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Abstract— The necessity to improve image resolution is of great
concern in multiple diverse fields such as. medicine,
communications, or satellite and underwater applications. A high
variety of techniques for image enhancement has been proposed
in the literature; neverthelessit is necessary to fairly validate this
improvement effectively. This work is focused on a test
environment that permits to objectively compare the quality
enhancement of underwater images processed by two different
improvement methods: bilinear interpolation and Super-
Resolution (SR), showing that the proposed SR algorithm
performs relatively well in this particular scenario. The
quantitative comparison is based on the PSNR (Peak Signal-to-
Noise Ratio) and the SSIM (Structural SIMilarity) index.
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l. INTRODUCTION

In some scenarios, such as satellite or undeniratagery,
it is difficult to use high resolution sensors dwephysical
constraints. A way to address this problem is toept the
image degradations and use signal processing tpaimito
post-process the captured images; one of theseitgms is
referred to as Super-Resolution (SR) reconstruclitve used
approach for Super-Resolution (SR) in this papertds
construct High-Resolution (HR) images from sevetserved
Low-Resolution (LR) images, thereby increasing tiigh-
frequency components and removing the degradatiansed
by the imaging process of the LR camera. A charietion
environment is necessary to compare alternativdhadst to
improve image resolution [1]. The work presentedttirs
paper is focused on the development of a testbersell to
compare the results obtained from the applicatice lilinear
interpolation and an alternative proprietary metdegeloped
for image improvement with the aim of evaluatinge th
feasibility of SR to the enhancement of underwétesges.
This test bench will provide information about thest SR
parameters that will maximize underwater real seges.

1. RELATED WORKS

Model-based SR reconstruction techniques for unalemw
imaging have been previously studied. Some work8J2use
the PSNR Peak Signal to Noise Raj}idn order to compare
the bilinear interpolated image with the super-he=wb one.
On the contrary, in [4], Pezham Firoozfam uses RiMSE
(Root Mean Squared Errprto compare different turbidity
levels in terms of Nephelometric Turbidity UnitsTN), and

the SSIM (Structural SIMilarity) index is introduten [5].
After evaluating all these metrics, it was detedtest PSNR
and SSIM are extensively used. Consequently it dexsded
to use both of them as a basis for the proposetéesh.

Ill.  SUPERRESOLUTIONALGORITHM

The SR algorithm that has been used and testetisn t
work is based on [6] and belongs to thesion category.
Specifically, it is a non-iterative dynamic SR aligfam, which
reduces the computational cost and memory requiresne
One of its particularities is that it provides battatic and
dynamic SR, depending only if one high resolution output
frame, or a sequence of frames, is obtained asudt.re

IV. PROPOSEDIESTBENCH

In order to set up a validation environment for the
proposed image quality enhancement method, a ¢eshthas
been developed. It is based on the fact that a myuti
sequence is necessary to perform the SR processefohe, if
the process to be tested is the SR method, fistlR
sequence is obtained from a HR input sequence., TherLR
sequence is super-resolved, and, at the same dirhiéinear
interpolation is applied for comparing their resultith the
super-resolved sequence. However, the test berttich vis
shown in Figure 1 is flexible, so its configuratican be
modified to adapt to any other image enhancemetitode
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Figure 1. Proposed test bench



V. RESULTS

In this section, the original sequences and theersup
resolved sequences are showed to compare them, both
objectively and subjectively against the interpaethimage. In
this work, underwater sequences have been usedlittate
the proposed test bench, as some of them haveddesm by
the organization Oceanic Platform of the Canary Islarids
[7], providing several videos of a campaign prordofer
environmental purposes. These videos usually shefigient
quality and inadequate characteristics as a coeseguof the
limits in the used equipment.

Three different underwater sequences, taken froen th
Internet and the database of the Oceanic Platfofnth®
Canary Islands, were selected due to their chaisiits. In c) d)
all cases, the presented results are given forofftenum
selection of parameters, and all of them have shbeatter
results for SR than for interpolation, for both et PSNR
and SSIM. Figure 2 shows a composition of all SRapeters
to make a decision of the best approach in the esegu
“rocks”, while Figure 3 show the comparison between the
interpolated sequence and the super-resolved one.

Figure 3. Central rocks detail — a) InterpolatibpSuper-Resolution,
c) Difference original-interpolated, d) Differencsginal-superresolved
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VI. CONCLUSIONS

The proposed test environment shows considerable [5]

flexibility on behalf of comparing methods for gityalimage
improvement. Providing the output images and tls®aated
metrics, two alternatives are presented, one dbgeind the
other subjective with the purpose of evaluating qbality of
the images. In both cases and for sequences wiiftbretdit
characteristics the SR approach has shown betteltsén the
underwater quality image assessment. A detailedly stfi the
best performance depending on the parameters iseld@s
been executed in order to provide the best reshlis the
proposed SR algorithm can achieve.
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