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Abstract. According to the denoising technique based on the non-negative matrix factorization 
(NMF) and Redundancy technique based on discrete cosine transform (DCT), a fusion method is 

proposed, namely, NMF-DCT dimension reduction method. This method is applied to the 
dimension reduction of ORL face images. The image reconstruction degree and compression ratio 

are used to be as evaluation criterion. The experimental results show that the NMF-DCT method is 
more effective than only use the NMF or only use the DCT. The NMF-DCT method has a good 

effect on the face image compression. 

Introduction 

Image is an important source for human to obtain information. Today, with the rapid development 
of information technology and photographic pixels, which brought us inconvenient to use and 

transfer images. Therefore, an efficient dimension reduction method needs to be used to reduce the 
dimension of the image [1].The traditional dimension method is divided into linear and non-linear. 

The NMF method is one of non-linear dimension reduction methods. It was proposed by D. D. Lee 
and H. S. Seung in 1999 [2]. In the NMF method, the original matrix is expressed as the product of 

the coefficient matrix and the matrix. And the resulting two decomposition matrixes are 
non-negative. Based on these characteristics, the computation of the data processing is greatly 

reduced [3].  
The NMF method can only reduce the dimension but cannot remove the redundancy. In order to 

obtain the optimal dimension, it is necessary to compress the images. The problem to be solved is to 
minimize the amount of data to represent a digital image [4]. Therefore, the NMF method is 

combined with the DCT method to achieve the purpose of reducing dimension and remove the 
redundancy, which is called NMF-DCT method. 

NMF-DCT Method 

NMF Implementation Principle. In fact, the NMF solution problem is an optimal solution 

problem, and the method of multiplicative iteration is used to solve the W  and H . There are many 

kinds of objective functions for NMF problem, and the most widely used are Euclidean distance and 

KL  divergence. 

In the decomposition of NMF, we assume that the noise matrix is mnRE  ,so 
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Now find the right one W and H  make E  the smallest. 

You can then iterate using the steepest descent method. as follows 
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Then the final iteration is 
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By Eq.6, Eq.7 can be seen that this is multiplicative iterative rules, each step to ensure that the 
results are positive, iteration continue will converge [5,6]. Let iv  and ih  denote the column i 

vector of V and H , respectively, then WHV  can be transformed into the form of expression using 

column vectors: ii Whv  . That is each iv  can roughly be a linear combinations of column vectors of 

the base matrix W , the weight of the combination is a component of ih . Thus, non-negative matrix 
W  can be regarded as a set of bases for projection of the original matrix V , and the matrix H  can 

be regarded as the mapping of the original matrix V  in the vector space W . 

DCT Transform Principle. Assuming that the image matrix is  yxfV , , which is a matrix nm , 

the two-dimensional discrete Fourier transform of the matrix is defined as follows: 
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among them 1,...,1,0;1,...1,0,  nvmvx . 

After DCT, the low frequency signal is concentrated in the upper left corner of the image, and 
the high frequency signal is concentrated in the lower right corner of the image. This is determined 

by the discrete cosine transform 'energy concentration [7]. 
NMF-DCT Principle. NMF-DCT principle is based on the principle of non-negative matrix 

decomposition and discrete cosine transform. Firstly, the original matrix V  is dimension reduced 

by NMF, and the reduced base matrix W  and the projection coefficient matrix myH  are obtained. 

Then the NMF multiplication principle is used to multiply the two matrices to obtain the 
reconstructed matrix V  . Then, the reconstructed matrix is V  compressed by DCT, so the 

dimension reduction is achieved. 

Dimension Reduction Dimension of Image 

Fit Degree. Used iP  to represent the degree of agreement between two matrices, can be used to 

measure the degree of similarity matrix. Therefore, when the original matrix and the reduced 

dimension compressed matrix are known, the dimension reduction effect of the different dimension 
reduction methods can be compared by calculating the fit degree between the original matrix and 

the compression matrix [8]. 

The fit degree between the matrix iV  and 
iV  is defined as: 
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iV  represents the original image matrix, and 
iV  is the image matrix after the reduced dimension 

reconstruction. When %100iP  the matrix after dimension reduction is consistent with the original 

matrix. The matrix and the projection coefficient matrix are reconstructed by MATLAB, and the 
reconstructed degrees are compared. 

Compression Ratio. The introduction of distortion is unavoidable when compressing the image. 
In the user can not perceive and can tolerate the premise of distortion, in exchange for higher coding 

efficiency we want to further improve the compression ratio [9]. Here we introduce the compression 

ratio of this indicator:
2

1Cr
n

n
 ( 1n  is the original image of the number of bits, 2n  is the number of 

bits after compression). 

In this paper, the reconstructed image with the dimension r  of 50 is compressed to find the ratio 
of the original image to the compressed image. And compared with the NMF and DCT methods 

alone. 

