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masking in non-subsampled contourlet
transform domain
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Abstract
The intelligibility of an image can be influenced by the pseudo-Gibbs phenomenon, a small dynamic range, low-contrast, blurred edge and noise pollu-

tion that occurs in the process of image enhancement. A new remote sensing image enhancement method using mean filter and unsharp masking meth-

ods based on non-subsampled contourlet transform (NSCT) in the scope for greyscale images is proposed in this paper. First, the initial image is

decomposed into the NSCT domain with a low-frequency sub-band and several high-frequency sub-bands. Secondly, linear transformation is adopted

for the coefficients of the low-frequency sub-band. The mean filter is used for the coefficients of the first high-frequency sub-band. Then, all sub-bands

were reconstructed into spatial domains using the inverse transformation of NSCT. Finally, unsharp masking was used to enhance the details of the

reconstructed image. The experimental results show that the proposed method is superior to other methods in improving image definition, image

contrast and enhancing image edges.
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Introduction

Various factors blur the visual effect and reduce image con-

trast during image collection and transmission. Image

enhancement is an image-processed method that can improve

image quality, enrich information and strengthen the effect of

image interpretation and recognition. Existing image

enhancement techniques are mainly based on spatial domain

and transform domain. Methods based on the spatial domain

include direct grey level transformation, spatial filtering and

histogram processing (Buades et al., 2005; Cosman et al.,

2014; Di and Gao, 2014; Jain, 1989; Thien et al., 2014; Yang

et al., 2003). Methods based on the transform domain trans-

form the image from the time domain to the frequency

domain and then process the coefficients of the frequency

domain to enhance the image. Examples of this method are

algorithms based on the Fourier transform (Backstrom, 2014;

Hirschmugl and Gough, 2012; Weisstein, 2015), the wavelet

transform (Bhadauria and Dewal, 2014; Iqbal et al., 2014;

Vijayan M et al., 2014) and the stationary wavelet transform

(Demirel and Anbarjafari, 2011). The multi-resolution analy-

tical method, represented by wavelet analysis (Brown, 2000;

Gelman et al., 2005), can suppress the noise of the image

while enhancing image details. Additionally, it is easy to con-

trol the regions and targets to be enhanced. Separable two-

dimensional wavelet functions, expanded by one-dimensional

functions, can only capture limited directions, so that the

directional information of image cannot be easily represented.

The non-subsampled wavelet transform (NSWT) (Mallat,

1989) solved the lack of shift-invariance by downsampled

wavelet transform, but the resulting image are often not well

reserve the details of the original image features neither in the

downsampled nor in the non-subsampled wavelet transform

domain, the fundamental reason for which is that the wavelet

analysis is not the most optimal function representation

methods in the two-dimensional space and cannot depict geo-

metry information in the image. The contourlet transform

(CT) overcame this defect associated with the wavelet trans-

form (Do and Vetterli, 2002a, 2002b, 2005; Li and Zhanli,

2014; Swaminathan et al., 2013), as it has good expression

performance for two-dimensional images, and is convenient

and fast. However, CT also has the drawback of lacking the

shift-invariance as the wavelet transform because of the

downsampling process. Such a drawback can result in
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production of the pseudo-Gibbs phenomenon around singu-

larities when using the CT in image enhancement (Do and

Vetterli, 2002a, 2002b; Yin et al., 2013; Yu, 2012). The trans-

lation invariant issued to wavelet threshold denoising can

take away the pseudo-Gibbs phenomenon, but its computing

efficiency is low. This study attempts to compensate for the

pseudo-Gibbs phenomenon using a non-subsampled contour-

let transform (NSCT) (Cunha et al., 2005; Da Cunha et al.,

2006; Das and Kundu, 2012; Srivastava and Khare, 2015),

which can effectively enhance image details and edges, while

avoiding the introduction of new noise. Compared with

NSWT, NSCT can provide a better restoration of the image

and keep better structure detail, but there are large amounts

of operational data and hard computational complexity, so it

is difficult effectively to use for some applications that have

the higher requirements of real time.

