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Manifold Feature Similarity Based Perceptual Image Quality Assessment

WANGC Chao-Yun' JIANG Gang-Yi' YU Mei®:? CHEN Fen'

Abstract Image quality assessment (IQA) aims to use computational models to measure the image quality in consistency
with subjective evaluation, and human visual perception characteristics play an important role in the design of IQA metrics.
From many researches on human visual perception, it has been found that the cognitive manifolds and the topological
continuity can be used to describe the human visual perception, that is, human perception lies on the low-dimensional
manifold. With this inspiration and manifold analysis of image, a new IQA metric called manifold feature similarity
(MFS) is proposed for full-reference image quality assessment. First, orthogonal locality preserving projection algorithm
is used to simulate the brain’s visual processing process to obtain the best projection matrix so that low-dimensional
manifold features of images are obtained. And the similarity of the manifold features is used to measure the structure
differences between the two images so as to reflect differences in perceived quality and get a manifold features-based
image quality index. Then, to consider the impact of brightness on human visual perception, the block mean values
of the image are used to calculate the distortion of the image’s brightness and design a brightness-based image quality
index. The final quality score is obtained by incorporating these two indices. Extensive experiments on four large scale
benchmark databases demonstrate that the proposed IQA metric works better than all state-of-the-art IQA metrics in
terms of prediction accuracy.
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IVEAR 7%, Wang 25614 32 H (1 25 M AIBLEE (Struc-
tural similarity, SSIM) $7%5 PSNR 57774 4H L
PEREHE R, SR 7oA O AR 2 AR
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AHALLE (Riesz transform-based feature similarity,
RFSIM) PO &%, $280 T 36T — B Fl B Riesz
AR 4 1) G Ry B A K JE A Canny 38 S 4E 1 T
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rion, IFC)2 (¥ 3L fith b 3EAT ¥ 13 B 92 A5 2 AR
HJ% (Visual information fidelity, VIF) PFAN 57k,
Zhang 5131 I iR B2 G G A
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Fig.1 Manifold feature similarity based perceptual image quality index
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Ok, B RO i REAS ) 2 R X

2) M PCA HEATREYERI 14k, A HFIUR M,
N HE AW R SR A IR 4 (Lateral geniculate nu-
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ZBRTREAP LR B E D T EE; 507
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(A REAT LA, Wi k 26T (k nearest neighbors)
oKW 4 A 2 A AR, RIBER S5 0 o FEG KD
(K] k& SBIT A EE miP kSl 2 b (ESE R a 10 k AP &5
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FEBE, @oq = D ) Saps [FIN 58 SRR RE L =
?—S. 2 {p,, - ,p,} NWIEAIEREY], & X+
Bl

Pl — [pla T 7pn—1] (4)
Q(n—l) — [P(n—l)]T(X@qu)—lp(n—l) (5)

43 BRI, EAAHE R {py,--- ,p,} I
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UNINE SR P INATRE SRR
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IEA B, J b f 21 SR IR R AR 23 0] 1) f FE
SRR, X HL K T AR R LAy 2 ) —
AR A] DL T 3R ER U B () I TR AL

1.2 MFS iEHE

Wk 1 Pizs, MFS PPUME TS b Py s o> 4L
AR VSR SE AR T 5. O 1 AR 5 A,
TEVHE 0, #4275 B AR B IEG T 8 x 8 (1H
BE L NAEZ N, [FI R ER Stk 4T 2
PR, T R ERAE RIS B T E
JERNGE RS0 B, R ILRRAE Sk e, DA, PR A
PG D A7 e o0 R (S4B BRI 25 P 1 0 4 Ay e 4
. FERZHE K BRE T, 25 KBRS
KA FEAH R (4] 23 05 3, AT ] REREAS 2 2% [ 8
BRAGS N. FR) R L R BAR D — 5 B Box . i 1 R
Ry A H AN LR AT AT 0 b R 2k 4545 5, Bl b A
TSR A ATABLEE IR AN B R B 29 4. H
% 18 B BB S A 2 22 5 R R B AR L
S AN Qe b R 45 4 AR A8 4 K04 TR,
NS RERHACUE SR A 3k P 1B ) 2 P R B, IS D) 22
AP BRI EREAT 5. a4 AR b A

