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Abstract

One of the key problems of restoring a degraded image
from motion blur is the estimation of the unknown shift-
invariant linear blur Iter. Several algorithms have been
proposed using image intensity or gradient information. In
this paper, we separate the image deblurring into Iter es-
timation and image deconvolution processes, and propose
a novel algorithm to estimate the motion blur Iter from a
perspective of alpha values. The relationship between the
object boundary transparency and the image motion blur is
investigated. We formulate the Iter estimation as solving
a Maximum a Posteriori (MAP) problem with the de ned
likelihood and prior on transparency. Our uni ed approach
can be applied to handle both the camera motion blur and
the object motion blur.

1. Introduction

Image blur is caused either by the camera motion [1] or
by the object motion [20]. Camera motion is the camera
vibration when shutter is pressed. The corresponding mo-
tion blur is usually modeled as a linear image degradation
process

I=L f+n; (1)

where I, L, and n represent the degraded image, unblurred
(or latent) image, and the additive noise respectively. s
the convolution operator and f is an unknown linear shift-
invariant point spread function (PSF). Conventional blind
deconvolution approaches focus on the estimation of f to
deconvolve I [13] using image intensities or gradients. One
example of the camera motion blur is shown in Fig. 1 (a).
The problem of restoring a still image containing a mo-
tion blurred object cannot be completely solved by the blind
deconvolution techniques because the background may not
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Figure 1. Two types of motion blur. (a) One example of camera
motion blur. The image is blurred by the camera vibration. All
pixels in the image are affected. (a) One example of the object
motion blur. The image is degraded by object motion.

undergo the same motion. The PSF has a uniform de ni-
tion only on the moving object. Raskar et al: [20] propose a
solution to this problem, in part of their method, assuming
that the background is known or has constant colors inside
the blurred region. We show one example in Fig. 1 (b)
where the motion of an athlete causes the blur while the
background is still clear.

Although there have been many image restoration tech-
niques proposed, without knowing the blur lter, few of
them can be readily applied to solve both of the above two
motion deblurring problems. In this paper,asa rst attempt,
a uni ed approach is proposed to estimate the motion blur

Iter from a transparency point of view. Suppose that an ob-
ject, which is originally opaque and has solid boundary, is
motion blurred. Its boundary is blended to the background.
The transparency on this blurred object is primarily caused
by its motion during image capture. Based on this observa-
tion, this paper contributes in the following ways:

1. We give a principal analysis on how the image degra-
dation and the transparency is related. We prove that
the blur Iter can be determined by the transparency
on the object boundary.

2. We propose an optimization method to estimate the
blur Iter by solving a maximum a posteriori (MAP)
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