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ABSTRACT

Blind image quality assessment (BIQA) has attracted a great
deal of attention due to the increasing demand in industry
and the promising recent progress in academia. To bridge
the gap between academic research accomplishment and industrial needs, high efficiency BIQA approaches that allow
for real-time computation are highly desirable. In this paper, we propose a novel BIQA method by selecting statistical
features extracted from binary patterns of local image structures. This allows us to largely reduce the feature space to
eventually one dimension. Somewhat surprisingly, such a single feature, faster-than-real-time approach named local pattern statistics index (LPSI) exhibits impressive generalization
ability across different distortion types and achieves competitive quality prediction performance in comparison with stateof-the-art approaches on public databases such as LIVE II and
TID2008.
Index Terms— Image quality assessment, blind image
quality assessment, local binary pattern.
1. INTRODUCTION
No-reference or blind image quality assessment (BIQA) approaches predict perceived quality of a test image without referencing to an original image that is assumed to have pristine quality [1]. BIQA has become an active research area in
the past few years due to the high demand in real-world applications and the significant research progress that has been
made recently [2, 3, 4, 5, 6, 7]. BIQA is highly challenging not only because of the difficulty in accurately estimating
human behaviors in evaluating image quality across different
visual content, distortion types and distortion levels, but also
because real-world applications such as online quality monitoring often require the image and video signals to be evaluated at high speed, ideally in real-time. Consequently, there is
a strong practical need of highly efficient BIQA algorithms.
An interesting recent development in BIQA research is
the incorporation of machine learning techniques, which have
resulted in a number of state-of-the-art algorithms that report
highly competitive performance [8, 9, 10, 11, 12]. The development of these algorithms basically follows a two-stage
framework —- a feature extraction stage where a large num-
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ber of features (possibly in the order of thousands) that are
believed to be possibly relevant to image quality are extracted
from the image, and a machine learning stage where image
examples with different distortion types and levels are employed to train a quality prediction model. There are three
limitations of this general approach. First, because of the
high dimensionality of the feature space and the high complexity of the machine learning model, it is hard to deduce
the actual contributions of individual features in the complete
model, making it difficult to obtain a better understanding regarding human visual perception. Second, regardless of the
performance on the training set, the generalization capability of these approaches is largely constrained by the training
image samples, which live in an extremely high dimensional
space (the space of all possible images) where it is difficult to
justify how many samples are sufficient. Third, the large number of features require significant computation and storage resources, making them too slow and expensive in real-world
applications. A recent study on opinion-free (OF) BIQA [13]
has made an interesting attempt to avoid the supervised learning process and demonstrated great potentials, though its natural scene statistics (NSS) feature extraction process impedes
it from real-time implementations.
In this paper, we aim to develop highly efficient method
for BIQA that avoids any training process but delivers good
generalization capability. Such an approach belongs to the OF
category and relies heavily on the features being employed.
In [14], Ojala et al. introduced an efficient local structural
information descriptor named local binary pattern (LBP). By
encoding the signs of the differences between a central pixel
and its neighbors, the complex local structure is summarized
by one of a limited set of binary patterns. By making use of
LBP as the basis for our local feature extraction and modifying upon the statistics built on top of it, we obtain a handful of statistics on local image patterns. Careful inspection of
these patterns on a large number of images suggests that some
of them have significant discriminating power between high
quality natural images and distorted ones. Somewhat surprisingly, we show that even by picking the statistic of one of the
patterns, we can obtain a BIQA measure that is competitive
with state-of-the-art approaches. Experiments with LIVE II
and TID2008 databases demonstrate impressive generalization capability of such a training-free method.
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2. PROPOSED METHOD
Let gi and gp denote the gray levels of the ith pixel and its
circularly symmetric neighbor in an image, respectively. Let
t(·) be the step function

1, x ≥ 0
t(x) =
.
(1)
0, x < 0
Then the uniform rotation invariant LBP code of the ith pixel
can be expressed as



P −1
p=0 t(gp − gi ), if U LBPP,R (i) ≤ 2
LBPP,R (i) =
,
P + 1,
otherwise
(2)
where the subscripts P and R represent the neighbors’ number and radius, respectively. U (·) denotes the discontinuities
of the circular binary presentation [14]


U LBPP,R (i) =|t(gP −1 − gi ) − t(g0 − gi )|
+

P
−1


|t(gj − gi ) − t(gj−1 − gi )|.