ABLEE R BEAHALBE A3 MFS TEAMA.
1.2.1 FIARGCHEiER

TELBREEA DU BME IS, S a6 MR 1 R &5
FAHLRS R — AN I (E I H ) & met F s (3 %5 K]
BINE @ B, Ik B 22 EUR N B R 2R 2L
G5 ) B et R zdis ] g AN RE, B Xt Al
Xis R B O L AL ST R R — A E R i K]
T, AR R A A 2 R AR T RY, XAl
S N WL 28 GoR UG A AR AR5 IX 3 L vy Jot s X
ol S RBURR R R DL T BRI B DX o0 o A
A SR RE R, Fr DASE I A FH 45 7 22 S R I 5
HOOHR AT TR VA nT LA s VP P BE R O T R
FEVPUT 71 B RAT 0 R I B v VP I A A, A
SCAT Ay i A R A S AR B S5 4 22 5, [R) N A
FLHERM b Vv B R AT 108 B 1y ) FH 32k Py P
HEATARABLRE T 5.

o, BT et el BRAERIME S S %
FURE Y. 2% 20 4 P ) £, DAL ZZ:1 (@) A
ZZ:1 (@) AR 2 I LA AT S 46 2 2% KB A
KEER P T 22, R 4axtJ7 72 225 (Absolute
variance error, AVE) KA BRI &5k 2= 7. 4
it T s 53 AREK S RN W) 2% L MR 45 R
), W et F s (1) AVE 52 SR

h h
AVE@ z) = | Y (@2 - Y @32 (7)
g=1 g=1
Hrp, h REFA B GR I ERTRw . &,
12 7% UK BB 1) AVE (BT — A ) &
v, v PRICEN v, = AVE(2], z").

h T kR AR T SR VPO I BRSO, 7R v
Ir) 5 () TP E AR A Bt T B TH,, MR B E
KIS 7% — REYO. WP AVE A
NTBRCERIBIME TH ,, R B PO T B oA
o J T R B 225 AU B G R i sl ok et
Y. B, A DR BT ORI ) S A s AR R, Y et
Ay ds nsk (8) Fron:

(Yref’ Ydis) —
{(i", ¥/ |[AVE(y;, y™®) > TH,},
TH, = median(v) (8)

Forpr, median(-) REGEIPEIZH.

25 IR S, AT S RS WP (Visual
saliency, VS) 81550 {25 &1 RE S AR Jaj i X
BRAE IR RSP ) BB TR L. VS FNIQA H#
B IIER, EAAME T HVS W2 %n— i K 5
[ B 0 AL S P I {2 Bt 2 — S S ) 5
PR RN TR X 3/ HV'S I8 P50 ol
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Yo% 18 T S50 22 5 K IR Xk, 3K 26 X sl — fROR) B
2 B PG5 AT PR DX A A — o e AR S G
(P 3k, PRI, fERV M TH, RIEH S - K3
Pt 2 Ja, AT ARG 3 TSR R (Saliency detec-
tion based-on simple priors, SDSP)23 14 5 4h Al
REEGREEE, fH VS EREAEBA R X
WAL v, Bas BT f A fy A
MEMGIEE VS fH, Lt f. B2 fq T SER A
FI G VS AL UL B ¢ A1 BHRIRAE PR K 5
fr F fo AHABLEE I AT ORI . Ry ke, 0 SRASHR)
VS K% 8 x 8 AEZ IS, 73 sKELS PRI~
BHEERIEGXS f M fq PR EHRBE VS
TGRS VS, R VS, 85, FIH VS, () =
max{V'S;(z), V.Sa ()} KA EURIEAT — IRk

(me, Ydis) —
{@ v AV B y) >

TH, and VS,,(i) > THUS} 9)

Hoh, TH,, R A7 UG P 2 1 B e AR Ja A
Hi 60 %0 A7 E 1) 5 25 1 B IR 35 i i £ 60 % 1Y
Pobl AVE JEHHEAT R4k,
1.2.2 RFHHERME
75 EAR PO 1 i 45 s, Tkt R #5415 2R
JERFE ) 5y Hl dy:
ro=Jxy" di=Jxy®

7 M

BT J KNk 8 x 192, v, Fld, 158K
Bk L= 8. N7 faiiRon, H (ry,d;) MK
KR 5 2% UG AR B R AL i P A B
fEm e, M d, ASPANHFE R R D.

(RvD) = {(rtadt)‘t: L aK}

(10)

(11)

Hrp, K RERERG P IER T EHEIEH, v, F d,
A9k R A D ) e &

5 Ja, & MFS F iR e MFS;,
TEWR:

2R;Dy; + Cy
R} + D} +C1

(12)

K L
j=

MFSf:KiMZ

t=1 1

Horr, KGR — 8 B G s O MR S, B R
BB RHL IR = 8 H, Ry M Dy 733K R
M D 55t FIREE § ATHE; Cy i — MR
i, T ORIESS RARGE L.

