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Quality assessment of stereoscopic images
based on the significance of perceptual vision

JIANG Feng, GUO Meisi, LIU Shaohui, ZHAO Debin
(Department of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract ; The visual psychological and physiological factors are crucial for the assessment on image quality. There
are many visual, psychological and physiological calculation models used to support the assessment of image quality,
however, how to analyze the intrinsic relations among various isolated methods and further effectively coordinate them
in the task of image quality assessment is the key to making the assessment results more conform to subjective assess-
ment of human. The definition and formalization of visual attention areas as saliency in the early vision period and
poor-quality area for vision transformation periods were examined from an image quality angle. Simultaneously, the
property of perceptual redundancy of human eyes, JND(just noticeable distortion) perception redundancy model, and
vision perception model PVSSIM of image equality assessment will be examined. Based on the research findings, fea-
sibility of vision perception methods are verified using a two-dimensional image database study through the introduc-
tion of image stereoscopic. The experimental results confirm that, in comparison with traditional methods, the raised
objective assessment method sufficiently considers the coordination of various psychological and physiological factors
in the task of image quality assessment, it is more relevant to the subjective image quality assessment of human. In
the stereoscopic image database, the assessment method may properly coincide with the subjective assessment, the
expectable effect is realized.

Keywords ;image quality assessment; stereoscopic image; just noticeable distortion(JND) ; visual psychology; physiological
model; perceptual vision
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SERHRBIE R R R AR BRI
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FRET 2D WA ARA 3D 15 B LK EE T
#1358 3 FRET 3D ST KBS R E T

DE1FAREBTFNH T ENEBERETEFHW
2D R EIFH kPR 3D BB R&. 4Rk, 2D
1% 5 & 3% 4y 77 3 £ B A PSNR, MSE, SSIM™ |
MSSIM®) | P-SSIM'? | ITWSSIM™® | VASSIM™ 22, You
a0 B gl BRI — o7 35 B 3 57 0 B 45 PR A
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Fig.1 The framework of image quality assessment based

on the significance of perceptual vision
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HART IR, X X LR R o 8T
EIMHNEEENRXE, B URAREBRNER
B REA I X, B, AKX 2 A5 T R
P BB X X TA F B X EOR3L, WEE TR
PR RAS [E] B, XA [ B X3 Sk A [E] B9 AUE , 28
Ja T B AL % SN A B VPM (vision perception mod-
el). ZET RGN B Z KRR 21T HESR i E
1 7R,

2.1 BHETHR

BB ERATTREERE TREX HEFZER
FEZ RN T . 75 IND 48 i 5 7 04 T FR B ME
P, BRI R A AR A R 2850 A B 5 SR T M X
A ERE, AT REEE R BB R K .

RGN AR A IR, i SRR
FAE7E IND (o] WA TRR BIE P, W Fr T R
BEREBUESFZEGIEREE; TN, FF0E R
B EESH N I8 4> IND f{E. AR K
Ras i IND #E | B R

1) FIFR BT RS H R I IND {H S,

2) FIF IND RSk RER. InRIRHE G
O(x,y) MR EER D(x,y) KIZEETIRBERN,
M D(x,y) =0(x,y) ; BN, RERKRHEREEE
IR BME :

D(x,y) = D(x,y) = Spa(=,y).
MRBRREGRBRERTRRERGERE, KR
B 15 R AR I BR A

D(x,y) = D(x,y) + Spa(x,y).

ASCH 25 H] IND BEI R 48 B BB AN TUR Y
LT RR EE, 0=k (1)

Sia = max {f, (b, (x,y) ,m(%,5)) .£,(b,(x,y)) 1.
(1)

K A1 (b (w,5) ,mg(x,9)) M £, (b, (x,5) ) o AR

A T2 1B) 8 5 A5 X LU B R4, T, (B, (2, 9)

my(%,y)) EXA

fi(b(%,y) ,m(%,5)) =
m,(x,y) x a(b,(x,y)) +B(b,(x,y)).
K m, (2,9) BRER(x,y) £ 4 D70 EREAEL
BB I IMACEME, 10 (2)
m,(x,y) = max {| g(x,y) 1},

E=1,2,3,4
5

G = g2 Sp(x =3 +iy =3+ % Gli).
(2)
et G, (i,7) 2K WGB3 U 058, D 2
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Fig.2 The high-pass filters in 4 directions
i (b, (x,y) ) Fl B(b,(x,y) ) BESCA:
a(b,(x,y)) =b,(x,y) x0.0001 +0.115,
B(by(x,y)) =p - b,(x,y) x0.01,
5 5
bg(x,y) = 3%2 ZP(x -3 +i,y -3 +i) *B(i).

