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Abstract 

This article provides a comparison between methods of images amplification with good 

results in the preservation of the structural similarity of the output image. This parameter is 

evaluated through the method SSIM (structural similarity index).One of the methods used for 

amplification is the combination of SWT (stationary wavelet transform) for the decomposition of 

the image, SVD (singular value decomposition) for conservation of high frequency content and 

DWT ( discrete Wavelet Transform ) for obtain the high resolution image. This method has 

report of good results [5]. Other amplification technique is proposed, RHPI (pulses 

interpolation constrained by high frequency)[9].The procedure RHPI uses a theoretical model 

of digital image registration and high frequency filters for the construction of the interpolation 

kernel for the amplification process. Finally, both methods are compared through SSIM 

structural similarity coefficient and PSNR parameters. The proposed method RHPI is a solution 

better than the SWT-SVD-DWT for the improvement in the conservation of SSIM and PSNR 

ratios for high rates of amplification. 
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1. Introduction 

In the image processing, resolution and contrast are fundamental aspects [6]. The process 

most commonly used to increase the resolution of the images is the interpolation [7]. There is a 

close relationship between these parameters due to the interpolation process; this affects the 

frequency content of the image in the contours. The information of contours and fine details of 

the image must be transferred to the plane of high resolution in areas of  the highest spatial 

frequency .The structural relationship of the pixels of the image should does not suffer 

significant changes due the amplification process. The contrast is related to the ability of the 

transference system applied to the image for detect a great number of changes in the values of 

the pixels in a defined range, this enhances the edges definition .Applying SVD, the singular 

value matrix [2] of an image contains luminance information and changing singular values 

directly affects the lighting of the picture. The stationary wavelet transform SWT decomposes 

the image bands of different types of information, these are matrices A, H, V, D Trend A, 

fluctuation in the horizontal H, vertical and diagonal, V and D. The SWT [8] maintains the size 

of the image in each of these planes of information, however the DWT [8] Discrete Wavelet 

Transform incurs in a decimation process to obtain these matrices. That is why the method is 

used to obtain the high resolution image using the reverse process as input of the IDWT the 

result of SWT, the SVD is applied for maintain the contrast of the original image. The other 

method used in the comparison studies the high frequency content for the construction of an 

interpolation kernel for the amplification. This proposed procedure is the RHPI [9] (high 

frequency restriction for amplification by pulses interpolation) using a Canny filter [4] for the 

guide in the construction of the amplification kernel. This amplification kernel is extracted of an 

physical model of images scan. In this case the interpolation kernel dimensions are oriented by 

the high frequency content of the image of high resolution.  
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2. Amplification Methods Proposed 

The first method used is the combination of the transformed wavelet SWT, compensation of 

singular values SVD and inverse DWT for obtain the high resolution image. The transformed 

wavelet packet are applied using the Daubechies1.On each region's output is calculated the 

wavelet transform and  singular value matrix S through SVD decomposition. For DWT the SVD 

decomposition is: 
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And for SWT: 
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   The parameters d w t
S a

 and sw t
S a

are output matrices of singular values, trends of the 

transformed SWT and DWT respectively. The parameters d w t
U a

and sw t
U a

are orthogonal 

matrices of the output, trends of the transformed 

SWT and DWT respectively. The parameters 
T

d w t
V a

and 
T

s w t
V a

are orthogonal matrices are 

transposes of the trend output of the transformed DWT and SWT respectively. Similarly is 

defined the decomposition of the output matrices of the wavelet decomposition H, V and D. The 

correction coefficient is calculated from singular values in each matrix of the decomposition as: 
 

m a x ( )

m a x ( )

d w t
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   

  (9)                                           
 

Is calculated a new matrix of singular values for each output matrix decomposition SWT. The 

Figure 1 shows the Structural diagram of this interpolation method. 
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Figure 1. Structural Diagram of the Interpolation SWT-SVD-IDWT for the First 
Iteration 

sw t sw t
S e S  

                                                                                                                                         (10)  
                                                                                                                                         

This change each matrix A, H , V and D of the SWT decomposition with the new matrix of 

singular values corresponding to each plane. 
 

T

sw t sw t sw t sw t
A U S e V                                                                                                                           (11) 

 

The result is applied as input to the IDWT for build the high-resolution image. This 

procedure increase the resolution of the image size in a 2
n

 factor where n is the iteration of the 

procedure. 

The second method proposed, RHPI, is a restricted interpolation system made with spatial 

and window filters in order to increase the high frequency content at the high resolution image. 