1.2.3 =EHEIE

S P AR ARLRE ) T B3 T AN UG M1 1) i gk
AT 10, AN & A FH AE L 3 i Bl i mp SR 1) 5
X0 R R AIAE ) o (e, pis) S SCRTHEL S B AH
BUEE MFS,,, tF5dfanst (13).

MFS,, =

/

FLrp, et Rl pdis kg 3R 5 5 Y B 1 38 4 4L R 1)
i, mean(-) AR & RIIME; Cy H—ME/DH
W, T ARAIE S SRR e b
1.2.4 MFS ENIENE

e, A MFS; F1 MFS,, 3472 ks 5
MFES PEMEAE A 2R ST G 1 e 2 44

MFS =wx MFS,, + (1 —w) x MFS,;

K, 0 <w <1 T MFS; f1 MFS,, WA
IR R Z M ALY,

2 SEWERSHH

N T IR AR SCEE A R, 4 AN RTT
WK R 2R oA S L AT T AR B i 4
A KIS LS LIVERY . CSIQMY ., TID 200825 Al
TID 201312° FEANEHG AL T R H KR, [
BT 2 PP e FLR Y. i 2k SR BB s 4 o —
A 5 Fo -3 FE M4 (Mean opinion score,
MOS) 8>3 W5 248 (Differential mean opin-
ion score, DMOS). % KU ET I Z2% K G5 KK
BIUGEL RIS DL 2 5 WS I A\ Bk 1
FoR. e M SVE M RS0 UIE S 7E LL R VT 5
BT VPN B ROV 45 SRR EAT .

# 1 NHTEBRETENEIES T 4 A EHGE
Table 1

K . .
> (i — mean(u'h)) x (ui® — mean(n®)) + Cz

1

M= W
M=

(miet = mean(pure))? x 3 (u® — mean(p=))? + C;

1 @

I
—

(13)

(14)

The four benchmark datasets for evaluating
IQA indices

Mg ZHERGE KEEGE R WIS
TID 2013 25 3000 25 971
TID 2008 25 1700 17 838

CSIQ 30 866 6 35

LIVE 29 799 5 161

KM 4 AT HIVEAN R bR AR AU B PP
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Z 4l Phasel /TI(VQEG) 2™ $2 At hs Ut 5603E )5 12K
SRIIQA HIPFNTERE. M KR 2 KA OC R 2L (Spear-
man rank-order correlation coefficient, SROCC)
I #8 IR BRIRAH G & 4L (Kendall rank-order cor-
relation coefficient, KROCC) H T-PFW IQA ik
R FREI ER T 1 B S5, X AN i bR AR IR PP i 5
P b REAT M 2 H e R TR AR BRSO T3k
B A A FE B B2 IR AR MEAT 58 R 2 (Pearson lin-
ear correlation coefficient, PLCC) F13%) 77 il 15 2
(Root mean squared error, RMSE), 750 % WP
P BRI W T 3987 3 (MOS) BEAT 2 2 i S oK 2
R B AR L i 52w, R 5 S8R vk
SRR BOREAT IR 2 U5

1 1
Q(Q) = o (2 o 1+ exp (ag(q — 053))) "
a4q + s (15)

Hrp, g B EM RN 34, Q RERIARL
PEBLS G 04 5 MRS aq, an, as, ag, as
D H e /M I i 1 2 0 B SR V43 2 1A 1)
5 ZE RO E 1.

ASCHEH ) MEFS #ENPR 5 B A ARREM 10
A B AG Jo VF A SR AT ER g, S SSIMIEL
MS-SSIMP! | TFCI2 | VIF['Y | VSNR[E, MAD!O!,
GSMUIM | RFSIMI, FSIMcl F1 VSIHl,

2.1 BHHE

ARSI B VLA SRICRFAE AR L RE I, AR T
SR Cy RARAE S5 R IR VEAR A2 50 5O A I
W25 70— R b 5% 0 AR E AH AR E 1 o S5 AT
MR A PP 2 R 8 T SRR S5 Oy, 1
il HAth 240 w 1 Cy I (w € {0,0.1,0.2,0.3,0.4,
0.5,0.6,0.7,0.8,0.9,1}, Cy < 1072) BEATIR I K
I, 2 C, = 0.09 B MFS 7£ 4 ¢ ) SROCC 1A
P, Kt C) B 0.09. 1 1 FAE T 2 AL
AR (13) T BEE YRR, Oy 1
1072 R LL NN e AR T 25 SR LT 3%

o, IX B Cy BUh 0.001. 78 55 G e AU AE
AEABLE AN AR AL SRR T 240 w WIAE w € {0,
0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1} "hikFfii13
MFS 7t 4 & LR s SROCC 1A 255 5 1)
0.8 fE A SHL.

