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A Statistical Measure for Blind Image Quality Assessment
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( Department of Electronic Engineering , Fudan University , Shanghai 200433, China )
Abstract: A statistical measure for blind image quality assessment (IQA) is proposed. The wavelet coefficients’ distribution

parameters of the distorted images are blind estimated based on the natural scene statistics and the image distortion model ; the mutual
information between the distorted and the corresponding reference images is further calculated from the estimated distribution param-
eters. The quantified information fidelity is regarded as an efficient image quality assessment criterion. The proposed statistical mea-
sure in this paper does not require any prior information of the reference image and avoids the feature selection, feature extraction
and machine learning processes required by existing blind image quality assessment methods. Evaluated on the LIVE IQA database,
it is demonstrated that the proposed statistical measure corresponds well with the subjective human evaluations and outperforms the
state-of-art blind IQA algorithms.

Key words:
Gaussian scale mixture (GSM) model

blind image quality assessment; mutual information; information fidelity; natural scene statistics (NSS) model;

1 3% S E) TR AR SR 9 A B A

Fefit—Rr Bk .

TEEIR AR 4 A7 A% i A0 B A v, A
SRR BRI K A AN R JE BRI [ 21 1 2k L, 3%
S FORE S EURNGRE Y 73R [ Anferxl G B
TR 9 2 Al L 28 B PR 15 Ak e — A
Pk A2

FIR T /Y EXMWME?E S H A Bt — A
A 38 s IR 25 R S L PR i Al —
BURER . BT BRSO B A Tk B R 2 S %
PEAG TR DA AR A S 5 P4l Jr i Tk BG4k
T, BREEVFZ N6 b AR R XRS5 VA Ty
HEUKB T — 0 2% (5 ) 581 WA 5 O 24T ]

Wk A :2013-03-22; 4 1 B 1 - 2013-12-08 s SEAT 4 - 22 3 4
HEWH E K AR A4 (No.61171127)

AR, BT BRI 558 1T (Natural Scene Statistics,
NSS)#ERIREF ik B AR B b 5 WA TR Gtk e,
DRI M2 3 1 RO 222 B T F 5100 Sk (11 )4
T T NSS B Y 4 2 2 KR B VAL
——IFC(Information Fidelity Criterion) . IFC J5 3 R 4 NSS
BRGS0 22 KR 5 2R BRI /N R B S A
WA ER R EEAR BRGNS HEBR
PRECEE , DTS B0 G 5T i () PFAly . SCHRL 3 1% IRC 358
PAbAT Tk, 3 H T VIF(Visual Information Fidelity) J7
W R HATERE R L 22 % 0k 1 ek 12] 48
Y —FhEE T NSS BRI 2 S VAl Uy vk % O vkl



1420 H +

2 2014 4§

TR LR X 0 UH — A A2 4 2R 5001 i o0 A 54U
AT AT Z A B K-L R, SR PRk ELE RS I ih
FUR ALY . 2R, b i S i 75 36 AR T 2 % 1]
R R X BhEORAE — L8 S PR R AN B Y

FESCHRLS,6 ] H 135 20 Bl 52 T P A 2L T NSS
T PG AL 30k, RIS T — 2o dk Ay AL
2R AR X PR PFAG D5 i AR 5O T il HL
SRR e BRI Pl a2

ARTCHR T — AN 14 PR D DAl A S8
JBE N B ¥ e R B AR B R GE itk S R AR FORE
T SRS BUXT G/ IN e 2 B o A 2 800 A, P A
AT ZHORIH R R K KB S Z 5 BR8] 1 |
5L, PR AL SR RO 225 PR 10 R 3 i 52 B
X PGB B A . AR SCHRE A 0 8 5l 9 T X 2 2% T
B, g ik 7 BUAT R B 5 P0G X AR 2L £
SR PR ) S R A O

2 BEAMSsFITERE

NSS FAL X B ARG S ST SR, Bk T
H R MR R Ge ik R B FLSRE R G oA B 1 1%
WAL

AR NSS LR B S8 1M BT, H AR R /N 728 8 &
B o WIS UG HE AR o0 A, AT LU i i ROER &
(Gaussian Scale Mixture, GSM ) F{) 43 15 A5 B 3k 47 44
RSP Al UFIR N ¢ = su, HHP, s WAL R BT
2E7AC I BEALIREL , uw A FIE 72578 oo W RERL
AR RGN R B ¢ T s IRNEIE 5 22 Hh s°0)
(TR oA, HE AR SR BRI p iy (el 5) Rt 101

