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ABSTRACT:

Super-resolution reconstruction of sequence remote sensing image is a technology which handles multiple low-resolution satellite
remote sensing images with complementary information and obtains one or more high resolution images. The cores of the
technology are high precision matching between images and high detail information extraction and fusion. In this paper puts forward
a new image super resolution model frame which can adaptive multi-scale enhance the details of reconstructed image. First, the
sequence images were decomposed into a detail layer containing the detail information and a smooth layer containing the large scale
edge information by bilateral filter. Then, a texture detail enhancement function was constructed to promote the magnitude of the
medium and small details. Next, the non-redundant information of the super reconstruction was obtained by differential processing
of the detail layer, and the initial super resolution construction result was achieved by interpolating fusion of non-redundant
information and the smooth layer. At last, the final reconstruction image was acquired by executing a local optimization model on
the initial constructed image. Experiments on ZY-3 satellite images of same phase and different phase show that the proposed
method can both improve the information entropy and the image details evaluation standard comparing with the interpolation
method, traditional TV algorithm and MAP algorithm, which indicate that our method can obviously highlight image details and
contains more ground texture information. A large number of experiment results reveal that the proposed method is robust and

universal for different kinds of ZY-3 satellite images.

1. INTRODUCTION

Super resolution, the process of obtaining one or more high
resolution images from one or more low resolution observations,
has been a very attractive research topic over the last two
decades (Nasrollahi K et al, 2014; Dogiwal S R et al, 2014;
Chen X J et al, 2013). In recent years, it has become one of the
most active research directions in the image processing and
computer vision. In remote sensing imaging applications, high-
quality imageries are required and high resolution images are
usually desired for remote sensing images analysis and
processing procedure (Yang D et al, 2015; Kaibing Z et al,
2015). Therefore, it is very useful to reconstruction high
resolution images with complementary information can be
increased and the quality of images can be enhanced.

With the development of space information technology, such as
the domestic remote sensing satellite, navigation and
positioning, satellite remote sensing image have been widely
used in various fields and play an important role. In order to
detect and identify some small objects accurately, the high
resolution satellite images are required (Gou S et al, 2014;
Zhang H et al, 2014; Park S J et al, 2013). However remote
sensing images resolution depend on the precision of the sensor,
imaging system performance improvement with expensive
production costs. So to improve the image resolution from
hardware aspects, the manufacturing process, systemic cost and
emission load limits are bottleneck problems. Therefore we try
to utilize the software, through the image processing technology
to improve remote sensing image resolution, and to meet the
demands, this is the remote sensing images super resolution
reconstruction. Thus it can be seen that super resolution
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reconstruction in improve spatial resolution image technology is
an effective way. According to the way of acquisition the image
data, the super resolution reconstruction can be divided into:
single image super resolution reconstruction and sequence of
image super resolution reconstruction. And then from the
information theory, whether single image or sequence images,
the purpose is not only to enlarge image, but to make the results
cover terrain texture details as much as possible. In that way it
is significant to use the non-redundancy information from the
sequence images. At present sequence of image super resolution
reconstruction is based on the frequency and spatial. Methods
based on frequency domain are usually using the Fouier
transform and wavelet transform (S. A. Devi et al, 2012; Rasti P
et al, 2014) Methods based on spatial mainly includes:
interpolation method (Batz M et al, 2015; Makwana R R, et al,
2013), regularization method (Yinhui L I et al, 2015; JM Fadili
et al, 2009) and the MAP method (Villena S et al, 2013; Liu C
et al, 2011) and so on. The super resolution reconstruction
methods have achieve some progress and breakthrough, but at
the same time the algorithm with highly complexity, the model
of noise simple, poor real-time performance and robustness, and
the detail information of result is not remarkable. In view of the
existing super resolution reconstruction methods, the super
reconstruction model framework of adaptive multi-scale details
enhancement is proposed in this paper, whose purpose is to
achieve the results both contain micro and macro information.

The paper is organized as follows. In the next section, the basic
concepts from bilateral filter and multi-scale decomposition are
introduced. In the third section, the proposed approach to super
resolution reconstruction method is described. The approach is
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applied to ZY-3 satellite images in the fourth section.
Conclusion about the approach is given in the fifth section.

2. PROPOSED ALGORITHM

In photogrammetry and remote sensing, images are often
decomposed into multi scale layers. It is typically computed by
applying an edge-preserving smoothing operator to the image.
Most recent applications in computer graphics and
computational photography use the bilateral filter (Tomasi C et
al, 2014), popularized by Tomasi and Manduchi [1998]. It is a
non-liner filter, where each pixel in the filtered result is a
weighted mean of its neighbour, with the weights decreasing
both with spatial distance and with difference in value.
Formally, we have:
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Where g is an image, and the subscripts p and q indicate spatial
locations of pixels. The kernel functions G, and G are

typically Gaussians, where &, determines the spatial support,
while &, controls the sensitivity to edges.

