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ABSTRACT:   Implementation of low memory requirement, 

low complexity, and high quality image  scaling  processor 

is proposed. This can be done through the image scaling 

algorithm called bilinear interpolation algorithm. The 

proposed image scaling algorithm, which is a widely used 

algorithm consists  of  the sharpening and clamp filter these 

filters are combined together to form a combined filter to 

minimize the memory buffer consumption. These filters are 

added as a prefilters in order to reduce the blurring and 

aliasing artifacts produced by the bilinear interpolation. 

The clamp filter and sharpening spatial filters both 

convoluted by a 3×3 matrix kernel are combined into a 5×5 

combined convolution filter which reduces the memory 

buffers and computing resources for the very large scale 

integration (VLSI) implementation. To reduce the 

computation modules, memory requirements and the 

complexity of the image scalar design sharpening spatial 

and clamp filters are realized by T shaped or inversed T 

shaped model convolution kernels it is also called T-model 

or inversed T-model convolution kernel. Compared to 

conventional schemes, the proposed  image scaling 

processor design, shows better performance with respect to 

cost and less complexity  and it can  reduce the memory 

requirement and needs only one-line buffer memory.   

Keywords: sharpening spatial filter, clamp filter, Bilinear 

interpolation, Image Enhancement  

 

I. INTRODUCTION 

IMAGE scaling is the process of resizing a digital image.  

Scaling Process is a non-trivial process that involves a trade-

off between efficiency, smoothness and sharpness. Digital 

image processing is a subset of the electronic domain where 

in the image is converted to an array of small integers, called 
pixels, representing a physical quantity such as scene 

radiance, stored in a digital memory, and processed by 

computer or other digital hardware. When the resolution of 

the received image is low, the user needs to magnify the 

image and display it via the high resolution display devices. 

However, resizing a digital image would produce severe 

jagging and blurring in the HR image. For example, a video 

source with a 640× 480 video graphics array resolution may 

need to fit the 1920×1080 resolution of a high-definition 

multimedia interface, this is achieved by means of image 

scaling processor. Upsampling or interpolating is generally 

common for making smaller images fits in full screen mode. 
The significance of image scaling are more and more 

outstanding because of  the graphic and video applications of 

mobile handset devices grows up and it also applied  in the  

 

fields of digital imaging devices and  mainly on Electronic 

based imaging devices. The image scaling algorithms can be 

categorized into two types as polynomial-based and 

nonpolynomial- based methods.  Nearest-neighbor algorithm 

is the uncomplicated polynomial-based algorithm. It has the 

advantage of low complexity, but the resultant images 

obtained using this algorithm consists of  full of blocking and 

aliasing artifacts. Bilinear and bicubic interpolation 

algorithms are the  polynomial-based algorithms. In recent 

years, many high-quality non-polynomial-based methods 
have been proposed. These algorithms improve the image 

quality, such as curvature interpolation bilateral filter and 

autoregressive model. The above mentioned algorithms can 

enhance the quality of the image as well as reduce the 

blurring, blocking and aliasing. However, these high-quality 

image scaling algorithms have the characteristics of high 

complexity and high memory requirement, which is not easy 

to be realized by VLSI technique. Thus, for fast, real time 

applications, less complexity based algorithms are necessary.  

Thus, for real-time applications, low-complexity image 

processing algorithms are necessary for VLSI 

implementation. 
 

II. PROPOSED METHOD 

 
Fig.  2. Block diagram of the image scaling   algorithm for 

image zooming 

The block diagram of the proposed scaling algorithm is 

shown Fig 2 .It consists of a sharpening spatial filter, a clamp 

filter, and a bilinear interpolation and Image Enhancement.  