2.2 BUEFEREE

h T B0 UE R BT B R AR SR IR VA HE AR 1)
YER, T 3 AN Sl ot UG AT b, 5%
Ja 3 SROCC SRAE A SiiEFi b, R B e ng 15
NIV &5 Rk 2 o,

F2 3 MkHIEmE XM SROCC {8

Table 2 The SROCC of three selection strategies
SRS ANk AVE i#He AVE + VS %

TID 2013 0.8655 0.8728 0.8741

TID 2008 0.8763 0.8870 0.8893
CSIQ 0.9508 0.9621 0.9615
LIVE 0.9500 0.9600 0.9578

M 2 A, FIF AVE BB ot w5
VP SR XA Th T HVS X G AR i X
ol LY v oo DXk B AR 1 A P I A DX 3O6] 5T
SPFM A TR, R B K2 R E
GO SR BEAT ST VPN T LS s PO 1 R
VS UG, 78 CSIQ EHSEER LIVE EI§ 2 LI
PP BE AN ] AVE JE B SR A T B4 E LAt
PIAN R B3 32T (e ORI AN 1 P TID 2008
A TID 2013 EACRIAAHTE), it nl BLA AL
WEH S I RbE. #E CSIQ F1 LIVE B4 R4 A
AVE + VS BEHS VF 1 BE EARAHIR T AVE JEHR
WA T B, AR AR A T ANk Bk VP A AT
P, BRAM AT BRI 2 VS Sk IR se A R i e
flioh R B 1, A S8 T R R EUR A E JEA
ZIf) CSIQ Al LIVE FERVERERS A N P, AE 75K
HEGHHBZ B AVE N VS 2% Herk 58 A0k
¥ 5 I 2.

2.3 PCA BUITTHNMEEERIF T

MFS | i OLPP £ 14675 6] o SR BUEATHE, 8
Je R 3 it 38 S A AR 3 T A Dy e R RS A R B
WEE BB RHAE. 3K 3 25 T MFS fEAN R
ZIURJER A R A OLPP S 4KIEATEE, Jf
K T3 i 2 TR AR 225 TR A1 DA o o R RS RF o 412 HR
KBRS 2]/ SROCC 18, W LLE HH
HALH] OLPP (AF#4E) IPERELE 4 IR A L
AARKFEEL R TR, B PCA FIAERAEAUN IR
(K ZABE TR R R 0 b .
2.4 NZERINGHEAZK BN

H T o A AR i 3 o I 2Rk A 1Y, At
B RGN GRAE AL H AN GRFEAS XS B & i PR L
RERYSE R, AT VN ZRFEA & 2 R 3 P,
4 g5 TR R PEALE 82 E i AN FEIFEA SR
HCH 23R B AR S B SR SR R R Ak P A
KGR k13 1 SROCC {5 MG HbE AL H 1)K
., EEBREALE ST R A T IVC BRI R
FLEMR T EHGAEALE S2 Sk A TOY KB Jo K
HER.
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K2 T OLPP MIZrE L S1, b i EIGIR A TVC MR EEE
Fig.2 The set S1 for OLPP, the images in the set were picked from IVC dataset

o0/
(a) BT (¢) BT % (d) i (e) 1
(a) Building (¢) Bikes (d) Lake (e) Flower
0 :

R @BEA ) ) M

(f) Buildings (g) The lovers (h) Mountain (1) Parrots (j) Cabin

K3 J1T OLPP MIZRf BB S2, LGk B TOY T RITEIE
Fig.3 The set S2 for OLPP, the images in the set were picked from TOY dataset

$2 4124 TOY (JRET X IT 112 x3 AWM PCA AfLEAESLT, MFS 78
0.98
4 MM EHRE - SROCC {4
0.96 W:{ Table 3 The SROCC of MFS at different whitening
dimensions on four datasets
0.94f
o ——LIVE PCA FAMLJEHZE4E% LIVE CSIQ TID2008 TID 2013
g 092r —6—C81Q
—*—TID 2008
- ool e TID 2013 8 0.9578 0.9615  0.8893 0.8741
p—— 16 0.9509 0.9594  0.8820 0.8585
0.88}
MF,B/E\E/B‘—" 24 0.9507 0.9587  0.8754 0.8483
0.86 L A ! L " i . i L X 104
0 02 04 06 08 1 1.2 14 16 18 2 32 0.9332 0.9235 0.8205 0.8059
RSN
; . 64 0.9283 0.9067  0.7311 0.7444
4 FEAREBYEHE S SROCC X H
Fig.4 The relationship between sample NG 0.8163 0.6962  0.2863 0.3864

