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Skew and motion blur are significant challenges
when camera and scene of interest are in two
different media. Skew occurs due to spatially
varying refraction on a dynamic water surface,
whereas motion blur results from multiple intensities impinging on the imaging sensor during
camera exposure time due to time varying refraction. In this paper, we propose a technique to restore underwater images degraded by attenuated
water waves. Following others [4] [2], we also
assume that the static camera is looking vertically downwards and imaging a planar scene but
through spatially decaying periodic water waves
(such as waves due to breeze in shallow water
bodies). Also, we allow for the attenuation factor as well as the direction of the water waves to
undergo changes during the exposure time of the
camera (a situation not handled by the state-ofthe-art work in [3]). We propose a shot detection
method that automatically segments a captured
video into groups of frames wherein each group
is governed by a dominant water wave direction
(i.e. unidirectional) and a single exponential factor of attenuation. Within each segment, we average the frames and show that the blur induced
at different pixel locations are scaled versions of
each other and model these scale factors through
a virtual depth map. Note that despite the scene
being planar, the blur induced due to attenuated
water waves is space-variant in nature. We pose
deskewing of the planar scene as equivalent to
a space-variant deblurring problem corresponding to a 3D scene with depth profile being the
same as that of the virtual depth map. We propose an alternating framework to solve for the
latent image from a single blurred observation.
The procedure can likewise be repeated for other
segments too, if needed.
We compare our latent image estimation results with the state-of-the-art space-variant deblurring approach [5] along with state-of-the-art
deskewing methods [4], [2]. The input to [4] [2]
should be in the form of video, while a single

blurred image is used for [5] and our proposed
algorithm. For synthetic experiments, we use
the model described in [1] to simulate a decaying envelope of the water waves which is given
as h(x,t) = A(x) sin(ωx x + ωy y −t), where A(x)
denotes the decaying amplitude of the sinusoid,
ωx and ωy are the spatial frequencies. In all our
experiments, the decaying function is given by
A(x) = A0 exp(d f .(dd T x)), where d f is the decay factor and dd is the decay direction. We
used laminated textured sheets kept at the bottom of an aquarium for indoor experiments. The
field-of-view was kept large enough to witness
the effect of wave attenuation in the captured
video. The source of waves is a fan that acts
as a wind blower. We additionally performed
outdoor experiments in swimming pool. Here
the source of waves was the breeze as well the
flow due to water circulation. For all examples,
our method outperformed competitive methods,
qualitatively and quantitatively.
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