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APPARATUS FOR INCREASING SHARPNESS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This application is a U.S. National Stage Application 
under 35 U.S.C. S371 of PCT Application No. PCT/ 
KR2013/011162, filed Dec. 4, 2013, which claims priority to 
Korean Patent Application No. 10-2012-0140880, filed Dec. 
6, 2012, whose entire disclosures are hereby incorporated by 
reference. 

TECHNICAL FIELD 

The teachings in accordance with the exemplary embodi 
ments of this present disclosure generally relate to an 
apparatus for increasing sharpness of an image. 

BACKGROUND ART 

Generally, an image process system goes through a pro 
cess of correcting a distorted image because a distortion 
exists on an image obtained through an image sensor. At this 
time, there is a problem of emphasizing a noise component 
at the same time by emphasizing sharpness of an image 
center in the course of increasing sharpness at a periphery of 
an image, whereby noise of the image center is emphasized 
while a screen becomes fuZZy or awkward due to exces 
sively improved sharpness. 

DISCLOSURE 

Technical Problem 

It is an object of the present disclosure to provide an 
apparatus for increasing sharpness by applying a different 
sharpness gain to a center of an image and a periphery of the 
image. 

Technical Solution 

In order to achieve at least the above object, in whole or 
in part, and in accordance with the purposes of the disclo 
Sure, as embodied and broadly described, and in one general 
aspect of the present disclosure, there may be provided an 
apparatus for increasing sharpness, the apparatus compris 
ing: a sensor unit configured to obtain an image; a detection 
unit configured to detect an edge component of the image: 
and a synthesize unit configured to synthesize different 
sharpness gains according to a position of the image to an 
edge component detected by the detection unit. 

In some exemplary of the present invention, the apparatus 
may further comprise an output unit configured to output a 
final image using an edge component improved in sharpness 
by the synthesize unit. 

In some exemplary of the present invention, the synthe 
size unit may be configured to synthesize a smallest sharp 
ness gain toward a center of the image. 

In some exemplary of the present invention, the synthe 
size unit may be configured to synthesize a larger sharpness 
gain toward a periphery of the image. 

In some exemplary of the present invention, the synthe 
size unit may be configured to synthesize a sharpness gain 
discretely increasing from a center of the image toward a 
periphery of the image. 
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2 
In some exemplary of the present invention, the synthe 

size unit may be configured to synthesize a sharpness gain 
continuously increasing from a center of the image toward 
a periphery of the image. 

In some exemplary of the present invention, the synthe 
size unit may be configured to synthesize a Laplacian type 
sharpness gain to the image. 

In another general aspect of the present disclosure, there 
may be provided an apparatus for increasing sharpness, the 
apparatus comprising: a sensor unit configured to obtain an 
image; a detection unit configured to detect an edge com 
ponent of the image; a filter unit configured to divide the 
edge component to a plurality of frequency bands; a plural 
ity of first synthesize units configured to synthesize respec 
tively different sharpness gains to the edge components 
extracted to the plurality of frequency bands; and a plurality 
of second synthesize units configured to synthesize the edge 
components outputted by the plurality of synthesizers. 

In some exemplary of the present invention, the apparatus 
may further comprise an output unit configured to output a 
final image using an edge component improved in sharpness 
by the synthesize unit. 

In some exemplary of the present invention, the filter unit 
may include a plurality of BPFs (Band Pass Filters) each 
passing a respectively different frequency band. 

In some exemplary of the present invention, the first 
synthesizer may be configured to synthesize a Laplacian 
type sharpness gain to the image. 

Advantageous Effects 

As apparent from the foregoing, the apparatus for increas 
ing sharpness according to an exemplary embodiment of the 
present disclosure can synthesize larger sharpness gains 
toward a periphery of an image compared to sharpness gains 
toward a center of an image to restrict generation of noise 
and to restrict an excessive increase in sharpness toward a 
center of an image as well. 

