module configured to generate a motion vector from the input captured video;
and

a moving object detecting module configured to detect a moving object based on the generated motion
vector, wherein

the detecting module is configured to reflect a result of the moving object detection by the moving object

detecting module on a result of the pattern detection.

4. The image processing device according to claim 1, further comprising;

a motion vector acquiring module configured to acquire a motion vector from the input captured video, and

a determining module configured to determine a brightness degree or a pattern based on a brightness
change of aligned images of a plurality of consecutive frames in the captured video based on the acquired motion
vector, wherein

the detecting module is configured to reflect a result of determination by the determining module on a result

of the pattern detection.

5. The image processing device according to claim 1, further comprising;

a subtraction module configured to subtract a moving object detected by a polarity of the brightness change
from the consecutive difference images generated by the generating module, wherein

the detecting module is configured to detect the brightness change pattern that is the flickering pattern of
the flicker light source, from difference images obtained by subtracting the moving object from the plurality of

difference images consecutive in the time axis direction.

6. The image processing device according to claim 1, wherein the image modifying module is configured to modify
the image of the flicker spot in the input captured video to an averaged image obtained by averaging the image by

using anteroposterior images continuous with the image.

7. The image processing device according to claim 6, wherein the image modifying module is configured to perform
modification of partially replacing a pixel area of the flicker spot in the input captured video with a value obtained by

averaging the pixel area and pixel areas of consecutive anteroposterior images.
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8. The image processing device according to claim 2, wherein the pattern detection is performed by matching

between a three-valued flickering pattern and a three-valued brightness change pattern, which uses a matching filter.

9. The image processing device according to claim 8, wherein
a number of three values of the flickering pattern set for the matching filter is six or less, and

the matching is concurrently performed by using consecutive six difference images or less.

10. The image processing device according to claim 1, wherein
a frequency of the flicker light source is an integral multiple of 50 Hz, and
a frame rate of the video includes 60 fps, 30 fps, or 24 fps.

11. The image processing device according to any one of claims 1 to 10, wherein the detecting module is configured

to detect a pattern of flickering of a three-frame period in the input captured video.

12. A method of performing image processing on a video by an image processing device, the method comprising:

generating a plurality of difference images indicating a brightness change between consecutive images in a
time axis direction of an input captured video;

detecting a brightness change pattern that is a flickering pattern of a flicker light source from the plurality
of difference images consecutive in the time axis direction; and

modifying an image of a flicker spot in the input captured video, based on a detection result of the pattern

detection.

13. A program causing a computer of an image processing device to execute:

generating a plurality of difference images indicating a brightness change between consecutive images in a
time axis direction of an input captured video;

detecting a brightness change pattern that is a flickering pattern of a flicker light source from the plurality
of difference images consecutive in the time axis direction; and

modifying an image of a flicker spot in the input captured video, based on a detection result of the pattern

detection.



PCT/CN2022/138110

WO 2024/119511

1/28

(Fov (Fov (Fov
~43INY) ~H3INY) 2M3IAV) | <000z
ETN2E EN\2SE EINN2SE
JOVINI JOVINI JOVINI
A
I1NAON y

ONIAJIAOW IOV

— 3 (-2ONVHO (-2ONVHO

el .. .|ssanLlHomg)|| sSaNLHOME)

Nd311vd ONId3

NOILYINHOANI|INOILYIWNSONI
JON3Y34410 || 3ONIH344Id

0174 aanTvA-33uHL| |, FInaow |
3 ONILY
006 -43aN3o
3INAOW ONILOILIA
z-1° 3
)

1 Old

M1dva) (LHoI14¥9)

Jwvad || S | v

JOVI JOVI
€-000L°  2-000L°  1-0001°




PCT/CN2022/138110

JOHUNOS LHOIT d3IXDI14 40 J3H0I114

2/28

WO 2024/119511

r--4----

\ 5<Ezoo.ﬂ “r-ﬂ.mﬁ;zoo.H.:-Tm - \. dOSN3S IOVINI 40 IHNSOdX3
:,m A :1 A :1 A :1 A
(sosz/1) ! ! m ONIQvIY| |
v ! Y | v ! Y |
@ i % i % i @ |
7 o
¢00l 40001 ¢00l  ¢-0001 ¢00l  z-0001 ¢00l  1-0001



