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Remote Sensing Image Enhancement Based on Orthogonal Wavelet Transformation Analysis
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Wavelet analysis based on image enhancement technique is only applicable to black-and-white image, and pseudo-color
image processing technology cannot adequately deal with some of the details information of the image. In this paper, an
enhanced approach of remote sensing image based on orthogonal wavelet analysis and pseudo-color image processing is
presented. Enhanced remote sensing image has been greatly improved in both visual effects and noise characteristics.
The method is simple yet flexible with less calculation. Moreover, the proposed method also has the advantages of faster
computing speed and operating feasibly and so on. It has great potential in research and application of remote sensing
image enhancement.
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quantification, and it transits from extensive form to
1. Introduction fine type. In the whole process of remote sensing,

Earth observation satellites provide data called as acquisition of remote sensing image is the prerequisite

remote sensing images covering different portions of the
electromagnetic spectrum at different spatial, temporal
and spectral resolutions. As an advanced detection
technology, remote sensing has been widely applied in
many areas, such as military reconnaissance, target
surveillance, effect assessment of combating or damage,
monitoring of crop growth and assessing of grain yield,
universal survey of surface resources, and many more.
Remote sensing has brought huge economic and social
benefits, and shown a broad application prospects. With
the development of science and technology, acquisition
of high-resolution remote sensing image has become a
reality. The processing for remote sensing image has
been developed to an all-digital stage, and its
applications have been achieved from determining on
the nature simply to combining with qualitative and

and basis. Remote sensing image processing is a means
of application of remote sensing image, and remote
sensing image is the purpose and end-result."”'® As the
remote sensing image signal will inevitably lose some
details in access and transmission, it is essential to
enhance remote sensing image. The operations of
remote sensing image enhancement include contrast
improvement, edge enhancement, color enhancement,
nonlinear Stretch, linear enhancement, radiometric
enhancement, spatial filtering, noise suppression, image
smoothing, and image sharpening, and so on. Image
enhancement technology which is based on wavelet
analysis for remote sensing image is a newly developed
techniquf:.2’7’9‘16 In this method, remote sensing images
will be converted into a space-frequency domain, and
interested part of it will be dealt with space-frequency.
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However, this technique is only applicable to black and
white sensing The pseudo-color
processing technology of remote sensing images can
convert black-and-white remote sensing images into
color remote sensing images, it is also one of traditional
image enhancement techniques. It can be used to
enhance the resolution of image, because the resolution
of color remote sensing images is higher than gray-scale
remote sensing images for human eye. However, this
technique is unable to adequately deal with some of the
details of remote sensing image information. Method for
enhancement of remote sensing image based on

remote images.

orthogonal wavelet analysis and pseudo-color
processing is proposed in this paper’*''. In order to
improve the accuracy of remote sensing image

interpretation, remote sensing images is first treated
with wavelet analysis, and then dealt with pseudo-color
enhancement when the image detail is strengthened.

The rest of this paper is organized as follows. For
completeness, a brief introduction of orthogonal wavelet
transformation of image is given in Section 2. Then,
Section 3 details the method based on orthogonal
wavelet transformation for remote sensing image
enhancement. In Section 4, a remote sensing image
enhancement processing based on pseudo-color image is
described. Section 5 details the method based on
orthogonal wavelet transformation and pseudo-color
processing for remote sensing image enhancement.
After that, simulation results are presented in Section 6.
Finally, this paper is concluded in Section 7.

2. Orthogonal wavelet transformation of image

Supposed S, are the series of remaining scale factors of
the scale space, h, and i are coefficients of low-pass
filter and high-pass filter of wavelet function, and their
46121419 Ranid
decomposition of wavelet transform is shown in Fig. 1.
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Observed from Fig. 1, edges in one scale of the
original image can be decomposed into four
components in smaller-scale, which are low-frequency
component, high frequency components of the level,

vertical and diagonal orientation. They represent
different information of the original image respectively,
and they are gained through four different filters. s/,
and s/' are obtained by rows and columns orientation
low-pass filter, and they are information of the next
scale outline. ¢/ is gained by s/' through the row
high-pass filter and the column low-pass filter, and it
corresponds to the vertical profiles which are mapped
by the detail information of the level direction.
Similarly, B/ expresses the level profiles which are
mapped by the detail information of the vertical
direction s/, and y/ denotes the detail information of
the diagonal direction s/, .
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Fig.1. Schematic diagram of orthogonal wavelet

transformation
Low-frequency = component, high frequency
components of the level, vertical and diagonal

orientation of image are the results of decomposition of
image by using two-dimensional orthogonal wavelet
transform. The frame of three layer orthogonal wavelet
decomposition is shown in Fig. 2.
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Fig.2. three layer wavelet decomposition of image

Published by Atlantis Press
Copyright: the authors

746



It is low-frequency component of image, and most
of image energy is concentrated in this region.
D_f( j=12,3;4=h,v,d) represent level, vertical and

diagonal components of image, and they are all the
details information of image.