The mean filter is a basic spatial filtering method used in

image processing and the most familiar application of it is

noise reduction (Bin et al., 2011; Kumar, 2013; Li et al., 2014;

Liu H et al., 2010; Liu L et al., 2015). A new remote sensing

image enhancement method based on NSCT in the scope for

greyscale images is proposed in this study, in which mean fil-

tering is applied to the frequency domain for denoising. The

details of the method are as follows: first, the initial image

was decomposed into the NSCT domain with a low-frequency

sub-band, and several high-frequency sub-bands. Secondly,

the mean filter was used for the coefficients of the first high-

frequency sub-band for denoising. Linear transformation was

adopted for the coefficients of the low-frequency sub-band

for enhancing contrast. Then, all sub-bands were recon-

structed into spatial domains using the inverse transformation

of NSCT. Finally, unsharp masking was used to enhance the

details and the edge of the reconstructed image. Compared

with the NCST-UM method, the image definition was

increased by 31.8% using the proposed method, the grey

mean was increased by 3.7% and the image contrast was

increased by 24.0% on average.

Theoretical analysis

Non-subsampled contourlet transform (NSCT)

CT is a multi-resolution analysis method for decomposing sig-

nals into multi-dimensional and multi-directional detail sub-

bands, allowing for efficient capture of the geometric structure

and characteristics of an image. It can achieve better expres-

sion of the image than the wavelet transform. Moreover, it is

easily adjustable for detecting fine details in any orientation

along curvatures, which results in more potential for effective

analysis of images. The initial image is decomposed into a

series of low- and high-frequency sub-bands on different

scales by the Laplacian pyramid (LP) and directional filter

bank (DFB) of the CT. This eventually creates multi-resolu-

tion, local and multi-direction expressions of the image.

However, theoretical analysis of the CT shows that there is a

downsampling process in the LP and DBF of the CT. This

downsampling produces a pseudo-Gibbs phenomenon around

singularities, because it lacks shift-invariance, which weakens

the local quality and characteristics of the directional selec-

tion, resulting in image distortion in a certain direction.
NSCT is developed on the basis of CT, which not only

possesses the multidirection and multi-scale aspects of CT,

but also the shift-invariance that CT lacks. NSCT consists of

two filter banks, i.e. the non-subsampled pyramid filter bank

(NSPFB) and the non-subsampled directional filter bank

(NSDFB), as shown in Figure 1(a), which split the 2-D fre-

quency plane in the sub-bands illustrated in Figure 1(b). The

NSPFB provides non-subsampled multi-scale decomposition

and captures the point discontinuities. The NSDFB provides

non-subsampled directional decomposition and links point

discontinuities to linear structures. NSCT will more efficiently

capture the geometrical characteristics of the image, and noise

can be better separated from the weak edge information of

the image in the NSCT domain. Therefore, NSCT is widely

applied in many fields, for example extraction of image

Image

H0(Z)

H0(Z2)

H1(Z2)

Lowpass
sub-band

Bandpass
directional
sub-bands
of scale 2

Bandpass
directional
sub-bands
of scale 1

NSPS

H1(Z)

NSDFB

ω2

ω1

(π, π)

(a)            (b)
Figure 1. Overall structure of the non-subsampled contourlet transform (NSCT): (a) non-subsampled filter bank structure; (b) the idealized

frequency partitioning.
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characteristics, image enhancement, image denoising and

image fusion. NSCT is used for image enhancement in this

study.

The non-subsampled pyramid filter bank (NSPFB). The funda-
mental building block of NSP is a two-channel filter bank

without upsamplers and downsamplers (Ganasala and

Kumar, 2014). Figure 2(a) shows the ideal frequency

response. The first-stage analysis filters are expressed as

Hk(Z)(k=0,1) and the synthesis filters are expressed as
Gk(Z)(k=0,1). The perfect reconstruction condition is

given as

H0(Z)G0(Z)+H1(Z)G1(Z)= 1 ð1Þ

The two-stage decomposition structure of NSPFB is shown

in Figure 1(a). By upsampling the filters of the previous stage,

the filters for subsequent stages can be acquired. So without

additional filter design, it possess the multi-scale property.

