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Fast Algorithm for Reconstruction-based Super-resolution

Masayuki TANAKA and Masatoshi OKUTOMI

Graduate School of Science and Engineering, Tokyo Institute of Technology,
2-12-1, O-okayama, Meguro-ku, Tokyo, 152-8550, Japan

Abstract A super-resolution process produces a high-resolution image from a set of low-resolution
images. Reconstruction-based algorithms to produce the high-resolution image which minimizes the
difference between observed images and images estimated from the high-resolution image with a
camera model has been developed. The reconstruction-based algorithm requires iterative calculation
and large calculation cost because the reconstruction-based super-resolution is a large scale problem.
In this report, a fast algorithm for the reconstruction-based super-resolution is newly proposed.
The proposed method is to reduce the number of observed pixel value estimations from the high-
resolution image, using an average of pixel values in a divide region. Effect of our proposed algorithm
is demonstrated with synthetic images and actual images. The results show that the proposed method
is about 1.3 - 5.0 times faster than a conventional method.
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1. Model of Super-Resolution Process
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2. Segmentation of Observed Nonuni-
formly spaced samples: Black circles are
continuous position of registration data, a
white circle is discretized position of regis-
tration data, croses represents discretizing
grid and shaded region is neighbor region
of the discretizing grid.
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#F 1. Calculation Condition

Size of LRIs 80 x 60
Number of LRIs 64
PSF Gaussian(c = 0.3)
Magnification factor 3.2
Discritizing grid ratio 3
o 0.3
Iteration 20

% 2. Comparison of three calculation meth-
ods for synthetic images

Method Continous Discrete Proposed
registration registration method
Num. of kernel 307200 9 9
Calculation amount* 307200 307200 221952
Preprocess time [sec] 10.3 0.3 0.3
Process time [sec] 14.1 12.5 8.9
Total time [sec] 24.4 12.8 9.2
Total time ratio 2.7 1.4 1.0
RMS error 2.81 2.97 2.97

* Calculation amount is equal to number of estimation
to calculate evaluation function.
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B 3. Ground truth
for synthetic image

¥ 4. Sample of syn-
thetic low resolu-
tion images

5. SR result from
synthetic images by
continuous registra-
tion method

6. SR result from

synthetic images
by discrete regis-
tration method and
proposed method
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7. Relationship between discritizing grid
interval and calculation time, RMS error.
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8. Relationship between number of LRIs
and calculation time by proposed method
and discrete registration method

N

0 20 40 60 80 100 120 140 160 180 200

Number of low resolution images

RMS
o - dM w & o o

9. Relationship between number of LRIs
and RMS by proposed method
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Whole image(256 x 192) Zoomed
image(60 x 80)

10. Sample of observed image

Zoomed
image(60 x 80)
11. SR result with continuous registra-
tion for real image

Whole 1mage(256 x 192)

Whole 1mage(256 x 192)

Zoomed
image(60 x 80)
12. SR result with discrete registration
and proposed method for real image

% 3. Comparison of three calculation meth-

ods for real images
Method Continous Discrete Proposed
registration registration method
Num. of kernel 307200 9 9
Calculation amount* 307200 307200 210816
Preprocess time [sec] 11.6 1.4 1.5
Process time [sec] 14.2 12.4 8.3
Total time [sec] 25.8 13.8 9.8
Total time ratio 2.6 1.4 1.0

* Calculation amount is equal to number of estimation
to calculate evaluation function.
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