The proposed method constructs an interpolation kernel using the high frequency content at 

high-resolution image domain as an explicit driving force for the variation of the amplification 

kernel parameters. With this process, the optimal low-high resolution pair is found using the 

amplification kernel given by the Fourier transform of the truncated sampling arrangement 

[10].The spectrum of high-resolution image is given by: 
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The Fourier transform of the truncated sampling arrangement [10] is: 
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The space of band limited functions in the frequency range is traversed by the infinite set (but 

countable) sinc functions shifted by integers .Therefore any such band limited function g (t) can 

be reconstructed from its samples with integer spacing. 
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Taken (12) and (14) is obtained: 
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Applying the convolution yields the high resolution spectrum Qc matrix described in Figure 

2.The dimensions of the kernel of interpolation are restricted for the amplification by the high 

frequency content achieved at the output of the interpolation system. Is possible to use a kernel 

of convolution [3, 12].operating in the manner of the matrix Hc shown in the Figure 2. 

 

 

Figure 2. Relationships between Input Data, Output Data, and Impulse Response 
Arrays for Finite-Area Superposition; Centered Array Definition Taken from [11] 

Applying the inverse Fourier transform to the array output data the high-resolution image is 

obtained. 
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A Canny filter [4] is applied in order to estimate the amount of edges and restrict the 

interpolation kernel dimensions to this estimate. A Canny filter is applied. 
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                                                                                                       (17) 

 

Then, the appropriate values of Lx and Ly of the impulse response array of the Figure 2 can 

be found through: 
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Lx and Ly are the dimensions of the amplification kernel. The solution of Equation 21 

provides the optimum dimension for the interpolation kernel. Then the optimal low-high 

resolution pair for an amplification rate is found. 
 

3. Results Obtained  

In the proposed experiment an input image of 384x512 pixels is used. A comparative method 

is applied using the structural similarity SSIM and PSNR relationships. The method SWT-

DWT-SVD is applied for iterations n = 1 and n = 2.The RHPI method for optimal interpolation 

kernel is applied and the output image of major resolution is of 811x1080 pixels. The 

measurement method SSIM, structural similarity, measures the similarity between two images. 

This index is a comprehensive measure and benchmark to measure the quality of the image 

from a reference image without compression or distortion. The SSIM index improves the 

traditional measurement methods PSNR (peak power ratio of signal to noise level) and mean 

square error (MSE) which are inconsistent for ocular perception [13]. SSIM method considers 

the degradation of the image as changes in the structural information of the image. It is based on 

the idea that the pixels have strong structural interdependence when they are close. This 

dependence has important information about the structure of objects in the image. 

SSIM index calculation for two image areas of the same size is calculated as follows: 
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In these expressions x


and y


are averages of x and y, 
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M is the number of the areas being compared. 
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Because the images are of different resolution the PSNR parameter is calculated over the 

average power individually by the way: 
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The parameter R is the maximum fluctuation of the input image of low resolution M, N and 

M ,́ N  ́are the dimensions of the high resolution and low resolution images in the process. 

In Table 1, can be seen as the amplification technique SWT- DWT- SVD = 1 db1 has a good 

coefficient of conservation compared to the original image in the first iteration n = 1, however 

this performance degrades significantly in a later iteration .The proposed method RHPI shows 

better performance than other modes of amplification in PSNR relationship and maintaining the 

structural similarity SSIM. In each case the present values are 59.4745 dB and -57.7771 dB. 

These parameters imply that the method RHPI proposed is a good interpolation technique to 

achieve high quality in amplification processes. 

Table 1. Results Obtained in Comparing SWT- SVD- IDWT and RHPI with other 
Interpolation Methods 

interpolation 
methods PSNR dB SSIM dB Output Dimension 

SWT-DWT-SVD 
it=1 db1 55.6692 -61.0960 768x1024 

SWT-DWT-SVD 
it=2 db1 49.1656 -39.8000 1536x2048 

Bilinear 46.1384 -46.3490 768x1024 

Bicubic 50.1640 -55.0720 768x1024 

Sinc 50.1640 -55.2314 768x1024 

RHPI 59.4745 -57.7771 811x1080 
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Figure 3. Images Amplified using the Proposed Procedures. From Upper to Down 
are Applied RHPI, SWT – IDWT n = 1, SWT - SVD - IDWT n = 2 

4. Conclusions 

This paper presents a novel technique for interpolation and a comparative study of the SSIM 

PSNR relationships with other interpolation methods. Iterative amplification by wavelet SWT- 

SVD- IDWT presents good results using discrete transform db1. Aplying other wavelet packet 

the energy can be more concentrate in the image to the sub band trend. However, the method of 

singular value equalization is essential for the conservation of contrasts. During the first 

iteration of the method of wavelet exist a good relationship of SSIM but that factor for 

subsequent iterations decays exponentially. Moreover, the method RHPI has PSNR and SSIM 

indicators better than the conventional interpolation techniques or iterative amplification 

technique SWT-SVD-IDWT. This procedure is based on a physical model of image registration 

with restrictions over the kernel of interpolation. The construction of the interpolation kernel 

according to the  high frequency content is evaluated by a Canny filter [4].The measurements 

obtained make the RHPI [9] method attractive for achieve high resolutions and maximum 

conservation of high frequencies in the output image at the plane of high resolution. 
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