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Adaptive digital watermarking algorithm based on
energy analysis of wavelet coefficients block
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Abstract: To enhance the robustness of watermark, an improved digital watermarking algorithm based on wavelet
transform was proposed. The third level detail sub-images decomposed the original image using three levels DWT( Discrete
Wavelet Transform) were divided into non-overlap blocks. Then the blocks, which were more adaptable to embed watermark,
were selected by block energy analysis. At the end, combining with the properties of human visual system, the watermark was

adaptively embedded into the largest coefficients which belonged to the selected blocks. Theoretical analysis and experiment

results show that the watermark generated with the proposed algorithm is imperceptible and more robust.

Key words: digital watermarking; wavelet transform; block energy; visual masking

0 3%

B BRRRIEKEME BT 7 i BUBUR P HTBOR , 5 20
PIN A BER A ARG R, BSEXPIAESR, B
WA EZERT T RRARNBIFOFRE T A28, 88
BB 40 53 I s AR R Y e TR AR
FERARIKENE S RE R AT Ao A B = R BT A R R B B
A AT PR K EP B9 A8 AT WA 53 51, AN 656 & 48 (Human
Visual System, HVS) L SESE V7 2L AT LA BE 07 (345
BUKEFER AR, AT A A1 T 7K BB A 1 A0S AT DL 4k 1 92
i, R T AR BRI B K ERER B AN R

FEAR I, K ER AR AL B Ak A 55 B L He B2 R 3 7K Ep
BB, D8 T R4 BRAIEAK BR A B R 1, SCRR[3 TIA A K
EPR SR AR R ERERN R B Ik, UK
[5 JZEXSHRHE Lena B8 = /MB35 B %51 B AR 4R
EHTHEIT IR 38 AR R L RER
7 R 5 = AT I AP B R R B, TR K B R A B X
=TRSO RER R L, B ST K B AT LA A
BBENGE—. AT, REDPRBKRKRLOYEGKEERA 5K
F T E PR EE S TR IRA , XTAEE— BT

NI, AR ST — A0 1 3 R /N R B B R B S 3
RL B b s S R R BTG o S5 R, X M TR LA
L3 SEBAST B R R e BRI AE B K BN HRA o TE MR A
£ R —FET /MR BUIRER T B 1B DT KEPR

175 H H#7:2005 - 10 - 08 ; f&1T H#A :2005 - 12 - 15

o BB AXE =R TR HL3 A LH3 #4703, KRG
BEBUX P T BRI AL B E AR R R, FER K Bl A E
XS AP AR E BRI /DR FEKEPR AR, 45
B AR R G AR B 18 LR R R A B K ER 3R
B, Nt — b 3 Rk N B 1

1 ETREESNN B ENAHHE

1.1 BREEBRIREXFZHNSEITST

BR&—%/NE ka8 R — MRS GEML) T B
LLI F =g 45 (40%7) F & HL1 LHI 71 HH1; %f LL1 #
TR ST RE FHERN L, B 1 N EBR =%/
B EE

uusfi] .. BREEBR=F/DNED G,

o o | AR RS BT SE
| REZQAHTFEPH KRR,
HKEVE BRI =TS
YRk R REBIF R ST IUK B R AT
AR HEPE IS —. AT, /N
W1 mam—gg SRR SR TR S
DREFENY KR, SE T b
FE A FAEIGHA. BT B
Sl TR AR T 0 440 i HL 48 R (ALK e
GTNES P e NS W S
B AR T

LH1 HH1

ESTH : JU)I4F 45 Y B H (032Q026-033)

TEERB A R T1(1980 ), 35, WUNVE BN B L BFSEAE , FBEWATT 1] BUF/KENBIAR s TR (1965 - ), 55, WINVEFEN, B, i L4k
S, EEHFTETS T SRR R TR U S S R B AL B R B 5 R T IR,



oM B E REF R H 831

Eypor = an zcll)ck(l,.l) (1)

