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ABSTRACT

The image quality assessment has been widely uséuidage processing. Several researches have been
developed and carried considering the Human ViSystem (HVS). Under the hypothesis that human
visual perception is extremely adapted to retrigvectural information from a scene, the SSIM indethe

most widely used in this area, which leads to éebebrrelation with HVS. Despite its robustness §51M
presents some limitations in the presence of Hifiecting images. In this study, we propose an imptb
version of the SSIM for blur image assessment.idiba is to combine gradient based SSIM score \ith t

of the structural information of the blur. Experint&l results show a good performance.
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1. INTRODUCTION fact, the index of the universal image quality tlan
assess various distortions is not yet on the horenad
The image quality assessment plays today a majoiPeople keep proposing heuristic measures implerdente
role in many multimedia applications. This issue is ON pSychophysics and image databases known. The aim
continuing to expand and has achieved a certainrinat ~ Of this study is not only offers a quality index il well
level within the community of multimedia known distortions, but rather to focus on espegitie

communication. Several methods have been suggested Elhuarra(;atglrfigtci:(t:.s Ssuléﬁhasaégffst ng'hngre ?]Efeﬁtfs _main
the literature (Li and Bovik, 2010) trying to overne g gh ITexee

. in the image that is mainly due to the fact thategally
the drawbacks of subjective measures (Redl., 2010).  pigher frequencies are alleviated by the components
These indicators provide quality results in conaam® e first compression process.

with human judgment which requires the integrabéthe This study is organized as follows: In the two

major properties of the Human Visual System (HVS).  following sections 2 and 3, we present a revievs@he
objective assessment of the image or video qualibased  related works involving objective image quality
on various criteria to identify an objective qualicore.  assessment metrics mainly the approaches based on
These criteria are divided into three categorigedding on  structural fidelity as well as the No Reference bhetrcis.

the information required to assess: Full Refer€Rr€® (Li In section 4, we describe the proposed approach.
and Bovik, 2010; Chetouast al., 2010; Okarma, 2012), Experimental results are then shown in section 5.

Reduced Reference (RR) (Li and Wang, 2009; &¥al.,

2012) and No Reference (NR) (Peng and Doermant2; 201 2. APPROCHESBASED ON

Saact al., 2012). STRUCTURAL FIDELITY
Unfortunately, in the absence of a universal image

quality index, the traditional Peak Signal NoisetiRa The criteria adopting this approach are more recent

(PSNR) is still employed in numerous applications.  They are based on properties that are assumedehvigh
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on the response of the human visual system toided  natural images are highly structured and that thasure
image. The main assumption is that our perception i of structural correlation between the original st
particularly suitable for extracting structural dnfnation  distorted image is prominent for determining overal
of an image (Yeganeh and Wang, 2011). visual quality. Besides, the SSIM index measuresityu
These approaches based on structural fidelity ardocally and is able to capture local dissimilastieetter,
among the objective assessment research of imadigyqu  unlike global quality measures such as MSE and PSNR
which is intended to develop quality measures thay Experimental results show that the indexes SSIM and
predict perceived image quality automatically. kede = MSSIM are widely correlated with the perception of
there are a number of factors which affect the huma visual quality than PSNR and still extremely conitpet
perception of visual quality. A well known examplay compared to alternative algorithms of image quality
lead to greater degree of correlation with viswakpption  assessment. When dealing with assessing the qudlity
that of the index of Structural Similarity (SSIMy £Li and blurred images, some research has offered the
Bovik, 2009; Charrieret al., 2012), adapted to the improvement of the two indexes SSIM and MSSIM.
assessment of quality still images (1). This meddts of An improved structural similarity for image quality
comparative measurements of luminance I(x, y) (2),assessment has been expanded by (Li and Bovik)2010
contrast c(x, y) (3) and structure s(x, y) (4) bedwtwo  This metric is known as Gradient-based SSIM (GSSIM)

signals x and y Equation (1): which involves comparing the edge information among
the distorted and the original image. GSSIM repdace
SSIM(x,y) = [I(x, Y)]*.[c(x, V)P.[sx, )T (1) the contrast comparison and the structure compariso
respectively with a gradient comparison contrast
Where Equation (2 to 4): Cy(x,y) (6) and a gradient structure comparisg(xSy)
(7). The gradient is produced through the use ef th
2u,n, + Sobel operator Equation (6 and 7):
Ixy) =t ) P a ( )
“x + “y + Cl [P
_ 20,0,/*¢C,
C,(x,y) “ S 4olic (6)
_ 2(5ch +c, (3) > +Gy +c,
cex.y) ci + 03 +C,
Gy tC
S, (x,y) =——= (M
20,, +C3 0xOy +Cy
S(ey) =2 4)
<y X and y refer respectively to the gradient maps of

the original and the distorted images, x’ and yhoie
M ,“y Zdeznote the averagg of x and vy the block vectors from x and y. Knowing that €C;,

respectively;,o,. Refer to the variance of x and y {he GSSIM index (8) is given by the following

respectively anda,, is the cross covariance between x formula Equation (8):

and y the constants ;C C,, C; are employed to

stabilize the metric for the case where the meams a GgsiM(x,y) = (AL, +6)(@0,y +6,) ®)

variances become small. The parametersd, >0, (uf +p)+¢)os +o,+¢C,)

y>0 are used to adjust the relative importance of the

three constituents. Particularly to simplify the IBIS Some  contributions  have subsequently ~made
index, we sett =B =y = 1 and G = C,/2. The SSIM enhancement to the original version, including its
index’(5) is then given by Equation (5): ' adaptation to the video. In section 4, we will show

contribution to improve this metric.

