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Ab皇tract: This paper presents an improved
improve是 unsharp masking (UM) technique that enhances the
Abstract:
quality and suppresses noises for the images
ima辜的 acquired
acquire這 from a noisy environment such as tllken
during
night time. Our approach employs
durin惡 ni在ht
empl句's noise smoothing
smoothin惡 and the idea that important edges
should be enhanced more than minor edges. Edges are classified
c1 assified as silhouette
silhoue悅 and crease edges
(major and minor edges) according
acco的 ing to their lengths. An adaptive weighting
weightin惡 method is used to
enhance the edges.
ed在es. ln
In this way\the
way. the major edges (silhouette) are sharpened
sharpene往 more than minor edges
(crease).
(cre泌的. The proposed method is examined on night images as \vell
\'、 ell as noisy images.
ima盔的. It is also
compared to existing
existin莘 UM-based
UM幽based methods with satisfYing
satis fY in鑫 results.

UM:
Keywords: unsharp masking:
maskin喜;U
絲: silhouette: crease:
c吉它ase: enhancement: detail variance: background
back惡round
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IIntroduction
汲trod 經ction

恥EE-PKEE島陸陸

Image enhancement is 器n
an important issue to many
subsequent images processing tasks. There are many
t. Some focus on noise
methods for image enhancemen
enhancement.
removal,
e.g., median filtering,
removal ，已忌，
filterin哀， others may focus on contrast
enhancement,, e.g.,
e名叫 adaptive histogram equalisation.
equalísation. The
enhancement
median filtering is a common approach to reduce speckle
noise種 Different variations of the median filter have been
noise.
proposed (Premchaiswadi et aaI.,
l., 2010; Hsieh et aI.,
al., 2009;
Ma, 2006; 給lanikandan
al 叫 2004). [n
Ng and Ma,
Manikandan et aI.,
In
Premchaiswadi et al.
a l. (2010), authors used a window and a
core a smaller window inside it. Depending on the number
of black (or white) pixels inside the core
core,, the median
ftI tering is applied on the window or on the core. De
Despite
spite
filtering
medi閥割ter，
filter, it does not work well
the simplicity of the median
when images are highly corrupted. Hsieh et aal.l. (2009)

d.
Copyright 0
© 2015 Inderscience Enterprises Lt
Ltd.

