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Abstract

In this paper, a new non-blind digital image watermarking algorithm based on dual-tree quater-
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nion wavelet (DTQWT) and singular value decomposition (SVD) is proposed. The algorithm is ro-
bust to geometric attacks and ordinary image manipulation. After applying the dual-tree quater-
nion wavelet to the original cover image, we apply the singular value decomposition (SVD) to its
low frequency amplitude sub-band LL, then scramble the original watermark image with Arnold
transform, and modify the singular value of the cover image using the scrambled watermark im-
age. The advantage of the proposed algorithm is that it is robust to most common attacks. Analysis
and experimental results show that, compared with the method based on RDWT-SVD, the pro-
posed algorithm shows better performance.
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1. 5|15

LI A R AR T NSRS e E BRI 3R A R i 22 A Bl B ol — T ] B AT
Fo BRI, AT I 2% i)t N B2 (A 50 - 5000t 0 2 AR BSE T L 23 [1]e 7K BB Bl RN VR R B AR
HE. RIS (5 B AR, FEAA =MoKENRE.: 720 80 B 2 5 BUK ER R 3E
BRI, TWEEHNKEOARSHEER, RREEHAMNE FIE2]. A IKETAT DR 2 A3 e AR sk b
HBEAT o S (AN P BE LU T B, (EAEHRPT & P Bt I W 1 AN G A 358 75 7253 o 78 38K B v i 5
AR 2 — X B A MR 1) 3 S AE 20 A (SV D) A B R HE BRI A T AB 05 o 55 T3 A 20 At R 02 /K B BV e
FEHLIUEE AR I[4]0 FEZEET, (EF N EA BT A SE ARG T8I IR 7K EOX X Le4E FE AT
B o AbATTNT A B R R P8 P 7 S 0 AR (SVD),  BLSR B IE A 25 A AR RS o W iX B3 EAE e 5 B
Moy EMEE, FRHRANKEIEIR . 5T 75 7 (8 23 i R SR R R PR R R 7K B MR ) o B R e, RIS
PRI 7K BN AFAE ™ 5 PRI A 28 1) o AR 36357k B rb B F B ARG A FE AT AT /K EDFTIRON ) A 5
RZAH(DCT) [5]s B HUE L AR#(DFT) [6]. B EUNEAZH(DWT) [7]. WFFLRI, A SHEAR
HOAT R AR R[] DRI, AR dsl R K ER R T DASR A AT IOPERE, 4RSI 27K B N TEARATE L Y
W, WESE N BB R B R 0 (SVD) SDCT. DWT, RDWTEHIEARLE & ECHR[7]H, 1 H B
INB ARG B AR PR BRI S A o AN EUA BUR NI AT R, RS AT R S E A R, T
K KEN B AR B Falr b . fESCHR[B] Y, AREE R TUR S BUINBAS e 5 8 (B - R AR S5 G, [RIINE X 4%
G AKEN G TRDOWT A e, AR5 X BT Ty EAT 2 B R, AR K BR8N T A B S
BN B B EUGARAF15 ( 7 S(EAE BE , SE T/KEREMR RN . 88T, BT8R DARGIE K, XL
JIEANREA BRI SRR, RIS 2 2 B U B s o R 7 s iRix — sk, AM1$5EH T — 571
FETF Ve 5k, DU SeEE 7 AR 4 (QFT) A1 DU Jo 44 fi 1A 75 48 4 (Quaternion Hadamard Transform), %
FEALAE BAE R EK B AR 9] [10] [11]. SCHR[12]7F, 1E35 K DY o280/ i A2 He (QWT) B A T £ /K B AT
o, PR T AT DT RN A (QWT) S /KBNS VL . WA B, QWT R —ANEGRAAAR
W A =AML AT 5 5, T DAR A IR BB N 2R . B, B TQWTRI/KED 3 AME T 12 (A% 47
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AERVRFE[L2] At 1 AR /N b LR s e, 10 HL T 2 ROBERF PR T s AL T-QF TR A 2R
I, X TQWT K ENJVE R 5 52 PR G BB I 1M . BRIk, ASCER Y 1 — i3k XU DY e s
PORNEF AL R I BOR NS, JFEAT TS, 4 R IA SRR BAT RO S B 1k
ASCHARHI AR LA . AR5 1, A4 7R YU AP SR E . Arnold 22 (K]
FEAFNRAIGIE B . FE28 =1, 8 T AR AT K EMR N S 3R IR . AR50, 25t
TEBE VL ISR hR . ST, i TSR R . RN, S T AR