Instead of using the equal voting scheme in accumulating the LBP code at each pixel [14], we employ a locally
weighted scheme to refine the statistics. First, we normalize
the gray level in the image by
gi − gmin
,
gmax − gmin

(4)

where ĝi denotes the normalized gray level. gmax and gmin
are the max and min gray values in the input image. We then
compute the local variance σi2 at each pixel, and the vote of
the pixel belonging to the LBP code l is computed by


Il LBPP,R (i)
vl (i) =
,
(5)
σi2 + c
where c is a small constant to avoid instability. Il (·) is the
indicator function



1, if LBPP,R (i) = l
Il LBPP,R (i) =
.
(6)
0, otherwise
Let N be the number of the pixels in an image. The locally
weighted statistic for the LBP code l is obtained by
sl =

N
1 
vl (i),
N i=1

(b) l = 1

(c) l = 2

(d) l = 3

(e) l = 4

(f) l = 5

Fig. 1. Diagram of the local structures for LBP4,1 . The central pixel is labeled as a gray circle. The black and white
circles denote the neighbors which have lower and larger intensities than the central pixel, respectively.

(3)

j=1

ĝi =

(a) l = 0

(7)

The dynamic range of sl is [0,+∞). To facilitate observation, we scale the sl to [0,1) using a monotonic nonlinear
mapping
sl
ŝl =
,
(8)
sl + α
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where α is a constant used to adjust the nonlinearity of the
mapping. In the extreme case, when sl equals to 0, ŝl becomes 0. At the other extreme, when sl  α, ŝl approximates
1.
As mentioned earlier, we aim for high efficiency BIQA
method whose complexity is as low as possible. Thus, we
only use four neighbors to compute the LBP codes (i.e.,
LBP4,1 ) at each pixel, resulting in six distinct binary patterns
[14]. The diagram of all possible LBP structures with four
neighbors are shown in Fig. 1.
To investigate the discriminant ability of ŝl , we select
1000 high quality natural images from the VOC2012 database
[15]. Four types of common distortions are simulated, i.e.,
JP2K, JPEG, WN and Blur. For each distortion type, we
introduce five distortion levels, whose SSIM [16] scores are
approximately {0.7, 0.75, 0.8, 0.85, 0.9}, respectively. As
such, we obtain 5000 distorted images for each distortion
type. For clarity, the ŝl distributions across all natural images
and their distorted versions are shown in Fig. 2, where the
labels on the left denote the distortion type and those on the
top denote our statistics for specific binary patterns. Overall,
ŝ0 presents the smallest histogram intersections for most distortion types. In addition, it is interesting to find that natural
images’ ŝ0 concentrate on a very narrow range between 0.9
to 1. By contrast, the ŝ0 values of the degraded images span
a larger dynamic range, and are typically smaller than 0.9.
Following the criterion in [17], the ŝl histogram intersection
K (·, ·) between the natural images and their degraded ones
is used to measure the discriminant ability of each ŝl
K (hlr , hld ) =