2
p(0|.\.>(c|s)=«/#%exp{—2scz7l} (1)
38 EBINE RS B BRI R AL E R S T 1)
) 2R B Z IBIAFAE— 5 AR DG . PRI, 5 S0 /N AR 8
ARIBRAEAT AR, DT B 58 45 3t i 3R /N I R B 8 1
JiEAC/MERE e AP REM R K cERY, M
HABB RN
[FFEHE, 4R35 5 ¢ WHIRM GSM 4375, ¢ = su,
Hor u AFE D7 250 R C, M m B E &, s
R FRAELR IR By T 228k i B HLIR &L €, ik T &
Khe it 5 B R B A B, RAGR R i ¢
E‘J%%#H%%ﬁ*ﬁl%ﬁp(cm(c | s)j'ﬂ[g'm

1 c'Crle
P(e\x)(0|5) = (2m)"2| §2C |1/2exp{ T2 } (2)

BRI ) /N R BRSO /N B M AB /N
FBL s AERXADARIMANRFFAAL, 0] LI s B —
AN E S H R B, QBRI ¢ X R AY R s BT L

TEXF per, (el s) BRI 521, Bp)

§=arngaXPc|s(C|s) (3)
iLC, € R VI RREAH 43 i €, = QAQT, Hith Q =
(g1 g2, qul o C, WIRFIER 5 | g, {2 HG I R I
A = diag( X150, A ) A C, BPRFIEAE 1 2, 1L A8 I
PR R AN RS TR Ef 5™ = 1, s I ERRISA AL
EE Y

c'Cle
2s% }
= c'Cle/M=y c"Cile/M (4)
HRARE /N R B GSM a3 A il ik, A AR R /N i &
BSG X R TR HAE R d = o/s RS oA 55 4
1 3 & FR A X 43 I3 — 4k 7% 4t ( Divisive Normalization
Transformation, DNT) , A\ DNT i3 215 2| i BEAL 2 & d #%
PRl DNT 25510

3 BWHHRSEITNE

3.1 REERBNERHESR

e G 5 PEAG TR AR AR, — A R0 2k LR TR
SEERR T IR R B R32 B 2k ELAOCR , T AR TIE
DA 2 SR 5 AR SCHR L3, 10 TR 23 B, R 20
R FUHRAT L3 Ao e /N e AR R AT S
M PR AT R R AR . 10 R L R /N B R B4R 4k
KEN y, BEENIISE KR BN R BB &
Z IR RRUE

y=gc+n=gu+n (5)

Horp At g JE R FLEIG /NI R BRI 275 K 1R
(RPN (B W J5 2256 B ool 114
BN o o7, R T 2%, 1 .

PIIL, SBIR R E y 6 F s 5Jmalail g \ Jm #B M S
Ji%% oo MONFEE W7 250y &7 s'Cu + o] 175
Wi oA, AR AEBER A SR AL pyi e (3 1 g5, 00) M
Py\gs,af,(J"gS’U%l)

_ 1 o {_yT(gzszCuMil)"y}
2m) "1 28C, + 21127 2

s =arg mgxlnpc“(cls) = arg nl}n{M In s+

(6)
IR FES N RPN Elgs* =1, H
AT NS )7 2508 0% A
C,=Elgs*Co+ 0% I=C,+ 3% 1 (7)
Uk, €, WHRHEE M EN C, = Q(A + 0%, 1) 0",
FRAEAE A 10D A A = A + 05 0L
3.2 BEBHgITE
SRR SR BEGES T AR 5, f]
DU o Z R AR Bk Bk BRI X &%



07 M #

T TR P45 055 1421

BIZ g B 1

WCBHEMGRI N /N R BRI R B AR
C'=lci,cr e, REEEGH SN =[s1,80,,sy],
XFREE) N AR EEUGR /N RO RS Y = [y,
Yo,y ). YN H OV ZRETF SN MEFE RN I(CY, VY
| SV) . MR/ IN R B Y A S B A

N N
1Y, YY1 8Y) = 2 2 0(e,y 1 €71 Y, SY)

i=1 j=1

N
= ZI(Ci,yi | Ci_l,lfi_l,SN>
i=1

= Zl(cszi | si) (3)
o N BB RS C = ey, 00,

y-'= [J’I’J’z""’yj‘-l]-
ORI S 2w s i AR P T 25 C,,

WSEHOMA S In(2e | C, 1), BB LI 15/ R M

KAy SRS G/ N R BR R ¢ Z B EAE
BI(e,yls)H
gzsm)

