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Perceptual Model Based on GLCM Combined with Depth
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Abstract Just Noticeable Distortion (JND) model is a kind of perceptual model, which is one of the most effective
methods to remove the visual redundancy in image/video compression. Because the calculation of the contrast masking
effect (CM) is not perfect and the consideration of depth information is not accurate in the existing JND model, this pa-
per proposed a JND model combined with depth based on gray level co-occurrence matrix (GLCM). Firstly, the image is
decomposed into the edge part and the texture part by the total variance(TV) method, the edge part is processed by
Canny operator and the texture part is processed by GLCM. A more accurate CM model is formed by incorporating
above two parts. Further,a new JND model based on gray-level co-occurrence Matrix is established by combining the
background brightness masking effect. Besides, based on the human depth perception,a novel depth weighting model is
proposed. Finally,a new perceptual model combined with depth based on GLCM is established. The experimental results
show that the proposed model is more consistent with the human visual perception. Comparing with the existing JND
model, the proposed model can tolerate more distortion and has much better perceptual quality.

Keywords Just noticeable distortion model, Image decomposition, Gray-level co-occurrence matrix (GLCM) , Contrast

masking model, Depth information

_— AN R — R RS, R 48 RO 5 (R R s

el %L ARAFTE — AR ER A, RN X A B E . A

1% 25 1 1l PR A0 s e g A 5B 0 2 () s TT A% A ) MR A RE 46 o8 31 S A5 5 MRUIR S 5 M 22 5% . 2B E LR AR

TUAR VA B Ge T TUARIEAT R 48 2 0% o (HLAR /D 2% o AR AL 58 R 43¢ M IND . B FaR TG h s TC AR B TND #8875 4k

REVE L DRI R 3 R T AR B BT BRE . E B AR HHOAHR 9 0L 52 TUAR J5 TR .35, IR ™ 32 B T RS
HLGE ARV S 1 22 F 50 & LLG B2 R AR 32 D il 4 s 1 AR CIET R € Y NS RSN STy T8

IR AL, 4f T %2 58 2k E (Just Noticeable Distortion, JND) IND AR — B 73 S0 P R 2 < 2 TR e sk i JND 458 72 1

il

F RS H 1 .2018-07-11 &1 H I .2018-09-21 AR SCZ G IRFL 2 Gy QoE B E N Ay T A 30T Y 3D AR ML 1 2 BT T 5 (61671283)

5 SRBE 0 4 1] 10 955 T /R VR T B JER A 3D WA R o 2 1 S 5 B R F SR (61301113) ¥ B,

e 5L A T AT U AR /R R AR A % AR 4 A L E-mail : 1639998780@qq. com; EkF &L ML @I # L CCF &5, FE
BF5E 45 R 2 BE AL AE AL 33D AR 4 5 55 B &, E-mail: yiw @ shu. edu. en GEE/EE ) BEMSE Lo, W+ A=, 35 5 0F 7% 40048y BAGR /00 49 1=

WAl R F L EE. FEMR AN 3D MRS S EE Ot min S EE,



53

WF S A5l R R R T R S A R ) SRR A R 93

TARRB IND RS, S 45 hl TND £ A=K 4 18 R 7E %
3 1) P ke A ST A AR AL, H O A A8 R A /N I BRI DCT
B ARCER VBB FE N IND #EA8, {R R IND £ &
T AR AR 3R A8 e 1 ke e S I B R L 2 2 JECTY BT R
AR AX LR 5 AN . T R HE T AN R AR A
RGN A (08 5 58 B2 v 5 B 00 A W] SRR BE . X LU 3 5 AR
Jo7 S0 SR R N S BE FR G Th — B B RS TE 55— L SE Sy A
TEMAEOC T AT M T R T I 4 AL 48 S B o (1l SO i
B X LY HE 35 ) R 2 M 5l 3 Sl R 0 LU )

