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ET DWT-SVD =B FEGEKENE X

HARAVKREF, B ER,T HEAEE
(IR T SRR HOR 2B TR S0 454000)

W E. AT MRF F1E 5 # (singular value decomposition, SVD) 348 BUK 6P 05 & 2 R 45 BAK BAL 69 5 T4, VA &
#1t% 3198 4] (quantization index modulation, QIM) 3 4 FAARER TEH G B F R, BT 5N uw FEGHAK,
Pk —Ab A6 L T DWT-SVD R4 SH 8 B F AR TR ik, 2 kst SR AR, - Kk
0k % #e (discrete wavelet transform, DWT) | VAR 3¢ % #: 5 69 A0S0 5 R 3L 4T SVD o ff 48 A o 48R % S 3R
Y5 RRJE W IR AT A, B QIM 69 75 ix N ZAERPP, Fik R AR T R RS0, TOA R RIBUREP, ik B4 4 R
e BAR AL T AR ot u BEGEH AR AT BRI TR BRI, GEEREREN,ZEE
BREF TR GOE M, 3B AR PALE K KA BB % K 41(joint photographic experts group, JPEG) JE 45 (4
AE TSR LA B IR SN,

FKBEIR : F FAE L AE(SVD) 5 B #O IR T Hesu ARG ; ZACKR F1AM B A s B F AR

hE 45 2%S:TP309 X ERARRES : A N EHS:1673-825X(2018) 02-0265-07

Compression quantitative digital image blind watermarking
algorithm based on DWT-SVD
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( College of Computer Science and Technology, Henan Polytechnic University, Jiaozuo 454000, P.R. China)

Abstract: In order to address the needs of the original image when SVD algorithms extracts the watermark, and to solve the
problem of not being applicable to non—uniform signal for QIM uniform quantization, a compression quantitative digital im-
age blind watermarking algorithm based on DWT-SVD is proposed by introducing u-law technology. The original image is
firstly divided into blocks and conducted with discrete wavelet transform, and then SVD is applied to the approximate part
coefficients of original image. In this regard the largest singular value is compressed and quantized by u-law technology. Fi-
nally, the algorithm embeds binary watermark data by QIM. The algorithm can blindly extract the watermark and eliminate
the insecurity caused by the transmission of original image. The u-law compression technique also reduces the turbulence of
the embedded watermark to the original cover image. Experimental results show that this algorithm solves the problems and
maintains high transparency. Moreover, the proposed scheme has strong robustness against common attacks, such as Gauss-
ian noise, median filtering, JPEG compression and image scaling attack.
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WEE HLIE R N, 5 IR AR 1) R e, 2
BAAFCARTG ] T A5 BN o AHSEFF IO FLHE R i
XL S BRAE B L i S5 AN 2 4, TR K BN
ARG BERY X L SIS BBt . BT /K ENL
ARG 8 PR AT 06— 2 0] LR AR R 2 A
Bl R A AR SRR TR B A B 2 A
Bt R PR 22 AR 1 MO, (EL A 52 1 Ji B
BB AR, I ARG A .

