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a b s t r a c t

We describe a new no-reference blur index for still images based on a singular value curve (SVC). The
algorithm is composed of two steps. First, the singular value decomposition is performed on the image
to be blur-assessed. Then an image blur index is constructed from the singular value curve. Experimental
results obtained on four simulated blur databases and on the Real Blur Image Database show that the pro-
posed SVC algorithm achieves high correlation against human judgments when assessing the blur distor-
tion of images.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Digital images are being produced in vast numbers as digital
cameras and camera-equipped smartphones are becoming very
widely used. Many of these images are acquired under less than
ideal conditions, often by inexperienced or inexpert users. One
very common problem is image blur induced by, for example, cam-
era shake or inaccurate focussing, since users routinely capture
many more images than in the film days. Since these images are
available for digital analysis, it is highly desirable to be able to
assess automatically their perceptual quality. Since it would be
very valuable to be able to sort and/or cull the ‘good’ from the
‘bad’, in recent years research on no-reference (NR) image blur
assessment method has become very active. A variety of no-refer-
ence blur indexes have been proposed in the literature. For exam-
ple, in [1], an image sharpness index is proposed that is based on
the notion of just noticeable blur (JNB). The authors of [2] proposed
a new sharpness measure utilizing local phase coherence (LPC)
evaluated in the complex wavelet transform domain. In [3], the
authors presented a no-reference image blur metric which utilizes
a probabilistic model to estimate the probability of detecting blur
at each edge in the image, where the information is pooled by com-
puting the cumulative probability of blur detection (CPBD). Li et al.
[4] proposed a new no-reference blur index for still images that is
based on the observation that it can be difficult to distinguish
between versions of an image blurred to different degrees (BC).

The singular value decomposition (SVD) method is a flexible
image matrix decomposition that has been successfully applied
to the full reference (FR) image quality assessment (IQA) problem.
Existing FR methods based on SVD can be divided into two catego-
ries. One directly uses the singular values to assess image quality.
For example, the MSVD algorithm proposed in [5] uses the amount
of change of the singular value as the image quality evaluation cri-
teria. The other uses the left and right singular vectors to assess
image quality [6]. In our approach, we broaden the SVD IQA idea
by analysing the distribution of singular values. A new blind
method for assessing image blur severity is developed based on a
computed singular value curve.

The remainder of this paper is organized in the following way.
Section 2 describes the relationship between blur distortions and
the image singular value curve. Section 3 details a new no-reference
image blur index that uses a model of the singular value curve. The
results of experiments conducted on the five databases are pre-
sented and analysed in Section 4. Section 5 concludes the paper.

2. The relationship between blur distortion and singular value
curve

Every m � n real grey scale image A can be decomposed into a
product of three matrices, A = USVT, where U and V are orthogonal

matrices UTU = I, VTV = I, and S ¼
Sr 0
0 0

2
4

3
5; S1 ¼ ðr1;r2; . . . ;rrÞ,

where r is the rank of A. The diagonal entries of S are the singular
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values of A, S1 is the singular value vector, the columns of U are the
left singular vectors of A, and the columns of V are the right singu-
lar vectors of A. This decomposition is the singular value decompo-
sition (SVD) of A.

To explain our idea of SVD-based NR IQA, we arbitrarily selected
a source image and its five blurred versions from the CSIQ database
[7] and LIVE2 database [8], as shown in Figs. 1 and 3. The degree of
blur is sorted in ascending order from images Aa to Ae.

We subjected each of these images to singular value decompo-
sition to obtain singular vectors S1. A blur-dependent singular
value curve is plotted with the singular value along the Y-axis
and the index of the singular value vector (the position of the sin-
gular value component in the vector) along the X-axis, as shown in
Figs. 2 and 4. It can be seen from the singular value curve that the
singular values decay exponentially. Note that the curve becomes
increasingly steep with larger degree of blur. We plotted the singu-
lar value curves of all of the blurred images in the CSIQ database
and the LIVE2 database and found that the same law applied.

The matrix norm that we deploy is the Frobenious norm (F-
norm), which captures image energy:

E ¼ kAkF ¼ kU � S � VTkF ¼ kSkF ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
Xr

i¼1

r2
i

vuut ð1Þ

where r is the matrix rank and the ri are singular values. Generally,
a sharp image will have Frobenious higher energy value than a
blurred counterpart of it.

3. Constructing a no-reference blur index based on a singular
value curve

We have found that the shape of the singular value curve of nat-
uralistic images, as exemplified in Figs. 2 and 4, closely resembles
an inverse power function. Let y = S1(i), x = i, which we approxi-
mate by the following equation

y ¼ x�q ð2Þ

where y is the singular value S1(i), and x is the corresponding sub-
script i of the singular value vector. Because the steepness of the
singular value curve corresponds to blur degree, we use q to capture
the image blur. Taking logarithms

lnð1=yÞ ¼ q ln x ð3Þ

and letting M = ln (1/y), N = ln x, yields

M ¼ qN ð4Þ

which is a linear equation in the coefficient q which can be solved
by linear regression. We use least squares to minimize the residual
sum of squares:

min
Xr

i¼1

e2
i ¼

Xr

i¼1

ðMi � qNiÞ
2 ð5Þ

Setting the derivative of Eq. (3) to zero, we get:

Xr

i¼1

2ðMi � qNiÞð�NiÞ ¼ 0 ð6Þ

So the coefficient q can be obtained as

q ¼
Pr

i¼1NiMiPr
i¼1N2

i

ð7Þ

Fig. 1. Source image A and its five increasingly blurred versions in CSIQ database, the degree of blur is sorted in ascending order from images Aa to Ae.

Fig. 2. Singular value curve of Fig. 1.
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