M
I(c,yls):h(yls)—h(ylc,s):%Zln(1+g—2
k=1 n

(9)

’ci—l]a

Hodr h () FRAE S U .
Hit, cV 5y Z R BN

N
1C", Y 1 8Y) = D I(e;,yi 1 's)
i=1

N

! M ZZA
%ZZ ln( | 4 EE A '”‘) (10)

i=1 k=1 n,i

Hp ob FonREEG RS AN REAR P
A M P 7 2%

IFC 77 3 3 RS/ N R BT AT R i
APEAF R B ITE T 10 BAE B AAE N R BB
X% EURBAR FLEEAG TT ABGREES j A/ MEFA N N,
MR SHFREB SR BEEG S, LX S RE O R
BRI AR R A CN 5 Y R TR B A
SN, TFC I s 2 K

IFC= Z JE subbands

Hrft, 20 FORA A TSR T LA

IFC J7 ¥ MR 2 (7) 5 TR s AT e K AR A 3T,
I FHLPE A7 2 AR AR e A i ¢ 5 R 0 g 0
MR 72 02 BIE b TRC J7 k0 6 22 2L MR 1 VAl
LEPONTETETT AR R HER 5 2% BIRFER
AT, T HATA 255 0.

R T TRC J7 i, AR SCAr 230 7 s B 00 DA 2 0
P91/ 1N ZR B V43 AR 9 2 50, TG, 1FC. D

I1(CY,Y%sY) (11)

P22 UG AR, SBUN PG T R PR
3.3 REEGSHSHEHITAE
AR = (13) H3R 1 /N e R B8R 3 2k 2 1) B A B
L, AW g5 BMOE— M ER I 2= g5, A
y=gsu+n=zu+n (12)
BUE, ARG R BRI /N R BRI R = y B
YEJ&—A~ GSM 43 5 = Jr W 75 19 &, ELZ BLIF GSM
IYARREL 2 53 A ©.(2) 5 @, () FEAHMIE, AT 5
H AR R /INE R BB X o0 FE oK Uiy S6 TR
2 SRR 25 6% IS AR R A A R A
exp{ _ y'(2(c, - a%,;I) +o20) ’ly}
0)"2| 2(C, - o) D)+ |
(13)
P, FRATTT B AT (1 R L G TR 2, & R s Jr
% o2 SRRy 2 0% R IR 43 B G s R
R E AT
3.3.1 X5 z Wyfhit
iy M R o, B2

(y-E(y)'C;' (y-E(y)) =

pylz,zrz”(y l Z’gi) =

My, = yTCy' ly
(14)

o, /Nl R BUR AT R IE R, B

E(y)=0.

Elzilt = Ely"Cylyl

E{Z inqkq{v}

k=1 Myk

M

> %ﬂthE%nyqu (15)

k=1

WA y RTAH 2 5 RN Tr 22 o, W28 PR A
PR A
El(y-y)(y-y"

=2C,+ 5l = Z [(ZAg+0n)qugrt  (16)
Hy ARy M.
4548 FAUSRER | g, 1)L O IESSHE A
ElR] -37C)Yy
. .:W M (17)

:zz{M—(gi)ai,g} + (;t)az

¥

5, AR y BTG R By = 2+ n
o2 SHANE TN RE % 02, N

2 _ 22 2
y=zo,to, (18)
2 _ 2 2
o‘).’g—o‘u+6n’g

Horb,ob hu W7 2.
B, BB 2 5 Elod LR R A



1422 H +

2 2014 4§

. _ M 1
Elart - y'Clly - (Z,kzl )T)a_%
vk
w1,
M - (Zkzl ,‘w)a}wg

KA THEPLAE 7 - 548K =y i S R
B on, ZIA DG AR L AL, FeATT AT L) & B AR L R /N ik
B AT R B JE ] D AR IR Y D ER I
fliit155).
3.3.2 fEtRERE

[FIRE, FAT T Al 12 MR /N i R A N Y
RRMEE T2 o), SRR TS 2% o0

A RN RBIAGTTHE 2 Z )5, DNT ZECh

(19)

d="= wt (20)
R, B~ ZECFHF N DNT REUTT 25 03, A
0h =00t E{é}o‘zg (21)
LA N TR RN o AT
=i - B @)
or=0g -2~ ah

