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Abstract—This letter proposes a simple and fast approach for
no-reference image sharpness quality assessment. In this proposal, we define the maximum local variation (MLV) of each
pixel as the maximum intensity variation of the pixel with respect to its 8-neighbors. The MLV distribution of the pixels is an
indicative of sharpness. We use standard deviation of the MLV
distribution as a feature to measure sharpness. Since high variations in the pixel intensities is a better indicator of the sharpness
than low variations, the MLV of the pixels are subjected to a
weighting scheme in such a way that heavier weights are assigned to greater MLVs to make the tail end of MLV distribution
thicker. The weighting leads to an improvement of the MLV distribution to be more discriminative for different blur degrees.
Finally, the standard deviation of the weighted MLV distribution
is used as a metric to measure sharpness. The proposed approach
has a very low computational complexity and the performance
analysis shows that our approach outperforms the state-of-the-art
techniques in terms of correlation with human vision system on
several commonly used databases.
Index Terms—Human vision system, image quality assessment,
maximum local variation, sharpness/blurriness assessment.

I. INTRODUCTION

S

HARPNESS assessment of digital images is important in
many modern image processing systems. The objective of
sharpness assessment is to evaluate the image quality in such a
way that it is consistent with the human vision perception.
Based on the availability of the reference image, the image
quality assessment (IQA) approaches are classified into
full-reference (FR) [1]–[5], reduced-reference (RR) [6]–[9],
and no-reference (NR) [10]–[30]. In this letter, we propose a
simple and fast approach for NR image sharpness assessment
which is suitable for online applications. Our work is motivated
by the fact that maximum variations in the pixel intensity and
the regions with the highest sharpness are highly correlated
with the human sharpness perception. Our work has the following contributions: (1) We propose a technique which has
a very low computational time compared with some existing
methods. (2) Our technique outperforms the performance of
the state-of-the-art approaches.
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Various approaches have been introduced to measure the
image sharpness in the literature which can be categorized
into two categories, namely spatial and transform domain. The
first category focuses on the image content variation in the
spatial domain such as the spread of edges and texture. Ferzli
et al. [11] used edge width with a concept called just noticeable blur (JNB). Narvekar et al. [12] proposed an approach
named cumulative probability of blur detection (CPBD). The
work proposed by Vu et al. [14] called S3 incorporates spatial
total variation (TV) and local spectral information. In another
approach, Mittal et al. [17] proposed a Blind/Referenceless
Image Spatial QUality Evaluator (BRISQUE) which utilizes
the natural scene statistic of local luminance coefficients. The
works in [18]–[20] evaluate some functions for focus and
sharpness measurement. Among various functions discussed,
two functions called Thresholded Absolute Gradient (TAG)
and Squared Gradient (SG) are defined as the summation of
the vertical and horizontal pixel differentiations when they are
larger than a threshold. However, these approaches capture the
variations only in horizontal, vertical or a specific direction.
The second category examines the image in the transform
domains. Hassen et al. [26] proposed a metric based on local
phase coherence (LPC). There are other approaches that measure the image sharpness based on the distribution of transform
coefficients. For instance, Moorthy et al. [28] proposed an approach called Distortion Identification-based Image INtegrity
and Verity Evaluation (DIIVINE) which deploys natural scene
statistics of image wavelet coefficients. Saad et al. [29], [30] developed a method named BLInd Image Notator using DCT Statistics (BLIINDS) based on the natural scene statistics of block
DCT coefficients. However, these operations done in transform
domain are time consuming which are not suitable for real time
application.
The rest of this letter is organized as follows. In Section II,
we propose the concept of the maximum local variation.
The method for image sharpness assessment is proposed in
Section III. Experimental results and discussions are given in
Section IV. Section V concludes the letter.
II. MAXIMUM LOCAL VARIATION
In this section, we propose a novel metric called Maximum
Local Variation (MLV) for sharpness assessment. Variations in
the pixel values are an indication of image sharpness. Edges
and textures contain lots of pixel variations that create impacts
on the perceived sharpness by human vision system. However,
employing the high variations in the pixel intensities is a better
indicator of the sharpness than low variations. Capturing the intensity variations using the TV have been studied in the previous
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Fig. 1. The value of normalized TV and MLV of the center pixel
in four
blocks. (a)
,
; (b)
,
; (c)
,
; (d)
,
.