H0(Z) and H1(Z) are first-stage low-pass and band-pass fil-

ters, H0(Z
2) and H1(Z

2) are second-stage low-pass and band-

pass filters.

The non-subsampled directional filter bank (NSDFB). The fun-

damental building block of NSDFB is a two-channel fan fil-
ter bank. Figure 2(b) show the ideal frequency response. The

analysis filters are expressed as Uk(Z)(k=0,1) and the synth-

esis filters are expressed as Vk(Z)(k=0,1). This results in a

tree composed of two-channel non-subsampled filter banks

by a quincunx matrix given by

Q=
1 1

1 �1

� �
ð2Þ

Uk(Z
Q)(k=0,1) are the second-stage synthesis filters. Four

directional sub-bands (yk, k=0,1,2,3) are gained by the two-

stage analysis NSDFB in Figure 2(c). The l stage NSDFB can

generate 2l directional sub-bands.

Mean filter

The mean filter algorithm, also called neighbourhood aver-

aging, is a traditional image processing method. For the pre-

valent white Gaussian noise, mean filters have a better

restraining effect compared with a median filter. The mean

filter algorithm replaces the value of every pixel in an image

with the average of the intensity levels in the neighbourhood

that are defined by the filter mask. For example, we choose

33 3 template and the average value at any location (x,y) in

the image is the sum of the nine intensity values in the 33 3

neighbourhood centred on (x,y) divided by 9. Letting zi,i=1,

2, ., 9, and denoting these intensities, the average is

R=
1

9

X9

i= 1

zi ð3Þ

Figure 2. (a) Ideal frequency response of the building block of non-subsampled pyramid filter bank (NSPFB); (b) ideal frequency response of the

building block of non-subsampled directional filter bank (NSDFB); (c) four-channel analysis NSDFB structure.
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Although the mean filter method is simple, fast and can effec-

tively reduce noise in images, it also creates blurred edges. To
reduce this side effect, the mean filter algorithm is combined
with the unsharp masking method in this article.

Unsharp masking

The unsharp masking method (_Ilk et al., 2011; Kwok and Shi,
2014; Polesel et al., 2000) is an algorithm that is commonly
used for edge enhancement. In this method, the edge sharpen-

ing is accomplished by subtracting the Laplace filtering com-
ponent from the original image using the following equation:

g(x, y)= f (x, y)+K 3 (f (x, y)� f 0(x, y)) ð4Þ

where f(x,y) represents the original image, g(x,y) represents
the enhanced image with unsharp masking method and f’(x,y)
represents the artificial vague image, namely the low-pass
template.

f 0 x, yð Þ= 1

M 3 N

Xx+ M�1ð Þ=2

i= x� M�1ð Þ=2

Xy+(N�1)=2

j= y� N�1ð Þ=2

f i, jð Þ ð5Þ

M3N is the size of the template, generally M=N. The equa-

tion will produce different effects based on the set value of
the enhancement factor K. It can effectively enhance the
image edges and detailed information, and accordingly
enhance the outline by this method. Nevertheless, the linear
unsharp masking method is sensitive to noise. Therefore, the

proposed method first reduces the noise in the high-frequency
sub-bands, and then increases the coefficients of the high-
frequency sub-bands to enhance the edge and details of the
image.

The implementation of algorithm

Linear enhancement in low-frequency sub-band

The low-frequency sub-band of NSCT contains plenty of
original image information and the noise is filtered, which is
the most important step for enlarging the dynamic range of
the grey level. To enlarge the contrast effectively, linear
stretching is adopted on the basis of the minimum and maxi-

mum values of the low-frequency sub-band coefficients, so it
can increase the feeling of the administrative levels of the
image efficiently. First, we compute the minimum xmix of
greyscale value, and the maximum xmax, then transform the
grey level range from [xmix, xmax] to [0, 255] using the linear

mapping function:

f (x)= 255(x� xmin)=(xmax � xmin) ð6Þ

Denoising in high-frequency sub-band

Images always include distinct edges, fuzzy edges, a smooth

part and some noise. However, the noise is always increased
while enhancing the image edges, because noise exists in high-
frequency sub-bands as details of the image. The strong edge
must be preserved in order to avoid distortion and effectively

suppress noise while enhancing the image edges. In this paper,

the mean filter is used for denoising the first high-frequency

sub-band, leaving the second and third high-frequency sub-

bands unprocessed.

