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Abstract: The goal of Image Quality Assessment (IQA) research is to simulate the Human Visual System’s
(HVS) perception process of assessing image quality and construct an objective evaluation algorithm that is as
consistent as the subjective evaluation result. Many existing algorithms are designed based on local structural
similarity, but human subjective perception of images is a high-level, semantic process, and semantic
information is essentially non-local, so image quality assessment should take the non-local information of the
image into consideration. This paper breaks through the classical framework based on local information, and
proposes a framework based on non-local information. Under the proposed framework, an image quality
assessment algorithm based on non-local gradient is also presented. This algorithm predicts image quality by
measuring the similarity between the non-local gradients of reference image and the distorted image. The
experimental results on the public test database TID2008, LIVE, and CSIQ show that the proposed algorithm

can obtain better evaluation results.
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1TVFGr, ARJEXPEERT SR . XA ITIER
HNETEE, (HHERAR, FERK, HARRIRASLR &
gurp U, R A 0 B 5T R U R T AN (TImage
Quality Assessment, IQA). &G £ AN
FoH) B AR E TN KM R 48 (Human Visual
System, HVS)xf BI& it & 1 B 742, g5+
MV R A] Be—E B BT k. iRAE P T R
HHETLHSLEEIE NS, QAT 4 RS (Full
Reference, FR). ##4732% (Reduced Reference, RR)
M2 (No Reference, NR) K& R & 1FN . A
422 EUR TR VFAN .

Pl 5 dab 8 450 M BLBUR T Lo (R?) &[],
(Rl I Loy 30 51 3 1138 77 % % (Mean Squared Error,
MSE )16 {5 {5 B L (Peak Signal Noise Ratio,
PSNR)MWE R A M EUR R & brin 24, =
XEARAREEA T IR MGG B R AH DG, A S
HVSHRAHLE], HIPm s RS EE I — B
%o EPXTMSEMPSNRIIA E, SCHR[8]H R EHVS
EHT A s R R R, ol TR T4
FAHAL (Structure SIMilarity, SSIM) [ K4 )5 & PF
NE. EH B Z PSNRAIMSE, %t B 5 &1
&5 BN I — 2t B B, BN R G
R BV SRR A AR R L E . WS, A
TET BB R M MAR AR BIEHESL, 1R H— RS
O BED W, DRI 5 WP B A i — 3t

H i K 2 HUR A S B T BRI s Bkt
[, JE T SSIMAE Y 4 2 FIMS-SSIM P, 3-SSIMI!,
IW-SSIMIMEETIQASLYE, PRI & R a2k H
077 123K 15 e &0 o 2 TR B R AR T Y
QA LI 18, MRE 5SSIMA LA T i, (2
JERFAE ISR B0 5 2% 18 LS AR R o L 4R
BARHAR R, (BT RN . BBREVT
M B R BEAE TR G R ot B 1) 0 RN T A
G — R BRI, FEAE — 25 2R 1) JR) B
SERIER AR, T BRSO B R S R
SAFE . Blan, 2 A1 A BEG R A T W
SRR RGN BIREE . BT SKREFIEUER, M
AN[EE SUAT I B 2% 0GB s PSR i Jo e ) 52 M 41
FAEAR . angs N EHR A [FE S B IX A
FHIFER AR R A, o SR P I Sk R IX 3k, i 1]
BARIR FLAG B (R 5 o B s G SR S I e PR
S X3, AL 2 A R AR AR o B
72 LA b Al B AR BB ) 32 RS N 2 1 U
AR, WE S EA R ERAEREE, Bk EER
VAW MIZFE &R R E B . ET XA
P, A TAEFEZEAWATIm: (1) R A M

(T RS B EEHESE, 48 H—Fh LT3R =0
FEIIAELL: (2)1EHER IS SRR N T —
P2 T 4EJR #86 BE (Non-local Gradient SIMilarity,
NGSIM)IQAGR . 7R A b 50 i) £ s
G gt BRI, NGSIMALHE IR 5 3 W IT- 5 4F 1
—H.
2 ETHEIQAEX

6 B 4 B FIQA SR BT, BEFRRAE A
BAYE (Feature SIMilarity, FSIM)!2, Ff B AR AU
(Gradient SIMilarity, GSIM)!, Hf B A e HH AL
2 72 (Gradient Magnitude Similarity Deviation,
GMSD)!M, i 5 FEAH A (Edge Strength
SIMilarity, ESSIM)"IEA K SCHR[16-18] 5FFRIQA S
PR AR B T S BB FERFAE .

