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Description

Title of Invention: CAMERA, IMAGE SENSOR THEREOF, AND

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

DRIVING METHOD THEREOF
Technical Field

The disclosure relates to a camera and a driving method thereof. In particular, the
disclosure relates to a camera, an image sensor thereof, and a driving method thereof.
Background Art

In general, cameras have been changed toward high pixels of more than the current 8
megapixels from the past 0.3 megapixels. At the same time, the cameras have been
added with various functions such as auto-focusing (AF) and optical-zoom functions.
According to the above trends, the improvement in the precision of components of the
cameras is required, and, especially, the improvement in the optical precision of the

cameras has been strongly required.
Disclosure of Invention

Technical Problem
Accordingly, the object of the disclosure is to improve the optical precision of a

camera.

Solution to Problem

In order to accomplish the above object, there is provided an image sensor including
an image detecting unit for converting an incident light into an electrical image signal,
and a noise filter for removing noise from the electrical image signal.

In this case, the image sensor may be assembled with a lens unit for receiving the
incident light and including a diffractive optical element (DOE).

Further, in order to accomplish the above object, there is provided a camera
including a lens unit for receiving incident light, an image sensor including a noise
filter to output an electrical image signal converted from the incident light by removing
noise from the electrical image signal, and an image processing unit for processing the
output image signal to generate screen image data.

In this case, in the camera according to the embodiment, the lens unit may include a
diffractive optical element.

Further, in order to accomplish the above object, there is provided an operating
method of a camera, which includes converting an incident light into an electrical
image signal by an image sensor, outputting the converted electrical image signal by
removing noise from the electrical image signal by the image sensor, and processing
the output image signal to generate screen image data by an image processing unit.

In this case, the operating method of the camera according to the embodiment may
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further include receiving the incident light by a lens unit including a diffractive optical
element.
Advantageous Effects of Invention

As described above, the image sensor according to the disclosure not only can
convert the light incident through the lens unit into electrical image signals, but also
can remove noise from the electrical image signals. Therefore, even if noise is caused
as a diffractive optical element is applied to the lens unit, the image sensor can ef-
fectively remove the noise. Therefore, the optical precision of the camera can be
improved.

Brief Description of Drawings

FIG. 1 is a block diagram showing the internal structure of a camera according to the
embodiment;

FIG. 2 is a view to explain the detailed structure of a lens unit of FIG. 1;

FIG. 3 is a view to explain the generation of the spill lights by the lens unit of FIG. 1;

FIG. 4 is a view to explain the generation of the noise due to the spill lights of FIG.
15

FIG. 5 is a block diagram showing the detailed structure of a noise filter in an image
sensor according to the embodiment; and

FIG. 6 is a flowchart showing the operation of the camera according to one em-
bodiment.

Mode for the Invention

Hereinafter, the embodiments will be more described in more detail with reference to
accompanying drawings. The same components will be assigned with the same
reference numerals in the accompanying drawings. In addition, the details of the
structures and the functions generally known to those skilled in the art, which make the
subject matter of the embodiments unclear, will be omitted in order to avoid re-
dundancy.

FIG. 1 is a block diagram showing the internal structure of a camera according to the
embodiment, and FIG. 2 is a view to explain the detailed structure of a lens unit of
FIG. 1. FIG. 3 is a view to explain the generation of the spill lights by the lens unit of
FIG. 1, FIG. 4 is a view to explain the generation of the noise due to the spill lights of
FIG. 1, and FIG. 5 is a block diagram showing the detailed structure of a noise filter in
an image sensor according to the embodiment.

Referring to FIG. 1, a camera 100 according to the embodiment includes a lens unit
110, an image sensor 120, an image processing unit 130, a display unit 140, a memory
150, a controller 160, and an input unit 170.

The lens unit 110 receives incident light therein. In this case, the lens unit 110 allows



WO 2014/003301 PCT/KR2013/003011

[21]

[22]

[23]

[24]

[25]

[26]

[27]

3

the light to converge or diverge. In addition, the lens unit 110 allows the light to
converge on an image sensor 120 to form an image. In other words, the lens unit 110
forms an optical image of a subject on the image sensor 120. In this case, the lens unit
110 includes diffractive optical elements (DOE). In other words, the lens unit 110
forms an image on the image sensor 120 through the diffraction phenomenon. In this
case, the distance between the lens unit 110 and an image forming surface of the image
sensor 120 to form an image is defined as a focal length. In addition, the lens unit 110
may include a focus lens (not shown) movable to an optical axis in order to adjust the
focal length.