work [14] for sharpness assessment. In the TV, all variations of
the pixel values with respect to its 8-neighbors are employed to
measure the sharpness given by
(1)
where
is the pixel at location
in the image ,
indicates one of the 8-neighbors of
, and
computes
the TV of
using norm distance. However, there are other
ways to define TV with 2, 3 or 4 neighbors, or norm [31].
Different from the TV, we define MLV of a pixel
(a pixel
at location
of the image ) as the maximum variation between the intensity of
with respect to its 8-neighbor pixels
given by
(2)
where
(
) are the 8-neighbors of
. Our study on the intensity variation measurements
shows that MLV captures the variations better than TV. In the
gray scale images, MLV changes in the range of 0–255. The
value of 0 means there is no variation between a pixel and its
8-neighbors while the value of 255 shows the highest variation
between the pixel and its 8-neighbors. The TV is changed in the
range of
in the case of using norm distance with
8-neighbors.
To get a better insight, we use four
blocks including a
pixel
and its 8-neighbors shown in Fig. 1 as an example. The
pixel
in (a) has no variation with respect to its 8-neighbors.
The intensity variation of the block in (c) is larger than (b), and
the pixel
in (d) has the maximum variation with respect to
its 8-neighbors. In Fig. 1(a),
and
means
has no variation with respect to its 8-neighbors. In Fig. 1(d),
and
shows that
has the
maximum variation with respect to its 8-neighbors. To have a
fair comparison, the values of TV and MLV are normalized to
[0 1] to set
, and
for
in (a),
and
,
for
in (d) where
and
are the normalized
and
, respectively. For
Fig. 1(c),
,
, and for Fig. 1(b),
,
, shows that the MLV due to the
larger
than
, can capture the small and large
pixels variations better than TV.
III. PROPOSED METHOD
The proposed method for image sharpness assessment are explained in details in the following sections.

Fig. 2. MLV map. (a) an image (b) MLV map where the brighter pixels show
larger MLV than the dark pixels.

A. Maximum Local Variations Map Generation
Given a color image of size
, we first convert it
to the gray scale image . Then, for each pixel
at location
, we consider a
block
including the 8-neighbor
pixels of
, where
and
. The MLV of
all pixels
are calculated using Eq. (2) to generate the MLV
map
of the image given by
..
.

..

.

..
.

(3)

Fig. 2 shows an image and its corresponding MLV map. Dark
color in the map shows pixels with small MLV, while bright
color indicates pixels with larger MLV.
B. Maximum Local Variations Distribution
Our study on the statistics of MLV shows that the distribution of MLV is affected by the content and the blurriness of the
image. We observe that the distribution in the texture region
with low variation is closer to Gaussian, whereas the regions
with high MLV edges and blank content have hyper-laplacian
distribution. Fig. 3 shows two sharp images in (a) and (b) and
the corresponding blurred versions in (e) and (f). The image in
(a) has lots of regions with small as well as large MLV, whereas
the one in (b) includes the regions with less variations than (a).
The MLV distributions of (a) and (b) are shown in Fig. 3(c) and
(d), respectively. By increasing the blur degree in the images,
the MLV distribution of the blurred images shown in (g) and
(h) tends to drop in the number of the large MLV values.
To use the statistics of MLV distribution for sharpness assessment, we parameterize the MLV distribution with Generalized
Gaussian Distribution (GGD) used in [17], [28], [30], the general form of Gaussian, laplacian and hyper-laplacian distributions, given by

(4)
where is the mean, is the standard deviation, is the shapeparameter, and
is the gamma function. The standard deviation decreases by increasing the blurriness which can be used
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higher weight to the pixels with larger MLV. After weighting,
the tail end of distribution of sharp images in Fig. 3(c) and
(d) become thicker while the tail end of distribution of the
blurred images in Fig. 3(g) and (h) have very small changes.
Therefore, the tail end of the weighted MLV distributions can
work better in sharpness discriminative than the tail end of the
MLV distributions. The GGD distribution of the weighted MLV
is driven by replacing
with
in Eq. (4). Finally,
standard deviation of the weighted MLV distribution is used as
the metric to measure sharpness calculated using the moment
matching method in [32].
IV. EXPERIMENTAL RESULTS AND DISCUSSION

Fig. 3. (a) a sharp image with low and high variation regions; (b) a sharp image
with blank, low and high variation regions; (c) and (d) MLV vs. weighted MLV
distribution of (a) and (b), respectively; (e) and (f) blurred version of (a) and
(b), respectively; (g) and (h) MLV vs. weighted MLV distribution of (e) and (f),
respectively.

as the sharpness measurement metric. Since the human vision
system is more sensitive to higher variations regions, we refine
in the next step the MLV map by assigning different weights
to the pixels with various MLV values which reshape the MLV
distribution to model the sharpness non-linearity.
C. Maximum Local Variations Content-Based Weighting
The distribution statistics of the images in Fig. 3 reveal that
the tail end of the distribution discriminates the blur degree differences. The pixels with large MLV have more influences in
the sharpness assessment. By changing the distribution in such a
way that the tail part becomes heavy, the distribution can be used
to evaluate the sharpness more effectively. This can be done by
assigning higher weights to the larger MLV pixels by generating
the weighted MLV map
below
..
.

..

.

..
.

