Journal of Computer Applications

#E b B, 2014, 34( 10) : 2925 —2929

ISSN 1001-9081
CODEN JYIIDU

2014-10-10
http: //www. joca. cn

WEYRS 1001 —9081(2014) 10 — 2925 - 05

doi;10. 11772/j. issn. 1001-9081.2014. 10. 2925

ETNEEHEHBEUNTSETHEGREEN

FpAal, 2 B, e E

(L AFRAGEKRE 58 THRYEE, /& 330013;

2. HTRITE RS PR, BE B 330013)

( = WA 1EH B THRES 271541580@ q. com)

B B ASEARLS BRRB T R LR R A F, R AR BRI R AR
DR EEE SZHBRRE RN H, A ERBIRBARRREGSRT F a2 M E (SSIM) & X LA E
Wi B R AR DR ERFERARGRARERA ST QO EZANAHMALSF, B 5 73 F BB ST 5 H e
18455 Y6 (PSNR) 5 26 AR A AT b B B R 4 My 2 AR Y A R B8 4, Bt s = AN T RE #E 5
FIIIE T 4o R kS TUARMNEABIF O — 80, S A 24 T %30 & U # oM 4813 vk 1k 5k e s
JE R R R BAT R AN R P —REARRE0.2s A&, BARFHE AN,

KER : RAF BRRZ RN DR TR PEEERI SN, S X ABK

thE 43S TN911.73 SCERERERG A

No-reference Gaussian image quality assessment based\on

wavelet high frequency structu

HUANG Xiaosheng'~, YAN

(1. School of Information Engineering, East China Jiao To
2. School of Software, East China Jiao Tong Ut

\
STRy,
R
Abstract: Aiming at the problem of the high comp#ation appliéation difficulty in traditional no-reference image

assessment methods, a simple and direct no-reference
frequency Structural SIMilarity ( SSIM) was prop.

natural images’ high frequency in the same sc

directional sub-bands of high frequencies ‘Kbt
=
ed{T

Ratio ( PSNR) and SSIM were combin

imilarity

: \0%) AD Yigih?
s Yy, Nanchang Jiangxi 330013, China;
gnchang Jeaigzind30013, China)

1mage=quality assessment algorithm based on wavelet high

ropgséd Blgerithm took into account the similarity among the
wouldNbe “vetluced with the distortion deepening. Three different
ed bygtheSwavelet transform firstly, and then the Peak Signal-to-Noise

alculatifig\ the/ differences of sub-bands respectively as the last objective

assessment index. The simulation resN s N that thezproposed method has good consistence with the subjective assessment

on three common image databases, in a

practicality.

ftion, the algbrithm only needs about 0.2 s for evaluating an image, which has good

Key words: no-reference image quality assessment; wavelet transform; Peak Signal-to-Noise Ratio ( PSNR); Structural

SIMilarity (SSIM); Gaussian distorted”image

0 3%

W& Z AR R ER BB RO SN ANIEH %
AT 2 P ARIRE B ORI o AR 7E B R A HE R A A
BRIREE RGE AL HINEW 405 7 v 20 BRI U 7T 3
REKE, HPERRREGRRENE LHRARIZ — €
THAFE RGNS EGR . BIamBESEYLE
T, B T F RS AR U RRENESR L5 R RGN
BRI SCE RS R G AP L o TS ST BR A LA %
TESonrE B B RIOEI 2 7 A e s B R, T I TE SR R EE
Iy B Sl BRI S B S AT IR L A ShibiREE Sk
HEMEG, X THWE B &= 8 DR AN B G H A
W AR ERE X

— B, BRI R 2 o WP T R A PR Ty

W fs HHA:2014-04-16; & [E] B HA: 2014- 05- 22,
(20123BBE50093) ; 7T.P6 B #F T AL H (GIJ12306) .

o T ARERBRGRKRLZEZE I LW BN HER
{HEVFEMFETT A Y1, BRI A LI REGE, B 52 B
IR DT I BR R A SN RGN B R R B 2 L
HIE, RERTARESEEG, BEWHH Tk T Loy
3 K . 2B RBQFETN 025 ARG RETEH TS
FEGREWS . HP2SEMBrSE U HTERES
FEBNSE RGN RHLE L MR R IR A, K
ZEIHLT LREPRBIESE BG, RO R s BRI
ZERBREFN BAF AN E, REWEEFNITES