HRAE AL B A ], 057 7K BV o 23 8
AV HGEOK ESR R o — MR &, 28 ek BN AR
(R PEACHT , 32 Y AR S B FOAR 5% A8 4 ((discrete
cosine transform, DCT) " B & /)N i 45 ¥ ( discrete
wavelet transform, DWT) " 1 85 #i {8 37 125 3 ( dis-
crete fourier transform, DFT) ™ | ZEAS sl v 27 S8
f#- (singular value decomposition, SVD) Jg— Ffi
RS AL T2 R A& S (A B A e
P, XA S H DR K B S A B R 285
S AR R B R B0P . Chen 251 41 1 LR 5|
PH 1] ( quantization index modulation, QIM) 55 ¥kl 2
AKENEEE T AR 2 i —Fh L . (H2 QIM fF
R A KB R,V 2 A B 5T QIM 1Y
Her/KEN T 282 i ¥ 51 AL, MR 5 5 21
SO AR, B A AR R e s M EHAE SRR
S)or Ay S RALEAE . 1Ry A Rl
FEAERY M, SCERL 7 ] 4t AR 1850 B AL S F 04
BRI SIS T RO K BN vR, 5803 ) 0 ek By
ANFRGIME . T 2 AR R R T K B S AT N
£ AHTEME RS PR AF TR TR R I, MR w 1
FEPE Kalantari 251 42 36 F 0t 5 B 16 2% 51 9 il
(logarithmic quantization index modulation, LQIM ) f
JKERTT %, I FH I 7 b K Bk A2 DCT A2 6 f5 1Y
AL BN (alternating coefficient, AC) |, SCER[9]
W w HERRE S FITE DWT S5, 33 F A 2% ELRME2 1 &
& 5] 84 ( distortion-compensated QIM, DC-QIM )
WK BN A BN B AR B 1% DWT = 2% 728 3 J5 1) e e
Yo AR S 0 & e, SCERL 10] 48 AT
DWT i) 4 A A G B R KED, il il 7 4 A ik
NFHEZKEIF S, 3 H B $E BOAIEK B 751 ik 3] )
UFEANA] DUV RN 2 Ak o SRR 11 ] $8 i 56T SVD
AR GOK BN v, B3 1 3 7 AR AR 7K B
A B HRE G

L4810 SVD %7 Kk BP0 bk B 1%
F 2 S5 0 5 R PR R e T 8 A R A g 2
SRR, SR IBOK BN 5 B R IR AR S, A
LT w R RE, TR LS 1 DWT-SVD 53k 1 2
fil b HEATRICHE , 4 MR 46 7 S AL A K B
J7i, AKENAT LR 30, O AR & T /K BN A& e e
B

1 SVD #u BIE4

1.1 SVD

HilEZ St SVD o A5 3] 1 A A SE A B 2
AEACH . EUER 85 (6 A AR R i Feoe 1, BIE
RS S B SR A RER
XA, Qi SR K Ep i ATEZ IR B4 SVD 23l 5
HAT S L, et 3 6 S K B U AT B AL
B, FRATIATS e A 23 i 1) 25 S T B B K BN R o
It H., Ar A0 T BIG 5 BE A IR A
Pk, BRI, 76 45 518 L A K ED RE AR IE 7K BN i 325 B
PE, ORI TOK BN L Y BRl M 5 & k. & &R
TEEMRH TR A E R FE R ML S A & &
AR, I, TE A T i ATKERAS 230 35 ER 1Y
JLAEE

SVD 3 fiff i e PEARE rh — T AE #8209 40 fi
Jr 2, Hog LR .

WHIFE A e R™ R F/R SEHU,, mxn FR7R HE BF
KN, A HE1T SVD AEEE A=

A =USV' (1)
(1)U, VHESRIESSHERE, H U=[u, ,uy,uy, -+,
w,] eR"""V=[v,0,,v5,,0,] e R""; T FmHe
BS XA, S =diag (o), 0,,0;5,,0,) €
R™" ZFSEER R S FIXT AT K, Hax %
MLITCRW L 0, =0, =0,=0,=0,,==0,=
O(Hrb,r R A )
12 u BESR

w AR R iz o iR, B
ARSI KAT 5 347 i, Mg B IME
SO, VIR G 5 HE M e, AR SORE
w FHEREAR BV ITERCTF 5 5 K 5 QIM 454
J& AT DR R EE 5B R BB i A B8
PES SR YK ED, F Tl e QIM H5] Ak AN T E
KAE SR, 18 £15 5 WIREE ZHEDTEO0
R, T B A 22/ B R AR AR/ N B XA s
T RE ST A8 A b Al A (] W 1Y 5CH S DA 2 v 7K B
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A RE

w BEFE R R R ARG S e (1) R T I
IR GE AN ERER & DR e 8

| x|
(13 ))
€ In(1 +p) (2)

(2) X BEAG T ¢ RIERGE S 0 &L
KANSHG X, e BRGNS E WHEUESE
JE A S S S ] QIM ki AKER, KT
WRBURAIK BN G W55, BT (3) 2 A b BE0Ks XoF
B 15 5 A8 48 1 R 1 3

