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Dynamic geometric distortion has been observed in the video captured by optical
sensors in the presence of atmospheric turbulence. The distortion is caused by gradients
in refractive index in the atmosphere resulting from temperature gradients in the air.
This problem has been addressed previously mainly through a reference video approach
which cannot handle the cases where real motion exists. In this paper, we propose a new
atmospheric turbulent motion suppression algorithm that is able to suppress the
turbulent motion significantly while the natural motion of objects/camera such as
panning/zooming in the video is preserved.
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1. Introduction

Atmospheric turbulence affects imaging systems by
virtue of wave propagation through a medium with
nonuniform index of refraction [1]. As a consequence of
atmospheric turbulence, the resolution of the image is
limited. The primary physical reason for atmospheric
turbulence is the refraction index fluctuations. The
fluctuations in the optical path of the propagating light
mainly perturb the phase of the incoming light's wave-
front. This causes small neighborhoods in the image to
randomly move in different directions in the frames of the
video. Thus, images captured by optical sensors in the
presence of atmospheric turbulence are affected by
degradation of resolution (blurring) and distortion of the
image geometry. Viewing such video sequences disturbs
the eye of the viewer since static objects appear to waver
as if in motion. Such geometric distortion makes it hard
for the viewer to detect real moving objects in the field.

The restoration of atmospheric turbulence-degraded
images had been studied by a lot of people. For example,
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Labeyrie method [2], Knox-Thompson method [3], and
the triple correlation method [4] represent the classic
speckle interferometry techniques. Such techniques as-
sume that a series of short-exposure turbulence-degraded
images are available. Moreover, speckle interferometry
techniques require a point-shaped reference star that
is nearby. The reference star is used to estimate the
point-spread function (PSF) of atmospheric turbulence,
then the energy spectrum of the object can be estimated.
The phase of the Fourier transform of the object is
estimated separately by using cross spectrum method
[3] or the bispectrum method [4]. In order to successfully
restore an image, the noise level must be low in the
series of short-exposure turbulence-degraded images.
Generally, the computation demand is high. This is
partially because there are many frames to be processed.
The number of frames could be thousands [5] in order
to get good result. Since speckle imaging method re-
quires reference stars, this method is not applicable in
restoring surveillance video which does not have a
reference object.

Adaptive optics compensates for atmospheric turbu-
lence by using mechanical means. The wavefront sensor
technology [6] has been proposed to determine the phase
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perturbation in each short-exposure image. From the
measured phase perturbation, deconvolution can then be
performed by wavefront analysis [7]. Adaptive optics
systems are hardware intensive.

Hybrid imaging techniques have been studied to
compensate for atmospheric turbulence. In such techni-
ques, adaptive optics hardware is used to partially correct
the turbulence effects and the recorded images are then
post-processed by computer. For example, Sheppard et al.
[8] presented a MAP (maximum a posteriori) algorithm
for deconvolution with wave front sensing.

Previous work in turbulence-degraded video restora-
tion has mostly focused on still images and thus has not
addressed the time varying turbulence effect except in
[9,10]. The Image registration in [9] uses a hierarchically
windowed phase-correlation technique. The pixel in each

image in a video is registered to its corresponding point in
a prototype image. The initial prototype is made by time-
averaging of the video. Then it is updated by the averaging
of the registered video. In [10], the adaptive control grid
interpolation (CGI) is used for image registration. These
methods were shown to work well for video that has no
real motion. The restored video has higher resolution and
the video was stabilized in the sense that the turbulence-
induced distortion was suppressed. However, these meth-
ods cannot properly handle the situation in which both
turbulence and real motion are present simultaneously.
When true motion exists, the reference frame will be
obviously motion-blurred. In case of small and fast
moving objects, they can even be smoothed out in the
reference frames. The real motion is changed (slowed
down) in the reference video because of the averaging.

Fig. 1. Three frames (a-c) are taken from a simulated panning sequence. The average of them (d) is used as the reference frame (target) for frame 2
(source). There is considerable distortion in the warped image (e). The boxes highlight two areas of significant distortion. (a) Frame 1; (b) Frame 2; (c)

Frame 3; (d) the average of the three frames; (e) the registered frame 2.
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