2. EETIE
2.1, T HUNE

211 HxHAH

oG, AL MU T REU — LA PR

VU TCHEARE T 1843 4 2 /R 2 H02E K WL R. Hamilton 3 H o PO e 50 H A e U 4 i o523 18] Hh s A 1
F—ANAHK, BB EHCGE T T AR RS R SRR AR, FS kL DUnHuR B AR D 4
(B3 F& DA DAFRATT AT LU AL 1 A SR B 3fe (1 05 2K A DU e Bk 3fe [ 141 DU s B R sleis BAT A
A . TR R AP e BAE g A0 R

q=q4+q1i+q2j+q3k 1)

H, o 9,,0,,05,0,€R 5 i?=j?=k*=ijk=-1.

2.1.2. WETHINET R
1999 4, Bulow #2H 7 VY7t f# B 748 i (Quaternion Fourier Transform, QFT). —4k#y RAA4F AR
(Hilbert Transform, HT)F1—Fh —4Ef@t {55 5 S . 7€ Bulow & X HT H, 4EfHT(E 52l
AT I PR AR B RIR K . Chan XS TATAC[13], UEBH T HT & 4 XU IESL N
AW 5 — Pk . TV e HU B LUK Bulow ARSI S, Chan 5 AJF R AR 7T T —Ff T A XU
VY75 H0 N A e (dual-tree quaternion wavelet transform, DTQWT), 44N IU 76550/ i i — 4> i 380 (Gl i 1)
SAE B BN A = AN BRI = AN R AR S DY e R 1R R 4HZH . Chan BT i DTQWT, 22—
AN B —ANERLF A S =AM K B EAI ) 4 (5 TUR I SEAESE, [FR SRR PP AL
(o
ST YRS, SR IO ST EU N A A RN A RS T N SR o R A B A A B B AR
LR EC ST, AT DL N R EAH 2R T SR R -
LL LH

on (X)on (Y)
Lng(X)%(y) Lng(X)u/h(y) HL‘//g(X)%(y) HH'//g(x)‘//h(Y)

Q=L LH H HH )
on (Xyg (y) LV/h(X)‘Pg(y) wh (g (Y)

on (X)og ()
LL LH HH

Pg (X)(Pg (y)

HH

on (X)wn (Y) HL'//h(X)%(Y) wh (X)wh ()

¢g(x)|//g(y) HL'//g (x)(ﬂg(y) Yy (X)‘//g()')

S Q MAF— XS N — AU TCEACE, DTQWT ZM R 45 AT AR 2 DU o 8RR s
& = Ly comm Tl e + Ibn 000,00 + Klbpy 090, )

% = LH, countn FILH . comnin + IEH 0 00w 00 FKEH G Gop ()

s = HLy, om0 HTHL c0m 0 + THL 000,00 F KL 690, 0
Gs = HH,, oun FTHH, oy T THH, 90 ) +KHH

®)

Vg (X)’//g (y)
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ARG AU DR B 25 2H[15] Q-shift Sk SEH DTQWT . 7E# 7+ BIEUK ENEVE T, #iik BB L d DTQWT
S, AT DSRECHAEA RS R ME . BT DTQWT [ R A 2P ek, AT DAEARR IR F3k
NI « ARCLAI AR A o XA K BN AT AR B ik B G i R e i B, e
AL DTQWT FEABEIA BB RFAL A5 B0 T R K IR B 8 A B4R A [13] DTQWT AR 1 =5 (14
PEAF 2 MR T /NP AR A IE [ s, T HAEAS R 70 R T 8 1 BRI R e, s 7 B QFT [12]
BRI PERE . IXELRFPE (LTS DTQWT BN — iR EF H & B /K BRI IR IE S