numbers and SROCC
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BAEPBENLERE T 20000 KGR IAE A FEARZEATI
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Jihh, K 4 g THERR S BOFEAR KL H AT
NEPIN IR EME R B SROCC fH EE%L, M
R DU F AN [ PR I 5 4 21 1R 1R e 45 SRR A AR
I7l, S8 W P Y S50 52 DN ZRE AR FR AN (] B 5% Wi e
I DRI AR SO A e A IR R A — AT
TR AL M s, — B OLPP YIRS {2 m]
CARI T By UG SR (R VR, 100 AN 75 SRR VR B 48
BEATREN N SR RE. EAE R IR, AP HA 4
REJEAE S2 EHREE LA ESRAT 1.
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Table 4 The SROCC of MFS on two training sets
4%  LIVE CSIQ TID2008 TID2013 Average
S1 0.9594 0.9615 0.8866 0.8579 0.9168
S2 0.9578 0.9615 0.8893 0.8741 0.9206

2.5 BFMEESHER

RO PHEHT w BURFIER, A3 MFS #E
WITE 4 ASEHEEE 1 SROCC fH; % 6 24T

IS FH B R AE AT UG i & PP 15 2 1 SROCC
fi. & 6 tharsn, fEAH IERMEFHE (w = 0) I,
MF'S {588 BAT e i v PR B, 72 CSIQ B |,
MFS #Elkfe AL, 76 LIVE. TID 2013 B4 7% I
MFS (R fEf7 41 55 =, TifE TID 2008 K144
b MFS R 2=, A7) 26 f; (5 MFS #ER 1)~
PERELE T ik A o = B4R, BT MFS
WA () 3 B R AE T G VAN T R T AR K IR A
TN S B 3 8 e A UG PPN [ — AN fh 7, 3% 2 A
AP IURUERFAE FT 22 B T BHGR3MH, TRy
SefE AR VP Fa bR T — A N T e & vF
oA,

7T HBEA IQA JrIEAE 4 AN E LT
4 AT E 48 b SROCC. KROCC. PLCC Al
RMSE, £t s IQA J7 i 5hn ket it it 2
A IQA J7ik LB AKFR . N 7 Al%n, MFS #EN]
TEATE B LG RE AR IR 4r. 5k, 78 CSIQ K4
I, MFS [PERe s, LT IHAh P IQA ik
Hok, IR 1 IQA 5%, fEl K Im A&
8% TID 2008 1 TID 2013 I [k G4 KM B oAk
THARSE, B VST Fikrkfedan. BARTE LIVE
i FMFS (e A e i, (A5 B 1QA J7
VEM PEREAN 22 B ML 2 R, MFS Z Ak —
WG vk P REAE SR LG R b A R AN R (E R A At 2R 1
ORGSR NE. #lhn, VIF f1 MAD 7¢ LIVE B
TG AR RO, {H4E TID 2008 1 TID 2013 L)
FIULHRRERE. AL, 0k bk, HIA S VLML,

