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Abstract— As the size of an image is enlarged, the pixels that 

form the image become increasingly visible, making the 

image appear "soft" if pixels are averaged, or jagged if not.  

Image interpolation methods however, often suffer from high 

computational costs and unnatural texture interpolation. The 

proposed work proposes a unique edge-adaptive image 

interpolation method using an edge-directed smoothness 

filter. Many image interpolation techniques are already been 

developed and designed we are proposing a new method is 

been used for edge-adaptive image interpolation which uses 

Newton forward difference. This difference provides very 

good grouping of pixels ones we consider target pixel for 

interpolation Proposed approach estimates the enlarged 

image from the original image based on an observation 

model. Simulation results for the work will can get by 

MATLAB and expecting that for the proposal method it will 

produces images with higher visual quality, higher PSNRs 

and faster computational times than the conventional 

methods. 
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I. INTRODUCTION 

In the mathematical field of numerical analysis, interpolation 

is a method of constructing new data points within the range 

of a discrete set of known data points. In engineering and 

science, one often has a number of data points, obtained by 

sampling or experimentation, which represent the values of a 

function for a limited number of values of the independent 

variable. It is often required to interpolate (i.e. estimate) the 

value of that function for an intermediate value of the 

independent variable. This may be achieved bycurve fitting 

or regression analysis. 

 A different problem which is closely related to 

interpolation is the approximation of a complicated function 

by a simple function. Suppose the formula for some given 

function is known, but too complex to evaluate efficiently. A 

few known data points from the original function can be used 

to create an interpolation based on a simpler function. Of 

course, when a simple function is used to estimate data points 

from the original, interpolation errors are usually present; 

however, depending on the problem domain and the 

interpolation method used, the gain in simplicity may be of 

greater value than the resultant loss in accuracy. 

 Nearest Neighbour method for image interpolation: 

This is the simplest form of interpolation, where the 

interpolated pixel value determined by nearest neighbour in 

the proximity. Simplicity of calculation is the reason for its 

cheap computational cost. This interpolation also called pixel 

replication Bilinear method for image interpolation: As the 

name suggests, it is linear interpolation in two directions, first 

in horizontal direction then by a vertical direction or vice-

versa. Bilinear interpolation uses weighted average of the 4 

neighbourhood pixels to calculate its final interpolated pixel. 

Bilinear interpolation performs better than NN as reduction 

of the stair-case effect makes the image looks smother. 

However, blurring effect is occurred by averaging the 

surround pixels. Since the pass-band is attenuated 

moderately, it causes smoothing of image. Interpolation 

kernel for linear interpolation samples the input with the 

following kernel. 

Interpolation techniques are mainly divided in two categories: 

 Non-adaptive techniques 

 Adaptive techniques 

 Non-adaptive interpolation techniques are based on 

direct manipulation on pixels instead of considering any 

statistical feature or content of an image. These are kernel 

based interpolation techniques where unknown pixel values 

are found by convolving with kernel. Hence they follow the 

same pattern of calculation for all pixels. Moreover most of 

them are easy to perform and have less calculation cost. 

Various non-adaptive techniques are nearest neighbor, 

bilinear, bicubic, etc. 

 Adaptive techniques consider image feature like 

intensity value, edge information, texture, etc. Non-adaptive 

interpolation techniques have problems of blurring edges or 

artifacts around edges and only store the low frequency 

components of original image. For better visual quality, 

image must have to preserve high frequency components and 

this task can be possible with adaptive interpolation 

techniques. Various adaptive techniques exists for image 

interpolation NEDI, DDT, ICBI, etc. 