AR, B2 % B R B Bk TS ECATE B, B
BB R AR WA A, - Ferali 451 {5 A I 7T 528 45080
(AR A M EMREAT IR s Hassen 51 R B AR 1 — 3L
(997 O EMREAT IR s W N A 5 0 il e O R 4

ESWHE: X ARMYES R E (61365008 ) ; 1175 4 B 3L #30 5 H

EEE A R (1972 - ), B LT TN, BB, 4, BERTF 7 ) QAL B WLERALE; 79 (1991 - ), B RN &N, B BT
Fo, FEGF I EREGAE R W R(1964 - ) 3B VIR BT, BB T« ERAE L A



2926

H AR A

#34 %

VRE 8 D 45 1 1 0 U 2 % R 45 6 45 49 M BB ( Structural
SIMilarity, SSIM) #4741 ; Chen 5 RIS R EHE K IF
BT B AT TR s R R R D IR I8 B AR fr — Bk IR
A RBE A S E R INEER R W RS A
i, 256 S mEHL( Support Vector Machine, SVM) Il ZrE2 31
PEYM RS ; Ciancio 281 Il A 25 % 23 I BGURAE , R A H 2 K
AR B BT PR T X e 7 e L% Lit A
RS RGN R A, @S- MR EASHA
B AR R 5 B BRI HOR S W s AR R 8 -
B S R — R R P R TR S A T R S AR T
PRANE TUR AR A R, B e BT BB , KR E B
AR ; 28 5 X B R A3, iR 4R R B 7 220 2 TR R 1
T2,

PRI TERSEEENEREEL R, &5 RHEK
B B R ST EB A F AIR 06 B3 B s, B ST A
TS, Bl SRR 1 - 4], X BT R AR T m R E X E
BRI G BB, ST PR T R TR G A AR
SR, BRTTEE G MRS - 6 ] a8 I Wik,
R EIFAAE TR Se i S B AR, B I 52 )
SEPEY R R, AR W B E R YNSRI N T R (B AR, AR
MEE R EEGMREA K E )R, RIE B ATREBRBRE /N
BRI S SR A5 B AR T R 22 R D T R
RKEBRBREMEMEFBRROER, 7 A4S ERERE

(Peak Signal-to-Noise Ratio, PSNR) 5 SSIM & % H
NEEH T RRE R B SHER ER gi?%

=il a@aﬁ%%ﬁmﬁ&ﬁﬁféi@dﬁﬁﬂ%vn%,ﬁ'ﬁﬂ
&%MPwﬁﬁsﬂM%ﬁﬁﬁ%J&dﬁz¢ﬁfwgw
R IEFEAT LA IO TE T PR 45 R AR

1 @@%»ﬁ%ﬁ%www%éN

2 IR G R BARIR AR E T A AR E 50 A AR
TMATER. BREBGRSS TR EREREIREGE
WLt S B AR , dn g 40 XUR IR 28 BN 45 5 Tl A T &
GUEFANNFE, &3 TME SBEH ARG, e EE
m TRV HNE RS, AREGS AN TERZEGFER
RES, BIINEEXT 1024 x 1024 A/Nip24 (L% BRGNS , 7T
AT =47 271 REES HBAERNAR, &2
XtAME R LS EL SR B, BT T B RS T H T YT R ELR
EAHRET HCFRRERNER, Rk A A BBRHEA %
FE R GETT LR

ARIRH MR ELA B 0 B B LR i i SO 5 55
PRk, 2/ AR R R A 5 1 0 7 DR R A
BRI AR, U RAE R RO S E B Pt T N
BB, T 0 B 8 R ™ A AR AR S T 2 R L 7R
KEEHERT, REEI KRR BG/NERER T L EE
FIARSS B TOAR SR SO AR 56 7 5 5 18] b U S
1RGSR R R S S BA Y, B RGN
SFEWRRT & RES FHES R ERA SR .
W 1(b) ~ (h) Bizn 5351287 parrots” UG ILK H RS R HT
REBBRHZRDPEE, FaE TIRERG— R/
filt)a = A~ R AR o B Z 18] 9 ¥ 77 1R 22 (Mean Squared Error,
MSE) 21 > MSE, , A 1(b) 1T LA H J5 4k B 4 ] RUBEAR