22. FRESRE

A FHAE 7 F(SVD) 2 — Al T 2 A BB N A2 4 T H o & T BURHME B R BE 7 FEAERE A 7 il =
ANFERE, U MV RIERRRE, S RAS AN A& AR AN NEGEEBMERE, K&
A VAR BA AR AR BRI AR . Fr A S E AR S B BN S 5y MR BT A )z
MR o BEARERE AR — A mxn 4ERURERE, Hrhm>n, MFERE A& R0 R8I HA AT

A=USVT )

b, Us=[m i), U R mxm4ERFIEAZHER, BIUUT=UTU =1

H g (=1 m)NEFRIE, S=diag(o,,0,,0,), S&mxndExtMLkiis i THEs
Wk Sz A S AERE, V =[v,v,v, ]y V R nxn 4B IERS R, BIwT=VV =1, H#
vi(i=1-,n) RN TR,

HHEE AR A, WX AR S Wik o, 20,2 20,=0,,="=0,=05

A RAE, fEA AR S PR IEIM KBGO THES, I H A SR B 0 0 E R A, 7E1R
ZIEOUT, AT 10%EE 5 1% & FE A A 1 i a2 A 99% LA B Eedl, Rk, FRATTH AT A
FHER ORI Kk A 75 AR . 1) 20 A5 3 7 ) SR AU RR A B, S AR e ik s

Anxn = Umxm Sm><nVn-£n ~ Umxk Skxkvk-in (5)
Hop K EL n MEZ, BI—ASKRISRE ATTRUR S AVNMOEEU, o« Spys Vi, KR, BEBZER
Eo A Ja T AR D B B AR EERIE R, 7EBUR 2 R K BN B AT B2 5 L.
2.3. Arnold Z#

Arnold A8, FH Ak EECE R gB R SEOKR « BT i {8 (Viadimir 1gorevich Arnold)#&H, T Arnold A< A
BN — TR AT T R AR, B DA AR (cat map). Arnold AR 3R] DA 5
BB E AL E AT BAL, AHABNE R R, 2 RAEZ BRI, E AR T KR EMR
BEELAE LR 2. 3TN N x N 8 G, HEEdb i Amold 28 #1640 :

[Xi]{: gln(xjm"d(“% xye{012- N1 ®)

y y
BRI, (xy) REMGERGEAIR, (XY ) RLZE Amold A8 MR FAFR, modN)# 7t N
SRLHESE, n Zoront 5 B R 1 B LUK EEL%E[E[Z‘ Z]E*fn%ﬁﬁ&%#m—bq:l, e

$n=20, BAEEMKEFICFEa=b=1, c=2, d=3, WK LIENER B, I %H
key=[n,a,b,c,d], FEFEEEF/KENEIGI, xFEELSHKETHET Arnold 1483, key A DAfE Ny —Ffrfigd &
T H. L& Amold 223 R GEFH T B ELIET T R8T BIR
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K 1(a) 91 256 x 256 K/INIBRIGIME K BN R AR R, 151 1(b) w22t 30 ¥k Amold A8 B #L 51
IKENEIE .

@ (b)

Figure 1. Arnold transform
1. Arnold EE.Z5#

3. FEIGKENE %

ARSI AA BT DTQWT A8Hfe, AR 5 0 ARSI FE -5 E AT & A 7 f#(SVD), 15 375 R AHAE
B, P 7K ENEE 34T Arnold BEL, EHUKED R NSRRI T o 4 B ALIG K ED RN BT (B AR R, 7R L
fill & A PR T A2 1, SREXME IR G &7 A8 4 ME AT 1 5 (B AR e e i, AR B IR DTQWT
AR BT (5 B o BT 2 T3 BB S /K ER AR /K B BUE B B S RN B 7 = G, i DATE S
B 7K A 25 b ] DUR B A4k A SO IR A6 7K BN MR ZEAT Arnold A8 #, ] LA ER IR 7K B A 25 B0t £
£5[17].