As shown in FIG. 2, the lens unit 110 includes a first lens group 111, a second lens
group 113, an aperture 115, and an optical low pass filter (OLPF) 117. In this case, the
first lens group 111, the second lens group 113, the aperture 115, and the optical filter
117 are arranged in parallel to the image sensor 120.

The first lens group 111 is realized as a concave lens having at least one surface to
which the DOE is applied. In other words, the first lens group 111 has negative
diffractive power. Additionally, in the first lens group 111, at least one surface includes
an aspheric surface, and at least one opposite surface has the DOE applied thereto.

The second lens group 113 is realized as a convex lens having at least one surface to
which the DOE is applied. In other words, the second lens group 113 has positive
diffractive power. Additionally, in the second lens group 113, at least one surface
includes an aspheric surface, and at least one opposite surface has the DOE applied
thereto.

The aperture 115 adjusts the quantity of light. In this case, the aperture 115 may be
interposed between the first and second lens groups 111 and 113.

The optical filter 117 passes a low frequency band. The optical filter 117 cuts off a
high frequency band exceeding a Nyquist frequency. In this case, the optical filter 117
is interposed between the second lens group 113 and the image sensor 120.

In this case, as light is diffracted from the DOE of the lens unit 110, noise is caused.
In detail, as shown in FIG. 3, primary order light is focused on the image forming
surface of the image sensor 120 as shown in FIG. 3, so that the image is formed on the
image sensor 120. However, as well as the primary order light, spill light such as zero
order light or secondary order light is focused on the image sensor 120. In this case, the
spill light makes the image of the image sensor 120 unclear. In other words, as shown
in FIG. 4, the zero order light or the secondary order light is caused as noise around the
primary order light on the image sensor 120. In this case, as the intensity of the
primary order light is increased, even the intensity of the zero order light or the
secondary order light is increased.

The image sensor 120 acquires an image formed through the lens unit 110. In other
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words, the image sensor 120 acquires the optical image of the subject. In this case, the
image sensor 120 may include a complementary metal-oxide semiconductor (CMOS)
or a charge coupled device (CCD). The image sensor 120 includes an image detecting
unit 121 and a noise filter 123. In this case, the image detecting unit 121 and the noise
filter 123 are realized in one body.

The image detecting unit 121 converts the light, which is incident through the lens
unit 110, into an electrical image signal. In this case, the image detecting unit 121 has a
structure in which a plurality of photo-detectors are integrated with each other while
serving as pixels. In addition, the image detecting unit 121 includes a color filter. In
this case, the color filter may include a color filter array (CFA). The CFA expresses
one color from one pixel.

The noise filter 123 removes noise from the electrical image signal. In this case, the
noise filter 123 removes the noise from the electrical image signal through a bilinear
interpolation scheme.

As shown in FIG. 5, the noise filter 123 includes a PSF calculating unit 125, an
inverse Fourier transform (IFT) unit 127, and an operating unit 129. In the following
description, the image signal input to the noise filter 123 is referred to as a low-
resolution image signal, and the image signal output from the noise filter 123 is
referred to as a high-resolution image signal.

The PSF calculating unit 125 calculates a point spread function (PSF) from the low-
resolution image signal. In other words, the PSF calculating unit 125 defines an ad-
ditional function by using the low-resolution image signal as expressed in Math Figure
1. In addition, the PSF calculating unit 125 calculates a PSF(H) from the additional
function as expressed in Math Figure 3. In this case, the PSF calculating unit 125 may
calculate the PSF(H) by neglecting a noise component and applying a direct inverse.
The PSF calculating unit 125 calculates a PSF(P) by using the PSF(H) as expressed in
Math Figure 4.

MathFigure 1
[Math.1]

M= g-Hf I+l I

In Math Figure 1, M refers to an additional function. In addition, g refers to the high-
resolution image signal obtained through the bilinear interpolation scheme, and is
defined as expressed in Math Figure 2. Further, f refers to the high-resolution image
signal to be output from the noise filter 123, and H refers to a PSF defining the rela-
tionship between g and f. In addition, I.Il refers to the standardization, and a refers to a
normalization parameter. Further, C refers to a 2-D high frequency filter to attenuate
the low-resolution image signal. Besides, the first term at the right side of Math Figure

1 refers to the reliability of the high-resolution image signal obtained through the
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bilinear interpolation scheme, and the second term refers to the attenuation of the high-
resolution image signal to be output from the noise filter 123.

[34] MathFigure 2
[Math.2]
g=Bz=Hfn

[35] In Math Figure 2, z represents the low-resolution image signal, and n represents a
noise component caused by H.