Furthermore, edge components of an image can be 
divided into each frequency band, and respective sharpness 
gains can be synthesized according to relevant frequency 
bands to reduce generation of noise, and to increase sharp 
ness for each frequency band of edge components. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic block diagram illustrating an 
apparatus for increasing sharpness according to a first exem 
plary embodiment of the present invention. 

FIGS. 2a to 2c are schematic views illustrating an image 
outputted from each constituent element of FIG. 1 according 
to an exemplary embodiment of the present invention. 

FIG. 3 is a schematic view illustrating a method of 
synthesizing, by a sharpness gain synthesize unit, a sharp 
ness gain relative to an edge according to an exemplary 
embodiment of the present invention. 

FIGS. 4a and 4b are schematic views illustrating sharp 
ness gains discretely and continuously increasing from a 
center of an image. 

FIG. 5 is a schematic block diagram illustrating an 
apparatus for increasing sharpness according to a second 
exemplary embodiment of the present invention. 

FIG. 6 is a schematic view illustrating an edge component 
for each frequency band. 

BEST MODE 

While the present disclosure is susceptible to various 
modifications and alternative forms, certain implementa 
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tions are shown by way of example in the drawings and, 
these implementations will be described in detail herein. It 
will be understood, however, that this disclosed concept is 
not intended to limit the disclosure to the particular forms 
described, but to the contrary, the disclosure is intended to 
cover all modifications, alternatives, and equivalents falling 
within the spirit and scope of the concept defined by the 
appended claims. 

Hereinafter, exemplary embodiment of the present dis 
closure will be described in detail with reference to the 
accompanying drawings. 

FIG. 1 is a schematic block diagram illustrating an 
apparatus for increasing sharpness according to a first exem 
plary embodiment of the present invention, and FIGS. 2a to 
2c are schematic views illustrating an image outputted from 
each constituent element of FIG. 1 according to an exem 
plary embodiment of the present invention. 

Referring to FIG. 1, the apparatus for increasing sharp 
ness (hereinafter referred to as “apparatus) according to a 
first exemplary embodiment of the present invention com 
prises an image sensor (10), an edge detection unit (11), a 
sharpness gain synthesize unit (12) and an image output unit 
(13). 
The image sensor (10) obtains an image signal received 

from a camera (not shown) configured to photograph an 
image. The image sensor (10) may be a camera sensor of a 
CCD (Charge Coupled Device) type or a CMOS (Comple 
mentary Metal Oxide Semiconductor) type camera sensor, 
for example. However, the present disclosure is not limited 
thereto, and other devices capable of performing a function 
similar to the camera sensor may be also used. FIG. 2a 
illustrates an image obtained by the image sensor (10). 
The edge detection unit (11) detects an edge component of 

the image obtained by the image sensor (10). For example, 
when the image sensor (10) outputs RGB (red, green, blue) 
images, the edge detection unit (11) may detect a brightness 
(luminance) component (Y) from the RGB images, where 
the brightness component may be an edge component. 
Methods converting RGB components to YCbCr compo 
nents are well known in the technical field the present 
disclosure belongs to, such that no further detailed expla 
nation is provided therein. FIG. 2b illustrates an edge 
detected from the image of FIG. 2a by the edge detection 
unit (11). 

The sharpness gain synthesize unit (12) synthesizes sharp 
ness gains of edges detected by the edge detection unit (11). 
FIG. 3 is a schematic view illustrating a method of synthe 
sizing, by the sharpness gain synthesize unit (12), a sharp 
ness gain of an edge according to an exemplary embodiment 
of the present invention, where (a) expresses an edge 
detected by the edge detection unit (12), (b) illustrates a 
sharpness gain, and (c) illustrates a synthesized result of (a) 
and (b). It can be noted from FIG. 3 that edge of an image 
is further sharpened by synthesize of sharpness gains. 
The sharpness gain synthesize unit (12) according to an 

exemplary embodiment of the present disclosure may dif 
ferently synthesize the sharpness gains in response to posi 
tions of the images. That is, the sharpness gain synthesize 
unit (12) may divide an image to a plurality of concentric 
circles (A), as shown in FIG. 2C, and provide a separate 
sharpness gain to each edge of the image inside the con 
centric circles, whereby respectively different sharpness 
gains can be provided in response to positions of the image. 
To be more specific, Smallest sharpness gains may be 
synthesized for a center of the image and largest sharpness 
gains may be synthesized for a periphery of the image. 
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4 
Sharpness gains, which discretely increase from a center 

of an image or which continuously increase from a center of 
an image, can be synthesized using the sharpness gain 
synthesize unit (12) according to an exemplary embodiment 
of the present disclosure that provides a separate gain to each 
concentric circle to the image as shown in FIG. 2C. 

