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ABSTRACT

Despite numerous efforts on blur measurement of partially
blurred images, there still lacks an effective blur measure that
is both pixel-wise and locally sharp consistent. The paper pro-
poses a novel method with two contributions to overcome this
limitation: 1) A new pixel-based blur metric, Multi-resolution
Singular Value (MSV), which leverages the average singular
value of high frequency bands to measure the blur of each pix-
el, and 2) a locally continuous strategy, maximum-likelihood
estimation (MLE) based refinement, that ensures local conti-
nuity by imposing the local sharp consistency on pixel blur in
a local correcting process. Experimental results show that our
method is effective to smoothly measure the partially blurred
images without local discontinuity.

Index Terms— Blur metric, singular value, maximum-
likelihood estimation

1. INTRODUCTION

Partially blurred images are very common in our daily pho-
tographing. Obtaining the blur degree of each pixel is im-
portant for further processing, such as segmentation, image
fusion and deblurring. However, there still lacks an effec-
tive blur measurement method which measures the image in a
pixel-wise and locally sharp consistent manner. In this paper,
we propose a simple yet robust method aiming for efficient
pixel-wise blur measurement.

Edge is widely used due to its representation of high fre-
quency information. Existing edge-based methods [1, 2, 3, 4,
5, 6, 7, 8]) may not be good for detecting the locally blurred
area where only sparse edges exist. Non edge-based meth-
ods for the global blur evaluation of a whole image [9, 10,
11, 12, 13] may also be invalid due to the insufficient infor-
mation in a locally blurred area. Methods work on patch or
block [14, 15, 16, 17]) are rough, thus easily leading to false
evaluation of each pixel and zigzagged edges of the blurred
area. Therefore, we prefer to the pixel-wise blur metric using
non-edge based method for a smooth measurement.

We are interested in the simple metric proposed by Bolan
Su et al. [18]. The ratio of the largest several singular val-
ues to all singular values is taken as the blur metric. It will

be higher for a blurred image than a clear image because the
largest singular values represent the large scales. While oth-
er methods [19, 20] heavily rely on specific image blurring
models for computing the defocusing blur or linear motion
blur, this metric works for any type of blur. Terming it as Di-
rect Ratio (DR), however, we argue that its mandatory usage
of the singular values from the whole image frequency range
can be unstable, considering the fact that blur influences the
high frequency bands much more than the low frequency part.

In addition, most existing methods [18, 21, 3, 20] do not
consider refining the local blur measurement after obtaining
the blur measurement of each pixel or block. However, noise
or other metric-resistance factors may affect the local blur
measurement and lead to measurement errors. Although Zhu
et al. [19] considered generating a coherent blur map by as-
suming the scale consistency, they relied on the global energy
minimization method 𝛼-cut [22] which is sensitive to initial-
ization.

We propose a new blur measurement method that mea-
sures blur in a pixel-wise and locally sharp consistent way.
For the pixel-wise measurement, a new blur metric, Multi-
resolution Singular Value (MSV), is introduced. Unlike DR
of Bolan Su et al. [18], MSV drops the less affected low fre-
quency band and only uses the average value of the high fre-
quency bands obtained from the multi-resolution decomposi-
tion by Haar wavelet transform of the block surrounding each
pixel. To achieve local consistent measurement, a refinemen-
t strategy based on maximum-likelihood estmation (MLE) is
introduced to improve the initial result of MSV. In compari-
son with the scale consistency assumption of Zhu et al. [19],
our MLE based refinement is more simple, robust and easy to
apply.