SSIM(x,y) =— Pty * Q) * Co) (5) 3. NO REFRENCE BLUR METRIC

(13 +1y+C)05 +07+C,)

Cecile Fish and all (Fichet al., 2010) have proposed a
In the field of image quality assessment, image blurred face recognition algorithm guided by a eference
blocks from the original and distorted image formn@t  blur metric. The idea is based on the employmerthef
vectors and respectively. The mean of the SSIMeslu blur discrimination properties of human perceptimn
across the image (MSSIM) offers the final quality establish a reference image for the blur appresiaflo
measure. The SSIM index is to acknowledge thetfatt  achieve this method, a low pass along the filtering
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process over both horizontal and vertical is exettethe E :\/LHz +HLZ _+HH? (10)
original image F and the blurred images BH and Bust mapl_g& 18 18 18
obtained are employed as a reference. . .
The absolute difference intensity between adjacent 1€ maximum value between the edge map respectively
pixels is determined according to the horizontatl an IS CO!“P“ted_ along horizontal and vertical -direction
vertical directions for the original image and the Equation (11):
reference to obtain the absolute difference images.
Likewise, a No-Reference Image Blur Assessment En =max E_ . 'Emapliﬁ)
Using Multiscale Gradient has been proposed by

(Chen and Bovik, 2011), that consider natural ssene  The plur amount presented into an image is resulted
statistics __models merged Wlth_ multi-resolution by adding the value of &, already computed to the
decomposition methods to extract reliable featfire®  Maximum value between the blur amount respectively
quality assessment. The algorithm starts by apglyin  presented in the blurred image along horizontal and
probabilistic Support Vector Machine (SVM) as a vertical direction blug,

rugged image quality interpreter. The followingpsie to The second step consists in combining the quality
mature the blur measures by the use of the imaggl.de score obtained by the Gradient base SSIM (G-SSIM)
Eventually, the estimation of the blur extent isiaeed with that the blur amount measured with the aim of
by gathering the blur information. The experimental getting a quality measure that shall take into
results indicate that the algorithm is highly ctated consideration the perception of blur. Assuming tfnet

(11)

with human judgments to evaluate distorted image. human eye is adapted for the extraction of strattur
information of an image, it is vital to measure the
4. PROPOSED APPROACH distortion of the local structural information asstract

structural attributes of the image from which eatdck

Our approach is based on three stdfig.(1): The is featured by its brightness, contrast and stractit
first step is concerned with the extraction of thlar should eventually replace the comparison contrast a
amount presented into the distorted image. Themgeco comparison structure respectively with a gradient
step involves the use of a full Reference measuadity comparison contrast and a gradient structure casgrar
‘G-SSIM’ in order to determine the image measure We begin assessing the image quality using the G-
quality. The idea is to incorporate the blur amount SSIM without blur factor. Outcomes provided by the
already calculated into the G-SSIM score to obtam GSSIM are then compared to those awarded within in
final measure quality of the image to assess. the new measure. The objective is to develop a tmol

In fact, blur estimation approach is based upon theenhance the quantification of image quality. Toiew
human perception of blur; human visual system this goal, we use objective methods based on the
receives the differences between blurred and negés  Measurement of the perceived quality of an imagese
but may not precisely distinguish a blurred imagthw methods measure the error between a dlstorte_d image
the same re-blurred. In terms of gray scale, treams  and a reference image using a range of known piieper
that the process of blurring leads into high intgns ©Of the Human Visual System (HVS) by operating the
variations between adjacent pixels of a net imap#ew ~ concept of HSV which the human eye is very fittiog
only mild intensity variations between adjacentgix  retrieve the structural information of an image.

are presented if the image is already blurred @tial. This is reflected in the extent of structural imf@tion
2008; Ciancicet al., 2011). ’ as a Gradient based Structural Similarity IndexS&M).