3.4 EFERSITE
FEARBIREL o, BRI 25 0% 5 R 5 Ty 2
o BETHEZ G, RI1E O 5YY 2T S WEEEN

N

1CCY, YIS = > I(e;,y,1s)

i=1

Noou 2 2
=% ZZ ln{1+ zi(’l;’;;f’“ )} (23)

[FIRE , FRATT AT LAXS A4S /N i 7 81 1153 4B del ok
HEGWEGELR  BIA TN EE LW AENRE
KIG X 2 R R L AG T
4 BiERETTAL

TRATH A LIVE B % 5 2 R4 B 22 30 A
SCHE R AN EE R RE . LIVE 0408 A 3 982 i (8144, v
779 gy Rk MR X L E R 29 1E S % G0 o
JPEG JPEG2000 1 M | e ST RO 115 3 PRk 5 71X T
Tk B 7 AEAS R 2 B A3 2. B 2 bk 45
TR A GO LAY SR LAl 23 % (DMOS) , DMOS #9378
FEJ2[0,100], DMOS = 0 fU R E R Ik K .

FExF MG A TS DMOS BEAT AR LR [l A 484
ZJG AT LA 5 = AN ZOULPE M 48 b ok a8 i UL IENR 5T
SEPEAE DN EE 55 L5 i A 45 R 1 — Btk (1) et Al
% %X (Linear Correlation Coefficient, LCC) , B i A T 14
THAMERR T , FLAE AR T | R A T HEaf M B e 5 (2)
¥ J5 R i% 2% (Root Mean Squared Error, RMSE) , Ho{H /)N

FRAh T34 5 iR 22 870N 5 (3) Spearman & AH ¢ & £
(Spearman’ s Rank Ordered Correlation Coefficient, SROCC) ,
BT FRRYE B EEE T 1 R TR R
AL

e T A SRR ) B — e At RS
P AL PERE LL AR . NP AT LA, A SO i
AT LAZE 5 IR 05 43— BOME 5 1 DAl 45
JF HSARPERROL T H RT3 AT T R0 09 B A 0 1B PP AG B i
DIIVINE ®. DIIVINE #5 32 i J5 4 10 A% M SCRR [15] B F
B, TAEREAS LIVE B 2 B I ZRas R A
I BE FEANZ DIIVINE —FE7F 2252 % I RRAE $2 B 2
bR T BRI A A BE i IRl ), X 22500k 2k
SRS T AL 45 R OL T DIVINE 553
x1 AEWEGREBTFMEEEE LIVE HIEE EHHEEEL R,

DIVINEA B Wb E %, Hitt A &S HFEEE

UVE | K | pEG | pgt | | BT
B | VR | M4
LRPEMC R B (LCC)

PSNR | 0.8823 | 0.8488 | 0.9825 | 0.8096 | 0.9104 | 0.8313
SSIM™! | 0.9440 | 0.9247 | 0.9737 | 0.8884 | 0.9476 | 0.8729
IFC™ | 0.9031 | 0.9037 | 0.9609 | 0.9595 | 0.9685 | 0.9122

DIIVINE | 0.9022 | 0.7783 | 0.9209 | 0.8418 | 0.8506 | 0.8138
ARSCIMEE | 0.8991 | 0.7868 | 0.9088 | 0.9211 | 0.9070 | 0.8503
Y7 R 25 (RMSE)
PSNR | 7.6237 | 8.4537 | 2.9719 | 9.2292 | 6.8412 | 8.9505
SSIM | 5.3449 | 6.0878 | 3.6394 | 7.2174 | 5.2522 | 7.8572
IFC 6.9600 | 6.8458 | 4.4235 | 4.1302 | 4.0985 | 6.6016
DIIVINE | 6.9843 |10.2924 | 4.1480 | 4.3038 | 8.6501 | 9.8594
ARSCIE | 7.1242 | 10.0381 | 5.3127 | 4.2136 | 6.6982 | 8.8625
Spearman Bk AHIE R EL(SROCC)
PSNR | 0.9073 | 0.8504 | 0.9859 | 0.8136 | 0.9084 | 0.8300
SSIM | 0.8468 | 0.8279 | 0.9100 | 0.9407 | 0.9361 | 0.8587
IFC 0.8924 | 0.8637 | 0.9382 | 0.9571 | 0.9619 | 0.9126
DIIVINE | 0.9025 | 0.7525 | 0.9078 | 0.9184 | 0.8592 | 0.8134
ARSCMEE | 0.8917 | 0.7406 | 0.8867 | 0.9463 | 0.9040 | 0.8424
5 &g

