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(57) Abrege/Abstract:

This Image processing device Is configured from: a means that, with respect to each pixel in an effective pixel region of an imaging
element that cyclically iImages a subject at a predetermined imaging cycle, calculates the difference value between the pixel signal
of the current imaging cycle output from the imaging element and the pixel signal of the immediately prior imaging cycle; a means
that detects movement of the subject with the entire effective pixel region as the range; a means that sequentially sets each pixel in
the effective pixel region as a pixel of interest; a means that detects movement of the subject with a local pixel region containing the
sequentially set pixel of interest as the range; a means that, on the basis of both detection results, determines the mixing ratio of the
pixel signal of the current imaging cycle and the pixel signal of the iImmediately prior imaging cycle; and a means that, with respect
to each pixel of interest, corrects the pixel signal of the current imaging cycle on the basis of the determined mixing ratio.
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ABSTRACT

An image processing device is constituted by a means for, for each
pixel in an effective pixel region of an imaging element that cyclically images
a subject in a predetermined imaging period, calculating a difference value
between a pixel signal of a current imaging period output by the 1maging
element and a pixel signal of one imaging period earlier; a means for
detecting motion of the subject, with the entire effective pixel region as a
range; a means for successively setting each of the pixels in the effective pixel
region as a pixel of interest; a means for detecting motion of the subject, with
a local pixel region that includes the successively set pixel of interest as a
range; a means for, for each of the pixels of interest, determining a mixing
ratio for the pixel signal of the current imaging period and the pixel signal of
one imaging period earlier based on the two detection results; and a means

for, for each of the pixels of interest, correcting the pixel signal of the current

imaging period based on the determined mixing ratio.
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DESCRIPTION

IMAGE PROCESSING DEVICE

Technical FField
[0001] The present invention relates to an image processing device that

generates an 1Image by processing a signal output from an imaging element.

Background Art

[0002] Image processing devices that generate an image by processing a
signal output by an imaging element are known. One known example of
such an image processing device suppresses afterimages of a subject that is in
motion while also reducing noise in images. A specific configuration of this
type of image processing device is recited in JP 2000-209507A (hereinafter,
called “Patent Document 17), for example.

[0003] The image processing device recited in Patent Document 1 includes a
cyclic noise reduction circuit. The cyclic noise reduction circuit recited in
Patent Document 1 uses a subtracter to obtain the difference between the
current image signal output from an 1maging element and the 1mage signal of
one frame earlier or one field earlier, uses a multiplier to multiply the

difference value by a feedback coefficient, and uses an adder to add the result
of the multiplication to the current image signal, thus reducing a noise

component in the image signal. The cyclic noise reduction circuit also
controls the feedback coefficient for each pixel according to the difference
value from the subtracter. Afterimages are reduced by reducing the

feedback coefficient the larger the difference value from the subtracter is, and

noise is reduced by increasing the feedback coefficient the smaller the

difference value 1s.

Summary of Invention
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[0004] However, with the configuration recited in Patent Document 1, it is
not possible to sufficiently separate the subject motion component from
random noise, and therefore it is not possible to sufficiently suppress
alfterimages of a subject that is in motion.

5 |0005] The present invention was achieved in light of the aforementioned
situation, and an object thereof 1s to provide an image processing device
suited to suppressing an afterimage of a subject that is in motion while also

reducing noise in an image.

|0006] An image processing device according to an embodiment of the
10 present invention includes: a difference value calculation means for, for each
pixel 1in an effective pixel region of an imaging element that cyclically images
a subject 1n a predetermined imaging period, calculating a difference value
between a pixel signal of a current imaging period output by the imaging
element and a pixel signal of one imaging period earlier; a first motion
15 detection means for detecting motion of the subject, with the entire effective
pixel region as a range; a pixel of interest setting means for successively
setting each of the pixels in the effective pixel region as a pixel of interest; a
second motion detection means for detecting motion of the subject, with a
local pixel region that imcludes the successively set pixel of interest as a
20  range; a mixing ratio determination means for, for each of the pixels of

interest, determining a mixing ratio for the pixel signal of the current
imaging period and the pixel signal of one imaging period earlier, based on a

detection result of the first motion detection means and a detection result of

the second motion detection means; and a pixel signal correction means for,
25 for each of the pixels of interest, correcting the pixel signal of the current

imaging period based on the mixing ratio determined by the mixing ratio

determination means.