3. Remote sensing image enhancement
processing based on orthogonal wavelet
transformation of image

Remote sensing sensor systems detect reflected or
emitted radiation from features on the Earth’s surface.
Often times, the detected energy does not fill the entire
grey level range the sensor is capable of. For example,
an image containing water, forest and agriculture may
have a range of 183 different grey levels. However, the
sensor may actually be capable of recording 256
different grey levels (8 bit system). Some sensors can be
sensitive to tens of thousands, millions or billions of
grey levels. Remote sensing image enhancement based
on orthogonal wavelet transformation can redistribute
these values to utilize the full range of a display.21
Wavelet coefficients of corresponding position in all
levels of remote sensing image signal often have a
strong correlation, but wavelet coefficients of noise has
the characteristics of weak correlation or non-relation.
We introduce orthogonal wavelet transform to enhance
remote sensing image in this paper. To enhance the
remote sensing image, firstly, the remote sensing image
signals are processed by using wavelet
interpolation means, and better noise elimination can be
gained. Secondly, an image is decomposed into
components whose size, location and direction are
different by using orthogonal wavelet transform. Finally,
some coefficients of orthogonal wavelet transform are
changed before being carried out inverse wavelet
transform, so that we can choose to enlarge some
weights in which we are interested and decline some
components which are unimportant for our research.
Wavelet analysis method is an analysis method in which
frequency window and space window can be adaptively
changed, and space-frequency can be localized®'*"
well. It has the better characteristics of space-frequency
window than traditional Fourier analysis methods.
Supposed P(x) is scaling function of one-
dimensional wavelet analysis, W (x)is corresponding
function, the relationship between
dimensional scaling function and two-dimensional

fractal

as

wavelet two-

Remote Sensing Image Enhancement

orthogonal wavelet function can be defined as follows:
49,15

D(x, y)=P(x) - P(y)

W(x, y)=®(x)-¥(y)
W2 (x,y) =¥ (x) - D(y)
W (x, y)=P(x)-¥(y)

Where P (x, y) is two-dimensional scaling function,
Y W2 and WP are three two-dimensional
orthogonal wavelet functions.

Two-dimensional multi-scale discrete orthogonal
wavelet analysis is defined as following:

S;f(n,m)= I[f(x, y)22’<I>j (x=27n, y— 2_jm)dxdy
R2

2

W) f (nm) =[] f (2, )22 ¥} (x =27 n, y — 27 m)dxdy
RZ

) B i » N ,
W; f(n,m)—[jej;f(x,y)Z W (x=27n,y =27 m)dxdy

W f(n.m) = 1{;2 Fay)2P ¥ (x=27 n,y =27 m)dxdy

3)

Where f(x,y) is remote-sensing image signal,
S, f (n,m) is alow-frequency components of f(x,y).
W, f(n,m) . szf(n,m) and W;f(n,m) represent
the vertical, diagonal and horizontal high-frequency
components of f(x, y), respectively. *

Thus, remote-sensing image is divided into low
frequency components and vertical, diagonal and
horizontal high-frequency components after we execute
two-dimensional discrete orthogonal wavelet. Thereinto,
low-frequency components represent the contours of
remote  sensing high-frequency
components express the details of remote sensing image.
As the low-contrast remote sensing images are mainly
manifested that three high-frequency components of
images are too small, and result in blurred detail of
image, so we can enhance the detail information of
image by stepping up three high-frequency components
remote sensing images. Thus, when the equation (4) was
established, namely, the weight of high-frequency
components of remote sensing image is larger, the
remote sensing image looks clearer.

c kxCik>1
.= 4

Here, Cl.H is high-frequency wavelet coefficients of
remote sensing images, C]l.“ is low-frequency wavelet
coefficients of remote sensing images, k is high-

image, while
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frequency component weights of remote sensing images,
J is wavelet decomposition level of remote sensing
images.

However, this method may cause increasing the
high-frequency components or reducing the low-
frequency components of remote sensing image. Images
gained are often partially bright or partially obscure
with poor contrast, so the image resolution needs to be
further enhanced by using pseudo-color processing.