*5 w BURFMER, MFS 7& 4 B4 FE i SROCC H

Table 5 The SROCC of MFS when w takes different values
w 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
LIVE 0.9553 0.9554 0.9557 0.9560 0.9562 0.9565 0.9568 0.9573 0.9578 0.9575 0.9248
CSIQ 0.9516 0.9523 0.9532 0.9542 0.9553 0.9565 0.9579 0.9594 0.9615 0.9635 0.7700
TID 2008 0.8377 0.8439 0.8509 0.8584 0.8661 0.8739 0.8817 0.8879 0.8893 0.8769 0.6598
TID 2013 0.8407 0.8455 0.8505 0.8554 0.8602 0.8650 0.8696 0.8733 0.8741 0.8675 0.7081
*6 ANHERIERHER MEFS M TGS (w = 0)
Table 6 The performance when just considering the manifold feature (w = 0)
SSIM  MS-SSIM IFC VIF VSNR  MAD GSM RFSM  FSIMc VSI MFS
TID 2013 SROCC 0.7471 0.7859 0.5389 0.6769 0.6812 0.7808 0.7946 0.7744 0.8510 0.8965 0.8407
TID 2008 SROCC 0.7749 0.8542 0.5675 0.7491 0.7046 0.8340 0.8504 0.8680 0.8840 0.8979 0.8377
CSIQ SROCC 0.8756 0.9133 0.7671 0.9195 0.8106 0.9466 0.9108 0.9295 0.9310 0.9423 0.9516
LIVE SROCC 0.9479 0.9513 0.9259 0.9636 0.9274 0.9669 0.9561 0.9401 0.9645 0.9524  0.9553
Ave SROCC 0.8363 0.8761 0.6998 0.8272 0.7809 0.8820 0.8779 0.8780 0.9076 0.9222 0.8963
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Table 7 The total performance comparison of 11 IQA indices (w = 0.8)
SSIM  MS-SSIM IFC VIF VSNR  MAD GSM RFSM FSIMc VSI MFS
SROCC 0.7471 0.7859 0.5389 0.6769 0.6812 0.7808 0.7946 0.7744 0.8510 0.8965 0.8741
TID 2013 KROCC 0.5588 0.6407 0.3939 0.5147 0.5084 0.6035 0.6255 0.5951 0.6665 0.7183 0.6862
PLCC 0.7895 0.8329 0.5538 0.7720 0.7402 0.8267 0.8464 0.8333 0.8769 0.9000 0.8856
RMSE 0.7608 0.6861 1.0322 0.7880 0.8392 0.6975 0.6603 0.6852 0.5959 0.5404 0.5757
SROCC 0.7749 0.8542 0.5675 0.7491 0.7046 0.8340 0.8504 0.8680 0.8840 0.8979 0.8893
TID 2008 KROCC 0.5768 0.6568 0.4236 0.5860 0.5340 0.6445 0.6596 0.6780 0.6991 0.7123 0.7055
PLCC 0.7732 0.8451 0.7340 0.8084 0.6820 0.8308 0.8422 0.8645 0.8762 0.8762 0.8865
RMSE 0.8511 0.7173 0.9113 0.7899 0.9815 0.7468 0.7235 0.6746 0.6468 0.6466 0.6211
SROCC  0.8756 0.9133 0.7671 0.9195 0.8106 0.9466 0.9108 0.9295 0.9310 0.9423 0.9615
csIQ KROCC 0.6907 0.7393 0.5897 0.7537 0.6247 0.7970 0.7374 0.7645 0.7690 0.7857  0.8260
PLCC 0.8613 0.8991 0.8384 0.9277 0.8002 0.9502 0.8964 0.9179 0.9192 0.9279 0.9614
RMSE 0.1344 0.1149 0.1431 0.0980 0.1575 0.0818 0.1164 0.1042 0.1034 0.0979 0.0722
SROCC  0.9479 0.9513 0.9259 0.9636 0.9274 0.9669 0.9561 0.9401 0.9645 0.9524 0.9578
LIVE KROCC 0.7963 0.8045 0.7579 0.8282 0.7616 0.8421 0.8150 0.7816 0.8363 0.8058 0.8199
PLCC 0.9449 0.9489 0.9268 0.9604 0.9231 0.9675 0.9512 0.9354 0.9613 0.9482 0.9543
RMSE 8.9455 8.6188 10.264 7.6137 10.506 6.9073 8.4327 9.6642 7.5296 8.6816 8.1691

P th i MEFS S92 10 5 70 45 2R 5 B 0F o
L. 53— 7, R 7 AR BB
MFS J5 %5 ARSI AR ML RELLAS, AT LU
H 5 B o B SN BB R VR A 8 A BY A
EAZ goE EAE .

2.6 HFERELHMEELLER

H T NS VA IQA J7 VA TIOIINRR 5E 2k 2
g1 1 BT R B T M e ), K AR SC MFS #EN
LA L SRR 8 BN PP I Re AT T K.
EH SROCC fE A HEReFads, BB SROCC iEH T
Hs m D R R 0 iy HAS 2 52 30 A e P i 1 5
2R LA (R PE REFR A5 91 it KROCC, PLCC Fl
RMSE ] LIS BRI 518, R 8 4 T 4 AK
B 52 YRS KT VN 45 .

F 8 o R AR R A G PR A o Ok L
KRN SROCC 1T =1 IQA 773 W LLE H
VST 1 IQA J7 k3% 31 WAL T 1 =, 1 MFS #E
M3 25 AT =, HkJE FSIMe A1 GSM.
Ut, AR W R 458 Bk, R R K
BUF, VST RBLEAL, 1 MFS BB )5, ke
FSIMc Ml GSM. &2 (1) 2, VSI, MFS, FSIMc
I GSM ¥R KA FHART . 54, fEERIH
/M TID 2008 #1 TID 2013 |, ALK MFS #E N
% AGN., SCN. MN. HFN. IN. JP2K. J2TE %
KTV P e e FL A S VE S ik =, I AE LIVE

1 CSIQ K4 )FE FjjE AGWN. GB 5 Fh 2 ZL i
PEM R . &R X TID 2008 1 TID 2013 A
Block. MS fil CTC KE, AL MFES AENPEA
PEREA e &