II. LITERATURE REVIEW 

1) Discussed that some adaptive image interpolation 

methods have been proposed to create higher visual 

quality images than traditional interpolation methods 

such as bicubic interpolation. These methods, however, 

often suffer from high computational costs and unnatural 

texture interpolation. Their paper proposes a novel edge-

adaptive image interpolation method using an edge-

directed smoothness filter. Their approach estimates the 

enlarged image from the original image based on an 

observation model. The estimated image is constrained 

to have many edge-directed smooth pixels which are 

measured by using the edge-directed smoothness filter 

introduced in their paper. Their simulation results show 

that the proposal method produces images with higher 

visual quality, higher PSNRs and faster computational 

times than the conventional methods. 

2) Proposed method adjusts automatically the smoothing 

parameters for varied smooth/edge image region, and 

takes into consideration both smoothness (flat region) 

and sharpness (edge region) characteristics at the same 

model. A single neuron, combined with PSO training, is 
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used for sharpness/smoothness adaptation. Finally, they 

report the performance of these newly proposed methods 

in other image interpolation method. 

3) Proposes an image interpolation model based on 

Probabilistic Neural Network (PNN). The method 

adjusts automatically the smoothing parameters for 

varied smooth/edge image region, and takes into 

consideration both smoothness (flat region) and 

sharpness (edge region) characteristics at the same 

model. A single neuron, combined with PSO training, is 

used for sharpness/smoothness adaptation. Finally, we 

report the performance of these newly proposed methods 

in other image interpolation method 

Ref Proposed Outcome 

Mr. ShengHsien Hsieh and Mr. Ching 

Han Chen [3] publish paper entitle 

“adaptive image interpolation using 

probalistic nural network. Science Direct, 

vol. 13, no.1, pp. 1–6, 2017. 

Proposes an image interpolation 

model based on Probabilistic Neural 

Network(PNN) 

Experimental results demonstrate that 

this interpolator possesses better 

performance than bicubic polynomial 

interpolation in flat region. 

Kazu Mishiba, Taizo Suzuki and Masaaki 

Ikehara [2] edge-adaptive image 

interpolation using constrained least 

squares” 2016 IEEE 17th International 

Conference on Image Processing at 

September 26-29, Hong Kong. 

Adaptive image interpolation 

methods have been proposed to 

create higher visual quality images 

than traditional interpolation 

methods such as bicubic 

interpolation. 

Their method constrains the interpolated 

image to have edge-directed smoothness 

and the fidelity to the original image data 

based on the observation model. Their 

proposed method produces images with 

high visual quality and improves some 

artifacts. 

Delibasis, K.K. Kechriniotis [1], A New 

Formula for Bivariate Hermite 

Interpolation on Variable Step Grids and 

Its Application to Image Interpolation, 

IEEE SIGNAL PROCESSING 

LETTERS, VOL. 11, NO 3, MARCH 

2017,pp-359-362 

Present a novel formula of the 

bivariate Hermite interpolating 

(BHI) polynomial in the case of 

support points arranged on a grid 

with variable step. 

The effective performance in edge 

regions, the proposed methods can be 

advantageously applied to synthetic 

images, including graphic and text 

images 

Delibasis, K.K. Kechriniotis [1], A New 

Formula for Bivariate Hermite 

Interpolation on Variable Step Grids and 

Its Application to Image Interpolation, 

IEEE SIGNAL PROCESSING 

LETTERS, VOL. 11, NO 3, MARCH 

2017,pp-359-362 

Present a novel formula of the 

bivariate Hermite interpolating 

(BHI) polynomial in the case of 

support points arranged on a grid 

with variable step. 

The effective performance in edge 

regions, the proposed methods can be 

advantageously applied to synthetic 

images, including graphic and text 

images 

Table 1: The Literature Comparison

III. TOOL USED 

MATLAB is a high-level language and interactive 

environment for numerical computation, visualization, and 

programming. Using MATLAB, you can analyze data, 

develop algorithms, and create models and applications. The 

language, tools, and built-in math functions enable you to 

explore multiple approaches and reach a solution faster than 

with spreadsheets or traditional programming languages, 

such as C/C++ or Java. 