3.1 KREMRANEE
AR B K BTN S AR B 4] 2 e

i
i
LH - Ul‘-ﬁ Nel
HH K ED B %
HieMNFHER
UII

l

7
VLL

BNKED BRI E R

Figure 2. Block diagram of watermark embedding algorithm
2. IKEMRNE R RIZE

IKETRAN SR AR BT
D WFAREAR B G A SO DY TN AR e, I8 7 R, O A R A5 R
HELLAE 7K B AR RN DX 85
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500 R AREAR EUR IR FE A5 B LLEAT B (B 0 i, AR BIECHREU |« vV BASCH A
HFES,,
LL=U_ xS, xV| O]
B0 WRAKENEHR AT Amold B LA #, B ELE P key =[30,1,1,1,2], 3R EELEHEIEW;
FVU: EEKEHRN B E T o , ARG R EELG 7K BT EEWX B B0 R RE S TR IE,
RN IKEN R 5
Sum = S +axW ®)
BT MHRAKES B RAEFERE S, AT H R, TN & B HE FE BEATE 1R, /53] IERL
FEFEU ya s Viewa PASET RS FHERE S| a5
Sim =Yiima % Stima XVilua ©)

FNH P IR AR UG ARG 2 15 B 1y LU AT 3 S (i 0 A B IE SRR U ATV ARG
A A BN IR FAFERE S| o HEAT 33 B 0 AR RE, 15 32 1R 5 A AR FE 15 27 newLL ;
newLL =U,, xS ¥Vl (10)

AW WHMEIE G RS A5 BT newL L LA 78 57 — 2 h 45 21 (9 He A 15417 At — 20380 XU DY
TEEUNBAE e, AR EIIRAOKEN A R .

3.2. KEPRBUEE
ARSI KK BN BRI KRR B i B3 T

nLL nLH
nHL nHH
S
16N FHER

Figure 3. Block diagram of watermark extraction algorithm

B 3. KENZEEERIZE

KSR 00 A5 B F

25 RHIAK EIR MR GO0 PSS B, 3 EI164 FAR IR, BG4 5 1
TALLAE A KD £ X 1

Bt KBS (2 BT AnLLMEAT 2 S A AR B TEACHRE Uy« Vi DLW AR S
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nLL=U xS, ua ><VnT_L (11)

Bk R A ERN S T2 o 2 SR £ KB S, HEAT 45 S A IR B IE AR U 0 O
Voo B BOK ENREUFLE S B B S, 0 BT AR AR RE, 5S, ,,, s

Sum = Yiiwa X Soiiwn XViiwn (12)

VUG RIS, F1S, A EELS /KEInW;
NW = (S, —Su)/a (13)
HIA: MIEEEL TP key =[30,1,1,1,2], * EIRFF 2 /K EInWHE T I Arnold & 5L A #e, 13 24BN

[k R
4. ERBREITME

EIG i & VP Al AEAT AT B R AR 2 RO E R — 5. Bt T BT EGOK N EE R T B
WA S5 B B o AR SCA8 FH IR VP A 48 b L 45 U5 15 142 L (PSNIR: Peak Signal to Noise Radio). 477
%7 (MSE: Mean Square Error). JH—1bAH ¢ &£ (NCC: Normalized Correlation Coefficient). &5 HAH I
#(SSIM: Structural Similarity Index Method)F1i%15 3 (Bit Error Ratio, BER). H T 11-5PSNR{E(LLAB

By Bk 2 (a0 T 18]
255
PSNR =10l0g,, (14)
1 M N o L2
MSE_MXNEE[C(LJ)—C (i.J)] (15)

7E(23) i, MAINZF AR B T R AT BN S E, C (i, j) ARG EIA BB RIERE, C (i, j) MR
IREAR G RN KEN GGG R . T ENCCHE AR T :
22 W (i W (i j)
NCC = Nl = — (16)
Sswe i Ewe
e R, Wi, §) F R K ENEIR RO 2, W (i, §) AP A S0 S R 1 K B R % 2
FHF i B SSIME 1952 A R R -

