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Abstract- Image upscaling is an important field of digital
image processing. It is often required to create higher
resolution images from the lower resolution images at hand in
computer graphics, media devices, satellite imagery etc.
Upscaling is also referred to as ‘single image superresolution’. Upscaling an image does not add new definition
in the image, it increases the spatial resolution of the image
and thus the total number of pixels in the image. The process
of upscaling is a tradeoff between efficiency, computation
time and the quality of output images obtained. Upscaling
introduces some level of artifacts or blurriness in the output
image. This paper is a brief review of some linear methods of
image interpolation.
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1.INTRODUCTION
Digital images are used in many fields these days, medical
imaging, satellite imagery, high-definition television
broadcasts, printing etc. We require high resolution
images a lot of times, however it’s not always feasible to
obtain or acquire images in high resolution. To obtain a
higher resolution image from a lower resolution digital
image is known as image upscalingor single image superresolution. Figure 1 shows an example of upscaling of
image. Resolution has been frequently referred as an
important aspect of an image. Images are being processed
in order to obtain more enhanced resolution. One of the
commonly used techniques for image resolution
enhancement is Interpolation [1] Interpolation calculates
the new pixel values for the new image with a higher
spatial resolution. Interpolation does not add new details
to the image though. There are several issues with the
perceived quality of interpolated images: sharpness of
edges, freedom from artifacts and reconstruction of high
frequency details. [18]
There are various interpolation methods available for
image resolution upscaling.There are linear or nonadaptive methods, like nearest neighbor interpolation,
bilinear interpolation and bicubic interpolation. And then
there are adaptive interpolation methods like edgedirected interpolation, decision adaptive interpolation.
The adaptive methods take into account the presence of
edges and curves in the subject image. The paper reviews
the linear image interpolation methods.

1.1 Need for image upscaling
Scaling of images from lower resolution to a higher
resolution is needed because of the following reasons:
1. It’s easier to analyse and study higher resolution
images.
2. Available sensors have limitation in respect to
maximum resolution[17] So we need upscaling to
overcome some of the inherent resolution limitations
of low-cost imaging sensors [7]
3. To produce images of high perceptual quality and
produce visually appealing results
4. To keep the text and graphics as original as possible,
while avoiding noise and artifacts in the image [5]
5. To preserve the nature and texture of image while
enlarging it
6. To allow for better utilization of the growing
capability of High Resolution displays (e.g., HD
LCDs). [7]
1.2 Applications of image upscaling
Image upscaling is used in many areas, some of these are:
1. Printing-To scale and print images according to
canvas size while maintaining picture quality.

2. SURVEY OF RELATED WORK
1. Video playback-Televisions use real time up scaling
algorithms to display simple definition content on
high-resolution displays.
2. Mobile devices-To scale graphics and videos onto
varying display sizes for viewing and playback.
3. Image processing packages-Image processing
software use scaling for viewing and resizing the
image. [3]
4. Satellite imaging-Nowadays, satellite images are used
in many applications such as geosciences studies,
astronomy, and geographical information systems. [4]
5.Computer Graphics-Computers perform screen image
scaling which includes web pages, text, graphics,
game scenes etc.[5]

Figure 1: An example of image upscaling
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3.NEAREST NEIGHBORINTERPOLATION
In nearest neighbor interpolation, the value of the new
interpolated pixel is calculated by the nearest sample point
in the input image. The nearest neighbor produces a lot of
blurriness and artifacts. It executes very fast, but the
resulting image quality is not satisfactory. The
interpolation kernel for the nearest neighbor is defined
as[2] The figure 2 gives an example of how its used.

(u,v)

Figure 4:Bicubic Interpolation, position (i’, j’) [6]

6. PERFORMANCE MEASURES
Figure 2: Nearest neighbor interpolation algorithm[3]

4. BILINEAR INTERPOLATION
In Bilinear interpolation, the position of new pixel is
calculated by the influence of the neighboring four pixel
points. The nearer they are , the greater their influence on
the new pixel value. It performs better than nearest
neighbor interpolation, but still has some visible artifacts
and blurring.
The figure 3 shows how a new pixel P can be interpolated
using four closest neighbors.

To compare the performance of discussed interpolation
methodswe compare their PSNR, MSE and SSIM values.
6.1 PSNR (Peak Signal to Noise Ratio) [16]
Signal to noise ratio is the ratio between the average
power of a signal andthe power of corrupting noise while
PSNR is the ratiobetween the maximum possible power of
a signal and thepower of noise. SNR and PSNR are
usually expressed interms of the logarithmic decibel scale
and they can beexpressed as:

E

Figure 3: Bilinear interpolation[3]

where, ai,j and bi,j are pixels from original and interpolated
image, and x and y are the height and width of the image.
6.2 MSE(Mean Square Error)
The Mean Square Error is the cumulative squared error
between the reconstructed image
and the original
image[18] It is used widely to evaluate the constructed
image fidelity.[18]

5. BICUBIC INTERPOLATION
Bicubic interpolation is a common image interpolation
technique that produces goodinterpolation results when
applied to grayscale images.[4]Like other linear/nonadaptive methods, bicubic interpolation does not exploits
the underlying structures in natural images, such as edges,
thus may blur the fine details and introduce artifacts.
The interpolated pixels in bicubic interpolation are
calculated as a weighted average of the neighboring
sixteen pixels in a 4 by 4 matrix. The bicubic interpolation
method produces better quality images. However it is more
complex than bilinear and nearest neighbor interpolation.

Volume 4, Issue 1, January – February 2015

6.3 SSIM (Structural Similarity Index) [16]
The Structural Similarity (SSIM) is a novel methodfor
measuring the similarity between two images . TheSSIM
can be viewed as a quality measure of one of the images
being compared, while the other image is regarded as of
perfect quality. It can give results between 0 and 1, where 1
means excellent quality and 0 means poor quality[16]
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7. IMPLEMENATION DETAILS

8. CONCLUSION

The tests were performed on an AMD A8 CPU running
Windows 8. Instead of using the inbuilt methods of
MATLAB for upscaling, we coded the interpolation
methods from our understanding of their concepts. The
images were first reduced to a third of their size and then
were upscaled to thrice the size. The upscaled image thus
had six times the pixels of the reduced image.
Table 1: Nearest neighbor interpolation performance

The Bicubic interpolation provides the best output quality
out of all the linear/non adaptive image interpolation
methods. Even though it’s more complex than nearest
neighbor and bilinear interpolation it is still a viable
solution to image upscaling needs for real time
applications despite the availability of complex adaptive
upscaling techniques.

Figure 5: Output quality of image Lena. Nearest neighbor,
Bilinear and Bicubic interpolation respectively

Figure 6: Output quality of image Peppers. Nearest
neighbor, Bilinear and Bicubic interpolation respectively
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