Steps of the proposed algorithm

1) Decompose the input image using NSCT, obtaining a
low-frequency sub-band and several high-frequency
sub-bands.

2) Adopt linear stretching using Equation (6) to enhance
the contrast of the low-frequency sub-band.

3) For the first high-frequency sub-band, suppress image
noise using the mean filter.

4) Reconstruct all coefficients after they are processed
using the inverse transformation of NSCT.

5) Obtain the final enhanced image using the unsharp
masking method.

Experimental results and analysis

At present, image enhancement evaluation methods are

divided into two categories – subjective evaluation and objec-

tive evaluation. Subjective evaluation has a strong empirical

performance because it judges images from the point of view

of the human visual perception. However, it is difficult to

simulate the human visual system (HVS) accurately, and the

subjective evaluation system based on the HVS can only qua-

litatively describe the image enhancement, not quantitatively.

We adopt both the subjective and objective evaluation meth-

ods in order to evaluate the enhanced performance of our

proposed image enhancement technique. Definition, contrast,

peak signal-to-noise ratio (PSNR) and QAF are used to evalu-

ate the enhanced image.
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Figure 3. Flowchart of the proposed method.
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Definition reflexes the texture and details of the images,

and the higher the definition, the clearer the image is. It is

given in the formula:

�g =
1

M 3 N

XM
i= 1

XN

j= 1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Dmx i, jð Þð Þ2 + Dnx i, jð Þð Þ2

2

s
ð7Þ

where M and N are rows and columns of the image respec-

tively, Dmx(i,j) and Dnx(i,j) represent the differences of direc-

tion m and n at location (i,j) of the image, respectively.
Contrast reflects the overall contrast of the images, and the

larger the contrast, the higher the overall contrast of the image

is. Contrast is calculated by the formula:

Con=
VAR

1
M 3 N

PM
i= 1

PN
j= 1

x i, jð Þ � mxð Þ4
" #1

4

ð8Þ

where M and N denote the height and width of the image, mx

is mean of the image, and VAR is variance of the image:

VAR=
1

M 3 N

XM
i= 1

XN

j= 1

x(i, j)� mxð Þ2 ð9Þ

PSNR is the most commonly used method for evaluating an

image objectively. It denotes specific values for the greatest

possible power and destructive noise power. The bigger the

PSNR, the better the enhancement effect is. PSNR is calcu-

lated by the formula:

PSNR= 10 3 lg
L 3 L

MSE
ð10Þ

L represents the range of greyscale, generally 255. MSE is

mean squared error:

MSE=

P
0� j�N

P
0� i�M

fij � oij

� �2

M 3 N
ð11Þ

where fij and oij are input image and output image, andM and

N denote the height and width of the image.
Edge information preservation values QAF provide reten-

tion of the edge information, expressing the reserved informa-

tion of the edge strength and direction of images (Xydeas and

Petrović, 2000). QAF is normalization between 0 and 1.

QAF=0 denotes that the edge information of original image

is completely lost and QAF=1 denotes that the edge informa-

tion of original image are retained integrally. It is defined as:

QAF =
XN

n= 0

XM
m= 0

QAF
g n,mð ÞQAF

a n,mð Þ ð12Þ

Qg
AF(n,m) and Qa

AF(n,m) model perceptual loss of informa-

tion in the output image F, on the basis of how well the

strength and orientation values of a pixel p(n,m) in input

image A are represented in the enhancement image F.