(5)

where weights
are defined using exponential function
and
is the rank of
when sorted in
ascending order from 0 to 1. By choosing weight as an exponential function, the measured sharpness is well correlated with
human vision based on sharpest region in the image [26]. In
addition, exponential is better than linear function since it gives

In this section, we compare the performance of our technique
with the existing state-of-the-art NR image sharpness methods
like TAG [19], SG [19], CPBD [12], DIIVINE [28], BLIINDS
[30], BRISQUE [17], S3 [14] and LPC-SI [26] using LIVE [33],
TID2008 [34], CSIQ [35] and IVC [36] databases. The LIVE,
TID2008, CSIQ and IVC databases have 174, 100, 150 and 20
images, respectively.
We use five criteria to compare the performance of these
methods including pearson Correlation Coefficient (CC),
Spearman Rank-Order Correlation Coefficient (SROCC), Root
Mean Square Error (RMSE), Mean Absolute Error (MAE)
and Outlier Ratio (OR). High values for CC, SROCC and low
values for RMSE, MAE and OR indicate good performance in
terms of correlation with human vision system [37].
Table I compares the performance of our technique and
the previous methods on LIVE, TID2008, CSIQ and IVC
databases. For TAG [19] and SG [19], we consider the maximum value of the horizontal and vertical gradients, claimed
by the author that improves the result significantly. We report
our result and LPC-SI with/without weighting scheme to evaluate the contribution of the weighting. For LIVE database,
Our technique demonstrates excellent performance among all
methods. For TID2008, except MAE and OR, our technique
are the best among all methods. For CSIQ database, except CC,
our performance shows better results. For IVC, our technique
shows the best performance among all.
Fig. 4 shows the scatter plots of the subjective scores of LIVE,
TID2008, CSIQ and IVC databases versus objective scores of
S3, LPC-SI and our technique after nonlinear mapping. Our
technique shows less biasness in subjective versus objective
scoring for these uncorrelated images when compared with the
previous methods. For example, the scatter plot of our technique
for CSIQ database in Fig. 4(k) shows a better spread along the
diagonal line.
Since our technique works in spatial domain without any
complex mathematical operation or transformation, the computational complexity is low. The main computational cost of our
technique is determined by calculation of MLV of the pixels and
parameters estimation of the MLV distribution which are linear
with respect to the number of pixels in the image and is in the
order of
. BRISQUE and CPBD have the computational
complexity in the order of
. In BRISQUE, the complexity
is determined by two main tasks including 36 features extraction in spatial domain and 5 times GGD parameters estimation
[17]. The complexity of CPBD is identified by edge detection
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Fig. 4. Scatter plots of objective scores generated by S3 [14], LPC-SI [26] and our technique versus subjective scores reported by LIVE, TID2008, CSIQ and
IVC databases after nonlinear mapping, where each dot represents one image.

TABLE I
COMPARISON OF OUR PROPOSED TECHNIQUE AND PREVIOUS WORKS ON
LIVE, TID2008, CSIQ AND IVC DATABASES

TABLE II
COMPARISON OF MEAN COMPUTATIONAL TIME OF METHODS IN GENERATING
SHARPNESS SCORE OF 200 IMAGES WITH SIZE OF

computation similarly to the 2D-FFT [30]. The computational
complexity of DIVIINE [28] is determined by complexity of
wavelet transform which is in the order of
and parameters estimation of GGD.
We compare the mean runtime of seven sharpness measurement methods applied to 200 images with size of
from Google web site. This test is performed on a PC with
Intel Core i5 CPU at 3.20 GHz, 8 GB RAM, Windows 7 64-bit,
and Matlab 7.11. The results are summarized in Table. II. The
slowest methods are BLIINDS, DIIVINE, LPC-SI and S3. The
CPBD, BRISQUE and our technique are the most competitive
approaches. Among all, our method with 1.6 seconds has the
lowest computational time.
V. CONCLUSIONS

and edge wide calculation [12]. The computational complexity
of LPC-SI [26] and S3 [14] are determined by the complexity
of 2D-FFT which is in the order of
. In BLIINDS,
the complexity is identified by the complexity of DCT transform which is in the order of
by factorizing the

In this letter, we proposed a simple and fast technique for
image sharpness assessment based on the maximum local variation (MLV). The MLV of each pixel is calculated by finding the
maximum of the intensity variation with respect to its 8-neighbors. We showed that the MLV of the pixels capture the high
variations in the pixels intensity. Since the human vision system
is more sensitive to higher variations regions, the MLV of the
pixels are subjected to a weighting scheme to make the tail end
of MLV distribution thicker. Finally, the standard deviation of
the weighted MLV distribution is used as a feature to measure
image sharpness. Experimental results revealed that our technique outperforms the performance of state-of-the-art methods
on LIVE, TID2008, CSIQ and IVC databases in terms of correlation with the human vision system. The complexity analysis
showed that our proposed technique has the lowest computational time.
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