proposed an improved boundary-based approach originated
M 容 (2006). The method first detects noise and
from Ng and Ma
is followed by noise replacement.
repl揖cement. They suggested using the
smalIest
sma
1J est window median filtering to have better quality of
the restored images. On the other hand,
h位ld， Manikandan et al.
a l.
(2004) proposed an adaptive window length recursive
and
weighted median filtering in order to retain the edges 揖nd
fine deta
i1 s.
details.
maskin發 (UM) technique is also a popular
Unsharp masking
(Ramponi ‘ 1998; Polesel
approach in image enhancement (Ramponi,
a1., 2000; ?這
akashizuk揖 and Aokii.
Aokii , 2005; Kim and Cho,
Cho.
et aI.,
Nakashizuka
泊的;
Aghagolzadeh , 2004). The UM
2008; 8adamchizadeh
Badamchizadeh and Aghagolzadeh,
concept is adopted in many digital-imaging
digital幽 imaging software
so說ware
packages, such as Adobe Photoshop and GIMP υVik伊edia).
(Wikipedia).
package丸
The ‘'unsharp'
unsharp' ofthe name derives from the fact
fi蠶ct that the UM
technique uses a blurred (unsharp)
(unsh揖rp) image of the original
unsharp' from the original
image as a mask. Subtracting the ‘'unsharp'
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image
ímage produces the high
hi鑫h frequency portion
portíon of the image.
íma.事e.
Thus
m轟.gnifying the high frequency of the original
or站inal image
ím喜獲B
Thus,, magnifying
enhances the visual quality of the image.
imag也 Equivalently,
Equivalently， UM
high繭.pass filter
fi Iter to produce the high 兮的
uency
method uses a high-pass
frequency
portion of the image and enhance 命
thee image by adding
addin 慈 back
frequency ，在s
(的.
).
a scaled high frequency,
as given in the equation (1
{l )
( 1)
Y(n,m)
+ λxZ(代
A. x Z(n,m),
Y(n , m) = I(n,m)
I(n， m)+
m)，
where I(n,
I(n , m) is the original image,
image, Z(n,
Z(n , m) is the
ima伊 produced by a
portion of the original image
high-frequency po的ion
A is a (global) scaling factor,
high-pass filter,
fia紋， λis
factor , and Y(n,
Y(n、 m) is
the enhanced image.
of the
There are many ways for generating Z(n,
Z(n , m). One ofthe
most basic linear methods is Laplacian filter,
filter, but there are
ofthe
the noise. And
two drawbacks. It increases the sensitivity of
it may cause overshooting problem in the high-frequency
part and under shooting problem in the low-frequency part
of the enhanced image. To suppress noises
noises,, nonlinear
polynomial operator is often used as in Ramponi
R品mponi (1
(1998),
998),
al. (2000) and Nakashizuka 間d
and Aokii (2005).
Polesel et al.
Cubic unsharp masking (CUM) is one of the most
(Ramponi 令 1998). CUM
CU泌1 effectively
representative method (Ramponi,
suppresses noises when the image is moderately darnaged,
damaged,
but it enhances the noises when the image is seriously
damaged. In addition. it tends to have the over/under
shooting along the borders of edges. To solve the over/under
U治 (Polese!.
(Polesel‘ et aI.,
al 可 2000) was
shooting problem
problem,, adaptive UM
scali時 factors for
proposed such that they used different scaling
high-,
higl卜， medium-,
medium- , and low-frequency parts of the image. But
the price is the complicated algorithm with many
parameters
pararneters.
parameters. It may not be easy to choose suitable paramcters
gíven image. In Nakashizuka 部
andd Aokii
Aokií 泣。05)，
(2005),
for a given
R位泣 poní (1998),
(199的， it used 在
a
improved from the method of Ramponi
cascaded configuration of cubic unsharp masking
站在sking
(CS-CUM) to simultaneously remove image noises and
improve image quality. Authors especially emphasised on
edge\According
According to Nakashizuka 翻d
and
the continuity of the ‘'edge'.
Aokii (2005)
(2005),, their method can effectively reduce the noise
arnplification value about one-third along edges comparing
amplification
Ramponi (1998).
However,, in smooth area,
to that in Rarnponi
(199的. However
area, it not
to suppress the noises but also
a1 so amplifies
arnplifies the noise.
only fails 毛o
Kim 組d
and Cho (2008) probed the relationship between
textures and noises. They
Th ey classified
c1在ssified four kinds of textures
te到ures
that all share the same property of large local variances just
like noises do. The proposed method helps to cI
ear out
clear
texture and noise somehow,
somehow , but it did not suppress noises
在nd cannot distinguish all
a lJ possible textures
te別ures from noises. In
and
Russo (2002)
(2002),, a sharpening method combining fuzzy
fuz勾 theory
UM was proposed. They used fuzzy theory to locate
and LIM
resu1t in Russo (2002)
and smooth noises. The experimental result
is good with the cost of computation due to iteration of the
method.
Recently , the resear
Recently,
research in image rendering of computer
graphics has a progressive development owing to the
popularity of video games, simulators, movie or TV special
effects, etc. To have a better visual effect, the contours of
interested objects are usually enhanced. Particularly, edges
are classified as silhouettes and creases according to