While the bilateral filter is quite effective at smoothing small
changes in intensity while preserving strong edges, its ability to
achieve progressive coarsening is rather limited. Sequence
images multi-scale decomposition are used the bilateral filter,
each image is decomposed into a piecewise smooth base layer
and one or more detail layers. The model of multi-scale
decomposition is illustrated in Figure 1. The purpose is to add
the more high frequency information to the reconstruction
results through adaptive detail enhancement based on multi-
scale decomposition.
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Fig.1 Flow chart of the proposed super resolution framework

2.1 Multi-scale Decomposition through bilateral filtering
and calculating

Given that the super resolution reconstruction image can
contain more texture detail information, the bilateral filter is
used to multi-scale decomposition for sequence remote sensing
images in this paper. To make the notation succinct, we take
Imagel as an example, in order to construct a (k+1)-level
decomposition. More specifically, let ujl,..., u,—k denote
progressively coarser versions of Image,, u,—k will serve as the
base layer 1%, with the k detail layers defined as

dj =u;*—u;, where i =1,---,k ,u =Image;, j=12,--,n (3)

2.2 Texture information Adaptive Enhancement and
Fusion

In view of the existing super resolution reconstruction method
does not fully consider the problem of the detail of image
texture, avoid the phenomenon of the edge blur or texture
disappear in the reconstruction results. We structure the detail
enhancement function which is defined as eq.(4). The function
S(a;,dY) is structured which is used to strengthen of the multi-
scale decomposition of small and medium scale texture
information.

S(ai,d}) =2/ 1+exp(—¢, *d})))—l (4)
Where S(a;, dij) is the texture detail enhancement function, it

enables to enlarge small and medium-sized details of image, a
controls the amplitude of detail, d'j is the different scale

decomposition of the sequence images. On the basis of
enhancement, the different scale decomposition information is
interpolated.

In order to make the algorithm more optimized based on the
multi-scale decomposition, the adaptive detail enhancement
function is put forward in this paper. It can avoid setting the
different parameters to improve the quality of reconstruction
image. The adaptive function is defined as eq.(5).

n_k .
Xo=1"4+>">"(B-5(«.d))),0< g <1 (5)
j=1i=1
Where X, is the initial super resolution reconstruction image,
1°%¢ js the meaning of the redundant information of sequence
images, f;is used to measure the weight of each detail layer, at

Kk
the same time, which meets a condition: Zﬂi =1.
i=1

2.3 Local Optimization Model

In order to avoid the image grey value changing, better protect
the image edge structures, the local optimization is used in this
paper. It is defined as eq.(6).

X =argmin|[BX Y+ X = X (6)

Where Y is the reference image in sequence images, B is the
down sampling matrix, x is the smooth scale parameter. The
initial super resolution reconstruction result X, is divided into
sub-window, and down sample the sub-window. Then the sub
region and the corresponding reference image are made
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difference processing, the absolute value of difference between
each region is calculated. If the value is little than the preset
threshold, the iterative optimization local optimization model is
used. Using gradient descent optimize to solve the eq.(6), the
purpose is to make the definition of the final results as far as
close to the reference image and keep the sharpen edge
information.

2.4 Super Resolution Reconstruction Results Quality
Evaluation Standard

In order to evaluate the quality of reconstruction image better,
we take the subjective and objective evaluation method to
evaluate the quality of reconstruction image. In this paper
information entropy and enhancement measure evaluation are
used to evaluate the results. Information entropy is an important
measure of image information index, and measure of the
information distribution of the image. The greater the entropy is,
the greater the result is. In other words the more information is
in the results. The entropy mathematical expression is defined
as eq.(7). pxis the frequency of the gray value of k in the image,
px is instead of probability approximately.

M
Entropy =-> P, log, P, )
k=1

Enhancement measure evaluation, the image is divided into k;
Xk, area in this principle, the logarithmic of maximum and
minimum value in sub area are calculated. EME is the local gray
level image, the greater the EME value is, the much stronger
local gray changed. That is to say image contains much more
details, EME expression is defined as eq.(8).

1 & Ir\::ax'kj
EME, \, =1 D D 20log==L (8)
11 2 =1 k=2 Imin;k,j
Where 17 and I, is the maximum and the minimum

(a) Reference image

(b) Bi-cubic

(c) TV Algorithm

gray of the image block wy.

3. EXPERIMENTAL RESULTS AND ANALYSIS

To verify the effectiveness of the super-resolution
reconstruction method in this paper, the experiment is
implemented on Matlab R2011b platform and Intel(R) Xeon(R)
CPU E21220 @ 3.10GHz 64bit operating system PC. And to
validate general applicability of the reconstruction method, a
large number of experiments have been completed based on ZY-
3 remote sensing images. Considering the length, two groups of
experimental images are illustrated and compared with the Bi-
cubic interpolation, TV algorithm, and MAP algorithm, and
parameters ¢=10, p,=0.6, $;=0.25, p;=0.15. Because the
real high resolution image is not presented in remote sensing
image super-resolution reconstruction, we use the information
entropy and the image enhancement evaluation index to carry
on the quantitative analysis.