QAF
g n,mð Þ= Gg

1+ eK
GAF n,mð Þ�sgð Þ

g

ð13Þ

QAF
a n,mð Þ= Ga

1+ eK
AAF n,mð Þ�sað Þ

a

ð14Þ

where Gg, Kg, sg and Ga, Ka, sa are contrasts; the relative

strength values of GAF(n,m) and orientation values of

AAF(n,m) are formed as

GAF n,mð Þ=

gF n,mð Þ
gA n,mð Þ , if gA n,mð Þ. gF n,mð Þ
gA n,mð Þ
gF n,mð Þ , otherwise

8>><
>>: ð15Þ

AAF n,mð Þ= aA n,mð Þ � aF n,mð Þj j � p=2j j
p=2

ð16Þ

where

gA n,mð Þ=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
sx

A n,mð Þ2 + s
y
A n,mð Þ2

q
ð17Þ

aA n,mð Þ= tan�1 s
y
A n,mð Þ

sx
A n,mð Þ

� �
ð18Þ

where sA
x(n,m) and sA

y(n,m) are the exports of the horizontal

and vertical Sobel edge operator convolved with the corre-
sponding pixels that are centred on each pixel pA(n,m) of

image A, 1� n�N and 1�m�M. M and N denote the

height and width of the image.
In this experiment, the proposed method is compared with

the histogram equalization method (HE), the CT algorithm

(Nezhadarya and Shamsollahi, 2006), the multiscale retinex
algorithm (MSR) (Henan et al., 2011), the fuzzy contrast

enhancement based on NSCT (NSCT-FU) (Men et al., 2010)

and the unsharp masking method based on NSCT (NSCT-
UM) (Pu et al., 2014). For the CT and NSCT, we use eight,

16 and 16 directions in the scales.
Figures 4–7 show the visual effect on the image of the six

different methods. Image 1 is 2563 256, image 2 is 1403 140,

image 3 is 5563 556 and image 4 is 1843 184, and their grey-

scale levels are all 256.
The definition and contrast of the image enhanced by the

proposed method are higher in the other methods (Table 1).

The visual effect of the image enhanced by NSCT-UM is bet-
ter than CT, MSR and NSCT-FU in Figure 4. Compared

with the NSCT-UM method, the proposed method increases

the definition of the image by 46.1%, and the contrast is
increased by 37.2%. Figure 4 shows that the proposed method

has a better visual effect on image 1 than the other enhance-
ment methods.

The image enhancement results of image 2 show that the

definition, contrast and PSNR of the proposed method are

better than the other methods (Table 2). The QAF of the image
enhanced by NSCT-FU is best, but the definition, the contrast

and the PSNR are not a patch on the result by the proposed
method. The objective result and visual effect of the NSCT-

UM are better than CT, MSR and NSCT-FU. Compared

with the NSCT-UM method, the definition of the proposed
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Figure 4. Enhancement results of the six different methods on image 1: (a) original image; (b) image enhanced by histogram equalization (HE); (c)

image enhanced by contourlet transform (CT); (d) image enhanced by multiscale retinex algorithm (MSR); (e) image enhanced by the fuzzy contrast

enhancement based on non-subsampled contourlet transform (NSCT-FU); (f) image enhanced by the unsharp masking method based on NSCT

(NSCT-UM); (g) image enhanced by the proposed method.

Figure 5. Enhancement results of the six different methods on image 2: (a) original image; (b) image enhanced by histogram equalization (HE); (c)

image enhanced by contourlet transform (CT); (d) image enhanced by multiscale retinex algorithm (MSR); (e) image enhanced by the fuzzy contrast

enhancement based on non-subsampled contourlet transform (NSCT-FU); (f) image enhanced by the unsharp masking method based on NSCT

(NSCT-UM); (g) image enhanced by the proposed method.
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Figure 6. Enhancement results of the six different methods on image 3: (a) original image; (b) image enhanced by histogram equalization (HE); (c)

image enhanced by contourlet transform (CT); (d) image enhanced by multiscale retinex algorithm (MSR); (e) image enhanced by the fuzzy contrast

enhancement based on non-subsampled contourlet transform (NSCT-FU); (f) image enhanced by the unsharp masking method based on NSCT

(NSCT-UM); (g) image enhanced by the proposed method.