EBEERE e = [r,r, o, ]’ REEG
Nd = [ dy, dy, -, dy]", Hrh, NRGEEH
2.1 FSIME %

SCHR [12) 56 T HV ST B BT A ) JiC J2 W0 5 R AIE
PR FSIME %, UM, — B0 FAR B BN 1T,
THHEZ % EE MR B ERE IR E MR K. 45
PC,, PC o Ar M d MM —8ME, GM,, GM ATl
d I FERL, Wlr Ald 7245 2 2L AP C AR ABL 2 1
MRS Bl 5E SCA (1) R (2), bR

2 UAR(3)
. 2PC,(i)-PCy(i) + Ty
Sro (i) = PC2 (i) + PC2 (i) + T W)
~ 2GM,(i) - GM,() + B
Som (1) = GM2 (i) + GM2 (i) + T 2)
St (i) = [Sec (4)] [Se (1)) (3)

Hrp, TG RNEE, Z8a, BHT RS,
SemHIRE, XHhlla=p5=1.
PIARA,—E R EREPC,, (1) = max (PC, (1) ,
PCy () XS (4) BEAT ML S 2 1 A, FSIM B %
> 81(1) - PCy (i)
FSIM = =2 (4)

> PC, (i)
€2
FSIM R FH P Bl A R AE 7% FEH VS AL

W E R, S TR RN R, A
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BRI AT FLRBR T, ASBERT A HR AN 5 H U
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ESSIMH %7€ SN
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BSSIM(r d) = 3y D S (B £ T
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He, NGu() TRt +1) x (2t + 1) I ERR.

WHER(10). KA HHE B r 5 dERSE— SR
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NG, (1) FFIICERANG, (1) (j), HH1j € 27 NG, (i)
RS2 B G e R AR X N AR, HAP
B A FR BE AT e TR T, (4) . B SUN

:%ZMMMﬁ (12)

ﬁ\:t‘:, m = (2t+ 1)20
KM, 30 NGy (4) o IE 2 NG () (5)

j €. BHpa (i) RBK BB G dIEAE T 74
e, SN
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NG, (4) & ICRMENG, (4) (7) HxFFHME w1, (3) HIE
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R(I7)HENG, () FING, (i) I 7 %, FEE
THZIE AN, RIENG, (1) RING 4 (1) 284k
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1
ora(i) = ——= D (NG, (0) (7) — pr (i)
j=1
(NG (i) () ~ pa(i)) (17)
A S5 EBAR FEENG, (4) FING g (1) 45 K M Uk B B
XK
N 2004(1) + G
2 O= 0 o)+ G ()
K (14). K8, SH Oy, G N IEH &L

BT B4 SRR b
sa R (14), R(18), r5dER 8 Z kb0
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5 ¥{ELW
5.1 MR B E R E A TN e R
A S S50 H AR O 3R o I AR D B
TID2008%, CSIQ?!, LIVEPZ, TID200814%250F
SERUG . 1TRRERAL, 4R R HEEZ, 353000
gk MG CSIQEFE30ESH KGR, sMkE
B, 4~5Fh e B, 3L866IE A AIKE; LIVER
520108 2% K14 . 5W%E%i,pﬂﬁ%ﬁ%
i, FLTT9ME R FE G
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%% (RMSE). SROCCHIKROCCH; x5 Bl 3= 2 0
VRO, At BT, ) R PR AT
PLCCHRMSEEAR VP B B fdl e i, H5&
I 55 0 RO PE 7 A W PE AT AR e M i, W
BRACR 20 (21)

Q=015 FRQ B (21)

1
1+ exp(Ba(Q — B3))

Hrf, QR Qp/r MINIQABLIEZ WL/ M AE £ P
SHRWIE, B, B2, B3, Baffs /& ATIEFE I S5
FIQABEEN EA B MSROCC, KROCC,
PLCC{E MK FIRMSEH -
5.2 WS