2.7 EXAREEZE
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(B H TID 2013 BB E) Rt BR T B0 as AT i
(). SEEEAE lenovo & XML EREAT ), Horb b BES
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170 8 GB, #4145 A Matlab R2014b. )\ 9 nJ
A, MES A — M e 2 2% 5. Fenil, et
IFC. VIF. MAD. FSIMc %2173 & s b, HE115
BT 5 HET B AR RO

3 #5ie

M MR AW B2 JR SR B 000 T 38 1) 4 B8 H R, AR S
Pt 7 FOBT B 4 2 2% AR TR VR Sk, BN
JTERFAEAHALBE (Manifold feature similarity, MFS)
YEN). MEFS #EN S R 20 PR e I i
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Table 8 SROCC values of 11 IQA indices for each type of distortions
Type SSIM ~ MS-SSIM IFC VIF VSNR MAD GSM RFSM  FSIMc VSI MFS
AGN 0.8671 0.8646 0.6612 0.8994 0.8271 0.8843 0.9064 0.8878 0.9101 0.9460 0.9153
ANC 0.7726 0.7730 0.5352 0.8299 0.7305 0.8019 0.8175 0.8476 0.8537 0.8705 0.8273
SCN 0.8515 0.8544 0.6601  0.8835 0.8013 0.8911 0.9158 0.8825 0.8900 0.9367 0.9001
MN 0.7767 0.8073 0.6932 0.8450 0.7072 0.7380 0.7293 0.8368 0.8094 0.7697 0.8186
HFN 0.8634 0.8604 0.7406  0.8972 0.8455 0.8876 0.8869 0.9145 0.9040 0.9200 0.9063
IN 0.7503 0.7629 0.6408 0.8537 0.7363 0.2769 0.7965 0.9062 0.8251 0.8741 0.8313
QN 0.8657 0.8706 0.6282 0.7854 0.8357 0.8514 0.8841 0.8968 0.8807 0.8748 0.8421
GB 0.9668 0.9673 0.8907  0.9650 0.9470 0.9319 0.9689 0.9698 0.9551 0.9612  0.9553
DEN 0.9254 0.9268 0.7779 0.8911 0.9081 0.9252 0.9432 0.9359 0.9330 0.9484 0.9178
JPEG 0.9200 0.9265 0.8357 0.9192 0.9008 0.9217 0.9284 0.9398 0.9339 0.9541 0.9377
TiD2013 JP2K 0.9468 0.9504 0.9078 0.9516 0.9273 0.9511 0.9602 0.9518 0.9589 0.9706 0.9633
JGTE  0.8493 0.8475 0.7425 0.8409 0.7908 0.8283 0.8512 0.8312 0.8610 0.9216 0.8885
J2TE 0.8828 0.8889 0.7769  0.8761 0.8407 0.8788 0.9182 0.9061 0.8919 0.9228 0.9081
NEPN 0.7821 0.7968 0.5737 0.7720 0.6653 0.8315 0.8130 0.7705 0.7937 0.8060 0.7727
Block  0.5720 0.4801 0.2414 0.5306 0.1771 0.2812 0.6418 0.0339 0.5532 0.1713 0.1755
MS 0.7752  0.7906 0.5522  0.6276 0.4871 0.6450 0.7875 0.5547 0.7487 0.7700  0.6285
CTC 0.3775 0.4634 0.1798 0.8386 0.3320 0.1972 0.4857 0.3989 0.4679 0.4754 0.4598
CCS 0.4141 0.4099 0.4029 0.3099 0.3677 0.0575 0.3578 0.0204 0.8359 0.8100 0.8102
MGN 0.7803 0.7786 0.6143 0.8468 0.7644 0.8409 0.8348 0.8464 0.8569 0.9117 0.8630
CN 0.8566 0.8528 0.8160 0.8946 0.8683 0.9064 0.9124 0.8917 0.9135 0.9243 0.9052
LCNI 0.9057 0.9068 0.8180 0.9204 0.8821 0.9443 0.9563 0.9010 0.9485 0.9564 0.9290
1CQD 0.8542 0.8555 0.6006 0.8414 0.8667 0.8745 0.8973 0.8959 0.8815 0.8839 0.9072
CHA 0.8775 0.8784 0.8210 0.8848 0.8645 0.8310 0.8823 0.8990 0.8925 0.8906 0.8798
SSR 0.9461 0.9483 0.8885 0.9353 0.9339 0.9567 0.9668 0.9326 0.9576 0.9628 0.9478
AGN 0.8107 0.8086 0.5806  0.8797 0.7728 0.8386 0.8606 0.8415 0.8758 0.9229 0.8887