whether they are major edges or minor edges. A silhouette
will be enhanced more and a crease will only be enhanced
Salesin,, 1994; Chen,
moderately (Winkenbach and Salesin
Chen , 2003;
Yang and Yang,
Yang , 2006).
conditions,,
When taking digital photos in low light conditions
charge咀coupled device (CCO)
(CCD) or complementary metal
charge-coupled
oxide semiconductor (CMOS) sensor chips take a longer
exposure time to acquire the necessary light.
light. However, a
longer exposure time causes camera shake if a tripod is not
used. A solution commonly adopted by automatic digital
digìtal
carnera
amount of
camera is to use a higher ISO. ISO means the arnount
sensitivity of Ii
light
ght falling
fa l\ì ng on sensor. However, a high digital
Thee noise occurs because of
photography ISO causes noise.
noise ‘Th
the physical properties
properti鈞。f
of light-sensitive components
components,, for
example,
noise,, fixed pattern noise,
example, read noise,
noise, dark current noise
noise弓
etc. These noises in the mathematics can be divided into
uniform noise,
and they
noi 紛， Gaussian noise,
noise , impulse noise,
noise, etc.,
etc. ，在nd
greatly reduce the image quality.
How to sharpen
sh器rpen and de-noise
d哲明。ise images taken in low light
examined in
i民 this study. The proposed method
conditions is exarnined
tech泌伊拉鏘
is combining UM technique
andd the concept of major-minor
ed忽悠. The method first identifies 車就d
noises, then
edges.
and smoothes noises,
det的ts and classifies
CI紛紛 fies edges
ed您的紛紛
into silhouettes and creases. In
detects
this
th於 1布在y，
way, proper weights can be assigned and,
and, therefore,
therefor章，
edges are enhanced appropriately.

2

Proposed method

γhe
The outline
outli只e
:苑露當
re
Figure

of
ofthe
the proposed algorithm
al怠。rithm is given in Figure
Fi惑 ure 1.
I.

1 FIO\\
FI O\\ diagram
dia學 ram ofth<! propos.:J mdhod
method (8CC oolio.:
onlin.:
wrsioo fi)r
wrsion
f()r ∞
colours)
lours)

For a given greyscale image λit
I, it generates
gener泌的 a de-noised
image D 翻d
and a high-frequency image L by Laplacian
method,, we only
operator. Contrary to the traditional UM method
ass憬lÎ均 weights.
wei拚紙
enhance the important portion of L by assigning
Importance depends on whether they are major or minor
applied on D to detect edges
edges. Canny operator is 揖pplied
(Canny,
(Canny , 1986). Silhouette
Si1 houette and crease are classified,
c1 assified , and
th皂的ighting
the
weighting matrix is determined such that the major
edges (silhouette) deserve more weights.
weights盔 By multiplying

.4
n VAl-based
U刀'-based silhouetle耐crease
no旬， images
An
silhouette-crease edge enhancementfor
enhancement/or noisy
eιG.

隨巴必

tte

，

w

ed
13;

吼叫防

IS,

tal

;er
a

叫叫 d 叫附們的快

a

lot

tal

of

tal

of

Wand
the weightin鑫
and the Laplacian image L
weighting matrix 紗.
position-wise,， the true edges of I can be more appropriately
positio心wise
represented. Fina
Finally,
l\y ‘ the enhanced image is obtained as in
equation (2).

0=
D+AX(WX
O=D+
λx (Wx L),
L),

Laplacian operator c如
can be used to detect pixels where
Laplaci如
2(a) is a night view of Tamsui
intensity changes. Figure 泣的
City,, Taiwan. A point 紋，
(x, y) on the
River in New Taipei City
IL(x, y)1 益的NOls.e﹒
.2: thNoL<e' The
J is a noise candidate if 院紋，
original image 1
value,, IL(x
IL(x,, y)l
y)l,, reflects how large
magnitUde of Laplacian value
magnitude
thsoi.,e is a threshold.
point,, and th枷吋
the intensity changes at this point
noises and edεe
edge points.
Noise candidates include both noise草鞋.nd
conditions.,
By observing many images taken in low light conditions
the noises from hi惡h
high ISO have blobs with size not larger
than 3 x 33,, whereas the edges points usually form blobs
larger than tha
that.
Therefore,, by co
connected
(CC)
t. Therefore
.n nected component (C的
candidates,, we label those
analysis on those noise candidates
candidates to be noises if the CC has the size not larger than
noises,, the intensity of every noise point P
3 x 3. To smooth noises
is replaced by the average intensity value taken from
Pl.
non幽noise
J (centred at P).
non-noise points of a 5 x 5 window on 1
2(b) shows the smoothed result D.
Figure 泣的

如凹，叫做間
hm叫

od

lor

en
In
re,

The night view of
Tamsui River.
ofTamsui
River, New Taipei City.
City,
Taiw an, (a) original
ori惡inal image 1 (b) image
ima草e after noise
Taiwan,
removal D

detection and Stψ
suppression
Noise detectíon
']Jression

ie,,
;e

:ht

Figure
Fig祖 re 2

is the output image
image,, ilit is the 只在ling
scaling factor
factor,, image L
where 0 Îs
Laplacian filter on
is the image after implementation of the Laplaci直到
1, rr is the weighting matrix (its size is the s在me
same as the
λrr
imaεe
J咆吟， and imaεe
image 1's),
image D is the image after noise removal.
The details are given in the following.