2. THE MSV BLUR METRIC

An image I can be decomposed into weighted sum of 𝑛 eigen-
images by Singular Value Decomposition (SVD),

I =
𝑛∑

𝑖=1

𝜆𝑖E𝑖 (1)



where 𝜆𝑖(1 ≤ 𝑖 ≤ 𝑛) are the eigen values in decreasing order
and E𝑖(1 ≤ 𝑖 ≤ 𝑛) are rank-1 matrices called eigen-images.
The first most significant eigen-images work on large scales
while less significant eigen-images encode the image details.
For a blurred block, the high frequency details are lost much
more significantly in comparison with its low frequency shape
structures. Therefore, we drop the contribution coming from
the low frequency information and only consider the eigen
values from the high frequency structures. In particular, we
use the average eigen value of high frequency bands of the
block surrounding each pixel as the blur metric of that pixel,
where the bands are generated by the multi-resolution decom-
position of the Haar wavelet transform. We call this metric
Multi-resolution Singular Value (MSV).

Fig. 1 shows a partially blurred image with six 8 × 8
blocks extracted for comparison between MSV and DR which
considers the blur response from both low frequency struc-
tures and high frequency details. One half of the blocks are
clear, while the other half are blurred. Each block is decom-
posed by the Haar wavelet transform into four bands LL, LH,
HH and HL. They represent the horizontal low-pass/vertical
low-pass (LL), horizontal low-pass/vertical high-pass (LH),
horizontal high-pass/vertical high-pass (HH), and horizontal
high-pass/vertical low-pass (HL), separately. For DR, it takes
the ratio of the four largest singular values to all singular val-
ues as Su et al. [18] have done. As shown in Fig. 1(b),
the ratios of the clear blocks by DR, which should be higher
than those of the blurred blocks, are even all slightly lower
than them. But the average eigen value of either each high-
est frequency band (LH, HH and HL) or all of them from
the clear blocks is significantly greater than those from the
blurred blocks. This figure clearly shows that MSV can mea-
sure the blur extent of each pixel robustly and DR, however,
may fail due to the affection of the lower frequency structures.

As shown in Fig. 2, the MSV metric of a pixel is comput-
ed with the 𝑚×𝑚 block surrounding it. Denote the singular
values from LH, HL and HH of the block as T1, T2 and T3

respectively, with T𝑖 = (𝜆𝑖1 , 𝜆𝑖2 , . . . , 𝜆𝑖𝑚/2
) for 1 ≤ 𝑖 ≤ 3

and 𝜆𝑖𝑘(1 ≤ 𝑘 ≤ 𝑚/2) being the eigen values in decreasing
order. The MSV metric is computed as the weighted average
of the means of T𝑖, T𝑖,

𝑆 =

3∑

𝑖=1

𝑤𝑖T𝑖. (2)

The weights 𝑤𝑖 of Equation 2 balance the influences of each
high frequency band. They are set experimentally considering
the efficient combination of the three high frequency bands.
All the three bands contribute nearly equally to the blur ap-
pearance in our experiments. Therefore, in practice, we set
𝑤1 = 𝑤2 = 𝑤3 = 1/3. That is, they are equally weighted.

Block 1 Block 2 Block 3

Block 4 Block 5 Block 6

1 2
3

4 56

(a) The partially blurred image and six extracted blocks shown on
the right for a clear view.

(b) Comparison of the average singular values of each high frequen-
cy band and all high frequency bands with the ratio by DR.

Fig. 1. Comparison of MSV with DR by six 8 × 8 blocks
indexed from 1 to 6 with half of them blurred. LH, LH and
HH are the high frequency bands used in MSV. Note: the
ratios of DR are scaled by 10 for a clear view.

Fig. 2. The computation of the MSV metric for a pixel by its
surrounding 𝑚 × 𝑚 block. T𝑖 represents the vector form of
the singular values of the corresponding band image.

3. MLE BASED REFINEMENT

The pixel-wise MSV blur metric omits the contribution from
the surrounding pixel and may lead to false measure due to
noise and local structure variations. Here we introduce a
refinement strategy based on MLE to improve the result of
MSV.