777 1) () B AR T 2 (R R s A R AR L, Y, MSE, B/, T
A 1(c) ~ (o) RETHIMI R ELRG LU R 1(f) ~ (h) & 57 F M
7 5K LM I 7] RS 7] 7 [ B4 T4 B P L B M 22 e
K, B Y MSE, W% RN R EIREZE o BRI (K 2R Y

IMZE MR, XR-HTEMEERBRERT R4, F
EGERTE, BGMNHZEA R, WS R EEZNAH
R, FEEE ST BGHTTE XSGR, X R R R
BT BB ERAYE R, 515 B A BBR/NE TR AR
HEREAL, AT B3R T B 28 B & & 4R 45 14 A8 {0 4 ( High
Frequency Structural Similarity, HFSS) , H 22 7 i) K /Te— &
FREE PR T EGS EL AR B, B R T B S AIE H) 9
ERIENEGHZ W EITHE

(o) TR /N 4R
(EMSE,=1.7x10%

’ (o) R NTRERA SR 1
(0,=2.17, X MSE,=5.7 x 10*)

(d) & BTBR ok B2
(6,=4.00, S MSE,=2.14 x 10%)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

() RRTRA R HL
(6,=0.01,X MSE,=1.9 x 10%)

(o) mTEBIRES
(0,=7.67,X MSE,=4.22 x 10%)

b’

(@) WM () M 5
(0,=0.06, X MSE,=7.0 x 10°) (0,=0.13, X MSE,=1.89 x 10*)
K1 AR S SR B R RN E

2 ETEmemapEe BERET0N T %

REEBRERYL T EGHEHE L, K5E R
XL KR AR S R BEE GRS N, T, /N
BEAAEERNREGRSREGER.L =L+ I, =
I+ I Hop I FOR BB ARIUE B (Low frequency) ,I" FR
Kl =55 . (High frequency) ol B BIR 2 i K HUG AT (7
BIRA TN, WA K iR E GRS B SRE
EIBU; AL, R RS b, s i S %
B S5 K AEBERER KM FH 20 PSNR(T,



% 10

FRAF A TR EHHRE MMM REF S BBRRZ M 2927

1) M B SSIM(L L) Y R R e 2B
BRI P IRE T —EBR AN ELSE HGITNA
REKMSH BRI EIRAE B, TR ERF T 10 & 55 B 1
A BHESE 1| ARG RMEHREA MR, 8
REVRTEIMLR ST [/ REAR R 5 m Fir BB A Eli 44
M, sk BERGREERXERENEGA TR ERR, K
A3 5456 PSNR 5 SSIM B[R E N &5 17 [/ 1Y
2 e R DI PHE R R B R G &
2.1 #5& HFSS 5 PSNR WM 3%
EEEESERGEEITNEE D, BE LR EE
FouitiRzER MSE Fl PSNR, i T3 B Rl 5 WA 158 7 31
BOCHHR T L BREA R M S i R R TR, KA DLk 32 3
NATH7 Bk, Horh PSNR Bk 2 Rl P A6 36 B R AL 3 (n
45 FEWE) BEm LS, 4R L PSNR 5 MSE 2
AR, VOEG ( Video Quality Experts Group) ') $.52 F§ PSNR
F MSE XM BBV AR, & LT

M

z Z(xy —}’i,-)z
MSE(x,y) = =2 ——— -

2

L

=
Hox, y A BIREE R E GRS E TG, M NREEREG  \
ﬁﬁ%l%‘%i’\‘@f?%ﬁfg?ﬁ@,x’fﬂ: 8 ﬁiﬂ‘]mg@ L y, E H, I:F':Cl h (le)2 ,6’2 - (kZL)Z %ﬁ%%ﬁ,%iﬁ*ﬁﬂﬁ

E TSR B 89 5 5% HFSS-PSNR #F
B,
1) ¥ %E?%E@{%ééfbﬁﬁﬁzﬂxﬁ%% L=

A AR Hare /NS BRI R NS IR 7
AR, QA 2 TR, Hod  LH IR E (Vigdical ) 4321 ALYy
7K Horizontal ) ZMRI" , HH Hy%i 4% ( Diagonal ) ZRGET".

