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ABSTRACT

Although the technology of optical instruments is constantly advancing, the capture of high
resolution images is limited by both the shortcomings of the imaging devices and the law of
physics (uncertainty principle applied onto photons or the wave-like theory of light). The
current paper presents an algorithm for processing a set of images sharing the same subject
with the purpose of extracting a higher resolution output image of the subject, using partial
information from every one of the low resolutions samples in the input set.
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1. INTRODUCTION

Obtaining images of high resolution in domains like cartography or geology, but also in
surveillance or national security, is a priority research domain.

When optical devices hit a wall built by the technological limitations or by the law of
physics, gathering a larger set of sample images or evidences (and their processing with the
goal in mind to improve the final optical result) seems to be the only way towards progress.

Obtaining the Super-Resolution (SR) [1][5] is possible both by using multiple sources or a
single one. Building SR using multiple sources is based on a set of translations at sub-pixel
level between multiple frames presenting the same subject. Using information from
multiple low resolution images is created an output which presents a better visualization of
the scene. On the other hand, obtaining Super-Resolution from a single image uses
information from the same source in other areas or even from different images in order to
decide how the final result should look like. Although, initially the Super-Resolution
algorithms were used to enhance “black-and-white” pictures, advancements in this research
field permitted their usage in the field of color imagery or even in three dimensional scenes.

The current paper presents an algorithm for smart overlap of a set of Low-Resolution
images in order to combine their partial sub-pixel information and to obtain a visually better
result at twice the input resolution.
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2. TECHNICAL PRELIMINARIES

”Super Resolution” is the process of artificially increasing the resolution of an image using
all means possible and all the available input data. Such SR algorithms in action were
always shown in movies: a typical scene is when a PC operator gradually increases the size
of an image and result details are coming, and coming, and coming... after every click.

Figure 1. Purely fictional approach to Super-Resolution in Movies (Two frames from the
movie The Bourne Identity showing the enhancement of a surveillance video)

In such cases spots on the screen are transformed in clear people faces or valid car license
numbers. Clearly, the previously presented situation is a purely fictional one, because,
theoretically, there is an infinite number of images that fit into the low-resolution acquired
data pixels. Starting from a single image cannot lead to a recovery of such a great amount
of detail but using multiple images as a starting point, one can build a SR image with even
twice the initial resolution on both axes.

The SR technique is widely used in a variety of domains. NASA uses this technique to
obtain detailed images of planets, stars and other points of interest. Other applications may
reside in the area of identifying a license plate from a blurred or pixilated photograph or
conversion from NTSC recordings to the new HD formats. There were proposed a variety
of technical solutions for this problem: initially some frequency technigues were employed
using the shift and aliasing properties of the Fourier transform. Afterwards, algorithms were
developed which rely on a spatial approach of the problem.



3. BASIC SUPER-RESOLUTION ALGORITHM

To emphasize the need for such a SR technique let’s imagine the following situation: we
have at our disposition a camera with finite resolution of MxN and we need to obtain a
2Mx2N resolution.

What solution can we imagine?

One option is to acquire 4 different images with the existing camera, each image being
offset with half a pixel in both X and Y directions. If we combine the images on a desired
2Mx2N resolution grid, we’ll end up with our near to “dream result” image. [4]

4. RELATED WORK

The paper [6] describes the research carried in the field; there are many possible approaches
for Super-Resolution; some of them will be briefly reminded in the following sections.

Frequency Domain Approaches

The SR problem has been treated with a frequency approach by Tsai and Huang in 1984.
Before their contribution, the interpolation was the best technique available. Tsai and Huang
wanted to enhance the resolution of the images acquired by satellites, where they have at
their disposal a great number of translated input images.

Spatial Domain Approaches

There are a lot of approaches in the spatial domain, some of which are presented in the
following:
¢ Non-Uniform Interpolation: this is a naive method which maps existing pixels on
a large matrix and then interpolates the values to obtain a smaller image (but still
SR).
e Deterministic Regularization
e Stochastic Reconstruction Methods

Other Super Resolution Methods/Approaches

e Projection Onto Convex Sets
o lterative Back Projection

These methods usually come with different regularization techniques in order to
compensate for the unknowns or errors that propagate through the system (ex: variations at
sub-pixel level, like air turbulence [3], between low resolution images) [2]

5. IMAGE ALIGNMENT

The image alignment will be obtained using three degrees of freedom for the SR samples
provided at input: horizontal offset (an X axis displacement: DX), vertical offset (a Y axis
displacement: DY) and the angle of rotation around origin. Since the angle of rotation is
computed around the origin, a correction of horizontal and vertical displacements may be



necessary for images considered rotated around their centers. The value of the rotation angle
is specified in degrees (0-360 range) and the displacement values in pixels or pixel fractions.