WO 2024/119511 PCT/CN2022/138110

3/28

FIG.3

1.5

0.5

-1.5

DIFFER- TERNARIZA-
FLICKER—8—pF\ ~F O~ TI0N

FIG.4

DIFFERENCE IMAGE

3 4




PCT/CN2022/138110

4/28

WO 2024/119511

dd7
‘NOILONa3d)
=n[alale] =n[alale]] 3INAON
ONILD3I13a ONIHIND ONI1LVHINTD
103rg0 |, TS -Ov SSANSHIOIE
SNIAOI . IDVIAI
VILNI VZIdvNeSL 30N3 o_ﬂ._kwmmw_oa S
- NEERT. o
d344id NOILISOd
pio | gL Z1- vz> 1
TINQON TINAOW TINJON TINAON
NOIL NOISHYIA [HONILOVHLXT [ONIHINDOY
-OVd 18NS -NOD AN 440| |_AW [egoiD AW
G1- €z° 2z 1z
902 €02 z02 102
=L
102 a3xdnLldvo
mo_>_m__>L )
002~ 0001
T INTON
ONILOTHHOD
NOLLISOd
RN
| y3n- 37NQOW ONILD3L3a
ONIHOLYIN 193r90 SNIAOIW AW
e Gz~
TINJON
J3we3Q < ONINDITY
oNIHOLvwsin| [(NOLLONAZY) NQLISOd
3INAON ze”
NYILLYVD |
/A3493a ONILVHINIDO™
ONIHOLYI SSIANLHOIYE O
aNnoo3s
SSINLHOIYE [ p ONINSY
NOLLISOd
gg- v 1) 1
JOVINI =nlalale]} JTNAON ONIDVHINY
n_m__n_vn_o_\,_T oZ.w%m_._ 3
000 TR

G oOld



PCT/CN2022/138110

5/28

WO 2024/119511

4d1d3oNa3d
A3aN3LHOIEE

¢c00l 001 LOOL

00l 0001 LOOL

99Old



PCT/CN2022/138110

WO 2024/119511

6/28

L [ —— — 4




WO 2024/119511 PCT/CN2022/138110

7/28

FIG.8

EUCLIDEAN DISTANCE
FROM AVERAGE

«/ (Xm.n) - Xave)? + (Y(m.n) - Yave)?

AVERAGE MV

CALCULATED ]
Xave, Yave

Y
Fa
A4

e
N/

Y
Y
N/

SPONDING FRAME
X(m,n), Y(m,n) y

[ MV OF CORRE-




PCT/CN2022/138110

WO 2024/119511

8/28

sulq IN3OVrady dav

ﬁ SdV3AddY U9 %085 111NN

J

ZNNS —-—  LANS ------- ONNS ——
09 65 05 G Oy 68 0F 62 0Z 6L 0L § L.
10
,w A
il €0
b
L
by
Lt g0
dNO¥O AN TvEOTO H0

431NID=%0S ONId330X3 ulg

m
©
o

NWVHOOLSIH
NOILIdAY LNIOVIrayv

6 Old

\

S

NWVHOOLSIH NOILIddy LINJOVIrav

40 Z H1AIM LNIOVYray A9 d3dNTONI IONYH —
WVYHOOLSIH NOILIdAY LNJOvray S
40 | H1LAIM LN3OVIradvy A9 d3dN1ONI 3ONVY 2

r_._._:F_..._._._._._._._. w

0

10

A

€0

¥ 0

G0

90

JONVLSIA NvY3dIToN3
40 NWWVHOOLSIH




PCT/CN2022/138110

WO 2024/119511

9/28

CNNS—— LANS

¥9€929 1909698999595 ¥5 €3¢ 15096y 8V Ly Oh Gy yy Cv 2F Iy OV 6€8ELEOEGE ¥EEECC 1€ 0C628CLCOCaCYCec el 1c0Cal8LLI9LGLPIEL2L 101 6 8|L 9 G ¥ € C |

IN.J

3

g 0

10

20

0l ©Old



WO 2024/119511 PCT/CN2022/138110

FIG.12

TRAPEZOIDAL (PROJECTIVE)
TRANSFORMATION (REFERENCE)

P e e e e e e e —_—— D e e P m———m—————,
e R T T




WO 2024/119511 PCT/CN2022/138110

11/28




WO 2024/119511 PCT/CN2022/138110

12/28

) Y )

A4 A\ A d
_< )
N/

( N, )