1 j=1

mn FEREIKN; Cppoae B DR INE RIS E o R
AR,

B SEA 512 x 512 ) Lena B B#EAT =R/ B, K
SB=2 40715 T & HL3 LH3 #1 HH3 23 0 F R E A EEK
4 xAZRBH(ME 1) AR5 (1) Xt E & 0B r i (B
m =n =4),82H=TEMRAME - HRaERZ RS+
FXHMERARBH G EER (B P URAENTE L%

BURER SR o
0.20 . 1.4 ,
(| w—- FEHLS (R, 1 == FEHL3
I o= FELHS [ W& == FELH3
% 0151 = FKHH3 R;LO - = FEHH3
ﬁo.lo :
E_ N
§ 0.05 | Ar
12345678910 12345678910
Yo S Yo s

(a) TS RXTRE RN L (b) HEXF R REN L
B2 =T REIAHIRALE bR AR R K R (IR i R O HE
XTHRIE 2(a) #1(b) , 7 HH3 Hag 3 i gE R Rk ik

Z YR HL3 A1 LH3 FAR R 08 b B3R e AR R R B0 He
AR IR/ 1 5 73 58 /B S 1 B B L B FE AR ] 3
T HH ME B RAR, AMURSE 52 R R80E R4 =
R, T ELAERE I8 3555 MR 75 T D056 DL A 4R 0o JEL e S 0
REGR W , BT FE K EHR A AR, B0Fs 7 & HH3 HEBRTFEST
P HL3 0 LH3 AR R 0 B b B R Bk e b o B v 4 %
ERR ARG, B 2(a) B AT B P E H5
By RERAR /S, X U A AP B 2R BOHR (B 58 B/, BT 2(b)
AT Xk B R R B R 2R A /D 5 AR AT 4 R X A 2 T/
P2 5 AR A ) B 1B P 6 0SB AR (AN TR [ 6 ]+ BT 42
B AN 48 A5 J7 35 ) , 3 2o BR i 2 B0TR AT RE7E
BIGEE48 9 2 A BE A BB R B LB, BT ZE#E47 7K
EPHR AR, 3X 25t B S HERRTE S o
1.2 ETHREBRSHAKENEZHREIR

TRIEEE 1.1 WG TR, 45 & Weber B %
IE KRR S RERL R A5 5 B I (B AE LU , A SCHR HH — 7
FTF/NEARBIRRER T B BRI KENE . BRI
T HL3 71 LH3 AR 8 _ERERECRHIER AR5 KK ETHR A
B ek A A XHE FR B9/ BCR B L s RIB 2 T ZEARUEK Ep
AT LERTSR T, RO T RE I 58 K BB R Rk AR B, DL
—HREKEI B8R, TR AR T F 8 T ARAERS
ML T AR, BEK PR A BERL T8 EER. BE 1A
BREKANH 2" x 2" BRI SIS RN -

(1) UEHFIIEAKEME S RAEFMEBE" A
ARG A RA IES 0 N(0,1) , KN L S EEENLFES] W

YERKEME S o
2M—3 X 2M—3 Mos s
L = x4 =2 X2
W= f{w|i=12,-L}

(2) X718 ERBHAT ZH/DB R IR E=ZRAT T
Bl (HL3 \LH3) 2 HI 0 EIREAER KPR 4 x4 BIREER

(3) WP T BRI E ERER B R AR, HH R
IKEPIRABR B, i = 1,2, ,L;

(4) W B; Berp 2 4R 8 W SR ) R B, FF0 T HAEA
BRI E o

Cow (%;,y;) = max{B,}

(5) FRA(2) 74 % B 5 K B R £ b #E47 7K B B %
A

C e (%:,7:) = Coe(2,7,) + ax [| Cop(,y,) | +

BxCyu(a'y)] xw, (2)

He,i=1,2,,L,Cu(x',y) RAEREAI P 43T H
BRARH/MNERE C o (x;,y;) PIXTRL BRI T B 7 B, SR A
Rz B MR RSB, o 1 8 I 235 J2 7K B A58 BE B 1K
FRERERIE 7, MRS S E SO [5] . (2)
R ARKENSR 5 758 B R SO 55 E H, R & A
FANER G R IE S R 1, A TSI s SE B T 7K B AR
JE BE R T RIEE R