i=1 =1

Kb, (x,9) NP ERFTE, EL IR B L,
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Fig.3 The low-pass filter
RS, (b (2,9) ) PHRF IRRAE, 405K (3)
fZ(bg(xay) ) =

b, (x
1% [1 - (e

{'y x [b(x,y) =127] + &,b,(x,y) > 127.
(3)

+e],b,(x,y) <127;

2.2 HREEMHEE

MR E SR R E - RIER, T
RET BN XIS ARH N AT ZEN B XIEME
JRX IR AT R 4 AR KR BRR B
XS K IRAR B3% KIS RS X
B.BAREEXB ARSI A5, KX 4
ANER 43 XI5 BT A 5] B BUERTE B e
A (vision significance model, VSM).
2.2.1 BEHBEA

B XIS ERBER BT R IRBUL EBRHEREN
ZEH X3, VT LAARHE I RTE AR B AR SR SR AR
B BIEHILE , BE 15 B BB AR AR 4 BT AR
HoMmERES. AR ERESEXN L b A
IEE Y RS, WS bR SS TTRE 4 B2 B
BEFESY, R AE R G B E KR

W (x,y) A—HABR,A(u,0) f P(u,v) 53
FRZ T 18 B AR e S5 0 53 FAR S, X B R
L{u,v) R

Llu,v) = In(A(u,v)).

K A(u, ) BXIEPOE N —BIER, HY THE
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I SEIER 4. T A(u,0) BI85 A, (u,v) TTLAH
JRERUR AR ACu,v) KIFEIR
A(u,w) = h,(u,v) *L(u,v).
B b, (u,v) WIEGEFRXEANRK(4)
1 1 - 1
1|1 1 - 1

H (u,p) == (4)

1 1 - 1
Gk BIETIR R(u,0) A
R(u,v) = L(u,v) - A,(u,v).
IS TTARE R E BR BB AR 43, Bp &30
g ZEHEE AR R B ERS(x,y),
= (5):
S(x.y) = glx,y) *F " [exp(R(uv) +P(up))]’
(5)
AP :g(x,y) B— N RHIE B, B R EFIF
PHEBIFRRESR. BERRY T RIIARER
BRI 2 T R A, TR I LR
Tk, WETYERRE O(x,y) E XA

11 S . > T;
0(x,y) = {0 (x,7)

HAt.

AH:T=E(S(x,5)) x3.
2.2.2 K RERER

A ERN, 4 R BFNEFERE XS
RETR S| ARITER. ZEASCH , 45 TRIEHE X SR B E R
AETEAWHERT . 25 EBAKEE GRS
SSIM 15 i T &l SSIM_map 17 W/NBIKHET,
BB R fum (2,y) TEARL p% KIS LRI, B4R
ICAEGRS R, JED 1, B 0. K5l p% BIER
KEENER A, NEREFRE V(x,y) BN :

1 x e A;
V(.’X/',y) — {0’ fsslm( 1y) A;

HAth.

2.2.3 MEEZHEDY

4R UL B B R B B R R 40 4 AN
SRECEREBEXBNES REXIR NEBEX
B OURS R X8 A 2 B KIS SR 24 TR X8
B, FTTRAR R B RS R X I8, HAE
SCHRGAEZE X I, both importance map,BI map)

_ gl O0(x,y) =1,V(x,y) = 1;
B(z,y) = {0’ i

[F3E, % L O(x,y) HAVE BEXIRRASL AKX
B, W(x,y) AR S R XIREA B X, #2134
R IR BIR T AR AUE, O(x,y) FEUE r, =
1, W(x,y) FBUYE r, 21,B(x,y) BIBUEr, =1.

R4 A [F] X 38 T A 5] B9 AU, BUE 8 I 45

(M1 2 4 000) LIS B 4793 48, TE B W0
BOR W 73 B 18] B A 56 AR BUE B R, i TS 3]
BRIER) 3 AMUE, B RE L E R X H 475 3
BUE. 4307 LIVE 038 P o 4l U 25 R B AN
ARKERER 150 IBEG 37

B A HT 4 AN RE _EE) ¢-SSIM. O-SSIM,
BI-SSIM 5 = Wil 2 6] A 50 R B9 BUR BTG H B
LB rar, o1y (B, HUNGRR SRR | B, Kl ss
REW B E X H S RSB LUR B2
RIREE (U4 R X BB AR .

