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The cloud retrieval of combining sparse
representation with subspace projection

Tang Biao, Jin Wei", Li Gang, Yin Caogian
Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo, Zhejiang 315211, China

Abstract: Satellite cloud imagery can show the features and the evolution processes of all kinds of cloud systems
from different aspects. Thus, adopting the content-based cloud image retrieval makes a big difference in supervising
present weather conditions and studying the climate change. In order to optimize the combined features of the cloud
picture and strengthen the generalization ability of its combined features, this paper presents an optimal method of
combining the features of the sparse representation with the subspace projection. At first, we should extract its color,
texture and shape, convert all the combined features, and divide them into different blocks. Then, we can make the
sparse representation for each block’s features, grouping them according to different atom variance and gaining both
noticeable and unnoticeable features. Finally, we can count the power of the grouped features to get the subspace
projection matrix, projecting the original combined features on it and achieving the optimal cloud picture features.
The experiment turns out that the method of optimizing the cloud picture features in this paper is better than common
descending dimension method and cloud retrieval technology in precision ratio and recall ratio. It indeed has a
stronger optimization in the combined features as well as a lower time complexity in the process of the real-time
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retrieval, which indicates a brand new retrieval method.
Keywords: sparse representation; feature optimization; subspace learning; cloud retrieval
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Table 3 Comparison of precision of six dimensionality reduction methods
Number of cloud
Proposed PCA SPCA LDA Laplacian AutoEncoder
image return
5 1.000 1.000 0.967 1.000 0.475 0.467
10 0.987 0.983 0.838 0.987 0.288 0.425
15 0.964 0.953 0.717 0.961 0.225 0.372
20 0.931 0.927 0.619 0.938 0.179 0.354
25 0.897 0.888 0.545 0.885 0.153 0.348
30 0.843 0.838 0.499 0.838 0.131 0.328
35 0.794 0.787 0.443 0.777 0.117 0.315
40 0.754 0.734 0.401 0.717 0.113 0.303
45 0.716 0.688 0.369 0.648 0.107 0.294
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Table 4 Comparison of recall of six dimensionality reduction methods

Number of cloud

Proposed PCA SPCA LDA Laplacian AutoEncoder
image return
5 0.100 0.100 0.097 0.100 0.048 0.047
10 0.198 0.197 0.168 0.198 0.058 0.085
15 0.289 0.286 0.215 0.288 0.068 0.112
20 0.373 0.371 0.248 0.375 0.072 0.142
25 0.448 0.444 0.273 0.443 0.077 0.174
30 0.506 0.503 0.299 0.503 0.078 0.197
35 0.556 0.551 0.310 0.544 0.082 0.221
40 0.603 0.588 0.321 0.573 0.090 0.243
45 0.644 0.619 0.332 0.583 0.097 0.265
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Fig. 9 Curves of precision (a) and recall (b) under different number of returns
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Table 5 Feature dimension size of seven retrieval methods

Retrieval
Propose Methods 1 Methods 2 Methods 3 Methods 4 Methods 5 Methods 6
methods
Size of
500 256 1475 8 1012036 1738 4096
feature

%6 THbkFkegd itk

Table 6 Comparisons of the precision of the seven retrieval methods

Number of cloud

Propose Methods 1 Methods 2 Methods 3 Methods 4 Methods 5 Methods 6
image return
5 1.000 0.958 1.000 0.408 1.000 1.000 1.000
10 0.987 0.896 0.996 0.337 1.000 0.983 0.992
15 0.964 0.817 0.964 0.294 0.981 0.953 0.944
20 0.931 0.750 0.931 0.265 0.944 0.927 0.890
25 0.897 0.685 0.883 0.242 0.917 0.888 0.827
30 0.843 0.636 0.824 0.222 0.890 0.843 0.775
35 0.794 0.586 0.775 0.213 0.864 0.794 0.731
40 0.754 0.546 0.733 0.203 0.833 0.754 0.693
45 0.716 0.510 0.689 0.193 0.803 0.716 0.660

AT LAk F kA E Ik

Table 7 Comparisons of the recall of the seven retrieval methods

Number of cloud

Propose Methods 1 Methods 2 Methods 3 Methods 4 Methods 5 Methods 6
image return
5 0.100 0.096 0.100 0.041 0.100 0.100 0.100
10 0.198 0.179 0.199 0.068 0.200 0.197 0.198
15 0.289 0.245 0.289 0.088 0.294 0.286 0.283
20 0.373 0.300 0.373 0.106 0.378 0.371 0.356
25 0.448 0.343 0.442 0.121 0.458 0.444 0.413
30 0.506 0.382 0.494 0.133 0.534 0.506 0.465
35 0.556 0.410 0.542 0.149 0.605 0.556 0.512
40 0.603 0.437 0.587 0.163 0.667 0.603 0.554
45 0.644 0.459 0.620 0.173 0.723 0.644 0.594
6 7 HIST 4096
ULBP ULBP
500 ULBP 1475
6
AlexNet 7
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Sparse representation and feature grouping processes

Overview: The satellite cloud image can show the characteristics of the cloud system and its evolution process from
multiple angles. The research of cloud image retrieval is of great significance for weather monitoring and climate re-
search. In the design and implementation of cloud image retrieval system, feature extraction is the key link. Since dif-
ferent types of cloud image features have their own advantages when portraying cloud images, combining different
types of features will help improve the performance of cloud image retrieval system. However, since the combined cloud
image features tend to be too high in dimension, the time cost is often high in the similarity measurement phase, and
there is redundancy between the feature vectors. In view of the above problems, this paper combines sparse representa-
tion and subspace projection technology to propose a dimension reduction method for cloud image combination fea-
tures. Firstly, the content information of the cloud image is drawn from different angles, that is, the three features of the
cloud image color, texture and shape are extracted. After that, the three features are normalized and cascaded into a
combined feature vector, and then the combined feature vector is matrixed. The form is arranged, and the matrix is
subsequently subjected to block processing. Then, each block is sparsely represented, the variance of each feature block
sparse representation coefficient is calculated, and the feature blocks are grouped according to the variance obtained by
different blocks and grouped by grouping. It is then possible to separate the initial combined features into salient fea-
tures and non-significant features. At this point, a subspace will be searched, in which the significant part is preserved,
and the non-significant part will be suppressed. A projection matrix can be obtained by learning training to achieve the
combined feature dimension reduction. In the retrieval stage, the initial cloud image combination feature vector is pro-
jected on the projection matrix, and the dimensionality reduction cloud image feature can be obtained, so that the cloud
image retrieval can be realized quickly and accurately. The experimental results show that the cloud image retrieval sys-
tem achieved by this method is superior to the traditional dimensionality reduction method in the accuracy and recall
rate of the cloud image retrieval system, and the time complexity of the retrieval process is low. This indicates that the
proposed method has strong dimensionality reduction ability for cloud image combination features, and provides a new
idea for cloud image feature dimension reduction and efficient cloud image retrieval system.

Citation: Tang B, Jin W, Li G, et al. The cloud retrieval of combining sparse representation with subspace projection[J].
Opto-Electronic Engineering, 2019, 46(10): 180627
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