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Abstract: Sparse representation of signals is a research hotspot in the field of 

computer vision at present. This paper summarizes the classification methods of 

remote sensing images based on sparse representation, summarizes the methods of 

solving sparse coefficients, learning dictionaries and classification methods in sparse 

representation, and looks forward to the future research of classification methods for 

remote sensing images based on sparse representation. 
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1. Introduction 

With the continuous development of remote sensing technology, remote sensing 

images are widely used in many fields, such as civil, military and other important fields. 

With the rapid development of space technology and sensor technology, satellite 

remote sensing image has become a real big data. Faced with the huge amount of data, 

how to deal with it effectively and quickly has become a research hotspot in the field of 

computer and remote sensing application. Classification of remote sensing images is 

one of the key links in remote sensing applications, especially in the field of military 

applications, the detection and recognition of targets need to classify the target images. 

Compared with the general natural image, remote sensing image is more complex, not 

only has a large amount of information, but also has a complex spatial structure and 

high data dimension. Traditional image processing and classification methods are 

difficult to achieve a better classification effect, which limits the application of remote 

sensing image to a certain extent. 

In recent years, signal sparse representation has been widely used with the rapid 

development of compressed sensing theory. Sparse representation has the advantages 

of avoiding dimension disaster, simplifying the processing of complex signals, 
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accurately restoring signals and good anti-noise ability. Its application in remote 

sensing image processing has attracted the attention of many scholars at home and 

abroad. In the framework of sparse representation theory, a signal can be represented 

by as few linear combinations of atoms as possible in a given over-complete dictionary. 

Researches have shown that sparse representation model is very similar to human 

visual perception system. Therefore, sparse representation is widely used in various 

fields of image processing, such as image denoising [1], image restoration [2], image 

understanding [3]. Based on the above analysis, this paper mainly analyses and studies 

the classification methods of sparse representation of remote sensing images, and 

expounds the commonly used feature extraction methods of remote sensing images, 

sparse coefficient solving methods in sparse representation and dictionary learning 

methods. 

 

2. Feature Extraction Method of Remote Sensing Images 

The feature extraction of remote sensing image mainly focuses on spectral feature 

extraction and texture feature extraction. 

 

2.1 Spectral Feature Extraction Method 

Spectral features are the color and gray level of the object in the image or the 

brightness ratio between the bands. It is obtained by point operation in the original 

band. The characteristic of spectral features is that it corresponds to each pixel, but has 

nothing to do with the spatial structure such as the arrangement of pixels. Spectral 

characteristics are the essential characteristics that distinguish a ground object from 

another. They reflect the properties of composition, structure and so on. Normally, 

different ground objects have different spectral characteristics. In some special cases, 

the phenomenon of "same object, same spectral foreign object" appears. Therefore, 

remote sensing maps can be obtained according to the spectral characteristics of 

ground objects. Image feature extraction . Spectral features can be divided into 

first-order statistical features and second-order statistical features. The commonly 

used spectral feature extraction methods include Principal Component Analysis (PCA), 

Kernel Principal Component Analysis (KPCA), Typical Analysis, and feature extraction 

algorithm based on genetic algorithm. 

 

2.2 Texture Feature Extraction Method 

Texture is one of the important features of an image. It reflects the nature of image 

gray level and its spatial relationship. It is an important and difficult feature to describe 

in an image . Remote sensing image has rich and complex texture structure. Texture 

analysis is needed before feature extraction, which is the key to ensure effective 
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feature extraction. The commonly used texture feature extraction methods are Gray 

Level Co-occurrence Matrix (GLCM), Laws texture energy method, spatial 

autocorrelation function method, Fourier transform method, Gabor filter method, 

wavelet transform and wavelet packet transform method. 

 

3. Solution of Sparse Representation Coefficient 

In the classification of remote sensing images, the solution of sparse coefficients is the 

key to the classification basis. Because of the NP-Hard problem in the solution of sparse 

representation, many scholars at home and abroad have done a lot of in-depth 

research on the algorithm of sparse representation model. As far as the current 

research situation is concerned, the sparse coefficient algorithm can be roughly divided 

into two categories: greedy algorithm and convex optimization algorithm. 

 

3.1 Greedy algorithm 

The main idea of greedy algorithm is to approximate the original data (signal) by 

selecting the most useful atoms from the dictionary one by one through specific metrics. 