FIGS. 4a and 4b are schematic views illustrating sharp 
ness gains discretely and continuously increasing from a 
center of an image, where again set along a diagonal line (B) 
of FIG.2c is illustrated, for example. Referring to FIGS. 4a 
and 4b, it can be noted that Smallest sharpness gains are 
provided toward the center of the image for both FIGS. 4a 
and 4b, and largest sharpness gains are provided toward the 
periphery of the image. 
The image output unit (13) may output a final image using 

edge components improved in sharpness. That is, the sharp 
ness-improved edge image is a brightness component, and 
RGB images can be outputted using the brightness compo 
nent. The conversion of brightness image to RGB images is 
well known to the skilled in the art, such that no further 
explanation thereto is made. 
The sharpness gain synthesize unit (12) according to an 

exemplary embodiment of the present disclosure may use a 
Laplacian type sharpness gain. Generally, a Laplacian mask 
is used for detecting an edge of an image, which can be 
expressed by the following Equation 1. 

Again may be expressed by the following Equation when 
using a Laplacian mask. 

Math FIG. 1 

Math Figure 2 

A center constant of the Laplacian mask is negative for an 
upper case of the above Equation 2, and positive for a lower 
case of the above Equation 2. 
The sharpness gain synthesize unit (12) according to an 

exemplary embodiment of the present disclosure has an 
original image at a center of an image and has a result as 
expressed in Equation 2 toward a periphery of an image. A 
gain using the Laplacian used by the sharpness gain Syn 
thesize unit (12) according to an exemplary embodiment of 
the present disclosure may be expressed by the following 
Equation 3. 

Math Figure 3) 
g(x, y) = f(x, y) - G f(x, y)S 

where, r is a distance from a center of an image to an 
outmost area, and (x, y) are a coordinate of a point moved 
from a center of an image. However, the above explanations 
are just examples, and the sharpness gain synthesize unit 
(12) according to an exemplary embodiment of the present 
disclosure can provide sharpness gains relative to an edge 
detected by other methods. 
The apparatus for increasing sharpness according to an 

exemplary embodiment of the present disclosure can Syn 
thesize larger sharpness gains toward a periphery of an 
image compared to sharpness gains toward a center of an 
image to restrict generation of noise and to restrict an 
excessive increase in sharpness toward a center of an image 
as well. 
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MODE FOR INVENTION 

FIG. 5 is a schematic block diagram illustrating an 
apparatus for increasing sharpness according to a second 
exemplary embodiment of the present invention. 

Referring to FIG. 5, the apparatus for increasing sharp 
ness according to a second exemplary embodiment of the 
present invention may include an image sensor unit (20), an 
edge detection unit (21), a BPF (Band Pass Filter, 22), first, 
second and third band gain synthesize units (23, 24, 25), a 
synthesize unit (26) and an image output unit (27). 
The image sensor (20) obtains an image signal received 

from a camera (not shown) configured to photograph an 
image. The image sensor (20) may be a camera sensor of a 
CCD type or a CMOS type camera sensor, for example. 
However, the present disclosure is not limited thereto, and 
other devices capable of performing a function similar to the 
camera sensor may be also used. 
The edge detection unit (21) detects an edge component 

of the image obtained by the image sensor (20). For 
example, when the image sensor (20) outputs RGB (red, 
green, blue) images, the edge detection unit (21) may detect 
a brightness (luminance) component (Y) from the RGB 
images, where the brightness component may be an edge 
component. Methods converting RGB components to 
YCbCr components are well known in the technical field the 
present disclosure belongs to. Such that no further detailed 
explanation is provided therein. 
The BPF unit (22) may extract a particular frequency 

band from an edge of an image detected by the edge 
detection unit (21). That is, the BPF unit (22) may separate 
from the edge of the image to a high band edge component, 
a middle band edge component and a low band edge 
component. Although the apparatus for increasing sharpness 
according to the second exemplary embodiment of the 
present invention illustrates using one BFP it would be 
obvious that a plurality of BPFs may form a BPF unit. 