®1 FAREEM ., B
Table 1 The r,r, and r, with different scales

B’OA REL1  RE2 RE3 RE4
-SSIM 28 5 3 1
6-SSIM 20 2 1 2
BI-SSIM 40 7 4 6

B, W0 B AR Oy

Vs(x,y) = {O(x,y) + gg y;'I’(x y) +

@(x ¥)
B(x. )B( y)}/3

K. 0(x,y) = %%@uy>wuy>-

MxN

MxNZ Z'I’(x ¥) ,B(x,y) ——Z ZB(x ¥).

2.3 BAUNRAE

BA R EEHUT 4 NMEBRER:

1) ESHEGMAERRITTE L SSIM i
e

2) BE NSRBI A L IND {H, EER 8
BRI, R R EXIE;

3) it B E XML RRERITTEREEER
PEAREL VS;

4 BEREDEZRE SSIM 5B RA N R E
U SR,

WM AREERE,M EBR S ,w; ﬁ%j l
REE B VS EfEsEA E  BfE IXET5 =1,2,-
M -1 5¢,%5 7 4~ RER) PVSSIM 5 an=X(6) :

z W;; xc(Xj,th,i) Xs(Xj,i 1Y;'i)

Foin() = — T — (6)

Yj=Mit,5 j A RER PVSSIM [ SLAn=(7)
. 1
vassim(]) = NJ z il(Xj,i ’Yj,i) X C(Xj,i ’Yj,i) X S(Xj,i ’Yj,i)'

(7)
j:EP:l(Xj,ian,i)\C(Xj,iay;',i)ﬂ] S(Xj,ian,i)ﬁfIIJ/ug
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SSIM ) 3 4~ &. B Ja iy PVSSIM € 3
vassim = 1:[1 (vassim(j) )Bi

A B RE B BBUESCERI6] F i 2 RE
SSIM fR¥F—&, RE M =5.
2.4 ZWER

AR B LR g PR R 5= 982 JRRIR 1
B LIVE Bl ™ . SR es 5 MR EER, |}
F JPEG FE48 Bl A 233 1, JPEG2000 45 BB A
227 W&, AR RIEMGA 174 18, R B SE
174 g, REBICHEBA 174 08, 38F 203 1BEE
REFZEBITRERR.

ASCEE A 4 T IQA T B BB B T A5 A e
PLCC.SRCC.KRCC .RMSE ki &2 s, 3+
BT WAT R B IEAN 7735 Hg. ZEVF I o, — 8¢
HFE9 % WLV 4 75 35 B %R B R B9 PLCC, SRCC,
KRCC FIE iKY RMSE. 3% 2 I RAM B R T 4
BIRA R &S F R IFH 77578 LIVE B
BEAEE R TER.

x2 ERBGRETNFEE LIVE EEREEE
Table 2 Comparison of the objective stereoscopic images

assessment methods in LIVE

woR PLCC SRCC KRCC RMSE
SSIM™! 0.902 0.911 0.732 11.801
MSSSIM'®  0.940 0.951 0.804 9.312
P-ssIMT!  0.937 0.946 0.796 9.537
IWSSIM!®!  0.943 0.957 0.818 9.137
VASSIM!®!  0.948 0.957 0.817 8.668
PVSSIM  0.949 0.958 0.818 8.584

B4 @7 T PVSSIM J7#k7E LIVE ¥ L HY
HAE, 88— RE—EEGR. TS
BT LA H, BT B R 7 kA5 AR B
e, 5 WY A

1.0 *+ vy

-20 0 20 40 60 80 100 120
EMATE
El4 PVSSIM 7% LIVE E_FHE A
Fig.4 The scatters of PVSSIM in LIVE base
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HRH) ARt 5. B, 4308 3D BB R ¥4 4
R EVF RIS R EEA

LWE LR BRI, 2 88 WUIR 7™ A B9 PR
ZRBRMAT 4 LR daxt 2z B X S R BRAE
REREME, TR AR R AR
Z AR EE URSE D ANERANCIZE,
1B BE L H R R ST A PR 45 o Y S A DR Rt R XA
2. BEN (RARERE) R4 X257 BB T U
ERCTEBRE L, b T RGBSR RE RN
{8, W x5 K. S E R G IE S i,
B R4 3d 2 5 A 6 Fr.