n

i=1



min hlr (i), hld (i) ,

(9)
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Fig. 2. Local pattern statistics of high quality natural images and distorted images.
where hlr and hld denote the normalized ŝl histograms of the
natural images and their distorted versions, respectively. A
smaller K (hlr , hld ) indicates a better ability in differentiating
distorted images from natural images.
The histogram intersections for each ŝl across different
distortion types are shown in Table 1, where the smallest
K (hlr , hld ) in each row is highlighted by boldface. It can
be seen that the statistic ŝ0 presents the best discriminant
ability for JP2K, JPEG and Blur. When we mix the degraded
samples across all four distortion types, ŝ0 also achieves the
smallest histogram intersection, as shown in the last row of
Table 1. Based on this observation, we select only one dimension statistic ŝ0 and define Q = ŝ0 as our local pattern
statistics index (LPSI).
3. EXPERIMENTAL RESULTS
We test the performance of the BIQA algorithms on LIVE II
database [18], which includes 5 distortion types (i.e., JP2K,
JPEG, WN, Blur, FF) and 779 distorted images. Since our
experiment involves several opinion-aware (OA) BIQA methods which require training, we randomly divide the LIVE II
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Table 1. Histogram intersection of ŝl between the natural
images and their distorted versions.
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database into two non-overlapping subsets for training and
testing. Particularly, we use 23 of the 29 reference images and
their distorted versions as the training set, and the remaining
images constitute the testing set. We repeat this random splitting procedure 1000 times on the LIVE II database. The median Spearman’s rank order correlation coefficient (SROCC)
between the predicted quality and the DMOS across 1000 trials is used to evaluate a BIQA metric. Both the OA-BIQA
(BIQI [2], BLINDS-II [5], BRISQUE [6] and CORNIA [7])
and OF-BIQA (NIQE [13]) metrics are included in this comparison.
The median SROCC results are reported in Table 2, where
the best metric in each column is highlighted by boldface.

Table 3. SROCC performance on the TID2008 database.
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'LVWRUWLRQ
0HWULF
7\SH
%,4,
2$
%/,1'6,,
2$
%5,648(
2$
&251,$
2$
1,4(
2)
/36,
2)

-3.

-3(*

:1

%OXU

))

$OO











































652&&

%,4,


2$
%/,1'6,, %5,648(



2)
&251,$


1,4(


/36,


Table 4. Comparison of average running time (seconds)
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We use program running time as a rough estimate of computational complexity. We compare the average running time
for an image on LIVE II and TID2008 databases, respectively. The system platform is Intel Core 2 processor of speed
2.0GHz, 6GB RAM and Windows 7 64-bit version. All methods are tested with the MATLAB2013a software. The results
are presented in Table 4, where the fastest results are highlighted by boldface in each row. Since the proposed measure
only needs to compute a simple one dimension statistic, it is
much faster than all existing BIQA algorithms, allowing it to
be easily extended to real-time applications.
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4. CONCLUSION

Fig. 3. The scatter plot of the predicted quality vs. the groundtruth subjective quality on LIVE II database. The x-axis denotes the predicted quality Q and y-axis denotes the DM OS.
The proposed LPSI algorithm, which only employs a single feature and does not require any training, provides highly
competitive performance, even when comparing with OA algorithms that may involve sophisticated training procedures.
Fig. 3 shows the scatter plot of the LPSI measure against
DMOS for all images in the LIVE II database. It can be seen
that LPSI exhibits a nearly linear relationship with DMOS,
and achieves a reasonable balance across different distortion
types.
To test the generalization capability of different BIQA
metrics, we perform an experiment on the TID2008 database
[19], which includes 17 distortion types and 1700 distorted
images. For all OA-BIQA metrics, we use the entire LIVE
II database to train the quality prediction function. Table 3
presents the SROCC results on the whole TID2008 databases
across 17 distortion types, where the best metric is highlighted by boldface. It can be seen that the proposed LPSI
method significantly outperforms all the other BIQA algorithms. It is worth nothing that the performance drops from
LIVE II to TID2008 databases are significantly larger in all
other BIQA algorithms being tested than in the proposed
LPSI method, which, unlike all the OA methods, does not involve any training process. This demonstrates that LPSI has
better generalization capability than existing BIQA methods.
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We propose a highly efficient BIQA approach based on statistics of local binary patterns. The proposed LPSI algorithm
eventually uses a single feature and does not involve any training process, but exhibits surprisingly good performance and
generalization capability in comparison with state-of-the-art
BIQA algorithms. We believe these are critical properties
that are essential in real-world online image and video quality
monitoring applications.
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