Mz

Il
-

(Zﬂxﬂy+cl)(20-xy+c2)
(,u: +,u§ +C1)(0'§ +of +C2)

T8 B, g R g, SRR IEIE, o2 Ao 5 BURXRIYHITT 2, o, RxRly I %, ¢ = (kL)
c,=(k,L)", k =001, k,=0.03, LEAGEMINSIAIEHE. FF it BERME 0] %A

SSIM(x,y) =

(17)

BER = Nerror/Nbits (18)
FE B, Nyyo AASCERE TR /K EN 5 JIR/KENEEXS, (5 BRI ECRHMERI AN, Ny AR

47K B HR AR 28
5. SLIRLER DR
KSR AEMATLAB2016A L% Br 42 Hi 110 80 G /K BN 7 S AT T A 5280 . A 7 VAl A e 5
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EHIVERE, B /N N512 x 512(K) K ¥ K14 Lena. Boat. Barbara. Male. House. Mandrillff A&t %14
BIg, wEARTR. IEEUK/IN 256 x 25611 B Fa T K UG AR AR N /KBRS, Wl 1@)frr. KEDK
ANHIBEFER T =0.02 , XK EEMRHEAT Arnold B EL AN, #5810y key =[30,1,1,1,2] , AFEERKHQ-shift
PEBE AR X MR FEAT — SR DY e /N A e . AR SR B WEAEL (S 1 LLPSNR K FE & FIT R A K BN (R i B 1, BT
IKENBEUR AN PRI, SR UH — A 5C REANCCOR JE B AT B HHH 1) 7K B 5 B s 7K B R AR AL o S %
I I G R LR B A R A FE A, R TR A B OK BN SR I A M AT VA
5 FABAH K BV EIL AT T Lo #r, EH T ARSI R

(a) Lena (b) House

(d) Male (e) House (f) Mandrill

Figure 4. Original cover images

B 4 RiaiEEg

5.1. AI{TMS

AAT AT B RS AR SCRVE T AT, BDRE AR K BN R A BB B, ARAEIR AN KED
JE UG AR Z B BE HCRAE T, se I I e B /K EDEMR o SR ARSI /K ER ARV b3 7S i 5
SEBAR UG AT K VR RN, 19 ZHRAKEN S IR, WE5FR .

XFEGIE 4 FaEE 5, MWARSEEREN b, BAHHR KBS 0BG S R a8k UK 1 20, AT A3 A SR ER
FFAEHR N K BN B AT AT .

MBI FaAR KA, TE RN K ED S 0 BUG R Z B BGERAS B, SR A9 /K BRI IE — AR 56 R 4L
(NCC)FIRIL R (BER) L7 1, H:/h NCC [I°F#41E M 0.9985, NCC FISCE MR T 1, T Z 5 A2 R H%L
WA REAT BT S AB 7 Al (SVD) R R TSR 22, T B /K ED iR N S 4 0Ot UG 7= 26 1 e, (ELR 2
AR, TTLLZNEG . BER [SF35{E %9 0.0732, Ui AR I K BN G 5 TR an /K ED USRS B A — 3, RIASC
IKENEEAE K VB B AT AT I o 45 BANA, A SCHE H i 8 BUGOK ENSVE B wl AT
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(a) Lena (c) Barbara

d) Male - (e) House 6] Mand-rillr

Figure 5. Cover images embedded with watermark

5. BRAIKENBIE IR E &

Table 1. NCC value and BER value of watermark images without attack
1 RBERESTKENERE NCC 55 BER &

A B 2K ED NCC BER

Lena 0.9980 0.0915

Boat 0.9987 0.0803
Barbara 0.9983 0.0681

Male 0.9990 0.0638

House 0.9980 0.0870
Mandrill 0.9992 0.0484
FHE 0.9985 0.0732

5.2. ANAI S 4T

N T B EAR SR NIRRT R, AT TN WA AT o AN AT WL AR i B A
RURE K ED RN R IR EAR G, Aot EEA BRI R AR, TP EEEAR G R A . AT
BT R F A BRI PSNR #1SSIM, 4156 2 s, A4 NS RGE(HVS), Gl H 5% PSNR {H K
T30 dB, SSIM{E AT 0.9 H2ulf, EIKEIERRNIKED G MG A2 AT W, 7K ED BRI 4 -
MG 2, JRAREAR BUR AR A K D BHE 2 [B] 715K PSNR 1B 4 73.0688 db, =1~ 30 db, SSIM #{E
40.9998, =T 0.9, YA K BV EEAS I] WA .