(a) AR (b)

Bs sEIEK

Fig.5 The inference images

M6 HAPEE
Fig.6 The absolute parallax
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Fig.7 Images added noise in the si

ificant value area

(a) AR
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Fig.8 Images added noise in the small value area
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Fig.9 The framework of images quality assessment
3.2 SIHRRLEM
B ARIRZE, &R Ex 2R ER T E

SEREG S R EEA R A . B, BT AR B
xR ERIPO LR, AT B R E TR E
BBV T B ST, B LR B X AR B R
/RG22 RE. L 1R, RREKSHLE
BGX 2B R A B R, L, M1 R, 2 ARERE
SERE BT Z B R AR B R WS B BT 4
XtERE X, =1L, -R, |, REEGRI L3257 H
X, =1L, -R;|. REHSFERGEREMKEE G
R R R BRE WA R R, RIERATTR AN
PR SSIM Hp BEAT 37 A RE A, SRR
PROTEIHEZRANIE] 10 iR,

BRI Brtrg Raarg kg
Y A Y Y
B YA P LA R
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Y
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Fig.10 The framework of illusion depth assessment
3.3 MHEGRERYSRBLER
3.3.1 ZHhBEREHEL
Tulk EH LR G B 9228 ST AR B R AT, W
DURYE X SR B %15 B &Rk BB B &%, A
T 37 ST PRI 5% . %o IR0 382 4 4 o7 [ 45 o
114 R EALE . R M, =0 B RS JPEG,
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JPEG2000,3F 4 3 FpAIF KR EE . 5 = B .
Eif E R JPEG 3X 3 Fk EISEIH Matlab 4b2H 1
JPEG2000 FF)2 Kakadu #4440, iNE 11 fiw.
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Fig.11 The types of distortion

FES PR B, SR G a3 S 2B R R
B&, Hit, REM RN ZEE L REABERE,
ZRRERBEARE ERARNREABRRR. ERAR
KREABAKRER 4 iR, F EBERETHE
R BRABA AR R ERENER. BN T HE,
AX RN EERAREA R KERIRREEST T EWE
Y. LS RE B E—SEE 180 XTI, %A 180
A~ WA 15 i 2 2 R SRR SL AR R

T EREE R IR 4R , EUPEAT 0
AR IHAE A PO BB R IR AR
BLBRER", S-S HEAE TR E L TR
MXEFRIEL W HWEE , WIAH T ZHE IR
R4, IR 18 MM FE S T Wik, X sEAy
ATEUEH , FRAIA AN I B AP AR . o R
BRI HE 2 A T5 T - R 5 8 40 HOR S A
IrE. SERR FISURIBOP rdnie, IS B RGARE
REZEEANE 2 R, AR FIEREREHE
RS s, XHMA S RE LS B
&, PR 2 IE BORAS , BJE X 23U #1744
BN TR TR AR, R IR I E I
(B Fr i A B {F X AR A BIRE I EWER
3.3.2 ZHBEXR

B TR ST R B E WPEA 43 SR B A ST AR
RPN, X 53CER[11] Hrity PSNR J5 ek 2AH R Y, B
M, 53CER[11] 9 PSNR ik #E/ 7500 . R T

P ESR PRI LU R ANR 3 R, SR PP A v
TRPRHY LRGSR IR 4 BT ARG RTTLIA H,
AR H 2R BN TR A L R B PR RE R T
®3 REITMIEHRHER
Table 3 The results of quality assessment

B PLCC SRCC KRCC RMSE
PSNR!"! 0.935 0.915 0.750 3.92
PVSSIM  0.939 0.924 0.768 3.80
F4 AAEBIFMEEHER
Table 4 The results of stereoscopic assessment
B PLCC SRCC KRCC RMSE
PSNR!"! 0.897 0.859 0. 684 0.190
PVSSIM  0.914 0.882 0.714 0.174

ARSCH B8 PO A E IR B o B RS B IR
12 iz , SRR B PP R 2 US54
B 13 fim. B— AR —IEER, R B
REFZE R AT ER H B E W AR EZX
BRI Z IR WX 2 P EURE AT AR H, A3
T7 AR BB 2 WL HOR 203 B U A il 2 B G
— &R, XS UA B AT ERINE

BIF 2 POk S B HE W54
1.0 - . e .-.-.
09¢t ) .. .-'.“ .,‘:"_jf"'- )
# 08 .
g
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FEMITEL
12 REFHAERRESERES

Fig.12 The scatters of quality assessment and subjec-
tive evaluation
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Fig.13 The scatters of illusion depth assessment and
subjective evaluation
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R ASCHR I T 2T BRI 59 52 1 18 18 R 8 VR4
T7 ¥k AL R ER T B P4 3 Do B WA RIS A
PRYY 2 B ZERE AT , R T R TR
2D B1GRETANTTIE B SL R E BT 2 A B R 4
IV , BRI EAE BRI F WUR B 8. 7E57
WO P B SRR RS T &
TR L2 B %o 22 5 B R S R R LR B AR B
T E A ST R B R XS B2 28 R R 4 3o 22 S R R
HEBREXZFE, FREX 2 245 2 57 B R
Yrar k. B 7E S R G 0 B EEATIRE , 2R
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