2.1

ey

and crease.
iII ustrates the classification
classificatio.n of silhouette
sìlhouette 在nd
illustrates
(跡， noises are eliminated further in (b).
(制.
Comparing 抽)
(a) and (b),

(2)

or

Ito
1tO
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2.22
之

(品)
(a)

class(fication
Edge detection and class(fìcation

Canny edge detector is applied on the smoothed image D to
parameters.
find edges. Canny edge detector has three parameters給
Gauss
治n blur of CJ
九 > T
t>. A
(f,, double thresholds T
TI1 and Tz ((72
Td.
Gaussian
larger CJ(J is more suitable when the image noise is severe.
T,1 ìs
is fixed
fixed,, the sma
smaller
T22 the more ed草e
edge points 在m
are
l1 er T
When T
T1 is fix叫，
fixed, the smaller T
Tl1 the more edge
detected; when 九
吟詠
points are detected. Fìgure
Figure 3(
3(a)
is the result of edge
poìnts
這etection
(f 且
'" 0.6‘
0.6, T
TI1 咕
"" 150 and
detection from Figure 2(b) with σ
T
, = 200.
Tz'"
Improving the contrast of contour and details is critical
However,, the
for an image to have a good visual quality. However
principal contours deserve more enhancement than fine
silhouette and
. details do. Therefor缸，
Therefore, we adopt the concept of sìlhouette
crease,, and 在ssign
assign them different enhancement weights. To
crease
distinguish between silhouettes
silhouettes,, principal contours or major
edges,, we take the
edges, and creases
creases,, fine details or minor edges
ed怠es，
lengths of curves into consideration. Since Canny edge
one-pixel width edges、
edges. the len草th
length of a
detector produces one-pìxel
curve can be defined as the number of edge pixels. Taking
two threshol仇
Tu 在nd
(TL1 翠丸之
)， a continuous curve is
thresholds,， Tu
and T
T12
~ Td,
12 (TLI
enough,, length 這
.2: TL2
a silhouette if it is long enough
L2 ，, and it is a
TLI
Finally,
紗， the rest
crease if its length is between T
L1 and TL2 • Final
of edges which from continuous curves with length less than
TLI
eliminated. Figure 3(b)
T
L1 are not important and they are elíminated.

(b)

2.3

Thee assignment
Th
ass捏nment ofadaptive
01 adaptive weights

To assign weights to silhouettelcrease,
silhouettelcrease可 two binary images
are created. One is having ones on those points belonging to
and the other is having
havìng ones on those
silhouettes (image S) 在nd
cre泌的 (image
(ìmage O.
C). To S,
S, a morphological
points belong to creases
applied , and a
dilation with a structuring element of 3 xx 3 is applied,
Gaussian
Gaussi 在n blurring
blurrin忍 is applied next.
next. To C, a Gaussian
Gaussìan blurring
is applied. Now combine these two images into a weighting
matrix Was in equation (3).

,

w(i .) =
叫人 j)= ，
,j

s(i,j)
s(i, j)

if c(i,j)
c( i, j) = 0 and sU,j)
s(i, j) "" 0,
0,

c(i , j)
c(i,j)

if c(i,j)
c( i ,j) "" 0 and s(i,j)
s(i, j) = 0,
0
, (3)
'fc(")
0 and
d ss(i
(I,j)
..
if c(i，
j) 訴
,j) ""
"" 0
0,, (3)
1
I,j
"" o an

max(s(i,~),C(i,j»

Imax(紹，舟，叫人 j))