DOI: 10.12677/aam.2021.106221 2121 I Bk


https://doi.org/10.12677/aam.2021.106221

M, it

Table 2. PSNR value and SSIM value of cover images without attack
2. RRERSTHIAERR PSNR B85 SSIM (&

BAEEIG PSNR SSIM
Lena 71.1264 0.9999
Boat 72.9037 0.9998

Barbara 73.5895 0.9999
Male 74.4160 0.9997
House 71.1351 0.9995
Mandrill 75.2419 1.0000
FHME 73.0688 0.9998

RN T VPR AN AT DU, FRATTRS A SCOK BN S SCRR[8] 3 /K ERBYEAT T LR, ik 3 iR
M 3 A UAEH, RAA ST E R PSNR #1144 73.0688 db, T CHR[8]IHIME 40.6868 db, SSIM
YJME N 0.9998, =T SCHR[81HIA1E 0.9989. i H T A SCHE A AT W R AR T SCHiR[8] .

Table 3. Comparison of PSNR and SSIM values between reference [8] and this paper
= 3. SCHR[8] 5 ASCE L PSNR {EAN SSIM {EXTEL

PSNR SSIM
HiREG
SCHK[E] ACHE SCHR[8] AL

Lena 40.6531 71.1264 0.9992 0.9999
Boat 40.6741 72.9037 0.9990 0.9998
Barbara 40.6901 73.5895 0.9993 0.9999
Male 40.7342 74.4160 0.9975 0.9997
House 40.6685 71.1351 0.9991 0.9995
Mandrill 40.7007 75.2419 0.9993 1.0000
4 fE 40.6868 73.0688 0.9989 0.9998

5.3. BEESHT

ORT] WPE AR, TR SR . SRR ISR RS R (S, KNS
AR, YR LS R e . 7R BUGOK BN b, SRR A A & P e N M S K B R 4k
EUE AR BUKEDRE 1. Rk, 30UF BUE/K EN A S Mt R AR BB S 7 Pl A ST e S92 1) 5
P, ISR K R BUG AT A R Brdy, B2 AL oy e 75 ik LA Bee (B V) iéd%) B,
SR R B E 7K B 5 SR AR /K B2 R AR AL, SRAR SO AN SOV I S it . 3 A — 1 AH G R E(NCC)
SR SR B A

S MK BB AR 5 Bk B R 7 o 0T aG %A R Lena. Boat. Barbara. Male. House. Mandrill
S RARINEAE S 0, 757525 0.001, 0.005. 0.010 FAIAN M 75 (e $r e 7 o ARUER MG 7 ) DA S e Ik e 75, 2L
JKENF) NCC AN 4 fiizs o« N2 4 AT LLE HY, M8 Malle 7E w170k 75 R IR AR 1 e s 50 R 1) NCC B 5 i
i % Mandrill 76 B R 75 Sos T 0 NCC B R, 3% 7SI 3k A B8 7 e s ik R B NCC {7
F0.98, U BHA SCK BV IEHRP UM R Bk (1 BE R
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Table 4. NCC value under noise attack
5 4. BREE TIEEUKENR) NCC (&

JUG T T #E Lena Boat Barbara Male House Mandrill
0.001 0.9890 0.9893 0.9893 0.9906 0.9888 0.9902

e e 7 0.005 0.9850 0.9859 0.9866 0.9876 0.9851 0.9872
0.010 0.9830 0.9842 0.9854 0.9862 0.9833 0.9868

