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Information content weighted gradient salience structural
similarity index for image quality assessment

Xu Shaoping', Yang Rongchang', Liu Xiaoping'
1. School of Information Engineering, Nanchang University, Nanchang 330031, China;

2. Department of Systems and Computer Engineering, Carleton University, Ottawa ~K1S 5B6, Canada

Abstract ; Objective Image quality assessment (IQA) aims to use computational models to measure the image quality con-
sistently with subjective evaluations. The well-known structural-similarity ( SSIM) index brings IQA from pixel-based stage
to structure-based stage, and a multi-scale information content weighting approach based upon a Gaussian scale mixture
(GSM) model of natural images, namely information content weighted SSIM image quality assessment algorithm ( IW-
SSIM) . It was proposed recently and achieved significant and consistent performance improvement compared to SSIM-
based IQA algorithms. The success of the IW-SSIM approach may be understood as a natural consequence of an effective
combination of several approaches that have been proven useful in IQA research. These include multi-scale image decompo-
sition followed by scale-variant weighting, SSIM-based local quality measurement, and information theoretic analysis of
visual information content and fidelity. Aiming at improving the local distortion measurement of the IW-SSIM, we propose a
novel algorithm called information content weighted gradient salience SSIM (ITW-GS-SSIM) . Method It is well known that

human vision has a nonlinear perception to different physical stimuli (e. g. luminance), which has been theorized and em-
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pirically proven by the psychologist E. H. Weber. Weber’s Law is computed empirically but its effectiveness had been prov-
en for several application fields. We assume that Weber’s law is also suitable for image gradient magnitude, which has been
empirically verified by testing subject-rated IQA databases. Because the human visual system (HVS) responds to the
brightness stimulus mainly complying with Weber’s law, the proposed algorithm only performs one pass filtering to calculate
the contrast between the current pixel and its background quickly, which is used as a dimensionless measure of the visual
significance of the gradient structure after applying nonlinear mapping. The gradient magnitude combined with Weber visual
significance serves basis for characterizing the local image quality. Weber visual significance and the gradient magnitude
play complementary roles in characterizing the image local quality, which is used to replace the SSIM local distortion metric
of the IW-SSIM algorithm. Result Extensive experiments performed on six benchmark IQA databases demonstrate that as a
local distortion metric the GS-SSIM has higher evaluation accuracy than SSIM for image noise and blurring distortion. Our
extensive tests across six publicly-available independent image databases verified that IW-GS-SSIM’s performances are often
superior otherwise similar when compared to the other representative or prominent IQA algorithms in terms of correlation be-
tween objective measured quality values and subjective observations, validating that it is a very robust IQA algorithm. Con-
clusion In summary, we propose a novel gradient magnitude saliency-based 1QA algorithm in this paper, namely informa-
tion content weighted gradient salience SSIM (IW-GS-SSIM) . The underlying principle of the TW-GS-SSIM is that the
HVS perceives an image mainly based on its salient low-level image feature. Specially, the perception nonlinearity of image
gradient magnitude-based local image quality measurement is implemented, i. e. GS, which can better characterize image
local quality measure. We believe that our results support the general principle underlying our approach, i.e., some HVS
properties on image gradient should been explored and incorporated into designing the new IQA algorithm. We expect that
our works could give new insights to people who are interested in image quality assessment.

