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ABSTRACT

In the study of image quality assessment (IQA), multi-
scale methods are often used because they can supply more
flexibility than single-scale ones by incorporating the vari-
ations of viewing conditions. However, some recent work
demonstrated that single-scale methods based on scale trans-
formation also performed well in terms of the correlation be-
tween the quality predictions and the subjective scores. Both
of the single-scale based IQA metrics conform to a two-step
model: image transform using proper scale coefficient and
the SSIM metric, but the influence of different components
in SSIM (luminance, contrast and structural similarity) on the
chosen scale coefficient is not taken into account. In our re-
search, it was found that the scale transform coefficients for
different components should be different. This paper accord-
ingly proposes a new MIx-Scale (MIS) based IQA algorith-
m. Experimental results on six publicly available databas-
es (LIVE, TID2008, CSIQ, Toyama, IVC and LIVE Multi-
ply Distortion) confirm that the proposed IQA metric can of-
ten enhance predictive accuracy for image quality assessment
comparing to traditional scale-based methods.

Index Terms— Image quality assessment (IQA), full-
reference (FR), mix-scale (MIS)

1. INTRODUCTION

Image quality assessment (IQA) is a classical research direc-
tion, and it can play an important role in many areas of digital
image processing, such as the development and optimization
of image compression, storage, transmission and etc. Gener-
ally, image quality assessment includes two categories: sub-
jective assessment and objective assessment. According to
the instruction on subjective assessment in the ITU-R BT.500
[1] that is made by the International Telecommunication U-
nion (ITU), the former designs experiments and obtains sub-
jective mean opinion scores (MOSs) of observers. Due to
some remarkable shortages of subjective assessment (e.g. in-
convenience, time-consuming and expensiveness), objective
IQA methods are extremely needed to automatically predic-
t image quality. Among all the existing objective metrics, a
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pair of the most famous IQA metrics are mean-squared error
(MSE) and peak signal-to-noise ratio (PSNR), for they are
quite convenient and have the definite physical meaning.

During the latest decade, it has been widely recognized
by more and more relative researchers that MSE/PSNR is
not well correlated with human judgment of image quali-
ty/MOS [2]. Consequently, several advanced metrics like
structural similarity index (SSIM) provide an alternative and
complementary approach to solve the problem of IQA. These
methods introduced in [3]-[4] belong to single-scale type of
approaches. Despite of fairly well performance of above-
mentioned IQA metrics, it is not difficult to find that one
significant impact factor “scale” was not taken into consider-
ation. In order to fill this blank study, an increasing number
of IQA algorithms have been developed based on the multi-
scale strategy, for example, multi-scale SSIM (MS-SSIM)
[5], information fidelity criterion (IFC) [6], visual informa-
tion fidelity (VIF) [7], and information content weighting
(IW) PSNR/SSIM [8]. The encouraging prediction accura-
cies of these IQA algorithms suggest the effectiveness of the
multi-scale strategy.

Recently, some valuable researches [9]-[12] introduced
another solution to the scale problem, and pointed out that
the suitable single scale-transform based IQA method can al-
so attain inspiring performance. Especially, the SAST model
based PSNR/SSIM method [10] is executed on the resized
reference and distorted images depending on the optimal s-
cale parameter estimated from the image size and viewing
distance. This approach is effective because as the viewing
distance increases, the viewing angel shrinks and less image
details can be noticed. Inspired by this, we have tested the
influence of different components of SSIM (luminance, con-
trast and structural similarity) on the different selected scale
coefficient on the prediction accuracy of IQA. Experimental
results supported our supposition that different components
should be set as various scale-transform coefficients. So, this
paper proposes a new MIx-Scale based SSIM (MIS-SSIM)
method.