The sharpening spatial and clamp filter are used as  pre 

filters  to reduce blurring and aliasing artifacts. To enhance 

the edges and remove associated noise, the input pixels of 

the original images are filtered by the sharpening spatial 

filter and to smooth unwanted discontinuous edges of the 

boundary regions, the filtered pixels are filtered again by the 

clamp filter. Next the filtered pixels by both of the 
sharpening spatial and clamp filters are passed to the bilinear 

interpolation for up-downscaling. After that the obtained 

image is enhanced by using a high boost filtering method. To 

conserve computing resource and memory buffer, these two 

filters are simplified and combined into a combined filter. 
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A .Sharpening Spatial Filter 

The sharpening spatial filter is a kind of high-pass filter. It is 

used to enhance the edges, details of objects, and is effective 

at removing blurring effects. The sharpening spatial filter is 
represented by convolution kernel. The kernel is designed to 

increase the brightness of the center pixel relative to 

neighbouring pixels. The 3 × 3 kernel for a sharpening spatial 

filter is represented as 

 
Where S is a sharp parameter, which can be set according to 

the characteristics of the images. By changing the sharp 

parameter, the degree of sharpening can be changed 

accordingly. In the previous work, the sharpening spatial and 

clamp filters was realized using a 2-D 3× 3 convolution 

kernel as shown in Fig.2 (a). The two 3 × 3convolution filters 

requires at least a four-line-buffer memory. Hence to reduce 

the complexity of 3 x 3 convolution kernel, a cross-model is 

designed, which successfully cuts down on four of nine 

parameters in the 3× 3 convolution kernel. Further, to reduce 
the complexity and memory requirement of the cross-model 

convolution kernel, the sharpening spatial and clamp filters 

are realized by T model or  inversed T-model convolution 

kernels. As shown in Fig.3, the T-model convolution kernel 

consider the lower four parameters of the cross-model 

whereas the inversed T-model convolution kernel considers 

the upper four parameters. 

 

B. Clamp Filter 

The clamp filter is a kind of low-pass filter. It is used to 

smooth unwanted discontinuous at the edges and reduce 
aliasing effects. The clamp filter can be represented by means 

of convolution kernel. A 2-D 3 × 3 Gaussian spatial domain 

filter was selected as the clamp filter. The 3 × 3 kernel for a 

clamp filter is represented as 

 
Here, C is a clamp parameter that can be set according to the 

characteristics of the images. 

 
Fig. 3. Weights of convolution filter, (a) 3 x 3 convolution 

kernel. (b) cross-model convolution 

kernel. (c) T-model and inversed T-model convolution kernel 

C. Combined Filter 

In the proposed scaling algorithm, the input image is first 

filtered using a sharpening spatial filter followed by filtered 

with clamp spatial filter. Although the sharpening spatial and 
clamp filters are simplified by T-models and inversed T-

models, it still requires two line buffers for storing either the 

input data or intermediate values for each T-model or 

inversed T-model filter. Thus, to be able to decrease the 

computing resource and memory requirement, the 

sharpening spatial and clamp filters, which are formed by the 

T-model or inversed T-model, are combined together into a 

combined filter as, 

 
where S and C are the sharp and clamp filter parameters and 

P’(m,n) is the filtered result from target pixel P(m,n) by the 

combined filter. The separate T-model sharpening spatial 

filter and a T-model clamp filter have been replaced by the 
combined T-model filter as shown in (1). To reduce the one-

line-buffer memory, the only parameter in the third line, 

parameter −1 of P(m,n−2), is removed, and the weight of 

parameter −1 is added into the parameter S-C of P(m,n−1) by 

S-C-1 as shown in equation (2). The combined inversed T-

model filter can be obtained in the similar way. In the new 

architecture of the combined filter, the two T-model or 

inversed T-model filters are combined into one combined T-

model or inversed T-model filter. By this filter-combination 

technique, memory requirement can be decreased from two 

to one line buffer, which reduces memory access 
requirements for software systems and the hardware memory 

costs for VLSI implementation. 

 

D. Bilinear interpolation  

In the proposed scaling algorithm, the bilinear interpolation 

method is selected because of its characteristics of high 

quality and low complexity. The bilinear interpolation is an 

operation that first performs a linear interpolation in one 

direction and, again, in the other direction. The output pixel 

P(k,l) can be calculated by the operations of the linear 

interpolation in both x- and y-directions with the four nearest 
neighbour pixels.  
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Fig.4 depicts a block which includes four input pixels P(m, 

n), P(m+1, n), P(m, n+1), and P(m+1, n+1) of the original 

image. Where dx is the scale parameter in horizontal 

direction and dy is the scale parameter in vertical direction. 
The M and N are the width and height of the original image. 