A. Features of MATLAB are as follow 

High-level language for numerical computation, 

visualization, and application development, Interactive 

environment for iterative exploration, design, and problem 

solving, Mathematical functions for linear algebra, statistics, 

Fourier analysis, filtering, optimization, numerical 

integration, and solving ordinary differential equations, Built-

in graphics for visualizing data and tools for creating custom 

plots, Development tools for improving code quality and 

maintainability and maximizing performance, Tools for 

building applications with custom graphical interfaces, 

Functions for integrating MATLAB based algorithms with 

external applications and languages such as C, Java, .NET, 

and Microsoft® Excel® 

IV. METHODOLOGY 

In this chapter we will discuss an adaptive interpolation 

technique based on Newton forward difference. Grouping of 

pixels around the target pixel based on forward difference, 

then interpolation using the difference is the basis of the 

reviewed method. 

The nth order polynomial may be represented as 

fn(x) = a0+a1(x - x0)+a2 (x - x0) (x - x1)+........:+an (x - x0) (x - 

x1) .... (x – xn-1) 

Solving for the coefficients in first order polynomial when n 

= 1 through two data points, 

f1 (x0) = a0 + a1 (x0  - x0) 

f1 (x1) = a0 + a1 (x1 - x0) 

a0 = f1(x0) 

a1 =f1 (x1) - f1 (x0)/x1 - x0 

Since the f1(x) and f(x) are equal at x = x0 and x = x1 

a0 = f (x0) 

a1 = f(x1) - f (x0) / x1 - x0 

a0 = f0 

a1 = f1 - f0 / x1 - x0 

If f(xi) represented as fi, using Newton Forward difference of 

1st order  ∆f0 = f1 - f0 the above coefficient a1 can be written 

as 

a1 = ∆f0 / h 
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where h = x1 - x0 = x2 - x1 as the data points are equally spaced. 

Similarly we can find an coefficient as 

an = ∆nf0   / n! hn 

Finally taking h=1 and x - x0 = t and Newton forward 

difference of kth order 

fi = ∆k-1fi+1 - ∆k-1fi 

The final expression can be written as 

Nn(x0+t) =∑
∆kf0 

k!
 n

k=0  ∏ t − jk−1
j=0  

where t = (x - x0) 

Based on the above equation, 2nd and 4th order Newton 

polynomial can be written as 

N2 = f0 + ∆f0t + ∆2 f0 t(t-1) / 2! 

N4 = f0 + ∆f0t + ∆2 f0 t(t - 1) / 2! +∆3f0t (t - 1) (t - 2) /3!+ ∆4f0t 

(t-1) (t-2)(t-3)/4! 

 Proposed method of adaptive interpolation is based 

on the relativity of adjacent pixels values. Proposed method 

will combine 2nd order and 4th order Newton forward 

difference to determine the unknown pixel values. 

Appropriate for grouping of pixels for interpolation is 

determined by this forward difference. 

 
Fig. 1: Old Technique 

 Figure above is the Grouping of pixels for second 

order interpolation 

 
Fig. 2: Proposed Technique 

Figure above is the Grouping of pixels for forth order 

interpolation 

 We are expecting to enhance PSNR at least 5% 

better than as compare to base paper which are been discuss. 

Also we are expecting to improve quality of image with 

proposed pixel interpolation. The Mean square error of the 

interpolated image with its original image is also expecting to 

improve. 

V. CONCLUSION 

As interpolation is the technique which is used for improving 

and modification of image, video or any other data, so many 

interpolation techniques are been developed in the area, 

basically interpolation was the application of signal 

processing now it has versatile uses. One can conclude that 

after implementation of our defined approach of interpolation 

we will have very good and better quality of image as desired 

modification in it. Proposed work is expecting a better PSNR 

and PEE than all previous work. One can also conclude that 

the time taken for the process will not be higher than existing 

work and proposed work will have better SNR and MSE then 

existing work. 
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