Non-Negative Matrix Factorization and Discrete Cosine Transform are Applied to Image 

Dimension Reduction 

This paper selects one face image from the ORL face database to do the experiment, and expresses 

the face image with V .The size of the face image is 112 × 92, where m is the row number of the 

matrix and n is the number of the columns. Using NMF to reduce the dimension of the data, r  is 

reduced by 20, 30, 40, 50 and 60 respectively. In this experiment, the number of times of iteration 
termination is kept constant at 200. Theoretically, the more iterations, the closer to the original 

values. Reach the base matrix W  and the projection coefficient matrix myH , then the matrix V   is 

reconstructed by the NMF multiplicative principle. This experiment is programmed in MATLAB. 

Specific experimental steps are as follows: 
 

 

 

    

Figure 1.  Experimental flow chart 

 

Step 1 Use the imread function in MATLAB to read the first image of the first person in orl-faces 

as the experimental sample to generate the original matrix V . The generated matrix V  is a 112 × 

92 matrix. 

Step 2 The original matrix data V  is normalized, and the sum of the normalized rear column 

vectors is 1. A normalized matrix nv  is obtained. 

Step 3 Using MATLAB to write the non-negative matrix factorization program to get the reduced 

base matrix W  and coefficient matrix H . 

Step 4 The normalized matrix nv  is projected onto the base matrix W  generated in the 

previous step to obtain the new coefficient matrix myH . 

Step 5 Using the multiplication principle of non-negative matrix factorization, the matrix W  

obtained in step 4 and the coefficient matrix myH  obtained in step 5 are multiplied to obtain the 

reconstructed matrix V   [10]. 

Here we observe the face image in the r  value of different values of the reconstruction effect. 
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Figure 2.  The original image and take different values r  of the reconstruction image 

The following table is r  taken from different values, the reconstructed image coincides with the 

original image. 

Table 1 Reconstructed image fit degree 

 

From the above comparison can see the r  value of the reconstructed image of the match degree 
also has a great influence, from the results we can see that the best r  value in this experiment 

should be between 50-60, if the value of small, will lead to reconstruction of the low degree of 
consistency will make some useful information is lost, if the value is too large, you will lose the 

original data for the meaning of the dimension reduction. Obviously, select the 50 most appropriate 
here. 

Step 6 Call MATLAB built-in dctmtx function to reconstruct matrix V   when r  is 50 to DCT 

to get the compressed image. The transformation from the DCT transform will decompose the 

matrix into 8 × 8 sub-blocks for DCT transformation. Since the reconstructed matrix V   is a 112 × 

92 matrix, the program will automatically complete the compression Into the NN   type matrix, 

that is 112 × 112. The image matrix can be divided into 196 blocks. 
The following figure is the use of DCT transform after compression of the face image before and 

after the contrast effect: (a .50-dimensional reconstruction of the image, b. For the DCT compressed 
image) 

 
 

 
 

 

 

 
 

Figure 3.  50-dimensional reconstruction of the map contrast before and after the compression 

 
In order to measure the effectiveness of this method, the concept of compression ratio is 

proposed and compared with the pure NMF method and the simple DCT method respectively. It is 
necessary to explain here that the NMF method uses the original image bit number and reduces to 

50, DCT is the ratio of the original image to the number of compressed image bits, The NMF-DCT 
method is the ratio of the number of bits in the original image after the dimension reduction. The 

results are shown in the following table: 

 

Table 2 Compression ratios of the three methods 

Methods NMF DCT NMF-DCT 

rC  1.452 2.776 4.560 

 
It can be concluded from Table 2 that the compression ratio of the three methods tends to 

increase, because the proposed method can effectively reduce the redundancy in the image. The 
information entropy redundancy can be eliminated to improve the compression ratio of the image. 

R value 20 30 40 50 60 

NMF fit degree% 96.21 98.37 98.83 99.64 99.64 
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The superiority of this method in dimension reduction of face images is obvious. This experiment 

also has some shortcomings, the reconstructed image matrix V   is extended to increase the data 

volume, which is convenient to deal with but increase the burden of system processing. This part of 

the content remains to be optimized. 

Conclusion 

NMF-DCT method is a dimension reduction method which combines the advantages of the two 
methods. The base matrix W  and the projection coefficient matrix myH  are obtained by 

non-negative matrix decomposition of the original matrix V , and the compressed data is obtained 

by compressing the reconstructed matrix V  . In this paper, a face in the ORL face database is used 

to reduce the dimension of the face. According to the fit degree formula, the best reconstruction 
effect is obtained when the dimension 50r . Compared with the NMF method and the DCT 

method, the NMF-DCT method has better compression effect. Experimental results show that the 
NMF-DCT method has a good effect on image dimension reduction. It will facilitate the 

transmission for images. 
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