[0007] Also, an image processing device according to an embodiment of the

present invention includes: a difference value calculation means for, for each

30  pixel 1in an effective pixel region of an imaging element that cyclically images
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a subject 1n a predetermined imaging period, calculating a difference value
between a pixel signal of a current imaging period output by the imaging
element and a pixel signal of one imaging period earlier; a first counting
means for count{ng the number of pixels for which the difference value
satisfies a first condition in the effective pixel region, and setting the counted
number of pixels as a first count value; a pixel of interest setting means for
successively setting each of the pixels in the effective pixel region as a pixel of
Interest; a second counting means for counting the number of pixels for which
the difference value satisfies a second condition in a pixel group made up of
the successively set pixel of interest and surrounding pixels around the pixél
of Interest, and setting the counted number of pixels as a second count value;
a mixing ratio determination means for, for each of the pixels of interest,
determining a mixing ratio for the pixel signal of the current imaging period
and the pixel signal of one imaging period earlier, based on the second count
value in the pixel group to which the pixel of interest belongs and the first
count value; and a pixel signal correction means for, for each of the pixels of
Interest, correcting the pixel signal of the current imaging period based on
the mixing ratio determined by the mixing ratio determination means.

[0008] The mixing ratio determination means may be configured to convert
the first count value to a first value, and convert the second count value to a

second value. In this case, the mixing ratio determination means
determines the mixing ratio for the pixel signal of the current imaging period

and the pixel signal of one imaging period earlier based on a difference value

between the first value and the second value.

10009] Also, a numerical value range of the first value and a numerical value

range of the second value may be the same.

[0010] Also, the first condition is that the difference value calculated by the

difference value calculation means 1s larger than a first threshold value, for

example. Also, the second condition is that the difference value is smaller

than a second threshold value, for example. In this case, the first count
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value 1s converted to a maximum value in the numerical value range if the
first count value 1s smaller than or equal to a fixed value, and is converted to
a smaller value relative to the maximum value the higher above the fixed
value the first count value is. Also, the second count value is converted as is
to the second count value. The mixing ratio determination means then
determines the mixing ratio based on the first value and the second value in a
case where the difference value between the first value and the second value

1s greater than or equal to a third threshold value, and determines the mixing

ratio based on the first value or the second value in a case where the
difference value between the first value and the second value is less than the
third threshold value.

[0011] The imaging period of the imaging element is one field period or one
frame period, for example.

[0012] According to an embodiment of the present invention, an image
processing device suited to suppressing an afterimage of a subject that is in

motion while also reducing noise in an image is provided.

Brief Description of Drawings
[0013] FIG. 1 is an external view of an electronic endoscope system
according to an embodiment of the present invention.

FIG. 2 1s a block diagram of the electronic endoscope system
according to the embodiment of the present mmvention.

FlG. 3 is a block diagram showing a configuration of a noise reduction
circuit included 1n a processor according to the embodiment of the present
Invention.

Fl(z. 4 1s a flowchart showing operations of a feedback coefficient
calculation unit included in the noise reduction circuit according to the
embodiment of the present invention.

FlG. 5 1s a diagram conceptually showing motion detection in an

entire field (FIG. 5(a)) and a diagram conceptually showing motion detection
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in a local region (FI1G. 5(b)).
FIG. 6 1s a graph showing a function for conversion between a first
count value and a first value m1 (FIG. 6(a)) and a graph showing a function

for conversion between a second count value and a second value m2 (FIG.

6(h)).

Description of Embodiments

[0014] THereinafter, an embodiment of the present invention will be described
with reference to the drawings. Note that an electronic endoscope system is
taken as an example of one embodiment of the present invention in the
following description.

[0015] FIG. 1 is an external view of an electronic endoscope system 1 of the
present embodiment. As shown 1n FIG. 1, the electronic endoscope system 1
of the present embodiment includes an electronic endoscope 100 and a
processor 200. The processor 200 i1s a device that integrally includes a signal
processing device that processes signals from the electronic endoscope 100
and a light source device that, via the electronic endoscope 100, 1lluminates
the mterior of a body cavity which natural light does not reach. The signal
processing device and the light source device may be contigured separately in

another embodiment.

10016] As shown in FIG. 1, the electronic endoscope 100 includes an
insertion portion flexible tube 11 that is covered by a flexible sheath. The tip
portion (a bending portion 14) of the insertion portion flexible tube 11 bends

according to a remote operation from a hand operation portion 13 coupled to
the base end of the insertion portion flexible tube 11. The bending
mechanism is a known mechanism incorporated in common endoscopes, and
causes the bending portion 14 to bend using the pulling of an operation wire
In conjunction with a rotation operation of a curvature operation knob of the
hand operation portion 13. A base end of a tip portion 12, which is covered

by a hard resin casing, is coupled to the tip of the bending portion 14. The
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orientation of the tip portion 12 changes according to a bending operation
performed using a rotation operation of the curvature operation knob, thus
moving the imaging region of the electronic endoscope 100.