Key words: image quality assessment; information content weighted; Weber law; visual salience; gradient structure
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18,1 3(b) — () J3 il 2 He D i AR 52 300 sy do 42
Mg RIBOR TH  k EA EIR . B 3 (b) N TAF
Hr & (DMOS) J2& 4. 142 9, i &l 3 (¢) B9 DMOS K
3.705 9, 7F TID2008 %4 25 DMOS {8k =5, 1%
F s I 3 (b) R B T 3 (e) o
Ay SSIM 353 | FSIM 55 1 Fil TW-GS-SSIM 53 72
XTE3(b) (¢) R BEEURHATI . I T T L,
mE 4 fFros, LM it A (quality map ) #150
SRR LIRS o BT MG o i B 1 2 4
HRAE IQA BETHA AR R S Rl LB &t
CREARLEE ) Jo b FLSR 211 [ 0,255 ] 31 Rl P9 BT 4R A5 1) £
JREEEUZR (KR TW-GS-SSIM J& 2 RFEF: , iIX 45
HATE 4 (c) (F) SEPR_EE B 1B A% G 5T 5
ST, it B RN 5 TR BRI o — i
e, FE UG T ot BT T v, PRTAGORE AR 8 R w5 10 FH K
TG F 52 BMG X AR ZR AR R
EUG i 522 RGE R, BUG s, Rz,
EUR TR N2 . 5 1, B 4(d) BGRB8y 52 2 B
TR 4(a) , Ul SSIM B3 Xt UG i BRI 2k
FUFIE N e 7 2R ECPE AN 25 R 5 S Bl D ANAT
FAN B A(D) SRS EL K 4 (e) BE5E, I
Bl 4 (c) BARIERSE 2 4 (F) 3852, B FSIM 54
PR IW-GS-SSIM B33k P-4 45 3 15 5 52 b 1 0 A
o R IW-GS-SSIM 3% i Fil FSIM 3835 31845 19
PG T o e S5 TR 0 R0 R 2 0L, Ui B TW-GS-SSIM
AT AT AR 3 B A HE T FSIM Bk b g
TAROL—SCHE s 2 R RIPE R . BRIt A1,
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B3 DA ROk B R

Fig. 3 Reference image and its distorted versions

bw

(e) FSIMﬁ/Z&

(d) SSIMEF ik

(f) IW-GS- SSIMﬁ/Z

{4 SSIM FSIM Fil IW-GS-SSIM #3430 5I7E K 3(b) (¢) 1
JIe 3R ) Pl 150 o B AL P

Fig. 4

Image quality maps extracted from images Fig. 3(b) (¢) by

SSIM, FSIM and IW-GS-SSIM respectively

Kl 4(e) R 4 () FLIEL 4 (d) BTEB, A4l % s
T, T RH 2R A B2 Rp Ak RE 08 B A 200 0o BB 2k
HHEATAN

3 LWEERSH

3.1 P EIRERE
B, A 6 -8k 1QA BFFEF AT N0 FWAFE
5 o I PRGBSO e, 45 B3I P B AR L 3k 1
JIFS T R 2 BRI I 2 RS N
TS5 R DMOS {4 LUE B 5% & PF- 0 BT 42 i 45
KW IQA FIEMIL S , &% PELE I & DMOS i
XS IR B DB S5 DL K G S 7 4 5 4 4 ol
A AT, R T A i i IW-GS-SSIM. 5.3 (1)
%ﬁf fiE % LI 222 1 PR 6 R MERIG 8L

Pl b oe i, IS Rk & k. 25
IQA #: 45 SSIM , MS-SSIM , MS-G-SSIM , FSIM | IW-

SSIM il IW-G-SSIM, 25 LY 1QA B3k P S5
By fdt 1] 4% SOk A B B e BONE . Her, FSIM A1
IW-SSIM S 1 2011 AR A4 H Y BT 1QA ik,
TESCHERL 12 JFSCHRE8 ] b 2 28X PN TQA 51k 5
HoAth Z2Fh 7 572 VIF (visual information fidelity ) |
IFC (information fidelity criterion) , VSNR ( visual sig-
nal-to-noise ratio ) , NQM ( noise quality measure ) |
MAD ( most apparent distortion ) 2% IQA .y i T k.
3, FSIM AT IW-SSIM Bk Sk b4 WG T AR T
W32, DR e FH 33 7 Ao B A O e B 49 1
BON G HATIRGF AR ; 53 50, TW-G-SSIM 53k 1Y
JRITR R LR A T LRI (AN 25 R F3 AR AL 5E
FRE) B A LUE BUE N TW-SSIM 533 3] TW-GS-
SSIM Bk (1 b JEE: , VEFH B ARl LB R T L%
AT 3 B R A L RPN R R A B