The rest of this paper is organized as follows. In Sec-
tion 2, we review and analyze the definition of SSIM, MS-



SSIM and etc. Section 3 proposes our MIS-SSIM metric by
combining different scale-transform coefficients into differ-
ent components of SSIM. In Section 4, experimental results
using LIVE database [13], TID2008 subsets [14], CSIQ sub-
sets [15], IVC subsets [16], Toyama database [17] and a re-
cently released LIVE Multiply Distortion database [18] are
reported and analyzed. Finally, Section 5 concludes this pa-
per.

2. BACKGROUND

According to the research of IQA in [4], the human visual
system (HVS) is highly adapted for luminance, contrast and
structural information between a distorted image and its ref-
erence image. In general, the luminance of the surface of an
object being observed is defined as the product of the illu-
mination and the reflection, while the contrast is measured
as the difference in luminance that makes an object (or its
representation in an image) distinguishable. And the struc-
tural information in an image represents the structure of ob-
jects in the scene. Here we emphasize an important thing
that the above-mentioned three components are relatively in-
dependent of others, which has been proved in [4].

Depending on luminance, contrast and structural compar-
isons, a basic full-reference SSIM algorithm [4] is proposed to
predict the image quality. The luminance, contrast and struc-
tural similarities between two local image patches extracted
from the reference and distorted images are defined as
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where Cl = (KlL)Q, CQ (KQL)2 and 03 = 02/2.
Using spatial patch with Gaussian weighting window w =
{w;li = 1,2,, N}, with standard deviation of 1.5 samples as
well as normalized to unit sum (Xw; = 1), and the estima-
tion of local statistics mean p,, standard deviation o, and

cross-correlation o, are given by
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The SSIM index evaluating the overall image quality is de-
fined by
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where x(7) and y(¢) are the image contents at the ith local
window. z and y are the reference and distorted images. M
is the number of local windows in the image.

However, the successful SSIM metric was not considering
the influence of scale, so the MS-SSIM incorporating differ-
ent viewing conditions was exploited to solve this problem.
As suggested in [5], a system takes the reference and distorted
image signals as the input, then iteratively applies a low-pass
filter and downsamples the filtered image by a factor by 2. We
indicate the original image as Scale 1, and the highest scale
as Scale N, which is achieved after N — 1 iterations. The
luminance comparison is computed only at Scale N. At the
jth scale, the contrast comparison and the structure compar-
ison are individually calculated and denoted as ci(x,y) and
sk(z,y). We combine three components at different scales to
achieve the overall SSIM evaluation

SSIM (z,y) = [In(z,y)] - IGL [er(, y)][sk(z,9)]  (8)
It is particularly noteworthy that single-scale and multi-scale
are both considered in this formula, in order to make different
parameter settings (including all single-scale and multi-scale

settings) comparable. Finally, [5] found out that multi-scale
SSIM model outperforms the best single-scale model.

Recently, some valuable researches [9]-[10] have devel-
oped another solution for the above-mentioned problem, and
have demonstrated that the suitable single scale-transform
based SSIM method can also attain inspiring performance.
A simple and empirical method mentioned in [9] has been
exploited for SSIM to determine the downsampling scale S
for evaluating images viewed from a typical distance:

S = max (1, round(H/256)) )
with H being the image height. So, for the reference image «

and distorted image y, the improved SSIMz metric processed
by scale transfer can be defined as

SSIM:z

SSIM (z,y)
SSIM(R(L(x),S), R(L(y),S)) (10)

where R(-) and L(-) indicate image resizing and low-pass fil-
tering function, respectively. In addition, the recently pro-
posed SAST model also achieved encouraging results through
using the concept of human visual angle and angle of gaze to
estimate the optimal scale coefficients, as illustrated in [10].
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Fig. 1. The changing of curve of luminance, contrast, structural similarities under different scale coefficients for (a)-(c): LIVE

database; (d)-(f): TID2008 database; (g)-(i): CSIQ database.