AT, AR T — MR Y [ B R E AL S
THIMEE 20 BE B SR A AR MR Geit vk S R R
FUGERY SRAG TR /N B R K0 23 A 280, R TG 3
M3 RO R HIER 5 2% R A BLAE B, AT
AR GO 275 UG 0 R LR, LA S BN PR S5
PG



07 M #

UL — AN EURBRE PP I eI 1423

AR I SEE AN TG BAR AT R R KR I 275 B
JelfE B T 2 MR R O A Rk B
MR FAIE Ve£F -5 S B BL AR > 45 . LIVE B0l X A
SCINFE P56 UE 2 W« 5 1 A 5 PPl G T I0 E  P 5
SPPAGAE R 5 B PR Y AL 45 R 2, BB
PR BT SR i B PP I

S& 30k

[1] Sheikh H R, Sabir M F, Bovik A C. A statistical evaluation of
recent full reference image quality assessment algorithms[J].
IEEE Transactions on Image Processing,2006,15(11) :3440 -
3451.

[2] Wang Z. Applications of objective image quality assessment
methods[ J] . IEEE Signal Processing Magazine,2011,28(6) :
137 - 142.

[3] Sheikh H R, Bovik A C.Image information and visual quality
[J].IEEE Transactions on Image Processing,2006,15(2) :430
— 444,

[4] Wang Z,Bovik A C, Sheikh H R, Simoncelli E P.Image quali-
ty assessment: from error measurement to structural similarity
[J].IEEE Transactions on Image Processing,2006, 13(4) : 600
-612.

[5] Saad M A, Bovik A C, Charrier C.DCT statistics model-based
blind image quality assessment[ A]. 18th International Confer-
ence on Image Processing[ C]. USA: IEEE,2011.3093 - 3096.

[6] Moorthy A K,Bovik A C.Blind image quality assessment: from
natural scene statistics to perceptual quality[J] . IEEE Transac-
tions on Image Processing,2011,20(12) :3350 — 3363.

[7] Mittal A, Muralidhar G S, Ghosh J, et al. Blind image quality
assessment without human training using latent quality factors
[J].IEEE Signal Processing Letters,2012,19(2):75 - 78.

[8] Gabarda S, Cristobal G. Blind image quality assessment through
anisotropy[ J] . Journal of the Optical Society of America A,
2007,24(12) :B42 — B51.

[9] Wainwright M J, Simoncelli E P. Scale mixtures of Gaussians
and the statistics of natural images[A] . Neural Information Pro-
cessing Systems Foundation (NIPS) [ C]. Denver: MIT Press,
1999.855 - 861.

[10] Portilla J, Strela V, Wainwright M J, Simoncelli E P. Image
denoising using scale mixture of Gaussians in the wavelet do-
main[ J]. IEEE Transactions on Image Processing, 2003, 12
(11):1338 — 1351.

[11] Sheikh H R, Bovik A C, De Veciana G. An information
fildelity criterion for image quality assessment using natural
scene statistics[ J | . IEEE Transactions on Image Processing,
2005,14(12) :2117 - 2128.

[12] Li Q, Wang Z. Reduced-reference image quality assessment
using divisive normalization-based image representation[J].
IEEE Journal of Selected Topics in Signal Processing,2009,3
(2):202 - 211.

[13] Moorthy A K, Bovik A C. Statistics of natural image distor-

tions| A] . IEEE International Conference on Acoustics Speech
and Signal Processing[ C] . USA:IEEE,2010.962 — 965.

[14] Sheikh H R, Wang Z,Bovik A C,Cormack L K.LIVE Image
Quality Assessment Database Release 2 [ OL ]. http://live.
ece. utexas . edu/research/quality ,2011-12-20.

[15] Moorthy A K,Bovik A C. Distortion Identification-based im-
age Verity and Integrity Evaluation (DIIVINE) Index[OL].
http: //live. ece. utexas. edu/research/quality/index. htm,
2012-02-16.

EEEN

B OMT Z.1988 4F 8 A tE TR
N .2010 4EASRL 2013 AFA0 -+ He ol T 42 H R 2FH
TR, IR NG EFE 5 A3 G
KA.
E-mail : 10210720031 @ fudan. edu. cn

SREERR U3 .1962 AP A T A e Iml L B
) R BRI R ER A 0, IEEE
O EBAR, EERURA 5 R A e KA
G B R IR s RE 15 P A RO
E-mail : jgzhang01 @ fudan. edu. cn