Chou %17 3 B 542 B2 48 o5 A% HL 8 25 200 Th i) £ 5
B TR R B MR K IND B8, Yang 5557 3% T 558 B
2 AU LU 2 ROV A AE (Y TS RN 3R N T 1 2 R 2
& i 4% A (Nonlinear Additively Masking Model, NAMM) ,
Liu S50 25 [T S LG8 55 4000, v 20 L 35 A e 1 A 3
W B0« 38 2o AR 43 i 1 J7 0 43 00 B 80 B 5 0 31 4 15 3
R 3 25 W 23 BEAS () 99 ASAEL K AR I A5 310 %68 L 8 =5 2000
Wu SEPVARE A 28 WL AE 2R S8 3 AR B0 R S N 2 R R Y R
P SIS H AN W 5E VR Ok B IE X P 3 2. R Silva
AT 5 T IR AR R N HR U AR 0 S 5 7 L A L

BARUL F AR T IND B8 1K BE  H 2 X L HE 35 2
VL0 T AT AN 4% e A B A T e 0 2 4 25 5800 19 TND [
{8 1R) I 8 38 78 43 25 B8R BE AR B 6 A IR AL 52 1) S o
PR AR SCHR T — Rl 5 R i T B A AR SR B 1 TND A
B, ST ASE T RS 1Y G S AT R O R O A A
S5 ¥ B 53 R S 43, XS5 HF 4r R A Canny 55 i 4T &b
B S 50 B 4 SR B B 3 A R BT AT b B, FH W 4 B
T A R A6 LU T T S SRS A5 G R B HE SR AN L T A
BT BE AR AL ; 5 5 A S — Rk BE A TND BERL, LA
I S 56 B I T 4R HE A TND B AT A N HR 4R

2 BMEREETREXAEEBRMEE

A SCHE B A TR B S R R S A A B AR N ] 1 T
Ro HA L TV-L1 RETF BAES BG4 w7 . EM bl %
BE.TM A HESE.CM A S LA AT R ER
5  NAMM 2t & i 55 000 g Sy (938 T K 2L A=
S Rl A TR B B JND AR T B A SR

JNDCD=JND,p X Dyepes D
Forfr, TN Doy g2 3 F ¢ B 3 28 6 B A9 1R R 38 IND A28, Dy,

Zhang"™ YT 4 5 TR BE A BE AR B IND BT, SR T
[ LA
> EEENH
T
) v
WAER > TV-L1 44 A CM= NAMM INDED
FEER .
] > RERET
Ll TR T R e A R Y A 5

Fig. 1

ETRELEHEENGEE IND ER
G TND B — g 43 S A B < 5 5 o JoE 4 i A B
FXF L HE S A B . AR SO KR TS 43 0 R 43 8 07 vk IR
1853 RS R AR RSO IR 5, % 4548 145 R AT Canny 8 F
TR G 56 L 6 SO IR SR T K B S 2 A S SO
A W ARG A3 B % LSS AT, B ORI Yang %5 42
A AR 2R B N S AR, 45 A W e I S A Y L 15 3
R IND BERL, AR SCHE AR Z R IND #E8 TN D, #9371
HAKXWT

JNDy,, =LA(x,y) +CM(x,y) —C* Xmin{LA(x,y),

CM(x,y)) (2)

o CM ey 2 BCHE B X A S5 AL 5 LA (s ) 275 55t 52
B T AR 5 C R R L 2 N 8 55 455 AL b i e A i R
2 1R) B W 2% D TR T R AR SO R B 0. 305 (ay )
KRBENZHAE,
211 REZAEER

K 3 A= 45 B (Gray-Level Co-occurrence Matrix, GL-
CMD J& B AT A 56 2 00 T A5 3R B 1 1065 43 A o S A0S
1SS B o3 AR L R T B TR R B S AR

2.1

Preceptual model based on GLCM combined with depth

BN AL A AT R R AR AR R B AR A B S
SR A B Y R TR A R R A TR L T R
Xof bR SO A A 35 5T L BB B4 GE TR A IR AT ofE A AT
Bo M @l WRSTUE A T M R B S AR R R R A S
Howh AT L 52 B Hb Rl ok R B SCRRARAE . fE AR SO B JND
A ep SRR AR SR R R T P 4 P RRIE (A - L
P W S0 BRR L BT L R R 25 404

1) 8 [y %6 ( Angular Second Moment, ASM) & J& Jif 3t
A DG 3R (B R, AR R R L SR T HIORE 4 B N L 4%
R BE A3 AT 0 3 5 R BE g R 2R B 2 i A B — AR D) A
R NREMESH ., HEARWT .