Xmax
y=7[(l+ﬂ)z—1] (3)
(3) bz ERALEMfE S

2 HEF DWI-SVD EHBHHET
BB K ED B

2.1 HZERE

SVD i A 7K ENBEAT AR T L M iy, (H 4% 52
SVD H7/K NS A AR 4R UK BV I 75 28 i i 1 ]
18,38 T AR EHGAE AL s B AN 2 2 B T
TR o ASSURREAE R A K BN A v A 2 i
[ SVD Jpfif Jm 1R IE SRR, BT DL, S UK BNV A
LR EAAIE 5. QIM B2y Aad TR 215
7, RSO e AR 0 5 P QIM ALK fif
QIM A7 1E R [A)

[l iF, DWT 72 8 B AR 4 3o B A HR ) B8 oy
P, ARSI EAR B R 3B, ol LU I i A e B v
FERF—Berf B — B DWT AZ 45 21 U o3 45 75
e 24T SVD J3 i sRAFHAT SAEHE B, H w
IG5 0 2ERAK B B A S (A 7 I 48 s e i
T ERF B S KEN IR o ASCRE— T A A
RAKED , 3K BT R HC, BRI AL i A 22
S5 I3 —J7 I w A 0 I 1) SR A S (E SCRE
K QIM YA ART B4 5, Bl MR 25

2.2 JKENHIHRNIL TR
Step 1 EHUK /N MXN JK B EIVE N & K B 4
C, X EAREG C 31T mxm Zrdk,

MxN ~

— | Bl T =K

mXm

Haar /N AR, 15 2] 2050 r0 I -4 R 2K ca, o
Step 3 iz /] SVD i oy & ca, , 1537 5

Step 2 45 i(i:1,2,3---

{HAERE S, F12 MM IECHERE ULV,

Step 4 iz w A A (2) K46 S, MK
A S, (1, 1), #Fiz H] QIM 55 ¢ 7K B ik
AZS, (1, 1) iz A (3) 2484 (1] 2] DWT 5§
152 AKED 5 125 S AERE 87, (1,1) ¢

Step 5 i) ca’ =U, + S, + V' 185 AKED
J& W AR 43 o

Step 6 XJ iy R &z A DWT A8 415 5 &
IKENENR
2.3 KENRYIRENIE 72

AR SCR ALK B A5 DU 7 323 , S UK BRI AL
T B HIE o, X, AR X SE SR

Step 1 X & /KEPENGHAT mxm GpHe,

Step 2 X5 i i=1,2,3---M B 47 Haar

mXm

TN AFE R AL T R AL e o

Step 3 izl SVD i L A0 4 ca”;, 15 2 AT
SHEFE M S”, FIAESSH M U,V

Step 4 izl u HEARAT(2) K45 8", IR
ARE S (1,1) .

Step 5 {f il fie/ ML B g A A SR O K 87, (1,
1) 7K ER , ffh 2 S BOK BN IR 75 BEHTE w, X,
AR SR H5 O F 1 T B/ NS A
(97 TR A 53 A ) o ey AKEDECE m AT L
A (4) FREUE R

m:argiér(l(i)r}l | r=r | (4)

3 ZWERNSH

T B UE KBS L B A A, fE MATLAB
R2014a SP- 5 LFEAT 105 BCSE 50 o S 50k b ofi il
IR S12x512 (B30 R I B D 28AAC AT 5 e B 32
x32 (R BIMGAE K ERIET, An&l 1 B

T

N

Elaine

@ﬁB

watermark

Barbara Peppers

B 1 FREEEEGRKEDE &

Fig.1 Original cover image and watermark image
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3.1 ERAMENR

375 WP B K B Y AN T LA, — i P e {5 e
H (peak signal-to-noise ratio, PSNR) S ffifig , e /m K
ENPER Y R FLIG &L . PSNR R B & , 7K B 375 B 1
45, PSNR 31 ANy

PSNR =10 x lg| n-1 n-1 ,
SO GL)) - K(iy) ||

i=0 j=0

m X n X 255° ]

(5)
(5) X em,n FoRFEFERIFTROMIN LG 1(i,)) Fom
J a2 IR s K (i,)) i ATK BV (35 7K B A
Bo SKENEMGIPE 2 s o