LL | HL

LH | HH

2 Harr /DGR ]

2) 4 BB = EPSNR  Hodh . PSNR(T',I') |
PSNR(I' ,I') \PSNR(I" , I\) INMWEREA 5 8 5K FEH 8
PSNR . H /8 53 fi% /0 20 PSNR K482 53T AN
PSNR,

3) FJERs ME) % 59 % WL Bk £ ) ¥ 18 HFSS-PSNR =
Y PSNR(I' ,Ey/, 5 i, j e {v,h,d} .
2.J2 #Z£& HFSS 5 SSIM g)iEMy 5%

Zhou %51 | I EIAR 15 22 1] (9 4B SE 4 1, TA W A HRFLSE
WEERERERGRTHNEMFER, R T —ME TN
AECUEMERTEETEN Tk, Bl 5ERERGS5S%
BB RN ERE T X R 15 E G5k B2 K
AR, AT B R HER A TR, SCk[16] ol 2k HE G
FBE P GAER AL B A B XL B B B x, y FERTEAN A
B8, EMINRE (x,y) JTHE c(x,y) LR s(x,y) 18
Rl 43 3 SR

2, + €
Uxy) = 55—
My Ty, T 0

28,8, + ¢

c(x,y) = Zi8 e (2)

8, t¢
Her, p, HFASFEGSRERGHZENE S, 6, 4
RS HEBRERAEBRNRERIEE S, AIZFEKRSR
HEBEMHRREG ¢, o, il o IR/ TERL, LARE RSB
T B G 1 = PR (DL P o U A 0 e 2 SO B2
SSIM(x,y) = [1(x,y)1°[c(x,y) IP[s(x,y) % (3)
Hf:a >0,8 >0,y >0, £T HFSS fEHW LS %
HFSS-SSIM i B LSBT
1) 52.1 3R, A R EGE AR Harr /N
AR B ER 0 =R w4 Al R K B EE i
I K5 81N URM LB RI
2) 5B = A I B B SSIM SSIM( T, 1) |
W (I I Y REREAESESKESEN
Gt SR B SSIM K4 53 2R Y
& FSCRRLL 6N, P SR Bt R 25 AR LB I — M o o
uzpg + ¢ ) (28,5 + ¢,) (1)
(M?i +M§f + 01)(6§i +5§f +¢)

s(x,y) =

SIM(I' )Y, =

el oy AR/ LR, SEBe R HSCRR[ 16 ] R £, = 0.01,
By =0.03;5i, j e {v,h,d} ;L AEGFREREN 255,
3) &JE FF I B B % W TR HFSS-SSIM =

Y SSIM(I',F) i, j e {v,h,d},
i

3 ZBERL AN

T AP b B 2R SC 2 Y A9 HFSS-PSNR 5 HFSS-SSIM G
BRI GRIT O R RERE, 5 B AT E R BRI
Tl b B A=A BB B PR« 56 BN R BT
A8 ¥ LIVE2 (http://live. ece. utexas. edu/research/quality/
subjective. htm ) | 2 77 2% fijj 25 i K K F 1) TID2013 ( http://
www. ponomarenko. info/1id2013. htm ) D{ K 2& =% 72 1 17 & M
LR CSIQ (http://vision. okstate. edu/? loc = csiq) #H 4T
S8y, Horp LIVE2 %rdfs P 3 AL BOR ( Cblur) BB 5 HIR
(White Noise, WN) B340 174 16, % B R&& 29 WEHRE
BLIE 145 BRFHARBRERREER, AN T A ER
) 2243 30 3F 47 ( Differential Mean Opinion Score, DMOS) {H ,
LN 0 ~ 100, HAE R AR 2 MR B BT 2 ; CSTQ R PR
AR KGR S R BRES8 150 18, B 30 iR M EHR
Z 15 5 MARIK-REIRE, 4 1 FWIF4 DMOS 55 Eh
0 ~ 1T TID2013 HodfE PR 4R AL A ABMT I8 5 1 MR P I 4R3 h
125 iiF , by 25 WEJRUG R AT 5 A AR B K HARG , O
ST P B8 E W (Mean Opinion Score, MOS) , ¥
FlH0~9, HAEM KR REG 2B, IR HFSS-
PSNR 5 HFSS-SSIM iz Fi7E =4 A FF 50 R h A7 3000, &%
LR R EGE PR S & B EHSEE PR AL T PEH