A5M=;;P<i,]‘;d,e>2 (3)
Hof,PGyjsd, )5 h IR e B SR A5 0 K B 6 A 56 B 19 7T
(I

2) BCHL (Entropy » Ent) J2& BIS T 42 £ 15 B & (9 B AL T
JE 20 B e A A B v T A (B A A B R R R A
T B ALV B SO Fe A R AL A (3R B T TR B 43 A 1
HRBRE. HREARXWNT .



94 B N N = R

2019 4F

Em=22p<i,j;d,e) «InP(i.js;d,0) 4

3)5&@#&&(Contmsr,con)fx‘ty&@f%ﬂ’a?%Wrﬁ%ﬂé;wﬁ
P VA BOUR TR o O B A K L 0 B VA S0 R L SR 25 R R
HMr, HEAKXWT .

Conz?Z(ﬁj)z « P(iyjsd,0) (5)

4) ﬁ%ﬁ,ﬂlﬂ (Inverse Difference Moment, IDM) Jz Bt K 1%
SUHRL Y [ 0P L BE A% R B B R 0B R A AL A AE Bl . A5 N )
DX sl [ 7y A5 SO A R K 78 Ak, 36 22 43 BEAB 3 /0 S R 3

Ry, HREAKXWT .
DM s P Geisd0) )

T 1G]

AR 30w S0 B R R A BB 36 R B R R S A A I Y
PRI . & X SUBAS B Gu DA b 4 A S0 B AE 6 A4 0 A
A AR

Gu=(a » ASM+B+ Ent+a+ Con+7y+ IDM) +

P(i,jid,0) (D
Hrp G DRAREGETBRESWHSEALEd ErmEBRE
SGHOMIE R ST BUA R 150 R 146 f B — i AT DLk 4%
0°,45°,90°F1 1353 4 AJ7 1], AR SCHL 4 A7 1 B B {H s e, 3 FH
Y HAETAAE L5 438 1. 0,1.5 F1 2.0,
2.1.2 st 2K

Xof LU 5 O S N R RGP RS B —
AL 5 B 43 A 53 — Pl 5 43 A7 AE 115 B0 F BT LM B9 TR R
Xof b 35 7E AR 3 3 0 15 A B I Rl G I L Rl SO RN
G KA TR B 44 0 AR Ak T 78 S ¥ X 3L - A8 4k, i A
HoX H S M L P AR Bln . A B A AR DG 5 T 4
s NS00 7 0 R b T i AR 515 B B TR N A [
T PR BE BRI B D AN T M 2 . R RO U AN B T X
BRI 1 IND BB AR & 10 A 5 X G 2 K 880 1
IND B{E 3% . Eckert 45073 xof 52 56 45t 0 B A7 LA HE
NG Z B 3 A Y AR S X BIESE T LR AT,

#E Yang S0y AL VAL E A Canny 55 F X J5 B4
Jab 3SR AS X LY HE 35 KON A A 2 ARG S0 B 35 800 1 52 ), ]
R — 8 B X SRR 45 5 Y AR 2 KR AL 5 ) 41, Can-
ny 5 F 7T DLk R & B R 3 408 b Y 5 B A R0 HOR R
XA i A, PR L 2 B0 F SCHRE8 T, AR SR IR AR 4311
PG o fif ASE R 6 T AR 0 i Sy 285 4 TR R a0 3 R4S, 4 3 3
it Canny 5 Al K B 3k 20 S 5 3R A5 300 2% # 25 803 4 =5
LT L S T AR

CM(z,y)=EM"“(x,y)+TM" (z,y) (®
Horp  EM R TM “ 43 5 02 78 30 2 R A SO R LE 5 iy
G 36 A BCHE 36 (0 1E Cu AN v 43 31 38R 30 4 R A s 3
E5O . HatBE AR T .

