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Fig. 1. The architecture for proposed objective evaluation method of image quality.
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Table 1. Three image databases and the parameters description.
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il
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Additive Gaussian noise (AGN), impulse noise (IN),

additive noise in color components (AN), spatially cor-
related noise (SCN), masked noise (MN), high fre-
quency noise (HFN), quantization noise (QN), Gaus-

TID2008 5 & 101—105

sian blur (GB), image denoising (ID), JPEG (JPEG),

4 Fh 340 &

JPEG2000 (J2K), JPEG transmission errors (JTE),
JPEG2000 transmission errors (J2KTE), non eccen-
tricity pattern noise (NEPN), local block-wise distor-
tions (LBWD), mean intensity shift (MIS), contrast

change (CC) 3£ 17 F

LIVE 1218 101—1I12

jpeg2k, jpeg, white noise, Gaussian blur, fast fading 3t 5 ff

5 5% 6 Fif 323 iR

Additive Gaussian white noise(agwn), Gaussian blur-

CSIQ 30 1@ 101—130

ring(blur), additive pink Gaussian noise(fnoise), jpeg2k,

485 Fh 886 I

jpeg, global contrast decrements(contrast) 3 6 fif

102 fountain

108 carnivaldolls

107 bikes

103 dancers

109 building2

106 sailingl

111 house 112 caps

110 cemetry

2 LIVE #dls fF H2 0L 12 IR S5 -G
Fig. 2. Twelve reference images proposed by LIVE database.
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(root mean square error, RMSE) F1H# s B 55
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Z 7 RMSE M OR B/, W] 320 WP 45
R ZE N, PO SRR, ez Mk ZE . a2
B AH A b8 0 i N b A B A VAN S5 R
— B

3 TID2008 ¥l 41 5 i 2% B
Fig. 3. Five reference images provided by TID2008 database.
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Fig. 4. Thirty reference images proposed by CSIQ database.

108702-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % |  Acta Phys. Sin. Vol. 67, No. 10 (2018) 108702

9T BEEAHE H Y LCCM BGRB8 W PE ) 43 $ MOS 8¢ DMOS {i i AH & 1 40 ¥, H 5 SSIM,
B %, B HATE ) 1549 1 BIMZ 1 45 3 5 LIVE, VSNR, PSNRHVS #1 FSIM £ 5 ) 7 1/ 45 52 3 4T
TID2008 F1 CSIQ = A~ 4 & v $2 446 1 3 W vF X, SR 5, tHE 4N SEEINER 2.

+ Original —— Fitting

100

0 20 40 60 80
LCCM VSNR SSIM PSNRHVS

El5 LCCM, SSIM, VSNR fl PSNRHVS 5 B ¥4y 1) 5 R 5 3 4> Hodla e v $2 4 1) 32 W0 9F 4 2 $ MOS s DMOS {H 2 18]
A K (a) LIVE-LCCM; (b) LIVE-SSIM; (c) CSIQ-LCCM; (d) CSIQ-SSIM; (e) TID2008-LCCM; (f) TID2008-VSNR;
(g) TID2008-SSIM; (h) TID2008-PSNRHVS

Fig. 5. Scatter plots of LCCM, VSNR, SSIM and PSNRHVS versus MOS or DMOS provided by the LIVE, CSIQ
and TID2008 databases: (a) LIVE-LCCM; (b) LIVE -SSIM; (c¢) CSIQ-LCCM; (d) CSIQ-SSIM; (e) TID2008-LCCM;
(f) TID2008-VSNR; (g) TID2008-SSIM; (h) TID2008-PSNRHVS.

2 HrERGEZITEN —BER 4 28

Table 2. Four parameters to measure the consistency between subjective and objective evaluations of images.

