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In this paper we provide a review of the recent literature on Bayesian Blind Image Deconvolution (BID)
methods. We believe that two events have marked the recent history of BID: the predominance of
Variational Bayes (VB) inference as a tool to solve BID problems and the increasing interest of the
computer vision community in solving BID problems. VB inference in combination with recent image
models like the ones based on Super Gaussian (SG) and Scale Mixture of Gaussians (SMG) representations
have led to the use of very general and powerful tools to provide clear images from blurry observations.
In the provided review emphasis is paid on VB inference and the use of SG and SMG models with
coverage of recent advances in sampling methods. We also provide examples of current state of the art

BID methods and discuss problems that very likely will mark the near future of BID.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Thousands of millions of pictures are taken everyday. If the
claim in [1] is right, 880 billion photos were taken in 2014. Ev-
ery minute, 27,800 pictures are uploaded to Instagram, 208,300
photos are uploaded to Facebook and more than one thousand to
Flickr, and the trend, with a digital camera in every mobile phone,
is probably exponentially increasing. The quality of these pictures
varies widely from professional to amateur, in which case in many
instances the images are taken under adverse conditions, such as
low lighting or with motion between the camera and the scene,
thus resulting in blurred images. While in some cases the intro-
duction of blur in photography is intentional, being a powerful el-
ement of visual aesthetics, in most cases it is an undesirable effect
degrading the quality of the image. Examples of the intentional in-
troduction of blur includes the silky water effect obtained by using
a long exposure when photographing a water flow (Fig. 1(a)), the
bokeh effect obtained in parts of the scene lying outside the depth
of field (Fig. 1(b)) and used to focus the attention of the viewer on
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a specific subject, or the motion blur effect (Fig. 1(c)) used to pro-
vide a sense of speed. Unintentional blur is caused by a number of
causes, the most important ones being: camera or subject motion
while the shutter is open (Fig. 1(d)) which leads to motion blur,
out-of-focus (Fig. 1(e)) that blurs the whole the image or relevant
parts of it or, simply, the presence of the atmosphere (Fig. 1(f)) as
is the case with astrophotography.

Not only commercial photography is affected by blur. Modern
science makes an intensive use of images in areas such as astron-
omy, remote sensing, medical imaging and microscopy and, in all
of them, imperfections and characteristics of the capture system
lead to images degraded during the observation process by blur,
noise, and other degradations that diminish the quality and, hence,
the value of the captured images.

Image deconvolution is a mature topic that aims at recovering
the underlying original image from its blurred and noisy observa-
tions. Sometimes, the blur is completely or partially known or can
be estimated prior to the deconvolution process. For instance, in
astronomical imaging, an accurate representation of the blur can
be obtained by imaging a single star first before photographing
the astronomical object of interest. In contrast, blind image de-
convolution (BID) tackles the restoration problem without knowing
the blur in advance, leading to one of the most challenging image
processing problems, since many combinations of blur and “true”
image can produce the observed image. To start with, deconvolu-
tion is an ill posed problem in the Hadamard sense [2], that is,
small variations in the data result in large variations in the so-
lution. The problem is exacerbated in the BID problem, since in
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Fig. 1. Blurred pictures due to intentional blur: (a) silky water effect by Geraint Rowland (https://www.flickr.com/photos/geezaweezer/15327097294), (b) bokeh by Rodrigo
Gomez (https://www.flickr.com/photos/rgomez74/2970906336), (c) motion blur by Ernest (https://www.flickr.com/photos/viernest/3380560365). Blurred pictures due to un-
intentional blur: (d) camera motion by tunguska (https://www.flickr.com/photos/tunguska/103472115), (e) out of focus by Nacho (https://www.flickr.com/photos/gonmi/
8193430914), (f) atmosphere by Mike Durkin (https://www.flickr.com/photos/madmiked/43831827).

addition, small variations in the estimated blur can lead to large
variations in the restored image.

BID is an underdetermined nonlinear inverse problem, which
requires the estimation of many more unknown variables than
the available observed data. To find meaningful solutions, not only
prior information about the unknowns is crucial, but also a good
and sound estimation approach. In this paper, we provide a com-
prehensive survey of BID methods reported since the publication of
the review [3], with a focus on Bayesian approaches. In our opin-
ion, since the publication of [3], Variational Bayes (VB) inference
has emerged as a dominant approach for the solution of BID prob-
lems. VB inference in combination with recently introduced image
models, like the ones based on Super Gaussian (SG) and Scale Mix-
ture of Gaussian (SMG) representation, has led to the development
of very general and powerful tools to obtain clear images from
blurry observations. We review the recent BID literature with an
emphasis on VB inference and the use of SG and SMG models but
without ignoring recent advances in sampling methods. We also
provide examples of current state of the art BID methods and dis-
cuss problems that very likely will mark the near future of BID. The
paper is organized as follows. In Section 2, we briefly introduce
the BID problem as well as the prior models. Section 3 shows the
variational Bayesian methodology and its advantages over other in-
ference approaches. We also present two representation models for
variational inference, followed by the final BID algorithm. Section 4
discusses some important outstanding challenges regarding the ap-
plications of VB based BID methods and BID as a whole research
field. Experimental results are presented in Section 5.

2. Bayesian problem formulation
2.1. Bayesian framework for BID
In BID the image formation model is usually assumed to be:

y=x®h-+n=Hx+n, (1)

where y € RN is the observed blurred image (a column vector of
N pixels), ® represents the convolution operation, x € RN is the

unknown original image, H € RN*N is the convolution matrix ob-
tained from the also unknown blur kernel h € R and n e RV is
a noise term which is assumed to be i.i.d. Gaussian with vari-
ance B!, As discussed in Section 4.4, other degradation models
than the Linear and Spatially Invariant model above are also uti-
lized.

Notice that although the BID problem is defined here in the
image domain, it can also be easily formulated in transformed do-
mains, such as the derivative, wavelet, and curvelet domains. The
use of the filter space has gained popularity recently, however,
there are still some open questions which need to be addressed
before deciding which one is the right domain to work on, see
Section 4.1.

From a Bayesian perspective, given the observed blurred im-
age y, the goal is to infer the latent (hidden) variables z = {x, h}
and possibly the model parameters denoted by 2. The image
degradation model in Eq. (1) can be written as:

p(ylz, B) = N(y[Hx, 87'), (2)

where g is the precision parameter of the observation model, and
possibly one of the model parameters to be estimated.

It is well known that the inverse problem of Eq. (1) is ill-
posed [3]. Therefore, additional information on the latent variables
and model parameters must be provided. The Bayesian paradigm
introduces this necessary information for the BID problem as a
prior distribution p(z|$2), which models the information on z, and
a prior p(2) on the model parameters. Sometimes the prior on the
model parameters is called hyperprior and the elements of Q are
called hyperparameters.

With these ingredients, the global modeling of the BID problem
can be written as

p(z, 2.,y) =p(ylz, 2)p(Z|2)p(R2). (3)

Before describing how inference is performed, we will now re-
view the image, blur and hyperparameters priors proposed for the
BID problem since the publication of [3].
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