Figure 7. Enhancement results of the six different methods on image 4: (a) original image; (b) image enhanced by histogram equalization (HE); (c)

image enhanced by contourlet transform (CT); (d) image enhanced by multiscale retinex algorithm (MSR); (e) image enhanced by the fuzzy contrast

enhancement based on non-subsampled contourlet transform (NSCT-FU); (f) image enhanced by the unsharp masking method based on NSCT

(NSCT-UM); (g) image enhanced by the proposed method.

Liu et al. 189



method is increased by 43.7%, the contrast is increased by

37.9% and the PSNR is increased by 2.7%. Figure 5 shows

that the proposed method has a better visual effect on image 2

than the other enhancement methods.
It is also can be seen that the definition, the contrast and

the QAF of the proposed method are higher than the other

methods (Table 3). However, the PSNR of the proposed

method are a bit lower than the NSCT-UM method. After

using synthesis to analyse the image, the proposed method is

better than the other methods. Figures 6 show that the pro-

posed method has a better visual effect on the image than

other enhancement methods, with clearer image details and

image outline. The definition and the PSNR of the proposed

method are higher than the other methods (Table 4). The

contrast of the image enhanced by the HE method is the high-

est in the table, but other indicators are all lower than the

Table 1. The objective indicator of the six enhancement algorithms of image 1.

HE CT MSR NSCT-FU NSCT-UM Proposed method

Definition 11.63 22.10 8.98 24.92 21.09 30.82

Contrast 59.59 47.42 15.50 56.27 44.54 61.09

PSNR 25.41 19.06 24.13 14.30 30.75 29.01

QAF 0.95 0.86 0.059 0.44 0.97 0.52

HE, histogram equalization; CT, contourlet transform; MSR, multiscale retinex algorithm; NSCT-FU, the fuzzy contrast enhancement based on non-

subsampled contourlet transform; NSCT-UM, unsharp masking method based on NSCTunsharp masking method based on NSCT; PSNR, peak

signal-to-noise ratio.

Table 2. The objective indicator of the six enhancement algorithms of image 2.

HE CT MSR NSCT-FU NSCT-UM Proposed method

Definition 18.66 22.44 21.29 26.18 27.71 39.83

Contrast 64.49 31.62 28.84 43.85 48.97 67.51

PSNR 24.75 22.33 24.13 12.62 25.46 26.14

QAF 0.10 0.39 0.16 0.90 0.82 0.45

HE, histogram equalization; CT, contourlet transform; MSR, multiscale retinex algorithm; NSCT-FU, the fuzzy contrast enhancement based on non-

subsampled contourlet transform; NSCT-UM, unsharp masking method based on NSCTunsharp masking method based on NSCT; PSNR, peak

signal-to-noise ratio.

Table 3. The objective indicator of the six enhancement algorithms of image 3.

HE CT MSR NSCT-FU NSCT-UM Proposed method

Definition 4.67 14.82 3.79 12.38 15.94 25.10

Contrast 64.54 84.10 13.89 60.27 65.38 73.98

PSNR 27.73 16.06 24.32 18.84 29.86 28.74

QAF 0.96 0.74 0.13 0.94 0.96 0.97

HE, histogram equalization; CT, contourlet transform; MSR, multiscale retinex algorithm; NSCT-FU, the fuzzy contrast enhancement based on non-

subsampled contourlet transform; NSCT-UM, unsharp masking method based on NSCTunsharp masking method based on NSCT; PSNR, peak

signal-to-noise ratio.

Table 4. The objective indicator of the six enhancement algorithms of image 4.