Common greedy algorithms are Matching Pursuit (MP), Orthogonal Matching Pursuit 

(OMP), Regularized Orthogonal Matching Pursuit (ROMP), Multiple Candidate Set OMP 

(MOMP) and Gradient Orthogonal Matching Pursuit (GRP). Stagewise Orthogonal 

Matching Pursuit (StOMP), Compressive Sampling Matching Pursuit (CoSaMP) and so 

on. 

 

3.2 Convex optimization algorithm 

The main idea of convex optimization algorithm is to relax the non-convex norm to the 

upper solution, and then use the non-linear programming method to approximate the 

original combinatorial optimization problem. Commonly used convex optimization 

algorithms are: Basis Pursuit (BP), gradient projection algorithm, L1_Magic algorithm, 

SL0 algorithm, FOCUSS algorithm, LASSO algorithm, etc. 

 

4. Dictionary Construction and Learning Method 

Dictionary construction in sparse representation is also an important research content 

in remote sensing image classification. Dictionary construction is the prerequisite for 

sparse representation of images, and how to effectively construct dictionary is the key 

to improve classification accuracy. Generally speaking, the dictionary is required to be 

over-complete in sparse representation, that is, the number of atoms in the dictionary 

is much larger than the dimension of the sample, which can not only ensure that the 

dimension of the sample is not very high, but also realize the linear sparse 

representation of the atom-to-signal in the dictionary. For the study of dictionaries, the 
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construction of over-complete dictionaries can be roughly divided into three categories: 

dictionaries directly constructed with training samples, analytical dictionaries and 

learning dictionaries. Dictionary constructed directly from training samples usually has 

the following shortcomings: insufficient samples can not constitute a complete 

dictionary, resulting in low classification accuracy; redundant information can not 

effectively express the original signal, resulting in the reduction of classification 

accuracy. In view of this, the construction of dictionaries mainly focuses on analytical 

dictionaries and learning dictionaries. 

 

4.1 Analytical Dictionary 

Analytical dictionary is a dictionary construction method based on analytic expression. 

It models a given signal through a certain mathematical function, and then designs the 

corresponding representation method according to the model. Common analytical 

dictionaries include Fourier transform dictionary, discrete cosine transform dictionary 

(DCT dictionary), wavelet transform dictionary and so on. This kind of dictionary is 

mainly constructed by converting the original signal to the frequency domain for 

processing. Its principle is simple and its calculation is not complicated. However, for 

more complex remote sensing images, this kind of dictionary can not adapt to the 

signal transformation well, and the representation ability of atoms is not very strong. 

 

4.2 Learning Dictionary 

Learning dictionary is a dictionary construction method based on machine learning. It 

is obtained by learning the training samples. It can effectively represent the images of 

various features, and has good adaptability. At the same time, the structure is weak, 

but the computational complexity is high. Learning dictionary mainly includes MOD 

algorithm, K-SVD algorithm, ODL algorithm and so on. Learning dictionary is a 

relatively new research in the design of sparse representation dictionary. It has a 

far-reaching impact on the research of signal sparse representation model solving 

algorithm. By contrast, the learning dictionary has more advantages than the analysis 

dictionary. Through learning, the optimal results can be obtained in some practical 

signal processing applications. 

 

5. Criteria for Classification of Sparse Representation 

After the dictionary and sparse coefficients are solved, the final treatment is the setting 

of classification criteria, namely the design of classifiers. In remote sensing image 

classification based on sparse representation, after extracting feature vectors from 

training samples and obtaining an over-complete dictionary with adaptive ability 

through dictionary learning algorithm, the same feature vectors are processed for test 
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samples and the sparse coefficients are solved on the over-complete dictionary. After 

solving the sparse representation coefficients, the classification criteria can be judged 

according to certain criteria. At present, the most common classification criteria in the 

research are the minimum reconstruction error classification criterion and the 

maximum classification coefficient classification criterion. The classification principle of 

sparse representation is to design the classifier of sparse representation according to 

the discriminant criterion of the classification of coefficient representation to realize the 

classification of remote sensing images. 

 

6. Concluding remarks 

At present, the theory of sparse representation has become a research hotspot at 

home and abroad. The compressed sensing theory proposed by Dohono and Candes 

has promoted the application of sparse representation in various fields. On the 

research of sparse representation theory, scholars mainly focus on the construction of 

over-complete dictionary, dictionary learning algorithm, sparse representation solving 

algorithm and classification criteria in classification and recognition. The existing 

research results promote the development of sparse representation in remote sensing 

image classification, but remote sensing image and other nature. Images are different, 

and there are still many problems that need to be studied in depth. 
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