Furthermore, a high band, a middle band and a low band 
are determined by attributes of an image, which are a 
relative concept, such that the present disclosure is not 
restricted to particular bands. 

Although the following exemplary embodiment of the 
present disclosure describes a case with three BPF units 
(22), it would be obvious to the skilled in the art that the 
present disclosure is not limited thereto. 
The first, second and third band gain synthesize units (23. 

24, 25) synthesize edge images of particular band received 
from the BFP unit (22) by respectively providing a sharpness 
gain thereto. 

That is, an edge detected by the edge detection unit (21) 
is classified to predetermined frequency bands, and separate 
sharpness gains are synthesized on edge components of 
particular frequency bands according to an exemplary 
embodiment of the present disclosure, whereby sharpness 
for each predetermined frequency band can be increased and 
noise can be reduced. 

FIG. 6 is a schematic view illustrating an edge component 
for each frequency band, where (a) is an edge component of 
an image detected by the edge detection unit (21), and (b) (c) 
and (d) are edge components separated by the BPF unit (22) 
for each band. 
The exemplary embodiment of the present disclosure can 

individually extract a frequency band for each image by 
checking a frequency band of an edge component in an 
image. Thus, a frequency band may be determined by an 
image. 
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6 
The synthesize unit (26) can synthesize edge components 

of an image in which sharpness gains are respectively 
synthesized for each band, and the image output unit (27) 
can output final RGB images by using a sharpness-increased 
edge component. 
The apparatus for increasing sharpness according to a 

second exemplary embodiment of the present disclosure 
divides an edge component to each frequency band, and 
applies a separate sharpness gain to each band. 
Again equation used by the first, second and third band 

gain synthesize units (23, 24, 25) may be expressed by the 
following Equation, when the apparatus for increasing 
sharpness according to the second exemplary embodiment 
of the present disclosure uses the Laplacian. 

ath Figure 4 g(x, y) = G,(x, y) + QL-(x,y)- Math Figure 4 

2 x2 + y2 
a GG, (x,y) + QF-1 L- (x, y) 

where, r is a distance from a center of an image to an 
outmost area, and (x, y) are a coordinate of a point moved 
from a center of an image. G, is an image, where an original 
image f is applied with ith Gaussian, indicates information 
on low frequency band, and may be defined by the following 
equation. 

G=G(G.O.) Math FIG. 5 

where, Go defines an original image f, and O’ is a 
constant that affects division of band area. 

Furthermore, L. in Equation 4, which is an image 
removed of G, from G, indicates information on high 
frequency band, C. is a constant indicating an improved 
level of an entire sharpness, and B, is a constant indicating 
a weight for each band, which may be provided by a user 
selection. Thus, Equation 4 may be expressed by the fol 
lowing equation if an edge is divided to three bands as in the 
second exemplary embodiment of the present disclosure. 

Math Figure 6 

oG (G2(x,y) + Bo Lo (x,y) + bi Li (x, y)) 

where, C. is an improved level of an entire sharpness, 
where, an image appears as if the image has not improved 
if C is too small, and the high frequency components of 
edge components or noise components may be highlighted 
if C is too large. Furthermore, B is a constant indicating a 
weight for each band. For example, B indicates again for 
a middle frequency band, if a gain of low band is defined as 
1 according to the exemplary embodiment of the present 
disclosure, f is a gain of a high frequency band, if a gain 
of low band is defined as 1. If B-1, edge components or 
noise components in high frequency components are pre 
vented from being highlighted, and if B-1, the edge com 
ponents or noise components in high frequency components 
are rather amplified. Thus, appropriate selection of C. and B 
is required depending on images. 