The information is sent to the SR engine by an alignment application and may be manually
adjusted.

Since the algorithm uses multiple images of the same subject it is important that these
images to contain a sub-pixel displacement on at least one axis.

The software application interface (Fig. 2) allows the fine tuning of the input parameters
and as a result the rebuild of the target image.

1.bmp 3.bmp 2.bmp
Rotation Rotation Rotation
0 34631 349.76
Delta X Delta X Delta X
o -54.5( -56.21
Delta Y Delta Y Delta Y

b 1471 24.21

Apply
Figure 2. User Interface for specifying the input parameters

6. PROCESSING OF IMAGES

In the image processing step a support image is generated, with twice the resolution on both
axis. The support image pixels information is initialized to null values. An iterator is
running on the support image pixels (further referred as “small pixels”), another one on the
pixels from the LR images (further referred as “big pixels”) and the overlap area is
computed (Fig. 3).

[ 111
Figure 3. Placing a low resolution image over a high resolution grid




For the correct identification of the little pixel above the big pixels, the origin (Top-Left) of
every little pixel should be considered and then compute the corresponding coordinates in
the support image using the following formulas:

X'=(Xcosa —ysina)/ 2+ Ax
y'=(ycosa+ysina)/ 2+ Ay
Now taking into account the coordinates that corresponds in the LR image, the big “related”

pixels are computed. We say that a big pixel is related with a small one if the big pixel
contains relevant information from the small one. As a result 4 different cases may emerge

(Fig. 4).

(a) () (c) (d)
Figure 4. Pixel position possibilities

a) Coordinates of the little pixel are in area 1. All the surface of the little pixel is
overlapping on the big pixel so this one is the only related pixel.

b) Coordinates of the little pixel are in area 2. Surface of the small pixel is overlapping
onto 2 big pixels so there will be 2 big pixels related to the small pixel.

c) Coordinates of the little pixel are in area 3. Surface of the small pixel is overlapping
onto 2 big pixels so there will be 2 big pixels related to the small pixel.

d) Coordinates of the little pixel are in area 4. Surface of the small pixel is overlapping
onto 4 big pixels so there will be 4 big pixels related to the small pixel.

Once there is a mapping between related pixels, a percentage of the coverage for the surface
of the small pixel with the overlap of a related big pixel shall be computed. Having this
information the color of the small pixel is computed by performing a weighted average of
the color of related big pixels and using as weights the coverage percentages.

7. OBTAINED RESULTS

The advantages of this method rely in obtaining a reasonable result with only a few LR
input images. Since the initial assumption was that there is needed only a double of the



initial resolution enhancement (on both axis) the eventual increase of the number of input
LR images may contribute little to the quality of the output.
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Figure 5. a. One of four input images b. Result
8. FUTURE WORK

ad.

The main drawback of the presented algorithm is that it only takes e fraction of the color
from the big pixel and puts it in the small pixel, but leaves the value of the big pixel intact.
One way to overcome this shortcoming is to use a deblurring or deconvolution in order to
compact the spread values of a big pixel on the surface of the small pixel.[7]

Due to the nature of the involved equations these can be easily generalized to obtain a result
with a multiplication factor greater than 2 on both axis. In this way the quality of the result
should scale better with the number of input images. So we have two factors that can
correlate to improve the output image quality: the number of the input LR images and the
multiplication factor of the desired resolution. Increasing these 2 values in parallel may lead
to a certain increase in quality of the output, as long as the necessary image alignment can
be performed to the desired precision. Moreover, on a better quality image a final
deconvolution step may further enhance the perceived quality.

The computing of the related pixels as it was presented does not take into account the
rotation angle. Adding this parameter to the equations may improve (only marginally,
though) the quality of the output. For example in Fig. 4 (d) a rotation might reduce the
number of related pixels from 4 to 2.

9. CONCLUSIONS

The presented algorithm builds reasonable quality SR images even in a scenario of low
input LR count. It can be improved in certain aspects offering a starting point for new
research activities.

In conclusion, the article underlined the idea that whenever the limitations of the current
devices or the laws of physics lead to lower than necessary quality in the acquired
information, a post-processing step of the acquired data may improve significantly the
perceived quality of the desired output.
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