4. Remote sensing image enhancement
processing based on pseudo-color image
processing

In this section, remote sensing images are processed by
using frequency domain enhancement method of
pseudo-color image. Pseudo-color image enhancement
algorithm is described on the basis of the RGB color
space. This algorithm does not consider the luminance
component independently. Therefore, even if colors are
properly assigned, intensity values are randomly
changed. This algorithm can be described with four
steps. Firstly, black and white remote sensing image is
transformed into frequency domain by using Fourier
transform, and then separated into three independent
components by
characteristics are different in the frequency domain.
Secondly, they are processed by using inverse Fourier
transform, three monochrome images which represent
different frequency components will be gained, and then
three images will be processed further (such as
histogram equalization). Finally, they are added to the
color display of red, green and blue display channels as
tri-phosphor components respectively, and then pseudo-
color enhancement of frequency domain subsection is
achieved. The block diagram is shown in Fig. 3.

three filters whose transfer

5. Remote sensing image enhancement based on
orthogonal wavelet transformation and
pseudo-color processing

In order to overcome the shortcomings of orthogonal
wavelet transformation remote sensing image
enhancement algorithm and remote sensing image
enhancement method based on pseudo-color processing,
an enhanced approach of remote sensing image based
on orthogonal wavelet analysis and pseudo-color image
processing is presented in this paper. This algorithm can

remote sensing image

fxy)

Fourier
transform

Y L

Vertical Vertical Vertical
component filter component filter component filter

Y v

Fourier inverse
transform

Fourier inverse Fourier inverse
transform transform

v v

Red attached Green attached Blue attached
processing processing processing
| >l |
Color display

Fig.3. Remote sensing image enhancement diagram by using
pseudo-color processing method

overcome the defects of partial light image and poor
contrast in the course of remote sensing image
enhancement processing by using orthogonal wavelet
transform, due to the high and low frequency
components of remote sensing image are enhanced
simultaneously. At the same time, it can overcome the
deficiencies that some detail information of the remote
sensing image can not be adequately addressed by using
remote sensing image enhancement based on pseudo-
color processing. The specific implementation of the
algorithm is as follows:

Step 1: firstly, the remote sensing image signals are
processed by using wavelet fractal interpolation means,
and better noise elimination can be gained.

Step 2: remote sensing image is decomposed into
low-frequency component and horizontal, vertical,
diagonal high-frequency components whose
location and direction are different by using orthogonal
wavelet transform.

Step 3: in order to achieve image enhancement
purposes, the interested components of remote sensing
image are zoomed selectively and the components of
remote sensing image which take less impact on the
results of image are weakened.

size,
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Step 4: The remote sensing image is dealt with by
using remote sensing image enhancement method based
on pseudo-color processing according with its frequency
domain after enhanced by using orthogonal wavelet
transform image enhancement approach. Thus, we can
get better remote sensing image.

6. Experimental results and analysis

The method proposed above has been simulated with
Matlab 7.0. The results are shown in Fig. 4. Fig.4 (a) is
the original remote sensing image of an area, the
background of image is darker, and some areas are
unclear. Fig.4(b) is enhanced image by using traditional
pseudo-color enhancement approach. Although the
resolution of image has been increased, the color effect
of the color similar regional does not differentiate well,
due to gray values have lesser difference in some places.
Fig.4(c) is enhanced image by using orthogonal wavelet
analysis means, its resolution is higher than the original
image, but image enhancement effect is still less ideal.
Fig.4(d) is enhanced image by using method proposed
in this paper. It can be easily observed that level of
sense of Fig.4(d) is stronger than Fig.4(c).

When the remote sensing image is processed by
using orthogonal wavelet analysis, decomposition levels
L of orthogonal wavelet need to be as many as possible
for containing rich high-frequency coefficients of the
details. Selection of weight k of high-frequency
components is determined by image characteristics.
Value of k should not be too small, otherwise the
image details are not abundant. However, in order to
avoid introducing noise, Value of k should not be too
large either. In experiment of this paper, we choose
wavelet function sym4, decomposition levels L = 3,
and k =5.

There may be some vague details in remote sensing
images, because the images acquired by satellite remote
sensing are influenced by a number of effects based on
the carrier frequency of the electromagnetic waves and
many interfering factors in the course of images
capturing, such as exposure and photographic density,
defocus of imaging system, diffraction effect, high-
frequency loss of image caused by atmospheric
disturbances, noise, etc. There are blue dark shadow in
remote sensing image which makes the image blurred
(shown in Fig. 5.), because the sunlight in the field of
image for remote sensors to obtain is scattering in the
atmosphere.