3. THE PREDICTION MODEL

3.1. The Analysis of the influence of Scale on Different
Components in SSIM Metric

Despite of fairly well performance of SSIMz and SAST meth-
ods, in our research, we noticed that the optimal scale coeffi-
cients for different components in SSIM should be different.
Here, we adopt six databases (LIVE, TID2008, CSIQ, IVC,
Toyama and LIVE Multiply Distortion databases) as testing
beds. Furthermore, we consider five common distortion types
(e.g. JPEG2K, JPEG, White Noise, Blur, and Fast Fading) as
suggested by LIVE database. Fig. 1 illustrates the changing
of curves of luminance, contrast, and structural similarities
in three large databases, namely LIVE, TID2008 and CSIQ.
It is not difficult to find that, for the luminance similarity in
Fig. 1 (a), (d), and (g), the corresponding curves exert less
influence on the prediction accuracy as the scale coefficien-
t becomes smaller. In other words, the luminance similarity
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had better be computed at the most proper scale of original
size. Moreover, to discard the luminance similarity probably
brings higher performance. However, the trend for curves of
contrast and structural similarities are quite different. Differ-
ing from luminance (see the Fig. 1 (b)-(c), (e)-(f), and (h)-(1)),
contrast and structural similarities achieve the maximum cor-
relation values when the scale is small, around 0.5, which can
explain why the SSIMz processed by scale transform (with
coefficient = 0.5) can obtain higher performance.

In the recently proposed SAST model [10], the authors
took the viewing conditions (display resolution and viewing
distance) into consideration, and made it a point that suit-
able scale chosen is a key factor for the research of IQA. Al-
though the exact viewing conditions of CSIQ, TID2008 and
LIVE Multiply Distortion databases cannot be found, we be-
lieve their viewing conditions should be within the appropri-
ate range, similar to that of LIVE, IVC, and Toyama databas-
es. Therefore, a group of three scale coefficients for lumi-
nance, contrast, and structural similarities will have better re-



sults than SSIM, SSIMz and MS-SSIM metrics, which will
be illustrated in the next subsection.

3.2. The Proposed MIS-SSIM Metric

Encouraged by the progress achieved by the SSIMz metric,
we redefine the three components of MIS-SSIM model as
Uz, y), c(xc,ye) and s(zs,ys), where z; = R(L(z), S;),
andy; = R(L(y),S;). S = {Si,S., Ss} indicates one group
of mix-scale coefficients for luminance, contrast and struc-
tural similarities. Their exact values used in this paper will be
provided in the next section.

In hence, the MIS-SSIM index evaluating the overall im-
age quality is defined by

MIS-SSIM(R(L(x),S), R(L(y),S))
= MIS-SSIM (z;,y;|j =1,¢,9)
M;
=TI+ it u)
J =1

7=l,c,s

an

where M;, M. and M, are the number of local windows in
the image for luminance, contrast and structural similarities.

It is demonstrated that luminance, contrast, and structural
similarity play different effects on the IQA. To illustrate in
detail, we come to three conclusions. Firstly, contrast has
more effect on IQA than luminance because the human visual
system is more sensitive to contrast than absolute luminance.
Secondly, structural similarity has the largest effect on IQA.
Thirdly, compared with images after down-sampling, lumi-
nance, contrast and structural similarity have different maps
respectively.

4. EXPERIMENTAL RESULTS AND ANALYSIS

In this paper, the scale coefficients of contrast and structural
similarities for all six databases are set as (S.=) 0.40 and
(Ss=) 0.22, while the term of luminance similarity is not ap-
plied here. Then, as suggested by VQEG [19], we use nonlin-
ear regression with a four parameter logistic function for map-
pings of the scores of four metrics (SSIM, SSIMz, MS-SSIM
and the proposed MIS-SSIM) to subjective MOS/DMOS val-
ues:

_ B1— P2
1+ exp—(x — B3)/Pa

where z is the input score, g(x) is the mapped score, and 31
to B4 are free parameters to be determined during the curve
fitting process.