EM*“(z,y)=C!(x,y) « B+ W, €))
{TM‘”(z'sy):C;(f!y) c B W,
(bg(xsy))+pbg(x.y))
aratey Plbglasy (10)

Ci(xyy)=Gu + albg(z+y))+pbg(xy))
Hep (e ) BARG R WANECr 1 Co 4358 % A%
NGB E R B 25 18] % L s mg A1 G 43 31 R Canny 55 F UK B2
A M B IR AR R 5 a(bg (aay) FT Blhg (s y)) BB T 75 5%

{C_\” (xsy)=mg *

FEPE bg(xay) s F T 265 ] DL BR) {0 0 25 BB ) BE A 2R 1 6 &
W, W, HF X 530 G 35 3800 5 80 FEHE 5 300, 55 56 v 4y
FIBEE W, FTW, 8 0.8 F1 1. 4;8 &K IE G E 6 S5, 5%
IR 0. 11757,
2.1.3 FRREBEXAE

T 3% 2 B 0 A0 2 8 N ZEAE R X TR TR Y 15 5
B R HUR TR OB R . B 2 98 T 8 e, AR X A
ACE 0 S AN R TR S IS G R U (RO XT T
256 JKEERAVE T G N IE R G X 0 3% 255 B
SRR G 127 BEE 8 SR 08O T S Y 2
Pt AT T S R SR A A ek AT

17% (1— /”é(l% )E3. i bg s y) <127

(bg(xsy)—127)
128

LA(x,y)=

3X +3, otherwise

an
Hrb, fla, )2 S5 B Al 58 (s ) A 4R R T I
SEiUR b SR
2.2 FREMmMER

TR B2 2 7m $0 45 BRI AN R 9 Ak 5 B AR L 22 I oy B 8 1
B URBEE R, Wy i 8 SR AR ML BRI 5 4% 88 {8 /)N, 0 1R 5
FERRIETT, — N T L R B AT S A Bh I B AL IR = B IR
FEAGIRPE S J7 13k 4% . Silva U F SR R BLORRNRE T A
A BE R G008 WS 09 BURR B R (R R AT IR X R
1) 400 A2 S AU AR ST 1 0 R L A U, v 8 31X CRITCHR R
B A AN 23 51 5R 9 55 SO BT IR 4 X0 9 00 A R
U,

FE Zhang"' A AL rh, 6 OR [R] B TR B A FEIBOAS (W] A Jin A
R F- 33 Aot 43 77 =04 A0 R 3% 82t OF BOAL A 7, JL T
A X o NHRAEAS R IR A T XHE 5 Mk R 2R, H A
SR TR R 3 R TSP R R SE AR WIS 4, OF O AR BE AR
0B fE . ASCRARREM 220k, EE—METFe
JRy I ARG SR 09 S N B A B Dk . B A SR/ MELTT IR
WA FHRAEPII 53 J5 22 0F B R BIME th A Ry dw 00 5 HME
Hopr, ot MR AT .

0" =w, X (ug —u)* +wy X (uy —u)? 12)
Horr v, Fl w43 51 26 78 Bl o5 A S5 0948 R ME R A0 A H - wo
Fl g 430 RN R T R R R YME o RN BEANHEE R A
MR R A

A A B AE ch 5 OB R AR/ T A 09 8 0 1E A
A% T BE B R T B 1 38 43 1E i 5 2 J2 1l 5% 43 )
(i

() JFL A (b) A5t

&2 T S o) B 45 2R
Fig. 2 Image foreground segmentation results
MR Silva SFUOVEIF I A5 2 i UR BE AR B X A IR BN R PR 1
FZMR, FATTHE BB EE AL F Do, » HEZEFIE KN