2928

H AR A

38
o
=
o

BRI 3 ~4 fras , NIRRT LR AR SCHR I P Rh B vk

HIPEN A RS PR AR LA B i — B

+ GblurImages
+ White Noise Images
Fitting with linear function

+ Blur Images
+ White Noise Images
Fitting with linear function

+ Gblur Images
+ White Noise Images
Fitting with linear function

MOS
MW Bl O

90 1.0
80 0.9
0.8
70 0.7

» 60 ©
£0.6
S50 =05
840 Q0.4
30 03
; 0.2
20 0.1

10
0 10 20 30 40 50 60
HFSS—-PSNRZ LI {E
(a) LIVE2SH8 U

01520 25 30 35 40 45 50 55 60 65
HFSS—PSNRZ WM
(b) CSTQEIF R =

1
30 35 40 45 50 55 60 65
HFSS—PSNRZ WM

(c) TID201 3% M A B S B

B3 HFSS-PSNR 5 ik HEG EIEN B E

+ White Noise Images
Fitting with linear function

+ White Noise Images
Fitting with linear function

+ White Noise Images
Fitting withelineapfunction

80

70
60
% 50
= 40
30
20
10

-0.5 0 0.5 1.0
HFSS-SSIMZ WiT i 4
(2) LIVE2E 48 B i [

ik — 2 AR R 1 B VA (5 3R

VB 2 VESEHY 405 M50 R 1 S DR 4

ﬁ&ﬁﬁ%h@wgﬁﬁﬁwﬁﬁﬁwggﬁ
1

Qualiny(x) = B (-

>+@x+&
(5)
SR T i S 4 o U 3 A SR o R IR Bk M BE

1) 3B 26 4 5 09 J5 A9 28 14 1 56 28 3 ( Corrélation

1 +exp(B(x - By))

0.5 1.0
HFSS-SSIMZ WiTi 4
() TID20 13543 P i s &

1.5

&1 HFSS-PSNR 5 HFSS-SSIM X 74~ [ Bl 5 4 E 4 HERERT b
HFSS-PSNR HFSS-SSIM

Bk Gblur WN WN
SROCC  CC SROCC CC  SROCC CC

LIVE2 0.6817 0.7595
CSIQ 0.7975 0.8540
TID2013 0.8089 0.8006

0.9208 0.9133 0.9468 0.9457
0.7375 0.7181 0.7286 0.7371
0.6083 0.5857 0.6684 0.6737

K2 BIEEROTFHEERLL

Coefficient, CC) JZ BWZ LT P X 3 W I HFSS-PSNR HFSS-SSIM SCRR[ 1] B SCRR[S B

SRR UE R M 2) TN PE @G 5 1 SROCC  CC SROCC  CC SROCC  CC SROCC  CC

Spearman AH % % 3 ( Spfatwart Rank Order LIVE2 0.7976 0.8151 0.9468 0.9457 0.7876 0.8189 0.9665 0.9611
Correlation Coefficient, SROCE) & Be & WM CSIQ 0.7632 0.8227 0.7286 0.7371 0.7625 0.8572 0.8965 0.9215
S5 TIT A 26 MRS P f e TID2013 0.8250 0.7475  0.6684 0.6737 0.6667 0.6567 0.8959 0.8927
0~1,MARFEITERBI. 1 AWHELNEEY 4 HiE