Elaine

Barbara Peppers

B2 &KkENEE
Fig.2 Watermarked image
HIPE 2 Al LAFE Y, a8 A SCRE R A K BN Y
A G 58 SORAR S, I B A& K ENIE R 1Y PSNR
{E#BIAE] 40 dB LLE, KENB WIS o

3.2 E#HMENR

EE N — BT IH — AL 5 A 5C R 8 (normalized
correlation, NC) fifj &, NC {HBHZIE T 1, f2 BUAY K
B JRUh /K BRI D), NC 5 A0

m'=1n'-1
> D> w(iyg) xw' (i)
=0 =0

NC =

(6)

m'=1n'-1

> > (w(ij)?

i=0 j=0

(6) 3 em’ , n' FoR R AT BRI w0 (7,5) o
JRAG K EN RS w0 (L)) T 4R BUH K EDEIR . —
JAB LU R ,NC>0.75 BVAT 15 4 B 7K B &1 5 D i
JK ER AR i o

A It 20 R He A28 (bit error ratio, BER)
AR B ofe Al et 42 IR 2K B 5 JRUIG K ED LAY 22 531
BER /)N, SR /K BN EEF o (5 FLS 0 vh S B0 45
N pn=100,X,,, =200, AR A=0.01, Zd—R5
Xf 7K ENER Y O AR 45 R AN 1,55 2 i

T 1,3 2 SLIREE AT LU, 9 K Bk &
HEA A #h 5 BT (joint photographic experts group,
JPEG) Hrifi, 7£ JPEG 4 [H 124 30 i 7K EJ NC {
EREHE T 15 B /K EN AR L 285 = B M 7 B,
MR VARAMEFS | P (RIS PN AR A T AR RESR A
DRERBINKKED, 25 F ik, SVD J3fift J5 1 2 5
(R A e 4 A 75 i A K EDBE S s 7K NI A5 b
TG RE ) KEN Bt

A Lena &40, 18] 3 SETF ML s T & KB
Gz BN W e PRI RO K BN iR 22, iR 22 R &
RN IR, RBE IR 2R,

*1 S/KENEHBZE JPEC WEHEMER

Tab.1 Result after JPEG attacks of watermarked image

‘ JPEG Zifs it 1R 7
R A
20 40 50 60
. NC 0.972 528 0.991 895 0.999 266 0.998 530 1
ena BER 0.036 133 0.010 742 0.000 977 0.001953 0
NC 0.981 513 0.995 589 1 0.999 266 |
Baboon
BER 0.024 414 0.005 859 0 0.000977 0
NC 0.980 939 0.998 532 1 1 1
Elaine
BER 0.025 391 0.001 953 0 0 0
- NC 0.966 803 0.988 943 0.997 069 0998532 1
arbatd BER 0.043 945 0.014 648 0.003 906 0.001953 0
, NC 0.924 643 0.976 278 0.985 961 0.996 323 0.994 852
cppers BER 0.097 656 0.031 250 0.018 555 0.004 883 0.006 836
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Tab.2 Result after other attacks of watermarked image
‘ Wt 4R
%&I&iﬁ@ H‘ A B Y SRS SRS Ve Y > >
FHTEE T -0.0001  JHAAMEFS  BUGERMEAT-0.003 R (EIENE 4EBCCEOK 4 %)
L NC 1 1 0.990 437 0.997 796 1
o BER 0 0 0.012 695 0.002 930 0
NC 1 1 0.995 589 0.862 224 1
Baboon
BER 0 0 0.005 859 0.173 828 0
NC 1 1 0.994 136 0.998 532 1
Elaine
BER 0 0 0.007 813 0.001 953 0
NC 1 1 0.981 563 0.964 566 1
Barbara
BER 0 0 0.024 414 0.046 875 0
NC 0.999 267 1 0.961 139 0.982 292
Peppers
BER 0.000 977 0 0.050 781 0.023 438 0

Hi 3 RSB0 25 2R ol LU, BR T BRI
JPEG-30 T Al AP {ELE P Ml A A0 B R 28, B

iy

C

a TR JUTIR P B HRIBOK B P B iR 22

THRA RS Bt $RIBUK B R iR 2

]

