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Abstract 

The process of resizing a digital image is called as image scaling. This is used in various applications like image 

sharpening, preserving edge of an image, image zooming and so on.  An efficient scaling algorithm is proposed in 

this paper. This proposed method includes a combined prefilter, bilinear interpolation and a smoothing filter at the 

end. Bilinear interpolation is used for its characteristics with low complexity and high quality. Combined filter will 

include a sharpening filter and a Gaussian filter for removing blurring and noise effect from an image.This paper 

also gives efficient bilinear interpolation VLSI architecture for the existing method.  
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1. INTRODUCTION 

In digital image processing different interpolation algorithms are used for scaling to convert an image from one 

resolution to another without losing the important contents in the image. Usually in the color image the interpolation 

technique is nothing but the process of estimating the missing colour samples to reconstruct a full colour image. 

These image scaling applications are widely used in fields like consumer electronics, digital camera, tablet, mobile 

phone and in medical imagery like in computer assisted surgery and in digital radio graphs. It is desirable to improve 

the processing performance,image quality of hardware implementation. 

There are different interpolation algorithms classified as adaptive and non-adaptive algorithms. No adaptive 

algorithms perform interpolation in a fixed pattern for every pixel that is by averaging neighbouring pixels. These 

may lead to some artifacts in the scaled image. These may cause edge blurring of that image. Adaptive algorithm 

approach use both spectral and spatial features present in the neighboring pixel in order to find the missed pixel as 

the original as possible. 

Different algorithms are evolved based on this. The classified algorithm is polynomial based and non 

polynomial based. Simplest and uncomplicated algorithm till date is nearest neighbor algorithm. The major 

drawback of this approach is that it causes more artifacts in the resultant image. To obtain the resultant pixels 

bilinear interpolation and bicubic interpolation are the other polynomial methods. In recent years many non-

polynomial high performance methods have been proposed. These methods use effective techniques like bilateral 

filter, interpolation, and autoregressive model. The latter methods enhance the image quality by diminishing the 

artifacts, aliasing and blurring effects. But these Image scaling algorithms are very complex to implement in VLSI 

due to high complexity and large memory requirement [2]. Thus, for fast, practical applications, low complex 

scaling algorithms are required. So here in this paper we concentrate on bilinear interpolation algorithm for image 
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scaling. This paper also involves some prefilters like sharpening filter and gaussian filter for removing blurriness 

and noise incounteted in the image. To improve the obtained image the smoothning of an image is done. 

 

2. METHODOLOGY 

 

Figure 1: Block Diagram 

Our proposed method involves few approaches as shown in Figure 1. Initially an input color image is taken and 

resized. The resized image is then subjected to sharpening filter to remove the blurring effect. This image is then 

passed to Gaussian filter block to remove the noise encountered in the image. The output of which is written into a 

text file. This text file is later fed to VLSI module of bilinear interpolation using Xilinx software. After applying this 

interpolation algorithm the output of which is again stored into a text file. This text file containing pixel values are 

again reshaped to obtain a zoomed image. To obtain the better enhanced image the zoomed image is again fed into 

bloom filter block to obtain the final smoothened image. 

2.1 Sharpening Filter 

Human perception is highly sensitive to fine details and edges as they are composed of high frequency 

components. If the high frequency components are removed or attenuated completely,we get an enormously 

degraded image. So usually in contrast enhancing high frequency components are improved to get the better visual 

quality image. Image sharpening refers to is any enhancement technique that highlights fine details and edges in an 

image.Image sharpening is used in wide variety of applications like in printing and photographic industries for 

sharpening and increasing the contrast of an image.  

Sharpening filter involves adding signals that are proportional to the high pass filter version of the original 

image. Figure 2 illustrates this procedure. These are often referred to as unsharp masking on a one dimensional 

input. As shown in the figure the original image is first subjected to a high pass filter that extracts the high frequency 

components which is then scaled and added to the original image thus producing a sharpened image of original. The 
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signals having homogeneous regions of the signals where the signals remain constant remain unchanged. The 

operation involved during this is represented by equation 1, 

��,�	 = 	��,� + 	
���,��																																																																		(1) 
Where ��,� is the original pixel value at the coordinate (i, j), F (.) is nothing but the high pass filter.	Is greater 

than or equal to zero which is a tuning parameter and is the pixel which is sharpened at the coordinate(i, 

j).Depending on the grade of sharpness desired,the 	 value is taken.  Sharpness of an image is increased as the 	 

parameter increases.Choosing the high pass filter in the operation is the keypoint in the effective sharpening process. 

