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Abstract: Image scaling is a fundamental task in digital image processing and computer 
vision, which involves adjusting the size of an image to fit different display devices or storage 
needs. In this process, there is a trade-off between processing time and the smoothness and 
sharpness of the target. The purpose of image scaling algorithms is to solve the display of 
images on different resolutions. Current image scaling algorithms are not only traditional 
interpolation algorithms, but also algorithms centered on computer vision and content-aware 
techniques. This article aims at image scaling, and several common interpolation algorithms: 
nearest neighbor interpolation, bilinear interpolation, bicubic interpolation algorithm, and 
content-aware Seam Carving algorithm based on content-aware algorithms, and analyzes and 
compares the performance of these algorithms at multiple levels. Different interpolation 
formulas are summarised and simulation experiments are performed. Set to the same scaling 
ratio. Analyse and compare the details, sharpness, speed, and edges of the images of different 
algorithms after simulation. Discuss the advantages and disadvantages of their operation in 
different environments 

Keywords: Nearest neighbor interpolation, bilinear interpolation algorithm, seam carving 
algorithm.  

1. Introduction 

Image scaling is the process of resizing digital images in image processing and computer graphics 
[1]. Image scaling is a key technology in the field of image processing, which is widely used in 
computer vision [2], image editing [3], satellite remote sensing, and digital media in a number of 
fields [4]. With the continuous development of the times, the resolution of modern digital devices is 
constantly improving, the application of the environment is also more complex, and the requirements 
for image scaling more complex and diverse. In different environments, it is not only necessary to 
enlarge the size of the picture, but also to ensure the clarity of the photo and the integrity of the key 
content. Therefore, it is crucial to choose an appropriate image scaling algorithm in different 
environments. 

Currently, the traditional interpolated image scaling methods include proximity interpolation, 
bilinear interpolation [5-7], and bicubic interpolation [8][9]. Proximity difference is the simplest to 
compute, the speed of the operation is faster, but the quality of the generated image is lower, the edges 
of the image of the bilinear interpolation method will be blurred, and the double cubic interpolation 
has higher detailing and quality of the image, but it is more complicated to compute. These methods 
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go through the scaling of the image by calculating the values of the pixel points. There is another one 
is based on content-awareness, represented by Seam Carving algorithm and so on [10][11], this kind 
of algorithm scales according to the content of the image to ensure the retention of more important 
information about the image features, suitable for uneven scaling or cropping of the graphics, because 
of the more complex computation, so the efficiency of a certain limitation, commonly used in 
intelligent scaling [12][13]. The article explains the principles of several traditional interpolation 
scaling algorithms as well as seam carving algorithms and pairs the images processed by different 
algorithms. It illustrates the differences between the algorithms in various aspects such as quality, 
efficiency and principle in scaling. Thus, the appropriate algorithm can be selected according to 
different application environments.2 Interpolation algorithm for image scaling 

2. Comparison of different image scaling algorithms 

2.1. Nearest neighbor interpolation 

Nearest Neighbor Interpolation is a simple image interpolation algorithm. It is mainly used to generate 
high-resolution images from low-resolution images, or to estimate the value of a particular location 
from the interpolation points of an irregular grid. The basic function is, for the need to interpolate the 
point to find it around the proximity of the known points, and then according to the value of the 
known points, to be used as the interpolation point value. 

Calculation formula and principle 
Suppose a two-dimensional grid with interpolated points at coordinates (x,y), and the data points 

are known to be distributed on the grid. 
Then according to the formula x′=round(x) 

y′=round(y) 
The function is a rounding function, it will de-round the data to get  the value of the nearest known 

pixel point (x′, y′). Then the value of the known pixel point (x′, y′) is directly assigned to the 
desired interpolation point (x, y). The result of the interpolation is f(x,y)=f(x′,y′). 

The following is a simulation of the image in the python language environment 

 
Figure 1: Image after processing by nearest neighbor interpolation algorithm. 
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Figure 1 is the nearest-neighbor interpolation algorithm according to different multiples of the 
image after the enlargement of the image according to the simulation of the image of the picture found 
in the picture with the nearest-neighbor interpolation enlargement, the edges of the picture and the 
details of the part of the picture becomes not clear, in the enlargement of 4 times after the edges of 
the flower petals appeared in the ‘jagged’ or ‘block’ effect, the edges are not smooth. The edges of 
the petals appear ‘jagged’ or ‘blocky’ after zooming in 4 times, and the edges are not smooth. The 
image appears rough when zoomed in. Since nearest-neighbor interpolation does not require complex 
calculations, it is very efficient in image scaling and is suitable for real-time applications when dealing 
with large batches of images. 