By referring to our latest work (Cheblet al. However SSIM is disregards the blur detection faatad

2012), we use Haar wavelet decomposition at Ievelg)sﬁsI %ﬁ?cnr:' |Sv§|§|el\s/l <I:So rir?tg)r?nuceiﬂeaz da ereifriw?grrﬁme;[iton
(Makaremi and Ahmadi, 2010; Vu and Chandler, paring 9

. among the distorted and the original image.
2012; Lelegarckt al., 2011), for both the blurred image Thge image quality assess?nent me%\sure consists in

down horizontal direction Band the blurred image combination between GBSSIM and blur factor

down vertical direction B (Fig. 2). , _ already calculated with the method presented in the
And we extract Haar wavelet details and build the previous section.

edge map for respectively ,Band By by the two It comes to apply the following formula (12) to ait

following Equation (9) and (10): the final score of the quality measure Equation:(12

Eppept 5, = \/ LH? | +HL® | +HH? | (9) GBSSIM= exf{~ Blug, o) *GSSIV (12)
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Quality
Original G-SSIM Combinaison measure of
image of two scores blur image
\—— —— (GBSSIM)
. Blur
Blur image estimation I
Fig. 1. Flow chart of the proposed approach
LL1 HL1: Horizontal detail (Levell)
LHI1: Vertical detail HH 1: Diagonal detail (Levell)
Fig. 2. Haar wavelet decomposition at level 1
5. EXPERIMETAL RESULTS According to the results obtained by the curve 8\,

we notice at the two pikes that an increase in the
In the experimental results, we use an image sampleamount of blur presented in an image correspon@sto
as a reference from the CSIQ database (Larson anéhcrease of the score of quality measure which is
Chandler, 2010)Hig. 3), each image is distorted using inconsistent with the human eye.

once vertical blur and once more horizontal bkig(4). The proposed approach is presented by red curige; th
_In the first step, the blur is added by convolvihg s a decreasing curve that's more realistic with VS,
original image with the Gaussian filter. An increase in the value of the blur amount learis t

The mean of blur amount values is represented by gq\wer score of the proposed quality measure.
Fjecreasmg curver{(g. 5); it's calculate_zd over a set of.12 According to experiments, the scores provided by
images from CSIQ data base. An increase valueen th the proposed approach are more declined than SSIM:

sigma value &) results a decline value of the blur amount _ . . . .
presented in the image distorted. which rgflects its effectiveness in assessing dqyalf
blurred images.

This curve of blur amount’s mean is modeled by a

General model Gauss4 Equation (13): The integration of the blur factor imprc_)ves scores
obtained for the assessment measure of image yualit

f(x) = p1,¢ +p2,¥ +p3,x +p: (13) and provides satisfactory and relevant results #rat
consistent with the human eye.

where, Coefficients (with 95% confidence bounds): The fitted curve of the proposed approach is on the

ol = 08 form of a cubic polynomial Equation (14):

2 = -2.23
E3 - 208 f(x) = p1,x¢ +p2,% +p3,x +p: (14)
p4 = 0.07

Coefficients (with 95% confidence bounds):
The mean of SSIM values is represented by a non

uniform curve which contains a decreasing partpl = -0.22
followed by an increasing partFig. 6). The peak p2 = 0.9
existed in the blue curve shows clearly that SS&8 i p3 = -1.27
less sensitive to the change of blur amount innaagie. pd = 1
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Butter flower

b
Fisher Lady liberty

Lake Redwood Shroom Veggies

Fig. 3. The original images of CSIQ data base

Bridge Butter flower

Child swimming Family Lady liberty

Redwood Shroom Veggies

Fig. 4. Distorted images with gaussian blur
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Meun of blur amount

0.1 0.2 03 04 0.5 0.6 0.7 038 0.9 1
Gaussian blur

Fig. 5. Mean of blur amount

1 = g.............!............._p............1.............|.............|............!.............|_..._

Proposed approach (GBSSIM)

SS5IM

Ouality measure

0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

Blur amount

Fig. 6. GBSSIM Vs SSIM
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This equation may be used in the event is toLarson, E.C. and D.M. Chandler, 2010. Most apparent

calculated the quality score by replacing the \meia distortion: Full-reference image quality assessment
by the blur amount presented into a degraded image. and the role of strategy. J. Electr. Imag., 19:006k
011006. DOI: 10.1117/1.3267105
6. CONCLUSION Lelegard, L., B. Vallet and M. Bredif, 2011.

. . Multiscale haar transform for blur estimation
In this study, we have proposed an improvement from a set images. Proceedings of the

structural similarity SSIM index for blur image International  Archives of Photogrammetry
assessment. The idea is to combine GSSIM score with  Remote Sensing and Spatial Informatio,n

that of the structural information of the blur. Acding Sciences, Oct, 5-7. Germany, pp: 65-70.

to experimental results, we note that our proposed;j c. and A.C. Bovik, 2009. Three-Component
method leads to satisfactory results accordingedVs Weighted Structural Similarity Index. Proceedings
concordance. Future work will be focused on defirin of the SPIE, Image Quality and System
robust model that assesses the image quality performance, Jan. 18-18, San Jose, CA. DOI:
independently of any type of distortion. 10.1117/12.811821

Li, C. and A.C. Bovik, 2010. Content-partitioned
structural similarity index for image quality
assessment. Image Commun., 25: 517-526. DOI:
10.1016/j.image.2010.03.004

Li, Q. and Z. Wang, 2009. Reduced-reference image
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