M ; MS-G-SSIM FI TW-G-SSIM 4% 5 Hout 13 AN % &
BB ERFAERRAS (9 TQA FEEEAH LHC, AT DL A5 B e 435
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F19% /H2H /2014525 BOF, BRS, NWIE / EREMNBEEEERGRETFN
FALAFAEXT TQA S PP AT HER 3 A5 1 o A2 S N T 2 LS SR 22 18] R AR 3¢ 22 20 ( correla-

F1 IQA EENKHIERE
Table 1 Benchmark test databases for IQA

ek SHEB REEIR KEI DMOS{H
AR Ko Ko A BYE R

LIVE 29 719 5 0~ 100
TID2008 25 1700 17 0~9
CSIQ 30 866 6 0~1
IvC 10 185 5 0~5
A57 3 54 6 0~1
MICT 14 168 2 1~5

3.2 WiRIERR

ZWTQA G5 = AN S e 4 0 H A 2 H:
Ry PR E e 5 N TIF 45 5 DMOS HZER
T2, BTN 25 Fh & UL TQA BFvL TP R i 5 1
AR AT DA 3E o TR B4 45 2R 5 S A e 1

tion coefficient ) {145 IR HI g o H F I AH G R BCH
PLCC ( pearson linear correlation coefficient ) , SRCC
( Spearman’s rank correlation coefficient ) 1 KRCC
)R A
PLCC \SRCC Al KRCC f5 5 i 4528 1QA 53k 11
PERE, TRPREM R (R 1, R e 25 AT
Wras R FRPEM R R
3.3 XtbbmliksR3e

HG, N T AT H A TW-GS-WGSIM 533 X
EG AR R B BRIPE M 8CR , B %78 TID2008 %4
JE 1700 W2k PTG b 58 vt Heil i, 32 55 2 o
PIAT 17 MR BB, ARk HAR BRI 55 25 IR IR,
TR MR R BN 4 D, ZoS KOS TF R R e
Wk BRI 2 | A B B R EIE R
WKt P X AT 5 o I s B ) 2% S R R
R RSB, %2 QA Bk 5 N TIrHr 25
RZIAIH PLCC A R ESFER 2 b (R T

( Kendall’s rank correlation coefficient

F2 B IQA EHiEXt TID2008 Hi#E B o & Fp Sk H R BLTM R LB (R A PLCC #547)
Table 2 PLCC values of IQA metrics for each distortion type on TID2008 database

REHA SSIM MS-SSIM MS-G-SSIM FSIM IW-SSIM IW-G-SSIM IW-GS-SSIM
AGN 0.7939 0.8022 0.8740 0.8500 0.714 1 0.8712 0.8729
ANCC 0.7951 0.8193 0.8430 0.866 9 0.8050 0.880 6 0.8479
SCN 0.8302 0.7600 0.8851 0.9303 0.7126 0.886 4 0.8889
MN 0.8359 0.836 0 0.8216 0.7689 0.844 0 0.789 2 0.7912
HFN 0.8588 0.8878 0.9246 0.8383 0.8018 0.926 5 0.928 0
IN 0.7342 0.624 4 0.7543 0.6740 0.5854 0.7209 0.669 3
QN 0.7383 0.756 3 0.878 2 0.8561 0.7230 0.8697 0. 869 6
GB 0.9342 0.9559 0.9470 0.945 4 0.9555 0.9378 0.940 3
ID 0.9303 0.964 8 0.975 6 0.968 7 0.9585 0.975 6 0.975 6
JC 0.924 8 0.960 7 0.978 1 0.9742 0.9595 0.9787 0.979 0
J2000C 0.884 1 0.9754 0.9839 0.9803 0.976 1 0.9859 0.986 3
JTE 0.8315 0.886 0 0.8955 0.8855 0.8730 0.8876 0.884 8
J2000TE 0.8351 0.8387 0.7614 0.849 3 0.8175 0.7622 0.8617
NEPN 0.684 9 0.734 4 0.768 4 0.7419 0.7729 0.7978 0.7899
LBDDI 0.8951 0.8016 0.876 4 0.8543 0.779 1 0.8492 0.8512
MS 0.7342 0.763 0 0.7053 0.712 8 0.6523 0.5814 0.6029
CC 0.548 1 0.768 8 0.7735 0.7716 0.780 0 0.774 5 0.773 8