53

WG S Rl B R T E S A R A ) SR R Y 95

depth (x.y) —th

BXa h s if depth(x.y)>th

th—depth(x,y)
th

Hodr,depth(x,y) Fem (o, ) LRI EEAE ; 8 R INELIE 5 28,
SEE L. 250 SRR S8 LI P L 0. 8833,

Doy = (13)

B Xexp( )*,  others

3 Mg

RSO JE A R 4 S 96 I AR A 17 N AF 16 GB Y
ARHL LI MATLAB2017 479, AR GRS B B 5 5K 1L
B ) B 1% . 40 5 “ breakdancers” “ ballet” “ Street” “ Fly”
H i, “breakdancers”“ballet”“balloons” [y 43 8t %
o 1024 X 768, “Street” Fl “Fly” i 23 $ % N 1920 X 1080, N
TR T T B AR Y B R B A SO s SRS TR SCRRC 1]
B T7 L AT L3 .

J9 7 I TND BEEL Y P BE L 43 B TND (BLAE S e
HL 20 5 G B A5 Bl — AR B EG . HHETRT .

I'(z,y)=I(x,y)+ f(z,y) X IND(z,y) (14)
Hor, £ y) Dy BEHLIE P 2 58], BEAL I &= 1: TND (e, ) A
[ A IND 28 5 1oy ) AR T (s ) TR AR TS A TR

3 AP TR) IND AR f) b 225 SR AN AT 3 BT .

“balloons”,

(o) SCHk[ 1107 ik (DA

Bl 3 3 AR JND B b BEE SRR L

XA TND B 5 B G SR AR T 3 8 3 R 2L,
WA AR R AT RO . AR SCR B SCERC23 10 32 0T34 4T 43
(Mean of Opinion, MOS) 75 ¥ € Wl il A TND M 75 () B 5 .
Wig 10 AN A B 5 7k BRI B 74T 4, Hoh 5 A
BBt 55 5 A BURIF G 207, AT 1 4 2 1 Jin 5 14 4 o
HEATHT 47
£ BT

Subjective scoring criteria

EEEY P4
B R 1
R Z 2
— & 3
4
5

Table 1

B
3 4

F2HMT EMBG TG, KR AT E L3 BRI
4 IND M Bl MOS {H- ¥ #8m F 4. 5 45, B0 B0 1 BIR
JoT i HR SR AR LT Y .

TEHD TR A R R B R, %5 IND B R K BB
PSNRPIH /N, Ud B A HR fE 0% 25 2256 £2 /9 2k A, o B i
TR %o T S At A TR iy A N R R L 38 R O A A
[Fi) {4 J8% 0 B i R . PSNR B /Y R/INTT DL B BT 42 JND 455 4 7y
PERESFIR . PSNR /1N, BEHT TND B2 70 2 5 A MR 454k, 3% 2
T PSNR M EAG X, i3 2 WA W A SCHT Y il
AR E T IR BE I M RE 1Y IND B8 7 PSNR 34 H 3¢
HROS JAYREAIAIR 3. 35 dB. Fe SCHRC11 194K 2. 70 dB; i H £ W
s A SRR Arb B (Y PG S5 S A R v O b v R T R
FR . SCU6 25 U W L AR SCRT 42 M A B 8 T 0 4F A AR 1 R
VR L RIVBE A% e B M 2 R O HR B P U AR

T VAL TND B2 1 A K B IR A2 4% B A Ol — 003
rigbs, T2 WA TE BN, hE 2 EH FHA
SCREAL AT A B B 1) 55 SOk (5] 0 AN 2, AH L S0k
C11TAY 77 3 0] LA 4 K29 40 %6 B ik [l o DA TG 75— YR AIE B 1 A<