The mask used for the process is given in equation 2. 

� = 13 �
−1 −1 −1−1 8 −1−1 −1 −1�																																																																			(2) 

 

 

Figure 2:Sharpening Filter 

 

2.2 Gaussian Filter 

Gaussian filtering is used to blur images and remove noise and detail. In one dimension, the Gaussian 

function is given as in equation 3. 

�(�) = 12��� �
�����																																																														(3) 

Where � is the standard deviation of the distribution. The distribution is assumed to have a mean of 0. But 

when this is working with image we need to use two dimensional Gaussian function and it is given by the 

equation 4. 

�(�) = 12��� �
��� ���� 																																																														(4) 

2.3 Bilinear Interpolation 

One of the image restoring algorithms is bilinear interpolation. This interpolates four nearest neighbor 

pixel of an unrestored image linearly to obtain the pixel of the restored image as a forward function. The 
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working principle behind the bilinear interpolation is it first executes the linear interpolation in one 

direction and repeats the same function in the other direction. As given in Figure 3,  P(i, j), P(i+1,j), 

P(i,j+1), and P(i+1,j+1) are the four nearest neighbor pixels of the original image with i = [0, 1, 2, . . . M] 

and j = [0, 1, 2, . . . N]. Here, M is the number of pixels having the width of the original image and N is the 

number of pixels corresponding to the length of the original image[1]. 

 

 
 

Figure 3: Bilinear interpolation 

 

Pixels P(x’,j) and P(x’,j+1) are temporary pixels which  are created by linear interpolation in horizontal 

direction and can be calculated using below equation 5 and 6. "��,#� = 	 (1	 − 	�$	) × 	"(&, #) + �$ × "(& + 1, #)																					(5)	"��,# + 1� = 	 (1 − 	�$	) × 	"(&, # + 1) + 	�$ × "(& + 1, # + 1)										(6) 	
Where �$ is the scaling parameter in horizontal direction. After interpolating in horizontal direction, 

the values oftemporary pixels P(x’,j) and P(x’,j+1) are generated. The resulting output Pixel P(x’,y’) can be 

obtained by one morelinear interpolation in the other direction. Alternatively, the output can be produced 

by implementing linear interpolation in the vertical direction and can be calculated by equation 7 given 

below,  "��,)� = *(1	 − 	�$	) × 	"(&, #) + 	�$ × "(& + 1, #)+ × 	(1	 − 	)$) 																								+ *(1	 − 	�$	) × 	"(&, # + 1) + 	�$ × "(& + 1, # + 1)+ × 	)$																																	(7) 
 

Where )$	denotes the scaling parameter in vertical direction. Due to low complexity and simple 

architecture bilinear interpolation is popular in the implementation of VLSI chips. Hence here in our paper 

we make use of this algorithm for image zooming. 

 

2.4 High Boost Filter 

This filter is simulated by a simple Averaging Kernel/Mask along with a Subtraction and an addition. 

The quality of the scaled output image is significantly enhanced using the HBF. Where the bilinear 

interpolated image is fed in to averaging filter to obtain a smoothened image. This smoothened image 
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output is added with the bilinear interpolated image to get the sharpened image. This sharpened image is 

added with the bilinear interpolated image to get the final enhanced image [3]. 

 

3. RESULTS 

Outputs obtained at each stage of the process using Matlab and Xilinx is explained briefly 

below.Figure 4 depicts the input color image of size 128×128. This image is fed into sharpening filter block 

to get sharpened image as shown in Figure 5. To remove the noise in the image a Gaussian filter is applied 

to it to get an image as shown in Figure 6. The Matlab zoomed image using bilinear interpolation algorithm 

after applying high boost filter is shown in Figure 7. In the same way the Xilinx zoomed image obtained 

after all this procedure is shown in Figure 8. The top level diagram of the bilinear interpolation algorithm is 

shown in Figure 9. The Final output wave form is shown in Figure 10. 

 

Figure 4: Input Image 

 

                        Figure 5: Sharpened Image 
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                      Figure 6: Gaussian Filter Applied Image 

 

                       Figure 7: Matlab Zoomed Image after Applying High Boost Filter 

 

Figure 8: Xilinx Zoomed Image after Applying High Boost Filter 
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                        Figure 9: Bilinear Interpolation 

 

 

Figure 10: Bilinear Interpolation Waveform 

4. CONCLUSION 

Hence a novel image scaling technique was developed with low memory requirements, high quality and 

high performance for image zooming applications. To improve the quality of image obtained after bilinear 

interpolation a high boost filter is used. 
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