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Abstract

Interpolation of images to higher resolution is an important feature in many digital imaging
applications ranging from image zooming for digital camera to image zooming in digital
video. Practical digital imaging applications require the ability to scale an image in any
fractional ratio, under low complexity/memory restrictions. Many traditional zooming
algorithms are restricted to integer zooming ratios and yield poor results in edgy areas of the
image; some are even restricted to powers-of-two ratios. Algorithms that achieve high quality
are usually too complex to be implemented in low complexity/memory environments like
VLSI. In this work we present a new adaptive algorithm for image zooming, suitable for
fractional zooming ratios, motivated by the work of Ting. et al.[3]. The new algorithm
performs better than known algorithms on a variety of images at both integer and fractional
zooming ratios and is better suited for VLSI implementation.

Introduction

Interpolation of images from one resolution to another is usually application dependent. A
video decoder is a good example. While the decoder works at a predefined resolution, its
output is displayed at a resolution that depends on the application’s specific TV standard. In
many cases the required up-scaling factor is rational — and has the form of p/q.

Image interpolation is commonly performed by very simple methods such as pixel
replication, bilinear or spline interpolation [1,2]. The visual results of these interpolation
methods all suffer from unacceptable effects (e.g. blurring, aliasing, blockiness) to some
extent, especially in edge areas of the image. Adaptive interpolation algorithms were
developed to yield better quality results. However, most existing adaptive interpolation
algorithms are designed for integer scaling ratios, or even powers-of-two scaling ratios.
Another typical problem of most advanced algorithms is their high computational complexity
and high storage requirements. In [4,5] interpolation techniques that are directed by a
high-resolution edge-map are used. This edge-map is generated from the original
low-resolution image. Other methods first find the local edge orientation and then interpolate
along that direction [3,6,7].

Interpolation methods may be divided to the following categories:

1. Conventional interpolation methods that use constant convolution kernels for the entire image.
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2. Adaptive methods that use edge information for the interpolation.
3. Interpolation methods that use Median filters.

4. Interpolation methods in a transformed domain, i.e., DCT.

5. Interpolation methods that exploit video motion compensation.

Only the first two approaches are suitable under restrictions like low complexity and/or
low storage requirements.

The rest of this paper is divided as follows. In the next section the algorithm of
Ting et al. [3] is presented together with its performance at fractional zoom ratios. Next, a
new adaptive algorithm for fractional zooming of images is presented and its performance is
demonstrated. A discussion concludes this paper.

The fuzzy based interpolation of Ting. et al

The algorithm suggested by Ting. ef al.[3] is based on the notion of fuzzy sets. It tries to
avoid the effects of both blockiness and smoothing by using locally adaptive interpolation. It
uses a fuzzy inference approach in which the contribution of each of the neighbors of an
interpolated pixel is determined using a Gaussian membership function. The membership
function takes into account both the local gradients of the original image and the distance
between the interpolated pixel and the pixels of the original image. Neighboring pixels effect
the interpolated value via an exponential functional of the squared distances and the local
gradients.

The interpolation phase described above does not yield good results on edges, hence a
second stage is applied in [3]. This stage is performed on sharply curved edges located in the
original image. First, edges are located in the original image and their direction is determined.
Then, the new interpolated values are updated using linear interpolation along these edges.

When tested at fractional zoom factors (like 3:2), this algorithm gives very poor results. In
most areas of the image the algorithm reduces to a simple pixel replication and blockiness is
evident. In addition, the interpolated image suffers from an unpleasant ‘warping’ effect due to
an unsymmetrical pixel replication caused by zooming at a fractional factor.

The complexity of the second stage of [3] is not suitable for low complexity/memory
applications since it requires a stage of edge detection followed by interpolation along the
detected edges.

While the algorithm in [3] was found to be unsuitable for our problem, the basic notion of
using the local gradients still holds. In the next section a new algorithm is developed using
this concept.

A new gradient based adaptive interpolation algorithm

Adaptive interpolation means that the way the neighboring pixels influence the value of the
interpolated pixel depends on local properties. The

interpolation problem is formulated in figure 1. Let x be a ° ° *
pixel to be interpolated. Let {al,..,a4} be the pixels of the
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original image which are closest to the new pixel. Denote by ° ° @ °
p(ai) the gray-level value of a pixel a, in the original ?g g
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image. The horizontal distance from the new pixel x to a, a,
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pixel g, is Ax, and the vertical distance is Ay, .

One basic notion, used in many interpolation methods, is

that a pixel a, contributes to the interpolate pixel x in a . . . .

way which is proportional to its distance from x. This
concept does not produce an adaptive interpolation rule  Figure 1: Image Interpolation
scenario



since the way the original pixels are used is only determined by the grids of the original and
the interpolate image.

Adaptive capability can be achieved in many ways. One way of utilizing gradients,
mentioned in [3], relies on the following observation. Assume that an interpolated pixel lies
exactly between two pixels, one in a flat region and one on an

- . . & Gray level
edge. It is reasonable to expect that the interpolated pixel
should resemble the pixel in the flat area more than the other
pixel. In essences the smaller the local gradient of a pixel a, is,
the more influence it should have on the interpolated pixel.
Figure 2 demonstrates a one-dimensional case. Although the
interpolated pixel x is closer to the original pixel a, it is clear |
that it should be closer in value to g, since a has a higher aq. X 4
local gradient and is evidently on an edge. Figure 2: Local gradient and
Interpolation

The new proposed algorithm uses a weighted average of the
four neighboring pixels of x, {a...,a,} . The weights depend on both the distance of each
pixel from the interpolated one and on the local gradients.

For each of the pixels a, the local gradient is evaluated by averaging two (normalized)
Sobel masks of size 3 (one horizontal and one vertical) to produce:

fx’(ai)| +‘f;(ai)‘ (1)
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The local gradient G is between zero and one. Next the local gradient is used to calculate
the gradient weight function:
W(a;) = (-nG(a)) +1)". @)
Where 7 is a positive value, and p is a positive value close to and lower than 1.

The gradient weight function is such that for lower gradients the weight is closer to 1 while
for higher gradients it approaches zero.
For each of the pixels g, the distance function D(q;) is calculated using the vertical and

G(ai) =

horizontal distances:
D(a;) = (1= Ax;)(1-Ay;) A3)
Note that this distance function is different from the one used in [3] and is better suited to
cases where there are different Ax, for different g, ’s, as is the case at fractional zoom ratios.
The gradient weight function (2) and distance function (3) are then combined to form the
interpolated pixel value in the following manner:

2. D(a)W (@)p(a)

PO S b a) “

1

As an example, consider figure 3 where an image that contains text is interpolated. Text in
an image presents a great challenge to interpolation algorithms since it has many edges and
unlike textures, bad interpolation results are immediately evident.



Figure 3: Interpolation of an image at 3/2 up-scaling ratio using several methods:
(a) original image (b) pixel replication; (¢) linear interpolation; (d) Cubic-Spline
interpolation; (e) The new Gradient Based Adaptive Interpolation algorithm

Note that the edges in the magnified image are sharp yet lack jaggedness, as in the original
image. Simulations at arbitrary integer interpolation factors demonstrate that the algorithm
outperform both spline based algorithms and adaptive ones.

Conclusion

A new adaptive interpolation algorithm based on local gradients was presented. The new
algorithm was tested at various interpolation factors, integer and fractional, and was found to
yield better results than previously suggested algorithms.

The new algorithm suits VLSI implementations since it is local in nature and has modest
requirements in both memory and complexity.

Future work in this area should address the extension of the algorithm to color images and
further extend the adaptive capability by changing some of the parameters locally.
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