[0017] The processor 200 is provided with a connector portion 20 that has a
coupling structure that corresponds to a connector portion 10 provided on the
base end of the electronic endoscope 100. The electronic endoscope 100 and
the processor 200 are electrically and optically connected by mechanically
connecting the connector portion 20 to the connector portion 10.

[0018] FIG. 2 is a block diagram showing the configuration of the electronic
endoscope system 1 of the present embodiment. As shown in FIG. 2, a
monitor 300 1s connected to the processor 200 in the electronic endoscope
system 1.

[0019] As shown in FIG. 2, the processor 200 has a system controller 202
and a timing controller 204. The system controller 202 performs overall
control of the entirety of electronic endoscope system 1 by executing various
programs stored in a memory 222. The system controller 202 also changes
various settings of the electronic endoscope system 1 according to instructions
input to an operation panel 218 by a user (operator or assistant). Note that
the configuration of the operation panel 218 can take wvarious forms.
Conceivable examples of specific configurations of the operation panel 218

include function-specific hardware keys or a touch panel type of GUI

(Graphical User Interface) implemented on the front surface of the processor

200, and a combination of hardware keys and a GUIl. The timing controller
204 outputs a clock pulse, which i1s for adjustment of the timing of the
operations of portions, to circuits in the electronic endoscope system 1.

10020] A lamp 208 is activated by a lamp power supply igniter 206, and
thereafter emits light having a spectrum that mainly spreads from the visible
light region to the invisible infrared light region (or light that includes at
least the visible light region). A high-intensity lamp such as a xenon lamp, a

halogen lamp, or a metal halide lamp is suitable as the lamp 208. The
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irradiation light emitted by the lamp 208 is condensed by a condensing lens
210 and himited to a suitable light quantity via a diaphragm 212.

0021] A motor 214 is mechanically coupled to the diaphragm 212 via a
transmission mechanism such as an arm or a gear that is not shown in the
drawings. The motor 214 1s a DC motor, for example, and is driven under
the drive control of a driver 216. The diaphragm 212 1s actuated by the
motor 214 so as to change the opening degree thereof in order to set the

image displayed on the display screen of the monitor 300 to an appropriate

brightness. The light quantity of the light emitted by the lamp 208 is
limited according to the opening degree of the diaphragm 212. The reference
image brightness that is considered to be appropriate is set according to an
Intensity adjustment operation performed on the operation panel 218 by the
operator. Note that the light control circuit that controls the driver 216 to
perform intensity adjustment is a known circuit, and will not be described 1n
this specification.

[0022] TIrradiation light that has passed through the diaphragm 212 enters
the entrance end of a LCB (Light Carrying Bundle) 102. The irradiation
light that has entered the LCB 102 through the entrance end propagates by
repeatedly undergoing total reflection mside the LCB 102. The irradiation
light that has propagated inside the LCB 102 exits through an exit end of the

LCB 102 arranged inside the tip portion 12 of the electronic endoscope 100,
and 1lluminates the subject via a light distribution lens 104.

10023] Returning light from the subject passes through an objective lens 106
and i1s formed into an optical image by pixels on the light receiving surface of
a solid-state 1imaging element 108. The solid-state 1imaging element 108 1s
an interlace type of single-plate color CCD (Charge Coupled Device) image
sensor that has a complementary color checkered pixel arrangement. The
solid-state 1maging element 108 generates yellow Ye, cyan Cy, green G, and
magenta Mg complementary color signals by accumulating charge according

to the light quantity of the optical image formed by the pixels on the light
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receiving surface, and successively outputs a mixed signal obtained by adding
the complementary color signals generated by two pixels that are adjacent 1n
the vertical direction. Heremafter, the mixed signals that correspond to the
pixels in the horizontal lines in respective fields and that are successively
output by the solid-state imaging element 108 will be referred to as "imaging
signals”. Note that the solid-state imaging element 108 1s not limited to
being a CCD image sensor, and a CMOS (Complementary Metal Oxide
Semiconductor) image sensor or another type of imaging device may be
employed. The solid-state imaging element 108 may also be an element that
includes a primary color filter (Bayer array filter).

10024] The imaging signals output from the solid-state imaging element 108
are subjected to signal amplification by a preamplifier 110 and then 1nput to
a signal processing circuit 220 via a driver signal processing circuit 112.
10025] The electronic endoscope 100 includes the driver signal processing
circuit 112 and a memory 114. The driver signal processing circuit 112
accesses the memory 114 and reads out unique information regarding the
electronic endoscope 100. The unique information regarding the electronic
endoscope 100 recorded in the memory 114 includes, for example, the pixel
count, sensitivity, operable field rate (framerate), and model number of the
solid-state imaging element 108. The unique information read out from the

memory 114 is output by the driver signal processing circuit 112 to the
system controller 202.