B2 BRI S BARS X AGN ;additive Gaussian noise; ANCC ; additive noise in color components ; SCN ; spatially corre-
lated noise MN : masked noise ; HFN: high frequency noise ; IN:impulse noise ; QN : quantization noise; GB:gaussian blur; ID:image de-
noising; JC:JPEG compression;J2000C; JPEG2000 compression; JTE:JPEG transmission errors; J2000TE : JPEG2000 transmission er-
rors ; NEPN :non eccentricity pattern noise; LBDDI:local block-wise distortions of different intensity ; MS : mean shift (intensity shift) ;

CC; contrast change
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{XH)H PLCC RER(H) o h 1T A, X T8 —Fp
AN B BAR AR PLCC AH G 2 85 1 i
=& WU R E A R R eAr . N2 R
AL H :1) MS-G-SSIM 75455 MS-SSIM &3 L}
IW-G-SSIM 4 IW-SSIM Bk e P iEmf 22 Lk A i
= YCE B3 2 | URRH SR IR B 25 4 0 B g

R TE SSIM 5 #4 £k B B (0 DA v B 35 2 ) 76 I 3
i b, — 25 2% BT 0 e B3 Y TW-GS-
SSIM F.75 45 IW-SSIM 3L 7E PE a5 7 T AN H
HEART = W E W 2, B AL AE T 6 HE
B0 — TR S5 A IQA B ih iR 21,
10U B4 108 35 8 B AR R N 5 A0 L S S A
0 25 K Ak JR) 8 PG RE EE AT A53) TW-
GS-SSIM B3k PN A 6 1 IF H ik T FSIM
S U HR X AR R Ok B JPEG R 45 5 801
OB 2 1 T R T B K A T G R
BT HMIE B A LR 25 FSIM 589k oh 3t
TR, — B PC WL ik 2 B A I 5 28 O 4 9 1
FH 5 B2 IW-GS-WGSIM B9k 154258 B2 | Y

M E s R i B T TR A Fh R HR A
TR AT 1) B 1

WK, R T 8 N4 HPE A IW-GS-SSIM 3.7k
FIMERE, TERT A 6 ASEifml i 4k is 4 4L 3 752 sk 2k
HEMG B SE R T xR . 45 10A BRI E S
FWE 2 18] B PLCC . SRCC 1 KRCC AH 5
FEBARRIIELR D o N3 il LIE ), IW-GS-
SSIM B335 I TAN A 56 8 75 L o Il 2508 1
LB E LA AR |5 TID2008 H 40 22 52 4 1 1 2%
61, IW-GS-SSIM B39 45 FLAth TQA 5592 7E 4% T 48 b
T ASRAL T = 4 A, O AR B T
IW-SSIM B33 2 8 21 & 508 i K/NVE A —
B, LA B 1 T A i AR B S A &
5,15 204525 1QA BVE A8 7S KEE & LA 48 b
PMAL R BUE , S5 R e 4 by WR4A Pl LE
IS B 4F ST RS TQA B30k J2 MS-G-SSIM. #I
IW-GS-SSIM & 3, Hirft IW-GS-SSIM & #: 7 PLCC
A KRCC Wi~ Fbn B L. X 787 3R B IW-
GS-SSIM B4 B PF-H ME R SR B AR R e ey o

F3 EARKXIMKEIEE £ PLCC,SRCC #1 KRCC E#Rxf L
Table 3 Performance comparisons on six test databases in terms of PLCC,SRCC and KRCC