b, IR 1 ] % HFSS-SSIM B s 7E 34 i i B e s BB
PEF HFSS-PSNR 53k, {H HFSS-SSIM S5 A3 A 1 BRI B
1, B T Chen %517 i 1 S B0ERT SSIM Jy ¥aAE FP UM
B E ) EGA R R, HAEEE A N PSNR; 3K 2 A 3L
2 L A PR R T 5 SR b A 4 B Y P BB e B (HL P TIFSS-
PSNR STl i A & i ok AR R PERE) , A SCER H K PP 3R
BETE =ANEE R - B RE AL T OCAR L1 ], He SRS 1 H
2 AHSCRRIS B T B ISR, 3 I 1 et 1B] TR 76, HLA BB T
WRFEREER, MAXELHEES S T HMEAR
PSNR 5 SSIM B3, ¢ B B SCHHR , 8 T B P, 46 2. 1GHz
) Core2 Duo CPU [ Matlab 247 1 s KA 5 ~6 55
FH 768 x512 WRMR , BA BT B9 1

ARTRERGREE LFE BREFENGR, ARER
A5 BABREKBNE RIS S A, R AR E
BB R AR, ARAE B ARGV NE T H A SCHE FLR
BEA R J7 [ R 401 R LR A G4, T REE R T 2K AR T
AR AR TR AR B 22 B ) 22 S i A R P i, 20 45 &
HIEFAE PSNR Bk 5 SSIM BT AR ARERE
Harr /NS T =N 7 ) S 01 Z B i s 2 5, 1
NEBEE PR 858, 5 = AT SE BT R IE T A, 3
BT IR LR B PR S5 R 3 S PR R B i — BT
BTG RS, HHERNKERIFRER, A



% 10

FRAF A TR EHHRE MMM REF S BBRRZ M

2929

SUL R R R E B S AT AR B, ¥ KK EEMR

BALHE JPEG 45 \JPEG2000 H45 B4R LA 2 [F] B & 7 £/ 4%

FRAVH R, A AR R T HAB2E B R R KR

W R R — B T 18

SE W

[1] FERZLI R, KARAM L J. A no-reference objective image sharpness
metric based on the notion of Just Noticeable Blur (JNB) [J]. IEEE
Transactions on Image Processing, 2009, 18(4):717 —728.

[2] HASSEN R, WANG Z, SALAMA M. No-reference image
sharpness assessment based on local phase coherence measurement
[ C]1// Proceedings of the 2010 IEEE International Conference on A-
coustics Speech and Signal Processing. Piscataway: IEEE Press,
2010:2434 -2437.

[3] XIE X, ZHOU J, WU Q. No-reference quality index for image blur
[J]. Journal of Computer Applications, 2010, 30(4): 921 — 924.
(/N JRl3E, RAKTE. — R BB N B 5% TLRIT M8
[0, TEHLR F, 2010,30(4) : 921 —924.)

[4] CHEN M ], BOVIK A C. No-reference image blur assessment using
multiscale gradient [ J]. EURASIP Journal on Image and Video Pro-
cessing, 2011(3):1 -11.

[5] SANG Q, LI C, WU X. No-reference blurred image quality assess-
ment based on gray level co-occurrence matrix [ J]. Pattern Reco
tion and Artificial Intelligence, 2013, 26(5):492 —497. (&
R, MR TR AR S Y ) T0 575 N TR (i e 7
Jrek (3] BiRE 5 A T Bk, 2013, 26(5) : 492 -

[6] CIANCIO A, da COSTA A L N. No-reference ass ent off
digital pictures based on multifeature classifiors /%z\;gm Trapdd
tions on Image Processing, 2011,20(1): &

[Cl

[7] LI X. Blind image quality assessment Proceedings“ef the
2002 TEEE International Conference on Imaggs Processing. Piscat-
away: IEEE Press, 2002, 1:449 -452.

[8] XIAO W. Spatial no-reference image quality a3sessment [ D]. Nan-
chang: Jiangxi University of Finance and Economics, 2006. ( 4 3C.
TS5 1 ERE RIPH D] - RS : TIPS 4 K2, 2006. )

[9] HU X, ZHANG X, CHEN J. /Anwimage edge detecting algorithm

fused with wavelet trapsform “and mathematical morphology [ J].