Denote the blur measure of a pixel 𝐼𝑐 and all 𝑙 pixel-
s 𝐼𝑗(1 ≤ 𝑗 ≤ 𝑙) in its surrounding region Ω as 𝑆𝑐 and
𝑆𝑗(1 ≤ 𝑖 ≤ 𝑙), respectively. Motivated by the consistency
of blur in a local area, 𝑆𝑗(1 ≤ 𝑖 ≤ 𝑙) can be considered i.i.d.
random observations, coming from a distribution 𝑝(⋅∣𝑆𝑐). The
blur likelihood of 𝑆𝑐 can be formulated as

L (𝑆𝑐∣𝑆1, 𝑆2, . . . , 𝑆𝑙) = Π𝑙
𝑗=1𝑝(𝑆𝑗 ∣𝑆𝑐) (3)



which can be rewritten into the following log-likelihood

𝑙𝑛L (𝑆𝑐∣𝑆1, 𝑆2, . . . , 𝑆𝑙) =

𝑙∑

𝑗=1

𝑙𝑛𝑝(𝑆𝑗 ∣𝑆𝑐). (4)

The straightforward way to find the optimal blur measure of
pixel 𝐼𝑐, 𝑆𝑐, is to maximize the log-likelihood of Equation 4,
i.e.,

𝑆𝑐 = argmax
𝑆𝑐

𝑙𝑛L (𝑆𝑐∣𝑆1, 𝑆2, . . . , 𝑆𝑙) (5)

which can be solved by the likelihood equation

∂𝑙𝑛L (𝑆𝑐∣𝑆1, 𝑆2, . . . , 𝑆𝑙)

∂𝑆𝑐
= 0. (6)

The closer 𝐼𝑗 is to 𝐼𝑐, the closer 𝑆𝑗 is to 𝑆𝑐. Therefore, in
our current implementation, Gaussian distribution is adopted
to model such a conditional distribution, i.e.,

𝑝𝑗(𝑆𝑗 ∣𝑆𝑐) ∝ 1

2𝜋
𝑒𝑥𝑝[− (𝑆𝑗 − 𝑆𝑐)

2

2𝜎2
] (7)

where 𝑒𝑥𝑝 represents the exponential function with 𝜎 set to
be 1 in our experiment. Taking Equation 7 into Equation 6,
we finally obtain

𝑆𝑐 =

∑𝑙
𝑗=1 𝑆𝑗

𝑙
(8)

which is the average blur measure of the surrounding pixels.

3.1. The blur measurement algorithm

Directly applying the MLE-based refinement to all pixels
might lead to over blurred or clear pixels. Instead, we only
apply it to the incorrectly measured pixels. A binary blur
property 𝐵𝑐 is used to label 𝐼𝑐 as blurred or clear by check-
ing whether 𝑆𝑐 is smaller than the threshold 𝜖𝑡 or not. 𝐼𝑐 is
incorrectly measured when 𝐵𝑐 is not the same as the labels
of most of its surrounding pixels. We propose to recursively
update the incorrect measures with two passes, as presented
in Algorithm 1. Steps 4 − 7 represent the blur pass for elim-
inating the falsely measured blurred pixels and steps 8 − 11
denote the clear pass for eliminating falsely measured clear
pixels.

In practice, we set the block size to 11× 11. 𝜖𝑡 affects the
results of Algorithm 1 and normally 𝜖𝑡 = 32. Whether a pixel
is falsely labeled or not depends on the number of differently
labeled surrounding pixels, which we set it to 90, and it works
well with our experiment.

4. EXPERIMENTAL RESULTS

We verify the effectiveness of our method by experimenting
with a variety of images, and compare with the DR metric
[18] which represents state-of-the-art blur measure methods.
Fig. 3 gives the blur measurement for the image shown in Fig.