B R AEL SSIM MS-SSIM  MS-G-SSIM FSIM IW-SSIM  TW-G-SSIM  IW-GS-SSIM
PLCC 0.9593 0.9390 0.943 6 0.946 3 0.940 8 0.946 2 0. 966 6
LIVE SRCC 0.953 6 0.967 7 0.9672 0.970 8 0. 968 6 0. 969 0 0.968 8
KRCC 0.8179 0. 856 1 0. 856 6 0.8639 0. 860 0 0.8610 0. 860 0
PLCC 0.8111 0.8315 0.8615 0.8511 0. 806 5 0.8515 0.8537
TID2008 SRCC 0. 808 1 0.8282 0.8523 0.8477 0.8145 0.8374 0.8403
KRCC 0.6199 0.644 7 0.674 8 0. 667 4 0.6275 0.6599 0.662 5
PLCC 0. 8802 0.900 2 0.895 6 0.8759 0.893 6 0.8905 0.899 4
CSIQ SRCC 0.8875 0.9558 0.959 5 0.949 6 0.9518 0.963 5 0.9613
KRCC 0.7115 0.8180 0.8236 0. 805 1 0.814 8 0.8356 0.8293
PLCC 0.795 8 0.926 4 0.947 7 0.955 4 0.9518 0.9552 0.9529
VG SRCC 0. 8007 0.904 7 0.9309 0.936 5 0.933 3 0.9418 0.9405
KRCC 0.6357 0.758 0 0.7922 0.807 6 0.797 7 0.8132 0.809 8
PLCC 0.9182 0.961 6 0.9593 0.9505 0.9259 0.957 8 0. 965 6
A57 SRCC 0.8111 0.9139 0. 8889 0.916 7 0. 858 3 0. 905 6 0.900 0
KRCC 0.6759 0.8055 0.7870 0.814 8 0.7222 0.796 3 0.7870
PLCC 0.9211 0.9507 0.900 1 0.9623 0.959 2 0.916 5 0.9534
MICT SRCC 0.914 8 0.947 0 0. 900 4 0.956 1 0.954 9 0.9177 0.948 4
KRCC 0.750 6 0.809 1 0.736 0 0.8189 0.8218 0.763 0 0. 8062
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Table 4 Average performance over six databases

0209

ZHEELD SSIM MSSIM MS-G-SSIM FSIM IW-SSIM IW-G-SSIM ~ IW-GS-SSIM
PLCC 0.8635 0. 8816 0.893 8 0.888 1 0.8702 0.8897 0.898 7
SRCC 0.861 1 0.896 9 0.907 5 0.907 0 0.8910 0.903 6 0.9055
KRCC 0.689 6 0.7439 0.7570 0.7558 0.7375 0.7509 0.7575

5, T VA% TQA BRI AT RCR, X E
158 W— R i B 5 BT 5 AT I TR EA T LU . A
PRI, TR — & THEAL B LRI A T 512 1 F
HEZ 5. N3RS LI H, IW-GS-SSIM
B ATIS A AL L TW-SSIM SE9E R 1< — 28, 35 8T
AR M o 2 25 8 BT 1S I ) i AR I A . 5
b, SRATIS TR FSIM S35 19 173 ZeAt, R WIAR L
PURE 25 L FSIML 353k B AR A7 — BP0 25

BN R B2, WL ETEZS R BE I i 2 1
SO LAY K, IW-GS-SSIM Jk A
R T IW-SSIM S0k A i 5, HLPPAN i R
JEE IR T FSIM Bk Bk A S Y R
TE T PRUG Ry H8 I LB B B v o JRE AL 5 S 35 JRE T
Pooling [y BLAY FL A5 B 1 M R B AR AT T A %%
B R T — AT SRR RPN M R 2 il
ENIUR R

x5 B IQA EiEMATHIEIELER
Table 5 Comparisons of computation time
SSIM MS-SSIM MS-G-SSIM VIF NQM PSNR FSIM IW-SSIM IW-GS-SSIM
At [a] /s 52.5 197. 1 381.8 1460. 1 375.4 5.6 2086. 3 640. 6 678.2
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