[0026] The system controller 202 generates a control signal by performing

various arithmetic operations based on the unique information regarding the
electronic endoscope 100. The system controller 202 uses the generated
control signal to control the operations of and the timing of various circuits in
the processor 200 so as to perform processing suited to the electronic
endoscope currently connected to the processor 200.

10027] The timing controller 204 supplies a clock pulse to the driver signal

processing circuit 112 and the signal processing circuit 220 in accordance
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with timing control performed by the system controller 202. In accordance
with the clock pulse supplied from the timing controller 204, the driver signal
processing circuit 112 controls the driving of the solid-state 1imaging element
108 according to a timing synchronized with the field rate (framerate) of the
1mages processed by the processor 200.

0028] As shown in FIG. 2, the signal processing circuit 220 includes a
pre-stage signal processing circuit 220A, a noise reduction circuit 2208, and a
post-stage signal processing circuat 220C.

[0029] The pre-stage signal processing circuit 220 A generates pixel signals (a
luminance signal Y and color difference signals U and V) by performing
predetermined signal processing such as color interpolation and Y/C
separation on the imaging signals received from the driver signal processing
circuit 112, and outputs the generated pixel signals to the noise reduction
circuit 220B.

10030] FIG. 3 is a block diagram showing the configuration of the noise
reduction circuit 220B. As shown in FIG. 3, the noise reduction circuit 220B
includes a first field memory 220Ba, a feedback coefficient calculation unit
220Bb, multiplying circuits 220Becl to 220Be3, a second field memory 220Bd,
multiplying circuits 220Bel to 220Be3, and adding circuits 220Bf1 to 220Bf3.
|0031] The first field memory 220Ba receives pixel signals (luminance

signals Y) from the pre-stage signal processing circuit 220A. At least one
field worth of pixel signals (pixel signals in an effective pixel region) are
buffered in the first field memory 220Ba.

0032] The feedback coefficient calculation unit 220Bb successively receives
the pixel signals (luminance signals Y) of the current field from the pre-stage
signal processing circuit 220A, and at the same time successively receives the
pixel signals (luminance signals Y) of one field earlier that correspond to
these pixel signals from the first field memory 220Ba. Here, the pixel

signals of pixels in the same line and at the same address will be called

“corresponding pixel signals”. For example, the pixel signal of one field
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earlier that corresponds to the pixel signal that i1s to be output first in the
second horizontal line of an odd-numbered field 1s the pixel signal that was
output first in the second horizontal line of the immediately previous
even-numbered field.

10033] Description of operations of feedback coefficient calculation unit

220Bb
FIG. 4 1s a flowchart showing operations of the feedback coefficient

calculation unit 220Bb.
10034] S11 (calculation of luminance difference value) in FIG. 4

As shown mm FlG. 4, in processing step S11, for each pixel in the
effective pixel region, a difference value is calculated between the pixel signal
(luminance signal Y) of the current field and the pixel signal (luminance
signal Y) of one field earlier. Hereinafter, for the sake of convenience in the
description, the pixel signal (luminance signal Y) difference value calculated
1n processing step 511 will be referred to as the “luminance difference value”.
Also, the pixel signal of the current field (luminance signal Y, color difference
signals U and V) will be referred to as the “current field pixel signal nfs”, and
the pixel signal of one field earlier (Juminance signal Y, color difference
signals U and V) will be referred to as the “previous field pixel signal pfs”.
10035] S12 (calculation of first count value) in FIG. 4

FIG. B(a) is a diagram conceptually showing motion detection in an
entire field. In processing step S12, the following processing is performed in

order to perform motion detection in the entire field as shown in FIG. 5(a).

10036] Processing step S12 is a step for counting the number of pixels,
among the pixels in the effective pixel region, for which the luminance
difference value calculated I processing step S11 is larger than a first
threshold value. Specifically, In processing step S12, in order to perform
motion detection in the entire field, for two consecutive fields, the number of

pixels for which the luminance difference value i1s larger than the first

threshold value 1s counted, with the entire field as the range. Hereinafter,
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for the sake of convenience in the description, the number of pixels counted in

processing step S12 will be referred to as the “first count value”.

10037] S13 (conversion to first value m1) in FIG. 4

In processing step 513, the first count value counted i1n processing
step S12 is converted to the first value ml. Here, FIG. 6(a) shows a graph
representation of a function for conversion between the first count value and
the first value m1. In FIG. 6(a), the vertical axis indicates the first value m1,

and the horizontal axis indicates the first count value. The first value m1l
takes a value from 0 to 9.