Kl e Hik LCC SROCC RMSE OR
LCCM 0.8169 0.8805 0.1135 0.1126
SSIM 0.8090 0.8700 0.1147 0.1215
CSIQ (866 7 ) VSNR 0.7889 0.8270 0.1215 0.1322
PSNRHVS 0.7834 0.8304 0.1219 0.1361
FSIM 0.7996 0.9165 0.1197 0.1294
LCCM 0.8105 0.8124 0.8449 0.1213
B SSIM 0.7132 0.7649 0.9550 0.1489
TID2008 (340 M)

VSNR 0.6694 0.7117 1.0067 0.1584
PSNRHVS 0.5974 0.6048 1.1191 0.1792
B LCCM 0.8647 0.8989 9.1855 0.1080

LIVE (323 f&K)
SSIM 0.7585 0.8775 9.4497 0.1397

B 5 A R AL B A R B LCCM, SSIM, VSNR SSIM, VSNR A1 PSNRHVS K343 %, LCCM ¥
A PSNRHVS 5 8 PFAf 1) 5 & 70 20, AL b & & T ) ORE FE SR /DS, o 2 P B T O
MLAEAN 43 %0 MBS A AT DLE W e R B, AH T il =FP T A S WA B -, R 2
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Fig. 13. Scatter plots between the DMOS and the objective evaluation scores obtained by evaluating images with
6 distortions using the LCCM and SSIM models in CSIQ database: (a) agwn-LCCM; (b) blur-LCCM; (c¢) fnoise-
LCCM; (d) jpeg-LCCM; (e) jpeg2k-LCCM; (f) contrast-LCCM; (g) agwn-SSIM; (h) blur-SSIM; (i) fnoise-SSIM;
(j) jpeg-SSIM; (k) jpeg2k-SSIM; (1) contrast-SSIM.
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Abstract

Objective image quality assessment (IQA) plays a very important role in transmission, encoding, and quality of
service (QoS) of the image and video data. However, the existing IQA methods often do not consider image content
features and their visual perception, so there is a certain gap between the objective IQA sores and the subjective
perception. To solve this problem, in the study, we propose an objective IQA method based on the visual perception of
image content, which combines the complexity characteristics of image content, and the properties of masking, contrast
sensitivity and luminance perception nonlinearity of human visual system (HVS). In the proposed method, the image is
first transformed using a nonlinear model of luminance perception to obtain the intensity perception image. Then, the
intensity information is summed using the contrast sensitivity values of HVS and the average contrast values of the local
image as a weighting factor of the intensity. The summed data information is taken as the content of human perceiving
image, and an image perception model is constructed. Finally, the reference images and distorted images are perceived
by simulating the HVS with this model. Moreover, the difference in intensity between two perceived images is calculated.
Based on the intensity difference and peak signal-to -noise ratio model, an objective IQA model is constructed. Further,
the simulation with 47 reference images and 1549 test images in the LIVE, TID2008, and CSIQ databases is conducted.
Moreover, the experimental results are compared with those of four typical objective IQA models, namely SSIM, VSNR,
FSIM, and PSNRHVS. In addition, we explore the factors that affect the IQA accuracy and a way to improve assessment
accuracy by combining HVS characteristics, through analyzing the correlation between IQA results of the proposed
model and the subjective mean opinion scores (MOSs) provided in the three image databases from the following two

aspects. Namely, (1) all reference images in three image databases are distorted by multiple types, and the distorted
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images of each reference image are taken as a test sequence. Then, the proposed model is used to evaluate each test
sequence to obtain the IQA scores. By analyzing the correlation between the IQA scores of each test sequence and the
subjective MOSs and comparing them with the assessment results of SSIM, we explore the influence of the image content
complexity on the objective IQA accuracy. (2) The test images which are distorted by each type and many distortion
degrees are used as another sequence, and they are evaluated by the proposed IQA model. By analyzing the correlation
between the subjective MOSs and the IQA results of each test sequence, and comparing them with assessment results of
SSIM, we discuss the influence of image distortion mode on the IQA accuracy. The experimental results show that the
coefficient values of Pearson linear correlation and Spearman rank order correlation between the objective IQA scores
obtained by the proposed method and the subjective MOSs have been averagely improved by 9.5402% and 3.2852%,
respectively, in comparison with IQA results from the SSIM method. Also, they are enhanced more significantly than
those fom the PSNRHVS and VSNR methods. In summary, it is shown that the proposed IQA method is an effective
and feasible method of objectively assessing the image quality; moreover, it is shown that in the objective assessment
of image quality it is very helpful to improve the consistency of subjective and objective assessment of image quality by

considering the content perception and complexity analysis of the images.

Keywords: image quality evaluation, image content, human visual system characteristics, correlation

coeflicient
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