1

o

others.
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(i, j) is the weight assigned to point on (i, j)
where w
w(i,
position,, s(i
s(i,, j) and c(i,
position
c(i, j) are the values on point (i, j) in
images S and C respectively. To have a vision of the
Fi那re 4 shows W in tenns
weighting matrix W
W,, Figure
terms of a
g矜持cale
image
with
intensities
proportional
to
the
weights.
greyscale
Note that
that,, a 3 x 3 dilation is to emphasise more on
silhoue悔諒解丸
G制 ssian blurri時似個dard
silhouette
edges, and a Gaussian
blurring (standard
deviation = 1) makes weights diminished gradually as points
departed away from those edge points (silhouette or crease).
creas哼，

Gaussian blurring. Figure 4(b) shows the final result of the
image
im揖.ge on Figure 2(a).
2(紗，
the result,
(a) the weighting
Figure 4 The adaptive weight and
an通知
result、(的
wei皂hting
matrix
W (b)
(b) the
matrix W
the final
fi閑I enhanced
enhanced result
result

Figure 3 Edge detection 紛d
0 1' D in Figure 泣的，
and classification of
2(b),
1t of canny edge
edεe detector (b) edges are
(a) resu
result
classified as silhouettes (in yellow) and creases
Ct單 ases
(in white) (see online version for colours)

\."

Ae'九J
，為、

:、

(b)

3

(b)

Image enhancement
22.4
.4 1mα:ge
Finally,
Finally , UM technology for image enhancement is
implemented as in equation (2). Comparing to the
traditional UM method,
method, our method smoothes noises first to
avoid noises erroneously magnified,
magnifi咐， and it soothes the
over/under shooting problem and gives 轟a natural look on
edges on the enhanced image since weights are smoothed by

Experimental resnlts and analysis

To verifY
veri fY the proposed algorithm,
algorithm , we use night images and
noisy (synthetic and 描tural)
natural) images as sample
s敏說ple images.
in here.
Three existing
here.γhree
existin怠 methods are
Partial results are shown 泌
compared: CUM (Ramponi,
∞mp器red:
(l至amponi， 1998),
1998), CS-CUM (Nakashizuka
(N akashizuk在
and Aokii,
Aokii , 2005),
2005), and Kim's feature
fe誰知re and noise adaptive
ad在ptive
2008).
UM (Kim's) (Kim and Cho,
Cho，諦。
8). Parameter settings are
adopted from their papers.

3.1

Parameter setting
Par

Our method has several parameters:
p訂amet拉r怨耽$仗 the enhancement
scaling
factor
in
equation
s鈴
caling f:臼
齡cωto
a
蚓討r 1
λ i泊
n 缸呵
qu
刪訓i切
on (2),
(2
勾)， thNoise
th，的oìse in determining the
(J, Tb Tz in Canny
detector,, T
TLh
T,.2
noise candidates,
candidates，吭吭，几
C部ny edge detector
,.2
Lh T
determining silhouette
in detennining
siJ houette and crease.
cr臼se. Table 1 gives the

An Ulvl-based
Ui帖based silhouette-crease edge enhancement
enhancementfor
for noisy
noi.紗'images
images
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experimental values
valu的 that they give satisfactory results in
genera
general.1.

properly enhanced edges (with variance 4,779.59.
4有 779.59‘ larger
than the original's).

Table I

Test 2

Parameter default values
T2
200

20

令ta-

,

T

150
i
章。

0.6

fdm 凸v

25

mh一 7

σ-M

幽

Eω

S

0.35

一圳
-5

，你-2

-a、J
閥、3

A
、 mo

t"

70

A
Although
1though the parameters setting in
inτable
Table 1 is applicable to
images in general,
gener訓， however,
however, it may not be suitable when the
example,, when Gaussian
image is severely damaged. For example
noise of variance 50 is added
added,, there are many noise
candidates and it is possible that some noises link up to be
large blobs. Then these noises w
will
il1 be mistaken to be edge
ed伊
Tt, T2,
points and magnified in later process. Thus,
Th us, in a fixed 九九
TfJ,
九J， T，.三
TI.~ consideration,
consideration ， we take a small rectangular area from
smooth background to serve as an estimate of noise for the
ima忠告. Observing
Observin忍 from many experiments we have done
done,,
image.
the parametersσand
parameters (1 and thNOI
thNOIS<!
S<! can be adjusted accordingly
acωrdinglyas
as
in equations (4) and (5) where 0'v is the intensity variance
varianc話
(4)., logarithm
v,, so
from this area. In equation (4)
10鑫arithm is applied on v
small
smaII variations on v do not affect the results. For example,
example,
in Figure 5,
5, Lena with Gaussian noise of
ofvariance
variance 50 added
added,,
three different smooth rectangular areas (in blue
to
blue,, from top 紛
bottom, left to right) have variances (v)
bo役。吼
(付 160,
160， 175,
1 呵， 158,
158 ,
respectively. After evaluation 台om
from equations (4) and (5)
(5),,
the values for
0"
and
th,vOls<
are
0.81,
0.83,
0.81,
and
21,22,
forσand thλ'(lIS.
0.81 , 0.83 , 0.81 ,
針， 22，
2 1.時spectively.
21.
respectively.
[0.6
if v ~三
~ 60,
60‘
0.6
(4)
σ~{ - --_.尋)