2.2. bilinear interpolation 

Bilinear interpolation is a commonly used interpolation method, used in the two-place plane for a 
given value of four points to find its interpolation, bilinear interpolation method of two directions (x 
direction and y direction) linear interpolation, to get the value of the interpolated point, he compared 
to the nearest-neighbor interpolation algorithms, to get a smoother image.  

Bilinear interpolation is an extension of unilinear interpolation, it now goes in one dimension and 
then interpolates in the other dimension. Now suppose there is a rectangular grid with four known 
points on the grid, and then go through those four points to compute the value of the internal floating 
point. 

Let the values of the four points be  (x1,y1), f(x1,y1)=H1,(x2,y1), f(x2,y1)=H2, (x1,y2), 
f(x1,y2)=H3, (x2,y2), f(x2,y2)=H4 

The corresponding pixel values are H1, H2., H3, H4 calculated as    

 	
𝐻 = ("!#")(%!#%)

("!#"")(%!#%")
𝐻1 + ("#"")(%!#%)

("!#"")(%!#%")
𝐻2

+ ("!#")(%#%")
("!#"")(%!#%")

𝐻3 + ("#"")(%#%")
("!#"")(%!#%")

𝐻4
                                       (1) 

With this formula you can get the value of the floating point. The physical meaning of this formula 
is to calculate the weighted average of the four points. The weights are based on the distance of the 
floating point from these four points. Closer distance contributes more to the interpolation of the 
floating point, while farther distance contributes less to the floating point. 

 
Figure 2: Image after processing by bilinear interpolation method. 
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Figure 2 shows the image after zooming the original image of 378×256 with bilinear interpolation 
in python language environment. It can be seen that the bilinear edges are smoothed better compared 
to the nearest neighbor interpolation algorithm. The nearest neighbor interpolation algorithm causes 
a jagged effect on the edges of the image during enlargement, whereas bilinear interpolation solves 
this problem by averaging the weights, making the edges of the image smoother. But when the image 
is greatly enlarged, it leads to loss of sharpness and loss of details in the image. Compared with other 
complex algorithms The bilinear interpolation algorithm is less accurate for details and edges. A 
blurring effect may appear in some areas with complex details. And it can only be applied to 2D plane. 
The double triple interpolation algorithm is a more complex quadratic interpolation algorithm, which 
not only uses the values of the four surrounding points when calculating the interpolation point, but 
also makes use of the values of the 16 points around the interpolation point, which retains more details 
and makes the image clearer than the quadratic and nearest-neighbor interpolation methods. 

2.3. Double Cubic Interpolation  

Double Cubic Interpolation is based on going for cubic interpolation in both directions. The main 
principle is to process the data through a cubic polynomial to find the target interpolation, which uses 
not only the value of the pixel point, but also the derivative value of the pixel point, which makes the 
resulting image smoother. The basic idea is to perform the cubic interpolation in the X and Y 
directions to obtain the weights in the X and Y directions, and then calculate the value of the target 
interpolated point according to the formula.  

The target point is T (x, y) and the values of the 16 known points around it are f (i, j) 
Calculate the weights of the points in the X and Y directions. 

 𝑊(𝑥) =

⎩
⎪
⎨

⎪
⎧(𝑎 + 2)|𝑥|

& − (𝑎 + 3)|𝑥|' + 1				𝑓𝑜𝑟|𝑥| ≤ 1

𝑎|𝑥|& − 5𝑎|𝑥|' + 8𝑎|𝑥| − 4𝑎				 𝑓𝑜𝑟1 ≤ |𝑥| ≤ 2

0				 𝑜𝑡ℎ𝑒𝑟𝑠

              (2) 

X:Distance of target pixel point from neighboring pixel points a=0.5 
The final interpolated value is obtained according to the double cubic interpolation formula 

 𝑓(𝑥, 𝑦) = ∑  '
()#* ∑  '

+)#* 𝑓(𝑥( , 𝑦+) ⋅ 𝑊(𝑥 − 𝑥() ⋅ 𝑊(𝑦 − 𝑦+)       (3) 
Where, W(x-x_i)⋅W(y-y_j) is the weight function obtained from the cubic interpolation based 

formula. 

 
Figure 3: Image after processing using bicubic linear interpolation method. 
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Figure 3 shows the image after zooming the original image of 378×256 using bicubic linear 
interpolation in python language environment. Compared to the bilinear interpolation, the bicubic 
interpolation method estimates the new pixels by considering the surrounding 16 pixels, which 
produces a smoother and more detailed image than the bilinear interpolation and maintains the details 
of the image in a better way and reduces the blurred linearity in the interpolation process. It is even 
better when dealing with high contrast edges and complex structures. 