Journal of China Railway Society, 2011,33(3):45 —48. ( ¥ Bi#E,
TR IBERT, BREE. — R Bl A /N BB T TE A M B UL A8
WP 1. Pl 2011, 33(3) 45 - 48.)
[10] GUOY, YU M, ZHU Q. No reference image quality assessment
based on sub-bands similarity and statistical analysis for JPEG2000
[J]. Journal of Electronics & Information Technology, 2011, 33
(6):1496 —1500. (3R FH, T8, Zhu Qiu-ming. FTF i &ty
AR 3BT B JPEG2000 B8 TS24 Fuat ¥4 [J]. B 7 515
B2, 2011, 33(6) : 1496 - 1500.)
[11] JIANG M, MA Z, XIN Y, ef al. Image quality evaluation method
base on digital wavelet transform and vision weighted [ J9#”Jotumal
on Communications, 2011,32(9): 130 - 136. ( Eism DY+, F
F, % BT DWT ARSI AR i B 48 SR Mgk AT 9t (1.
SBIESIR, 2011,32(9): 130 - 136.)
[12] MA W, ZHAO B, REN H, ef al. Aegritohiofi of image quality as-
sessment based on wavelet frequeficy band partition and CSF prop-
erty [J]. Laser & Infrared, 2007%37(7) : 688 —690. ( I 3%, #X
17‘% SR 7S, . SRR B R4 K CSF Rtk fry P 48
I AN . SR, 2007, 37(7) : 688 —690.)
L, GAOZWWER, PO L-M. Discrete wavelet transform-

sed structuralstmilarity for image quality assessment [ C]// Pro-

[13] 1
<2 b3
=
W Y ceedings of the 2008 15th IEEE International Conference on Image

Pré€essing. Piscataway: IEEE Press, 2008: 377 —380.

[14] € XU, Y, YIN D. An image quality assessment algorithm based on

contourlet transform [ J]. Electronic Technology, 2010, 47(7):23
-26. (R, FAR. —F2E T Contourlet A2 He i) &5 i & IF
MEEI]. BFER, 2010,47(7):23 -26.)

[15] VQEG. Final report from the video quality experts group on the val-
idation of objective models of video quality assessment [ EB/OL].
[2014-01-12]. http: //www. vqeg. org/.

[16] ZHOU W, BOVIK A C, SHEIKH H R, et al. Image quality as-
sessment: from error visibility to structural similarity [ J]. IEEE
Transactions on Image Processing, 2004, 13(4):600 —612.

[17] CHEN G-H, YANG C-L, PO L-M, et al. Edge-based structural
similarity for image quality assessment [ C]// Proceedings of the
2006 IEEE International Conference on Acoustics, Speech and Sig-
nal Processing. Piscataway: IEEE Press, 2006,2:933 —936.

(k8% 2924 7
[9] GAO S, LHHNZHOU W. A fast algorithm for surface reconstruc-

tion from unerganized points [ J]. Journal of Image and Graphics,
2002,7(12): 108 = 112. ( &1L, f5 30, BT Bl A i e i
EEHTTEI] . P EEREB AR, 2002,7(12): 108 - 112.)
[10] NI T, YANG C. A fast surface reconstruction algorithm based on
border-estimation for 3D unorganized points [ J]. Joumnal of Com-
puter Applications, 2006,26(7): 1580 - 1582. ({6, HKH.
T AR i = EBAL R R T B R R L] SR
JH,2006,26(7): 1580 —1582.)
[11] DEY T K. Curve and surface reconstruction: algorithms with math-
ematical analysis [ M]. Cambridge: Cambridge University Press,
2007: 14 - 16.

[12] AMENTA N, BERN M, KAMVYSSELIS M. A new Voronoi-based
surface reconstruction algorithm [ C]// Proceedings of the 25th An-
nual Conference on Computer Graphics and Interactive Techniques.
New York: ACM, 1998:415 —-421.

[13] DEY T K, SUN J. Normal and feature approximations from noisy
point clouds [ C]// Proceedings of the 26th International Confer-
ence on Foundations of Software Technology and Theoretical Com-
puter Science. Berlin: Springer-Verlag, 2006: 21 - 32.

[14] CGAL. Computational geometry algorithm library [EB/OL].
[2014-06-20]. hitp: //www. cgal. org.

[15] VTK. Visualization toolkit [ EB/OL]. [2014-06-20]. http://

www. vik. org.