Fig.3 Comparison of results of three different JND models SC T R AR AR ) £ R
* 2 EBBE LT
Table 2 Comparison of image quality
. KX F % k(518 7 % Xk [11]8y 77 %
mage
& Time/s PSNR/dB  MOS Time/s PSNR/dB  MOS Time/s PSNR/dB MOS
balloons 7.65 30.53 4. 89 7.48 33.51 4.75 8.09 32.92 4.63
ballet 7.54 30.53 4.76 7.21 33.23 4.63 10. 13 32.67 4.75
breakdancers 7.42 27.15 4.75 7.26 29.72 4.50 7.84 28.91 4.88
Fly 19.53 29. 20 4.50 18. 84 33.00 4.25 38.60 32.44 4. 40
Street 20.23 28.18 4.50 19. 22 32.89 4.50 19. 25 32.19 4.63
F 3 12.47 29.12 4.70 12.00 32.47 4.53 21.42 31.82 4.66
Py LR A R TN AT A IR B R
15 =A

ASCTE 22 ML AR F 8 TND BERL A SE Al B LB e X R AT
BT R I 0 RO ik 3 SR Az T B G A B A 7 1k BEAT
LU P23 b B LLSR Ao SEORE ) A0 LU 35 SR LR A T K
JIE S 2 A IR A% 2080 TND B R 5 2 35 R T o R 6 ) Oy 22 R vk
oy IR AR BH AT A S IR R I T PEER BY 2 T IRE AR
SR IA IR 5 £ 45 A R R B IND BERLL B T Rl A TR
BT U BE LA RE R Y AR EL SR IE T, AR SCHR g IND

BERIE AR SCHR I — Pl R IR B TR R A R Y U
AR, R T3 R) BB 5 5 . AN SCHY JE B AHT AR A
1) 32 JH R J32 e A 54 I 3o i A\ TR 5 A O 75 80 1) 0 2 PR R 77
Ak B, A5 0 T Ay o A ) %ok LU 5 KON 5 2) B B IR BE £F B IND
Y B2 0 L SR ] A R S 8] 7 22 570 1 23 1) P 84 B L it A
o IR R T A A 2 T R AR S AR 25 SR R
B TND BT 5 T AN AT A N R R R A SRR R L A S
BT T 28k — 20 B 58 38 LU AN 9 T R 00 2 5 A L



96 B N N = R

2019 4F

S A5 00 A R A G BEAE L [RI, RORIRE A )
28 B BY 2 PRIE AR W5 i R 2 B4 1 LT B s ALY T 44
R R TR AT 5 B A S i JND A B S T A G A
PO B E BRI MIT A, XEHERMNT —22mE=
TAE.

2 % x W

[1] WANG Y F.ZHU K H, WU ], et al. Asymmetric perceptual
video coding system and method based on just noticeable distor-
tion model: CN 106331707 A[P]. 2017-01-11.

[2] LIUJ,WANG Y F,WU C F,et al. Improved JND model and its
application in image coding [ ] ]. Video Engineering,2011,
35(13) :15-18. (in Chinese)

X, Bk TY  RARTF L A SRy TND A58 K T R G 65
f s LT ], HARE AR ,2011,35(13) :15-18.

[3] BOUCHAKOUR M.,JEANNIC G,AUTRUSSEAU F.JND
mask adaptation for wavelet domain watermarking[ C]// IEEE
International Conference on Multimedia and Expo. IEEE, 2010
201-204.

[4] LIN W,DONG L,XUE P. Visual distortion gauge based on dis-
crimination of noticeable contrast changes. [ J]. IEEE Transac-
tions on Circuits & Systems for Video Technology ,2005,15(7) ;
900-909.

[5] YANG X K,LING W S,LU Z K,et al. Just noticeable distortion
modeland its applications in video coding[ ] ]. Signal Processing
Image Communication,2005,20(7) :662-680.

[6] LEGGE G E,FOLEY ] M. Contrast masking in human vision
[J]. Journal of the Optical Society of America, 1980,70(12):
1458-1471.

[7] CHOU C H,LI'Y C. A perceptually tuned subband image coder
based on the measure of just-noticeable-distortion profile[ ] ].
IEEE Transactions on Circuits & Systems for Video Technolo-
@y.1995.5(6) : 467-476.