ASREFRBESHA Cr, Ot BLC) = (K4 L),
Cy = (KoL), o L EGBUEZETERE, K, K,
RARNEH B B R/ IN I E JE R 3R 4 2% X 5k
JE L, AR R ERE 1K/ VS U I K R A
Ko —MAEH T, HVSEHR]F)E R AR X 58
WAELLYRIMG R SR OR — el N, g RN
ez Y DX o FL R AN . [N T BRAR SRR R
F AR, R R X 0% BUE R AU B R
X, SZI62¥08E S £ TID2008 14 b 9206 K #f
E, THERAGHEIEESISANSHEG LMK
S44ME R B, LR IZ T4 RS A SROCC
EfE LIS, RIE R, 2 BIEEK,, KoM
K18 ~40.04, 0.10F121.
5.3 SCIRZERELE:

ARSI AMATLAB R2011a, Fif s
I EDELL optiplex7040, Intel Core i7-6700,
CPU@3.4 GHz, 8 G RAMAIHHML Lk T. 25
Fe AR ST HE NG SIM AL vl AT QA S VL P RE

FL i 5 PSNR, VSNRM, SSIM, MS-SSIM,
IW-SSIM, FSIM, ESSIM, GSIMFIGMSD. it
XA E R RS AR RIS, F4h, s
WANRNEAEUR, WL E 3T . NGSIM
50T g P PP AN SR BT (I PSNR VA L #, 7]
A S B G e 7S R s . X B BVESSTM
5 H M M S-SSIM, TW-SSIM L 14 &) 5 2k
EaRGmE, EIUXEEIEERNRTEEIER
A BT UG i = A A Rtk . FSIM, ESSIM
BOEF B TR RRE, GSIM, GMSD A HE: T8
REAE R, O b2 R mT e W S 3k FE AR
S B P R AE A LU X TQA BB v 2R F 4

TSI UE EVAAE AR KR B E PRI IR, 2R
I T 10RO FITQA BETE 3 R EHE L i PP A &5
B, e ErrsERs RO Enr. NRPTE
H, NGSIM IS, ESSIMHEI27K, GMSDH
FSIM¥IAN1IR . fECSIQE I L, 4 4RFRI IR
NGSIMAE T HARF v, HA BT i RS 5 & T
PHERE. FETID2008%(#E % I, SROCC, KROCCHs
bréh R EIR, NGSIME AT B G 3 E W 418
FETERE LB g E T GMSD, ST HoAth 52
FE RN AR 7 1, ESSIMAINGSIM AR AH Y,
T HALE . FELIVESHEE , FSIM, ESSIM
MGMSD 7 HIFESROCC, KROCC, PLCCHE#5 I
I B RS, NGSIMAYE TR IR ZRMSE
FeH5 2 TESSIM, L TFSIMFGMSD. #Hiszig
SRR EIR, AICHTIE R B E M FIANGSIMAE
SANEUHE E R AN TR FE AR 28 R B T TR G B
#£GSIM.

R D IEA CEIR TN ROR, £ G
B RERPAT R, EISROCCHE NIFA 18

= 1 10 EIQAEAETID2008, CSIQ, LIVEXEEHISLIb 45 R EL IR

Kl e TERETR AR PSNR  VSNR  SSIM MS-SSIM TW-SSIM  FSIM  ESSIM  GMSD  GSIM  NGSIM
SROCC 0.524 0.704  0.774 0.852 0.855 0.880 0.884 0.891 0.855 0.892
KROCC 0.369 0.534  0.576 0.654 0.663 0.694 0.704 0.708 0.665 0.713
HD2008 PLCC 0.530 0.682  0.773 0.842 0.857 0.873 0.885 0.879 0.846 0.886
RMSE 1.137 0.981  0.851 0.729 0.689 0.652 0.624 0.640 0.715 0.622
SROCC 0.805 0.810  0.875 0.913 0.921 0.924 0.932 0.957 0.912 0.962
KROCC 0.608 0.624  0.690 0.739 0.752 0.756 0.768 0.813 0.740 0.825
os19 PLCC 0.800 0.800  0.861 0.899 0.914 0.912 0.922 0.954 0.897 0.961
RMSE 0.157 0.157  0.133 0.114 0.106 0.100 0.101 0.079 0.115 0.073
SROCC 0.875 0.927  0.947 0.944 0.956 0.963 0.962 0.960 0.955 0.950
LIVE KROCC 0.686 0.761  0.796 0.792 0.817 0.833 0.839 0.823 0.813 0.815
PLCC 0.872 0.923  0.944 0.943 0.952 0.959 0.953 0.960 0.943 0.946
RMSE 13.36 10.50  8.944 9.095 8.347 7.678 7.003 7.62 9.037 7.455
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Fro F29 50 H T 10M P BIEAE SR B x4
— P ok F R A VAN R (TID2008 H #1] Hi6F4), in
HER THER B 1RSI0 gs R, WEKFE HPSNR
o g 2R R A R A VP B . NGSIMXS
AR A) 7 B AH JC R S SCN 2R AP AR B s, it
Z 1 HV S [ A5 2% [8] 450 2% (1 U A% ;s NGSIMAE