Three commonly used performance metrics, Pearson Lin-
ear Correlation (PLCC), Spearman Rank-Order Correlation
Coefficient (SROCC) and Root Mean Square Error (RMSE)
are employed to further evaluate SSIM, SSIMz, MS-SSIM
and the proposed MIS-SSIM metrics on LIVE, TID2008, C-
SIQ, IVC, Toyama and LIVE Multiply Distortion databases.

q(z) + B2 (12)
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It is worth emphasizing that this experiment only adopts five
distortion types JPEG2K, JPEG, White Noise, Blur, and Fast
Fading, or their version of multiply distortions. All the PLC-
C, SROCC and RMSE results are illustrated in Table I-III in
detail. The scatter plots of MOS/DMOS versus model predic-
tions of SSIM, SSIMz, MS-SSIM and MIS-SSIM are shown
in Fig. 2 - Fig. 7. It can be seen that the proposed MIS-SSIM
paradigm has achieved better results than the other three IQA
metrics used in our test.

Note that the proposed MIS-SSIM belongs to a general
model, meaning that it can be easily used to modify other
powerful IQA metrics, such as some improved versions of S-
SIM [20]-[21]. Besides, it is also needed to emphasize that we
are capable of expanding the proposed algorithm, which only
makes some small changes on SSIM, to video quality assess-
ment (VQA), since its simplicity and SSIM has been inserted
into most existing video coding systems and softwares as one
of benchmark image quality metrics. Accordingly, we have
a reason to believe that the MIS-SSIM based VQA approach
will have exciting performance.

5. CONCLUSIONS

In this paper, based on the changeable effects of luminance,
contrast and structural similarities on the IQA during the s-
cale variations, we could get better performance by combin-
ing these three components under different scales together.

Table 1. PLCC values (after nonlinear regression) of SSIM, SSIMz, MS-
SSIM and MIS-SSIM on LIVE, TID2008, CSIQ, IVC, TOYAMA and LIVE
Multiply Distortion databases.

Person Linear Correlation Coefficient (PLCC)

Databases SSIM  SSIMz MS-SSIM  MIS-SSIM
LIVE 0.9014 09369 0.9338 0.9134
TID2008 0.7362 0.8653  0.8679 0.8699
CSIQ 0.8513 09295  0.9390 0.9439
IvC 0.8583 09272 09154 0.9288
Toyama 0.7978 0.8899  0.8926 0.9099
LIVE Multiply Distortion | 0.7333  0.8827  0.8749 0.8924
All 0.8130 0.9053  0.9058 0.9114

Table 2. SROCC values (after nonlinear regression) of SSIM, SSIMz, MS-
SSIM and MIS-SSIM ON LIVE, TID2008, CSIQ, IVC, TOYAMA and LIVE
Multiply Distortion databases.

Spearman Rank-Orderd Correlation Coefficient (SROCC)

Databases SSIM  SSIMz MS-SSIM  MIS-SSIM
LIVE 0.9104 09490 0.9448 0.9369
TID2008 0.7641 0.8947  0.8867 0.8964
CSIQ 0.8767 0.9324  0.9416 0.9557
IvC 0.8424 09153 09154 0.9288
Toyama 0.7870  0.8830  0.8870 0.9083
LIVE Multiply Distortion | 0.6459  0.8455 0.8392 0.8609
All 0.8044 0.9033  0.9024 0.9145
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Fig. 4. Scatter plots of DMOS vs. the SSIM, SSIMz, MS-SSIM and the proposed MIS-SSIM metrics on the CSIQ subsets,

including JPEG, JPEG2K, White Noise and Blur distortions.

We have tested the proposed improved SSIM method for the
IQA algorithms on LIVE, TID2008, CSIQ, IVC, Toyama and
LIVE Multiply Distortion databases. Results of experiments
verified that our proposed MIS-SSIM method has superior
prediction accuracy for IQA.
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