Remote Sensing Image Enhancement

(a) Original image

(b) Enhanced image by using traditional pseudo-color

enhancement approach

(c) Enhanced image by using wavelet transformation method
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(d) Enhanced image by using method proposed in this paper

Fig.4. Comparison of enhanced image

Fig.5. Original remote sensing image

In order to enhance the image by using the method
proposed in this paper, we first classify the image
according to its spectral characteristics. Classification is
shown in Fig. 6. The classification accuracy of remote
sensing images is improved when multiple source image
data are introduced to the processing. Images from
microwave and optical sensors offer complementary
information that helps in discriminating the different
classes. An overview on image enhancement techniques
for change detection from multi-sensor data including
image differencing, rationing and PCA 1is given in
Greve Clifford W. et al. (1993). And then, the remote
sensing images are processed according to the algorithm
described in section 3 and 4. After that the image is
enhanced by using the proposed method, the enhanced
image is shown in Fig. 7.

Quantitative effectiveness of enhanced remote
sensing image is estimated by calculating the mean
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(b) The class diagram for the average pixel value between
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Fig.6. The class diagram for the average pixel value of

original remote sensing image

Fig.7. Enhanced image by using method proposed in this

paper

value, information entropy and definition of remote
sensing images. The mean value of remote sensing
images is calculated by using equation (5).
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1 X Y
mean—EZZIe(x,y). )

x=1 y=1

Where, [, is enhanced image, (X,Y) is the size
of remote sensing image. For a remote sensing image,
the mean reflects average brightness of remote sensing
images. If mean is moderate (gray value in the vicinity
of 128), it indicates good visual effects.

Calculation of information entropy is defined as
follows:

L-1
Ent==) p.In(p,). (6)
i=0

Where, p, is the probability of Remote sensing
images that gray-scale GNL, corresponds to. L is the
total number of gray-scale. When the Entropy value is
higher, the more information can be carried by remote
sensing images. Therefore, information entropy is an
important indicator which can measure the abundant

degree of information of remote sensing imagels‘zo.
Definition of remote sensing image can be

calculated by using equation (7):

1 X Y 2 5
Def = Ezz\/m I(x, )" +(A1,(x,y))

x=1 y=1

Al (x,y)=1,(x,y)—1,(x=1,y)
AIy(-x7y) = Ie(an’)_Ie(X,y_l)

(N

Definition of remote sensing image can reflect the
tiny detail and texture transformation characteristics of
image. Greater definition of remote sensing image is,
indicating the corresponding image clearer. We selected
100 remote sensing images as test images processed by
using the method proposed in this paper and traditional
pseudo-color enhancement approach and orthogonal

Remote Sensing Image Enhancement
wavelet analysis
information entropy and definition of remote sensing
image enhanced by using three kinds of algorithms are
shown in Tab.l, the relation between information

algorithm. The mean value,

entropy and definition is shown in Fig.8, while the mean
value, information entropy and definition of each RGB
channel of enhanced color remote sensing image which
is processed by using three kinds of algorithms are
shown in Tab.2.
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Fig.8. The curve chart of the relation between
information entropy and definition

Observed from the experimental results, visual
effect of enhanced panchromatic remote sensing image
which is processed by using algorithm proposed in this
paper is good. Mean value is 132, the information
entropy is 15%-52% higher than pseudo-color
enhancement algorithm and about 20% higher than
orthogonal wavelet transform domain algorithms. The
definition of algorithm is 30%-60% higher than pseudo-
color enhancement method, and is about 17% higher
than orthogonal wavelet transforming domain algorithm.
Visual effect or noise characteristics of enhanced

remote sensing images have been improved greatly.

Table 1. Mean value, information entropy and definition of enhanced black and white remote sensing images

Traditional pseudo-color

Orthogonal wavelet Method proposed

Method g S
enhancement approach analysis means in this paper

Mean value 105 95 132

Information

entropy 4.9 5.3 6.4
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Table 2. Mean value, information entropy and definition of enhanced color remote sensing images

Method of Pseudo-color

Remote sensing image

Remote sensing image

method image enhancement enhancement based on enhancement by using method
orthogonal wavelet transform proposed in this paper

R G B R G B R G B
Mean 105 96 92 85 76 76 130 122 109
value
information
entropy 5.0 4.9 4.8 5.2 5.1 5.1 5.6 5.5 5.5
Definition 30 29 29 36 35 35 45 44 44
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