Algorithm 1 Blur measurement by MSV and MLE based re-
finement
Input: An image, I
Output: Matrices M and B recording the blur measures and

properties of all pixels in I repsectively
1: Initialize M (Equation 2);
2: Initialize B;
3: repeat
4: while exist a pixel falsely labeled as blur in B do
5: Update its blur measure in M (Equation 5);
6: Update its label in B;
7: end while
8: while exist pixel falsely labeled as clear in B do
9: Update its blur measure in M (Equation 5);

10: Update its label in B;
11: end while
12: until no wrong measure or reaching the max iterations

1(a). The six central pixels shown in Fig. 1(a) are corrected
detected by MSV (Figure 3(b)) while DR fails to correctly
return their measures (Fig. 3(a)). However, as shown pro-
gressively in Fig. 3(c) and Fig. 3(d), the proposed method
can obtain a more smooth measurement than DR by applying
the MLE based refinement strategy.

(a) Blur measured by DR. (b) Blur measured by our MSV.

(c) Blur measures refined with one
blur pass.

(d) Blur measures refined with one
blur and one clear passes.

Fig. 3. Comparison of blur measures between DR and MSV
for the image shown in Fig. 1(a).

Fig. 4 shows the labeling result for the image shown in
Fig. 1(a). Fig. 4(a) is the best result for Fig. 3(a). Appar-
ently there are some misclassifications due to the false mea-
sures. However, the blur region according to the labels by our
method (Fig. 3(d)) returns no visible artifacts.

Fig. 5 shows the results on four images. DR fails to obtain
a locally sharp consistent measurement for each image while
our method yields locally consistent results for all of them



(a) The blurred region for Fig. 3(a). (b) The blurred region for Fig. 3(d).

Fig. 4. Comparison of the blurred regions according to the
labels obtained by DR and our method for the image shown
in Fig. 1(a). The pixels whose blur properties are blurred are
whitened with the clear ones kept the same as their original
pixel intensities for a clear view.

due to the benefits of the proposed refinement strategy.

Test image Blur measurement  by DR Blurred region by DR
Blur measurement  

by our method Blurred region by our method

Fig. 5. More comparisons between DR and our method. The
blurred region is the labeling result shown in the same way as
Fig. 4.

We also compare the statistical performance of DR
and our method with 50 partially blurred images using the
precision-recall curve. They are blurred by motion or defo-
cusing. Each image is manually segmented into a blurred
region and a clear region as the ground truth label for each
pixel. The threshold of DR for labeling ranges from 0 to
0.5 while the threshold of our method ranges from 0 to 1
by normalizing the blur measures of each image. In order
to show the advantages of the proposed refinement strategy,
we collect the precision-recall curves for MSV both without
and with the refinement processing. For the refinement, one
blur pass and one clear pass are applied after applying MSV
and thus we denote the curve as MSV+B+C. Fig. 6 gives
the comparison result along with some test images and their
ground-truth labels obtained manually (Fig. 6(a)). The pre-
cision of MSV is almost always better than DR when recall
is less than 0.9, while MSV+B+C almost always obtains the
highest precisions than both DR and MSV. This comparison
statistically shows the advantages of the MSV blue metric

and MLE based refinement strategy.

(a) Some test images and their ground truths. The ground truths are
shown in the same way as Fig. 4.

(b) The precision-recall curves.

Fig. 6. Statistical comparison between DR and our method.

5. CONCLUSIONS

This paper discusses the accurate blur measurement for the
partially blurred images and proposes a method to simultane-
ously reach pixel-wise and locally sharp consistent blur mea-
sures. The method includes a new blur metric, MSV, to ob-
tain initial high-quality pixel-based blur measures with the
high frequency bands, and an MLE based refinement strategy
to recursively obtain a locally sharp consistent measuremen-
t. The experimental results demonstrate the advantage of the
proposed method.

Our method may fail for a textureless area where the sin-
gular values are generally very low. In this case, the clear area
and blurred area are difficult to distinguish. The DCT-based
method is reported to be efficient for such a textureless area
[14] and we plan to incorporate it into our framework in the
future.
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