0.001 0.9981 0.9990 0.9986 0.9989 0.9980 0.9987

U B 0.005 0.9884 0.9888 0.9897 0.9890 0.9885 0.9897
0.010 0.9870 0.9876 0.9881 0.9879 0.9868 0.9885

0.001 0.9982 0.9984 0.9988 0.9990 0.9926 0.9987

FEAA M P 0.005 0.9879 0.9884 0.9887 0.9914 0.9869 0.9889
0.010 0.9865 0.9869 0.9875 0.9887 0.9853 0.9878

NHIPA Lena #AKEGONB], THEILAERER . BIY). Btk TBORBGE T PSNR 5 NCC fH, SEK45
Rane 5 frox. 4 5 A, FTAFH) PSNR (B35 T 22 db, NCC {H¥% T 0.98, I HIUGH i B EE
Bt SRHCAKEN P e B, WA SCRIRARPT) LT B O AL

Table 5. Experimental results of Lena under normal attack and geometric attack
2 5. Lena EEMBE LA KT THISKIG AR

Brati gy =X PSNR NCC
Jiess 45° 0.9815 22,7913
Jied 90° 0.9882 24.8909
BYIf b o1/4 0.9869 24.4384
Bk b 1/16 0.9879 24.4523
Btk 0.9780 33.2872
K 2 fi% 0.9711 20.5016

5.4. LEBHE SR

N T UEBARSOK BN REAEAN R I B T RS, ARSI 4S 5 SRR [8] /K ER&h kT Ttk
IR 6 FRIIA R T NCC A PSNR (T HLEL, KB h 5% 5 SOk [8] 5 1 & a vtk
REREAT 7 LU, B4 6 mI A, WNINMERS . U8, JUFIBGER, ASCEVEATE NCC {H¥)m T 3CHR[8], H
H, Wi o =1 (0 m I RIE pE Ny, A SO TS NCC {H ELSCHR[8] M%) 0.1, Mg drah i, A SCas:
Jr#3 NCC A HeSCHR[8] /=12 0.4, WIMBYPIBL I, A SCHRIEFTAS NCC B HLSCHR[8] =120 0.4, M FiR&E R
ATDURZS Gy ifg h,  Brde th I BRI U B i e AR T SCHR[8], B S UF &M, |4k 6 nTH1, B
BB PR ICE A1, A3 PSNR (E 475 T SCHR[8], Hit/ MEAMET 22 db, FIR, 76 ek 58736,
AR TS PSNR A EESCHR[8] /120 12 db, 5t A SCELAAEARTT A DR B i e BE A 55, (ELE AR RE
B, PRTOCHER8]
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Table 6. NCC and PSNR values of the literature [8] and this paper under different attacks
= 6. PREIBE THICAK[8] S A E AR NCC {E71 PSNR {E

NCC PSNR
Wit
JCHR[8] AL SCHR[8] AL

iR A Var = 0.001 0.9778 0.9890 29.6157 30.0073
ML 5 Var = 0.001 0.9968 0.9981 33.9281 34.9089
FE e 3% 3 0.9309 0.9860 34.4609 34.8195
PEEN; 3% 3 0.8098 0.8943 33.2115 32.9717
FHHKE o =05 0.9519 0.9876 38.7256 41.8480
FEEIER o =1 0.8429 0.9312 34.3339 34.3769
JiEss 45° 0.5468 0.9815 10.3579 22.7913
BIPIA - fy 14 0.6185 0.9869 115527 24,4384
Btk 0.8953 0.9780 32.1659 33.2872

6. LRIE

ARSI T —MET 2T DTQWT-SVD HIZKEMR A5, #£ DTQWT 3N B ik K& (1 7r 57 1E

X HE L By BL R U Bt B A AR R A & ek . TR, 7K ED MR e BRI £ 16 LE (PSNIR) MR 5% 3%
H(NCC)ZIZFIL N 7 —MEm . SHRETREY], SETICREHUVNEARHRDWT)IFIREMEL, A3
SRR B AN B R A S E . DTQWT 2T AL AR, RIS H 2 B DU CAR A 52 % 1)
BHEZL, TUARMENGDE T HARTUINMEME A E 0. RltE, T DTQWT My EE /KBNS L T RDWT
MIRNE BA A&k, 5T LTSGR RE T S .
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