0.5231 xX 10gIO
10.5231
log ,o 0'v-0.3416
-0 .3 416 if vv>
> 60,
60 ,

0"

沁

ds

…-

if
if
令J

、3

越心

X

可卻

惜、ν

OO

σ

1L

25

itL

'、
U

iza--EK
/iill、s4

',,

. 1No,",'z't =
th

553

237HAHU

15

l zsfJ

••
30.385 x 0" - 3.4231

J

v~ 60
60,,
O'~
O';?!
v;?!

300
300,,

(5)

if 60 < 0'v ~ 300.

As for the scaling factor ).,
)" ititεives
gives good results for values
between 0.35
0 .3 5 and 0.5 (0
(0.35
.3 5 is used throughout the tests).

33.2
.2 Experim
Experiml!nls
l!nls and dala
data
官1ree
Three tests 誰re
are

implemented. One is referring
I它ferring to high ISO
problem. The second test is app
applied
1ied on the synthetic grey
image. Finally,
(DY) and
Finally‘ the terms detail variance (DV)
(BV) as in (Ramponi,
background variance (BY)
(Rampo剖， 1998) are
adopted 必r
for evaluating the performance of algorithms.
Test I

Night image (ISO 800) Olympus E-5
E-51O.
1O.

Figure
Fi客ure 6 shows the enhanced results by different methods.
Noises are erroneously magnified in all
alI你)
(b) to (d).
(訂. We
further examine the enhanced
enh 在nced results in two areas,
areas‘ smooth
and textured as indicated in Figure 似的.
6(a). The enlarged
corresponding areas with variances are shown in Table 2.
As we know
know,, after enhancement,
enhancement, the variance in smooth
sm∞th
area is smaller the better
better,, and the texture
text紛紛 area is larger
the better. The figures in Table 2 do confirm that
th在t the
proposed method effectively suppressed the noise
noÎse
(with variance 13.56,
13 .5 6‘ smaller than the origina
l' s) and
original's)

Figure
Fi蠶ure 5

Gaussi發n noise
Synthetic image with Gaussian
(variance 50) added.

Lena with Gaussian noise
noí紡 (variance
(varíance = 50) added where
blue boxes are 巡ed
used in illustrating equations (4) and (5)
(5悅。nline
(see
online version for colours)

Re單位lts are summarised in Table 4
4,, referring
refemn鑫 to
Note: Results
Test 3.

Figure
Figur夸 7 shows the enhanced results by different methods.
to 組)，
(d), not only noises are erroneously magnified
magnified.‘
In (b) 10
there are blac
kJwhite ghost lines along the true line
black/white
re組1ts in two
segments. We also examine the enhanced results
a給訟，
7(a). The
Th e
areas, smooth and textured as indicated in Figure 欠的.
a紛紛 with variances are shown in
enlarged corresponding areas
τable
Table 3. Again,
Again , the figures in Table 3 do confirm that the
proposed method effectively suppresses the noise and
properly enhanced edges.
Test 3

Objective evaluation on Len.αwith
Lena with noises.