10038] As shown in FIG. 6(a), the first count value is converted to a fixed
value (here, “9”) if it is smaller than or equal to a fixed value C, and is
converted to a smaller value the higher above the fixed value C i1t 1s. More
specifically, the first count value 1s converted to a smaller value relative to “9”
the higher above the fixed value C it is, and 1s converted to “0” if it has its
maximum value (i.e., if the luminance difference value is larger than the first
threshold value in all of the pixels in the effective pixel region).

[0039] As a trend, the first value m1 takes a small value if there are many
regions with movement of the subject in the entire field Gf there are many
pixels for which the luminance difference value 1s larger than the first
threshold value), and takes a large value if there are few regions with

movement of the subject in the entire field (Gf there are few pixels for which

the luminance difference value is larger than the first threshold value).
More concisely, in the case where the entire field 1s the detection range, the
first value m1 takes a small value if the subject is moving, and takes a large
value if the subject is not moving.
10040] S14 (setting of pixel of interest) in FIG. 4

In processing step S14, one pixel in the effective pixel region is set as
the pixel of interest.

10041] S15 (setting of local region (pixel group)) in FIG. 4

Processing step S15 1s a step for setting a pixel group made up of the
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pixel of interest that was set in processing step S14 and surrounding pixels

around the pixel of interest. Note that in the present embodiment, the

surrounding pixels refer to a total of eight pixels that are located adjacent to
the pixel of interest in the up, down, left, and right directions, as well as the
diagonally upper-right direction, the diagonally lower-right direction, the
diagonally upper-left direction, and the diagonally lower-left direction. In
other words, the pixel group 1s made up of nine pixels arranged i a 3x3
matrix.
[0042] S16 (calculation of second count value) in FIG. 4

FIG. 5(b) is a diagram conceptually showing motion detection in a
local region (region made up of the 3x3 pixels that correspond to the pixel
group). In processing step S16, the following processing is performed in
order to perform motion detection in a local region as shown in FIG. 5(b).
[0043] Processing step S16 is a step for counting the number of pixels, in the
pixel group (1 pixel of interest + 8 surrounding pixels), for which the
luminance difference value calculated in processing step S11 1s smaller than
a second threshold value. Specifically, in processing step S16, in order to
perform motion detection in the local region, for two consecutive fields, the
number of pixels for which the luminance difference value is smaller than the
second threshold value 1s counted, with the pixel group set in processing step

S15 as the range. Ilereinafter, for the sake of convenience in the description,
the number of pixels counted in processing step S16 will be referred to as the

“second count value”.

|0044] S17 (conversion to second value m2) in FIG. 4

In processing step S17, the second count value counted 1n processing

step S16 is converted to the second value m2. Here, FIG. 6(b) shows a graph
representation of a function for conversion between the second count value

and the second value m2. In FIG. 6(b), the vertical axis indicates the second

value mZ, and the horizontal axis indicates the second count wvalue.

Likewise to the first value m1, the second value m2 also takes a value from 0
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to 9.
[0045] As shown in FIG. 6(0), the second count value is converted to the
number of pixels for which the luminance difference value is smaller than the
second threshold value (a value from 0 to 9). In other words, the second
value m1 takes the value of the second count value as is.
100461 The second value m2 takes a small value if there are many regions
with movement of the subject in the local region Gf there are many pixels for
which the luminance difference value is larger than the second threshold
value), and takes a large value if there are few regions with movement of the
subject in the local region Gf there are few pixels for which the luminance
difference value is larger than the second threshold value). More concisely,
in the case where the local region is the detection range, the second value m2
takes a small value if the subject is moving, and takes a large value if the
subject 1s not moving.
0047} S18 (comparison of first value m1 and second value m2) in FIG. 4

In processing step S18, the difference value between the first value
m1l and the second value m2 is calculated. Next, it is determined whether or
not the calculated difference value is greater than or equal to a third
threshold value.
[0048] S19 (calculation of feedback coefficient K) in FIG. 4

Processing step 519 1s performed if the difference value calculated in

processing step S18 is greater than or equal to the third threshold value (S18:
YES). The difference value calculated in processing step S18 is typically
oreater than or equal to the third threshold value im Case 1 and Case 2
described below.
[0049] Case 1

Case 1 1s a case in which there are many regions with movement of
the subject in the entire field, and there are few regions with movement of
the subject in a local region. In Case 1, for example, portions with

movement of the subject are widely distributed throughout the field, but the
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subject 1s not moving very much when a local region is viewed, and therefore

although it 1s detected that the subject is moving in the entire field, it is

detected that the subject 1s not moving in a local region.
10050] Case 2

Case 2 1s a case in which there are few regions with movement of the
subject in the entire field, and there are many regions with movement of the
subject in a local region. In Case 2, for example, the subject is not moving
very much when the entire field i1s viewed, but the subject is moving when a
local region is viewed, and therefore although it is detected that the subject is
moving in a local region, it is detected that the subject is not moving in the
entire field.
[0051] In this way, in the case where the difference value calculated in
processing step D18 1s greater than or equal to the third threshold value, the
result of subject motion detection differs between whén the entire field 1s
viewed and when a local region 1s viewed. For this reason, it is desirable
that both the situation when viewing subject motion 1n the entire field and
the situation when viewing subject motion in a local region are taken into
consideration for the pixel signal of the pixel of interest that belongs to the
local region (pixel group). In view of this, in processing step S19, a feedback
coefficient K that is to be applied to the pixel signal of the pixel of interest
that belongs to the local region (pixel group) is calculated using the following

expression.