[36] MathFigure 3
[Math.3]

G(k.D)
FkD)

[37] In Math Figure 3, H(k, 1) refers to a (k, 1) component of the PSF(H) on the

frequency domain, and G(k, 1) refers to a (k, 1)* component of the high-resolution

H(k.D=

image signal obtained through the bilinear interpolation scheme on the frequency
domain. In addition, F(k, 1) refers to a (k, 1)» component of the high-resolution image
signal to be output from the nose filter 123 on the frequency domain.

[38] MathFigure 4
[Math.4]

H (kD
H (e, DHk,D+C e, DC (kD)

[39] In Math Figure 4, P(k, 1) refers to a (k, 1) component of the PSF(P) on the frequency
domain. In addition, * refers to a complex-conjugate operator.
[40] The IFT unit 127 calculates an inverse PSF. In other words, the IFT unit 127

performs an inverse Fourier transform with respect to the PSF(P).

P(k.D)=

[41] The operating unit 129 performs the convolution operation with respect to the low-
resolution image signal and the inverse PSF convolution operation, thereby removing
noise from the low-resolution image signal. In other words, the operating unit 129
calculates f by using both of the inverse PSF and the Math Figure 2 as expressed in
Math Figure 5. Accordingly, the operating unit 129 acquires and outputs the high-
resolution image signal to be output in the noise filter 123.

[42] MathFigure 5
[Math.5]
f=Pg=PBz=Qz

[43] The image processing unit 130 processes the image signal from the image sensor 120
to generate screen image data. In this case, the image processing unit 130 processes the
image signal in the unit of a frame. In addition, the image processing unit 130 outputs
the image data suitable for the characteristic and the size of the display unit 140. In this

case, the image processing unit 130 may include an image signal processor (ISP) or an
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application processor (AP).

The display unit 140 displays the screen image data output from the image
processing unit 130. In addition, the display unit 140 displays user data output from the
controller 160. The display unit 140 may be realized by using a liquid crystal display
(LCD). If the display unit 140 is realized through a touch screen scheme, the liquid
crystal display device may serve as an input unit.

The memory 150 may include a program memory and a data memory. The program
memory stores programs to control the general operation of the camera 100. The data
memory stores data produced during the executing of the programs. In this case, the
data memory may store screen image data or user data.

The controller 160 controls the overall operation of the camera 100. In other words,
the controller 160 controls the lens unit 110 and the image sensor (120) so that images
are photographed. In this case, the controller 160 forms an image on the image sensor
120 through the lens unit 110, and acquires the image through the image sensor 120. In
addition, the controller 160 controls the image processing unit 120 to generate screen
image data. Further, the controller 160 controls the display unit 140 to display the
screen image data. In this case, the controller 160 may store the screen image data in
the memory 150.

The input unit 170 includes keys to request the execution of various functions. In this
case, the input unit 170 may include a storage key used to request the storage of the
screen image data.

FIG. 6 is a flowchart showing the operation of a camera according to the em-
bodiment.

Referring to FIG. 6, the operation of the camera 100 according to the present em-
bodiment is started from step 211 in which the lens unit 110 receives light incident
therein. The lens unit 110 allows the light to converge or diverge. In addition, the lens
unit 110 allows the light to converge on an image sensor 120 to form an image. In
other words, the lens unit 110 forms an optical image of the subject on the image
sensor 120.

Thereafter, the image sensor 120 converts the light incident from the lens unit 110
into an electrical image signal in step 213. In addition, the image sensor 120 removes
noise from the electrical image signal in step 215. The noise filter 123 of the image
sensor 120 removes noise from the electrical image signal through the bilinear inter-
polation scheme.

In this case, in the noise filter 123, the PSF calculating unit 125 calculates the PSF
from the low-resolution image signal. In other words, the PSF calculating unit 125
defines an addition function by using the low-resolution image signal as expressed in
Math Figure 1. In addition, the PSF calculating unit 125 calculates a PSF(H) from the
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addition function as expressed in Math Figure 3. In this case, the PSF calculating unit
125 may calculate the PSF(H) by neglecting the noise component and applying the
direct inverse. In addition, the PSF calculating unit 125 calculates the PSF(P) by using
the PSF(H) as expressed in Math Figure 4.

Next, in the noise filter 123, the IFT unit 127 calculates an inverse PSF. In other
words, the IFT unit 127 performs an inverse Fourier transform with respect to the
PSF(P). Thereafter, in the noise filter 123, the operating unit 129 performs a con-
volution operation with respect to the low-resolution image signal and the inverse PSF,
thereby removing noise from the low-resolution image signal. In other words, the
operating unit 129 calculates f by using both of the inverse PSF and the Math Figure 2
as expressed in Math Figure 5. Accordingly, the operating unit 129 acquires and
outputs the high-resolution image signal to be output in the noise filter 123.