As different algorithms use various par滋neters，
parameters, the overall
judge. Thus. the
image quality sometimes is difficult to judge.τhus，
DY and BV
BY as in Ramponi (1998)
(1 998) 器re
are adopted for
terms DV
evaluating the performance of algorithms. Take a noise-free
image and classify each point to be a background pixel or
Then. apply
detail pixel according to its local variance.
variance.τhen‘
enhancement algorithms to the test image with noise added.
The DV
DY (BV)
(BY) is the average
aver揖ge variance from those detail
(background) pixels in the enhanced image. By tuning the
scalin忍 factors λin
1 in different enhancement methods to make
scaling
the enhanced images
ima慈控s having the same DV. we compare BV
BY
for different methods. Now these enhanced images are
enhancement,, then the result with
under the same degree
deεree of enhancement
small BV
BY would be desired. Lena with Gaussian noise of
variance 50 added is tested as shown in Figure 5. The results
of BV
BY and DV
DY (fixed to be close
c1 0se to 953) are shown in
Table 4. We can see that our method reduces BV
BY to less
than a half of Kim's and CS-CUM's,
CS-CUM ‘趴 and about three
CUM冷. Comparing to their methods
methods,, the
quarters of the CUM's.
proposed method significantly reduces noises that appear in
the homogeneous regions of the input image while raising
detai\ regions.
the contrast of the detail

F

.
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的單ure6
Figure 6

SH. Yen et al.
S-H.
ai.
ηle
The

enhanced results
r草sults on high ISO night image where two yellow box的
indic做的 the areas for later
laterωmparison，
boxes in (a) indicates
comparison,
(亞)闊的
o n1 ine version for colours)
(a) original (b) Kim's (c) CUM (d) CS CUM (e)
ours (see online

(在)
(a)

(b)

(0)

(d)

(亞)
(e)

are summarised in Table 22,, referring
to τest
Test 1.
Note: Results
Resu1ts 滋草
referrin囂的

An UM-based
UAI-based silhouette-crease edge enhancementfor noisy images
Fig發 re 7
Figure

333

The enhanced results of different methods on the synthetic
sy經thetic image with noise added wt時re
where two ye
yellow
l1 0w boxes in 絢
(a)l indicates the
areas for later comparìson
comparison,, (a)
(的 original
ori皂 inal (b)
(bl Kim's (c)
(叫 CUM
CUM((d)
心 CS
CSCUM
CUM (e)
(的 ours (see online version for colours)
coloursl

(益)
(a)

t, b )
(b)

(c)

(d)

(e)

Note: Results are summarised in Table 33,, referring
retèrrin鑫 to Test 2.
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Table 2

Regional comparison as indicated in Figure 6(a)

Method

Kim's

CUM

CS-CUM

Ours

60.91

68.51

40.11

13.56

Smooth
area

Variance

22.57

Texture
area

L"..車2.EXEEZ電

「--司-司可-團

一
4406.97

Variance
Table 3

5019.01

4889.52

4779.59

Kim's

CUM

CS-CUM

Ours

134.63

363.68

286.98

645.75

107.17

2司
834.99
2,834.99

44,028.75
, 028.75

33,974.85
,974.85

44,055.44
,055 .4 4

3.075.92

5018.87

Regional comparison as indicated in Figure 7(a)

Method

Smooth
area

Variance
Texture
area

Variance
Table 4

Lena (with Gaussian noise ofvariance
of variance = 50) ofBV
value comparisoll
comparison (D
(DV:::
V::: 953)
None
(noise-free)

Kim;、w
Kim:\'

CUM

CS-CUM

Ours

BV

22.61

27
1. 41
271.41

167.08

290.56

127.04

DV

457.60

953.03

953.49
953
.49

953.54

953.30

Method

4

assigned. By this way,
way , the problem
prob1em of
0 1' noises caused by high
[SO
ISO for images taken in low light conditions is solved. The
parameters in our method are provided in the paper which is
applicable to most images. Users can also
a1so specify a smooth
rectangular area to reflect the noisy degree of the input
way , the parameters can be adjusted
image. [n
In this way,
method , visual
accordingly. To evaluate the proposed method,
qualities and quantitative evaluations are both presented.
ou恥rformed existing methods.
The method outperformed

Conclusions

This paper presented a UM-based image enhancement
UM , our method first detects and
method. Unlike traditional UM,
suppresses noises before magnifying the high frequency
portion of the image. Also
Also,, to have a more natural
enhancement visual effect along edges
edges,, silhouette and
crease edges are classified and different weights are
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