(6) XHir ATK ENE 405 7 B A H A 7 B 4T = F/ D E
MBI RA K KENER
1.3 KEDEYIRER ST

SR FRBRCARS 363 Xof 7K B FEAT A «

Hy:I" =1+N (TC7KED)

H.I* =I+W" +N (FB7KED)

IFII" sy R E G RR IR ENER, W™ AR
BHKENFFS N s o BB R BOEE T3 W BRI AR K
B W 2 ] B SR 1 75 B o TR A0 B9 7K BN AS I 45 BR W] 2 2% UK
(51,

KB K ED W 5 ER7KED W ] 49 I5 — LA R R EUE
SRR

Zw(z)w (1)
NC(W,W*) = (4)

3@ e

& NC(W,W*) > Th, WFIESMXE G EHKE W,
BB KED WXt T BIE Th B E , BL 24 7 % 18 i
FRMPERR AR, B A R s/ T U B R38R 5
20 R AR R AT s AR R /N o ph TSR R A — AR AR
XL SEB K NP REREAT B R PFAG , B K PR BEAR AR
SR B LR AL

2 GRERMN

HRUEA ST HE IR B , LA X 7K B i & B 4t R A T
AT T ERE MR ARET K S35 ] #
7T HE LW ILE AT AR EGETIHK, B
FRF R 1R, X B R4 T R/ 512 x 512 R R(EN T0,1]
Z[A]H) Lena 75 EEERAY ELELEE R, & 3 ~ B 5 FIK 1 Fimo

5ICHR[S TR, R A ARMIEZ 204 N(0,1) B SL5UF 51
YES7KER, 3 LAV — G AR BLBE (NC) 335835 SE B A4 7K ER 1 RE
79/ 5 550, K EPEHMR B R BR T R W PEAG 51, 38 LA
W B {58 EL (PSNR) X H AT & WPFHT o PSNR BGTHEANTE »

M X N x max(I)?
PSNR = 10log,, (5)

ZZU I’

i1 j=

IFIREIRTE EEB, T FoRKEDER M N R EBRER
/Iy max( ) SREKIE
B 3(b) IR T ilid A CH L LB BN B, BRI 4R




832 HHE AR

2006

B 3(a) tHEG, ABRXE LA X 5 6 1 B4R 22 18] A R ], 0 B A
SCHE R SE PR K B R E LR T A, B K Ep AR B
PSNR =52.224 2 BUKEPERIRHA/KEDEIAY NC =1, B4 B&
TASCE B EPUKEIX JPEG EgRm S, E4(a)4h
TKENBEBRZ B R KN 10% ) JPEG K455 EREER, 1
B B R E, AT PSNR =30. 036, A & 32 BU A /K ED BRI 1R
JKEPZ BN NC{HK 0.4459, X RIEEH ARIFHRETLE
P, AR SCE AT AR BB AE WT SE A A I K BRI FRE . A 4(D)
25 WYL JPEG FE4ARE 7 L BGR W] 40 - B FE 46 3 1 33/ NC
EIBZEEAS (B RAEMFINESE R T , A CE L NC HiT
TR TR [5], B A SCH B LB R K ED B B 5 B 9L
JPEG E4RRE ST, X BREE 2. 1 WAt iss R —3

B3 FKENAR A WL

1.0
= 0.9
Sk 0.8
:@%é 0.7
A 0.6
.1rr§ 05|
o4/
22 o0l e AR
N 0.1
)
(10 20 30 40 50 60 70 80 90
i v FE4RE(100%)
(a) JPEGHE4H(10%) (b) JPEGHE 46T RELL 5

K4 JKEPPL JPEG FE4E i Bt i

(d) LN 1@5%) () EHRIER10 )
BIS S TR ERALH B LT R ) Fe A 2

Bl 5(a) ~ & 5(f) 43 =X K Ep E g7 & P B 15 2
R, Hor, X BRI e 5% Mt 18 B R e bnfs B Z 2™
EBIR, SR8 1 M =X, ZE /K EP R B AT, Jo Xt @ 3% e %
Yok K EP BUR AT IR R B G TR BUK Ep, £ 18R T K
EPE4 8 32 & Fh i JE B9 PSNR {EAIRBUK ERER R IR /KERZ
[B]# NC {E., M5 f5E 1 o PSNR —#2 0 LE R, K ENEE
HZagMEahE, R EH 2R, FEEMRLRE T, A&
SCEEASCHER 5 ] B9 B Bk BT SE B ARG K BP B 5 5 R AL AR 3
{HE , AXTR A NCERE , AXEELEEEFEEK NCH, M