/

C

e WA IG5 HRIBOK B R Bk 22

AR ENE R IR IR 25/ PRI, AR SO BB AR R K
EPIRpLA Rl WIS RO RE T, K ENE BRI R 2E /N

=)

C

b BRI Tt 5 SR UK B iRk 2

@)

d JPEG-303iH; J5 $E UK Ep B iR 2%

&)

C

£ ZRI01 /AT SR HEBUK B B B iR 25

B3 JBHARWEERIEKINERIRE

Fig.3 Extracted watermark image and BER under different attacks

e 33 S AT SCHRL 10 ] 4R 9 5k kAT
PO, 32 6 KA SO SCHR L 1L ] 4 i 35 R AT 1L
B, AR IR 3—3 6 TR,

FEXSHLSCg i3 3—R S nRUA H, Fik S
SCHRL 10 JEZ2 R R 1 7 WXL T~ NC{EB R,
PEPaR . fER 5 H, Baboon [ 52 I {E I8 Kk 5
NC A, HJF L Baboon [EHRSUHLANT SR , 1M

H B PO B — 1R R AU IR BRI O % mi R4
ST PN T AT B 3 KRR PP (L, S SR S A
WA A BBV X — R U E, I, &
FRHETRZE H NC BT 0.75, BE AR HUK) K Bl
AT R R K EDIET R 3R 6 HoRE AR 30 SOk
[ 11T AT oA, LR 45 R AR /s AR SCRE R UL
T MR P E gD JPEG R4 0l B NC
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e, B PRIERE R A, AR SO Y 2T DWT-SVD
1 e 4 AL 3L B B i R
K3 Lena MITESLWHER
Tab.3  Experimental results of resistance to

attacks for Lena image

HA(NC )
Kt

SCHRL10] AL

9T 7 - 0.000 1 0.984 4 1

125 4071 745 - 0.000 3 0.962 3 1
R 745 -0.003 0.950 5 0.988 3
HER I AT -0.005 0.928 5 0.983 0
g I 3%3 0.953 5 0.997 8
JPEG JE45-50 0.960 8 0.998 5
JPEG JE4{-40 0.952 6 0.999 3
JPEG JE45-30 0.928 1 0.991 9

£ 4 Goldhill InIXFHLIGLER
Tab.4 Experimental results of resistance to

attacks for Goldhill image

— i (NC {H)

k[ 10] AL

75 ~0.000 1 0.972 9 1

5 i -0.000 3 0.955 6 1
HER I —0.003 0.941 9 0.980 8
BRI 75 ~0.005 0.903 7 0.965 3
HR I 3%3 0.919 8 0.975 8
JPEG JE45-50 0.928 1 0.999 3
JPEG [E45-40 0.901 6 0.997 8
JPEG JE45-30 0.879 8 0.994 9

%5 Baboon MIEHLIEER
Tab.5 Experimental results of resistance to

attacks for Baboon image

P LA (NC i)

SCHRC10] A3

1 0TI ~0.000 1 0.988 8 1

125 W -0.000 3 0.965 5 1
HER M 75 —-0.003 0.972 7 0.991 2
HER 75 -0.005 0.937 4 0.985 3
BRI 0.917 7 0.862 2
JPEG [E45-50 0.978 7 0.999 3

JPEG JE47-40 0.971 4 1
JPEG 4i-30 0.943 3 0.995 6

Fo6 ANEXH[I]MBHELBER
Tab.6  Experimental results of resistance to

attacks for this paper and theory[ 11 ]

FL# (NC 1H)
o Ay

k[ 10] AL

e EE -0.001 0.864 7 1
AR FE -0.01 0.688 3 0.983 9
FE e 3%3 0.939 5 0.999 8

JPEG JE45-80 0.978 7 1

45 1/4 0.971 0 1

4 ZERIF

ASCAEAES ) DWT-SVD [ )7 B4 TR A
W AR B AR 2 it I 0 B K A3 SR A T R 48,
FH QIM &4k 77 i i A KBRS B 1 B0 K B
B SVD S b, (AR IUK BRI AN 55 22 )5
TRERIR UG N T 8RR AL AR 2,
R AL A 5], B R R W] A AR
R TARGF 0B WP JT 0] = e s | E D8 U JPEG
FE48 455 WY B SR S

S 30k
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