4 NS

CORRESPONDING FRAM

J X2+Y2

LENGTH OF MV OF ]
E




WO 2024/119511

WITH POSITION
CORRECTION

PCT/CN2022/138110

13/28

FIG.15

1100-1 1100-2 TIME AXIS

POSITION

CORREC-
$ DIFFER-

ENCE

TERNARIZA
TION
= " R

1200

1201



WO 2024/119511 PCT/CN2022/138110

14/28

FIG.16
WITHOUT POSITION COR-

RECTION (REFERENCE) | 1190-1 1100-2 TIME AXIS

DIFFER-
ENCE

[ERNARIZA;
TION

1200




WO 2024/119511 PCT/CN2022/138110

15/28

FIG.17A

1200

1201




PCT/CN2022/138110

WO 2024/119511

16/28

ozEL AH_
W Tt
ik
”" \\&.I!V&ﬂ&
STIEO NI Crnneay
7 L1+ FLVYDIIOOV i o A et .
olel T ATIVNQIAIGNI iR . 5455 1—~00¢!
NOIIVN AR NOIL
i NoILvo] fNoional, |-
| =2
“ {4171 INOILONATN|
] 1
\ ]
NOILVN \ /[ NOIL
i NOILvo |\ [NoiLona] /|-
Avaca [*] I [¢]F02Y [ 3 FoNa S TN
’ -IAOIN s . 434413
MSYIN |« o a1 |«
) 4 L+/0/L-
< INGW |
-30V1day
REN TR L+/0/1
ﬁ NOIS
-NVdX3
‘V<4A}

HIMOIMH J31L4V13ONVO 4O INSINVHOIN

d.1 914



WO 2024/119511

PCT/CN2022/138110

MECHANISM OF CANCEL AFTER FLICKER

17/28
w
Eor
¥<CTZ| g
oAWK
=0s
=
4
N
x
<3
\n < |«
w
< [€ —l
E
N Z> 2>
&0 &0
X W X 0
w w
! EZ | 32
LEXO UEx O
ouwpk owiE
EEUDJZ EEUDJZ
* ¥ R
‘% ’ LIIJZ LIIJZ\
1 ’ <D:O <D:O \‘
|l Lu(_’)_ LU(D— \
\ ’IOLT: D:(_’)|<TZ J
\\j(<((_r) <<(_’)1
= ke TIZ
£E0 ¥ 5
ik TR ey
oS Lo
oo oga
gl | [E] 5wl
[T xZ
8<0 i)E8<Q
LZH| | 2| |e=2F
DLIJ% = Qm%
= 4 =
h"—_ll 9 +
LM € * 5
2
& o
= &

[

i
I/ E

e

7

7

4 2
v s
2 % 2o 57

%
.

v

y

.

Sy g

AG-
GREGA-
TION

N
RN

\ \\\
R
D

§§§§ 3 -

N
N

FIG.17C




WO 2024/119511 PCT/CN2022/138110

18/28

FIG.17D

DIFFERENTIAL MOVING
OBJECT DETECTION RESULT

1201




PCT/CN2022/138110

WO 2024/119511

19/28

0sel

oovi

AHOWN3IN

L INTVA NNINIXYIN HLIM
d3ZITYINEON 11NSTY NOILO3L3d
193rd0 SNIAOIW TVILNIYI3Id

00cl

NOILVO

(0'L 0L 0'L-)d3oNna3ay
SINOILD313ad 193rd0 9NIAOIW

00zZ-

VILNId3441d
HOIHM NO JOVINI d310Vd14dNnsS

-IdILTNIN

— (0110

1GL 2

81 Old

7

4

0/0°1)ADVINI IZIYVYNYIL



WO 2024/119511 PCT/CN2022/138110

» TIME AXIS

FIG.19




WO 2024/119511 PCT/CN2022/138110

21/28




PCT/CN2022/138110

WO 2024/119511

22/28

d3431IN30-ANIL 40 FOVINI
AANVEI-INO-H314V

SIXV ANIL <€

¢-0091

JOVINI A3431LN3O-INIL

1¢ Old

d34d31N30-3NIL 40 FOVINI
JNVH4-INO-IH0439



WO 2024/119511 PCT/CN2022/138110

23/28

BRIGHTENED,
REDUCED, AND LOW
/ FREQUENCY
IMAGE
¢1700-1 351 353 (354 ¢356  BRIGHT-
-1 FRAME > MIN > - AB > CNV —»,'\\'Ai%S;HWG
¢1700-2 +TA st DEGREE
CENTER (BRIGHTNESS )
- MATCHING
¢1700-3 R 352 DEGREE
+1 FRAME » MAX
\_ J 1.0 1
3550~
—> A/B
\_ 1.0 )
BRIGHTENED,
REDUCED, AND HIGH
¢ FREQUENCY
IMAGE
¢ 1800-1
-1 FRAME
365
¢ 1800-2 (366 (07 IMAGE
NxN MIS-
CENTER BOX [] CNV [MATCHING
¢ 1800-3 DEGREE
+1 FRAME [ IMAGE \
\_ MISMATCHING
DEGREE
A
1.0 -t---- ,
3670~ i INTE-
i »GRATED

VALUE
\_ 512 )