HE CT MSR NSCT-FU NSCT-UM Proposed method

Definition 7.61 11.98 8.63 12.59 12.85 17.39

Contrast 63.88 36.94 21.60 40.90 34.19 42.62

PSNR 24.93 20.37 24.11 18.01 31.36 31.61

QAF 0.94 0.046 0.007124 0.96 0.018 0.93

HE, histogram equalization; CT, contourlet transform; MSR, multiscale retinex algorithm; NSCT-FU, the fuzzy contrast enhancement based on non-

subsampled contourlet transform; NSCT-UM, unsharp masking method based on NSCTunsharp masking method based on NSCT; PSNR, peak

signal-to-noise ratio.
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proposed method. It is also can be seen that the QAF of the

NSCT-FU method is the highest in the table, and the QAF of

the proposed method is decreased by 3.1% compared with

the NSCT-FU method. Figure 7 also shows that the proposed

method has a better visual effect on image 4 than the other

enhancement methods.
In order to illustrate applicability of the proposed method,

we selected 75 images to experiment with six methods.

Compared with NSCT-UM, the average definition of the pro-

posed method increased by 34.8% (Table 5). Furthermore,

the average contrast increased by 24.7%, but the average

PSNR decreased by 1.6% and the average QAF decreased by

5.7%.
It is worth mentioning why only the first high-frequency

sub-band was mean-filtered. In order to achieve the optimal

effect of image enhancement, we processed different high-

frequency sub-bands of image 1 using the mean filter (Table

6, Figure 8). The PSNR is the best at processing all high-

frequency sub-bands, but it sacrifices image definition and

contrast in the process. According Table 5, we can find the

PSNR and the QAF of the proposed method are a little lower

than the NSCT-UM method among the five indicators. So

the mean filter is not a perfect denoising algorithm, as it can

obscure images when denoising. Maybe a non-local mean fil-

ter can achieve a better effect. After analysing by synthesis,

the enhanced result of processing the first high-frequency

sub-band is best.

Conclusion

After study NSCT, a new remote sensing image enhancement

method using the mean filter and unsharp masking algorithm

based on NSCT is proposed by taking advantage of the mul-

tidirection, multi-scale and shift-invariance of NSCT. The

greater enhancement performance of the proposed method is

supported by our experimental results. However, we found

that the PSNR and the QAF of the proposed method are a

Table 5. The average objective indicator by six methods on 75 images.

HE CT MSR NSCT-FU NSCT-UM Proposed method

Definition 15.07 18.99 13.45 24.43 27.88 37.57

Contrast 64.73 52.71 17.45 49.42 58.52 72.97

PSNR 28.48 23.44 24.47 16.48 29.19 28.71

QAF 0.62 0.59 0.38 0.68 0.52 0.49

HE, histogram equalization; CT, contourlet transform; MSR, multiscale retinex algorithm; NSCT-FU, the fuzzy contrast enhancement based on non-

subsampled contourlet transform; NSCT-UM, unsharp masking method based on NSCTunsharp masking method based on NSCT; PSNR, peak

signal-to-noise ratio.

Table 6. The objective indicator of processing different high-frequency sub-band to image 1.

Processing the first

high-frequency sub-band

Processing the second

high-frequency sub-band

Processing the third

high-frequency sub-band

Processing all

high-frequency sub-bands

Definition 30.82 28.76 20.25 14.76

Contrast 61.09 56.46 53.97 45.40

PSNR 29.01 29.27 29.50 30.79

QAF 0.52 0.87 0.87 0.82

HE, histogram equalization; CT, contourlet transform; MSR, multiscale retinex algorithm; NSCT-FU, the fuzzy contrast enhancement based on non-

subsampled contourlet transform; NSCT-UM, unsharp masking method based on NSCTunsharp masking method based on NSCT; PSNR, peak

signal-to-noise ratio.

Figure 8. The enhanced images after processing different high-

frequency sub-bands: (a) processing the first high-frequency sub-band; (b)

processing the second high-frequency sub-band; (c) processing the third

high-frequency sub-band; (d) processing all high-frequency sub-bands.
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little lower than the NSCT-UM method. Improvement of the

PSNR and the QAF without reducing definition and contrast

in our proposed method will be the focus of future studies.
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