Subsequently, the image processing unit 130 processes the image signal from the
image sensor 120 in step 217 to generate image data. In this case, the image processing
unit 130 processes the image signal in the unit of a frame. In addition, the image
processing unit 130 outputs the image data suitable for the characteristic and the size of
the display unit 140.

Finally, the display unit 140 displays screen image data output from the image
processing unit 130 in step 219. In this case, the controller 160 determines the storage
of the screen image data in step S221. Thereafter, if the screen image data are de-
termined as being stored as a result of step 221, the controller 160 stores the screen
image data in the memory 150 in step 223. Meanwhile, if the screen image data are de-
termined as not being stored as the result of step 221, the controller 160 does not store
the screen image data. In addition, the controller 160 terminates the operation
procedure of the camera 100.

In other words, in power-on, the camera 100 may repeat the operation procedure
thereof. In this case, the camera 100 performs step 211 to 219 to display a preview
screen image. In addition, the camera 100 may selectively perform steps 221 and step
223 to capture the preview screen image. In other words, the camera 100 may store the
preview screen image which is currently displayed. Accordingly, the camera 100 may
store still images or a moving picture.

According to the disclosure, the image sensor 120 not only converts the light incident
into the lens unit 110 into an electrical image signal, but also removes noise from the
electrical image signal. Accordingly, as the DOE is applied to the lens unit 110, even if
the noise is caused, the image sensor 120 can effectively remove noise. Accordingly,
the optical precision of the camera 100 can be improved.

Meanwhile, the embodiments of the disclosure disclosed in the subject specification

and the accompanying drawings are just exemplary and do not limit the present
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disclosure. In other words, those skilled in the art to which the present invention
pertains will know that various modifications and applications which have not been ex-
emplified may be carried out within a range which does not deviate from the essential

characteristics of the embodiments.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

PCT/KR2013/003011

Claims

An image sensor comprising:

an image detecting unit for converting an incident light into an
electrical image signal; and

a noise filter for removing noise from the electrical image signal.

The image sensor of claim 1, wherein the image sensor is assembled
with a lens unit for receiving the incident light and comprising a
diffractive optical element (DOE).

The image sensor of claim 2, wherein the noise is caused as the light is
diffracted in the diffractive optical element.

The image sensor of claim 1, wherein the noise filter removes the noise
from the electrical image signal by using a bilinear interpolation
scheme.

The image sensor of claim 4, wherein the noise filter comprises:

a PSF calculating unit for calculating a PSF from the electrical image
Sensor;

an inverse Fourier transform unit for calculating an inverse PSF by
performing an inverse Fourier transform with respect to the PSF; and
an operating unit for removing the noise from the electrical image
signal by performing a convolution operation with respect to the
electrical image signal and the inverse PSF.

A camera comprising:

a lens unit for receiving incident light;

an image sensor comprising a noise filter to output an electrical image
signal converted from the incident light by removing noise from the
electrical image signal; and

an image processing unit for processing the output image signal to
generate screen image data.

The camera of claim 6, wherein the lens unit comprises a diffractive
optical element.

The camera of claim 7, wherein the noise is caused as the incident light
is diffracted in the diffractive optical element.

The camera of claim 6, wherein the image sensor further comprises an
image detecting unit for converting the incident light into the electrical
image signal.

The camera of claim 6, wherein the noise filter comprises:

a PSF calculating unit for calculating a PSF from the converted
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[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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electrical image sensor;

an inverse Fourier transform unit for calculating an inverse PSF by
performing an inverse Fourier transform with respect to the PSF; and
an operating unit for removing the noise from the converted electrical
image signal by performing a convolution operation with respect to the
electrical image signal and the inverse PSF.

An operating method of a camera, the operating method comprising:
converting an incident light into an electrical image signal by an image
sensor;

outputting the converted electrical image signal by removing noise
from the electrical image signal by the image sensor; and

processing the output image signal to generate screen image data by an
image processing unit.

The operating method of claim 11, further comprising receiving the
incident light by a lens unit comprising a diffractive optical element.
The operating method of claim 12, wherein the noise is caused as the
light is diffracted in the diffractive optical element.

The operating method of claim 11, wherein the converting of the
electrical image signal is performed by an image detecting unit of the
image sensor, and the outputting of the electrical image signal is
performed by a noise filter of the image sensor.

The operating method of claim 11, wherein the outputting of the
electrical image signal comprises:

calculating a PSF from the converted electrical image signal;
calculating an inverse PSF by performing an inverse Fourier transform
with respect to the PSF; and

removing the noise from the converted electrical image signal by
performing a convolution operation with respect to the converted

electrical image signal and the inverse PSF.
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