10052] K=|(n14+m2)/2]/9
10053] S20 (calculation of feedback coefficient K) in FIG. 4

Processing step S20 is performed 1if the difference value calculated in
processing step S18 is less than the third threshold value (S18: NO). The
difference value calculated in processing step 518 is typically less than the
third threshold value in Case 3 and Case 4 described below.

[0054] Case 3

Case 3 1s a case In which there are few regions with movement of the
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subject in the entire field, and there are also few regions with movement of
the subject in a local region. In Case 3, for example, the subject 1s not
moving very much when viewing not only the entire field, but also a local
region, and therefore it 1s detected that the subject is not moving in any
detection range.
|0055] Case 4

Case 4 1s a case In which there are many regions with movement of
the subject In the entire field, and there are also many regions with
movement of the subject in a local region. In Case 4, for example, the
moving subject 1s widely distributed throughout the field, and the subject 1s
moving when a local region is viewed as well, and therefore it 1s detected that
the subject 1s moving 1in any detection range.
10056] In this way, in the case where the difference value calculated in
processing step 518 1s less than the third threshold value, the result of
subject motion detection is the same when the entire field i1s viewed and when
a local region 1s viewed. For this reason, it 1s desirable that either the
situation when viewing subject motion in the entire field or the situation
when viewing subject motion in a local region is taken into consideration for
the pixel signal of the pixel of interest that belongs to the local region (pixel
group). In view of this, in processing step S20, the feedback coefficient K
that 1s to be applied to the pixel signal of the pixel of interest that belongs to

the local region (pixel group) is calculated using the following expression.
[0057] K=m1/9
[0058] Note that in another embodiment, the above expression may be
replaced with the following expression.
[0059] K=m2/9
10060] S21 and S22 (unprocessed pixel determination) in FIG. 4

In processing step S21, it 1s determined whether or not a pixel for
which the feedback coefficient K to be applied thereto has not been calculated

remains 1n the effective pixel region. If a pixel for which the feedback
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coefficient K to be applied thereto has not been calculated remains (S21: YES),
the pixel of interest is set to the next pixel (e.g., the pixel that is adjacent in
the horizontal line direction) (S22). When the next pixel of interest is set,
this flowchart returns to processing step 515. By looping through processing
steps S1D to H22, the feedback coefticient K 1s successively calculated for each
pixel 1n the effective pixel region. When the feedback coefficient K has been
calculated for all of the pixels in the effective pixel region (S21: NO), this

flowchart escapes the loop and ends.

10061] The feedback coefficient K that was calculated in the feedback
coetficient calculation unit 220Bb 1s input to the multiplying circuits 220Bc1
to 220Bc3 and the multiplying circuits 220Bel to 220Be3.

[0062] The multiplying circuits 220Becl to 220Be3 respectively receive the
current field pixel signal nfs (luminance signal Y), the current field pixel
signal nfs (color difference signal U), and the current field pixel signal nfs
(color difference signal V) from the pre-stage signal processing circuit 220A.
The current field pixel signal nfs (luminance signal Y), the current field pixel
signal nfs (color difference signal U), and the current field pixel signal nfs
(color difference signal V) that were input to the multiplying circuits 220Bc1
to 220Be3 are each multiplied by the value (1 — feedback coefficient K).
Hereinafter, for the sake of convenience in the description, the multiphed

values obtained by the multiplying circuits 220Bc1 to 220Bc3 are respectively
called the “multiplied value (luminance signal Y) [nfsx(1-K)]”, the “multiplied

value (color difference signal U) [nfsx(1-K)]”, and the “multiplied value (color
difference signal V) [nfsx(1-K)]”.

[0063] The multiplied value (luminance signal Y) Infsx(1-K)|, the multiplied
value (color difference signal U) [nfsx(1-K)|, and the multiplied value (color

difference signal V) [nfsx(1-K)] are respectively input to the adding circuits
220Bf1 to 220B13.