TID2008, CSIQXTJPEGH 4 Hs 4 1) G 2k B &
TR LT, XA 45 G E a F AR3EAT R EVPAs 14T
ZAER AR N ik, BEIPEG2000 K46 K4
TE B A% o J8 T8 RS R RS, FNIOSE, FAST-
FARUS B VPN 250R

K345 1 7 TID2008 | “~F¥ = W4 ” MOS

% 2 10M A REIQAEAFETID2008, CSIQ, LIVER#ERE $#—L H 4 AE(SROCC)BILL SR

B Ly PSNR  VSNR SSIM MS-SSIM IW-SSIM FSIM ESSIM GMSD GSIM  NGSIM
AWN 0.907 0772 0.811 0.809 0.786 0.857  0.885 0.918 0.857 0.902
ANMC 0.899  0.779  0.803 0.805 0.792 0.851 0.813 0.898 0.809 0.873
SCN 0917  0.766  0.815 0.819 0.771 0.848  0.913 0.913 0.890 0.929
TID2008
JPEG 0872 0917  0.925 0.934 0.918 0.928  0.943 0.952 0.939 0.956
JP2K 0813 0951  0.962 0.973 0.973 0.977  0.975 0.980 0.975 0.958
J2TE 0.831  0.790  0.858 0.852 0.820 0.854  0.879 0.883 0.892 0.926
AWGN 0936  0.924  0.897 0.947 0.938 0.926  0.949 0.968 0.944 0.966
JPEG 0.888  0.903  0.954 0.963 0.966 0.965  0.964 0.965 0.963 0.966
csi JP2K 0.936  0.948  0.960 0.968 0.968 0.968  0.967 0.972 0.964 0.974
I
FNIOSE 0.933  0.908  0.892 0.933 0.905 0.923  0.943 0.950 0.938 0.962
BLUR 0.929  0.944  0.960 0.971 0.978 0.972  0.962 0.971 0.958 0.967
CONTRST 0.862  0.870  0.792 0.952 0.953 0.942  0.939 0.904 0.950 0.946
JPEG2 0.895  0.955  0.961 0.962 0.964 0.971  0.980 0.971 0.958 0.972
JPEG 0.880  0.965  0.976 0.981 0.980 0.983  0.981 0.978 0.909 0.960
LIVE AWGN 0.985 0.978  0.969 0.973 0.966 0.965 0.976 0.974 0.977 0.993
BLUR 0.782  0.941  0.951 0.954 0.972 0.970  0.991 0.957  0.951 0.939
FASTFA 0.890  0.902  0.955 0.947 0.944 0.949  0.947 0.942 0.939 0.956
8 8 8
7 7 7
6 6 6
5 5 g
n n n
O 4 C 4 O 4
= = =
3 3 3
+ +
2 2 2
1 1 1
0 0 0
10 20 30 40 50 60 03 04 05 06 07 08 09 1.0 0.5
PSNR SSIM
(b) SSIM
8 8
7 7
6 6
5 5
wn w0 wn
) S 4 S 4
= =] ~
3 3
2 b " 2t .
1 1
0 0
0 0.05 0.10 0.15 0.20 0.25 0.30 0.92 094 095 0.96 0.97 098 0.99 1.00
GMSD NGSIM
(d) GMSD (e) GSIM (f) NGSIM

& 3 6P LI AETID 2008 K4 v 1t Bl S 1
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