[8] LIU A,LIN W,PAUL M, et al. Just Noticeable Difference for
Images With Decomposition Model for Separating Edge and
Textured Regions[J]. IEEE Transactions on Circuits & Sys-
tems for Video Technology,2010,20(11):1648-1652.

[9] WU J,LIN W,SHI G,et al. Pattern masking estimation in ima-
ge with structuraluncertainty[ J]. IEEE Transactions on Image
Processing A Publication of the IEEE Signal Processing Society,
2013,22(12) :4892-4904.

[10] SILVA D V S X D,FERNANDO W A C,NUR G.et al. 3D video
assessment with Just Noticeable Difference in Depth evaluation
[C] // IEEE International Conference on Image Processing.
IEEE,2010:4013-4016.

[11] ZHANG H W. Multiple description coding of three-dimensional
depth images[ D]. Beijing: Beijing Jiaotong University,2016. (in

Chinese)

TR, SRR R 2R g5 D], Jb et b 5 A8 KA
2016.

[12] YIN W,GOLDFARB D,OSHER S. A comparison of three total
variation based texture extraction models[ ] ]. Journal of Visual
Communication and Image Representation, 2007,18(3):240-
252.

[13] HARALICK R M,.SHANMUGAM K,DINSTEIN 1. Textural
Features for Image Classification[ J ]. IEEE Transactions on Sys-
tems Man &. Cybernetics,1973,SMC-3(6) :610-621.

[14] WANG H M, SHI P. Image texture feature extraction method
[J]. Journal of Communication University of China Science and
Technology,2006,13(1) :49-52. (in Chinese)

], N FR SO AR A R BT vk [ . AR R R
CHERBHERRD .2006,13(1) :49-52.

[15] BO H,MA F L,JIAO L C. Analysis of image grayscale co-oc-
currence matrix computation problems [ J]. Acta Electronica
Sinica,2006,34(1) :155-158. (in Chinese)

HiAE B a R 2 . RS0 HR Y IR B 3 A B T L R) Y 4
BrLI]. 24 . 2006, 34 (1) : 155-158.

[16] FRISTON K. The free-energy principle: A unified brain theory?
[J]. Nature Reviews Neuroscience,2010,11(2) :127.

[17] ECKERT M P.BRADLEY A P. Perceptual quality metrics ap-
plied to still image compression[ J]. Signal Processing,1998.
70(3):177-200.

[18] KANG X,HAN C,YANG Y.,et al. SAR Image Edge Detection
by Ratio-based Harris Method[ C]J // IEEE International Con-
ference on Acoustics, Speech and Signal Processing ( ICASSP
2006). IEEE,2006 2.

[19] YANG X,LIN W,LU Z,et al. Motion-compensated residue pre-
processing in video coding based on just-noticeable-distortion
profile[ J]. IEEE Transactions on Circuits & Systems for Video
Technology,2005,15(6) :742-752.

[20] FEHN C. Depth-image-based rendering (DIBR) .compression.
and transmission for a new approach on 3D-TV[]]. Proc Spie,
2004,5291:93-104.

[21] CHENG H,ZHANG J,WU Q.et al. Stereoscopic visual saliency
prediction based on stereo contrast and stereo focus[ J]. Eurasip
Journal on Tmage & Video Processing,2017,2017(1) :61.

[22] OTSU N. A Threshold Selection Method from Gray-Level His-
tograms[ J]. IEEE Transactions on Systems Man &. Cyberne-
tics»1979,9(1) :62-66.

[23] International Telecommunicaton Union. ITU-R BT:500-11;
Methodology for the Subjective Assessment of the Quality of
Television Pictures (Geneva,2002)[ OL]. http://www. itu. int/
rec/R-REC-BT. 500/en.

[24] HORE A,ZIOU D. Image Quality Metrics: PSNR vs. SSIM[C]//
International Conference on Pattern Recognition. IEEE, 2010

2366-2369.