[0064] The second field memory 220Bd receives corrected image signals

(luminance signal Y and color difference signals U and V) output from the
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adding circuits 220Bf1 to 220Bf3. Note that the corrected image signals are
image signals that have been subjected to noise reduction, and will be
described in detail later. At least one field worth of pixel signals (pixel
signals in the effective pixel region) are buffered in the second field memory
220Bd. ‘

10065] The multiplying circuits 220Bel to 220Be3 respectively receive the
previous field pixel signal pfs (corrected luminance signal Y), the previous
field pixel signal pfs (corrected color difference signal U), and the previous
field pixel signal pfs (corrected color difference signal V) from the second field
memory 220Bd. The previous field pixel signal pfs (corrected luminance
signal Y), the previous field pixel signal pfs (corrected color difference signal
U), and the previous field pixel signal pfs (corrected color difference signal V)
that were input to the multiplying circuits 220Bel to 220Be3 are each
multiplied by the feedback coefficient K. Hereinafter, for the sake of

convenience In the description, the multiplied values obtained by the
multiplying circuits 220Bel to 220Be3 are respectively called the “multiplied
value (luminance signal Y) [pfsxK]”, the “multiplied value (color difference
signal U) [pfsxK]”, and the “multiplied value (color difference signal V)
Ipfsx<K]”.

[0066] The multiplied value (luminance signal Y) [pfsxK], the multiplied

value (color difference signal U) [pfsxK], and the multiplied value (color

difference signal V) [pfsxK] are respectively input to the adding circuits
220Bft1 to 220Bf13.

[0067] The adding circuit 220Bf1 adds the multiplied value (luminance
signal Y) Infsx(1-K)| received from the multiplying circuit 220Bcl and the
multiplied value (luminance signal Y) [pfsxK] received from the multiplying
circuit 220Bel, and outputs the result to the post-stage signal processing
circuit 220C. The adding circuit 220Bf2 adds the multiplied value {(color
difference signal U) |nfsx(1-K)] received from the multiplying circuit 220Bc2

and the multiplied value (color difference signal U) |pfsxK] received from the
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multiplying circuit 220BeZ2, and outputs the result to the post-stage signal
processing circult 220C. The adding circuit 220Bf3 adds the multiphed
value (color difference signal V) [nfsx(1-K)] received from the multiplying
circuit 220Bc3 and the multiplied value (color difference signal V) [pfsxK]
recelived from the multiplying circuit 220Be3, and outputs the result to the
post-stage signal processing circuit 220C.

[0068] In other words, the adding circuits Bfl to Bf3 correct the current field
pixel signal nfs by using the expression shown below to mix the current field
pixel signal nfs and the previous field pixel signal pfs. As shown 1n the
expression below, the mixing ratio of the current field pixel signal nfs and the
previous field pixel signal pfs is determined according to the feedback
coetficient K. The feedback coefficient K takes a smaller value the more the
subject 1s moving, and takes a larger value the less the subject 1s moving.
The closer the feedback coefficient K is to 0, the higher the proportion of the
current field pixel signal nfs becomes, and therefore the noise reduction effect
decreases in the corresponding pixel, but an afterimage 1s suppressed. Also,
the closer the feedback coefficient K is to 1, the higher the proportion of the
previous field pixel signal pfs becomes, and therefore the noise reduction
effect increases 1n the corresponding pixel.

[0069] Corrected current field pixel signal nfs’ = [nfsx(1-K)|+[pfsxK]

[0070] The post-stage signal processing circuit 220C converts the corrected

current field pixel signals nfs’ Juminance signal Y and color difference signals

UJ and V) received from the adding circuits 220Bf1 to 220Bf3 into a video

signal compliant with a predetermined standard such as NTSC (National
Television System Committee) or PAL (Phase Alternating Line), and outputs
the converted video signal to the momitor 300. The wideo signal 1s
successively input to the monitor 300, and thus color images of the subject
are displayed on the display screen of the monitor 300.

[0071] In this way, according to the present embodiment, the feedback

coetficient K for each pixel is calculated taking into consideration both the
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result of subject motion detection in the entire field and the result of subject
motion detection in a local region, thus suppressing afterimages of a subject
that 1s 1n motion, while also reducing noise in images.

[0072] The foregoing description is a description of an illustrative
embodiment of the present invention. The embodiments of the present
Invention are not lmited to the foregoing description, and various
modifications can be made within the scope of the technical idea of the

present mvention. IFor example, the embodiments of this application also

include appropriate combinations of embodiments and the like explicitly
specified in this specification and obvious embodiments and the like.

