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Abstract. Satellite cloud image retrieval can help the forecasters positioning similar weather in the
past quickly and improve the reliability of the weather prediction. This article attempts to use the
Zernike moment and Grid based method to extract the region-based features of cloud images. First of
all, carry out the pretreatment of separating cloud from background, extract effective features and
generate the features library of the cloud image library. Then calculate the similarity between a given
cloud image and the cloud library. Finally, output the final results according to the order of similarity.
After comparing the retrieval results of the two methods, we put forward an improved algorithm
named grid based inscribed circle method(GBIC). Experiments show that this method possesses the
advantages of the above two methods and can retrieve cloud images with similar visual features from
the history cloud image library.

Introduction

Satellite cloud images play an important role in business domain of weather. As the satellite
images possess high time and space resolution, and can be used to track cloud formation, the
relationship between weather system strengthen and precipitation continuously. So satellite images
help the forecasters to improve the accuracy of the weather forecast [1]. At present, numerous
satellite cloud images are accumulated in the database and failed to get effective usage [2].We can
adopt the image retrieval methods on historical satellite cloud images for similarity retrieval. So that
we can draw lessons from the past weather condition to improve the accuracy of the weather
prediction for the future. After analysis, we find that the meteorological satellite cloud images show a
greater degree of differentiation in shape features. Therefore, we adapt the shape features for
similarity retrieval on satellite cloud images.

In a satellite cloud image, the shape features of the cloud refers to the different strength of the
target light reflection, or its radiation emission of different distribution patterns of light and shade
degree of the image point [3]. The shape of the cloud structure helps to understand the kinds of cloud
and the cloud formation process. For a satellite cloud image, as the completely extraction of the
outline is difficult, and cloud information used by contour-based features is much less than
region-based features. And region-based features regard all pixels as a whole, thus region-based
features are robust to noise and shape change[4]. So we only adopt the region-based features for
similarity retrieval.

Framework

To take advantage of shape region-based features on the cloud images retrieval, we proposed the
system framework as shown in Fig.1.The framework consists of two parts, offline generation of
feature library and online retrieval. During the phase of offline generation, first of all, carry out the
pretreatment of separation on the cloud images. Namely adopt histogram equalization process to
improve cloud images’ contrast and carry out half threshold method processing [5] (pixels higher
than the threshold value are unchanged, below the threshold value become zero pixels). Then further
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extract the shape-based features of the separated cloud images, and combined with the description of
corresponding cloud image files for the online retrieval. During the online retrieval phase, the user
inputs a cloud image for retrieval firstly. Carry out the pretreatment of separation on the given image
and further extract the feature. Then calculate the distance between the given image and the
characteristic library. At last ,output the retrieval results according to the sorted order based on the
vector distance.
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Fig.1: The system framework

Region-based features. Region-based features are mainly includes the area of the region, Euler
number, dispersion ratio, eccentricity, geometric moment, Zernike moment, Legendre moments, grid
method, and the radius of angle transformation, etc. In this paper, we try to use Zernike moment and
grid method to carry out similarity retrieval on the satellite cloud images.

Zernike moment. Zernike moment is based on the Zernike polynomial orthogonal function [6],
the set of orthogonal polynomial used is complete inside a standard circle (the radius is 1). When
computing a Zernike moment of a given image, define the image gravity (also known as the gravity
center) as the center of the circle [7], the pixel coordinates are mapped to the standard circle. Zernike
moment is a plural moment and the modulus value of Zernike moment is generally regarded as a
feature to describe the object shape, the Zernike moment is defined as [8]
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Where, n and m are nonnegative integers, also make sure n—|m|is even and n > m|.Choosing

different nand m that meet the conditions can form a feature vector.

Grid method. The grid shape descriptor is proposed by Lu [9]. Basically, divide a given cloud
image into a certain number of neat grid cells, in this article it is divided into 8% 8 grid cells, as shown
in Fig.2. A grid of cells is overlaid on a cloud image, the grid is then scanned from left to right and top
to bottom. Calculate the average pixel value of each grid cell «; and the global average value 4,

when ; is greater than the global average x , the grid cell is assigned as 1, otherwise 0, so each cloud

image corresponding to a 64 bits binary string. The advantages are its simplicity and possessing the
scale invariance. The main problem is lack of rotation invariance. Scale invariance is refers to the
mage scale variation does not affect the feature, as long as the image can still be divided into 8% 8 grid

n-2s (2)
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cells. The same picture, the grid feature values usually change a lot after rotating 90 degree, so the
grid method lack of rotation invariance.
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Fig.2 8% 8 grid cells

By the experiment of section 5.2, we can find that Zernike moment is better in terms of rotation
invariance, but the retrieval result is not ideal. While the retrieval result of grid method is better, this
method is better in terms of scale invariance, but not in the rotation invariance. During the experiment,
we try several methods to combine Zernike moment and grid method, but the combined retrieval
result is poor, therefore we propose the grid based inscribed circle (GBIC) method. Here, we only
extract characteristic inside the inscribed circle part of a cloud image. In order to possess the rotation
invariance, we extract grid characteristic of the inscribed circle part of cloud image every 30 degree
angle, thus each cloud image corresponds 12 directions grid features. During the similarity
comparison, for a given cloud image, first of all, extract its grid features; then compare this grid
feature with the 12 directions grid values in the characteristic library and find out the most similar
direction; at last, calculate the similarity degree between the two images. Fig.3 (a) is an inscribed
circle, Fig.3 (b) is the inscribed circle part of a cloud image, Fig.3 (c) is the meshing of an inscribed
circle.