In experiment one, select the different phase nadir panchromatic
sequence remote sensing images by TDI CCD camera of ZY-3
satellite, which ground resolution is 2.1m. The images were
obtained on April 24, 2015 and February 14, 2015, and June 22,
2015, and the size of images is 870>870 pixels. Experimental
results as shown in Figure 2, figure 2(a) is low resolution
reference image with a red border, figure 2(b) for the Bi-cubic
interpolation results, figure 2(c) for the traditional TV super-
resolution reconstruction results, figure 2(d) for the traditional
MAP super-resolution reconstruction results, figure 2(e) is the
reconstruction results of method in this paper, figure 3 for the
mosaic image of four super-resolution reconstruction methods
results. It is concluded that the method in this paper is more
ideal, image texture information is obviously enhanced and with
better visual effect compared with other reconstruction results
from figure 2 and figure 3.

(d) MAP Algorithm  (e) Prposed method

Fig.2. Different time remote sensing image super resolution results
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Fig.3 Synthetic image of different reconstruction methods
In experiment two, select the Three-Line-Scanner images concluding looking forwards, downwards and backwards in the same
time by TDI CCD camera of ZY-3 satellite, which looking downwards resolution is 2.1m, the others is 3.5m. The images were
obtained on July 10, 2013. Experimental results as shown in Figure 4, figure 4(a) is low resolution reference image with a red border,
figure 4(b)-(e) are different results of super-resolution reconstruction, figure 4(e) is the reconstruction results of method in this paper,
figure 5 is shown by the corresponding local amplification area of figure 4, and according to the resolution 1:1 for the reconstruction
results. It is concluded that the method in this paper is much better than others, image texture information is obviously enhanced and

with better visual effect.

(a) Reference image

(b) Bi-cubic

(c) TV Algorithm

(d) MAP Algorithm  (e) Proposed method

(a) Reference image

Fig.4 Same time remote sensing image (different methods) super resolution results

(b) Bi-cubic

(c) TV Algorithm

Fig.5 Local amplification

Table 1 shows the objective evaluation of different reconstruction methods in Fig. 4(b) - (e), it is visibly to find out that the
EME value is better than the reference image. Experiments show that the local details have obvious advantages, can effectively
promote the overall contrast of reconstruction image, highlight detail reconstruction image. The visual effect of Fig.5(e) clearer than
the Fig.5(b)-(d), the method is proposed in this paper which can improve spatial resolution at the same time keep the edge structure
an enhance the details information of image.

Tab.1 Experimental results index comparison

(d) MAP Algorithm

(e) Proposed method

Images Parameters Reference images Bi-cubic TV Algorithm | MAP Algorithm Propose Method
Entropy(bits) 6.1445 6.1661 6.1841 6.1936 7.2446
Experimentl
EME 3.7231 4.2681 4.7990 4.6909 14.2307
Entropy(bits) 6.2524 6.2526 6.2702 6.2621 6.9144
Experiment2
EME 2.8955 3.3455 3.7678 45511 10.8600

Because the traditional interpolation method is simple, quick
and easy to implement, reconstruction results are blurred, this
kind of method is difficult to effectively improve on the visual
effects. Through adaptive multi-scale enhancement of super
resolution reconstruction framework, the visual effect is
improved after interpolation reconstruction and the expression
of texture details is enriched in this paper. Compared to TV
algorithm, the MAP algorithm, the proposed method can not
only to keep the edge of the image, and enrich the texture
information, but also to improve the visual effect significantly.
Through comparing with the quantitative indicators in Tab.1, it
is easy to find out the value of Entropy and EME are increased.
That is, it can effectively enhance the visibility of the image
detail texture, and has better robustness and universality for
satellite remote sensing images.

4. CONCLUSIONS

The different but similar complementary information between
series remote sensing images is an important source of
reconstructing high-resolution remote sensing image details.
Based on the characteristics of satellite remote sensing image
and compensatory information between sequence images, a

suitable model for remote sensing image super resolution
reconstruction is put forward, and a framework of super
resolution reconstruction based on adaptive multi-scale detail
enhancement is proposed. That is, differential the
decomposition results between the sequence and reference
images, enhance small and medium size details of image
adaptively, express effectively reconstruction image texture to
improve the quality of reconstruction image taking into account
both subjective and micro information details. In order to avoid
excessive detail enhancement leading to distortion of images as
a whole, this paper improves the coordination between local
and overall of the results based on the local optimization model,
and make them satisfy the requirement of human vision. The
result from experimental data analysis shows that it is easy to
find out that the entropy and EME values are promoted
compared with double three interpolation, TV algorithm, and
MAP algorithm. In other words, the method proposed in this
paper has edge-preserving, and effectively improve the texture
details. It turns out that the consistency of subjective and
objective evaluation from the visual effect and quality
evaluation index, enhance remote sensing image surface texture
details expression effect, protect the interest area of
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reconstruction images. There is important application value and
broad application prospect in the field of remote sensing.
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