# 1 WERJEWATE AT LVE B, A SCE BB (S ] B kB
LUK B WA LT8R AE B A i m Bt
® 1 OKEEGEITEMIE AR LR

e PSNR/dB NC
ASCHIE SCHRIS1 58k ASCHRE SCIRIS] 33k

JPEG [£45 10%  30.036 30.03 0.4459 0.2735
HETERE 3 x3 35.03 35.002 0.8185 0.6668
HEIERE 5 x5 30.875 30. 871 0.3858 0.2231
HEANUEPE 3 x3 37.182 37.128 0.8823 0.7435
HEANURPE S x5 34.245 34.221 0.5378 0.3703
= TmEE(0,0.01)  19.689 19. 686 0.2903 0.2442
HERMEE(0.02)  22.063 22.121 0.3199 0.2801
LeB4E i (25%)  32.387 32.372 0.7179 0.5098
10°jiEk% 17.065 17.065 0.2375 0.1938

DAL B SE 0 HU R R, T8 20 B AR SRR SE BRI K B R
ARILERIR T, 05 0BG B AULTRIER A B S
B,

3 4%

ACAEXHE F BRI B R U 7 ER BB B e 3of o B 448 %o
HRERRECHTE O R Al b, R — R T /MR
BREER AT BE R BT K VR LIR RK BN B . 18
X FE EER =GN R IE =TT B B, IR
TR RER X MR s SHE B R R — 2 G it i E ,
3% 7/ HL3 1l LH3 M RfL & E B R/ BB K3t A 7
HH3, Bj R B & HL3 #1 LH3 MR8 ERE RS KR,
HETIHRE K B A BT B8R v 28 3 (E R R B /N R B L 7E—
FRRE L3R T KED I B R 55 A, TE R RE K BV iR AR BT
FE MR LIE 2 G B0 #E 22 e 1k, 7E 39 2 7K NS T L B Bip
BT, S EUKEME SR RE R, 1538 RAR IR AK BN 2 Y58
BE, AT #E— 54278 T /K BRI B ek . BRI 0 A FISE 0 U 3R
— 3, FEAUER T A SRR SE B K B LB B4R Ak B A
JUATAE A B I B R 1
SEH:

[1] NIKOLAIDIS N, PITAS 1. Robust image watermarking in the spatial
domain[ J]. Signal Processing, 1998, 66(3):385 — 403.

[2] PODILCHUK C,ZENG W. Image-adaptive watermarking using visu-
al models[ J]. IEEE Journal on Selected Areas in Communications,
1998, 16(4) : 525 — 539.

[3] COX 1J, KILIAN J, LEIGHTON FT, et al. Secure spread spectrum
watermarking for multimedia[ J]. IEEE Trans on Image Processing,
1997,6(12): 1673 - 1687.

[4] TREW, HE. — RS T P R K Bk )] . 815
24,2004, 25(8): 96 —101.

[51  SRBkAE, PR, E R, 55 ZET/DBOHTIY B &R BT K ENE
L] A SR 244, 2002, 23(6) : 617 —619.

[6] SHAPIRO JM. Embedded image coding using zerotree of wavelet co-
efficients[ J]. IEEE Transactions on Signal Processing, 1993, 41
(12):3445 -3462.

[7] GONZALEZ C, WINTZ P. Digital Image Processing[ M]. 2nd Edi-
tion. Addison-Wesley Publishing Co/IEEE Press, 1987.

[8] ZHAO D, CHEN G, LIU W. A chaos-based robust wavelet-domain
watermarking algorithm[ J]. Chaos, Solitons and Fractals, 2004,
(22): 47 -54.