e
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cloud image inscribed circle

Fig.3: grid inscribed circle

We can find that for a cloud library, if calculate the corresponding 12 directions grid features of
each cloud image in advance, it will obviously make the workload of off-line feature library
generation become at least 12 times as much as the grid method. In fact, we needn’t to generate grid
features of all the 12 directions, we only need to generate the grid characteristic of the 0 degree
direction, but during the similarity retrieval, it needs to generate 12 directions grid features of the
given cloud image for retrieval, then use the 12 grid features respectively compare with the 0 degree
grid characteristic of each image in the cloud library, find out the most similar grid characteristic as
the similarity degree of the two images. By doing so, it can greatly reduce the pressure of off-line
feature library generation, while online searching pressure increase very little(because for only one
cloud image, the time difference between generating 12 directions features and generating one
direction characteristic is very narrow, which can be neglected). In this way, we can achieve a better
retrieval effect, and will not spend too much time.

Distance measurement. During online retrieval, we need to set a reasonable distance metric
criterion to reflect the similarity of two different features vector. Calculated the distance between a
given cloud image and feature vector in the feature library based on the y* distance. The y*distance

[10] is defined as
d.(AB)=Yy B ©

Where, A. B are features of two n-dimensional vectors, m; is defined as
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m =—— (4)

Where, a, and b, corresponding with thei component of A. B eigenvectors.

By the definition of y* distance, we can see that it can reduce the influence of dimension and the
features of each component needn’t be normalized.

Results and analysis

To test the above methods, we choose a personal computer whose main frequency is 2.26 GHz and
memory is 2 GB. We adopted Net3.0 and OpenCV as the programming environment. The
experimental data is received from satellite named Situation 2 in year 2010 and 2011. During the
comparison of the shape features, we only adapt 900 infrared cloud images under lambert projection
received in year 2011 for experiments, the experiments were mainly carried out to validate the
rotation invariance and the scale invariance. During the experiment for rotation invariance, we rotated
the 900 images for 180 degrees, then put the rotated images into the cloud library, so the total number
of the cloud library is 1800. During the experiment for the scale invariance, the same 900 images will
be reduced to a quarter and then put the reduced images into the cloud library, so we can get another
cloud library of 1800 images.

Pretreatment results. During the cloud image pretreatment phase, we carry out the pretreatment
of separation on the infrared satellite cloud image named “EILY0630. AWX”, which was received on
May 6, 2011 at 3. The processing results are shown in Fig. 4. Fig.4 (a) is the original cloud image,
Fig.4 (b) is the cloud image after histogram equalization, Fig.4 (c) is the result of cloud separation.
The threshold value is 160, we can see that using this method can get better separation of cloud from
the ground background.
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Fig. 4 pretreatment of cloud image

Retrieval results and analysis. During the similarity retrieval of satellite cloud images, we use
the infrared satellite cloud image on May 6, 2011 at 3 named “EILY0630. AWX”, and respectively
adopt Zernike moment, grid method and grid based inscribed circle method to carry out similarity
retrieval on infrared cloud library received in year 2011.

Results and analysis of Zernike moment. The first 16 most similar results are shown in Fig.5 by
the method of Zernike moment, the retrieval results are listed according to the similarity degree from
high to low. The marks under each figure respectively represent the time of cloud image and the
similarity degree between a given image and the retrieval result. In order to distinguish the original
cloud image from the rotated image, we add "rotated™ behind the similarity degree of rotated image.
In order to distinguish the original image from the image reduced to a quarter, we add "reduced"
behind the similarity degree of reduced image. From Fig. 5 (a), a cloud image and the rotated image
can be detected at the same time, which indicates that Zernike moment has very good rotation
invariance. However, the reliability of the retrieval is poor, some of the retrieval results in visual
similarity degree is not high enough. Looking at Fig.5 (b), the reduced cloud images can't be retrieved,
suggesting that Zernike moment does not have scale invariance.
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Fig.5: Zernike moment related experiments

Results and analysis of grid method. The first 16 of the most similar results are shown in Fig.6.
From Fig.6 (a), we can see that none rotated image been detected, so the grid method does not have
rotation invariance, but the reliability of the retrieval is better, the time of the retrieval results is very
close to the time of the given cloud image for retrieval, which conforms to the continuous movement
of cloud within a time scope. Looking at Fig.6 (b), the cloud image and the reduced cloud image can
be retrieved at the same time, suggesting that grid method has scale invariance.
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(a)rotatlon invariance validation (b) scale invariance validation
Fig.6: relevant experimental grid method
Results and analysis of GBIC method. The first 16 of the most similar search results are shown
in Fig.7 by the GBIC method. From Fig.7 (a), the GBIC method has rotation invariance, and the
retrieval rellablllty is better The Flg 7 (b) shows that the method has the scale invariance.
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(a)rotation invariance validation (b) scale invariance validation
Fig.7:GBIC method related experiments
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Summary

In this article, there are several points worth noticing. Firstly, during the cloud image pretreatment
phase, it is difficult to find a universal threshold value to carry out the cloud separation. However, if
we first carry out the histogram equalization progressing, we can choose a value between 150 and 170
as the universal threshold value. Secondly, by comparing the advantages and disadvantages of several
region-based methods, we propose an improved method. The experimental results show that the
method can extract the characteristic information of the cloud effectively, and can work well for
similarity retrieval on historical satellite cloud library, so this method has a certain application
prospect. In the future work, we will focus on how to make fusion of shape features and texture
features to improve the reliability of retrieval.
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