However, the above cases are limited to those using the 
Laplacian, and the apparatus for increasing sharpness 
according to an exemplary embodiment of the present 
disclosure may synthesize gains with edge components of an 
image using other methods than the Laplacian. 
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The apparatus for increasing sharpness according to an 
exemplary embodiment of the present disclosure can divide 
edge components of an image to each frequency band, and 
synthesize each separate sharpness gain according to a 
relevant frequency band to reduce generation of noise and 
increase sharpness of each frequency band. 
As apparent from the foregoing, the apparatus for increas 

ing sharpness according to an exemplary embodiment of the 
present disclosure can synthesize larger sharpness gains 
toward a periphery of an image compared to sharpness gains 
toward a center of an image to restrict generation of noise 
and to restrict an excessive increase in sharpness toward a 
center of an image as well. 

Furthermore, edge components of an image can be 
divided into each frequency band, and respective sharpness 
gains can be synthesized according to relevant frequency 
bands to reduce generation of noise, and to increase sharp 
ness for each frequency band of edge components. 
The previous description of the present disclosure is 

provided to enable any person skilled in the art to make or 
use the inventive disclosure. Various modifications to the 
disclosure will be readily apparent to those skilled in the art, 
and the generic principles defined herein may be applied to 
other variations without departing from the spirit or scope of 
the disclosure. Thus, the present disclosure is not intended to 
limit the examples described herein, but is to be accorded the 
widest scope consistent with the principles and novel fea 
tures disclosed herein. 

The invention claimed is: 
1. An apparatus for increasing sharpness, the apparatus 

comprising: 
a sensor unit configured to obtain an image: 
a detection unit configured to detect an edge component 

of the image; and 
a synthesize unit configured to synthesize sharpness gains 

differently in response to an image position of an edge 
component detected by the detection unit, 

wherein the synthesize unit is configured to synthesize a 
Smallest sharpness gain toward an edge component in 
a center of the image and synthesize a larger sharpness 
gain toward an edge component in a periphery of the 
image to restrict generation of noise and to restrict an 
excessive increase in sharpness toward the center of the 
image. 
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2. The apparatus of claim 1, further comprising: 
an output unit configured to output a final image using an 

edge component improved in sharpness by the synthe 
size unit. 

3. The apparatus of claim 1, wherein the synthesize unit 
is configured to synthesize a sharpness gain discretely 
increasing from a center of the image toward a periphery of 
the image. 

4. The apparatus of claim 1, wherein the synthesize unit 
is configured to synthesize a sharpness gain continuously 
increasing from a center of the image toward a periphery of 
the image. 

5. The apparatus of claim 1, wherein the synthesize unit 
is configured to synthesize a Laplacian type sharpness gain 
to the image. 

6. An apparatus for increasing sharpness, the apparatus 
comprising: 

a sensor unit configured to obtain an image; 
a detection unit configured to detect an edge component 

of the image: 
a filter unit configured to divide the edge component to a 

plurality of frequency bands; 
a plurality of first synthesize units configured to synthe 

size respectively different sharpness gains to the edge 
components extracted to the plurality of frequency 
bands; and 

a second synthesize unit configured to synthesize the edge 
components outputted by the plurality of first synthe 
size units, 

wherein the second synthesize unit is configured to Syn 
thesize each separate sharpness gain according to a 
relevant frequency band to reduce generation of noise 
and increase sharpness of each frequency band. 

7. The apparatus of claim 6, further comprising: 
an output unit configured to output a final image using an 

edge component improved in sharpness by the synthe 
size unit. 

8. The apparatus of claim 6, wherein the filter unit 
includes a plurality of BPFs (Band Pass Filters) each passing 
a respectively different frequency band. 

9. The apparatus of claim 6, wherein the first synthesizer 
is configured to synthesize a Laplacian type sharpness gain 
to the image. 