The temporary pixel P(k, n) is calculated by linear 

interpolation in x direction with P(m, n) and P(m+1, n). Also, 

the temporary pixel P(k, n+1) can be calculated with P(m, 

n+1) and P(m+1,n+1). 

 

E. Image Enhancement  

Image enhancement is done by using a high Boost filtering 

method. High Boost Filtering is used to enhance the quality 

of an image .It is applied after the Bilinear Interpolation 

process to enhance the quality of an image .Quality of an 

Image can be calculated by using a PSNR ratio. High Boost 
Filtering Increase the contribution of the original image to 

overall filtered result. Generalization of unsharp masking. 

Generate a sharp image by subtracting its blurred version 

from itself Obtain a highpass-filtered image by subtracting its 

lowpass filtered version from itself. After High boost 

Filtering the quality of the image can be improved. 

 

III. VLSI ARCHITECTURE 

 
Fig. 5  Block diagram of scaling processor using 

VLSI Design 

For VLSI implementation, the bilinear interpolator can 
directly obtain two input pixels from two combined pre 

filters. It consists of four main blocks: a register bank, a 

combined filter a bilinear interpolator and controller. The 

details of each part will be described in the following 

sections. 

 

A. Register Bank 

In this brief, the combined filter is filtering to produce the 

target pixels of and by using ten source pixels. In this using a 

few words, T-model or inversed T-model is passing through 

a filter to yield the result pixels of by the utilization of ten 
source pixels. The design of a register bank is utilized to 

provide the 10 values for the sudden consumption of the T-

model, and requires a one line buffer memory. 

 
Architecture of register bank 

B. Combined Filter and Bilinear interpolator 

 
Fig. 6 Pipelined architecture for the combined filter and 

bilinear interpolator. 

Fig6. illustrates the architecture model of combined filter and 

bilinear interpolator for the 6-stage based on pipelined 

feature, to reduce the delay paths to enhance the function by 

implementing the pipeline. Fig.6. depicts the scheduling of a 

combined filter in first and second stages. This results in the 
reduction of memory from 4 to 1 line buffer .The 

architecture of the RCU consists of  (MUX), 4 shifters, 1 

sign circuit and 3 adders. Due to this RCU design, the 

hardware expensive cost is decreased in the combined filter.  

 

C. Bilinear Interpolator and Controller  

In the previous discussion, the bilinear interpolation is 

simplified as shown in fig 6. The stages 3, 4, 5, and 6 in Fig. 

6 show the four-stage pipelined architecture, and two-stage 

pipelined multipliers are used to reduce the delay path of the 

bilinear interpolator. The input values of P_ (m,n) and P_ 

(m,n+1) are obtained from the combined filter and the 
symmetrical circuit. By using the the hardware sharing 

technique, as shown in (4), the temperature result of the 

function “P_ (m,n) + dy × (P_ (m,n+1) − P_ (m,n))” can be 

replaced by the previous result of “P_(m+1,n) + dy × 

(P_(m+1,n+1)− P_(m+1i,n)).” It also means that one 

multiplier and two adders can be successfully reduced by 

adding one register. The controller is implemented with 

finite-state machine circuit. It generates control signals to 

control the timing and pipeline stages of the register bank, 

combined filter, and the bilinear interpolator thus reducing 

the power consumption. 
 

IV. RESULT 

Xilinx ISE12.2 is used for synthesis and implementation of a 

design. In order to evaluate performance of the proposed 

scheme first pixel value was calculated using MATLAB tool. 

From that a binary equivalent of a pixel is obtained, for 

FPGA implementation. FPGA is implemented in SPARTAN 

3E. VLSI architecture for the combined filter can be 

implemented by the filtration of the full image by the 

utilization of one-line buffer memory. This results in the 

reduction of memory from multiple to single line buffer 

memory. The proposed model of bilinear interpolator for the 
reduction of delay paths to enhance the function of pipeline 

is also simulated in Xilinx ISE Simulator is depicted in fig. 
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Simulation waveform for the Bilinear Zoom 

 
V. CONCLUSION 

In this work a low-cost, low complexity, low-memory-

requirement, high quality and  high-performance VLSI 

architecture of the image scaling processor had been 

proposed. The spatial and clamp filter combining, and 

requires only one-line memory buffer. By using high boost 

filtering PSNR value increased in decibles (DB). 
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