 
Figure 4: Images are processed by different interpolation algorithms. 

Table 1: Running time for each calculation 

interpolation algorithm CPU usage time(seconds) 
Nearest neighbour interpolation 0.02076560 
bilinear new interpolation 0.00217880 
double cubic interpolation 0.00363280 

 
Figure 4 shows the image quadrupled using three different interpolation algorithms to magnify the 

image. Table 1 shows the cpu time taken by each algorithm to scale the image four times. The results 
produced when scaling the image using different algorithms are different. For Nearest Neighbor 
Interpolation, the computational complexity is low and the speed of computation is the fastest among 
the three interpolation algorithms, based on the comparison of the above fig, it can be found that the 
edges are prone to block and mosaic effects, which makes it suitable for use in places where a quick 
preview is required for low quality. Bilinear interpolation has a medium computation time, compared 
to the images processed by the nearest neighbor interpolation algorithm, the edges are smoother and 
the mosaic effect is reduced, but it is prone to problems such as missing details and blurred edges for 
processing images with higher magnification. It is suitable for applications that balance efficiency 
and quality. The image processed by Double Cubic Interpolation has clear edges and retains more 
details of the image, but the computational complexity is high and is suitable for processing high-
quality images with complex details. 
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2.4. Seam carving algorithm 

The seam carving algorithm is a content-aware [14] image algorithm that is able to preserve as much 
as possible the important parts of the image during image scaling, unlike the traditional interpolation 
algorithm method, seam carving mainly resizes the image by removing pixels with small energy to 
avoid the loss of important feature information. 

calculation step 
Calculate the energy diagram 
The Seam carving algorithm now calculates an ‘energy value’ for each pixel, which represents the 

importance of the area, with high energy areas representing important details and features of the image, 
and low energy areas being unimportant parts. 

The energy function is given by Eq. 

 𝐸(𝑥, 𝑦) = | ,-(",%)
,"

| + | ,-(",%)
,%

|                   (4)  

𝐸(𝑥, 𝑦) is the energy value of the pixel point P(𝑥,𝑦) 
The resulting energy matrix is then used to calculate the lowest energy path, and then seam is 

removed or inserted as needed, and the image width is increased or decreased by one pixel. 

 
Figure 5: Image after processing by the double cubic linear     algorithm and seam carving algorithm 

Figure 5 shows the image after scaling the original 594×300 image using the seam carving 
algorithm and bilinear algorithm, it can be observed that the bilinear processed image just compresses 
the width of the image and deforms the hot air balloon in the image. Seam carving processed the 
image retains the main feature in the image (the hot air balloon) and deletes the pixels with low energy 
values The image was processed by Seam carving to retain the main feature (hot air balloon) in the 
image and remove pixels with low energy values. Compared to traditional interpolative scaling seam 
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carving is able to intelligently recognise the image retaining more important areas of the image, seam 
carving resizing is flexible and can be adjusted according to the content of the image without scaling 
the image proportionally. However, the computational complexity is too high and the time required 
is too long. If the image is more complex and there is more than one important feature in the image, 
seam carving algorithm may misjudge and result in poor image processing. 

3. Conclusion  

Proximity difference calculation is the simplest and fastest, but the quality of the generated image is 
lower in the image edges will appear jagged and mosaic phenomenon. The bilinear interpolation 
method image will have blurred edges at high magnification. Bicubic interpolation has higher detail 
processing and image quality, but the calculation is more complex. These methods do the scaling of 
the image by calculating the values of the pixel points. Seam Carving algorithm based on content-
awareness, this algorithm scales according to the content of the image to ensure that more important 
image feature information is retained, suitable for uneven scaling or cropping graphics, because the 
calculation is more complex, so the efficiency has some limitations, and is often used for intelligent 
scaling. Bilinear difference algorithm compared to other interpolation algorithms image quality is 
high processing speed, so the algorithm often used in image scaling. the main purpose of Seam 
Carving algorithm is to retain the main feature information in the image so that the main features in 
the image are not distorted in the image scaling. 

This paper explains the principles of the nearest neighbor interpolation algorithm, bilinear 
interpolation algorithm, bicubic interpolation algorithm, and seam carving algorithm for content-
aware algorithms, and performs simulations, compares the difference between different algorithms 
for processing images, as well as describes the permutation of each algorithm applicable. In the future, 
image scaling algorithms will be developed towards artificial intelligence and deep learning, which 
can have better efficiency and quality in processing complex images. 
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