PCT/CN2022/138110

WO 2024/119511

24/28

ERMR= o=t EEE ]

ON

006~

9-00¥.  ¥-00v.  Z-00¥l

\ G-00v1 \ £-00%1 \ L-00¥%1

IRV RV,

y! i vl vy K 2 ¥y

Of 9 Sl Sl 9l ©

_T=T= =T =TT

SmliiIEm|IEm|Em||IEm||IEm

X X X X X X

onllofldmlloqlonlcn

mZjmzZijimZjimZj|jmZ||jmZ=Z

all Rl Qf Rl Kl & 37naon
ONILOTHHOD
NOILISOd
91-
L—¢/1
-2l

A

08.1 ~

NOILYNIWH3L13A

11NsS3y
ONIHOLVYIN

8/° \Aﬁ/
oY

-0')

NOILYNINE313A

d3IM0IT1d

J

Ll

9/l

¢ Old




WO 2024/119511 PCT/CN2022/138110

25/28

FIG.25

¢1000-1
-1 FRAME (162
2000
: a BLEND
¢ 1000-2 MODULE MODIFIED
>
CENTER 330 IMAGE
1000-3 1-a
> AVER-

+1 FRAME AGING
‘ "l MOD-
ULE
MATCHING 181
DETERMINATION E)S(IPOA,\']‘“
RESULT




PCT/CN2022/138110

WO 2024/119511

26/28

7-000¢ €-000¢ ¢-000¢ 1-000¢

i
| NOILYDIdIaon

NOILVOIdIdON
340439




WO 2024/119511 PCT/CN2022/138110

27/28

FIG.27

)
NO ND FILTER,
NO IRIS OR CHEAPJ/

F~—ND

RIS




WO 2024/119511

28/28

FIG.29

PCT/CN2022/138110

(50
—~~—55
CPU
(52
RECORDING
MEDIUM
(PROGRAM)
(51
MEMORY
(54
OUTPUT UNIT
(53
CAMERA
(IMAGE SENSOR)
< START >
y
INPUT VIDEO ~—S1
y
GENERATE ~—S2
y
DETECT ~—S3
y
MODIFY ~—S4
y
OUTPUT VIDEO [|~S5
y

END



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2022/138110

A. CLASSIFICATION OF SUBJECT MATTER
H041.27/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

I[PC: HO4L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

CNTXT,VCN,ENTXTC,VEN,CNKI: brightness, flicker+,

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

modif+, pattern, change, motion, vector, moving

C. DOCUMENTS CONSIDERED TO BE RELEVANT

CO.,LTD.) 23 July 2014 (2014-07-23)
the whole document

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y CN 111052726 A (SZ DJI TECHNOLOGY CO., LTD.) 21 April 2020 (2020-04-21) 1-13
description paragraphs [0009]-[0012], figures 1-3

Y US 2021014402 A1 (SAMSUNG ELECTRONICS CO., LTD.) 14 January 2021 (2021-01-14) 1-13
description paragraphs [0005]-[0011], figures 1-11

A US 2014043502 A1 (OLYMPUS CORPORATION) 13 February 2014 (2014-02-13) 1-13
the whole document

A US 2016373684 A1 (GENTEX CORPORATION) 22 December 2016 (2016-12-22) 1-13
the whole document

A CN 103945089 A (SHANGHAI FUKONG HUALONG MICROSYSTEM TECHNOLOGY 1-13

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

«p>” document published prior to the international filing date but later than

the priority date claimed

«1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

«X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088, China

01 August 2023 07 August 2023
Name and mailing address of the ISA/CN Authorized officer
CHINA NATIONAL INTELLECTUAL PROPERTY
ADMINISTRATION LIU,LiuQun

Telephone No. (+86) 010-53961723

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2022/138110

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 111052726 A 21 April 2020 WO 2019071543 Al 18 April 2019
us 2020154032 Al 14 May 2020
EP 3695596 Al 19 August 2020
us 2021014402 Al 14 January 2021 KR 20210006276 A 18 January 2021
us 2021392261 Al 16 December 2021
us 2014043502 Al 13 February 2014 WO 2012147337 Al 01 November 2012
JPWO 2012147337 Al 28 July 2014
us 2016373684 Al 22 December 2016 EP 3310618 Al 25 April 2018
WO 2016209877 Al 29 December 2016
Jp 2021002869 A 07 January 2021
Jp 2018526851 A 13 September 2018
KR 20180019189 A 23 February 2018
CN 107709096 A 16 February 2018
CN 103945089 A 23 July 2014 None

Form PCT/ISA/210 (patent family annex) (July 2022)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report
	Page 48 - wo-search-report