[0073] Although the imaging period of the solid-state imaging element 108 is
a field period in the above embodiment, in another embodiment it may be a

frame period.
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CLAIMS

1. An 1mage processing device comprising:

a difference value calculation means for, for each pixel in an effective
pixel region of an imaging element that cyclically images a subject in a
predetermined imaging period, calculating a difference value between a pixel
signal of a current imaging period output by the imaging element and a pixel

signal of one 1Imaging period earlier;

a first motion detection means for detecting motion of the subject,
with the entire effective pixel region as a range;

a pixel of interest setting means for successively setting each of the
pixels in the effective pixel region as a pixel of interest;

a second motion detection means for detecting motion of the subject,
with a local pixel region that includes the successively set pixel of interest as
a range,

a mixing ratio determination means for, for each of the pixels of
Interest, determining a mixing ratio for the pixel signal of the current
1maging period and the pixel signal of one imaging period earlier, based on a
detection result of the first motion detection means and a detection result of
the second motion detection means; and

a pixel signal correction means for, for each of the pixels of interest,

correcting the pixel signal of the current imaging period based on the mixing

ratio determined by the mixing ratio determination means.

2. An 1Image processing device comprising:

a difference value calculation means for, for each pixel in an effective
pixel region of an imaging element that cyclically images a subject in a
predetermined 1imaging period, calculating a difference value between a pixel
signal of a current imaging period output by the imaging element and a pixel

signal of one imaging period earlier;



10

15

20

25

30

CA 02931074 2016-05-18

21

a first counting means for counting the number of pixels for which the
difference value satisfies a first condition in the effective pixel region, and
setting the counted number of pixels as a first count value;

a pixel of interest setting means for successively setting each of the
pixels 1n the effective pixel region as a pixel of interest;

a second counting means for counting the number of pixels for which
the difference value satisfies a second condition 1n a pixel group made up of
the successively set pixel of interest and surrounding pixels around the pixel
of Interest, and setting the counted number of pixels as a second count value;

a mixing ratio determination means for, for each of the pixels of
interest, determining a mixing ratio for the pixel signal of the current
imaging period and the pixel signal of one 1maging period earlier, based on
the second count value in the pixel group to which the pixel of mterest

belongs and the first count value; and

a pixel signal correction means for, for each of the pixels of interest,
correcting the pixel signal of the current imaging period based on the mixing

ratio determined by the mixing ratio determination means.

3. The 1image processing device according to claim 2,
wherein the mixing ratio determination means

converts the first count value to a first value,

converts the second count value to a second value, and

determines the mixing ratio for the pixel signal of the current
imaging period and the pixel signal of one 1imaging period earlier based on a

difference value between the first value and the second value.

4. The image processing device according to claim 3, wherein a
numerical value range of the first value and a numerical value range of the

second value are the same.
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5. The 1image processing device according to claim 4,
wherein the first condition is that the difference value i1s larger than a
first threshold value,
the second condition is that the difference value is smaller than a
second threshold value,
the first count value i1s converted to a maximum value in the
numerical value range if the first count value is smaller than or equal to a
fixed value, and 1s converted to a smaller value relative to the maximum
value the higher above the fixed value the first count value is,
the second count value is converted as is to the second count value,
and
the mixing ratio determination means
determines the mixing ratio based on the first value and the
second value In a case where the difference value between the first value and
the second value is greater than or equal to a third threshold value, and
determines the mixing ratio based on the first value or the
second value in a case where the difference value between the first value and

the second value 1s less than the third threshold value.

6. The image processing device according to any one of claims 1 to 5,

wherem the 1imaging period is one field period or one frame period.
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CALCULATE LUMINANCE DIFFERENCE VALUE

FOR EACH PIXEL IN EFFECTIVE PIXEL REGION Sti
OBTAIN FIRST COUNT VALUE BY COUNTING
NUMBER OF PIXELS FOR WHICH LUMINANCE 319
DIFFERENCE VALUE IS LARGER THAN FIRST
THRESHOLD VALUE IN EFFECTIVE PIXEL REGION
CONVERT FIRST COUNT VALUE 313
TO FIRST VALUE m|
SET PIXEL OF INTEREST S14
STT TOCATL REGION (PTXIT. GROUP) THAT
INCLUDES SET PIXEL OF INTEREST S15

OBTAIN SECOND COUNT VALUE BY COUNTING

NUMBER OF PIXELS FOR WHICH LUMINANCE S16
DIFFERENCE VALUE IS SMALLER THAN SECOND
THRESHOLD VALUE IN SET LOCAL REGION

CONVERT SECOND COUNT VALUE
TO SECOND VALUE m? S17

DIFFERENCE ™
VALUE BETWEEN

THIRD THRESHOLD
VAL UE?

YES

S19

CALCULATE FEEDBACK COEFFICIENT K
TO BE APPLIED TO PIXEL OF INTEREST

K=[m1+m2)/2]/9

520

CALCULATE FEEDBACK COEFFICIENT K
TO BE APPLIED TO PIXEL OF INTEREST

K=ml/9$

SET NEXT PIXEL OF INTEREST

(A) END
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