ANC 0.8029 0.8054 0.5460 0.8757 0.7793 0.8255 0.8091 0.8613 0.8931 0.9118 0.8789
SCN 0.8144 0.8209 0.5958 0.8698 0.7665 0.8678 0.8941 0.8468 0.8711 0.9296 0.8951
MN 0.7795 0.8107 0.6732 0.8683 0.7295 0.7336 0.7452 0.8534 0.8264 0.7734 0.8375
HFN 0.8729 0.8694 0.7318 0.9075 0.8811 0.8864 0.8945 0.9182 0.9156 0.9253 0.9225
IN 0.6732 0.6907 0.5345 0.8327 0.6471 0.0650 0.7235 0.8806 0.7719 0.8298 0.7919
QN 0.8531 0.8589 0.5857 0.7970 0.8270 0.8160 0.8800 0.8880 0.8726 0.8731 0.8500
TID 2008 GB 0.9544 0.9563 0.8559 0.9540 0.9330 0.9196 0.9600 0.9409 0.9472 0.9529  0.9501
DEN 0.9530 0.9582 0.7973 09161 0.9286 0.9433 0.9725 0.9400 0.9618 0.9693 0.9488
JPEG 0.9252 0.9322 0.8180 0.9168 0.9174 0.9275 0.9393 0.9385 0.9294 0.9616 0.9416
JP2K 0.9625 0.9700 0.9437 09709 0.9515 0.9707 0.9758 0.9488 0.9780 0.9848 0.9825
JGTE 0.8678 0.8681 0.7909 0.8585 0.8055 0.8661 0.8790 0.8503 0.8756 0.9160 0.8766
J2TE 0.8577 0.8606 0.7301 0.8501 0.7909 0.8394 0.8936 0.8592 0.8555 0.8942 0.8947
NEPN 0.7107 0.7377 0.8418 0.7619 0.5716 0.8287 0.7386 0.7274 0.7514 0.7699 0.7094
Block  0.8462 0.7546 0.6770 0.8324 0.1926 0.7970 0.8862 0.6258 0.8464 0.6295 0.4698
MS 0.7231 0.7336 0.4250 0.5096 0.3715 0.5163 0.7190 0.4178 0.6554 0.6714  0.4810
CTC 0.5246 0.6381 0.1713 0.8188 0.4239 0.2723 0.6691 0.5823 0.6510 0.6557 0.6348
AGWN 0.8974 0.9471 0.8431 0.9575 0.9241 0.9541 0.9440 0.9441  0.9359 0.9636 0.9647
JPEG 0.9546 0.9634 0.9412 0.9705 0.9036 0.9615 0.9632 0.9502 0.9664 0.9618  0.9548
JP2K 0.9606 0.9683 0.9252  0.9672 0.9480 0.9752 0.9648 0.9643 0.9704 0.9694 0.9750
CSIQ AGPN  0.8922 0.9331 0.8261 0.9511 0.9084 0.9570 0.9387 0.9357 0.9370 0.9638 0.9607
GB 0.9609 0.9711 0.9527 0.9745 0.9446 0.9602 0.9589 0.9634 0.9729 0.9679 0.9758
GCD 0.7922 0.9526 0.4873 0.9345 0.8700 0.9207 0.9354 0.9527 0.9438 0.9504 0.9485
JP2K 0.9614 0.9627 0.9113 0.9696 0.9551 0.9676 0.9700 0.9323 0.9724 0.9604 0.9645
JPEG 0.9764 0.9815 0.9468 0.9846 0.9657 0.9764 0.9778 0.9584 0.9840 0.9761 0.9759
AGWN  0.9694 0.9733 0.9382 0.9858 0.9785 0.9844 0.9774 0.9799 0.9716 0.9835 0.9868
LIVE GB 0.9517 0.9542 0.9584 0.9728 0.9413 0.9465 0.9518 0.9066 0.9708 0.9527 0.9622
FF 0.9556 0.9471 0.9629 0.9650 0.9027 0.9569 0.9402 0.9237  0.9519 0.9430 0.9418
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Table 9  Time cost of 11 IQA indices

IQA index Time cost (ms)
SSIM 17.3
MS-SSIM 71.2
IFC 538.0
VIF 546.4
VSNR 23.9
MAD 702.3
GSM 17.7
RFSM 49.8
FSIMc 142.5
VSI 105.2
MFS 140.7

BE— P IR TORE 25 RS AL ST 5 AR AL i
AL (10 32 Bhe SRS R Bt v P 46 VP A (K0 R 1, LA
RAEVN R BAE S 4 1) A 203 I ok AURR IE
AL Jm DR RF 3R SR SR e A R A
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